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Vorwort

DKG 7. IPVGTPCVKQPCNG TCIWPI ëBCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGT-

JCNVWPIé 
BTU-TCIWPI� HKPFGV CO 2. WPF 3. M·T\ GTUVOCNKI CWH FGO GGN·PFG FGT FAL KP BTCWP-

UEJYGKI UVCVV. IO RCJOGP FGT EZMWTUKQP CO 1. M·T\ PCEJOKVVCIU DKGVGV UKEJ FKG GGNGIGPJGKV 

GKPG FGT OQFGTPUVGP VGTUWEJUVCVKQPGP WPF HN·EJGPO·­KI ITÌ­VGP FQTUEJWPIUGKPTKEJVWPIGP 

FGU BWPFGU KO AITCTDGTGKEJ \W DGUKEJVKIGP.

DKG CJTQPKM FKGUGT TCIWPIUTGKJG \GKIV, FCUU FKG BTU-TCIWPI OKVVNGTYGKNG HGUV GVCDNKGTV KUV. 

ETUVOCNU KO M·T\ 1993 CP FGT UPKXGTUKV·V KP GKG­GP XQO IPUVKVWV HÒT LCPFVGEJPKM KPKVKKGTV WPF 

CWUIGTKEJVGV, KUV UKG PWP CNU 3-\ÒIKIG TCIWPI KPVGTPCVKQPCN CPGTMCPPV. DKG VGTÌHHGPVNKEJWPI FGT 

TCIWPIUDGKVT·IG UKEJGTV FKG VGTDTGKVWPI FGT CMVWGNNGP FQTUEJWPIUGTIGDPKUUG. ETUVOCNU UKPF KP 

FKGUGT AWUICDG VQTVTCIU- WPF PQUVGTDGKVT·IG OKV LG UGEJU SGKVGP INGKEJYGTVKI XGTVTGVGP. 

DKG DKUJGTKIGP VGTCPUVCNVWPIUQTVG GKG­GP, PQVUFCO, KKGN, FTGKUKPI, HQJGPJGKO, VGEJVC 

WPF PWP KO JCJT 2005 BTCWPUEJYGKI UKPF \YCT CWH CITCTYKUUGPUEJCHVNKEJG FQTUEJWPIU-

UVCPFQTVG DGWVUEJNCPFU MQP\GPVTKGTV ä FGPPQEJ KUV FKGUG TCIWPI PKEJV PWT HÒT FKG DCW- WPF 

XGTHCJTGPUVGEJPKUEJG FQTUEJWPI, UQPFGTP CWEJ HÒT FKG CITCTYKTVUEJCHVNKEJG EPVYKEMNWPI KO 

IGUCOVGP BWPFGUIGDKGV YGIYGKUGPF� ADNGUDCT CP FGT \WPGJOGPFGP ZCJN FGT BGKVT·IG, UVGKIV 

FCU IPVGTGUUG CP FKGUGT TCIWPI KP FGT WKTVUEJCHV WPF KO AWUNCPF \WUGJGPFU. 

DKG \CJNTGKEJGP TJGOGP FGT TCIWPI DKGVGP FKG GTWPFNCIG, WO FQTUEJWPI WPF EPVYKEM-

NWPI KP FGT BCW- WPF VGTHCJTGPUVGEJPKM FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI CWH JQJGO 

YKUUGPUEJCHVNKEJGO NKXGCW MQORNGZ \W FKUMWVKGTGP. DKGU YKGFGTWO KUV BCUKU HÒT FKG PNCPWPI 

FGT YGKVGTGP GUUGPVKGNNGP FQTUEJWPIUCTDGKVGP, FGT RTCMVKUEJGP EPVYKEMNWPIGP WPF FGT KPFWU-

VTKGNNGP UOUGV\WPI. 

DKG SEJYGTRWPMVG FGT FKGUL·JTKIGP TCIWPI YGTFGP GTUVOCNU FWTEJ GKPG GKIGPG SGMVKQP 

\WO TJGOC PHGTFGJCNVWPI GTI·P\V. DCTKP URKGIGNV UKEJ FKG CMVWGNNG EPVYKEMNWPI KP DGWVUEJ-

NCPF YKFGT WPF VT·IV UQOKV FGO AURGMV FGT KP\YKUEJGP GPIGP BKPFWPI XQP FTGK\GKVCMVKXKV·VGP 

FGT BGXÌNMGTWPI KO N·PFNKEJGO RCWO WPF PGWGP BGVTKGDU\YGKIGP KP FGT LCPFYKTVUEJCHV 

RGEJPWPI. 

HGTXQT\WJGDGP KUV, FCUU FKG TCIWPI GTUVOCNU KP GKPGT FQTUEJWPIUGKPTKEJVWPI KO GGUEJ·HVU-

DGTGKEJ FGU BMVEL \W GCUV KUV. DKG VGTCPUVCNVWPI YKTF XQO BMVEL KPJCNVNKEJ WPVGTUVÒV\V WPF 

FWTEJ FGP PNGPCTXQTVTCI XQP MKPKUVGTKCNFKTKIGPV PTQHGUUQT SEJNCIJGEM IGYÒTFKIV. 

WKT UKPF UVQN\ FCTCWH, FCUU FKGUG TCIWPI XQO IPUVKVWV HÒT BGVTKGDUVGEJPKM WPF BCWHQTUEJWPI 

CWUIGTKEJVGV YKTF WPF KO FORUM FGT FAL UVCVVHKPFGP MCPP.

FRANZ-JOSEF BOCKISCH
IPUVKVWV HÒT BGVTKGDUVGEJPKM WPF BCWHQTUEJWPI FGT FAL, BTCWPUEJYGKI



Preface

FTQO MCTEJ 2PF VQ 3TF, 2005, VJG 7VJ IPVGTPCVKQPCN CQPHGTGPEG QP éCQPUVTWEVKQP, EPIKPGGTKPI 

CPF EPXKTQPOGPV KP LKXGUVQEM FCTOKPIê 
BTU-CQPHGTGPEG� HQT VJG HKTUV VKOG VCMGU RNCEG QP VJG 

CTGC QH VJG FAL KP BTCWPUEJYGKI. IP VJG HTCOG QH VJG GZEWTUKQP QP VJG CHVGTPQQP MCTEJ 1UV 

VJGTG KU VJG QRRQTVWPKV[ VQ XKUKV QPG QH VJG OQUV OQFGTP GZRGTKOGPVCN UVCVKQPU CV QPG QH VJG 

NCTIGUV TGUGCTEJ GUVCDNKUJOGPVU QH VJG FGFGTCN GQXGTPOGPV KP VJG CITKECNVWTCN UGEVQT.

TJG EJTQPKENG QH VJKU NKPG QH EQPHGTGPEGU UJQYU VJG BTU-EQPHGTGPEG OGCPYJKNG VQ DG 

RNCEGF HKTON[. IPKVKCNN[ UVCTVGF KP MCTEJ 1993 CV VJG UPKXGTUKV[ QH GKG­GP D[ VJG IPUVKVWVG QH 

AITKEWNVWTCN EPIKPGGTKPI, KV KU PQY KPVGTPCVKQPCNN[ CEMPQYNGIFGF CU C VJTGG-VTCEMGF EQPHGT-

GPEG. TJG RWDNKECVKQP QH VJG EQPHGTGPEG RCRGTU GPUWTGU VJG URTGCFKPI QH VJG WR-VQ-FCVG TGUWNVU 

QH TGUGCTEJ. TJG EWTTGPV GFKVKQP HQT VJG HKTUV VKOG EQORTKUGU QTCN CPF RQUVGTU RTGUGPVCVKQPU 

GSWKXCNGPV, YKVJ 6 RCIGU GCEJ.

ANVJQWIJ VJG HQTOGT XGPWGU QH VJG EQPHGTGPEG GKG­GP, PQVUFCO, KKGN, FTGKUKPI, HQJGP-

JGKO, VGEJVC, CPF PQY KP 2005 BTCWPUEJYGKI EQPEGPVTCVG QP VJG CITKEWNVWTCN TGUGCTEJ EGP-

VTGU KP GGTOCP[; JQYGXGT VJKU EQPHGTGPEG KU PQV QPN[ UGOKPCN HQT DWKNFKPI CPF GPIKPGGTKPI 

TGUGCTEJ DWV CNUQ C UKIPRQUV HQT VJG CITKEWNVWTCN FGXGNQROGPV KP VJG YJQNG FGFGTCN RGRWDNKE� 

IPFKECVGF D[ VJG KPETGCUKPI PWODGT QH EQPVTKDWVKQPU VJKU EQPHGTGPEG KU QH ITQYKPI KPVGTGUV VQ 

GEQPQO[ CPF HQTGKIP EQWPVTKGU.

TJG PWOGTQWU VQRKEU QH VJG EQPHGTGPEG RTQXKFG VJG DCUKU HQT FKUEWUUKQP QP TGUGCTEJ CPF 

FGXGNQROGPV KP EQPUVTWEVKQP CPF GPIKPGGTKPI KP NKXGUVQEM HCTOKPI QP C JKIJ UEKGPVKHKE NGXGN. 

TJKU KP VWTP YKNN DGEQOG VJG DCUKU QH HWTVJGT GUUGPVKCN TGUGCTEJ, RTCEVKECN FGXGNQROGPVU CPF 

KPFWUVTKCN WUG.

TJG GORJCUGU QH VJKU [GCTU EQPHGTGPEG HQT VJG HKTUV VKOG YKNN DG UWRRNGOGPVGF D[ CP QYP 

UGEVKQP FGCNKPI YKVJ JQTUG MGGRKPI. TJKU TGHNGEVU RTGUGPV RTQITGUU KP GGTOCP[, EQPVTKDWVKPI VQ 

VJG CURGEV QH ENQUG TGNCVKQP DGVYGGP TGETGCVKQPCN CEVKXKVKGU QH EKVK\GPU KP VJG EQWPVT[UKFG CPF 

PGY DTCPEJGU QH DWUKPGUU KP CITKEWNVWTG.

IV OWUV DG RQKPVGF QWV VJCV VJKU EQPHGTGPEG HQT VJG HKTUV VKOG, VQQ KU JQUVGF D[ C TGUGCTEJ 

GUVCDNKUJOGPV QH VJG FGFGTCN MKPKUVGT[ QH CQPUWOGT PTQVGEVKQP, FQQF CPF AITKEWNVWTG 
BMV-

EL�. TJKU EQPITGUU KU UWRRQTVGF D[ VJG BMVEL CPF JQPQTGF D[ C RNGPCT[ VCNM, JGNF D[ FGRCTV-

OGPV JGCF, MKPKUVGTKCNFKTKIGPV PTQHGUUQT SEJNCIJGEM.

WG CTG RTQWF VJCV VJKU EQPHGTGPEG KU QTICPKUGF D[ VJG IPUVKVWVG QH PTQFWEVKQP EPIKPGGTKPI 

CPF BWKNFKPI RGUGCTEJ CPF OC[ VCMG RNCEG KP VJG FORUM QH VJG FAL.

FRANZ-JOSEF BOCKISCH
IPUVKVWVG HQT PTQFWEVKQP EPIKPGGTKPI CPF BWKNFKPI RGUGCTEJ, FGFGTCN AITKEWNVWTCN RGUGCTEJ CGPVTG 

FAL�, BTCWPUEJYGKI
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SchlÒsselwÌrter� GeD·udes[steme, Umweltschonung, Tiergerechtheit, Emissionen, Sensoren, Daten�
kommunikation, WettDewerDsf·higkeit
-e[Yords� (Crm DWiNding s[stems� enXironmentCN protection� CnimCN YeNfCre� emissions� sensors� 
dCtC commWnicCtion� competitiXeness

<WsCmmenfCssWng

Um Gebäudesysteme und Haltungsverfahren möglichst optimal zu gestalten, sind vielfältige 
und z. T. zieldivergierende Anforderungen zu berücksichtigen. Dazu zählen u. a. Umwelt-
schonung, Tiergerechtheit, Gebäudeausführungen, Bau- und Verfahrenstechnik, Bau- und 
Verfahrenskosten, Einsatz von Sensoren und Aktoren, Datenkommunikation, rechtliche Rah-
menbedingungen, Wettbewerbsfähigkeit, etc. Anhand einiger Beispiele werden Problematik 
und Lösungsansätze aufgezeigt. Zum Erreichen von Lösungen sind komplexe Zielvorgaben zu 
erfüllen, so dass die Ergebnisse in der Regel gute Kompromisse darstellen.

Zwei Teilbereiche werden genauer vorgestellt: Gebäude und Emissionen sowie Identifika-
tions- und Sensortechniken einschließlich Datenkommunikation. Insgesamt ist es die Aufgabe 
von Forschungs- und Entwicklungsarbeiten, in diesem Gebiet neue Erkenntnisse für Praxis, 
Industrie, Politik und Forschung bereitzustellen, damit der Umwelt- und Tierschutz sowie die 
Wettbewerbsfähigkeit von Produktionsverfahren verbessert werden.

SWmmCr[

To design farm building systems and animal husbandry in an optimal performance, then it is 
necessary to take in consideration multiple and in often cases divergent requirements. Such 
requirements are environmental protection, animal protection, performance of buildings, 
process technique, investment costs, processing costs, kind of sensors and facilities, data 
communication, legally determining factors, competitiveness etc. On the basis of some exam-
ples there are shown the problems and ways of solution. For the achievement of solutions it 
is necessary to take in account the complex requirements – but then it is also clear, that these 
solutions should be good compromises. 

At two topics kinds of solutions are discussed: Farm buildings and emissions, identification 
and sensor techniques including data communication. The main aim of research and devel-
oping tasks are to reach new knowledge and data basis for agricultural praxis, industry, policy 
and research, to improve the agricultural production under the condition of environmental 
protection, animal welfare and competitiveness.
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VORTR�GE

1 Einleitung und ProDleme

AURGMVG YKG UOYGNVUEJQPWPI, VKGTIGTGEJVG HCNVWPIUXGTHCJTGP, IPXGUVKVKQPU- WPF VGTHCJTGP-
UMQUVGP GKPUEJNKG­NKEJ FCEKNKV[-MCPCIGOGPV-KTKVGTKGP, TGEJVNKEJG RCJOGPDGFKPIWPIGP UQYKG 
WGVVDGYGTDUH·JKIMGKV, DG\QIGP CWH FKG HCNVWPIUU[UVGOG JCDGP JGWVG GKPG GPQTOG BGFGW-
VWPI. DCJGT KUV \W HTCIGP, YKG FGTCTVKI MQORNGZG APHQTFGTWPIGP CP FKG BCW- WPF VGTHCJTGPU-
VGEJPKM \W TGCNKUKGTGP UKPF! IPUIGUCOV YKTF GU \WMÒPHVKI OGJT FGPP LG IGNVGP, OWNVKHWPMVKQPCNG 
ZKGNXQTICDGP DGUVOÌINKEJ WO\WUGV\GP ä WPCDJ·PIKI, WO YGNEJG URG\KGNNG AWUHÒJTWPI GKPGU 
HCNVWPIUU[UVGOU GU UKEJ JCPFGNV. 

AO BGKURKGN FGT MCUVUEJYGKPGJCNVWPI YGTFGP PCEJHQNIGPF PTQDNGODGTGKEJG CWHIG\GKIV. 
H·WHKI YGTFGP MCUVUEJYGKPG KP IGUEJNQUUGPGP GGD·WFGMQORNGZGP OKV ZYCPIUNÒHVWPIUU[UVG-
OGP IGJCNVGP. EKP VQTVGKN FKGUGU S[UVGOU KUV, FCUU FKG ADNWHV MQPVTQNNKGTV PCEJ CW­GP CDIGHÒJTV 
YGTFGP MCPP. EKP HCWRVPCEJVGKN KUV, FCUU FKG IPXGUVKVKQPU- WPF VGTHCJTGPUMQUVGP KP FGT RGIGN 
TGNCVKX JQEJ UKPF. OHHGPG QFGT VGKNQHHGPG GGD·WFG D\Y. FTGKNCPFJCNVWPI JCDGP FGP NCEJVGKN, 
FCUU FKG EOKUUKQPGP WPMQPVTQNNKGTV PCEJ CW­GP VTGVGP WPF UQOKV MGKPG YGKVGTGP MKPFGTWPIU-
OC­PCJOGP OÌINKEJ UKPF; XQTVGKNJCHV MCPP FKG KQPHTQPVCVKQP OKV FGO AW­GPMNKOC UGKP, FC 
FKGUG RQUKVKXG EHHGMVG CWH FKG GGUWPFJGKV FGT TKGTG JCDGP MCPP. EPVYKEMNWPIGP \WT RGFWMVKQP 
XQP EOKUUKQPGP UKPF CDGT DGK CNNGP S[UVGOGP CP\WUVTGDGP, KPUDGUQPFGTG WPVGT FGO AURGMV 
FGT UOUGV\WPI WPF VGTDGUUGTWPI XQP VGTOGKFWPIUUVTCVGIKGP. AWEJ FKG ATDGKVUDGFKPIWPIGP 
HÒT FKG BGVTGWWPIURGTUQPGP UKPF \W DGTÒEMUKEJVKIGP. 

UO FKG APHQTFGTWPIGP HÒT GKPG XGTHCJTGPUVGEJPKUEJ IWVG UQYKG WOYGNV- WPF VKGTHTGWPF-
NKEJG HCNVWPI INGKEJ\GKVKI \W TGCNKUKGTGP, DKGVGP UKEJ XGTUEJKGFGPG DCWNKEJG LÌUWPIGP CP. 
FÒT FKG MCUVUEJYGKPGJCNVWPI DGFGWVGV FKGU \. B. GKPG DCWNKEJG DKHHGTGP\KGTWPI FGT BWEJV KP 
FTGUU-, LKGIG- WPF LCWHDGTGKEJ UQYKG GKPGP AWUNCWH. WKTF \WFGO KQV WPF HCTP CP GKPGO 
DGUVKOOVGP MKUVRNCV\ CDIGUGV\V WPF UEJPGNN KP GPVURTGEJGPFG LCIGTDGJ·NVGT CDIGNGKVGV, UQ 
MÌPPGP FKG LWHV IGVTCIGPGP EOKUUKQPGP XGTINGKEJUYGKUG PKGFTKI IGJCNVGP YGTFGP; \W FKGUGO 
FTCIGPMQORNGZ KUV LGFQEJ PQEJ GTJGDNKEJGT FQTUEJWPIU- WPF EPVYKEMNWPIUDGFCTH XQTJCP-
FGP. 

2 Zielstellung und Vorgehensweise

DCU ZKGN HÒT FKG FQTUEJWPIU- WPF EPVYKEMNWPIUCTDGKVGP OWUU GU UGKP, FKG XKGNH·NVKIGP WPF \WO 
TGKN FKXGTIKGTGPFGP APHQTFGTWPIGP WPF LÌUWPIUXCTKCPVGP OÌINKEJUV MQORNGZ WO\WUGV\GP, 
FCOKV FKG ETMGPPVPKUUG FGT PTCZKU \WI·PINKEJ IGOCEJV YGTFGP MÌPPGP. UO UQNEJG ZKGNG \W 
GTTGKEJGP, UKPF GPVURTGEJGPFG SGPUQT-, AMVQT- UQYKG SVGWGTWPIU- WPF RGIGNWPIUVGEJPKMGP \W 
GXCNWKGTGP, CP\WRCUUGP, YGKVGT \W GPVYKEMGNP WPF FCVGPMQOOWPKMCVKQPUVGEJPKUEJ MQORCVK-
DGN \W IGUVCNVGP. WGKVGTG SVKEJYQTVG HÒT BGTGKEJG, KP FGPGP HCPFNWPIUDGFCTH XQTJCPFGP KUV, 
UKPF IGPQTOVG DCVGPMQOOWPKMCVKQP 
\. B. ISO- WPF DIN-NQTOGP�, BCWMQUVGPGTOKVVNWPI WPF 
-XGTINGKEJG OKV EDV, RGUUQWTEGP UEJQPGPFGU BCWGP, NWV\WPI XQP RGUVUVQHHGP CWU FGT TKGT-
JCNVWPI UQYKG VGTYGPFWPI GTPGWGTDCTGT EPGTIKGSWGNNGP WPF RQJUVQHHG HÒT PTQFWMVKQPUXGT-
HCJTGP, EOKUUKQPUOKPFGTWPI, VKGTHTGWPFNKEJG HCNVWPIUU[UVGOG, 3WCNKV·V XQP ATDGKVUXGTHCJTGP 
WPF ETIQPQOKG, PTQFWMVKQPUMQUVGP, PTQFWMVSWCNKV·V WPF PTQ\GUUSWCNKV·V. 

DKG FQTUEJWPIUGTIGDPKUUG \W FKGUGO MQORNGZGP TJGOGPDGTGKEJ UKPF CWEJ YKEJVKIG 
EPVUEJGKFWPIUJKNHGP HÒT FKG BGTCVWPI FGU BMVEL CNU GTWPFNCIG HÒT TGEJVNKEJG RCJOGPDG-
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FKPIWPIGP WPF WGVVDGYGTDUH·JKIMGKV. IPPGTJCND FKGUGU BGKVTCIU YGTFGP CPJCPF XQP \YGK 
BGKURKGNUDGTGKEJGP LÌUWPIUCPU·V\G CWHIG\GKIV.

3 BeisRiele fÒr LÌsungsans·tze 

3�1 GeD·ude und Emissionen

IP IGUEJNQUUGPGP GGD·WFGU[UVGOGP MÌPPGP KP VGTDKPFWPI OKV ZYCPIUNÒHVWPIU- D\Y. KNKOC-
CPNCIGP MQPVTQNNKGTVG ADNWHVXQNWOGPUVTÌOG GT\GWIV YGTFGP. DKGUG GTOÌINKEJGP GU, FCUU FKG KP 
FGT ADNWHV XQTJCPFGPG W·TOG \WTÒEM IGYQPPGP YGTFGP MCPP; JKGT\W IKDV GU XGTUEJKGFGPG 
VGEJPKUEJG LÌUWPIGP. MKV FGTCTVKIGP TGEJPKMGP MCPP PTKO·TJGK\GPGTIKG GKPIGURCTV YGTFGP 
WPF UQ FGT CO2-AWUUVQ­ LG TKGT D\Y. SVCNNGKPJGKV TGFW\KGTV YGTFGP. IP VGTDKPFWPI OKV MQPVTQN-
NKGTVGP ADNWHVXQNWOGPUVTÌOGP KUV GU CWEJ OÌINKEJ, FKG ADNWHV OKV GPVURTGEJGPFGP TGEJPKMGP 
\W TGKPKIGP WPF�QFGT \W TGE[EGNP 
VORLOP GV CN., 2003�. DGT EKPUCV\ UQNEJGT TGEJPKMGP KUV 
UKPPXQNN, YGPP FWTEJ XGTHCJTGPUVGEJPKUEJG MC­PCJOGP WPVGT FGO AURGMV FGT VGTOGKFWPIU-
UVTCVGIKGP MGKPG YGKVGTGP EOKUUKQPUTGFW\KGTWPIGP OGJT OÌINKEJ UKPF. ZW FGP EOKUUKQPUXGT-
OGKFWPIUUVTCVGIKGP ä FKG WPDGFKPIV DGK QHHGPGP QFGT VGKNQHHGPGP HCNVWPIUU[UVGOGP GKPIGUGV\V 
YGTFGP UQNNVGP ä \·JNGP W. C. FKG KPFKXKFWGNNG DGFCTHUCPIGRCUUVG FWVVGTCRRNKMCVKQP DGK MCUV-
UEJYGKPGP 
FKGU IKNV CWEJ HÒT CPFGTG NCPFYKTVUEJCHVNKEJG NWV\VKGTCTVGP WPF PTQFWMVKQPUTKEJ-
VWPIGP�, MGKPG N·PIGTHTKUVKIG LCIGTWPI XQP EZMTGOGPVGP KO GGD·WFG, OÌINKEJUV IGVTGPPVG 
ADNGKVWPI XQP KQV WPF HCTP CWU FGO SVCNNDGTGKEJ, GOKUUKQPUCTOG LCIGTWPI XQP FGUV- WPF 
FNÒUUKIOKUV, VTQEMGPG LCWH- WPF LKGIGHN·EJGP GVE. 

GGUEJNQUUGPG GGD·WFG JCDGP FGT\GKV FGP NCEJVGKN, FCUU FKG BCW- WPF VGTHCJTGPUMQUVGP 
KO VGTINGKEJ \W QHHGPGP GGD·WFGP QFGT ICP\L·JTKIGT AW­GPJCNVWPI JÌJGT UKPF. SQ MÌP-
PGP FKG IPXGUVKVKQPUMQUVGP HÒT FKG GGD·WFG DKU \W 35 � FKHHGTKGTGP \W GWPUVGP FGT QHHGPGP 
GGD·WFGU[UVGOG 
\. B. GARTUNG WPF UMINSKI, 2001�. AMVWGNNG IPXGUVKVKQPUMQUVGPGTOKVVNWPIGP 
WPF -XGTINGKEJG GTIGDGP, FCUU ÒDNKEJG IGUEJNQUUGPG SVCNNU[UVGOG HÒT MCUVUEJYGKPG TWPF 440ä
550 € RTQ SVCNNRNCV\ DGVTCIGP 
\. B. GARTUNG GV CN., 2002�. AWU FGT SKEJV FGT TKGTG UKPF UQNEJG 
S[UVGOG CWEJ VKGTIGTGEJV CWUHÒJTDCT. DCJGT IKNV GU OGJT FGPP LG, HÒT ëGOKUUKQPUCTOG GGD·W-
FGU[UVGOGé FKG KQUVGP \W TGFW\KGTGP. APU·V\G FC\W UKPF FGTVKIDCWYGKUGP, RGFW\KGTWPI FGU 
PTKO·TGPGTIKGCWHYCPFGU HÒT FGP BGVTKGD FGT GGD·WFGU[UVGOG, GHHK\KGPVG WPF MQUVGPIÒPUVKIG 
TGEJPKMGP HÒT EPGTIKGTÒEMIGYKPPWPI, RGUVUVQHHPWV\WPI WPF ADNWHVTGKPKIWPI�-TGE[ENKPI GVE. 

UO FGP AWHYCPF HÒT GGD·WFG \W TGFW\KGTGP WPF FGPPQEJ FKG MÌINKEJMGKV MQPVTQNNKGTVGT 
ADNWHVXQNWOGPUVTÌOG \W JCDGP, MÌPPGP CWEJ IG·PFGTVG DCEJMQPUVTWMVKQPGP LÌUWPIGP UGKP 

ADD. 1�. MKV MGIGNHÌTOKIGP DCEJCWUHÒJTWPIGP UKPF IWVG GTWPFXQTCWUUGV\WPIGP XQTJCPFGP 
ä CWEJ QJPG SGKVGPY·PFG WPF ZYCPIUNÒHVWPIUCPNCIGP ä CO ëHQEJRWPMVé GKPGP MQPVTQNNKGT-
VGP ADNWHVXQNWOGPUVTQO \W GTTGKEJGP. DKGUG AWUICPIUXQTCWUUGV\WPI YKTF GTTGKEJV FWTEJ FKG 
ä KO VGTINGKEJ \W ÒDNKEJGP SCVVGNFCEJMQPUVTWMVKQPGP ä ITQ­G HÌJGPFKHHGTGP\ \YKUEJGP LWHV-
GKPVTKVV WPF FGO HQEJRWPMV. DWTEJ FKGUG DGKFGP YKEJVKIGP MQPUVTWMVKXGP MGTMOCNG MÌPPGP 
OKVVGNU TJGTOKM KO QDGTGP BGTGKEJ FGU DCEJGU TGNCVKX JQJG ADNWHVIGUEJYKPFKIMGKVGP GTTGKEJV 
YGTFGP. 
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VORTR�GE

ADD. 1� GGD·WFG OKV HQEJRWPMVOGODTCPGP

EKP YGKVGTGT APUCV\, WO FKG IGPCPPVGP ZKGNG ä OÌINKEJUV KP KQODKPCVKQP OKV YGKVGTGP 
LÌUWPIUVGKNUEJTKVVGP ä \W GTTGKEJGP, KUV FKG VGTYGPFWPI XQP UEJPGNN PCEJYCEJUGPFGP 
RQJUVQHHGP CNU BCWOCVGTKCN UQYKG FGT EKPUCV\ YGKVGTGT ëPCVÒTNKEJGT BCWYGKUGPé. IP FGT\GKV 
NCWHGPFGP UPVGTUWEJWPIGP FGU IPUVKVWVU 
\. B. GEORG GV CN., 2004� YGTFGP KP FGT K·NDGTITWR-
RGPJCNVWPI PTQVQV[RGP XQP K·NDGTUEJWV\JÒVVGP�-RCXKNNQPU GKPIGUGV\V, FKG CWU UQ IGPCPPVGP 
LNS-
LKIJV NCVWTCN SCPFYKEJ�WGTMUVQHHGP JGTIGUVGNNV UKPF WPF \WINGKEJ OKV GKPGT DCEJDG-
ITÒPWPI CWUIGUVCVVGV YWTFGP. VQTVGKNG GKPGT FGTCTVKIGP BCWYGKUG UKPF IGTKPIGT CO2-AWUUVQ­ 

UEJQP DGKO HGTUVGNNWPIURTQ\GUU FGT BCWUVQHHG�, GKPG JÌJGTG W·TOGF·OOWPI WPF KÒJNGH-
HGMVG Y·JTGPF FGT SQOOGT\GKV. 

EKP BGKURKGN CWU FGP NKGFGTNCPFGP \GKIV, FCUU GXGPVWGNN CWEJ ëICP\ CPFGTGé DCWNKEJ-XGT-
HCJTGPUVGEJPKUEJG LÌUWPIUOÌINKEJMGKVGP KP FTCIG MQOOGP MÌPPGP, KPFGO TGKNG FGT NCPF-
YKTVUEJCHVNKEJGP PTQFWMVKQP KP UQI. DGNVC- D\Y. AITCTRTQFWMVKQPURCTMU MQP\GPVTKGTV YGTFGP 
MÌPPVGP 
DE WILT GV CN., 2000�. EKP VQTVGKN Y·TG, FCUU OKV UQNEJGP PTQFWMVKQPUU[UVGOGP FKG 
EOKUUKQPGP CWU TKGTJCNVWPIUCPNCIGP TGNCVKX IGTKPI IGJCNVGP YGTFGP MÌPPVGP. NCEJVGKNG UQN-
EJGT PTQFWMVKQPURCTMU Y·TGP FGT TTCPURQTV FGU FWVVGTU CP \GPVTCNG SVGNNGP, GKP GTJÌJVGU SGW-
EJGPTKUKMQ, TGNCVKX JQJG IPXGUVKVKQPU- WPF VGTHCJTGPUMQUVGP WPF PTQDNGOG, KP UQNEJGP APNCIGP 
VKGTIGTGEJVG HCNVWPIUU[UVGOG \W XGTYKTMNKEJGP. 

3�2 Identifikations� und Sensortechniken sowie Datenkommunikation

UO FKG 3WCNKV·V XQP HCNVWPIUU[UVGOGP MQPVKPWKGTNKEJ \W XGTDGUUGTP KUV GU PQVYGPFKI, PGDGP 
VKGT- WPF�QFGT ITWRRGPURG\KHKUEJGP PCTCOGVGTP CWEJ UQNEJG \W GTHCUUGP, FKG FKG CMVWGNNG 
UOIGDWPI FGT TKGTG GZCMV DGUEJTGKDGP. BGKURKGNUYGKUG KUV GU OKV HKNHG XQP TJGTOQITCHKG-
CWHPCJOGP WPF -CPCN[UGVGEJPKM OÌINKEJ, FKG URG\KGNNG UOIGDWPIUUKVWCVKQP XQP GKP\GNPGP 
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TKGTGP QFGT TKGTITWRRGP JKPUKEJVNKEJ FGT CMVWGNNGP TGORGTCVWTXGTJ·NVPKUUG IGPCW \W DGUVKO-
OGP. 

ETHCUUV OCP FKGUG IPHQTOCVKQP \WP·EJUV QHHNKPG, UQ UKPF IGPCWG HKPYGKUG \W DGMQOOGP, 
YKG FKG CMVWGNNG KNKOCUKVWCVKQP HÒT FKG TKGTG CWUUKGJV, WPF GU MÌPPGP SEJNWUUHQNIGTWPIGP HÒT 
FKG GGUVCNVWPI FGT GGD·WFG, FGT FWPMVKQPUDGTGKEJG UQYKG HÒT FKG MCMTQ- QFGT MKMTQMNKOC-
DGTGKEJG IG\QIGP YGTFGP 
\. B. GEORG, 1997; WEBER GV CN., 2001�. SEJCHHV OCP GU FWTEJ 
\KGNIGTKEJVGVG WGKVGTGPVYKEMNWPIGP, \WMÒPHVKI FKG TJGTOQITCHKGVGEJPKM CNU ëOPNKPG-SGPUQT-
VGEJPKMé KP GGD·WFGU[UVGOGP GKP\WUGV\GP, UQ DGUVGJV FKG MÌINKEJMGKV, ÒDGT FKGUGP MQORNG-
ZGP SGPUQT CMVKX KNKOCVGEJPKMGP CWVQOCVKUEJ \W TGIGNP, WO FKG SKVWCVKQP HÒT MGPUEJ, TKGT 
WPF UOYGNV OÌINKEJUV QRVKOCN \W IGUVCNVGP. DKG CJCPEGP YGTFGP WOUQ ITÌ­GT, YGPP DCVGP 
ÒDGT FKG TJGTOQITCHKGVGEJPKM MQODKPKGTV YGTFGP OKV IPHQTOCVKQPGP ÒDGT FKG TGORGTCVWT KP 
URG\KGNNGP GGD·WFGDGTGKEJGP, FKG TGNCVKXG LWHVHGWEJVG, FKG LWHVIGUEJYKPFKIMGKV, FKG LWHVTKEJ-
VWPI, FKG SEJCFICUMQP\GPVTCVKQPGP GVE. DKG TJGTOQITCHKGVGEJPKM MCPP \. B. CWEJ GKPIGUGV\V 
YGTFGP, WO DCVGP ÒDGT FGP GGUWPFJGKVUUVCVWU QFGT \WO ÖUVTWU DGK RKPFGTP \W DGMQOOGP 

\. B. HELLEBRAND GV CN., 2003�.

DKG ETHCUUWPI XQP CMVWGNNGP AWHGPVJCNVUDGTGKEJGP XQP TKGTGP WPF FGTGP CMVWGNNGT AMVKXKV·V 
KUV GKPG YGKVGTG IPHQTOCVKQPUSWGNNG, WO HCNVWPIUXGTHCJTGP \W XGTDGUUGTP. DGTCTVKIG DCVGP 
UKPF DGKURKGNUYGKUG ÒDGT YGKVGTGPVYKEMGNVG BKNFGTHCUUWPIU- WPF -CPCN[UGXGTHCJTGP UQYKG KP 
KQODKPCVKQP OKV CPFGTGP VGTHCJTGP 
\. B. GPS-TGEJPKMGP, \. B. WHITIER, 2003; \. B. FKTOC 
ADCVGE, 2004� CWVQOCVKUEJ GTHCUUDCT. DKG KGPPVPKU ÒDGT FKG SCWDGTMGKV XQP TKGTGP QFGT KÌT-
RGTRCTVKGP MCPP XKGNG RÒEMUEJNÒUUG CWH FGTGP ZWUVCPF WPF FKG SKVWCVKQP KO SVCNN \W NCUUGP. 
UO FC\W RT·\KUG CMVWGNNG KGPPVPKUUG \W GTJCNVGP, DKGVGP UKEJ CWVQOCVKUEJ CPCN[UKGTGPFG 
URGMVTQUMQRKUEJG VGTHCJTGP CP 
\. B. ORDOLFF, 2003�. 

EKP YGKVGTGT APUCV\, WO FKG SKVWCVKQP HÒT FKG TKGTG ä WPF FCOKV CWEJ HÒT PTQFWMVKQPUXGTHCJ-
TGP ä \W XGTDGUUGTP, KUV FKG ETHCUUWPI XQP LCWV·W­GTWPIGP, WO CMVWGNNG IPHQTOCVKQPGP ÒDGT 
FGP ZWUVCPF D\Y. FCU WQJNDGHKPFGP FGT TKGTG \W DGMQOOGP 
\. B. SCHRADER WPF TODT, 1998; 
SCHÖN GV CN., 2001�. DKGUG MÌINKEJMGKVGP UQNNGP CP \YGK BGKURKGNGP XGTFGWVNKEJV YGTFGP. 
UPVGTUWEJWPIGP XQP MAYER GV CN. 
2000� OKV MCUVUEJYGKPGP \GKIGP ZWUCOOGPJ·PIG \YK-
UEJGP FGT FTGSWGP\ XQP ëSEJTGKGPé GKPGT SEJYGKPGITWRRG OKV FGT CMVWGNNGP UOIGDWPIUVGO-
RGTCVWT CWH. SQ PKOOV FGT APVGKN FGT SEJTGKG CD, YGPP FKG UOIGDWPIUVGORGTCVWT \WPKOOV. 
DKGUG IPHQTOCVKQP MÌPPVG CNU SVGNNITÌ­G HÒT SVCNNMNKOCCPNCIGP HWPIKGTGP. NCEJ VGTUWEJGP XQP 
JAHNS 
2002� ä UKGJG CWEJ IKEDA GV CN., 2003; JAHNS GV CN., 2005 KP FKGUGO TCIWPIUDCPF ä MÌP-
PGP URG\KGNNG LCWV·W­GTWPIGP XQP MKNEJMÒJGP KFGPVKHK\KGTV YGTFGP; KO VGTUWEJUUVCFKWO KUV 
FKGU \. T. UEJQP OKV JQJGT ETMGPPWPIUUKEJGTJGKV OÌINKEJ. SQ MÌPPGP LCWVG, FKG ëHWPIGTé 
CP\GKIGP, OKV GKPGT ETMGPPWPIUTCVG XQP PCJG\W 100 � TKEJVKI GTMCPPV YGTFGP. 

FÒT LCPFYKTVG Y·TG GU \WMÒPHVKI UKPPXQNN, OÌINKEJUV HTÒJ\GKVKI FKG ZWUCOOGPUGV\WPI FGT 
SEJNCEJVMÌTRGT DGK MCUVUEJYGKPGP XQTJGTUCIGP \W MÌPPGP, WO FKG MÌINKEJMGKV \W JCDGP, 
PQEJ Y·JTGPF FGT MCUV UVGWGTPF GKP\WITGKHGP. EU Y·TG \. B. UKPPXQNN, FGP IGPCWGP ZGKVRWPMV 
\W GTMGPPGP, DGK FGPGP FKG TKGTG GKP GPVURTGEJGPFGU MCUVGPFIGYKEJV DGK GTYÒPUEJVGT 
KÌTRGT\WUCOOGPUGV\WPI GTTGKEJV JCDGP. MCUVUEJYGKPG YGTFGP ÒDNKEJGTYGKUG KP GTWRRGP 
IGJCNVGP; WPVGT FKGUGP BGFKPIWPIGP KUV GU UEJYKGTKI, GKP\GNVKGTURG\KHKUEJ FWVVGT \W XGTCDTGK-
EJGP, GKPG KPFKXKFWGNNG FWVVGTXGTYGTVWPI HGUV\WUVGNNGP QFGT IPHQTOCVKQPGP ÒDGT FKG CMVWGNNG 
RÒEMGPURGEMFKEMG D\Y. FKG MQORNGVVG KÌTRGT\WUCOOGPUGV\WPI \W GTJCNVGP. 

ANN FKGU Y·TG NGKEJVGT \W TGCNKUKGTGP, YGPP FKG MCUVUEJYGKPG GKP\GNP QFGT KP KNGKPUV-
ITWRRGP IGJCNVGP YÒTFGP. DQEJ GKPG UQNEJG HCNVWPIUHQTO Y·TG YGFGT VKGTIGTGEJV PQEJ 
CTDGKVUYKTVUEJCHVNKEJ WPF XGTHCJTGPUMQUVGPO·­KI IÒPUVKI. DCJGT OWUU PCEJ LÌUWPIGP IGUWEJV 
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YGTFGP, FKG WPVGT FGP BGFKPIWPIGP FGT GTWRRGPJCNVWPI OÌINKEJUV CWVQOCVKUEJ WPF MQPVK-
PWKGTNKEJ CMVWGNNG VKGTKPFKXKFWGNNG IPHQTOCVKQPGP NKGHGTP. DC\W DKGVGP UKEJ \WMÒPHVKI FKG CWVQ-
OCVKUEJG RÒEMGPURGEMFKEMGPGTHCUUWPI 
\. B. HESSE, 2003�, GKP CWVQOCVKUEJGU ëBQF[-SEQTKPIé 

\. B. FC. LGWUEJPGT�, WKGIG- WPF VGTOGUUWPIUVGEJPKMGP, DKQGNGMVTKUEJG IORGFCP\CPCN[UG 
GVE. CP 
BOCKISCH GV CN., 2004�. 

JG OGJT BCUKUFCVGP \W GTHCUUGP WPF \W XGTCTDGKVGP UKPF WPF FKGU OKV FGP WPVGTUEJKGFNKEJU-
VGP ETHCUUWPIUU[UVGOGP WPF SGPUQTVGEJPKMGP, WOUQ YKEJVKIGT KUV GU, FKG DCVGP ÒDGT IGPQTOVG 
SEJPKVVUVGNNGP \WUCOOGP \W HÒJTGP WPF QPNKPG CWU\WYGTVGP, FCOKV PTQFWMVKQPURTQ\GUUG 
IGUVGWGTV WPF IGTGIGNV YGTFGP MÌPPGP. SQNEJG ETHCUUWPIU- WPF VGTCTDGKVWPIUU[UVGOG MÌPPGP 
\. B. PGWTQPCNG NGV\G, FW\\[-LQIKE WPF CNWUVGTCPCN[UGP UGKP, WO QPNKPG GPVURTGEJGPFG AMVQ-
TGP KP FGT GGD·WFG- WPF VGTHCJTGPUVGEJPKM \W TGIGNP. DC\W KUV GU PQVYGPFKI, FKG GKP\GNPGP 
ENGOGPVG FGT DCVGPGTHCUUWPIU- WPF-XGTCTDGKVWPIUU[UVGOG KO RCJOGP XQP NGV\YGTMUCDUVKO-
OWPIGP MQORCVKDGN \W OCEJGP. HKGT\W NCWHGP FGT\GKV CWH KPVGTPCVKQPCNGT EDGPG NQTOWPIU-
CTDGKVGP, WO KO RCJOGP PGWGT ISO-NQTOGP DCVGPGTHCUUWPIUVGEJPKMGP, RGEJPGTU[UVGOG 
WPF DCVGPPGV\G MQORCVKDGN \W IGUVCNVGP 
\. B. ARTMANN, 2003C, 2003D, 2005 ä KP FKGUGO 
TCIWPIUDCPF�. DKGUG ATDGKVGP UQNNGP KP GKPGO GTUVGP SEJTKVV DKU ARTKN 2006 CDIGUEJNQUUGP 
UGKP. 

4 Schlussfolgerungen

NWT OKV GKPGT \KGNIGTKEJVGVGP WGKVGTGPVYKEMNWPI FGT BCW- WPF VGTHCJTGPUVGEJPKM KP FGT NWV\-
VKGTJCNVWPI YKTF GU \WMÒPHVKI OÌINKEJ UGKP, FGP XKGNH·NVKIGP WPF MQORNGZGP APHQTFGTWPIGP 
IGTGEJV \W YGTFGP. DC\W KUV KP CNNGP TGKNDGTGKEJGP OQFGTPUVG TGEJPKM WPF FCU CMVWGNNUVG 
KPQY-JQY CWU FQTUEJWPI WPF EPVYKEMNWPI GKP\WUGV\GP. BGKURKGNUYGKUG UKPF CWVQOCVKUEJG 
KPFKXKFWGNNG IFGPVKHKMCVKQPU- WPF SGPUQTVGEJPKMGP WPCDFKPIDCTG VQTCWUUGV\WPI HÒT XGTHCJTGPU-
VGEJPKUEJ XGTDGUUGTVG, GOKUUKQPUCTOG WPF VKGTIGTGEJVG HCNVWPIUU[UVGOG. 

SQ YGTFGP \. B. KPFKXKFWGNNG TKGT- WPF UOIGDWPIUMTKVGTKGP UQYKG EOKUUKQPURCTCOGVGT CNU 
SVGNNITÌ­GP HWPIKGTGP; FGT EKPUCV\ XQP SGPUQTVGEJPKMGP OKV OPNKPG-APCN[UGXGTHCJTGP UQYKG 
FKG ETHCUUWPI XGTUEJKGFGPGT PCTCOGVGT GKPUEJNKG­NKEJ GKPGT MQORNGZGP OPNKPG-DCVGPXGTCT-
DGKVWPI YGTFGP UGNDUVXGTUV·PFNKEJ; GTWRRGPJCNVWPIUXGTHCJTGP OKV FKHHGTGP\KGTVGP FWPMVKQPU-
DGTGKEJGP YGTFGP UKEJ GVCDNKGTGP; KTKVGTKGP FGT WGVVDGYGTDUH·JKIMGKV WPF FGT NCEJJCNVKIMGKV 

\. B. BCWUVQHHG CWU UEJPGNN PCEJYCEJUGPFGP RQJUVQHHGP� YGTFGP YGKVGT CP BGFGWVWPI IGYKP-
PGP. 

DKG FQTUEJWPIU- WPF EPVYKEMNWPIUCTDGKVGP KP FKGUGP TJGOGPDGTGKEJGP UKPF XQT CNNGO 
CWEJ PQVYGPFKI, WO FKG WGVVDGYGTDUH·JKIMGKV FGT LCPFYKTVUEJCHV UQYKG FKG FGT IPFWUVTKG KO 
XQT- WPF PCEJIGNCIGTVGP BGTGKEJ WPVGT FGO AURGMV FGT GNQDCNKUKGTWPI \W IGY·JTNGKUVGP WPF 
CNU EPVUEJGKFWPIUJKNHGP HÒT FKG GPVURTGEJGPFGP RGUUQTVU. 

5 Literatur

DKG LKVGTCVWTNKUVG MCPP DGKO AWVQT CPIGHQTFGTV YGTFGP 
HTCP\.DQEMKUEJ"HCN.FG�. 
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Anforderungen an die Bau� und Verfahrenstechnik in der landwirt�
schaftlichen Nutztierhaltung aus der Sicht des Bundesministerium fÒr 
VerDraucherschutz, Ern·hrung und Landwirtschaft 
BMVEL�

HERMANN SCHLAGHECK

BWPFGUOKPKUVGTKWO HÒT VGTDTCWEJGTUEJWV\, ETP·JTWPI WPF LCPFYKTVUEJCHV 
BMVEL�, RQEJWUUVT. 1, 
D-53123 BQPP

DKG ET\GWIWPI VKGTKUEJGT PTQFWMVG KUV WPXGT·PFGTV GKPG FGT VTCIGPFGP S·WNGP FGT FGWVUEJGP 
LCPFYKTVUEJCHV, FKG FGP ÒDGTYKGIGPFGP TGKN FGT VGTMCWHUGTNÌUG KP FGT TKGTJCNVWPI GTYKTV-
UEJCHVGV. SQ KUV DGWVUEJNCPF KP FGT SEJYGKPGHNGKUEJGT\GWIWPI FKG NWOOGT 1 KP EWTQRC. DKG 
FNGKUEJPCEJHTCIG JCV UKEJ YKGFGT CWH GKPGO KPUIGUCOV JQJGP NKXGCW GKPIGRGPFGNV. HQJG 
SGNDUVXGTUQTIWPIUITCFG CWH FGO BKPPGPOCTMV, NCEJHTCIG- WPF PTGKUUEJYCPMWPIGP WPF GPIG 
GGYKPPOCTIGP \YKPIGP CDGT FC\W, RCVKQPCNKUKGTWPIUXQTVGKNG KP FGP BGVTKGDGP \W PWV\GP. 
HKGTHÒT UKPF IPXGUVKVKQPGP WPXGT\KEJVDCT. ZW FGP \GPVTCNGP EPVUEJGKFWPIGP FGT NCPFYKTV-
UEJCHVNKEJGP UPVGTPGJOGTKPPGP WPF UPVGTPGJOGT ä FKG QHV CWEJ FKG P·EJUVG GGPGTCVKQP OKV 
DGVTGHHGP ä IGJÌTV FKG DCWNKEJG IPXGUVKVKQP KP GKPG TKGTJCNVWPIUCPNCIG.

MKV FGT 7. IPVGTPCVKQPCNGP TCIWPI BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP 
NWV\VKGTJCNVWPI YKTF FCU IGUGNNUEJCHVNKEJG APHQTFGTWPIURTQHKN CP FKG TKGTJCNVWPI \W GKPGO 
ICP\JGKVNKEJGP BKNF \WUCOOGPIGHÒIV. DGT BWPF JCV FKG AWHICDG, \WT ETHÒNNWPI FGU APHQT-
FGTWPIURTQHKNU DGK\WVTCIGP, \. B. FWTEJ FKG GGUVCNVWPI TGEJVNKEJGT GGPGJOKIWPIUXGTHCJTGP 
UQYKG FGT UVCCVNKEJGP FÌTFGTWPI PGWGT APNCIGP, WO FKG UOYGNVXGTVT·INKEJMGKV WPF TKGTIG-
TGEJVJGKV KP FGT TKGTJCNVWPI \W IGY·JTNGKUVGP. GNGKEJ\GKVKI UQNN FKG WGVVDGYGTDUH·JKIMGKV FGT 
TKGTRTQFWMVKQP KO KPVGTPCVKQPCNGP VGTINGKEJ IGUV·TMV YGTFGP. DKGU MCPP \W ZKGNMQPHNKMVGP 
HÒJTGP.

DKG TGEJVNKEJGP RCJOGPDGFKPIWPIGP FGT ETTKEJVWPI XQP NWV\VKGTJCNVWPIUCPNCIGP YWTFGP 
OKV FGO EWTQRCTGEJVUCPRCUUWPIUIGUGV\ BCW XGTDGUUGTV. DGT IG·PFGTVG h 201 BCWIGUGV\DWEJ 
UVGNNV HÒT FGP BGTGKEJ FGU BCWRNCPWPIUTGEJVU MNCT, FCUU APNCIGP FGT NWV\VKGTJCNVWPI \WT LCPF-
YKTVUEJCHV \·JNGP, UQYGKV CWH FGP FN·EJGP, FKG \W FGT APNCIG IGJÌTGP, FCU HÒT FKG NWV\VKGTG 
DGPÌVKIVG FWVVGT ÒDGTYKGIGPF RTQFW\KGTV YGTFGP MCPP. SQOKV KUV UKEJGTIGUVGNNV, FCUU UQNEJG 
APNCIGP CP FGT DCWRNCPWPIUTGEJVNKEJGP PTKXKNGIKGTWPI FGT LCPFYKTVUEJCHV VGKNJCDGP.

EU KUV KOOGT YKGFGT DGMNCIV YQTFGP, FCUU GGPGJOKIWPIUXGTHCJTGP HÒT SVCNNDCWVGP KP 
DGWVUEJNCPF ä VTQV\ GKPJGKVNKEJGT RGEJVUNCIG ä TGIKQPCN WPVGTUEJKGFNKEJ CDNCWHGP. HKP\W 
MQOOV, FCUU CWHITWPF FGT UOUGV\WPI EU-TGEJVNKEJGT BGUVKOOWPIGP \WT EOKUUKQPUUGPMWPI 
UEJ·THGTG APHQTFGTWPIGP CP FKG TKGTJCNVWPI \W DGCEJVGP UKPF. GNGKEJ\GKVKI YKTF XQP FGP 
LCPFYKTVGP GTYCTVGV, FCUU UKG GKP HÌEJUVOC­ CP TKGTIGTGEJVJGKV KP FGP HCNVWPIUU[UVGOGP 
IGY·JTNGKUVGP. BGK FGT PNCPWPI WPF GGPGJOKIWPI XQP APNCIGP UKPF FKGUG ZKGNG QHV PWT 
UEJYGT \W XGTGKPDCTGP. 

UO JKGT \W JGNHGP, YKTF FGT\GKV CWH YKUUGPUEJCHVNKEJGT GTWPFNCIG WPVGT FGFGTHÒJTWPI XQP 
FQTUEJWPIUKPUVKVWVKQPGP FGU BWPFGU FGT ëNCVKQPCNG BGYGTVWPIUTCJOGP \WT BGUEJTGKDWPI FGU 
SVCPFGU FGT TGEJPKM DGK TKGTJCNVWPIUCPNCIGPé GTUVGNNV. ET UQNN FGP GGPGJOKIWPIUDGJÌTFGP 
FGT L·PFGT KPUDGUQPFGTG DGK FGP UEJYKGTKIGP ADY·IWPIUHTCIGP \YKUEJGP FGP APHQTFGTWP-
IGP FGU IOOKUUKQPUUEJWV\TGEJVU GKPGTUGKVU WPF FGU TKGTUEJWV\TGEJVU CPFGTGTUGKVU FKG PQV-
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YGPFKIG UPVGTUVÒV\WPI DKGVGP. DKGU YKTF \W OGJT TTCPURCTGP\ WPF \WT BGUEJNGWPKIWPI KO 
VQNN\WIUXGTHCJTGP DGKVTCIGP.

NGWG YKUUGPUEJCHVNKEJG ETMGPPVPKUUG WPF VGEJPKUEJG ETTWPIGPUEJCHVGP HKPFGP ÒDGT NGWKP-
XGUVKVKQPGP CO UEJPGNNUVGP EKPICPI KP FKG PTCZKU. DKG GKP\GNDGVTKGDNKEJG IPXGUVKVKQPUHÌTFGTWPI 
\·JNV \W FGP MNCUUKUEJGP IPUVTWOGPVGP FGT GGOGKPUEJCHVUCWHICDG ëVGTDGUUGTWPI FGT AITCT-
UVTWMVWT WPF FGU KÒUVGPUEJWV\GUé WPF VT·IV KP GTJGDNKEJGO MC­G \WT MQFGTPKUKGTWPI FGT 
TKGTJCNVWPI KP FGT LCPFYKTVUEJCHV DGK. IO RCJOGP FGU AITCTKPXGUVKVKQPUHÌTFGTWPIU-PTQITCOOU 

AFP� UKPF \. B. KO JCJT 2002 XQP TF. 4.500 ZWYGPFWPIUGORH·PIGTP KPUIGUCOV 576 MKQ. EWTQ 
HÒT GGD·WFGKPXGUVKVKQPGP KP APURTWEJ IGPQOOGP YQTFGP; JKGTXQP GPVHKGNGP 361 MKQ. EWTQ 
CWH SVCNNIGD·WFG. 

EVYC FKG H·NHVG FGT IGHÌTFGTVGP SVCNNDCWKPXGUVKVKQPGP YWTFGP PCEJ MC­ICDG FGT APNCIG 2 
FGU AFP HÒT DGUQPFGTU VKGTIGTGEJVG HCNVWPIUXGTHCJTGP CWUIGUVCNVGV. DKGU \GKIV FCU IPVGTGUUG 
GKPGU GTQ­VGKNU FGT IPXGUVKVKQPUYKNNKIGP CP FGT VGTDGUUGTWPI FGT TKGTIGTGEJVJGKV KP FGT NWV\-
VKGTJCNVWPI. DGT 2004 FWTEJIGHÒJTVG BWPFGUYGVVDGYGTD ëLCPFYKTVUEJCHVNKEJGU BCWGPé OKV 
FGO TJGOC ëK·NDGT- WPF JWPIXKGJCWH\WEJVUV·NNG HÒT FKG MKNEJXKGJJCNVWPIé JCV GKPG VKGN\CJN 
DGKURKGNJCHVGT, VKGTIGTGEJVGT SVCNNDCWNÌUWPIGP HÒT FKG FCEJÌHHGPVNKEJMGKV UKEJVDCT IGOCEJV.

NGDGP FGP APHQTFGTWPIGP CP OQFGTPG SVCNNIGD·WFG WPF HCNVWPIUVGEJPKMGP MQOOV FGO 
MCPCIGOGPV KP FGT TKGTJCNVWPI KOOGT ITÌ­GTG BGFGWVWPI \W. NCEJFGO DGTGKVU KP FGT PHNCP-
\GPRTQFWMVKQP FGT ENGMVTQPKMGKPUCV\ YGKV HQTVIGUEJTKVVGP KUV, UVGJV LGV\V KP FGT TKGTJCNVWPIURTC-
ZKU FKG GNGMVTQPKUEJG PTQ\GUUUVGWGTWPI XQT FGO DWTEJDTWEJ. ENGMVTQPKUEJ IGUVÒV\VGU 3WCNK-
V·VUOCPCIGOGPV UQNN FKG NÒEMGPNQUG DQMWOGPVCVKQP FGT PTQFWMVKQPUCDN·WHG UKEJGTUVGNNGP, FKG 
RGPVCDKNKV·V FGT PTQFWMVKQP XGTDGUUGTP WPF FKG APHQTFGTWPIGP XQP HCPFGN WPF VGTDTCWEJGT 
CP GKPG JGTXQTTCIGPFG PTQFWMVSWCNKV·V WPF -UKEJGTJGKV GTHÒNNGP. 

DGT EU-TGEJVNKEJG EKPUVKGI KP FKG GNGMVTQPKUEJG TKGTMGPP\GKEJPWPI ä DGK SEJCHGP WPF 
ZKGIGP ä KUV DGCDUKEJVKIV. ZWMÒPHVKI YKTF FKG ENGMVTQPKM CWEJ KP FGT DGVTKGDNKEJGP TKGTÒDGT-
YCEJWPI WPF FCTÒDGT JKPCWU CWEJ HÒT FKG TGKNPCJOG CP 3WCNKV·VUOCPCIGOGPV-PTQITCOOGP 
GKPIGUGV\V YGTFGP. HKGT KUV PQEJ FQTUEJWPIUDGFCTH IGIGDGP. VQP ITQ­GT BGFGWVWPI YKTF FKG 
VGTUV·PFKIWPI CWH UVCPFCTFKUKGTVG DCVGPHQTOCVG HÒT FGP EDV-IGUVÒV\VGP DCVGPCWUVCWUEJ UGKP. 
DKGU JCV FKG IPFWUVTKG GTMCPPV. EU KUV FCXQP CWU\WIGJGP, FCUU FWTEJ FKG GTGOKGPCTDGKV UEJQP 
DCNF RTCMVKMCDNG LÌUWPIGP \WT VGTHÒIWPI UVGJGP.

VKGNG LCPFYKTVG UVGJGP ä CWEJ CPIGUKEJVU FGT KQPUGSWGP\GP CWU FGT AITCTTGHQTO ä XQT FGT 
FTCIG, KJTG TKGTJCNVWPI YGKVGT \W URG\KCNKUKGTGP WPF \W KPVGPUKXKGTGP QFGT KJTG EKPMQOOGPU-
DCUKU \W XGTDTGKVGTP WPF \W FKXGTUKHK\KGTGP. GGTCFG FQTV, YQ FKG SVCPFQTVUKVWCVKQP GKPG YGKVGTG 
IPVGPUKXKGTWPI PKEJV GTOÌINKEJV, DKGVGV FGT SVCCV IÒPUVKIG RCJOGPDGFKPIWPIGP HÒT \WU·V\NKEJG 
EKPMQOOGPUCNVGTPCVKXGP.

MKV FGO EWTQRCTGEJVUCPRCUUWPIUIGUGV\ BCW KUV FKG GGPGJOKIWPIUH·JKIMGKV XQP BKQOCU-
UGCPNCIGP, FGTGP BGVTKGD IGTCFG KP UPVGTPGJOGP FGT NWV\VKGTJCNVWPI NQJPGPF UGKP MCPP, 
GTJGDNKEJ XGTDGUUGTV YQTFGP. BKUJGT YCTGP BKQOCUUGCPNCIGP KO AW­GPDGTGKEJ PWT WPVGT 
DGUVKOOVGP VQTICDGP CP SVTQOXGTDTCWEJ WPF -GT\GWIWPI IGPGJOKIWPIUH·JKI. SQNEJG RGUV-
TKMVKQPGP JGOOVGP FKG EPVUVGJWPI TGPVCDNGT BKQOCUUGCPNCIGP XQT CNNGO DGK MNGKPGP WPF 
OKVVNGTGP BGVTKGDGP. DKGUG M·PIGN YWTFGP FWTEJ AWHPCJOG GKPGU GKIGPUV·PFKIGP PTKXKNGIKG-
TWPIUVCVDGUVCPFGU HÒT BKQOCUUGCPNCIGP KO BCWIGUGV\DWEJ DGJQDGP. AW­GTFGO KUV FWTEJ FCU 
EPGTIKG-EKPURGKUGIGUGV\ CWEJ FKG EKPURGKUGXGTIÒVWPI XGTDGUUGTV YQTFGP.

EKPG HÒT TKGTJCNVWPIUDGVTKGDG KPVGTGUUCPVG EKPMQOOGPUMQODKPCVKQP KUV FKG DKTGMVXGTOCTM-
VWPI. NCEJ GKPGT KO AWHVTCI FGU BMVEL FWTEJIGHÒJTVGP APCN[UG MCWHGP KP\YKUEJGP \YGK 
DTKVVGN CNNGT VGTDTCWEJGT KP WPVGTUEJKGFNKEJGT IPVGPUKV·V FKTGMV DGKO BCWGTP GKP. DKG DKTGMV-
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XGTOCTMVWPI YKTF XQP XKGNGP BGVTKGDGP KOOGT RTQHGUUKQPGNNGT DGVTKGDGP. 2003 NCI KJT UOUCV\ 
DGK FTGK DKU FTGKGKPJCND MKNNKCTFGP EWTQ. 

WKEJVKIG FQTVUEJTKVVG YWTFGP CWEJ DGK FGT GGPGJOKIWPIUH·JKIMGKV FGT UOYCPFNWPI 
GJGOCNU NCPFYKTVUEJCHVNKEJ IGPWV\VGT GGD·WFG GT\KGNV. BKUJGT ICNV, FCUU GGD·WFG, FKG XQT 
FGO 27. AWIWUV 1996 GTTKEJVGV YQTFGP YCTGP, IGO·­ h 35 ADU. 4 BCWIGUGV\DWEJ GTNGKEJVGTV 
WOIGYCPFGNV YGTFGP FWTHVGP, UR·VGT GTTKEJVGVG GGD·WFG JKPIGIGP PKEJV. MKV FGO EWTQRC-
TGEJVUCPRCUUWPIUIGUGV\ BCW YWTFG FKGUG UVCTTG SVKEJVCIUTGIGNWPI IGUVTKEJGP. KÒPHVKI MÌPPGP 
CNNG NCPFYKTVUEJCHVNKEJGP GGD·WFG WOIGPWV\V YGTFGP, UQHGTP UKG PWT XQT OGJT CNU UKGDGP 
JCJTGP \WN·UUKIGTYGKUG GTTKEJVGV YQTFGP UKPF.

DKG FAL CNU FQTUEJWPIUGKPTKEJVWPI FGU BWPFGU UVGNNV OKV FKGUGT YKUUGPUEJCHVNKEJGP FCEJVC-
IWPI FKG CMVWGNNGP EPVYKEMNWPIGP CWH FGO GGDKGV FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 
\WT DKUMWUUKQP. FÒT FCU BMVEL KUV FKGUGT ETHCJTWPIU- WPF IPHQTOCVKQPUCWUVCWUEJ YKEJVKI, 
GTIGDGP UKEJ FCTCWU FQEJ YGTVXQNNG GTWPFNCIGP HÒT UGKPG EPVUEJGKFWPIGP.
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HERMANN SCHLAGHECK

FGFGTCN MKPKUVT[ QH CQPUWOGT PTQVGEVKQP, FQQF CPF AITKEWNVWTG 
BMVEL�, RQEJWUUVT. 1, D-53123 BQPP

TJG UWRRN[ YKVJ CPKOCN RTQFWEVU KU UVKNN QPG QH VJG OQUV KORQTVCPV DTCPEJGU QH GGTOCP 
CITKEWNVWTG, YJKEJ IGPGTCVGU KVU RTGXCKNKPI RCTV QH RTQHKV HTQO NKXGUVQEM HCTOKPI. GGTOCP[ 
KU PWODGT QPG KP EWTQRG TGICTFKPI RQTM RTQFWEVKQP. TJG RQTM FGOCPF JCU TGEQXGTGF QP C 
IGPGTCNN[ JKIJ NGXGN. HKIJ TCVGU QH UGNH UWRRN[ QP VJG KPNCPF OCTMGV, EJCPIGU QH FGOCPF CPF 
RTKEGU CPF UOCNN RTQHKV OCTIKPU HQTEG VJG HCTOGTU VQ WUG CFXCPVCIGU HTQO TCVKQPCNK\CVKQP. TJKU 
TGSWKTGU KPXGUVOGPVU. OPG QH VJG OCLQT FGEKUKQPU HQT HCTO OCPCIGTU ä QHVGP EQPEGTPKPI VJG 
PGZV IGPGTCVKQP ä KU VQ KPXGUV KP EQPUVTWEVKQPU HQT CPKOCN JWUDCPFT[.

TJG 7VJ IPVGTPCVKQPCN CQPHGTGPEG QP CQPUVTWEVKQP, EPIKPGGTKPI CPF EPXKTQPOGPV KP LKXG-
UVQEM FCTOKPI YKNN EQORNGVG VJG RTQHKNG QH UQEKCN FGOCPFU QP NKXGUVQEM HCTOKPI VQ C WPKSWG 
RKEVWTG. TJG FGFGTCN AWVJQTKV[ JCU VJG VCUM VQ EQPVTKDWVG VJG KORNGOGPVCVKQP QH VJKU RTQHKNG, 
G. I. D[ ENGCT-EWV LWTKUFKEVKQPU CEEQTFKPI VQ RGTOKV RTQEGFWTGU CU YGNN CU UWRRQTV QH PGY HCEKNK-
VKGU VQ IWCTCPVGG GPXKTQPOGPVCN EQORCVKDKNKV[ CPF CPKOCN YGNHCTG KP NKXGUVQEM RTQFWEVKQP. 
AV VJG UCOG VKOG VJG CDKNKV[ QH NKXGUVQEM HCTOKPI VQ EQORGVG QP KPVGTPCVKQPCN UECNG JCU VQ DG 
KORTQXGF. TJKU OC[ ECWUG C EQPHNKEV QH CKOU.

TJG NGICN HTCOGU HQT EQPUVTWEVKQP QH HCTO DWKNFKPIU HQT CPKOCN RTQFWEVKQP JCXG DGGP 
KORTQXGF D[ VJG GGTOCP éEWTQRCTGEJVUCPRCUUWPIUIGUGV\ BCWê, VJG GGTOCP CEV HQT CFCRVC-
VKQP QH VJG EWTQRGCP LCY QP CQPUVTWEVKQP. PCTCITCRJ 201 QH VJG GGTOCP CQPUVTWEVKQP CQFG 

BCWIGUGV\DWEJ� ENCTKHKGU VJCV NKXGUVQEM JQWUKPIU CEEQWPVKPI VQ VJKU NCY CTG RCTV QH CITKEWNVWTG 
CU NQPI CU VJG UWTTQWPFKPI CTGCU UWRRN[ OQUV QH VJG HQFFGT PGGFGF HQT CPKOCN RTQFWEVKQP. TJKU 
IWCTCPVGGU VJCV VJG[ CTG EQXGTGF D[ VJG RTKXKNGIGU QH VJG DWKNFKPI EQFG NCY HQT CITKEWNVWTG.

TJGTG JCXG DGGP EQORNCKPVU VJCV RGTOKV RTQEGFWTGU HQT HCTO DWKNFKPIU FKHHGT FGRGPFKPI 
QP TGIKQP KP GGTOCP[, FGURKVG WPKHQO NGICN DCUKU. AFFKVKQPCNN[, CEEQTFKPI VQ GWTQRGCP NCY 
FGOCPFKPI TGFWEVKQP QH GOKUUKQP, CPKOCN HCTOGTU JCXG VQ KPETGCUG GHHQTVU VQ OGGV VJGUG 
TGSWKTGOGPVU. AV VJG UCOG VKOG, HCTOGTU CTG UWRRQUGF VQ OCKPVCKP C OCZKOWO QH CPKOCN 
YGNHCTG FWTKPI RTQFWEVKQP. PNCPPKPI CPF GPSWKTKPI RGTOKUUKQP HQT PGY CPKOCN RTQFWEVKQP 
DWKNFKPIU, VJGUG IQCNU CTG QHVGP FKHHKEWNV VQ EQODKPG. 

TQ DG QH CUUKUVCPEG KP VJKU HKGNF, HGFGTCN TGUGCTEJ KPUVKVWVGU KP EJCTIG UGV WR CV RTGUGPV QP 
DCUKU QH UEKGPEG VJG ëNCVKQPCN HTCOG HQT LWFIOGPV QP VJG UVCVG QH CTV KP NKXGUVQEM HCTOKPIé. TJKU 
KU GURGEKCNN[ OGCPV CU JGNR VQ UWRRQTV FGFGTCN SVCVGU AWVJQTKVKGU KP ECUGU, YJGTG KV KU FKHHKEWNV 
VQ HKPF DCNCPEG DGVYGGP GOKUUKQP NCY FGOCPFU CPF CPKOCN RTQVGEVKQP NCY. OP VJG YJQNG, KV 
YKNN EQPVTKDWVG VQ OQTG VTCPURCTGPE[ CPF URGGF WR VJG OQFG QH GZGEWVKQP.

NGY UEKGPVKHKE KPUKIJVU CPF VGEJPKECN CEJKGXGOGPUV GPVGT RTCEVKEG VJG HCUVGUV D[ PGY KPXGUV-
OGPVU. TJG IQXGTPOGPVCN HKPCPEKCN CKF HQT KPFKXKFWCN HCTOKPI KU QPG QH VJG ENCUUKECN KPUVTW-
OGPVU QH VJG EQOOQP VCUM ëIORTQXGOGPV QH TWTCN UVTWEVWTG CPF EQCUV RTQVGEVKQPé CPF EQP-
VTKDWVGU UWDUVCPVKCNN[ VQ VJG OQFGTPKUKPI QH NKXGUVQEM HCTOKPI. WKVJKP VJG HTCOG QH VJG HGFGTCN 
RTQITCO VQ UWRRQTV CITKEWNVWTCN KPXGUVOGPVU 
AITCTKPXGUVKVKQPUHÌTFGTWPIU-PTQITCOO =AFP?� KP 
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2002 HQT GZCORNG, 4.500 HCTOGTU TGEGKXGF C VQVCN QH 576 OKNNKQP EWTQ VQ KPXGUV KP DWKNFKPIU, 
361 OKNNKQP VJGTGQH YGTG WUGF HQT EQPUVTWEVKQP QH UVCDNGU. 

ADQWV JCNH QH VJG KPEGPVKXGU HQT UVCDNG EQPUVTWEVKQPU UWRRQTV GURGEKCNN[ JQWUKPI U[UVGOU 
EQORN[KPI YKVJ CPKOCN YGNHCTG TGSWKTGOGPVU CEEQTFKPI VQ GPENQUWTG 2 QH VJG AFP. TJKU UJQYU 
VJG OCLQT RCTV QH RGQRNG YKNNKPI VQ KPXGUV CTG KPVGTGUVGF KP KORTQXGOGPV QH CPKOCN YGNHCTG KP 
NKXGUVQEM HCTOKPI. TJG FGFGTCN EQORGVKVKQP QP ëFCTO BWKNFKPIé KP 2004 QP VJG VQRKE ëHQWU-
KPIU HQT ECNH CPF [QWPI UVQEM TGCTKPI KP FCKT[ HCTOKPIé RTGUGPVGF C NCTIG XCTKGV[ QH GZCORNCT[ 
UQNWVKQPU HQT JQWUKPI U[UVGOU UWHHKEKPI CPKOCN YGNHCTG VQ VJG RTQHGUUUKQPCN CWFKGPEG.

BGUKFGU VJG FGOCPFU QP OQFGTP CPKOCN JQWUKPIU CPF JQWUKPI VGEJPKSWGU, OCPCIGOGPV 
DGEQOGU OQTGQXGT KORQTVCPV KP NKXGUVQEM HCTOKPI. FQNNQYKPI VJG UQRJKUVKECVGF WUG QH GNGE-
VTQPKEU KP ETQR RTQFWEVKQP, EQORWVGT-CKFGF RTQEGUU EQPVTQN KU CDQWV VQ JCXG C DTGCM-VJTQWIJ 
KP CPKOCN MGGRKPI. ENGEVTQPKE CKFGF SWCNKV[ OCPCIGOGPV YKNN CUUWTG ICRNGUU FQEWOGPVCVKQP QH 
RTQFWEVKQP RTQEGUUGU, KV YKNN KORTQXG RTQFWEVKQP RTQHKVCDKNKV[ CPF OGGV VTCFG CPF EQPUWOGTU 
TGSWKTGOGPVU QP HKTUV ENCUU SWCNKV[ RTQFWEVU CPF RTQFWEV UCHGV[.

TJG KPVTQFWEVKQP QH GNGEVTQPKECNN[ KFGPVKHKECVKQP QH CPKOCNU KP EC NCY ä HQT UJGGR CPF IQCVU 
ä KU KPVGPFGF. IP HWVWTG GNGEVTQPKEU YKNN DG WUGF HQT UWTXGKNNCPEG QH CPKOCNU CPF HQT KORNGOGP-
VCVKQP QH SWCNKV[ OCPCIGOGPV CU YGNN. RGICTFKPI VJKU HKGNF OQTG TGUGCTEJ KU PGGFGF. TQ UGVVNG 
UVCPFCTFKUGF FCVC HQTOCVU HQT VJG GZEJCPIG QH GNGEVTQPKE FCVC YKNN DG QH WVOQUV KORQTVCPEG. 
IPFWUVT[ JCU TGEQIPKUGF VJKU CNTGCF[. IV KU UWRRQUGF VJCV KP VJG PGCT HWVWTG RTCEVKECDNG UQNWVKQPU 
YKNN DG HQWPF D[ ITQWRU QH GZRGTVU.

MCP[ HCTOGTU ä YKVJ XKGY VQ VJG EQPUGSWGPEGU QH VJG CITKEWNVWTCN TGHQTOU - CTG CHHGEVGF D[ 
VJG SWGUVKQP, YJGVJGT VQ KPXGUV OQPG[ CPF VQ URGEKCNKUG VJGKT NKXGUVQEM HCTOKPI QT VQ RTQXKFG 
C DTQCF TCPIG CU DCUKU HQT KPEQOG CPF VQ FKXGTUKH[. EURGEKCNN[ YJGTG VJG RCTVKEWNCT UKVWCVKQP 
QH VJG HCTOUVGCF FQGU PQV CNNQY KPVGPUKH[KPI QH NKXGUVQEM HCTOKPI, VJG UVCVG QHHGTU HCXQWTCDNG 
HTCOG EQPFKVKQPU HQT CFFKVKQPCN RQUUKDKNKVKGU QH KPEQOG.

TJG CFQRVKPI QH VJG NCVKQPCN BWKNFKPI CQFG LCY 
BCWIGUGV\DWEJ� VQ VJG PGY EWTQRGCP 
EQFG NCY ëBWKNFKPIé JCU EQPUKFGTCDN[ KORTQXGF VJG EJCPEGU HQT RGTOKV HQT DKQOCUU EQPXGTV-
GTU, YJKEJ CTG GURGEKCNN[ RTQHKVCDNG HQT HCTOU YKVJ NKXGUVQEM HCTOKPI. B[ PQY DKQOCUU EQPXGTV-
GTU YGTG PQV CNNQYGF KP VJG QRGP CTGC, GZEGRV WPFGT URGEKCN TGIWNCVKQPU FGCNKPI YKVJ RQYGT 
EQPUWORVKQP QT RQYGT UWRRN[. SWEJ TGUVTKEVKQPU JCORGTGF VJG DWKNFKPI QH RTQHKVCDNG DKQOCUU 
EQPXGTVGTU GURGEKCNN[ QP UOCNN CPF OGFKWO UK\GF HCTOU. TJGUG QDUVCENGU YGTG CDQNKUJGF D[ 
VJG CFFKVKQP QH C RTKXKNGIG HQT DKQOCUU EQPXGTVGTU KPVQ VJG DWKNFKPI EQFG NCY. TJG GPGTI[ 
HGGFKPI KPRWV NCY 
EPGTIKG-EKPURGKUWPIUIGUGV\� KORTQXGF EQPUKFGTCDN[ VJG RTKEGU HQT GPGTI[ 
HGGFKPI KPRWV CU YGNN.

AP KPVGTGUVKPI EQODKPCVKQP QH DTCPEJGU QH KPEQOG HQT NKXGUVQEM HCTOGTU KU VJG FKTGEV OCTMGV-
KPI. AEEQTFKPI VQ CP CPCN[UKU TWP D[ QTFGT QH VJG FGFGTCN MKPKUVT[ QH CQPUWOGT PTQVGEVKQP, 
FQQF CPF AITKEWNVWTG 
BMVEL� OGCPYJKNG VYQ VJKTFU QH VJG EQPUWOGTU DW[ FKTGEVN[ QP HCTOU 
ä OQTG QT NGUU KPVGPUKXGN[. MCP[ HCTOU DGEQOG RTQHGUUKQPCNU KP FKTGEV OCTMGVKPI OQTG CPF 
OQTG. IP 2003 VJGKT UCNGU TCPIGF DGVYGGP VJTGG CPF VJTGG CPF C JCNH VJQWUCPF OKNNKQP EWTQ.

IORQTVCPV RTQITGUU JCU DGGP CEJKGXGF HQT VJG RGTOKV RTQEGFWTGU HQT EJCPIKPI RWTRQUG QH 
HQTOGT CITKEWNVWTCN DWKNFKPIU. B[ PQY VJG TWNG YCU VJCV EJCPIG QH DWKNFKPIU GTGEVGF DGHQTG 
AWIWUV 27, 1996 YCU HCEKNKVCVGF D[ h 34 
4� QH VJG DWKNFKPI EQFG NCY; DWV YCU PQV HQT PGYGT 
DWKNFKPIU. WKVJ VJG CFQRVGF EWTQRGCP CQFG LCY ëBWKNFKPIé VJKU TKIKF TGIWNCVKQP KU ECPEGNNGF. 
IP HWVWTG CNN CITKEWNVWTCN DWKNFKPIU ECP DG TGWUGF, KH VJG[ JCXG DGGP DWKNV OQTG VJCP UGXGP 
[GCTU CIQ YKVJ RGTOKV.
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TJG FAL CU C TGUGCTEJ RNCPV QH VJG FGFGTCN GQXGTPOGPV D[ VJKU UEKGPVKHKE EQPHGTGPEG 
QHHGTU EWTTGPV FGXGNQROGPVU KP VJG HKGNF QH NKXGUVQEM HCTOKPI HQT FKUEWUUKQP. TJKU GZEJCPIG QH 
GZRGTKGPEG CPF KPHQTOCVKQP KU KORQTVCPV HQT VJG BMVEL, CU KV FGNKXGTU XCNWCDNG DCUKU HQT KVU 
FGEKUKQPU.
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NeuDau Xon GeflÒgelst·llen ä BauRlanungen, Baukonstruktionen, 
Baukosten
0eYN[ constrWcted poWNtr[ stCDNes ä pNCnning� strWctWrCN design� 
constrWction costs

JªRGEN GARTUNG, KERSTIN UMINSKI, MELANIE HARTWIG, CHRISTEL HOCH

IPUVKVWV HÒT BGVTKGDUVGEJPKM WPF BCWHQTUEJWPI, BWPFGUHQTUEJWPIUCPUVCNV HÒT LCPFYKTVUEJCHV 
FAL�, 
BWPFGUCNNGG 50, D-38116 BTCWPUEJYGKI

SchlÒsselwÌrter� Masth·hnchen, Puten, Legehennen, NeuDau, Baukosten
-e[Yords� $roiNer� tWrMe[� NC[ing Jens� neY DWiNding� constrWction costs

<WsCmmenfCssWng

Um den Investitionsbedarf von Geflügelställen besser einschätzen zu können, wurden die 
Neubaukosten für Hähnchenmastställe, Putenmastställe und Legehennenställe eingehend 
untersucht. Die Auswahl der zu bearbeitenden Haltungsverfahren und Bestandsgrößen wur-
de von verschiedenen KTBL-Arbeitsgruppen festgelegt. 

Die Grundlagen für die Stallmodelle stammen aus gebauten und abgerechneten Bauvor-
haben. Die Planungs- und Baukostendaten wurden nach dem Baukosten-Verbundsystem des 
Instituts für Betriebstechnik und Bauforschung der FAL aufbereitet.

SWmmCr[

In order to better estimate the investment costs for newly constructed poultry stables, a 
detailed investigation was made of the costs for broiler, turkey and laying hen stalls. For the 
study, the conditions were set by various KTBL Working Groups. The data was drawn from 
construction projects already completed and paid for. 

The planning and construction cost data were subsequently processed using the Construc-
tion Cost Network Program of the Institute for Production Engineering and Building Research 
of the German Federal Agricultural Research Centre.
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1 ProDlemstellung

UO FGJNKPXGUVKVKQPGP DGKO NGWDCW XQP GGHNÒIGNUV·NNGP \W XGTOGKFGP, UQNNVGP WKTVUEJCHV-
NKEJMGKVUDGTGEJPWPIGP WPF KQUVGPXGTINGKEJG CNVGTPCVKXGT LÌUWPIGP DGTGKVU KP UGJT HTÒJGT 
PNCPWPIURJCUG GTHQNIGP. FÒT FGP VGTINGKEJ UKPF OTKGPVKGTWPIUFCVGP GTHQTFGTNKEJ, FKG UKEJ CWH 
FKG DGVTGHHGPFGP NWV\GKPJGKVGP DG\KGJGP. 

BKUJGT YCTGP GPVURTGEJGPFG KQUVGPMGPPYGTVG HÒT H·JPEJGP- WPF PWVGPUV·NNG PKEJV KP FGO 
MC­G XGTHÒIDCT, YKG FCU HÒT RKPFGT-, SEJYGKPG-, PHGTFG- WPF LGIGJGPPGPUV·NNG FGT FCNN YCT. 
VQT FGO HKPVGTITWPF FGT XGTUEJ·THVGP BGFKPIWPIGP HÒT LGIGJGPPGPJCNVWPI KP DGWVUEJNCPF 
YCTGP FKG XQTJCPFGPGP KQUVGPFCVGP \W ÒDGTCTDGKVGP WPF \W GTI·P\GP.

2 AufgaDenstellung 

ETCTDGKVWPI XQP KQUVGPMGPPYGTVGP HÒT FGP NGWDCW XQP H·JPEJGP- WPF PWVGPOCUVUV·NNGP HÒT 
WPVGTUEJKGFNKEJG GGD·WFGITÌ­GP WPF BCWCWUHÒJTWPIGP. ÜDGTCTDGKVWPI FGT SVCNNOQFGNNG HÒT 
LGIGJGPPGPJCNVWPI PCEJ FGP XGTUEJ·THVGP BGFKPIWPIGP KP DGWVUEJNCPF XQO 01.01.2003. 

3 Methode

DCU BCWMQUVGP-VGTDWPFU[UVGO FGU IPUVKVWVU HÒT BGVTKGDUVGEJPKM WPF BCWHQTUEJWPI FGT FAL 
DKNFGV FKG BCUKU HÒT FKG ZWUCOOGPUVGNNWPI XQP KQUVGPMGPPYGTVGP. EU GTOÌINKEJV FKG AWHDGTGK-
VWPI FGT BCWMQUVGPFCVGP, FKG CWU IGDCWVGP WPF CDIGTGEJPGVGP BCWXQTJCDGP UVCOOGP, PCEJ 
KQUVGPDNÌEMGP, KQUVGPITWRRGP, GGD·WFG-GTQDGNGOGPVGP WPF GGD·WFGGNGOGPVGP.

4 Auswahl Xon Stalls[stemen

DKG ATDGKV GTHQNIVG KO RCJOGP FGU KTBL-ATDGKVURTQITCOOU ëKCNMWNCVKQPUFCVGPé. DKG AWU-
YCJN FGT \W DGCTDGKVGPFGP HCNVWPIUU[UVGOG, BGUVCPFUITÌ­GP WPF BCWCWUHÒJTWPIGP GTHQNIVG 
FGUJCND OKV FCEJNGWVGP XGTUEJKGFGPGT KTBL-ATDGKVUITWRRGP. 

4�1 BestandsgrÌ­en und Stallt[Ren fÒr die H·hnchenmast�

 î KQPXGPVKQPGNNGT MCUUKXUVCNN OKV 20000, 30000 WPF 40000 MCUVRN·V\GP
23 H·JPEJGP�Ow SVCNNHN·EJG 
HM 03001-3�

 î OHHGPUVCNN OKV 20000, 30000 WPF 40000 MCUVRN·V\GP
23 H·JPEJGP�Ow SVCNNHN·EJG 
HM 04001-3�

4�2 BestandsgrÌ­en und Stallt[R fÒr die Putenmast�

 î OHHGPUVCNN OKV 3700, 5600 WPF 7400 MCUVRN·V\GP
4,4 PWVGP�Ow SVCNNHN·EJG 
EPFOCUV OKV IGOKUEJVGT EKPUVCNNWPI� 
PM 01001-3�
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4�3 BestandsgrÌ­en und Stallt[Ren fÒr die Legehennenhaltung�

 î BQFGPJCNVWPI OKV SEJNGRRGT-EPVOKUVWPI HÒT 3000, 5000 WPF 7000 LGIGJGPPGP
7 LGIGJGPPGP�Ow SVCNNHN·EJG 
LH 01007-9�

 î BQFGPJCNVWPI OKV SEJNGRRGT-EPVOKUVWPI HÒT 3800, 6500 WPF 9000 LGIGJGPPGP
9 LGIGJGPPGP�Ow SVCNNHN·EJG 
LH 010010-12�

 î BQFGPJCNVWPI OKV KQVDCPF-EPVOKUVWPI HÒT 3000, 5000, WPF 7000 LGIGJGPPGP
7 LGIGJGPPGP�Ow SVCNNHN·EJG 
LH 010013-15�

 î BQFGPJCNVWPI OKV KQVDCPFGPVOKUVWPI HÒT 3800, 6500 WPF 9000 LGIGJGPPGP
9 LGIGJGPPGP�Ow SVCNNHN·EJG 
LH 010016-18�

 î BQFGPJCNVWPI, KCNVUEJCTTCWO, SEJNGRRGTGPVOKUVWPI HÒT 3000, 5000 WPF 7000 
7 LGIGJGPPGP�Ow SVCNNHN·EJG 
LH 02004-6�

 î BQFGPJCNVWPI, KCNVUEJCTTCWO, SEJNGRRGTGPVOKUVWPI HÒT 3800, 6500 WPF 9000 
9 LGIGJGPPGP�Ow SVCNNHN·EJG 
LH 02007-9�

 î VQNKGTG�EVCIGPU[UVGO OKV DGNÒHVGVGO KQVDCPF HÒT 5000 WPF 7000 LGIGJGPPGP
15 LGIGJGPPGP�Ow SVCNNHN·EJG 
LH 03001-2�

 î VQNKGTG�EVCIGPU[UVGO HÒT 19000 LGIGJGPPGP
18 LGIGJGPPGP�Ow SVCNNHN·EJG 
LH 03004�

5 ErgeDnisse

5�1 H·hnchenmast

ADD.1� IPXGUVKVKQPUDGFCTH HÒT MCUVJ·JPEJGPUV·NNG PCEJ KQUVGPITWRRGP

IP ADDKNFWPI 1 KUV FGT IPXGUVKVKQPUDGFCTH HÒT FGP NGWDCW XQP MCUVJ·JPEJGPUV·NNGP FCTIG-
UVGNNV DKG S·WNGP \GKIGP CWEJ FGP LGYGKNKIGP APVGKN FGT DGVTGHHGPFGP KQUVGPITWRRGP 
KG�. 
DKG DGHKPKVKQPGP HÒT FKG KG 300, BCWYGTM-BCWMQPUVTWMVKQPGP, KG 400, TGEJPKUEJG APNCIGP 
WPF KG 500 HÒT FKG AW­GPCPNCIGP GPVURTGEJGP FGT FGWVUEJGP NQTO 
DIN 276�, KQUVGP XQP 
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HQEJDCWVGP. EKP 20000GT MCUVJ·JPEJGPUVCNN MQUVGV CNU HTGK IGNÒHVGVGT OHHGPUVCNN 260000 €

HM 04 001� WPF 268000 € KP MQPXGPVKQPGNNGT AWUHÒJTWPI OKV IGUEJNQUUGPGP W·PFGP GKP-
UEJNKG­NKEJ ZW- WPF ADNWHVCPNCIG 
HM 03 001�. FÒT 40000GT SV·NNG UKPF \YKUEJGP 432000 €

HM 04 003� WPF 448000 € 
HM 03 003� \W KPXGUVKGTGP.

5�2 Putenmast

ETOKVVGNV YWTFG FGT IPXGUVKVKQPUDGFCTH HÒT SVCNNCPNCIGP OKV 3700, 5600 WPF 7400 MCUVRN·V\GP. 
PTQ TKGTRNCV\ GTIKDV UKEJ HÒT FGP 3700GT SVCNN GKP KQUVGPMGPPYGTVG XQP 71 € WPF HÒT FGP 
7400GT SVCNN GKP IPXGUVKVKQPUDGFCTH XQP 60 €. IP ADD. 2 UKPF FKG GGUCOVMQUVGP PCEJ KQUVGP-
DNÌEMGP, KQUVGPITWRRGP WPF GGD·WFG-ENGOGPVGP WPVGTVGKNV.

ADD. 2� APVGKNKIG KQUVGP HÒT KQUVGPDNÌEMG, KQUVGPITWRRGP WPF ENGOGPVG HÒT PWVGPOCUVUV·NNG ä RTQ\GPVWCNG 
APVGKNG

IP FGT NKPMGP S·WNG YKTF FGWVNKEJ, FCUU FGT KQUVGPDNQEM SVCNN DGKO 3700GT PWVGPUVCNN 

PM 01001� OKV 80 � FGP ITÌ­VGP APVGKN CWUOCEJV. AP \YGKVGT SVGNNG MQOOV FGT KQUVGPDNQEM 
FWVVGT OKV EC. 13 � WPF UEJNKG­NKEJ FGT KQUVGPDNQEM NGDGPCPNCIGP OKV GVYC 6 �. BGK FGT ITÌ-
­GTGP VCTKCPVG PM 01 003 UKPF GU 82 � HÒT FGP KQUVGPDNQEM SVCNN, 13 � HÒT FGP KQUVGPDNQEM 
FWVVGT WPF 4 � HÒT FKG NGDGPCPNCIGP. 

DGT KQUVGPDNQEM MKUV H·NNV DGK PWVGPUV·NNGP PWT OKV 1 � FGT BCWMQUVGP KPU GGYKEJV, YGPP 
GT UKEJ YKG JKGT, PWT CWH GKPGP AWHHCPIDGJ·NVGT HÒT WCUEJYCUUGT DGUEJT·PMV. EKP DGUQPFGTGU 
MKUVNCIGT KUV DGK FGP BGTGEJPWPIGP PKEJV DGTÒEMUKEJVKIV.

75 � FGT GGUCOVMQUVGP GPVHCNNGP DGKO OHHGPUVCNN OKV 3700 TKGTRN·V\GP 
PM 01 001� CWH FKG 
KQUVGPITWRRG 300, BCWYGTM-BCWMQPUVTWMVKQPGP. DKG VGEJPKUEJGP APNCIGP, FKG \WT KQUVGP-
ITWRRG 400 IGJÌTGP, XGTWTUCEJGP DGK FKGUGT LÌUWPI EC. 14 � FGT CPHCNNGPFGP GGD·WFGMQU-
VGP. DGT APVGKN FGT AW­GPCPNCIGP OCEJV 11 � CWU, YKG CWU FGT GPVURTGEJGPFGP S·WNG KP FGT 
GTCHKM JGTXQTIGJV. BGKO OHHGPUVCNN OKV 7400 TKGTRN·V\GP 
PM 01 003� GPVHCNNGP MPCRR 77 � 
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FGT GGUCOVMQUVGP CWH FKG KQUVGPITWRRG 300, 12 � CWH FKG KQUVGPITWRRG 400, WPF 11 � CWH 
FKG KQUVGPITWRRG 500.

DCU TGEJVG S·WNGPRCCT WPVGTVGKNV FKG XQT IGPCPPVGP KQUVGPITWRRGP YGKVGT KP GTQDGNGOGP-
VG. DKG DKHHGTGP\GP \YKUEJGP FGP FCTIGUVGNNVGP VCTKCPVGP UKPF FWTEJ WPVGTUEJKGFNKEJ ITQ­G 
GGD·WFGJÒNNGP DGITÒPFGV. BGK FGO MNGKPGTGP SVCNN 
PM 01 001� OCEJV UKEJ FGT APVGKN FGT 
GKGDGNY·PFG CP FGP AW­GPY·PFGP RTQ\GPVWCN UV·TMGT DGOGTMDCT CNU DGKO ITÌ­GTGP SVCNN 

PM 01003�. DCFWTEJ XGTUEJKGDGP UKEJ FKG APVGKNG HÒT FKG DCEJ- WPF GTÒPFWPIUMQUVGP. 
EDGPUQ XGTJ·NV GU UKEJ OKV FGP TGEJPKMMQUVGP. 

5�3 Legehennenhaltung

ADD. 3� IPXGUVKVKQPUDGFCTH HÒT LGIGJGPPGPUV·NNG

DCU LKPKGPFKCITCOO 
ADD. 3� \GKIV FGP IPXGUVKVKQPUDGFCTH RTQ LGIGJGPPGPRNCV\ HÒT CNNG 7 
WPVGTUWEJVGP SVCNNOQFGNNG KO VGTINGKEJ. EKPG KQUVGPFGITGUUKQP XQP FGP MNGKPGP BGUVCPFU-
ITÌ­GP JKP \W FGP ITQ­GP BGUVCPFUITÌ­GP KUV DGK CNNGP VCTKCPVGP FGWVNKEJ GTMGPPDCT. FÒT FKG 
ANVGTPCVKXGP OKV BQFGPJCNVWPI WPF SEJNGRRGTGPVOKUVWPI, 7 LH�Ow SVCNNHN·EJG, 
LH 01 007-9� 
YWTFGP KQUVGPMGPPYGTVG \YKUEJGP 46,80 € RTQ LGIGJGPPGPRNCV\ HÒT FGP 7000GT SVCNN WPF 
70,60 € RTQ LGIGJGPPGPRNCV\ HÒT FGP 3.000GT SVCNN GTOKVVGNV.

DKG ANVGTPCVKXGP OKV BQFGPJCNVWPI WPF KQVDCPFGPVOKUVWPI, 7 LH�Ow SVCNNHN·EJG, 
LH 01 
013-15� GTHQTFGTP FKG JÌEJUVGP IPXGUVKVKQPGP. HKGT NKGIGP FKG KQUVGPMGPPYGTVG HÒT  FGP LGYGK-
NKIGP LGIGJGPPGPRNCV\ DGK 65,10 € HÒT FGP 7000GT SVCNN WPF 83,80 € HÒT FGP 3000GT SVCNN.

DGT IPXGUVKVKQPUDGFCTH HÒT FKG ANVGTPCVKXGP OKV BQFGPJCNVWPI, KCNVUEJCTTCWO WPF SEJNGRRG-
TGPVOKUVWPI, 7 LH�Ow 
LH 02 004-6� YWTFG OKV 55,30 € RTQ LGIGJGPPGPRNCV\ HÒT FGP 7000GT 
SVCNN DKU 70,50 € RTQ LGIGJGPPGPRNCV\ HÒT FGP 3000GT SVCNN GTOKVVGNV.
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BGK FGP ANVGTPCVKXGP OKV VQNKGTG�EVCIGPU[UVGO WPF KQVDCPFGPVOKUVWPI GTIKDV UKEJ GKP 
IPXGUVKVKQPUDGFCTH XQP 36,00 € RTQ MCUVRNCV\ HÒT FGP 19000GT SVCNN DGK GKPGO PNCV\CPIGDQV 
XQP 18 LH�Ow 
LH 03 004� WPF 56,20 € RTQ LGIGJGPPGPRNCV\ HÒT FGP 5000GT SVCNN WPF 15 
LH�Ow SVCNNHN·EJG
LH 03 001�. 

DKG IÒPUVKIUVG ATV FGT BQFGPJCNVWPI GTOÌINKEJV FGT SVCNN OKV DGKFUGKVKI KP FQTO XQP WKP-
VGTI·TVGP CPIGUEJNGRRVGP KCNVUEJCTTT·WOGP. DWTEJ FKGUG APQTFPWPI YKTF FCU BCWYGTM \YCT 
DTGKVGT, FCHÒT CDGT YGUGPVNKEJ MÒT\GT. DWTEJ GKPHCEJGTG BCWCWUHÒJTWPI FGT WKPVGTI·TVGP 
IGIGPÒDGT FGO SVCNN, YGKN UVCVV HGUVGT W·PFG MCUEJGPFTCJV CWH HQN\UVÒV\GP XGTYGPFGV YKTF, 
NCUUGP UKEJ FKG IPXGUVKVKQPUCWUICDGP FGWVNKEJ XGTTKPIGTP.  
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Wirtschaftliche BaulÌsungen durch VariantenXergleiche� Der FAT�
PreisDaukasten als Hilfsmittel fÒr kostengÒnstige BetrieDsgeD·ude
CompCring CNternCtiXes for cost�effectiXe DWiNding soNWtions� (#6 
/odWNCr ConstrWction StCndCrds for (Crm $WiNding Costs Cs Cn Cid to 
NoY�cost fCrm DWiNdings 

RICHARD HILTY, LUDO VAN CAENEGEM

AITQUEQRG FAT T·PKMQP, EKFIGPÌUUKUEJG FQTUEJWPIUCPUVCNV HÒT AITCTYKTVUEJCHV WPF LCPFVGEJPKM, 
CH-8356 EVVGPJCWUGP, SEJYGK\

SchlÒsselwÌrter� Baukosten, InXestitionsDedarf, Kostenermittlung, Wirtschaftlichkeit
-e[Yords� $WiNding costs� inXestment needs� costing� economic efficienc[

<WsCmmenfCssWng

Landwirtschaftliche ¤konomiegebäude beanspruchen einen beachtlichen Anteil der Struktur-
kosten eines Produktionszweiges. Um wirtschaftlich zu produzieren sind deshalb preisgünsti-
ge Betriebsgebäude Voraussetzung. Durch einen objektiven Vergleich kann, im Hinblick auf 
Investitionen, Jahreskosten und Funktionalität, die optimale Lösung gefunden werden. Beim 
Kostenvergleich leistet der FAT-Preisbaukasten wertvolle Dienste. 

Der FAT-Preisbaukasten ist eine Elementmethode, welche die üblichen Bauteile und 
Einrichtungen für landw. ¤konomiegebäude enthält. Die Elemente setzen sich aus einzel-
nen Arbeiten zusammen die aufgrund von Marktumfragen regelmässig aktualisiert werden. 
Das neu erstelltes PC-Programm mit einer Fülle von Baukostendaten und einer einfachen 
Bedienung macht den FAT-Preisbaukasten für Planer und Berater zum wertvollen Arbeits-
instrument.

SWmmCr[ 

Farm buildings account for a considerable part of the farmçs structural costs. To ensure cost-
effective production, low-cost farm buildings are therefore required. Comparing different 
construction variants on an objective basis can help to find the optimum solution with regard 
to investment demands, annual costs and functionality. The FAT Modular Construction 
Standards for Farm Building Costs is a valuable tool for such cost comparison.

The FAT Modular Construction Standards for Farm Building Costs is a method based on 
elements containing currently used building components and pen fittings for farm buildings. 
The elements consist of individual construction activities regularly updated on the basis of 
market surveys. A new, simple to use computer program with a lot of construction cost data 
makes the FAT Modular Construction Standards for Farm Building Costs a valuable working 
tool for planners and advisers.
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1 S[stem des PreisDaukastens

DGT FAT-PTGKUDCWMCUVGP KUV GKPG ENGOGPVOGVJQFG, YGNEJG FKG IGDT·WEJNKEJUVGP BCWVGKNG WPF 
EKPTKEJVWPIGP HÒT NCPFYKTVUEJCHVNKEJG ÖMQPQOKGIGD·WFG GPVJ·NV. DKG GNKGFGTWPI 
ADD. 1� KP 
FKG KCRKVGN BCWMQPUVTWMVKQP, SVCNNGKPTKEJVWPIGP, UQYKG CNNIGOGKPG WPF URG\KGNNG BGVTKGDUGKP-
TKEJVWPIGP GTNGKEJVGTV FKG ÜDGTUKEJV. DCPGDGP DGUVGJGP KCRKVGN HÒT ETUEJNKGUUWPI, UOIGDWPI 
WPF RGIKGCTDGKVGP.

ADD. 1� DKG XGTUEJKGFGPGP BCWGNGOGPVG FGT ÖMQPQOKGIGD·WFG UKPF KP 6 GTWRRGP CWHIGVGKNV. DWTEJ ZWUCO-
OGPUVGNNGP FGT DGPÌVKIVGP ENGOGPVG GTJ·NV OCP FGP IPXGUVKVKQPUDGFCTH GKPGT BCWNÌUWPI
The various components of the farm building are divided into � groups. The investment requirement for a 
construction solution can be calculated by putting together the necessary elements

ADD. 2� DWTEJ ZWUCOOGPUVGNNGP FGT DGPÌVKIVGP ENGOGPVG GTJ·NV OCP FGP IPXGUVKVKQPUDGFCTH GKPGT BCWNÌUWPI. 
DKG ENGOGPVG YKGFGTWO DCUKGTGP CWH GKPGT AP\CJN XQP ATDGKVGP
The investment requirement for a construction solution can be calculated by putting together the necessary 
elements. The elements are based on a number of different construction activities
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DWTEJ FCU ZWUCOOGPUVGNNGP, FGT HÒT GKP PTQLGMV DGPÌVKIVGP ENGOGPVG 
ADD. 2� MCPP FGT 
IPXGUVKVKQPUDGFCTH, OKV GVYCU ÜDWPI WPF ETHCJTWPI, TCUEJ GTOKVVGNV YGTFGP. NGDGP FGP IPXGU-
VKVKQPGP YGTFGP FKG JCJTGUMQUVGP WPF CWEJ FKG KQUVGP RTQ TKGTGKPJGKV WPF RTQ O3 NWV\TCWO 
DGTGEJPGV.

DGT FAT-PTGKUDCWMCUVGP GZKUVKGTV UEJQP UGKV GVNKEJGP JCJTGP WPF YWTFG PWP ITWPFNGIGPF 
ÒDGTCTDGKVGV WPF OKV GKPGO PGWGP, DGPWV\GTHTGWPFNKEJGP PC-PTQITCOO GTI·P\V. DCOKV NCUUGP 
UKEJ BCWMQUVGPDGTGEJPWPIGP GHHK\KGPV GTUVGNNGP WPF FQMWOGPVKGTGP.

2 ElementRreise

DKG BGTGEJPWPI FGT ENGOGPVG 
ADD. 3� GTHQNIV CWHITWPF GKPGU LGKUVWPIUXGT\GKEJPKUUGU OKV 
FGP PQVYGPFKIGP ATDGKVGP. ANU GTWPFNCIG FGT ATDGKVURTGKUG FKGPGP OHHGTVGP XQP BCWWP-
VGTPGJOGTP WPF EKPTKEJVGTP. DKGUG PTGKUG YGTFGP RGTKQFKUEJ, F. J. EC. CNNG 2 DKU 3 JCJTG FGT 
BCWVGWGTWPI CPIGRCUUV. DCDGK YGTFGP FKG KQPUVTWMVKQPGP FGT XQTJCPFGPGP ENGOGPVG GDGP-
HCNNU ÒDGTRTÒHV, UQFCUU GKPG NGWCWHNCIG LGYGKNU TWPF 5 DKU 10 PTQ\GPV PGWG QFGT TGXKFKGTVG 
ENGOGPVG GPVJ·NV. NGDGP FGP ATDGKVU- WPF MCVGTKCNMQUVGP GPVJCNVGP FKG ENGOGPVG GKPGP 
ZWUEJNCI HÒT PNCPWPI WPF RGUGTXG. DKG JCJTGUMQUVGP FGT ENGOGPVG DCUKGTGP CWH FGP FCMVQTGP 
ADUEJTGKDWPI, RGRCTCVWTGP, ZKPUCPURTWEJ UQYKG GGD·WFGXGTUKEJGTWPI.

ADD. 3� DKG BGTGEJPWPI FGT ENGOGPVG GTHQNIV CWHITWPF GKPGU LGKUVWPIUXGT\GKEJPKUUGU. DGT ENGOGPVRTGKU KUV 
FKG SWOOG GKP\GNPGT ATDGKVGP, IPMNWUKXG ZWUEJN·IG HÒT PNCPWPI WPF RGUGTXG GPVUVGJV FGT ENGOGPVRTGKU
The element is calculated on the basis of a list of individual performances. The element price results from 
different activities, including allowances for planning and a reserve
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DKG PC-LÌUWPI FGU PTGKUDCWMCUVGPU GPVJ·NV PGDGP UVCVKUEJGP CWEJ XCTKCDNG ENGOGPVG 
ADD. 4�. 
DGT IPXGUVKVKQPUDGFCTH GKPGU DCEJDKPFGTU MCPP DGKURKGNUYGKUG OKVVGNU APICDGP XQP SRCPP-
YGKVG, BKPFGTCDUVCPF WPF SEJPGGNCUV GTOKVVGNV YGTFGP QFGT FKG KQUVGP GKPGT GÒNNGPITWDG 
OKVVGNU APICDGP \W L·PIG, BTGKVG WPF HÌJG. AWHITWPF FKGUGT PCTCOGVGT YGTFGP FKG GPVURTG-
EJGPFGP ATDGKVUOGPIGP WPF FCOKV FGT ENGOGPVRTGKU CWVQOCVKUEJ GTOKVVGNV.

DGT APYGPFGT JCV \WFGO FKG MÌINKEJMGKV GKIGPG ATDGKVGP WPF ATDGKVURTGKUG GKP\WIGDGP 
WPF FCTCWU GKIGPG ENGOGPVG \W GTUVGNNGP. DKGUG YGTFGP, \WUCOOGP OKV UGKPGP BCWNÌUWPIGP 
DGK GKPGO WRFCVG LGYGKNU ÒDGTPQOOGP.

DWTEJ EKPUGV\GP OGPIGPCDJ·PIKIGT MCVGTKCNRTGKUG N·UUV UKEJ FKG KQUVGPFGITGUUKQP HÒT 
ITÌUUGTG EKPJGKVGP CWHHCPIGP.

ADD. 4� BGK FGP XCTKCDNGP ENGOGPVGP, JKGT CO BGKURKGN GKPGU DCEJDKPFGTU, YKTF FWTEJ EKPICDG FGT PCTCOGVGT 
SRCPPYGKVG, BKPFGTCDUVCPF, DCEJPGKIWPI WUY. FGT PTGKU FGU ENGOGPVGU CWVQOCVKUEJ DGTGEJPGV
For the variable elements, in this case a roof truss, parameters such as span, truss spacing, roof pitch, etc. 
can be input to calculate the element price automatically

3 Berechnung der BauinXestitionen

DKG KQUVGPDGTGEJPWPI XQP BCWNÌUWPIGP KUV UKEJGT FCU HCWRVCPYGPFWPIUIGDKGV FGU FAT-
PTGKUDCWMCUVGPU. DC UQNEJG BGTGEJPWPIGP OKV GVYCU ÜDWPI TGNCVKX UEJPGNN GTUVGNNV UKPF, YGT-
FGP UKG XQT CNNGO HÒT KQUVGPXGTINGKEJG XGTUEJKGFGPGT PTQLGMVXCTKCPVGP GKPIGUGV\V.

AWHITWPF GKPGT PTQLGMVUMK\\G 
ADD. 5� YGTFGP \WGTUV FKG KGPPITÌUUGP YKG BCWXQNWOGP, 
TKGTRN·V\G QFGT GGD·WFGHN·EJG GTTGEJPGV. DKGUG DCVGP GTIGDGP YGTVXQNNG RKEJVYGTVG \WT 
ÜDGTRTÒHWPI FGT KQUVGPUEJ·V\WPI. DKG KO PC-PTQITCOO GPVJCNVGPGP EZEGN-TCDGNNGP 
ADD. 6� 
GTOÌINKEJGP FCDGK GKPG GHHK\KGPVG BGTGEJPWPI FKGUGT WGTVG UQYKG FGT LCIGTMCRC\KV·VGP HÒT 
HQHFÒPIGT WPF RCWHWVVGT. APUEJNKGUUGPF YGTFGP OKV HKNHG FGU RWNNFQYP-OGPWU FKG DGPÌ-
VKIVGP ENGOGPVG CWUIGY·JNV 
ADD. 7� WPF OKV FGP GPVURTGEJGPFGP MGPIGP XGTUGJGP. EKPG 
SMK\\G FGT ENGOGPVG WPVGTUVÒV\V FGP APYGPFGT DGK FGT AWUYCJN FGT ENGOGPVG. BGK XCTKCDNGP 
ENGOGPVGP UKPF \WU·V\NKEJ FKG GTHQTFGTNKEJGP PCTCOGVGT GKP\WIGDGP. DKG GGUCOVMQUVGP FGT 
LGYGKNKIGP GTWRRG YGTFGP NCWHGPF CMVWCNKUKGTV WPF CPIG\GKIV.
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ADD. 5� AWHITWPF FGT PTQLGMVUMK\\G YGTFGP FKG GPVURTGEJGPFGP GTÌUUGP YKG BCWXQNWOGP WPF TKGTRN·V\G 
DGTGEJPGV WPF ATV WPF AP\CJN FGT ENGOGPVG GTOKVVGNV
The project drawing is used to calculate the relevant sizes such as building volume and livestock units and 
the type and number of elements is thus determined

ADD. 6� BGK FGP CNNIGOGKPGP DCVGP GKPGT BCWNÌUWPI YGTFGP CWEJ FKG WGTVG HÒT TKGTRN·V\G, LCIGTXQNWOGP, 
BCWXQNWOGP WPF GGD·WFGHN·EJG GKPIGIGDGP. HKPVGTNGIVG EZEGN-TCDGNNGP UKPF DGK FGT BGTGEJPWPI FKGUGT 
WGTVG JKNHTGKEJ
The general data for a construction solution include figures for livestock units, storage space and the total 
area. Linked Excel spreadsheets are a useful aid to calculation

DGT ZWUCOOGP\WI FGT KQUVGP 
ADD. 8� \GKIV PGDGP FGP IGUCOVGP IPXGUVKVKQPGP APICDGP ÒDGT 
JCJTGUMQUVGP, TKGTRNCV\MQUVGP WUY. MKV HKNHG XQP KQTTGMVWTHCMVQTGP KUV GU OÌINKEJ FKG TGIKQPC-
NGP UPVGTUEJKGFG \WOKPFGUV VGKNYGKUG \W DGTÒEMUKEJVKIGP. MKV FGO EKPHÒIGP GKPGT BCWUMK\\G 
QFGT GKPGT FQVQ FGT BCWNÌUWPI MCPP FKG DQMWOGPVCVKQP XGTXQNNUV·PFKIV YGTFGP.

DCU PC-PTQITCOO XGTHÒIV ÒDGT GKPG GKPHCEJG SRTCEJWOUVGNNWPI, YQDGK \. Z. DGWVUEJ WPF 
FTCP\ÌUKUEJ XGTHÒIDCT UKPF.
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ADD. 7� BGKO ZWUCOOGPUVGNNGP FGT PQVYGPFKIGP ENGOGPVG UKPF FKG RWNNFQYP-OGPWU OKV FGP XQTJCPFGPGP 
ENGOGPVGP UQYKG FKG GPVURTGEJGPFGP SMK\\GP JKNHTGKEJ
The pull-down menus containing the available elements and corresponding drawings is helpful when putting 
elements together

ADD. 8� BGK FGT ZWUCOOGPHCUUWPI YGTFGP PGDGP FGP GGUCOVKPXGUVKVKQPGP CWEJ JCJTGUMQUVGP WPF KQUVGP RTQ 
TKGTRNCV\ QFGT BCWXQNWOGP DGTGEJPGV. DGT KQTTGMVWTHCMVQT FKGPV FC\W FKG ÌTVNKEJGP VGTJ·NVPKUUG \W DGTÒEM-
UKEJVKIGP
The summary includes a calculation of total investment, annual costs and cost per stall or building volume.  
An adjustment factor allows local conditions to be taken into account

DGT FAT-PTGKUDCWMCUVGP UQNN FKG BGTGEJPWPI XQP BCWKPXGUVKVKQPGP GTNGKEJVGTP WPF FCOKV 
VCTKCPVGPXGTINGKEJG HÌTFGTP, FCOKV KO EPFGHHGMV HWPMVKQPCNG WPF OÌINKEJUV MQUVGPIÒPUVKIG 
BCWVGP GTUVGNNV YGTFGP. DCPGDGP FKGPV GT CNU NCEJUEJNCIYGTM HÒT PTGKUG NCPFY. BCWVGP WPF 
EKPTKEJVWPIGP.

4 Literatur

HILTY, R.; VAN CAENEGEM, L.; HERZOG, D.; JCPWCT 2005. BCWMQUVGPUCOONWPI HÒT NCPFYKTVUEJCHV-
NKEJG BGVTKGDUIGD·WFG.
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<WsCmmenfCssWng

In der Landwirtschaft und insbesondere in der Tierhaltung haben sich in Ostdeutschland 
seit 1��0 grundlegende Strukturveränderungen vollzogen. Die Neugründung bzw. Umstruk-
turierung landwirtschaftlicher Unternehmen war u. a. mit einem deutlichen Rückgang der 
Beschäftigungszahlen und einer zum Teil drastischen Reduzierung der Tierbestände ver-
bunden. Dadurch ging ein erhebliches Wertschöpfungspotenzial für die Landwirtschaft und 
die ländlichen Regionen verloren. Um dieser Entwicklung entgegenzusteuern, wurden in 
den neuen Bundesländern verschiedene Initiativen entwickelt. So wurde in Mecklenburg-
Vorpommern das „Aktionsprogramm zum Aufbau und zur Stabilisierung der Schweine-
produktion“ aufgelegt. Die Landgesellschaft Mecklenburg-Vorpommern mbH hat bis heute 
umfangreiche Erfahrungen bei der Standortanalyse und in Genehmigungsverfahren von 
Schweineproduktionsanlagen die nach dem BImSchG und dem UVPG genehmigungspflich-
tig sind, gesammelt.

SWmmCr[

The 1��0çs saw fundamental structural changes in agriculture and especially in animal pro-
duction in East Germany. Companies in the agrarian sector have been newly established 
and restructured, resulting among other things in a significant decrease of employment and 
a partly drastic reduction of live-stock. As a consequence, added value in agriculture and 
rural areas has got lost. In order to counteract this development, various initiatives were 
established in the New Länder in this period. An example is the “Action Programme for 
Establishing and Stabilising Pig Production” in Mecklenburg-Vorpommern. In the course 
of its implementation, Landgesellschaft Mecklenburg-Vorpommern mbH (Rural association 
Mecklenburg-Vorpommern mbH) has gained valuable experiences in location analyses and 
authorization procedures for pig production facilities, which require a licence according to 
German legislation (Federal Immission Control Act =BImSchG?, Environmental Impact Assess-
ment Act =UVPG?).
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1 Ausgangssituation 

DKG EKPMQOOGPUUKVWCVKQP XKGNGT LCPFYKTVUEJCHVUDGVTKGDG KP DGWVUEJNCPF JCV UKEJ KP  FGP NGV\-
VGP JCJTGP VGKNYGKUG FGWVNKEJ XGTUEJNGEJVGTV. SQ KUV UQYQJN DGK GKPKIGP FGNFHTÒEJVGP CNU CWEJ 
DGK VKGTKUEJGP PTQFWMVGP YKG MKNEJ WPF SEJYGKPGHNGKUEJ GKP FTCUVKUEJGT PTGKUXGTHCNN DGK INGKEJ-
\GKVKI UV·PFKI UVGKIGPFGP PTQFWMVKQPUMQUVGP \W XGT\GKEJPGP. IOOGT JÌJGTG APHQTFGTWPIGP 
CP FKG TKGT- WPF UOYGNVUEJWV\UVCPFCTFU HÒJTGP \W GKPGT VGTVGWGTWPI FGT IPXGUVKVKQPGP WPF 
VGKNYGKUG GTJGDNKEJGP KPVGTPCVKQPCNGP WGVVDGYGTDUPCEJVGKNGP HÒT FGWVUEJG LCPFYKTVG. DWTEJ 
XGT·PFGTVG RCJOGPDGFKPIWPIGP KO ZWIG FGT ÄPFGTWPI FGT GGOGKPUCOGP AITCTRQNKVKM FGT 
EWTQR·KUEJGP UPKQP, UKPF KPUDGUQPFGTG KP FGT VGTGFGNWPIUYKTVUEJCHV CWEJ MÒPHVKI UVGKIGPFG 
EKPMQOOGP GJGT PKEJV \W GTYCTVGP. DKG FQNIG KUV GKP KOOGT IGTKPIGTGU WGTVUEJÌRHWPIURQ-
VGP\KCN KP FGP N·PFNKEJGP RGIKQPGP. ZCJNTGKEJG VGTGFNWPIUDGVTKGDG UVGJGP JGWVG XQT FGT 
WCJN, GPVYGFGT FKG PTQFWMVKQP GKP\WUVGNNGP QFGT FWTEJ EZRCPFKGTGP FKG ëFNWEJV PCEJ XQTPé 
CP\WVTGVGP. DKGUGU FÒTHVG LGFQEJ PWT FCPP SKPP OCEJGP, YGPP UEJQP DKUJGT FKG PTQFWMVKQP 
YKTVUEJCHVNKEJ GTHQNITGKEJ DGVTKGDGP YGTFGP MQPPVG. DKG IGPCPPVG EPVYKEMNWPIUVGPFGP\ YKTF 
\YCPIUN·WHKI GKPGP YGKVGTGP SVTWMVWTYCPFGN JKP \W ITÌ­GTGP WKTVUEJCHVUGKPJGKVGP OKV UKEJ 
DTKPIGP.

1�1 Zu DerÒcksichtigende RahmenDedingungen fÒr geRlante InXestitionen 

BGK IPXGUVKVKQPUGPVUEJGKFWPIGP HÒT FKG TKGTJCNVWPI UKPF JGWVG YGUGPVNKEJ OGJT FCMVQTGP 
CNU PQEJ XQT JCJTGP \W DGTÒEMUKEJVKIGP. MKV FGT IPXGUVKVKQP UQNNVGP FKG GTWPFNCIGP HÒT GKPG 
GKPGTUGKVU OQFGTPG WPF GHHGMVKXG CPFGTGTUGKVU VKGT- WPF WOYGNVIGTGEJVG WPF KO SKPPG FGU 
VGTDTCWEJGTUEJWV\GU VTCPURCTGPVG PTQFWMVKQP IGUEJCHHGP YGTFGP. DKG UKEJGTG EKPJCNVWPI 
UQYQJN DGUVGJGPFGT CNU CWEJ \W GTYCTVGPFGT TGEJVNKEJGT RCJOGPDGFKPIWPIGP OWUU KP LGFGO 
FCNNG IGY·JTNGKUVGV UGKP. AWEJ FKG APHQTFGTWPIGP XQP BCPMGP CP FKG LCPFYKTVUEJCHVUDGVTKGDG 
DGK FGT FKPCP\KGTWPI XQP IPXGUVKVKQPGP UKPF KP FGP NGV\VGP JCJTGP \. T. GTJGDNKEJ CPIGUVKGIGP  
SQ YKTF PKEJV UGNVGP GKP EKIGPMCRKVCNCPVGKN XQP 30 � WPF OGJT IGHQTFGTV. FÒT BGVTKGDG KP FGP 
PGWGP BWPFGUN·PFGTP UVGNNV J·WHKI FKG OQOGPVCPG AWUUEJÌRHWPI FGT KCRKVCNFKGPUVITGP\G CWH-
ITWPF DGTGKVU DGUVGJGPFGT FKPCP\KGTWPIGP KO RCJOGP XQP BGVTKGDUITÒPFWPIGP QFGT FWTEJ 
FGP APMCWH XQP FN·EJGP, FKG CPFGTPHCNNU FGP BGVTKGDGP OKVVGNHTKUVKI PKEJV OGJT \WT VGTHÒIWPI 
UVÒPFGP, GKP ITQ­GU HKPFGTPKU HÒT IPXGUVKVKQPGP FCT. WGKN CPFGTGTUGKVU FGT FN·EJGPDKPFWPI FGT 
TKGTJCNVWPI GKPG KOOGT ITÌ­GTG BGFGWVWPI \WMQOOV, KUV FKG FN·EJGPCWUUVCVVWPI J·WHKI FKG 
NKOKVKGTGPFG GTÌ­G HÒT FKG ETYGKVGTWPI FGT TKGTRTQFWMVKQP. DCTÒDGT JKPCWU UKPF GKP OCZKOC-
NGT BGUCV\ XQP \YGK GV LG JC LN GDGPUQ YKG IGIGDGPGPHCNNU \W GTYGTDGPFG LKGHGTTGEJVG GKPG 
YKEJVKIG VQTCWUUGV\WPI HÒT FKG IPCPURTWEJPCJOG UVCCVNKEJGT FÌTFGTWPI HÒT NCPFYKTVUEJCHV-
NKEJG IPXGUVKVKQPGP.

1�2 Entscheidung fÒr NeuDau oder UmDau

ETYGKVGTWPIGP QFGT MQFGTPKUKGTWPIGP XQTJCPFGPGT APNCIGP UKPF CWHITWPF DGUVGJGPFGT 
GGIGDGPJGKVGP, YKG \. B. FKG SVTWMVWT WPF APQTFPWPI FGT BCWUWDUVCP\, FKG N·JG \W XQTJCP-
FGPGT WQJPDGDCWWPI QFGT FWTEJ B-PNCP-VQTICDGP QHVOCNU PKEJV OÌINKEJ D\Y. \W MQUVGP-
KPVGPUKX. 
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EKP NGWDCW YKTF UQOKV J·WHKI XQTVGKNJCHVGT CNU GKP OGKUV FQEJ OKV KQORTQOKUUGP TGCNK-
UKGTVGT UODCW UGKP. HKGT KUV GKPG IGPCWG APCN[UG FGU IUV-ZWUVCPFGU GTHQTFGTNKEJ, WO GKPGT 
IPXGUVKVKQPUKFGG DGUVOÌINKEJG CJCPEGP \WT UOUGV\WPI \W IGDGP.

1�3 AktionsRrogramm in MecklenDurg�VorRommern

HKPVGTITWPF HÒT FKG WOHCPITGKEJGP ETHCJTWPIGP FGT LCPFIGUGNNUEJCHV MGEMNGPDWTI-VQTRQO-
OGTP ODH DGKO SVCPFQTV- WPF GGPGJOKIWPIUOCPCIGOGPV HÒT TKGTJCNVWPIUCPNCIGP, DKNFGV 
GKP DGTGKVU EPFG FGT 90GT JCJTG XQP FGT LCPFGUTGIKGTWPI MGEMNGPDWTI-VQTRQOOGTP KPKVKKGTVGU 
AMVKQPURTQITCOO \WO AWHDCW WPF \WT SVCDKNKUKGTWPI FGT SEJYGKPGDGUV·PFG.

IP FGP QUVFGWVUEJGP BWPFGUN·PFGTP JCDGP UKEJ UGKV 1990, IGTCFG KP FGT LCPFYKTVUEJCHV, 
GTJGDNKEJG SVTWMVWTXGT·PFGTWPIGP XQNN\QIGP, FKG PGDGP GKPGO FGWVNKEJGP RÒEMICPI FGT 
BGUEJ·HVKIVGP\CJNGP CWEJ \W GKPGT FTCUVKUEJGP RGFW\KGTWPI FGT TKGTDGUV·PFG HÒJTVGP. SQ NKGIV 
DGKURKGNUYGKUG FGT SGNDUVXGTUQTIWPIUITCF OKV SEJYGKPGHNGKUEJ KP MGEMNGPDWTI-VQTRQOOGTP 
DGK PWT EC. 70 �. DGP SVTWMVWTXGT·PFGTWPIGP UVGJGP LGFQEJ SVCPFQTVXQTVGKNG IGIGPÒDGT, FKG 
UKEJ KP GKPGT UGJT IGTKPIGP BGUKGFNWPIUFKEJVG XQP PWT 75 EW�MOw, KP GKPGT ÒDGTYKGIGPF IWV 
CWUIGDCWVGP IPHTCUVTWMVWT, KP GKPGO UGJT IGTKPIGP SEJYGKPGDGUVCPF XQP PWT Ø 0,5 TKGTGP LG 
JC LN, KP OQFGTPGP SEJNCEJV- WPF VGTCTDGKVWPIUMCRC\KV·VGP, KP XKGNGP RGIKQPGP OKV HÒT FKG 
GÒNNGCWUDTKPIWPI JGTXQTTCIGPF IGGKIPGVGP FN·EJGP WPF KP IWV CWUIGDKNFGVGO, OQVKXKGTVGO 
FCEJRGTUQPCN YKFGTURKGIGNP.

1�4 ProLektsteuerung durch die Landgesellschaft M�V mDH 

UO XQP XQTPJGTGKP CWUUKEJVUNQUG GGPGJOKIWPIUXGTHCJTGP OÌINKEJUV CWU\WUEJNKG­GP, UQNNVG 
DGTGKVU XQT FGT APVTCIUVGNNWPI GKPG UPVGTUWEJWPI FGU XQTIGUGJGPGP SVCPFQTVGU CWH UGKPG 
ITWPFU·V\NKEJG EKIPWPI XQTIGPQOOGP YGTFGP. UO IPXGUVQTGP DGK FGT PNCPWPI WPF RGCNKUKG-
TWPI KJTGT VQTJCDGP \W WPVGTUVÒV\GP, YGTFGP FWTEJ FKG LCPFIGUGNNUEJCHV MGEMNGPDWTI-VQT-
RQOOGTP ODH GKPG VKGN\CJN XQP LGKUVWPIGP ÒDGTPQOOGP. DC\W IGJÌTGP DGK BGFCTH PGDGP 
FGT SWEJG GKPGU IGGKIPGVGP SVCPFQTVGU, FKG ETOKVVNWPI FGT FNWTUVÒEMG WPF GTWPFGKIGPVÒOGT, 
FKG FÒJTWPI XQP KCWHXGTJCPFNWPIGP, FKG GGUVCNVWPI XQP GÒNNGCDPCJOGXGTVT·IGP, FKG ETUVGN-
NWPI WPF BGINGKVWPI FGT PNCPWPIUCP\GKIG DGKO AOV HÒT RCWOQTFPWPI WPF LCPFGURNCPWPI, 
FKG ETUVGNNWPI WPF BGINGKVWPI FGU UPVGTTKEJVWPIUUEJTGKDGPU CP FCU SVCCVNKEJG AOV HÒT UOYGNV 
WPF NCVWT, FKG WCJTPGJOWPI FGU SEQRKPI-TGTOKPU, FKG BGUEJCHHWPI WPF ETCTDGKVWPI FGT 
HÒT FCU KOOKUUKQPUUEJWV\TGEJVNKEJG VGTHCJTGP GTHQTFGTNKEJGP UPVGTNCIGP, FKG ETUVGNNWPI FGT 
UOYGNVXGTVT·INKEJMGKVUWPVGTUWEJWPIUWPVGTNCIGP WPF FKG VGTVTGVWPI FGU BCWJGTTP KO IGUCO-
VGP GGPGJOKIWPIUXGTHCJTGP. 

FÒT URG\KGNNG TGKNNGKUVWPIGP MÌPPGP KO BGFCTHUHCNN GZVGTPG FCEJRNCPWPIUDÒTQU DGCWHVTCIV 
YGTFGP.

ÜDGT FKG IGPCPPVGP LGKVWPIGP JKPCWU DKGVGV FKG LCPFIGUGNNUEJCHV FGP IPXGUVQTGP KO RCJ-
OGP GKPGU UGRCTCVGP IPIGPKGWTXGTVTCIGU FKG ETUVGNNWPI FGT MQORNGVVGP BCWWPVGTNCIGP UQYKG 
FKG BCWDGVTGWWPI CP.
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2 Anforderungen an einen NeuDaustandort

DGT MKPFGUVCDUVCPF \WT WQJPDGDCWWPI PCEJ FGT TA-LWHV D\Y. FGP IGNVGPFGP VDI-RKEJV-
NKPKGP UQYKG CWUTGKEJGPFG EPVHGTPWPIGP \W SEJWV\IGDKGVGP CNNGT ATV, UKPF \W RTÒHGP. SKPF 
ITÌ­GTG ADUV·PFG CNU FKG IGUGV\NKEJ IGHQTFGTVGP \W TGCNKUKGTGP, UKPF FKGUG \WT KQPHNKMVTGFW-
\KGTWPI D\Y. HÒT GXVN. UR·VGTG ETYGKVGTWPIGP \W DGXQT\WIGP. DKG TCWOQTFPGTKUEJGP VQTIC-
DGP WPF EPVYKEMNWPIUVGPFGP\GP, YKG IGRNCPVG BGUKGFNWPIUUVTWMVWTGP WPF B- QFGT F-PN·PG, 
SEJKGPGP-, SVTC­GP- QFGT WGIGDCW, RQJUVQHHCDDCW WPF TQWTKUOWUIGDKGVG UKPF WPDGFKPIV \W 
RTÒHGP. ZKGN FCDGK OWUU GU UGKP, IPVGTGUUGPMQPHNKMVG YGKVIGJGPF CWU\WUEJNKG­GP WPF MQUVGP- 
WPF \GKVKPVGPUKXG RCWOQTFPWPIUXGTHCJTGP \W WOIGJGP. WGKVGTJKP IGDÒJTV FGT \WT BGDCWWPI 
XQTIGUGJGPGP FN·EJG ITQ­G AWHOGTMUCOMGKV. BGHKPFGV UKEJ FKG FN·EJG KO EKIGPVWO FGU BCW-
JGTTGP QFGT MCPP UKG M·WHNKEJ GTYQTDGP YGTFGP! IUV FGT BCWITWPF HÒT FKG ATV FGT BGDCWWPI 
IGGKIPGV! GGIGDGPGPHCNNU KUV XQTCD GKPG BCWITWPFWPVGTUWEJWPI XQT\WPGJOGP. DKG VGTHÒI-
DCTMGKV WPF EKIPWPI FGT HÒT FKG GÒNNGCWUDTKPIWPI XQTIGUGJGPGP FN·EJGP KUV \W WPVGTUWEJGP. 
DCDGK UKPF FKG VGTUQTIWPIUUVWHGP WPF FKG APDCWUVTWMVWTGP FGT FN·EJGP UQYKG FKG VQTICDGP 
FGT DÒPIGXGTQTFPWPI \W DGCEJVGP. EXGPVWGNN KUV FGT ADUEJNWUU XQP GÒNNGCDPCJOGXGTVT·IGP 
OKV NCEJDCTDGVTKGDGP GTHQTFGTNKEJ. 

ADUEJNKG­GPF UKPF CWEJ FKG FTCIGP FGT ETUEJNKG­WPI FGU SVCPFQTVGU \W GTÌTVGTP. SQ UQNNVG 
FKG BGDCWWPIUHN·EJG OÌINKEJUV CP CWUTGKEJGPF FKOGPUKQPKGTVGP SVTC­GP NKGIGP, FKG HÒT TTCPU-
RQTVG XQP EC. 40 V GGUCOVIGYKEJV CWUIGNGIV UKPF. FCJTVGP FWTEJ WQJPIGDKGVG UQNNVGP XQT 
CNNGO DGK FGT GÒNNGCWUDTKPIWPI OKPKOKGTV YGTFGP. BTCWEJYCUUGT MCPP, YGPP FKG VQTCWUUGV-
\WPIGP FCHÒT IGIGDGP UKPF, CP XKGNGP SVCPFQTVGP ÒDGT GKPG GKIGPG BTWPPGPCPNCIG DG\QIGP 
YGTFGP. ZWT SVTQOXGTUQTIWPI UQNNVG KP APNCIGPP·JG GKPG FGO MÒPHVKIGP APUEJNWUUYGTV GPV-
URTGEJGPFG APUEJNWUUOÌINKEJMGKV XQTJCPFGP UGKP. 

3 BerÒcksichtigung der Interessen Xon Detroffenen Anwohnern und Ver�
D·nden, ZusammenarDeit mit Kommunen und GenehmigungsDehÌrden

DKG NWV\VKGTJCNVWPI YCT XQP LGJGT GKPG YKEJVKIG EKPPCJOGSWGNNG FGT LCPFYKTVUEJCHV. DWTEJ 
UKG MCPP PQEJ KOOGT GKPG VKGN\CJN XQP ATDGKVURN·V\GP PKEJV PWT KP FGT NCPFYKTVUEJCHVNKEJGP 
PTKO·TRTQFWMVKQP UQPFGTP CWEJ KP XQT- WPF PCEJIGNCIGTVGP BGTGKEJGP IGUKEJGTV D\Y. PGW 
IGUEJCHHGP YGTFGP. 

TTQV\FGO KUV GKPG \WPGJOGPF MTKVKUEJG EKPUVGNNWPI FGT BGXÌNMGTWPI WPF XQP UOYGNV- WPF 
TKGTUEJWV\XGTD·PFGP \WT LCPFYKTVUEJCHV WPF KPUDGUQPFGTG \WT TKGTJCNVWPI \W XGT\GKEJPGP. 

DCDGK KUV PKEJV UGNVGP \W DGQDCEJVGP, FCUU OCP QHV FCPP MGKPG PTQDNGOG OKV FGT TKGTJCN-
VWPI JCV, YGPP UKG PKEJV XQT FGT GKIGPGP HCWUVÒT UVCVVHKPFGV.

BGFGPMGP YGTFGP UQYQJN KP ä YKG OCP KP UPMGPPVPKU FGT VCVU·EJNKEJGP GGIGDGPJGKVGP 
OGKPV ä ëVKGTSW·NGTKUEJGT MCUUGPVKGTJCNVWPIé CNU CWEJ KP FGT GÒNNGCWUDTKPIWPI IGUGJGP. 

IP RGIKQPGP OKV UVCTMGT VGTGFNWPIUFKEJVG KUV FCDGK J·WHKI GKPG FGWVNKEJ ITÌ­GTG AM\GRVCP\ 
IGIGDGP, FC FQTV KP FGT RGIGN UGJT XKGNG MGPUEJGP WPOKVVGNDCT OKV FGT VGTGFNWPIUYKTVUEJCHV 
\W VWP JCDGP WPF CWEJ UGKV JCJTGP OKV FGTGP RCJOGPDGFKPIWPIGP XGTVTCWV UKPF. IP XGTGF-
NWPIUUEJYCEJGP RGIKQPGP JKPIGIGP UKPF FKG VQTDGJCNVG OGKUV FGWVNKEJ ITÌ­GT.
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3�1 Erfahrungen in MecklenDurg�VorRommern

IP MGEMNGPDWTI-VQTRQOOGTP JCV GU KP FGP XGTICPIGPGP JCJTGP \CJNTGKEJG ETHCJTWPIGP OKV 
FGT ÖHHGPVNKEJMGKV KO ZWUCOOGPJCPI OKV FGT ETTKEJVWPI XQP SEJYGKPGRTQFWMVKQPUCPNCIGP 
IGIGDGP. SVCVV GKPGT XQP XKGNGP IPXGUVQTGP CPIGUVTGDVGP UCEJNKEJGP DKUMWUUKQP \WO IGRNCPVGP 
VQTJCDGP, YCTGP J·WHKI UPXGTUV·PFPKU, ADNGJPWPI WPF NCWVUVCTMG EORÌTWPI FCU ETIGDPKU. 
TGKNYGKUG YWTFGP UQICT RQUKVKX \WO VQTJCDGP GKPIGUVGNNVG GGOGKPFGXGTVTGVGT RGTUÌPNKEJ 
DGFTQJV. BGVTKGDGP, FKG KJTG BGTGKVUEJCHV \WT ADPCJOG XQP GÒNNG GTMN·TV JCVVGP, YWTFG FKG 
KÒPFKIWPI XQP PCEJVXGTVT·IGP KP AWUUKEJV IGUVGNNV. IP FGT RGIGN DKNFGVGP UKEJ UGJT UEJPGNN 
BÒTIGTKPKVKCVKXGP FKG QHV OKV WPUCEJNKEJGP, PKEJV JCNVDCTGP VQTYÒTHGP WPF UPVGTUVGNNWPIGP 
OCUUKX SVKOOWPI IGIGP FKG PTQLGMVG OCEJVGP. DKG BÒTIGTKPKVKCVKXGP YWTFGP J·WHKI XQP 
UOYGNV- WPF TKGTUEJWV\XGTD·PFGP WPVGTUVÒV\V. DKG BGXÌNMGTWPI KP FGP DGVTQHHGPGP RGIKQ-
PGP YWTFG \WO TGKN OKV IG\KGNVGP FGJNKPHQTOCVKQPGP XGTWPUKEJGTV WPF UQICT MKVCTDGKVGT XQP 
GGPGJOKIWPIUDGJÌTFGP RGTUÌPNKEJ OKV AP\GKIGP YGIGP BGKJKNHG \WT TKGTSW·NGTGK DGFTQJV. 
AWEJ MGFKGP DGUEJ·HVKIVGP UKEJ J·WHKI UGJT CWUHÒJTNKEJ OKV FGT PTQDNGOCVKM WPF UVGNNVGP 
ZWUCOOGPJ·PIG GKPUGKVKI CWU FGT SKEJV FGT GGIPGT FGT TKGTJCNVWPI FCT.

NCEJ WPUGTGP ETHCJTWPIGP URKGNV FKG GTÌ­G FGT XQTIGUGJGPGP APNCIGP FCDGK MGKPG GPV-
UEJGKFGPFG RQNNG. BÒTIGTKPKVKCVKXGP JCV GU UQYQJN IGIGP VQTJCDGP OKV 10.000 CNU CWEJ IGIGP 
FKG ETTKEJVWPI XQP PWT 1.000 MCUVRN·V\GP IGIGDGP.

DKGUG ÌHHGPVNKEJG, QHV OGJT GOQVKQPCN CNU UCEJNKEJ IGHÒJTVG DKUMWUUKQP JCVVG VGKNYGKUG 
CWEJ AWUYKTMWPIGP CWH FKG EPVUEJGKFWPIUHTGWFG XQP BGJÌTFGPXGTVTGVGTP WPF HÒJTVG OKVWPVGT 
\W FGTGP VGTWPUKEJGTWPI WPF KP EKP\GNH·NNGP UQICT \W  ÒDGT\QIGPGP APHQTFGTWPIGP CP FKG 
APVTCIUWPVGTNCIGP. 

3�2 EmRfehlungen fÒr InXestoren

MKV FGP DGPCPPVGP KQPHNKMVGP KUV GKP LCPFYKTV CNNGKP KP CNNGT RGIGN ÒDGTHQTFGTV. ET UQNNVG TGEJV-
\GKVKI MQORGVGPVG DKGPUVNGKUVGT OKV FGT ETUVGNNWPI FGT APVTCIUWPVGTNCIGP WPF FGT VGTVTGVWPI 
KO GGPGJOKIWPIUXGTHCJTGP DGCWHVTCIGP. 

IP KOOGT OGJT F·NNGP OCEJV UKEJ UGNDUV FKG EKPUEJCNVWPI GKPGU RGEJVUCPYCNVGU GTHQTFGTNKEJ, 
WO FGP ëAPNCIGPIGIPGTPé FKG GDGPHCNNU HCEJMWPFKIGP RGEJVUDGKUVCPF KP APURTWEJ PGJOGP, 
CWEJ CWH LWTKUVKUEJGT EDGPG DGIGIPGP \W MÌPPGP.

EU MCPP PWT FTKPIGPF GORHQJNGP YGTFGP, FCUU KPXGUVKVKQPUYKNNKIG LCPFYKTVG UQ HTÒJ YKG 
OÌINKEJ FGP KQPVCMV \W KQOOWPGP WPF EKPYQJPGTP UWEJGP WPF QHHGP ÒDGT FCU IGRNCPVG 
VQTJCDGP UQYKG FKG FCOKV XGTDWPFGPGP AWUYKTMWPIGP KPHQTOKGTGP.

EDGPUQ UKPF VQTIGURT·EJG OKV GPVUEJGKFWPIUTGNGXCPVGP BGJÌTFGP WPF FGO BGTWHUUVCPF 
\W GORHGJNGP.

ëVGTFGEMVGUé VQTIGJGP YGEMV PCEJ WPUGTGP ETHCJTWPIGP MKUUVTCWGP WPF XGTUV·TMV FKG 
PTQDNGOG, FKG OCP KO LCWHG FGU GGPGJOKIWPIUXGTHCJTGPU OKV FGP GGIPGTP FGU PTQLGMVGU 
QJPGJKP DGMQOOV, PWT WPPÌVKI.

TTQV\ CNNGP ÄTIGTU UQYKG FGT ZGKVXGT\ÌIGTWPIGP WPF KQUVGP, FKG OKV EKPYGPFWPIGP WPF 
FCTCWU TGUWNVKGTGPFGP NCEJHQTFGTWPIGP XGTDWPFGP UKPF, OWUU XGTUWEJV YGTFGP, IGIGP FCU 
VQTJCDGP IGTKEJVGVG BGFGPMGP CWH UCEJNKEJGT EDGPG \W MN·TGP, D\Y. UKG FQTVJKP \WTÒEM\WXGT-
NCIGTP. JG ITÒPFNKEJGT WPF WOHCUUGPFGT GKP APVTCI KO VQTHGNF XQTDGTGKVGV YKTF, FGUVQ ITÌ­GT 
KUV FKG CJCPEG, \GKVPCJ GKPG TGEJVUUKEJGTG GGPGJOKIWPI KP FGP H·PFGP \W JCNVGP. APVTCIU-
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WPVGTNCIGP, FKG CWU HCNUEJ QTKGPVKGTVGO KQUVGPDGYWUUVUGKP  IG\KGNV ëMPCRRé IGJCNVGP YGTFGP, 
\KGJGP KP CNNGT RGIGN GKP MQUVGPKPVGPUKXGU GGPGJOKIWPIUXGTHCJTGP PCEJ UKEJ. APVTCIUVGNNGT 
UQNNVGP QHHGPUKX, UVTCVGIKUEJ WPF VTCPURCTGPV XQTIGJGP, WO KP FKG RQNNG FGU AIKGTGPFGP UVCVV 
KP FKG FGU CWH BGJCWRVWPIGP WPF UPVGTUVGNNWPIGP RGCIKGTGPFGP \W IGNCPIGP. GGOGKPFGP 
UQNNVGP KP FKG PNCPWPI HÒT AWUINGKEJU- WPF ETUCV\OC­PCJOGP GKPDG\QIGP YGTFGP. NCEJ 
IPMTCHVVTGVGP FGT NQXGNNKGTWPI FGU GGUGV\GU HÒT FGP VQTTCPI ETPGWGTDCTGT EPGTIKGP DGUVGJGP 
UGJT IWVG VQTCWUUGV\WPIGP, CWEJ GKPG BKQICUCPNCIG KP FKG PNCPWPIGP GKP\WDG\KGJGP, YCU 
YGIGP FGT FCFWTEJ OÌINKEJGP RGFW\KGTWPI FGT GGTWEJUDGNCUVWPI FGWVNKEJ \WT AM\GRVCP\-
UVGKIGTWPI KP FGT BGXÌNMGTWPI DGKVTCIGP WPF PCEJ FGP PGWGP BGFKPIWPIGP CNU \WU·V\NKEJG 
EKPPCJOGSWGNNG CPIGUGJGP YGTFGP MCPP. SKEJGTJGKVUCDUV·PFG UQNNVGP, YGPP OÌINKEJ, ITÌ­GT 
IGY·JNV YGTFGP CNU GU FKG IGUGV\NKEJGP VQTUEJTKHVGP \WNCUUGP YÒTFGP. DKG GÒNNGCWUDTKPIWPI 
UQNNVG PCEJ FGO SVCPF FGT TGEJPKM GTHQNIGP. BGVTKGDG FKG KJTG PTQFWMVKQP GTYGKVGTP OÌEJVGP, 
UQNNVGP UEJQP KO CMVWGNNGP BGVTKGDUCDNCWH RQUKVKXG AM\GPVG UGV\GP. DC\W IGJÌTV DGKURKGNUYGK-
UG FGT VGT\KEJV CWH FKG  GÒNNGCWUDTKPIWPI CP SQPP- WPF FGKGTVCIGP, FGT EKPUCV\ OQFGTPGT 
AWUDTKPIVGEJPKM WPVGT BGCEJVWPI FGT WKPFTKEJVWPI, FKG BGUGKVKIWPI XQP SVTC­GPXGTUEJOWV-
\WPIGP, SCWDGTMGKV WPF OTFPWPI CWH FGO BGVTKGDUIGN·PFG W. ·. ëTCIG FGU QHHGPGP HQHGUé, \W 
FGPGP IG\KGNV EKPYQJPGT FGT DGVTQHHGPGP RGIKQPGP GKPIGNCFGP WPF QHHGP ÒDGT FKG QJPGJKP 
IGUGV\NKEJ XQTIGUEJTKGDGPGP CDGT KP FGT ÖHHGPVNKEJMGKV MCWO DGMCPPVGP CTVIGTGEJVGP HCN-
VWPIUDGFKPIWPIGP FGT TKGTG WPF FKG IGRNCPVGP IPXGUVKVKQPGP KPHQTOKGTV YGTFGP UQNNVGP, JCDGP 
UKEJ J·WHKI CNU XGTVTCWGPUDKNFGPF GTYKGUGP.

4 Fazit

IPXGUVKVKQPGP KP FKG VKGJJCNVWPI WPF FCOKV GKPG VGTDGUUGTWPI FGT WGTVUEJÌRHWPI UKPF PCEJ 
YKG XQT GKP YKEJVKIGU ENGOGPV \WT EPVYKEMNWPI N·PFNKEJGT RGIKQPGP. IP FGT BGXÌNMGTWPI KUV 
LGFQEJ \WP·EJUV PWT UGNVGP AM\GRVCP\ HÒT FKG ETTKEJVWPI XQP TKGTRTQFWMVKQPUCPNCIGP XQTJCP-
FGP. DCDGK URKGNV PCEJ FGP ETHCJTWPIGP FGT LCPFIGUGNNUEJCHV M-V ODH FKG GTÌ­G FGT APNCIG 
PWT GKPG WPVGTIGQTFPGVG RQNNG. DKG HGJNGPFG AM\GRVCP\, XGTDWPFGP OKV QHV OGJT GOQVKQPCN 
CNU UCEJMWPFKI IGHÒJTVGT KTKVKM KP FGT ÖHHGPVNKEJMGKV, XGTWPUKEJGTV BGJÌTFGP CDGT CWEJ APVTCI-
UVGNNGT. SV·PFKI XGTUEJ·THVG GGPGJOKIWPIUDGFKPIWPIGP HÒJTGP \W KOOGT \GKVCWHYGPFKIGTGP 
WPF FCOKV MQUVGPKPVGPUKXGTGP VGTHCJTGP. APVTCIUVGNNGT UQNNVGP FCJGT TGEJV\GKVKI GTHCJTGPG, 
MQORGVGPVG DKGPUVNGKUVGT OKV FGT BGINGKVWPI FGU GGPGJOKIWPIUXGTHCJTGPU DGCWHVTCIGP WPF 
XQP APHCPI CP FGP GPIGP KQPVCMV \W DGVTGHHGPFGP KQOOWPGP WPF EKPYQJPGTP UWEJGP. 
TTCPURCTGPVGU WPF XGTVTCWGPUDKNFGPFGU AIKGTGP KUV FCDGK QDGTUVGU GGDQV.
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Nationaler Bewertungsrahmen zur BeschreiDung des Standes der 
Technik Dei TierhaltungsXerfahren ä AsRekt Umweltwirkungen
0CtionCN #ssessment for #nimCN *WsDCndr[ ä PCrt enXironmentCN 
protection

WERNER ACHILLES, BRIGITTE EURICH�MENDEN, WILFRIED HARTMANN

KWTCVQTKWO HÒT TGEJPKM WPF BCWYGUGP KP FGT LCPFYKTVUEJCHV G. V. 
KTBL�, BCTVPKPIUVT. 49, D-64289 DCTOUVCFV

SchlÒsselwÌrter� Nationaler Bewertungsrahmen, Umweltwirkungen, Emissionen, TierhaltungssXerfahren, 
Rind, Schwein, GeflÒgel, Pferd
-e[Yords� 0CtionCN Cssessment� enXironmentCN protection� emission� NiXestocM frCming� cCttNe� pig� 
poWNtr[� Jorse

<WsCmmenfCssWng 

Gemeinsam mit dem Institut für Tierschutz und Tierhaltung der Bundesforschungsanstalt für 
Landwirtschaft (FAL) in Celle erarbeitet das Kuratorium für Technik und Bauwesen in der 
Landwirtschaft e. V. (KTBL) den „Nationalen Bewertungsrahmen zur Beschreibung des Stan-
des der Technik bei Tierhaltungsverfahren“.

Ziel des vom Bundesministerium für Verbraucherschutz, Ernährung und Landwirtschaft 
(BMVEL) und vom Umweltbundesamt (UBA) geförderten Projektes ist die systematische und 
umfassende Beschreibung des Standes der Technik von Haltungsverfahren der landwirt-
schaftlichen Nutztierhaltung (Schwein, Rind, Pferd, Legehenne, Jungmasthuhn, Pute und 
Pekingente). Aufbauend auf diese Beschreibung wird ein Bewertungsrahmen entwickelt, in 
dem die Auswirkungen der Haltungsverfahren auf Umwelt und Tiergerechtheit unter Berück-
sichtigung ökonomischer Aspekte gleichrangig beurteilt werden.

Das gesamte Projekt wird in enger Abstimmung mit zwei Arbeitsgruppen zu den Aspekten 
„Umwelt und Verfahrenstechnik“ und „Tiergerechtheit“ (s. Beitrag SCH�FFER et al.). durch-
geführt. Diese Arbeitsgruppen setzen sich aus Experten der Forschung, Beratung, Verbände 
und Politik zusammen, um einen breiten Konsens unter den betroffenen Fachkreisen zu 
erreichen.

SWmmCr[

In Cooperation with the Institute for Animal Welfare and Animal Husbandry from the Federal 
Agricultural Research Centre (FAL) the Association for Technology and Structures in Agricul-
ture (KTBL) ist working at the „National Assessment for Animal Husbandry“.

Aim of the project: the systematically and comprehensively description from the state-of-
the-art of livestock farming (pig, cattle, horse, and poultry). The project ist supporting by the 
Department of the Environment und the Federal Ministry of Consumer Protection, Food and 
Agriculture.
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1 Zielsetzung

IO NCVKQPCNGP BGYGTVWPIUTCJOGP YGTFGP PCEJ IGIGPY·TVKIGO SVCPF FGU WKUUGPU FKG AWU-
YKTMWPIGP FGT HCNVWPIUXGTHCJTGP CWH UOYGNVXGTVT·INKEJMGKV WPF TKGTIGTGEJVJGKV FQMWOGP-
VKGTV WPF DGWTVGKNV.

DCOKV YGTFGP GTWPFNCIGP \WT PNCPWPI WPF GGPGJOKIWPI XQP TKGTJCNVWPIUCPNCIGP GTYGK-
VGTV, FKG TKGTJCNVWPI HÒT FKG VGTDTCWEJGT VTCPURCTGPVGT FCTIGUVGNNV WPF GKPG DCVGPITWPFNCIG 
\WT AWUCTDGKVWPI XQP FÌTFGTRTQITCOOGP HÒT GKPG VKGTIGTGEJVG WPF WOYGNVXGTVT·INKEJG NWV\-
VKGTJCNVWPI IGUEJCHHGP.

EKP YGKVGTGU ZKGN FGU VQTJCDGPU KUV GU, KGPPVPKUNÒEMGP ÒDGT FKG AWUYKTMWPIGP FGT TGEJPKM 
CWH UOYGNV WPF TKGTG \W KFGPVKHK\KGTGP WPF FGP FQTUEJWPIUDGFCTH CD\WNGKVGP.

2 Bestandsaufnahme

IO RCJOGP FGT RKEJVNKPKG 96�61�EG FGU RCVGU XQO 24. SGRVGODGT 1996 ÒDGT FKG KPVGITKGTVG 
VGTOGKFWPI WPF VGTOKPFGTWPI FGT UOYGNVXGTUEJOWV\WPI 
IVU-RKEJVNKPKG� YWTFGP FKG BGU-
VGP VGTHÒIDCTGP TGEJPKMGP 
BVT� KP FGT KPVGPUKXGP SEJYGKPG- WPF GGHNÒIGNJCNVWPI XQT CNNGO 
KO HKPDNKEM CWH FKG UOYGNVYKTMWPIGP 
KPUD. AOOQPKCMGOKUUKQPGP� WPF KQUVGP KP GKPGO 
BVT-MGTMDNCVV 
BGUV AXCKNCDNG TGEJPKSWGU RGHGTGPEG DQEWOGPV ä BREF� GWTQRCYGKV GKPJGKV-
NKEJ DGUEJTKGDGP. DKG BGUEJTGKDWPI WOHCUUV PWT UQNEJG VGTHCJTGP, FKG KP TKGTJCNVWPIUCPNCIGP 
OKV OKPFGUVGPU 40.000 PN·V\GP HÒT GGHNÒIGN, 2.000 PN·V\GP HÒT MCUVUEJYGKPG QFGT 750 PN·V-
\GP HÒT SCWGP GKPIGUGV\V YGTFGP. DKG BREF IGDGP FGP \WUV·PFKIGP BGJÌTFGP, PNCPGTP WPF 
FGT ÖHHGPVNKEJMGKV IPHQTOCVKQPGP \WO SVCPF FGT TGEJPKM KP FGT IPVGPUKXVKGTJCNVWPI WPF FKGPGP 
CNU GTWPFNCIG HÒT EPVUEJGKFWPIGP ÒDGT FKG GGPGJOKIWPI XQP TKGTJCNVWPIUCPNCIGP. GGO·­ 
FGT IVU-RKEJVNKPKG UQNNGP UKG \WMÒPHVKI KP GKPGO FTGKL·JTKIGP RJ[VJOWU ÒDGTRTÒHV WPF CP FKG 
HQTVUEJTGKVGPFG EPVYKEMNWPI FGT HCNVWPIUXGTHCJTGP CPIGRCUUV YGTFGP.

EKPG XGTINGKEJDCTG ATDGKV HGJNV UQYQJN CWH PCVKQPCNGT CNU CWEJ CWH KPVGTPCVKQPCNGT EDGPG 
HÒT FGP BGTGKEJ FGT RKPFGTJCNVWPI, QDYQJN 60ä70 � FGT AOOQPKCMDGNCUVWPI CWU FKGUGO 
PTQFWMVKQPU\YGKI FGT LCPFYKTVUEJCHV UVCOOV WPF ITÌ­GTG RKPFGTJCNVWPIGP D\Y. UQNEJG OKV 
WPIGPÒIGPFGT FN·EJGPCWUUVCVVWPI KP DGWVUEJNCPF GDGPUQ UVTGPIGP APHQTFGTWPIGP PCEJ FGO 
IOOKUUKQPUUEJWV\TGEJV WPVGTNKGIGP YKG APNCIGP FGT KPVGPUKXGP SEJYGKPG- WPF GGHNÒIGNJCN-
VWPI. 

AWU FGT BGUEJTGKDWPI FGT BVT UKPF \WFGO CNNG HCNVWPIUXGTHCJTGP HÒT SEJYGKPG WPF 
GGHNÒIGN CWUIGPQOOGP, FKG PKEJV FGP KP FGP IVU-RKEJVNKPKGP HGUVIGNGIVGP BGUVCPFGUITÌ­GP 
GPVURTGEJGP WPF DGK FGP WPVGTUWEJVGP BGUVCPFGUITÌ­GP YKTVUEJCHVNKEJ WPF VGEJPKUEJ HÒT PKEJV 
XGTVTGVDCT DGYGTVGV YWTFGP. 

DCTÒDGT JKPCWU YGTFGP AURGMVG FGT TKGTIGTGEJVJGKV DGK FGT FGUVNGIWPI FGT BVT PKEJV 
INGKEJTCPIKI OKV FGP AURGMVGP FGU UOYGNVUEJWV\GU DGVTCEJVGV. 

ZWU·V\NKEJ KUV \W DGTÒEMUKEJVKIGP, FCUU FKG HCNVWPIUXGTHCJTGP PCEJ FGP \WO BGCTDGKVWPIU-
\GKVRWPMV IGNVGPFGP RGEJVUITWPFNCIGP CWH EU-EDGPG DGWTVGKNV YWTFGP WPF PQEJ PKEJV FKG 
CMVWGNNGP PCVKQPCNGP RGEJVUXQTUEJTKHVGP DGTÒEMUKEJVKIGP. 

ÜDGT FGP BREF JKPCWU KUV FGT SVCPF FGT TGEJPKM KP FGT TKGTJCNVWPI \. Z. PQEJ KP ADJ·P-
IKIMGKV XQP FGP ZKGNITÌ­GP UOYGNVXGTVT·INKEJMGKV WPF TKGTIGTGEJVJGKV WPVGTUEJKGFNKEJ WPF 
PKEJV XQNNUV·PFKI HÒT CNNG VGTHCJTGPUXCTKCPVGP DGUEJTKGDGP. BGKURKGNUYGKUG DGUEJT·PMV UKEJ 
FKG KO EPVYWTH XQTNKGIGPFG VDI-RKEJVNKPKG ëEOKUUKQPUOKPFGTWPI TKGTJCNVWPIé VDI 3474 CWH 
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FCU VGTOGKFGP WPF VGTOKPFGTP XQP GGTWEJUGOKUUKQPGP. DCIGIGP UVGNNGP GKPG RGKJG XQP 
ATDGKVUDN·VVGTP, \. B. ALB, KTBL, XQTYKGIGPF FGP DCWVGEJPKUEJGP SVCPFCTF FCT, QJPG LGKU-
VWPIUFCVGP JKPUKEJVNKEJ FGT UOYGNV CP\WIGDGP. 

UO HCNVWPIUXGTHCJTGP JKPUKEJVNKEJ FGT AWUYKTMWPIGP CWH UOYGNV WPF TKGTG OKVGKPCPFGT 
XGTINGKEJGP \W MÌPPGP, OÒUUGP FKG JKGTHÒT ITWPFNGIGPFGP WPF GPVUEJGKFGPFGP MGTMOCNG 
FGT HCNVWPIUXGTHCJTGP CWH GKPGT XGTINGKEJDCTGP BCUKU GTJQDGP WPF DGUEJTKGDGP YGTFGP.

DGT YKUUGPUEJCHVNKEJG KGPPVPKUUVCPF ÒDGT FKG AWUYKTMWPIGP FGT TGEJPKM KP FGT TKGTJCNVWPI 
CWH UOYGNV, TKGTG, EPGTIKG WPF KQUVGP OWUU LGFQEJ KPUIGUCOV KP XGTUEJKGFGPGP AURGMVGP CNU 
WP\WTGKEJGPF CPIGUGJGP YGTFGP. DKGU KUV MTKVKUEJ \W DGWTVGKNGP, FC UKEJ FKG BGYGTVWPI FGT 
TGEJPKM KP FGT TKGTJCNVWPI CWH YKUUGPUEJCHVNKEJG ETMGPPVPKUUG CD\WUVÒV\GP JCV.

UO GKPG TKGTJCNVWPIUCPNCIG OÌINKEJUV GOKUUKQPUCTO \W DGVTGKDGP, KUV GKPG BGVTKGDUHÒJTWPI 
VQTCWUUGV\WPI, FKG UKEJ CP DGUVKOOVGP MKPFGUVCPHQTFGTWPIGP 
UQI. ëGWVG HCEJNKEJG PTCZKUé� 
QTKGPVKGTV, \. B. DGK FGUVOKUVXGTHCJTGP TGIGNO·­KIGU WPF CWUTGKEJGPFGU EKPUVTGWGP OKV EKPUVTGW 
ëIWVGTé 3WCNKV·V WPF TGIGNO·­KIGU EPVOKUVGP. DKG PTCZKU \GKIV DGKURKGNUYGKUG, FCUU J·WHKI 
MCPCIGOGPVHGJNGT FKG UTUCEJG XQP GGTWEJUDGN·UVKIWPIGP WPF XQP JQJGP SEJCFUVQHHGKPVT·-
IGP KO UOHGNF XQP TKGTJCNVWPIUCPNCIGP UKPF. IP FKGUGP F·NNGP MÌPPGP UGNDUV CNU GOKUUKQPUCTO 
GKPIGUVWHVG HCNVWPIUXGTHCJTGP JQJG EOKUUKQPGP XGTWTUCEJGP. SQNEJG AURGMVG FGT ëGWVGP 
HCEJNKEJGP PTCZKUé KPUDGUQPFGTG FGT IPPGPYKTVUEJCHV UKPF DKUJGT PWT VGKNYGKUG WPF KP BG\WI 
CWH AOOQPKCM WPF GGTWEJ DGUEJTKGDGP YQTFGP.

3 Notwendigkeit des VorhaDens 

DGT PCVKQPCNG BGYGTVWPIUTCJOGP UQNN HÒT FKG RKPFGTJCNVWPI GKPG YKEJVKIG GTWPFNCIG HÒT FGP 
VQNN\WI KPUDGUQPFGTG KO KOOKUUKQPUUEJWV\TGEJVNKEJGP GGPGJOKIWPIUXGTHCJTGP DKNFGP. DGPP 
RKPFGTJCNVWPIGP OKV OGJT CNU 250 RKPFGTP D\Y. 300 K·NDGTP QFGT GKPGO BGUVCPF XQP ITÌ­GT 
50 GV 
GVYC 42 RKPFGT D\Y. 167 K·NDGT�, YGPP FGT BGUCV\ OGJT CNU 2 GV RTQ JC LN DGVT·IV, 
UKPF PCEJ FGO BIOSEJG IGPGJOKIWPIUDGFÒTHVKI. FÒT FKGUGP ZYGEM UKPF APHQTFGTWPIGP CP 
FGP BCW WPF BGVTKGD PCEJ FGO SVCPF FGT TGEJPKM D\Y. FGT BGUVGP VGTHÒIDCTGP TGEJPKM HGUV-
\WNGIGP WPF DCVGPITWPFNCIGP \WT BGWTVGKNWPI FGT UOYGNVYKTMWPIGP PQVYGPFKI. 

DGO INGKEJGP ZYGEM FKGPV FGT PCVKQPCNG BGYGTVWPIUTCJOGP KO RCJOGP FGT VQTRTÒHWPI 
\WT UOYGNVXGTVT·INKEJMGKVURTÒHWPI 
UVP� D\Y. HÒT FKG UVP UGNDUV, FKG \WMÒPHVKI CWEJ HÒT 
RKPFGTJCNVWPIGP FWTEJ\WHÒJTGP UKPF.

NGDGP FGT RKPFGTJCNVWPI UQNNGP KP FGO \W GTUVGNNGPFGP BGYGTVWPIUTCJOGP CWEJ VGT-
HCJTGP FGT SEJYGKPG-, GGHNÒIGN- WPF PHGTFGJCNVWPI DGJCPFGNV YGTFGP, FKG KO RCJOGP FGT 
IVU-RKEJVNKPKG PKEJV DGTÒEMUKEJVKIV YGTFGP, CDGT KP DGWVUEJNCPF GDGPUQ UVTGPIGP KOOKU-
UKQPUUEJWV\TGEJVNKEJGP APHQTFGTWPIGP D\Y. FGT UVP-PHNKEJV WPVGTNKGIGP WPF HÒT FKG CPFGT-
YGKVKIG BGYGTVWPIUITWPFNCIGP HÒT FGP VQNN\WI HGJNGP. DCU IKNV KPUDGUQPFGTG HÒT VGTHCJTGP 
FGT GZVGPUKXGP 
KPMN. ÌMQNQIKUEJGP� TKGTJCNVWPI D\Y. VGTHCJTGP, FKG J·WHKIGT DGK MNGKPGTGP 
TKGTDGUV·PFGP APYGPFWPI HKPFGP WPF VGTHCJTGP, FKG KPUDGUQPFGTG FGP APHQTFGTWPIGP FGT 
APNCIG 2 FGU AITCTKPXGUVKVKQPUHÌTFGTWPIURTQITCOOU 
AFP� GPVURTGEJGP.

NQVYGPFKI KUV FKG ETUVGNNWPI GKPGU PCVKQPCNGP BGYGTVWPIUTCJOGPU HÒT TGEJPKMGP KP FGT 
TKGTJCNVWPI \WFGO, WO FKG ZKGNITÌ­GP ëTKGTIGTGEJVJGKVé INGKEJDGTGEJVKIV PGDGP FGT ëUOYGNV-
XGTVT·INKEJMGKVé \W DGTÒEMUKEJVKIGP. DGT PCVKQPCNG BGYGTVWPIUTCJOGP MCPP PKEJV \WNGV\V CWEJ 
FGUJCND CNU DCVGPITWPFNCIG \WT AWUCTDGKVWPI XQP FÌTFGTRTQITCOOGP HÒT FKG VKGTIGTGEJVG 
WPF WOYGNVXGTVT·INKEJG NWV\VKGTJCNVWPI JGTCPIG\QIGP YGTFGP. DWTEJ FKG INGKEJDGTGEJVKIVG 
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BGUEJTGKDWPI FGT UOYGNVUEJWV\- WPF TKGTIGTGEJVJGKVUMTKVGTKGP MÌPPGP FKG TGEJPKMGP KFGPVK-
HK\KGTV WPF IIH. YGKVGT GPVYKEMGNV YGTFGP, FKG GKPG ITQ­G SEJPKVVOGPIG \YKUEJGP FGP DGKFGP 
ZKGNITÌ­GP DGKPJCNVGP. 

4 AufgaDenstellung und LÌsungsweg

ZWT ETHÒNNWPI FGU AWHVTCIGU OWUU GKPG APCN[UG FGT DKUJGTKIGP PTCZKU FGT HCNVWPI KPUDGUQP-
FGTG XQP RKPFGTP WPF FGT PGWGP ETMGPPVPKUUG CWU YKUUGPUEJCHVNKEJGP ATDGKVGP GTHQNIGP. IPU-
DGUQPFGTG FKG KGPPVPKUUG CWU PTCZKUDGVTKGDGP XQP KPHTCIG MQOOGPFGP APNCIGP UKPF DKUJGT 
WP\WTGKEJGPF FQMWOGPVKGTV. AWU FGO \WUCOOGPIGUVGNNVGP DCVGPCPIGDQV UKPF MGVJQFGP 
WPF KTKVGTKGP \WT BGYGTVWPI FGT VGTHCJTGP \W GPVYKEMGNP WPF FCTCWU VQTUEJN·IG HÒT GKPGP 
BGYGTVWPIUTCJOGP CD\WNGKVGP.

ADD. 1� DGT ëNCVKQPCNG BGYGTVWPIUTCJOGPé CWH GKPGP BNKEM

DCOKV FKG ETIGDPKUUG GKPGP JQJGP KQPUGPU KP FGP DGVTQHHGPGP FCEJMTGKUGP HKPFGP WPF CWH 
GKPGT OÌINKEJUV DTGKVGP HCEJNKEJGP BCUKU CDIGUVKOOV UKPF, YGTFGP FKG ATDGKVUUEJTKVVG XQP \YGK 
ATDGKVUITWRRGP DGINGKVGV 
ADD. 1� DKG ATDGKVUITWRRGP YWTFGP OKV BGIKPP FGU VQTJCDGPU 
IGITÒPFGV. BGK FGT BGUGV\WPI FGT ATDGKVUITWRRG ëUOYGNV- WPF VGTHCJTGPVGEJPKMé YCT FCU 
KTBL HGFGTHÒJTGPF, DGK FGT BGUGV\WPI FGT ATDGKVUITWRRG ëTKGTIGTGEJVJGKVé FCU IPUVKVWV HÒT 
TKGTUEJWV\ WPF TKGTJCNVWPI FGT FAL. DKG ATDGKVUITWRRGP YWTFGP OKV GTHCJTGPGP FCEJNGWVGP 
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DGWVUEJNCPFU CWU FGP BGTGKEJGP WKUUGPUEJCHV, BGTCVWPI, VGTD·PFG, PTCZKU WPF IPFWUVTKG 
\WUCOOGPIGUGV\V. 

5 ArDeitsschritte und erwartete ErgeDnisse 

DCU PTQLGMV INKGFGTV UKEJ KP \GJP ATDGKVUUEJTKVVG, FKG FKG PCEJ FGT\GKVKIGO WKUUGPUUVCPF 
OÌINKEJG DQMWOGPVCVKQP WPF BGYGTVWPI FGT I·PIKIGP HCNVWPIUXGTHCJTGP CDIGUKEJGTV WPF 
PCEJXQNN\KGJDCT IGY·JTNGKUVGP UQNNGP�
 î SCOONWPI UVCVKUVKUEJGT DCVGP \WT TKGTJCNVWPI
 î DCVGPGTJGDWPI \W HCNVWPIUXGTHCJTGP
 î FGUVNGIWPI WPF DGHKPKVKQP FGT \W DGUEJTGKDGPFGP HCNVWPIUXGTHCJTGP 
 î LKVGTCVWT� SCOONWPI, AWUYGTVWPI
 î APCN[UG FGU WKUUGPUUVCPFGU \WT ADNGKVWPI XQP EOKUUKQPUHCMVQTGP
 î FGUVNGIWPI FGU HÒT FKG BGUEJTGKDWPI WPF BGYGTVWPI RTCMVKMCDNGP DCVGPTCUVGTU
 î ADNGKVWPI FGT GTWPFTGIGNP \WO BGVTGKDGP XQP TKGTJCNVWPIUXGTHCJTGP
 î EPVYKEMNWPI GKPGT MGVJQFG \WT BGWTVGKNWPI FGT VGTHCJTGP WPF FGUVNGIWPI FGU BGYGT-

VWPIUTCJOGPU
 î BGWTVGKNWPI FGU KQUVGP-NWV\GP-VGTJ·NVPKU 
UOYGNV ä TKGTIGTGEJVJGKV ä ÖMQPQOKG�
 î AWUCTDGKVWPI XQP VQTUEJN·IGP HÒT BGYGTVWPIUTCJOGP

6 Bewertungskriterien „UmweltXertr·glichkeit“

ZWT BGYGTVWPI FGT ZKGNITÌ­G ëUOYGNVXGTVT·INKEJMGKVé YGTFGP KO PCVKQPCNGP BGYGTVWPIUTCJ-
OGP FKG FTGK KTKVGTKGP ëEOKUUKQPGP 
LWHV�é, ëEKPVT·IG KP BQFGPé WPF ëVGTDT·WEJGé JGTCPIG\Q-
IGP. DKG MQPMTGVG BGYGTVWPI GTHQNIV CP CWUIGYKGUGPGP IPFKMCVQTGP 
ADD. 2� CWH XGTUEJKGFG-
PGP BGYGTVWPIUGDGPGP. 

ADD. 2� KTKVGTKGP WPF KJTG IPFKMCVQTGP \WT BGYGTVWPI FGT ZKGNITÌ­G ëUOYGNVXGTVT·INKEJMGKVé 

� Grenzen der Bewertung 

DGT PCVKQPCNG BGYGTVWPIUTCJOGP DGUEJT·PMV UKEJ JKPUKEJVNKEJ FGT BGYGTVWPI FGT UOYGNV-
YKTMWPIGP DGYWUUV CWH TKGTJCNVWPIUCPNCIGP, F. J. FGP SVCNN WPF FKG FC\WIGJÌTGPFGP EKP-
TKEJVWPIGP \WO LCIGTP XQP \. B. EKPUVTGW WPF FGUVOKUV. DCOKV NKGHGTV GT YKEJVKIG AURGMVG \WT 
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BGYGTVWPI FGT UOYGNVDGNCUVWPI KPUIGUCOV. ET MCPP CDGT KP MGKPGO FCNN FKG GTUVTGDGPUYGTVG 
BGYGTVWPI FGU GGUCOVU[UVGOU GTUGV\GP. NWT FWTEJ FKG BGVTCEJVWPI FGT IGUCOVGP PTQ\GUUMGVVG 
NCUUGP UKEJ NGV\VGPFNKEJ CWUIGYQIGPG WPF WOHCUUGPFG AWUUCIGP JKPUKEJVNKEJ FGT UOYGNVYKT-
MWPIGP VTGHHGP. DKG LGYGKNKIG VGTYGPFWPI FGT ETIGDPKUUG JKPUKEJVNKEJ FGT UOYGNVYKTMWPI KUV 
XQT FKGUGO HKPVGTITWPF IGYKUUGPJCHV \W RTÒHGP WPF CD\WY·IGP. 

DCTÒDGT JKPCWU KUV \W DGCEJVGP, FCUU \WT GGUCOVDGYGTVWPI UQYQJN XQP HCNVWPIUXGTHCJ-
TGP CNU CWEJ GGUCOVU[UVGOGP YGKVGTG ZKGNITÌ­GP JGTCP\W\KGJGP UKPF, FKG KO RCJOGP FGU 
PCVKQPCNGP BGYGTVWPIUTCJOGP PKEJV QFGT PWT VGKNYGKUG OKV DGTÒEMUKEJVKIV YGTFGP MÌPPGP. 
DC\W IGJÌTGP FGT VGTDTCWEJGTUEJWV\, FKG WKTVUEJCHVNKEJMGKV, FGT ATDGKVUEJWV\ WPF \. B. UQ\KQ-
ÌMQPQOKUEJG ZKGNG. 

DKG ATDGKVUITWRRG ëUOYGNV WPF VGTHCJTGPUVGEJPKMé J·NV FCJGT FGP AWUDCW FGU BGYGT-
VWPIUTCJOGP KP GKPGO FQNIGRTQLGMV HÒT PQVYGPFKI WPF UVGNNV KO RCJOGP FGU NCWHGPFGP 
PTQLGMVGU FKG FCHÒT PQVYGPFKIGP SEJPKVVUVGNNGP DGTGKV. DCU PTQLGMV NKGHGTV FCOKV GKPGP YGUGPV-
NKEJGP BCWUVGKP HÒT FKG GTUVTGDGPUYGTVG GGUCOVDGYGTVWPI XQP PTQ\GUUMGVVGP .

ADD. 3� BGKVTCI FGU PCVKQPCNGP BGYGTVWPIUTCJOGP \W BGYGTVWPIGP XQP GGUCOVU[UVGOGP
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Ethologische und Ìkonomische Beurteilung Xon SchweinemastXerfahren
'tJoNogicCN Cnd economicCN eXCNWCtion of pig fCttening s[stems

WILHELM PFLANZ1, JªRGEN BECK1, THOMAS JUNGBLUTH1, JOSEF TRO:LER2, 
HANSJ¤RG SCHRADE3

1 UPKXGTUKV·V HQJGPJGKO, IPUVKVWV HÒT AITCTVGEJPKM, D-70593 SVWVVICTV

2 VGVGTKP·TOGFK\KPKUEJG UPKXGTUKV·V WKGP, IPUVKVWV HÒT TKGTJCNVWPI WPF TKGTUEJWV\, A-1210 WKGP

3 MKPKUVGTKWO HÒT ETP·JTWPI WPF N·PFNKEJGP RCWO BCFGP-WÒTVVGODGTI, RGHGTCV 26, D-70182 SVWVVICTV

SchlÒsselwÌrter� Schweinemast, Ethologische Bewertung, DirektDeoDachtung, IntegumentDeurteilung
-e[Yords� Pig fCttening� etJoNogicCN Cssessment� direct oDserXCtion� integWment scoring

<WsCmmenfCssWng 

In einer Feldstudie mit insgesamt 20 Praxisbetrieben werden vier innovative Schweinemast-
verfahren beurteilt. Je Verfahren werden fünf typgleiche Ställe über einen Zeitraum von 
einem Jahr nach verschiedenen Kriterien hin untersucht. Schwerpunkte sind hier die etholo-
gischen sowie ökonomischen Erhebungen. Die ethologische Untersuchung basiert vor allem 
auf der Direktbeobachtung mit der Scan-Sampling Methode und Videounterstützung sowie 
der Integumentbeurteilung nach „Ekesbo“. Die ökonomische Beurteilung findet mit Hilfe von 
Arbeitszeiterhebungen sowie der Ermittlung der jeweiligen Stallplatzkosten statt. Die Ergeb-
nisse aus Versuchsblock I und II zeigen, dass die Strukturierung der Bucht in Systemen mit 
getrennten Klimabereichen am besten gelingt. Ethopathien wurden bislang am häufigsten im 
konventionellen System beobachtet. Bei der Integumentbeurteilung waren Schäden an den 
Gliedmaßen vor allem bei den einstreulosen Systemen zu beobachten.

SWmmCr[ 

In a field study with in total 20 practical farms four innovative pig fattening systems are evalu-
ated. For each system five similar stables are investigated on several criteria for a time period 
of one year. Main topics are the ethological and economical enquiries. The ethological inves-
tigation is based on the direct observation with the scan-sampling method and video support 
as well as the integument scoring following “Ekesbo”. The economical evaluation takes place 
with labour time requirements and the enquiry of costs per fattening place for each system. 
The results from the investigation periods I and II show that the structuring of the pens is 
successful in systems with separate climatic areas. Idle behaviour has been observed up to 
now mostly in the conventional system. By the integument scoring, damages at the legs are 
shown primarily in the systems without straw.
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1 Einleitung und ProDlemstellung

WCTGP DKUJGT XQT CNNGO FKG PTQFWMVSWCNKV·V NCPFYKTVUEJCHVNKEJGT ET\GWIPKUUG KP FGT ÖHHGPV-
NKEJMGKV XQP BGFGWVWPI, UQ IGYKPPGP KP LÒPIUVGT ZGKV \WPGJOGPF FGTGP PTQ\GUUSWCNKV·VGP CP 
BGFGWVWPI. VQT CNNGO KO BGTGKEJ FGT VKGTKUEJGP VGTGFGNWPI YKG KP FGT SEJYGKPGOCUV YCEJ-
UGP FKG VGTDTCWEJGTCPURTÒEJG JKPUKEJVNKEJ GVJKUEJGT VQTUVGNNWPIGP. SQ HKPFGP UKEJ FKG LCPF-
YKTVG KO SRCPPWPIUHGNF \YKUEJGP FGP ÌMQPQOKUEJGP APURTÒEJGP CP KJTGP BGVTKGD GKPGTUGKVU 
UQYKG FGP VGTDTCWEJGTYÒPUEJGP CPFGTGTUGKVU YKGFGT. IP FGP XGTICPIGPGP HÒPH\GJP JCJTGP 
ICD GU IGTCFG KP SÒFFGWVUEJNCPF KOOGT YKGFGT KPPQXCVKXG KQP\GRVG WPF APU·V\G KP FQTO 
XQP PGWGP HTGK DGNÒHVGVGP SEJYGKPGOCUVXGTHCJTGP, FKG JKGTCWH GKPG APVYQTV DKGVGP YQNNVGP. 
EDGPUQ ICD GU CWEJ DGK FGP MQPXGPVKQPGNNGP VGTHCJTGP NGWGTWPIGP WPVGT CPFGTGO KP FQTO 
XQP UEJNKV\TGFW\KGTVGP LKGIGHN·EJGP, SVTWMVWTKGTWPI FGT BWEJVGP UQYKG FGO APDKGVGP XQP 
BGUEJ·HVKIWPIUVGEJPKM. ZKGN FKGUGU FQTUEJWPIURTQLGMVU KUV GU, GKPG ICP\JGKVNKEJG EKPQTFPWPI 
D\Y. BGYGTVWPI XKGT FKGUGT KPPQXCVKXGT VGTHCJTGP XQT\WPGJOGP, WO HÒT FKG PTCZKU FKG YKEJ-
VKIG FTCIGUVGNNWPI \W DGCPVYQTVGP, YKG FGT TKGTUEJWV\ WPF GKPG IWVG RGPVCDKNKV·V HÒT NCPF-
YKTVUEJCHVNKEJG FCOKNKGPDGVTKGDG OKV FKGUGP OQFGTPGP HCNVWPIUXGTHCJTGP HÒT MCUVUEJYGKPG 
OKVGKPCPFGT XGTMPÒRHV YGTFGP MÌPPGP.  

2 Untersuchte Varianten

IO RCJOGP FGU FQTUEJWPIURTQLGMVU YGTFGP 20 PTCZKUDGVTKGDG CWHIGVGKNV KP XKGT HCNVWPIUXGT-
HCJTGP 
ZKGNXCTKCPVGP� OKV LG HÒPH SV·NNGP WPVGTUWEJV. DKG HCWRVMTKVGTKGP HÒT FKG EKPQTFPWPI 
FGT XKGT \W WPVGTUWEJGPFGP S[UVGOG UKPF KP TCDGNNG 1 FGHKPKGTV. DGT LGKVUCV\ DGK FGT BGVTKGDU-
CWUYCJN XQT OTV YCT, FCUU FKG VCTKCVKQP FGT GKP\GNPGP HCNVWPIUOGTMOCNG KPPGTJCND GKPGU 
S[UVGOU MNGKPGT UGKP UQNNVG CNU FKG \YKUEJGP FGP S[UVGOGP; FGPPQEJ MQPPVGP PKEJV KOOGT CNNG 
PCTCOGVGT XQNN GTHÒNNV YGTFGP. 

TCD. 1� DGHKPKVKQP FGT HCNVWPIUOGTMOCNG HÒT FKG WPVGTUWEJVGP S[UVGOG
Overview of the housing-systems under investigation

Zielvariante I Zielvariante II Zielvariante III Zielvariante IV

Kurzbeschreibung
aufgewertetes

konventionelles
System

Schrägboden-
system mit Mini-

malstroh

Offenfrontstall 
mit Ruhekisten

Auslaufstall mit 
Zweiflächen-

bucht und Stroh

Flächenangebot je 
110 kg Lebendmasse

1,0 m2 1,0 m2 1,0 m2 > 1,0 m2

Min. Liege- bzw. 
planbefestigte Fläche

30 %
(schlitzreduziert)                   

70 %
(plan)

50 %
(plan)

50 %
(plan)

Max. Spaltenboden-
anteil

70 % 30 % 50 % 50 %

Strohgabe nein Minimalstroh fakultativ Einstreu

Beschäftigungsangebot ja ja ja ja

Klimabereiche einheitlich einheitlich getrennt getrennt
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3 VersuchsaufDau

DKG UPVGTUWEJWPIGP HCPFGP ÒDGT GKPGP ZGKVTCWO XQP GKPGO JCJT UVCVV. DKG \YÌNH MQPCVG 
YCTGP KP XKGT BNÌEMG RCTCNNGN \W FGP JCJTGU\GKVGP CWHIGVGKNV, WO GVYCKIG LCJTGU\GKVNKEJG EHHGM-
VG JGTCWU\WCTDGKVGP. JG BGQDCEJVWPIUDNQEM YWTFG LGFGT SVCNN GKPOCN CP \YGK CWHGKPCPFGT 
HQNIGPFGP TCIGP 
\WO AWUINGKEJ FGU TCIGUGHHGMVU� DGUWEJV. PTQ WQEJG MQPPVGP UQOKV \YGK 
BGVTKGDG WPVGTUWEJV YGTFGP. DKGU GPVURTCEJ GVYC \GJP UPVGTUWEJWPIUYQEJGP RTQ BGQDCEJ-
VWPIUDNQEM. IPPGTJCND FGT BNÌEMG YWTFGP FKG GKP\GNPGP S[UVGOG KP HÒPH DWTEJI·PIGP PCEJ-
GKPCPFGT CDIGCTDGKVGV. DKG VGTVGKNWPI FGT BGVTKGDG CWH FKG S[UVGOG GTHQNIVG \WH·NNKI OKV FGT 
EKPUEJT·PMWPI, FCUU BGVTKGDG OKV RGKP�RCWU- VGTHCJTGP IG\KGNV DGK FGP IGHQTFGTVGP GGYKEJVU-
DGTGKEJGP CPIGHCJTGP YGTFGP OWUUVGP D\Y. XGTGKP\GNV CWH WWPUEJ FGT BGVTKGDUNGKVGT CWEJ 
ANVGTPCVKXVGTOKPG \W CM\GRVKGTGP YCTGP. FÒT LGFGU VGTHCJTGP YWTFGP HÒPH BGVTKGDG RTQ JCJ-
TGU\GKV WPVGTUWEJV. NCEJ XKGT UPVGTUWEJWPIUDNÌEMGP OKV KPUIGUCOV 160 UPVGTUWEJWPIUVCIGP 
UVCPFGP 20 WKGFGTJQNWPIGP LG VGTHCJTGP \WT AWUYGTVWPI \WT VGTHÒIWPI.    

4 UntersuchungsRarameter

DKG SEJYGTRWPMVG FGT UPVGTUWEJWPI YWTFGP CWH FKG GVJQNQIKUEJG UQYKG ÌMQPQOKUEJG EKP-
QTFPWPI FGT GKP\GNPGP HCNVWPIUU[UVGOG IGNGIV. PCTCNNGN FC\W YWTFGP YGKVGTG RCPFRCTCOGVGT 
GTHCUUV, YKG \. B. SVCNNMNKOCFCVGP WPF LKEJVXGTJ·NVPKUUG, FKG VGKNYGKUG FKTGMV QFGT KPFKTGMV OKV 
FGP FGHKPKGTVGP HCWRVWPVGTUWEJWPIURWPMVGP KP ZWUCOOGPJCPI UVGJGP. DKG GVJQNQIKUEJG 
BGYGTVWPI DCUKGTVG XQT CNNGO CWH DKTGMVDGQDCEJVWPIGP OKV FGT SECP-UCORNKPI MGVJQFG WPF 
VKFGQWPVGTUVÒV\WPI UQYKG FGT IPVGIWOGPVDGWTVGKNWPI PCEJ EMGUDQ 
EKESBO, 1992�. FÒT FKG 
ÌMQPQOKUEJG BGWTVGKNWPI YGTFGP FKG SVCNNRNCV\MQUVGP PCEJ FGT DIN 276  UQYKG FGT ATDGKVU-
\GKVCWHYCPF OKV HKNHG XQP ATDGKVU\GKVVCIGDÒEJGTP GTJQDGP. 

4�1 DirektDeoDachtung mit der Scan�SamRling Methode

DKG SECP-SCORNKPI MGVJQFG KUV GKPG IWV IGGKIPGVG MGVJQFG HÒT FGNFWPVGTUWEJWPIGP, FC 
MGKPG FQMWUVKGTMGPP\GKEJPWPI PÌVKI KUV, FCU JGK­V LGYGKNU FKG IGUCOVG BWEJVGPITWRRG YKTF 
CNU GTWPFGKPJGKV DGVTCEJVGV. EU YWTFG GKP EVJQITCOO OKV FGHKPKGTVGP IPFKMCVQTOGTMOC-
NGP GTUVGNNV, OKV YGNEJGO FKG GKP\GNPGP BWEJVGP KP DGUVKOOVGP ZGKVKPVGTXCNNGP ëIGUECPPVé 
YWTFGP. DCU EVJQITCOO YCT \YGKIGVGKNV, \WO GKPGP YWTFG HGUVIGUVGNNV, YQ UKEJ FKG TKGTG 
CWHJKGNVGP WPF YKG KJTG KÌTRGTUVGNNWPI YCT. HKGTOKV MCPP GKPG YGUGPVNKEJG FQTFGTWPI FGU 
TKGTUEJWV\GU ÒDGTRTÒHV YGTFGP, QD VCVU·EJNKEJ GKPG SVTWMVWTKGTWPI FGT BWEJV HÒT FKG TKGTG 
OÌINKEJ KUV. ZWO CPFGTGP YWTFGP DGUVKOOVG IG\GKIVG CMVKXG VGTJCNVGPUYGKUGP CWHIGPQO-
OGP, FKG CNU IPFKMCVQTGP GKPG EKPQTFPWPI FGT S[UVGOG GTOÌINKEJGP YKG \. B. SVCPIGPDGK­GP 
CNU LGGTNCWHJCPFNWPI 
WEBER, 2003�. EPVURTGEJGPF FGT MGVJQFG YWTFGP CNNG TKGTG IG\·JNV, 
YGNEJG FKG GKP\GNPGP VGTJCNVGPUYGKUGP \GKIVGP. EU YWTFGP KOOGT \YGK BWEJVGP RCTCNNGN 
DGQDCEJVGV. DKG DCVGPCWHPCJOG LG BWEJV HCPF KP \GKVNKEJGT RQVCVKQP XQP FTGK MKPWVGP UVCVV. 
BGQDCEJVGV YWTFG XQP GKPGO GTJÌJVGP BGQDCEJVWPIUUVWJN CWU \W FGP HCWRVCMVKXKV·VU\GKVGP 
CO VQTOKVVCI WPF UR·VGP NCEJOKVVCI LGYGKNU HÒT \YGK SVWPFGP, YQDGK RTQ BGQDCEJVWPIUICPI 
GHHGMVKX 96 OKP HGUVIGJCNVGP YWTFGP. BGQDCEJVGV YWTFGP GTWRRGP KP \YGK LGDGPFOCUUGDG-
TGKEJGP, CO EPFG FGT VQTOCUV OKV 40 DKU 50 MI UQYKG KP FGT MKVVG FGT HCWRVOCUV OKV 70 
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DKU 80 MI. FÒT FKG BGQDCEJVWPI PKEJV GKPUGJDCTGT BGTGKEJG YWTFG GKPG OQDKNG VKFGQCPNCIG 
MQP\KRKGTV WPF CPIGUEJCHHV, YGNEJG GKPG \GKVINGKEJG BGQDCEJVWPI XQO BGQDCEJVWPIUUKV\ CWU 
OKV MQPKVQT XKC FWPMÒDGTVTCIWPI GTOÌINKEJVG. DKG DCVGPCWHPCJOG HCPF CWH TQDWUVGP TCDNGV 
PCçU UVCVV. HKGT\W YWTFG GKIGPU GKPG BGQDCEJVWPIUUQHVYCTG 
ETHOSCAN 04� OKV GKPGT GKPIC-
DGHTGWPFNKEJGP MCUMG GTUVGNNV 
ADDKNFWPI 1�. DKGU HÒJTVG \W GKPGT YGKVGTGP SVCPFCTFKUKGTWPI 
FGT DCVGPGTJGDWPI. IPPGTJCND FGU PTQITCOOU YCT LGFGT BGVTKGD IGPCW GPVURTGEJGPF FGT 
AWUHÒJTWPI UGKPGT FWPMVKQPUDGTGKEJG FGHKPKGTV. 

ADD. 1� EKPICDGOCUMG HÒT FKG DKTGMVDGQDCEJVWPI CWH GKPGO TCDNGV-PC OKV FGT SQHVYCTG ETHOSCAN 04
Input mask for the direct observation on a tablet pc with the software ETHOSCAN 0�

4�2 IntegumentDeurteilung nach EkesDo

MKV FGT  IPVGIWOGPVDGWTVGKNWPI PCEJ EMGUDQ YWTFG XGTUWEJV, FKG FKTGMVG WKTMWPI FGT HCN-
VWPIUWOYGNV 
\. B. UEJCTHG BGVQPMCPVGP, SVWHGP WUY.� UQYKG FGTGP KPFKTGMVG WKTMWPI 
\. B. 
AIITGUUKQPGP FGT TKGTG WPVGTGKPCPFGT FWTEJ RGK\CTOWV QFGT DGGPIVG PNCV\XGTJ·NVPKUUG� CWH 
FKG TKGTG \W GTHCUUGP WPF \W DGYGTVGP. DKGU IGUEJKGJV ÒDGT MNKPKUEJG UPVGTUWEJWPIGP, GKP-
UEJNKG­NKEJ DGUQPFGTGT RGIKUVTKGTWPIGP XQP SEJ·FGP, VGTNGV\WPIGP WPF VGT·PFGTWPIGP CP 
XGTUEJKGFGPGP KÌTRGTTGIKQPGP. GGIGPÒDGT CPFGTGP MGVJQFGP, YKG GVYC SEJNCEJVMÌRGTWP-
VGTUWEJWPIGP \GKEJPGV UKEJ FKGUG MGVJQFG UQYQJN FWTEJ GKPG IWVG DWTEJHÒJTDCTMGKV KO FGNF 

CWEJ XQP NKEJVXGVGTKP·TGP� CNU CWEJ FWTEJ KJTG EKIPWPI HÒT ITQ­G SVKEJRTQDGPWOH·PIG CWU. 
EU YWTFGP LG BGVTKGDUDGUWEJ 
DQRRGNVCI� CWU LG XKGT BWEJVGP 
\YGK BWEJVGP RTQ GGYKEJVUDG-
TGKEJ CPCNQI \WT DKTGMVDGQDCEJVWPI� 20 � FGT TKGTG DQPKVKGTV 
KOOGT OKPFGUVGPU HÒPH�. DKG 
AWUYCJN FGT LGYGKNKIGP TKGTG YCT \WH·NNKI. DKG BQPKVWT GTHQNIV FKTGMV KP FGT BWEJV. BGK ETUVGN-
NWPI FGU \W DQPKVKGTGPFGP MGTMOCNMCVCNQIU YWTFG CWH FKG DWTEJHÒJTDCTMGKV KO FGNF IGCEJVGV. 
AWH GKPG \W ITQ­G AWUHÒJTNKEJMGKV YWTFG XGT\KEJVGV. ZKGN FGT BQPKVWT YCT GU, DGUQPFGTU FKG 
KGTPRWPMVG JGTCWU\WCTDGKVGP. DC XGTUEJKGFGPG BGQDCEJVGT FKG BGWTVGKNWPI FWTEJHÒJTVGP, 
YWTFG GKP MNCT FKHHGTGP\KGTVGT BKNFGTMCVCNQI \WUCOOGPIGUVGNNV, FGT CNU FGHKPKGTVGT SVCPFCTF 
ICNV. WGKVGTJKP YWTFGP TGIGNO·­KI VGTINGKEJUDGQDCEJVWPIGP WPF -DQPKVWTGP CNNGT WPVGTUW-
EJGPFGP PGTUQPGP KP GKPGO VGTUWEJUDGVTKGD FWTEJIGHÒJTV.
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5 ErgeDnisse

VQTIGUVGNNV YGTFGP ETIGDPKUUG FGT GVJQNQIKUEJGP UPVGTUWEJWPIGP CWU BNQEM I WPF II. EPV-
URTGEJGPF \WO VQTIGJGP FGT DKTGMVDGQDCEJVWPI OKV HKNHG FGT SECP-SCORNKPI MGVJQFG 
YGTFGP FKG ETIGDPKUUG CNU ëIG\GKIVGU VGTJCNVGP Y·JTGPF FGT BGQDCEJVWPIU\GKV KP PTQ\GPVé 
CPIGIGDGP. EU YWTFG DGQDCEJVGV, FCUU FKG TKGTG KP VGTHCJTGP OKV IGVTGPPVGP KNKOCDGTGKEJGP 
HCUV FQRRGNV UQ J·WHKI XQP FGT GGUCOVNKGIG\GKV KO LKGIGDGTGKEJ NKGIGP CNU DGK FGO MQPXGP-
VKQPGNNGP QFGT FGO SEJT·IDQFGPXGTHCJTGP 
ADDKNFWPI 2�. APCNQI JKGT\W GTJÌJVG UKEJ FCOKV 
CWEJ FCU MGTMOCN SGKVGPNCIG KO LKGIGDGTGKEJ. SQOKV UKPF CWU SKEJV FGT TKGTUEJWV\HQTFGTWPI 
ëSVTWMVWTKGTWPI FGT BWEJVé FKG S[UVGOG OKV IGVTGPPVGP KNKOCDGTGKEJGP DGK FKGUGT FTCIGUVGN-
NWPI DGUUGT \W DGWTVGKNGP.

ADD. 2� AM\GRVCP\ FGU LKGIGDGTGKEJU KP FGP WPVGTUWEJVGP HCNVWPIUXGTHCJTGP HÒT MCUVUEJYGKPG 
Acceptance of laying area in the pig-fattening systems under investigation 

ADD. 3� GG\GKIVG EVJQRCVJKGP KP FGP WPVGTUWEJVGP HCNVWPIUXGTHCJTGP HÒT MCUVUEJYGKPG
Shown idle behaviour in the pig-fattening systems under investigation 

WGKVGTJKP YWTFGP IG\GKIVG CMVKXG VGTJCNVGPUYGKUGP CNU IPFKMCVQTOGTMOCNG HÒT WQJNDGHKPFGP 
D\Y. NKEJVYQJNDGHKPFGP CWHIGPQOOGP. IP ADDKNFWPI 3 YGTFGP FKG MGTMOCNG SEJYCP\- 
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WPF OJTGPDGK­GP, SVCPIGPDGK­GP UQYKG LGGTMCWGP WPVGT FGO SCOOGNOGTMOCN EVJQRCVJKGP 
\WUCOOGPIGHCUUV. DKG ETIGDPKUUG \GKIGP GKPGP HCUV NKPGCTGP ADHCNN FGT MGTMOCNUJ·WHKIMGKV 
XQP S[UVGO I \W IV. TKGHGTIGJGPFG UPVGTUWEJWPIGP \GKIVGP YGKVGTJKP, FCUU GU KPPGTJCND FGT 
GKP\GNPGP S[UVGOG CWH FGT BGVTKGDUGDGPG ITQ­G SVTGWWPIGP ICD WPF FGT GKP\GNPG BGVTKGDU-
GHHGMV FGP IGOKVVGNVGP S[UVGOGHHGMV ÒDGTUVGKIGP MCPP. DKGU KUV UKEJGT \WO TGKN FWTEJ FCU 
DGVTKGDUKPFKXKFWGNNG MCPCIGOGPV FGT LGYGKNKIGP S[UVGOG \W GTMN·TGP.

BGK FGP ETIGDPKUUGP FGT IPVGIWOGPVDGWTVGKNWPI \GKIVG UKEJ FGUMTKRVKX, FCUU KP S[UVGOGP 
OKV SVTQJGKPUVTGW YGPKIGT UOHCPIUXGTOGJTWPIGP CP FGP HKPVGTINKGFOC­GP KP FQTO XQP 
GGNGPMUGPV\ÒPFWPIGP WPF SEJNGKODGWVGNXGTITÌ­GTWPIGP \W DQPKVKGTGP YCTGP. WGKVGTJKP 
MQPPVG GKPG GTJÌJVG AP\CJN KTCV\GT WPF WWPFGP CP FGP OJTGP UQYKG CO KÌTRGT DGKO MQP-
XGPVKQPGNNGP S[UVGO DGQDCEJVGV YGTFGP, JKGT YCTGP CDGT CWEJ YKGFGTWO ÒDGT CNNG S[UVGOG 
JKPYGI ITQ­G KPFKXKFWGNNG BGVTKGDUGHHGMVG HGUV\WUVGNNGP.

6 Schlussfolgerungen

MKV FGO XGTYGPFGVGP GVJQNQIKUEJGP UPVGTUWEJWPIURTQITCOO KUV GKPG EKPQTFPWPI D\Y. 
BGYGTVWPI FGT GKP\GNPGP S[UVGOG OÌINKEJ. DKG AM\GRVCP\ FGT FWPMVKQPUDGTGKEJG YCT Y·J-
TGPF FGU WPVGTUWEJVGP WKPVGT- WPF FTÒJLCJTUDNQEMU KP FGP S[UVGOGP OKV IGVTGPPVGP KNKOCDG-
TGKEJGP JÌJGT, UQ UKPF FKGUG CWU GVJQNQIKUEJGT SKEJV HÒT FKGUG FTCIGUVGNNWPI DGUUGT \W DGWTVGK-
NGP. MKPKOCNUVTQJICDGP TGFW\KGTGP EVJQRCVJKGP WPF HÒJTGP INGKEJ\GKVKI \W YGPKIGT SEJ·FGP 
CP FGP GNKGFOC­GP. ÜDGT CNNG UPVGTUWEJWPIGP JKPYGI \GKIVG UKEJ FGT UVCTMG DGVTKGDUKPFKXK-
FWGNNG EKPHNWUU CWH FKG GKP\GNPGP VGTHCJTGP, YGNEJGT FGP IGOKVVGNVGP S[UVGOGHHGMV ÒDGTUVGKIGP 
MCPP. DKGU UVGNNV FKG BGFGWVWPI FGU KPFKXKFWGNNGP MCPCIGOGPVU FGU GKP\GNPGP BGVTKGDU CWH 
FKG TKGTIGTGEJVJGKV HÒT FCU LGYGKNKIG S[UVGO JGTCWU.
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<WsCmmenfCssWng 

Im Projekt „Nationaler Bewertungsrahmen zur Beschreibung des Standes der Technik bei 
Tierhaltungsverfahren“ sollen die Auswirkungen unterschiedlicher Haltungsverfahren auf Tier 
und Umwelt gleichrangig gegenübergestellt und bewertet werden. Das Institut für Tierschutz 
und Tierhaltung der FAL bearbeitet dabei den Teil „Tiergerechtheit“. 

Nach einer Übersicht zu den bisher entwickelten Bewertungs- und Beurteilungskonzep-
ten wird der gegenwärtige Ergebnisstand des Projektes dargestellt. Für die Bewertung der 
Tiergerechtheit von 13� ausgewählten Tierhaltungsverfahren wurden ethologische und kli-
nische Indikatoren ausgewählt. Mit den ethologischen Indikatoren soll die Möglichkeit zur 
Ausübung bestimmter Verhaltensweisen  (Normalverhalten der Funktionskreise) bewertet 
werden. Mithilfe von klinischen Indikatoren soll eine Risikoabschätzung für das Auftreten 
von Verhaltensabweichungen und Erkrankungen erfolgen.

Summar[ 

The aim of the project “National catalogue for assessing animal husbandry systems” is to 
evaluate the impact of selected husbandry systems on both the animals and the environment. 
The Institute of Animal Welfare and Animal Husbandry is responsible for the animal welfare 
aspect.

Firstly, an overall view on different assessment systems for animal welfare (for Example TGI 
200, critical control points – CCPçs) is given and, secondly, the current state of the project 
is presented. In order to assess a total of 13� selected husbandry systems a list of ethologi-
cal and clinical indicators was defined. The ethological indicators shall be used to rate the 
degree the animals are able to perform certain behaviours within the respective husbandry 
system. The clinical indicators shall be used to evaluate the risk of diseases and behavioural 
disorders.
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1 Einleitung 

ZYKUEJGP FGT TKGT- WPF FGT UOYGNVIGTGEJVJGKV XQP HCNVWPIUXGTHCJTGP HÒT NCPFYKTVUEJCHVNKEJG 
NWV\VKGTG DGUVGJGP QHV ZKGNMQPHNKMVG. BGKURKGNUYGKUG MÌPPGP UKEJ HCNVWPIUXGTHCJTGP, FKG FGP 
TKGTGP KQPVCMV \WO AW­GPMNKOC GTOÌINKEJGP 
FTGKNCPFJCNVWPI, OHHGPHTQPVUV·NNG, KCNVUEJCT-
T·WOG, GVE.�, GKPGTUGKVU RQUKVKX CWH AURGMVG FGU VGTJCNVGPU QFGT CWEJ FGT TKGTIGUWPFJGKV CWU-
YKTMGP, CPFGTGTUGKVU MÌPPGP UKG UKEJ PGICVKX CWH FKG EOKUUKQP XQP SEJCFICUGP KP FKG UOYGNV 
CWUYKTMGP. 

BKUNCPI HGJNGP DQMWOGPVG, KP FGPGP FKG AWUYKTMWPIGP XQP TKGTJCNVWPIUXGTHCJTGP CWH FKG 
TKGTIGTGEJVJGKV WPF FKG UOYGNV U[UVGOCVKUEJ IGIGPÒDGT IGUVGNNV WPF INGKEJTCPIKI DGYGTVGV 
YGTFGP. GGTCFG DGK GGPGJOKIWPIUXGTHCJTGP HÒT SVCNNWODCWVGP WPF -PGWDCWVGP GTUEJGKPV 
GKPG GGIGPÒDGTUVGNNWPI \YKUEJGP FGP APHQTFGTWPIGP FGU TKGTGU CP FCU HCNVWPIUXGTHCJTGP 
OKV FGT UOYGNVDKNCP\ PQVYGPFKI. AW­GTFGO MCPP GKPG UQNEJG GGIGPÒDGTUVGNNWPI UQYQJN CNU 
PNCPWPIUITWPFNCIG HÒT LCPFYKTVG, ATEJKVGMVGP WPF BGTCVGT XQP NWV\GP UGKP, CNU GTWPFNCIG 
HÒT FÌTFGTOC­PCJOGP FKGPGP WPF FCTÒDGT JKPCWU CWEJ FGP VGTDTCWEJGTKPPGP WPF VGTDTCW-
EJGTP IPHQTOCVKQPGP ÒDGT FKG XGTUEJKGFGPGP PTQFWMVKQPURTQ\GUUG DKGVGP.

2 ProLektziel

AWH FKGUGT GTWPFNCIG GTCTDGKVGV FCU IPUVKVWV HÒT TKGTUEJWV\ WPF TKGTJCNVWPI FGT BWPFGUHQT-
UEJWPIUCPUVCNV HÒT LCPFYKTVUEJCHV 
FAL� KP CGNNG IGOGKPUCO OKV FGO KWTCVQTKWO HÒT TGEJPKM 
WPF BCWYGUGP KP FGT LCPFYKTVUEJCHV G. V. 
KTBL� FGP ëNCVKQPCNGP BGYGTVWPIUTCJOGP \WT 
BGUEJTGKDWPI FGU SVCPFGU FGT TGEJPKM DGK TKGTJCNVWPIUXGTHCJTGPé. UPVGTUVÒV\V YGTFGP DGKFG 
EKPTKEJVWPIGP FWTEJ LG GKPG DGINGKVGPFG ATDGKVUITWRRG XQP EC. 20 EZRGTVKPPGP WPF EZRGTVGP 
CWU WKUUGPUEJCHV, BGTCVWPI, VGTD·PFGP WPF PQNKVKM. 

DCU ZKGN FGU PTQLGMVGU KUV FKG U[UVGOCVKUEJG WPF WOHCUUGPFG BGUEJTGKDWPI WPF BGYGTVWPI 
FGU SVCPFGU FGT TGEJPKM XQP HCNVWPIUXGTHCJTGP HÒT GGHNÒIGN, PHGTFG, RKPFGT WPF SEJYGKPG. 
EZRNK\KV YGTFGP CWEJ HCNVWPIUXGTHCJTGP DGTÒEMUKEJVKIV, FKG DKUJGT PQEJ MGKPG YGKVG VGTDTGK-
VWPI IGHWPFGP JCDGP, DGKURKGNUYGKUG CNVGTPCVKXG HCNVWPIUXGTHCJTGP. IPPGTJCND FGU PTQLGMVU 
DGCTDGKVGV FCU KTBL FGP AURGMV ëUOYGNV WPF VGTHCJTGPUVGEJPKMé 
U. BGKVTCI ACHILLES GV CN.�. 
WPF FCU IPUVKVWV HÒT TKGTUEJWV\ WPF TKGTJCNVWPI FGT FAL FGP AURGMV ëTKGTIGTGEJVJGKVé. ZWT 
DCTUVGNNWPI FGT ÌMQPQOKUEJGP AWUYKTMWPIGP FGT GKP\GNPGP HCNVWPIUXGTHCJTGP YGTFGP CWEJ 
ÌMQPQOKUEJG KGPPITÌ­GP GKPDG\QIGP. 

3 Ans·tze zur Beurteilung der Tiergerechtheit

EU GZKUVKGTGP DGTGKVU XGTUEJKGFGPG KQP\GRVG OKV WPVGTUEJKGFNKEJGP APU·V\GP, FKG \W GKPGT 
BGWTVGKNWPI FGT TKGTIGTGEJVJGKV XQP TKGTJCNVWPIUXGTHCJTGP JGTCPIG\QIGP YGTFGP. ANNG KQP-
\GRVG DGTWJGP \WOGKUV CWH GKPGT VKGN\CJN XGTUEJKGFGPGT IPFKMCVQTGP, WO FKG KQORNGZKV·V FGT 
FCMVQTGP, FKG FKG TKGTIGTGEJVJGKV DGGKPHNWUUGP MÌPPGP, CD\WFGEMGP.

EKP ITQ­GU OGVJQFKUEJGU PTQDNGO UVGNNV FKG GGYKEJVWPI FGT EKP\GNMTKVGTKGP WPF FKG VGTFKEJ-
VWPI FGT EKP\GNDGHWPFG \W GKPGT CDUEJNKG­GPFGP BGWTVGKNWPI FCT. BGUQPFGTU UEJYKGTKI KUV GU 
DGKURKGNUYGKUG, YGPP XQP FGP HCNVWPIUDGFKPIWPIGP RQUKVKXG EHHGMVG CWH GGUWPFJGKVURCTCOG-
VGT WPF PGICVKXG CWH VGTJCNVGPUYGKUGP D\Y. WOIGMGJTV CWUIGJGP. EKP CNNIGOGKP CPGTMCPPVGU 
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WPF GKPJGKVNKEJGU KQP\GRV HÒT FKG BGYGTVWPI FGT TKGTIGTGEJVJGKV GZKUVKGTV \WT\GKV PKEJV. GTWPF-
U·V\NKEJ NCUUGP UKEJ OGJTGTG EDGPGP WPVGTUEJGKFGP, CWH FGPGP FKG TKGTIGTGEJVJGKV DGWTVGKNV 
YGTFGP MCPP. DKGUG GTIGDGP UKEJ CWHITWPF FGT XGTUEJKGFGPGP ZKGNUGV\WPIGP HÒT FKG BGWTVGK-
NWPI XQP HCNVWPIUDGFKPIWPIGP OKVVGNU TKGT DG\QIGPGT IPFKMCVQTGP, FKG SUNDRUM GV CN. 
1999� 
KP DGVTKGDUKPVGTPG ZKGNUGV\WPIGP YKG� SEJYCEJUVGNNGPCPCN[UG, HGTFGPDGUVCPFUDGVTGWWPI WPF 
LGKUVWPIUQRVKOKGTWPI, MKPFGTWPI XQP TKGTXGTNWUVGP UQYKG EPVUEJGKFWPIUJKNHG DGK IPXGUVKVKQ-
PGP WPF CW­GPIGTKEJVGVG ZKGNUGV\WPIGP YKG� EKPJCNVWPI IGUGV\NKEJGT VQTICDGP, VGTINGKEJ XQP 
HCNVWPIUDGFKPIWPIGP \YKUEJGP NCPFYKTVUEJCHVNKEJGP BGVTKGDGP, ÜDGTRTÒHWPI KP MCTMGPRTQ-
ITCOOGP UQYKG FÌTFGTWPI FGT VGTOCTMVWPI WPVGTUEJGKFGV. AWH FKGUGT BCUKU MCPP FKG PCEJHQN-
IGPFG EKPVGKNWPI XQP DKUJGT CPIGYGPFGVGP BGYGTVWPIUXGTHCJTGP \WT TKGTIGTGEJVJGKV IGVTQHHGP 
YGTFGP. DKG GTUVGP APU·V\G HÒT GKPG BGWTVGKNWPI XQP HCNVWPIUXGTHCJTGP UVGNNVGP RTCMVKUEJG 
EXCNWKGTWPIGP XQTJCPFGPGT HCNVWPIUUVTWMVWTGP FCT, DGK FGPGP FKG Einhaltung gesetzlicher 
Standards KO VQTFGTITWPF UVCPF. DGT EKPUCV\ FKGUGT BGWTVGKNWPIUU[UVGOG GTHQNIVG PWT KP GKP-
\GNPGP TKGTJCNVWPIGP \WT FGUVUVGNNWPI XQP CMVWGNNGP PTQDNGOGP KO HKPDNKEM CWH FKG EKPJCNVWPI 
D\Y. VGTDGUUGTWPI IGUGV\NKEJGT SVCPFCTFU 
\. B. CJGEMNKUVG SEJYGKPGOCUV LWK HCPPQXGT, 
1985 WPF CJGEM SEJYGKPGJCNVWPIUXGTQTFPWPI BICKER, 1992�. DCU HCWRVCTDGKVUKPUVTWOGPV 
DKNFGVGP CJGEMNKUVGP HÒT FGP SVCNN. BGTGKVU YGKVGT IGHCUUV KUV FCU KQP\GRV FGT UQ IGPCPPVGP on�
farm�Bewertungen oder BetrieDsDeurteilungen. BGK FKGUGP RTCMVKUEJGP BGYGTVWPIUMQP\GRVGP 
YKTF KP GKP\GNPGP BGVTKGDGP FKG TKGTIGTGEJVJGKV CPJCPF XQP UGJT XKGNGP KTKVGTKGP DGWTVGKNV. DKG 
KTKVGTKGP UKPF FCDGK UQYQJN TKGT 
\. B. SEJ·FGP CP FGP TKGTGP� CNU CWEJ TGEJPKM DG\QIGP 
\. B. 
EKPJCNVWPI HGUVIGNGIVGT MKPFGUVOC­G� WPF DGTÒEMUKEJVKIGP CWEJ FCU MCPCIGOGPV 
\. B. EKPJCN-
VWPI XQP PTQRJ[NCZGOC­PCJOGP \WT TKGTIGUWPFJGKV�. BGYGTVWPIGP FKGUGT ATV NCUUGP AWUUCIGP 
ÒDGT FKG TKGTIGTGEJVJGKV KP GKPGO URG\KHKUEJGP BGVTKGD QFGT KP GKPGO SVCNN \W. GGPWV\V YGTFGP 
MÌPPGP UQNEJG KQP\GRVG CWEJ HÒT GKPG PTQFWMVKQP DGINGKVGPFG 3WCNKV·VUMQPVTQNNG. ANU BGKURKGNG 
NCUUGP UKEJ FKG XGTUEJKGFGPGP TKGTIGTGEJVJGKVUKPFKEGU 
TGI 200 SUNDRUM GV CN., 1994; TGI 35L 
BARTUSSEK, 1995  WPF TGI-FHR MATTHES GV CN., 1999� UQYKG KQP\GRVG FKG OKV MTKVKUEJGP KQP-
VTQNNRWPMVGP 
CCPçU� CTDGKVGP 
BORELL GV CN., 2001, 2002� QFGT CWEJ CNWUVGT-S[UVGOG 
CALAMARI

GV CN., 2003� PGPPGP. MKVJKNHG XQP PrÒf� und ReferenzXerfahren YGTFGP GKP\GNPG TKGTJCNVWPIU-
XGTHCJTGP QFGT CWEJ URG\KGNNG HCNVWPIUGKPTKEJVWPIGP CPJCPF XGTUEJKGFGPGT IPFKMCVQTGP DGWT-
VGKNV. ANU BGWTVGKNWPIUITWPFNCIG FKGPGP XQTJCPFGPG YKUUGPUEJCHVNKEJG ETMGPPVPKUUG, IGUKEJGTVG 
RTCMVKUEJG ETHCJTWPIGP QFGT GZGORNCTKUEJG YKUUGPUEJCHVNKEJG UPVGTUWEJWPIGP. DKG ETIGDPKUUG 
YGTFGP CWH INGKEJG QFGT UGJT ·JPNKEJG HCNVWPIUXGTHCJTGP QFGT -GKPTKEJVWPIGP XGTCNNIGOGKPGTV. 
MKV UQNEJGP BGYGTVWPIUMQP\GRVGP YGTFGP IGYKUUGTOC­GP ëC RTKQTKé AWUUCIGP ÒDGT FKG TKGT-
IGTGEJVJGKV XQP HCNVWPIUU[UVGOGP D\Y. -GKPTKEJVWPIGP IGOCEJV. SKG UKPF FCOKV HÒT IPXGUVKVK-
QPUHÌTFGTOC­PCJOGP UQYKG HÒT GGPGJOKIWPIGP WPF ZWNCUUWPIGP IGGKIPGV. BGKURKGNG JKGTHÒT 
UKPF FKG ëDLG-PTÒHWPIé 
HESSE GV CN., 2000 WPF HESSE GV CN., 1999� WPF FCU ëPTÒH- WPF ZWNCU-
UWPIUXGTHCJTGPé 
\. B. KP FGT SEJYGK\�. IP S[UVGOGP \WT ÒDGTITGKHGPFGP VGTHCJTGPUDGYGTVWPI, 
FKG JCWRVU·EJNKEJ FGT EKPJCNVWPI FGT IGUGV\NKEJGP MKPFGUVUVCPFCTFU FKGPGP UQYKG FGT ÜDGTRTÒ-
HWPI HTGKYKNNKIGT BGUVKOOWPIGP XQP VGTOCTMVWPIUQTICPKUCVKQPGP, FKG ÒDGT FGP IGUGV\NKEJGP 
SVCPFCTF JKPCWUIGJGP, YKTF KP FGP 3WCNKV·VUCPHQTFGTWPIGP XGTOGJTV OKV FGT GGY·JTNGKUVWPI 
JQJGT TKGTUEJWV\-SVCPFCTFU IGYQTDGP. ANNGTFKPIU YGTFGP TKGT DG\QIGPG IPFKMCVQTGP QHV PWT 
CWUUEJPKVVCTVKI CWH FGO NKXGCW IGUGV\NKEJ XQTIGUEJTKGDGPGT MKPFGUVUVCPFCTFU 
\. B. 3UALITÄT

UND SICHERHEIT, 2002� KP FGP KQPVTQNNNKUVGP DGTÒEMUKEJVKIV. DKG MÌINKEJMGKV FGU EKPUCV\GU 
theoretischer Modelle aus der Nutztierethologie YWTFG DGTGKVU UGJT HTÒJ\GKVKI HÒT FKG BGYGT-
VWPI FGT TKGTIGTGEJVJGKV XQP HCNVWPIUDGFKPIWPIGP ÒDGTRTÒHV 
\. B. HCPFNWPIUDGTGKVUEJCHVU-
OQFGNN BUCHHOLTZ, 1993 WPF BGFCTHUFGEMWPIU- WPF SEJCFGPUXGTOGKFWPIUMQP\GRV DVG, 
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1993�. EKPG XGTINGKEJGPFG ÜDGTUKEJV WPF WOHCUUGPFG KTKVKM JKPUKEJVNKEJ KJTGT EKIPWPI HÒT 
GVJQNQIKUEJG BGYGTVWPIUMQP\GRVG ICDGP RICHTER WPF STRAUB 
2000�. MKVVNGTYGKNG YWTFGP 
CWEJ KP CPFGTGP WKUUGPUEJCHVUFKU\KRNKPGP YKG FGT Ethik 
\. B. EVJKUEJGU BGYGTVWPIUOQFGNN 
BUSCH WPF KUNZMANN, 2004� WPF ÒDGT emRirische Anal[sen 
\. B. CQPLQKPV-APCN[UG MÜLLER

WPF SCHMITZ, 2002� YGKVGTG APU·V\G HÒT BGWTVGKNWPIUXGTHCJTGP GPVYKEMGNV. ErgeDnisorientierte 
Bewertungen PWV\GP ÒDGTYKGIGPF TKGT DG\QIGPG IPFKMCVQTGP, WO TGVTQURGMVKX FKG AWUYKTMWP-
IGP FGT HCNVWPI CWH FKG TKGTG \W DGWTVGKNGP. SQ YGTFGP GVYC SEJNCEJVMÌTRGTDGHWPFG GTJQDGP 
WPF AWH\GKEJPWPIGP ÒDGT TKGTXGTNWUVG CWUIGYGTVGV. SQNEJ GKP BGYGTVWPIUMQP\GRV YKTF DGK-
URKGNUYGKUG KP SEJYGFGP KP FGT BTQKNGTJCNVWPI 
ALGERS CPF BERG, 2001� GKPIGUGV\V, YQ UKEJ FKG 
\WN·UUKIG BGUCV\FKEJVG PCEJ FGP SEJNCEJVDGHWPFGP TKEJVGV. DKG APYGPFWPI FGT XQTIGUVGNNVGP 
BGYGTVWPIUU[UVGOG MCPP FWTEJ FGP TKGTJCNVGT KO RCJOGP FGT DGVTKGDNKEJGP EKIGPMQPVTQNNG, 
FWTEJ OTICPKUCVKQPGP WPF VGTD·PFG KO RCJOGP FGT 3WCNKV·VUMQPVTQNNG, FWTEJ PGWVTCNG PTÒH-
HKTOGP QFGT CWEJ OKVJKNHG YKUUGPUEJCHVNKEJGT UPVGTUWEJWPIGP \W URG\KGNNGP FTCIGUVGNNWPIGP 
GTHQNIGP. DGT ëNCVKQPCNG BGYGTVWPIUTCJOGPé KUV GKP ÒDGTITGKHGPFGU, VJGQTGVKUEJGU BGYGT-
VWPIUXGTHCJTGP, FCU FGP DKUJGT DGMCPPVGP SVCPF FGT BGYGTVWPI XQP TKGTJCNVWPIUXGTHCJTGP 
DGTÒEMUKEJVKIV WPF CWEJ CNU GTWPFNCIG HÒT QP-HCTO-BGYGTVWPIGP UQYKG PTÒH- WPF ZWNCUUWPIU-
XGTHCJTGP FKGPGP MCPP.

4 ErgeDnisse und weiteres Vorgehen

IP FGT GTUVGP PJCUG FGU PTQLGMVU GTHQNIVG \WP·EJUV FKG SCOONWPI XQP DCVGP WPF SVCVKUVK-
MGP \WT VGTDTGKVWPI FGT KP DGWVUEJNCPF XGTYGPFGVGP HCNVWPIUXGTHCJTGP. DCPCEJ YWTFGP 
IGOGKPUCO OKV FGP DGINGKVGPFGP EZRGTVKPPGP WPF EZRGTVGP KPUIGUCOV 138 HCNVWPIUXGTHCJTGP 
CWUIGY·JNV, FKG FGVCKNNKGTV DGUEJTKGDGP YWTFGP WPF HÒT FKG GKPG BGYGTVWPI FGU IGUCOVGP VGT-
HCJTGPU GTHQNIGP UQNN. BGTÒEMUKEJVKIV YGTFGP 40 HCNVWPIUXGTHCJTGP HÒT GGHNÒIGN, 7 HÒT PHGTFG, 
48 HÒT RKPFGT WPF 43 HÒT SEJYGKPG. BGK FGT AWUYCJN FGT HCNVWPIUXGTHCJTGP YWTFGP UQYQJN 
MQPXGPVKQPGNNG D\Y. UVCTM XGTDTGKVGVG CNU CWEJ DGUQPFGTU \WMWPHVUVT·EJVKIG D\Y. DKUJGT YGPKI 
XGTDTGKVGVG HCNVWPIUXGTHCJTGP DGTÒEMUKEJVKIV.

UO FCTÒDGT JKPCWU FKG VKGNHCNV FGT HCNVWPIUXGTHCJTGP DGTÒEMUKEJVKIGP \W MÌPPGP, YWTFG 
GKPG DCVGPDCPM CPIGNGIV, FKG OQFWNCTVKI CWHIGDCWV KUV. EPVUEJGKFGPFGU ENGOGPV KO AWHDCW 
UKPF FKG MQFWNDGTGKEJG 
MB�. BKUJGT YWTFGP 42 MB HGUVIGNGIV, FKG UKEJ ÒDGTYKGIGPF CP FGP 
FWPMVKQPUDGTGKEJGP FGU VGTJCNVGPU 
LCWH- WPF LKGIGDGTGKEJ�, FGT AWUHÒJTWPI FGU VGTJCNVGPU 

\. B. BGUEJ·HVKIWPI�, FGT DCWNKEJGP GTWPFCWUUVCVVWPI KO HCNVWPIUXGTHCJTGP 
\. B. AWHDCW FGT 
BWEJVGP, BQZGP, K·HKIG WUY.� WPF CP FGP XGTHCJTGPUVGEJPKUEJGP GGIGDGPJGKVGP 
\. B. FÒV-
VGTWPIU- WPF MGNMVGEJPKM� QTKGPVKGTGP. IP TCDGNNG 1 KUV FKG SVTWMVWT FGT DCVGPDCPM CP GKPGO 
UGJT UVCTM XGTGKPHCEJVGP BGKURKGN  HÒT FKG SEJYGKPGJCNVWPI FCTIGUVGNNV. 

TCD. 1� AWHDCW FGU BGYGTVWPIUTCJOGPU 
Structure of the assessment system
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DKG GGUCOVJGKV FGT BGUEJTGKDWPI FWTEJ MQFWNDGTGKEJ, MQFWN WPF MQFWNCWURT·IWPI UQNNVG 
CNNG DCWNKEJGP VCTKCPVGP UWDUWOKGTGP, FKG KPPGTJCND GKPGU HCNVWPIUXGTHCJTGPU KP FGT PTCZKU 
CWHVTGVGP MÌPPGP. IP FGT zweiten Phase YWTFG GKP BGYGTVWPIUMQP\GRV CWHIGUVGNNV, OKV FGUUGP 
HKNHG FKG BGYGTVWPI FGT VGTHCJTGP GTHQNIGP UQNN. HCWRVDGUVCPFVGKN KUV GKPG IPFKMCVQTGPNKUVG OKV 
FGT FKG GKP\GNPGP EDGPGP FGT HCNVWPIUXGTHCJTGP ä KO HKPDNKEM CWH KJTGP FKTGMVGP EKPHNWUU CWH 
FCU TKGT ä GXCNWKGTV YGTFGP. DCDGK YWTFGP UQYQJN GVJQNQIKUEJG CNU CWEJ MNKPKUEJG IPFKMCVQ-
TGP DGTÒEMUKEJVKIV. BGK FGP GVJQNQIKUEJGP IPFKMCVQTGP N·UUV UKEJ DGYGTVGP, YKG UKEJ FKG URG-
\KHKUEJGP DCWNKEJ-VGEJPKUEJGP EKIGPJGKVGP FGT HCNVWPIUXGTHCJTGP CWH FKG MÌINKEJMGKVGP \WT 
AWUÒDWPI FGU VGTJCNVGPU CWUYKTMGP D\Y. QD WPF YKG UVCTM FCU NQTOCNXGTJCNVGP DGGKPVT·EJ-
VKIV YKTF. DKGUG IPFKMCVQTGP TGRT·UGPVKGTGP GUUGPVKGNNG VGTJCNVGPUYGKUGP, FKG KO RCJOGP FGT 
FWPMVKQPUMTGKUG FGU VGTJCNVGPU CWUIGHÒJTV YGTFGP. BGK FGP MNKPKUEJGP IPFKMCVQTGP 
\. B. VGT-
JCNVGPUUVÌTWPIGP, MQTDKFKV·V, MQTVCNKV·V� YGTFGP HÒT FKG XGTUEJKGFGPGP HCNVWPIUXGTHCJTGP PWT 
RKUKMGP, DGKURKGNUYGKUG HÒT FCU AWHVTGVGP XQP ETMTCPMWPIGP, CPIGIGDGP, FC FKGUG MNKPKUEJGP 
IPFKMCVQTGP ÒDGTYKGIGPF FWTEJ FCU MCPCIGOGPV DGGKPHNWUUV YGTFGP. ODYQJN FCU MCPCIG-
OGPV KP LGFGO HCNVWPIUXGTHCJTGP KOOGT GKPGP UGJT ITQ­GP EKPHNWUU CWH FKG TKGTIGTGEJVJGKV 
JCV, MCPP GU KO NCVKQPCNGP BGYGTVWPIUTCJOGP PKEJV DGTÒEMUKEJVKIV YGTFGP, FC MGKPG GKP\GN-
DGVTKGDNKEJGP ETJGDWPIGP GTHQNIGP MÌPPGP WPF UQNNGP. IPPGTJCND FGU BGYGTVWPIUTCJOGPU 
YKTF FCJGT IGPGTGNN FKG EKPJCNVWPI FGT ëGWVGP HCEJNKEJGP PTCZKUé HÒT FCU LGYGKNKIG HCNVWPIU-
XGTHCJTGP CNU ëIGIGDGPé WPVGTUVGNNV. NCEJ MÌINKEJMGKV UQNNGP KP FGP BGYGTVWPIUTCJOGP CWEJ 
HKPYGKUG CWH FKG GWVG HCEJNKEJG PTCZKU IGIGDGP YGTFGP. 

GTWPFNCIG HÒT FKG CDUEJNKG­GPFG BGYGTVWPI FGT HCNVWPIUXGTHCJTGP, FKG GTUV KP FGT dritten 
Phase CNU UGRCTCVG TGKNCWHICDG FGU PTQLGMVU GTHQNIGP UQNN, YGTFGP YKUUGPUEJCHVNKEJG ETMGPPV-
PKUUG UQYKG IGUKEJGTVG RTCMVKUEJG ETHCJTWPIGP ÒDGT FKG GKP\GNPGP HCNVWPIUXGTHCJTGP UGKP.
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Einflussfaktoren auf Gas� und SchweDstauDkonzentrationen in 
Pferdest·llen mit Einzelhaltung in BoZen
+nfNWences on gCs Cnd CirDorne dWst concentrCtions in stCNNs for singNe 
JoWsed Jorses

ENGEL F� HESSEL1, KATHRIN FLEMING1, HERMAN VAN DEN WEGHE2

1  IPUVKVWV HÒT AITCTVGEJPKM FGT GGQTI-AWIWUV-UPKXGTUKV·V GÌVVKPIGP, GWVGPDGTIUVT. 33, D-37075 GÌVVKPIGP 

2  FQTUEJWPIU- WPF SVWFKGP\GPVTWO HÒT VGTGFGNWPIUYKTVUEJCHV WGUGT-EOU FGT GGQTI-AWIWUV-UPKXGTUKV·V 
GÌVVKPIGP, UPKXGTUKV·VUUVT. 7, D-49364 VGEJVC, 

SchlÒsselwÌrter� Pferd, Ammoniak, SchweDstauD 
-e[Yords� *orse� CmmoniC� CirDorne dWst

<WsCmmenfCssWng 

Ziel dieser Untersuchung war es, Einflussfaktoren auf die Luftqualität in Pferdeboxen zu 
schätzen. Über einen Messzeitraum von acht Wochen wurden sowohl die Gaskonzen-
trationen von Ammoniak, Lachgas, Methan, Kohlendioxid und Wasserdampf als auch 
Schwebstaubkonzentrationen kontinuierlich online erfasst. Die Ammoniakkonzentrationen 
im Tagesverlauf waren durch zwei Anstiege gekennzeichnet, die mit den Fütterungen am 
Mittag und am Abend konform gingen. Der Messpunkt beeinflusste die Ammoniakkonzent-
rationen, sowohl zwischen als auch innerhalb der Boxen konnten signifikante Unterschiede 
nachgewiesen werden. Dem 1�-tägigen Entmistungsintervall konnte kein nachweisbarer 
Einfluss auf die Ammoniakkonzentrationen in der Stalluft zugeordnet werden. Jedoch wurde 
nach dem Entmisten über einen Zeitraum von 2� Stunden stark erhöhte Schwebstaubkonzen-
trationen festgestellt. Das tägliche Einstreuen der Boxen verursachte einen rapiden Anstieg 
der Schwebstaubkonzentratration in der Stallluft. Durch das ¤ffnen der Boxenfenster wäh-
rend der Einstreuzeiten konnte dieser Anstieg deutlich um �0 � reduziert werden. 

SWmmCr[

The aim of this investiagation was to evaluate the influences on air quality in horse stalls. 
Over a time period of eight weeks concentrations of ammonia, carbon dioxide, nitrous oxide, 
methane and water vapor as well as airborne dust were measured online continuously. The 
diurnal was characterised by two peaks, which were constistent with the feedings in the 
noontime and evening. The measuring point influenced in ammonia concentrations, sig-
nificant differences were observed within as well as between the stalls. The 1� day interval 
between mucking outs did not affect the ammonia concentration. However, after mucking 
out clearly higher airborne dust concentrations were detected over a time period of 2� hours. 
The interspersion of straw in the stalls led to a rapid increase of airborne dust. By opening 
of the stalls windows during interspersion of straw airborne dust concentrations could be 
reduced by �0 �. 
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1 Einleitung

DKG HCNVWPI XQP SRQTV- WPF FTGK\GKVRHGTFGP KUV OKV GKPGO SVCNNCWHGPVJCNV GPI XGTDWPFGP. 
BGUQPFGTU FKG HCNVWPI KP EKP\GNDQZGP GTOÌINKEJV GKPG KPFKXKFWGNNG FÒVVGTWPI WPF BGVTGWWPI 
FGT PHGTFG, GKPG UV·PFKIG VGTHÒIDCTMGKV WPF GKPG GKPHCEJG TKGTMQPVTQNNG UQYKG GKPGP SEJWV\ 
XQT IGIGPUGKVKIGP VGTNGV\WPIGP. 

DGT\GKV NGDGP OGJT CNU 1 MKQ. PHGTFG KP DGWVUEJNCPF 
DEUTSCHE REITERLICHE VEREINIGUNG, 
2003�. XQP FGPGP FGT ÒDGTYKGIGPFG APVGKN UQYQJN KO SRQTV- CNU CWEJ KO ZWEJV- WPF FTGK\GKV-
DGTGKEJ KP IPPGPDQZGP QJPG FGPUVGT IGJCNVGP YGTFGP. 

KORRIES 
2003� DGUV·VKIV FKGU KP UGKPGT SVWFKG, DGK FGT GT 60 XGTUEJKGFGPG RHGTFGJCNVGPFG 
BGVTKGDG KP NKGFGTUCEJUGP JKPUKEJVNKEJ FGT TKGTIGTGEJVJGKV DGK WPVGTUEJKGFNKEJGP HCNVWPIU-
DGFKPIWPIGP WPVGTUWEJV WPF DGYGTVGV� DKG J·WHKIUVG HCNVWPIUHQTO KUV OKV 63 � FKG EKP\GN-
JCNVWPI KP IPPGPDQZGP 
QJPG FGPUVGT�, 31 � FGT PHGTFG UVGJGP KP AW­GPDQZGP 
OKV FGPUVGT�, 
WPF 6 � YGTFGP KP LCWHUV·NNGP IGJCNVGP.

FÒT FKG GGUWPFJGKV FGU PHGTFGU URKGNV FKG LWHVSWCNKV·V KO SVCNN GKPG YKEJVKIG RQNNG, FC FGT 
AVOWPIUCRRCTCV FGT PHGTFG DGUQPFGTU GORHKPFNKEJ IGIGP SVCWD WPF SEJCFICUG KUV. VQT CNNGO 
FKG EKP\GNJCNVWPI KP IPPGPDQZGP YKTF HÒT XKGNG AVGOYGIUGTMTCPMWPIGP DGK PHGTFGP XGTCPV-
YQTVNKEJ IGOCEJV. DCJGT KUV GKPG IGPCWG UPVGTUWEJWPI FKGUGU HCNVWPIUU[UVGOU JKPUKEJVNKEJ 
FGT LWHVSWCNKV·V XQP DGUQPFGTGT BGFGWVWPI.

2 Tiere, Material und Methoden

DKG UPVGTUWEJWPIGP \WT BGYGTVWPI FGT LWHVSWCNKV·V KP PHGTFGUV·NNGP OKV EKP\GNJCNVWPI YGT-
FGP CWH FGT 1997 GTDCWVGP RGKVCPNCIG FGU PHGTFURQTVXGTDCPFGU WGUGT-EOU, FGT LCPFGUTGKV- 
WPF FCJTUEJWNG KP VGEJVC, FWTEJIGHÒJTV. DKG MGUUWPIGP GTHQNIVGP ÒDGT GKPGP ZGKVTCWO XQP 
CEJV WQEJGP. SKG DGICPPGP CO 24.2.2004 WPF GPFGVGP CO 19.4.2004.

DGT VGTUWEJUUVCNN KUV 9,50 O DTGKV, 38,60 O NCPI WPF JCV GKPG FKTUVJÌJG XQP 6 O 
HÌJG FGT 
SGKVGPY·PFG DGVT·IV 3,10 O�. DCU IGUCOVG LWHVXQNWOGP FGU SVCNNGU DGVT·IV EC. 1668 Ox. IO 
SVCNN DGHKPFGP UKEJ CWH LGFGT SGKVG 11 BQZGP, FKG LGYGKNU OKV GKPGO AW­GPHGPUVGT CWUIGUVCVVGV 
UKPF. DCU LWHVXQNWOGP RTQ PHGTF DGVT·IV EC. 76 Ox.

ANU KTCHVHWVVGT YKTF FTGKOCN CO TCI EC. 1 MI HCHGT-GGTUVGPIGOKUEJ LG PHGTF 
IGSWGVUEJV� 
IGHÒVVGTV. MQTIGPU DGMQOOV LGFGU FKG PHGTFG \WU·V\NKEJ GVYC 0,5 MI MÌJTGP. ANU RCWHWVVGT 
UVGJV APYGNMUKNCIG KP RWPFDCNNGP \WT VGTHÒIWPI. EU YKTF OKV WPIGJ·EMUGNVGO RQIIGPUVTQJ 
CWU ITQ­GP 3WCFGTDCNNGP GKPIGUVTGWV. JG PCEJ WGVVGTNCIG YGTFGP FKG FGPUVGT KP FGP BQZGP 
XQP EC. 9.00ä18.00 UJT IGÌHHPGV. DGT IGUCOVG SVCNN YKTF CNNG \YGK WQEJGP CWUIGOKUVGV. DKG 
BQZGP YGTFGP LGFGP TCI PCEJIGUVTGWV, WPF GU YKTF Y·JTGPF FGT XKGT\GJP TCIG \YKUEJGP 
FGO AWUOKUVGP MGKP MKUV GPVHGTPV.

FÒT FKG UPVGTUWEJWPIGP UVGJGP FTGK BQZGP \WT VGTHÒIWPI, FKG UKEJ KP FGT MKVVG FGU SVCN-
NGU CWH FGT TGEJVGP SGKVG DGHKPFGP. IP FGT OKVVNGTGP FKGUGT FTGK BQZGP, KP FGT UKEJ Y·JTGPF 
FGT MGUURGTKQFG MGKP PHGTF DGHKPFGV 
MGUUDQZ�, YKTF FKG DGPÌVKIVG MGUUVGEJPKM CWHIGDCWV. 
BGK FGT MGUUVGEJPKM JCPFGNV GU UKEJ WO FCU ITCXKOGVTKUEJ OGUUGPFG SEJYGDUVCWDIGT·V 
TEOM 
PM 10-FTCMVKQP� FGT FKTOC RWRRTGEJV WPF PCVCUJPKEM CQORCP[ 
USA� WPF FGP 
MWNVKICUOQPKVQT 1302 WPF FGP MWNVKRNGZGT 1303 FGT FKTOC BTÒJN � KLCGT 
D·PGOCTM�. DKG 
SEJYGDUVCWDMQP\GPVTCVKQPGP YGTFGP FKTGMV KP FGT MGUUDQZ MQPVKPWKGTNKEJ QPNKPG GTJQDGP. 
FÒT FKG KQP\GPVTCVKQPUOGUUWPIGP XQP AOOQPKCM, KQJNGPFKQZKF, MGVJCP, LCEJICU WPF WCU-
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UGTFCORH YGTFGP MGUUNGKVWPIGP KP FKG DGKFGP DGPCEJDCTVGP VGTUWEJUDQZGP, BQZ 1 WPF BQZ 
2, XGTNGIV. IP LGFGT FKGUGT BQZ YKTF CP \YGK MGUURWPMVGP, KP 1,50 O HÌJG 
NÒUVGTPJÌJG FGU 
PHGTFGU� WPF KP 0,50 O HÌJG, FKTGMV ÒDGT FGT MKUVOCVTCV\G, FKG GCUMQP\GPVTCVKQP MQPVKPW-
KGTNKEJ QPNKPG GTHCUUV. AW­GTFGO YGTFGP CP FGT AW­GPYCPF FGU SVCNNGU WPF LGYGKNU KP FGP 
DGKFGP MGUUDQZGP MGUUHÒJNGT 
TKP[ TCI� CPIGDTCEJV, FKG ÒDGT FGP IGUCOVGP VGTUWEJU\GKV-
TCWO FKG LWHVVGORGTCVWT WPF FKG TGNCVKXG LWHVHGWEJVG CWH\GKEJPGP. DKG V·INKEJGP AMVKXKV·VGP 
KO SVCNN YGTFGP CP CNNGP VGTUWEJUVCIGP KP TCIGURTQVQMQNNGP PQVKGTV. IO FQNIGPFGP YKTF CWH 
FKG AOOQPKCM WPF SEJYGDUVCWDOGUUWPIGP P·JGT GKPIGICPIGP.

2�1 Statistische Auswertung 

FÒT FKG UVCVKUVKUEJG BGTGEJPWPI UVGJGP KPUIGUCOV 8764 AOOQPKCMOGUUYGTVG \WT VGTHÒIWPI, 
FGTGP AWUYGTVWPI PCEJ TTCPUHQTOCVKQP KP GKPG NQTOCNXGTVGKNWPI OKV FGT PTQ\GFWT GLM 
FGU SAS- PTQITCOOU GTHQNIV. HKGTDGK YGTFGP FKG EKPHNÒUUG HKZGT EHHGMVG, IPVGTCMVKQPGP WPF 
RGITGUUKQPGP CWH FKG GCUMQP\GPVTCVKQPGP IGUEJ·V\V. ANU HKZG EHHGMVG IGNVGP FGT MGUURWPMV, 
FKG MGUUDQZ, FGT WQEJGPVCI, FKG TCIGU\GKV, FCU ÖHHPGP FGT FGPUVGT, FKG WQEJG WPF FCU MKUV-
KPVGTXCNN. IPVGTCMVKQPGP DGUVGJGP \YKUEJGP MGUURWPMV WPF MGUUDQZ, ÖHHPGP FGT FGPUVGT WPF 
WQEJGPVCI, WQEJGPVCI WPF MKUVKPVGTXCNN, TCIGU\GKV WPF FGPUVGT UQYKG TCIGU\GKV, MGUURWPMV 
WPF MGUUDQZ. ANU CQXCTKCDNG YGTFGP FKG IPPGPNWHVVGORGTCVWT WPF FKG TGNCVKXG LWHVHGWEJVG KO 
SVCNN DGTÒEMUKEJVKIV.

DKG UVCVKUVKUEJG AWUYGTVWPI FGT 2639 SEJYGDUVCWDYGTVG GTHQNIVG GDGPHCNNU PCEJ TTCPUHQT-
OCVKQP KP GKPG NQTOCNXGTVGKNWPI OKV HKNHG FGT PTQ\GFWT GLM. ANU HKZG EHHGMVG YWTFGP FGT 
WQEJGPVCI, FKG TCIGU\GKV, FCU ÖHHPGP FGT FGPUVGT, FKG VGTUWEJUYQEJG, MKUVKPVGTXCNN WPF 
FKG LWHVVGORGTCVWT DGTÒEMUKEJVKIV. IPVGTCMVKQPGP DGUVCPFGP \YKUEJGP TCIGU\GKV WPF VGTUWEJU-
YQEJG UQYKG TCIGU\GKV WPF MKUVKPVGTXCNN. DKG TGNCVKXG IPPGPNWHVHGWEJVG YWTFG CNU CQXCTKCDNG 
KO MQFGNN DGTÒEMUKEJVKIV. 

3 ErgeDnisse und Diskussion

3�1 Ammoniak

DKG KP FGO VGTUWEJU\GKVTCWO IGOGUUGPGP AOOQPKCMYGTVG NKGIGP KP GKPGO BGTGKEJ XQP 
0,41 OI�Ox DKU 88,33 OI�Ox. DGT MKVVGNYGTV FGT 8764 IGOGUUGPGP WGTVGP NKGIV DGK 
1,92 OI�Ox 
2,76 RRO� OKV GKPGT SVCPFCTFCDYGKEJWPI XQP 2,93OI�Ox. DGT GTGP\YGTV HÒT 
AOOQPKCM KO PHGTFGUVCNN DGVT·IV 6,96 OI�Ox 
10 RRO� 
BMVEL, 1995�. ÜDGT FKGUGO NKGIGP 
2,12 � FGT GTOKVVGNVGP WGTVG, XQP FGPGP 2,1 � CO TCI WPF 0,02 � KP FGT NCEJV HGUVIGUVGNNV 
YGTFGP. DKG ÒDGT FGP ZGKVTCWO XQP 56 TCIGP GTOKVVGNVGP HCNDUVWPFGPOKVVGNYGTVG YKGUGP 
KPPGTJCND FGT VGTUWEJUVCIG GKP FGWVNKEJ ITÌ­GTG VCTKCP\ CWH CNU \YKUEJGP FGP TCIGP. DGP 
ITÌ­VGP EKPHNWUU CWH FKG NH3-KQP\GPVTCVKQP MCPP KP FKGUGT UPVGTUWEJWPI FGO MGUURWPMV 
\WIGYKGUGP YGTFGP. IP TCDGNNG 1 YGTFGP MKVVGNYGTVG, SVCPFCTFCDYGKEJWPI, VCTKCVKQPUMQGH-
HK\KGPV, MKPKOWO WPF MCZKOWO KP ADJ·PIKIMGKV XQP FGP XKGT MGUURWPMVGP FCTIGUVGNNV. DKG 
OKVVNGTGP AOOQPKCMMQP\GPVTCVKQPGP KP BQZ 1 
MGUURWPMV 1 WPF 2� UKPF JÌJGT CNU KP BQZ 2 

MGUURWPMV 3 WPF 4�. UPVGTUEJKGFG \YKUEJGP FGP DGKFGP MGUURWPMVGP KPPGTJCND FGT BQZ 
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QDGP WPF WPVGP DGUVGJGP PWT KPPGTJCND FGT BQZ 1. DGT MKVVGNYGTV CP MGUURWPMV 1 NKGIV OKV 
2,46 OI�Ox 20 � ÒDGT FGO CP MGUURWPMV 2 OKV 1,94 OI�Ox.

TCD. 1� MKVVGNYGTV, SVCPFCTFCDYGKEJWPI, VCTKCVKQPUMQGHHK\KGPV, MKPKOWO WPF MCZKOWO FGT NH3-KQP\GPVTC-
VKQPGP KP ADJ·PIKIMGKV XQO MGUURWPMV 

n x̄ (mg/m³) s (mg/m³) CV (%) Min (mg/m³) Max (mg/m³)

Messpunkt 1 2195 2,46 4,98 202,44 0,52 88,33

Messpunkt 2 2194 1,94 1,97 101,55 0,49 41,4

Messpunkt 3 2190 1,64 1,91 116,46 0,41 48,92

Messpunkt 4 2185 1,64 1,26 76,83 0,46 18,09

n, Anzahl der Werte; x̄, Mittelwert; s, Standardabweichung; CV, Variationskoeffizient; Min, Minimum; 
Max, Maximum; Messpunkt 1, Box 1 unten; Messpunkt 2, Box 1 oben; Messpunkt 3, Box 2 unten; 
Messpunkt 4, Box 2 oben.

DKG AOOQPKCMMQP\GPVTCVKQPGP YGKUGP GKPGP V[RKUEJG TCIGUXGTNCWH OKV \YGK APUVKGIGP 
WO 11.30 UJT WPF 17.30 UJT CWH, FKG MQPHQTO OKV FGT MKVVCIU- WPF ADGPFHÒVVGTWPI IGJGP 

ADDKNFWPI1�. BGK FGO MGUURWPMV 1 KUV FGWVNKEJ FGT JÌEJUVG PGCM \W GTMGPPGP. HKGT YGTFGP 
Y·JTGPF FGT VGTUWEJURJCUG \WT ADGPFHÒVVGTWPIU\GKV FWTEJUEJPKVVNKEJG AOOQPKCMMQP\GP-
VTCVKQPGP XQP MPCRR 14 OI�Ox HGUVIGUVGNNV. IP FGT ZGKV CW­GTJCND FGT DGKFGP APUVKGIG UKPF 
MCWO UPVGTUEJKGFG \YKUEJGP FGP XKGT KCP·NGP \W XGT\GKEJPGP. DKG MGUUYGTVG NKGIGP CNNG 
INGKEJO·­KI CWH GKPGO PKGFTKIGP NKXGCW. DKG MGUURWPMVG 1 WPF 3 DGHKPFGP UKEJ KP FGP 
VGTUWEJUDQZGP WPVGP FKTGMV ÒDGT FGT MKUVOCVTCV\G, Y·JTGPF FKG MGUURWPMVG 2 WPF 4 QDGP 
CWH HÌJG FGU PHGTFGMQRHGU CPIGDTCEJV UKPF. HÌJGTG AOOQPKCMYGTVG CP FGP WPVGTGP MGUU-
RWPMVGP NCUUGP UKEJ FWTEJ FKG NH3-BKNFWPI WPF -FTGKUGV\WPI GTMN·TGP. AOOQPKCM YKTF FWTEJ 
GP\[OCVKUEJG HCTPUVQHHURCNVWPI IGDKNFGV, FKGUGT GPVUVGJV KO SVCNN JCWRVU·EJNKEJ CNU ZGTUGV-
\WPIURTQFWMV XQP SVKEMUVQHHXGTDKPFWPIGP KP FGP EZMTGOGPVGP. DCJGT NKGIGP FKG JÌEJUVGP 
AOOQPKCMMQP\GPVTCVKQPGP KO SVCNN KP FGT RGIGN CO BQFGP ÒDGT FGO MKUV 
EUBEL, 2004�.

ADD. 1� MKVVNGTG AOOQPKCMMQP\GPVTCVKQPGP Y·JTGPF FGU VGTUWEJU\GKVTCWOGU KP ADJ·PIKIMGKV XQP FGT TCIGU-
\GKV WPF FGO MGUURWPMV. MGUURWPMV 1, BQZ 1 WPVGP; MGUURWPMV 2, BQZ1 QDGP; MGUURWPMV 3, BQZ 2 WPVGP; 
MGUURWPMV 4, BQZ 2 QDGP.

DKG KO VGTINGKEJ \W BQZ 2 YGKVCWU JÌJGTGP NH3-KQP\GPVTCVKQPGP KP BQZ 1 UKPF PKEJV GKPFGW-
VKI \W GTMN·TGP. DC FKG BGFKPIWPIGP JKPUKEJVNKEJ FGT PHGTFG, FGU FWVVGTU WPF FGT EKPUVTGW KP 
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DGKFGP BQZGP INGKEJ UKPF, MÌPPVG JKGT GKPGTUGKVU FCU TKGTXGTJCNVGP GKPG GPVUEJGKFGPFG RQNNG 
URKGNGP. EU YKTF XGTOWVGV, FCUU FCU PHGTF KP BQZ 1 UKEJ FGWVNKEJ WPTWJKIGT XQT FGT FÒVVGTWPI 
XGTJ·NV WPF FCDGK FKG MKUVOCVTCV\G CWHYÒJNV, UQ FCUU AOOQPKCM XGTOGJTV HTGKIGUGV\V YKTF. 
APFGTGTUGKVU MÌPPVG FCU TKGT UGNDUV FKG UTUCEJG UGKP. ODYQJN DGKFG PHGTFG WPIGH·JT INGKEJGP 
ANVGTU UKPF, FKG INGKEJG MGPIG FWVVGT DGMQOOGP WPF KO INGKEJGP UOHCPI 
SEJWNDGVTKGD� 
DGYGIV YGTFGP, MCPP FKG FWVVGTXGTYGTVWPI, FKG UTKPCDICDG WPF FGT IGUCOVG SVQHHYGEJUGN 
XQP PHGTF \W PHGTF XGTUEJKGFGP UGKP. DKG WPVGTUWEJVGP BQZGP YGTFGP KO 14-V·IKIGP RJ[VJ-
OWU CWUIGOKUVGV. BGK FGT BGVTCEJVWPI FGT GKP\GNPGP TCIG PCEJ FGO MKUVGP UKPF MGKPG GKPFGW-
VKI UVGKIGPFGP NH3-KQP\GPVTCVKQP \W DGQDCEJVGP. AO TCI FGU MKUVGP UQYKG GKPGP TCI UR·VGT 
YGTFGP FKG IGTKPIUVGP AOOQPKCMMQP\GPVTCVKQPGP FGVGMVKGTV. AD FGO \YGKVGP TCI PCEJ FGO 
MKUVGP DKU \WO P·EJUVGP MKUVGP NKGIGP FKG OKVVNGTGP AOOQPKCMMQP\GPVTCVKQPGP CWH GKPGO 
GKPJGKVNKEJGP NKXGCW. IP FGT LKVGTCVWT YKTF FCTCWH JKPIGYKGUGP, FCUU FKG MCVTCV\GPJCNVWPI 
GKPG JÌJGTG AOOQPKCMDGNCUVWPI KO SVCNN XGTWTUCEJV. DGP UPVGTUWEJWPIUGTIGDPKUUGP XQP 
EUBEL 
2004� \W FQNIG YGTFGP KP FGP BGVTKGDGP, FKG FKGUG MCVTCV\GPJCNVWPI RTCMVK\KGTGP, 
FGWVNKEJ JÌJGTG AOOQPKCMYGTVG 
DKU 14 RRO� HGUVIGUVGNNV. BGK XQTNKGIGPFGP UPVGTUWEJWPIGP 
YKTF LGFQEJ DGQDCEJVGV, FCUU GKPG \YGKYÌEJKIG MKUVOCVTCV\G MGKPGP PGICVKXGP EKPHNWUU CWH 
FKG AOOQPKCMMQP\GPVTCVKQP KO PHGTFUVCNN JCV.

3�2 SchweDstauDkonzentrationen

IP FGO IGUCOVGP VGTUWEJU\GKVTCWO XQP CEJV WQEJGP DGVT·IV FKG OKVVNGTG SEJYGDUVCWD-
MQP\GPVTCVKQP 109,2 zI�Ox OKV GKPGT SVCPFCTFCDYGKEJWPI XQP 134,2 zI�Ox. DGT JÌEJUVG 
IGOGUUGPG HCNDUVWPFGPOKVVGNYGTV KO IGUCOVGP VGTUWEJU\GKVTCWO DGVT·IV 1736,1 zI�Ox, WPF 
NKGIV UGJT YGKV WPVGT FGO KP FGT LKVGTCVWT CPIGIGDGPGP GTGP\YGTV HÒT GKPG FCWGTJCHVG FGKP-
UVCWDDGNCUVWPI 
� 10 zO� KO PHGTFGUVCNN XQP 4 OI�Ox 
BAUER GV CN., 2004�. DKG JKPUKEJVNKEJ 
FGU IGPCPPVGP GTGP\YGTVGU TGNCVKX PKGFTKIGP SEJYGDUVCWDMQP\GPVTCVKQPGP FGT XQTNKGIGPFGP 
UPVGTUWEJWPIGP MÌPPVGP FCFWTEJ DGITÒPFGV YGTFGP, FCUU FKG SVCNNJÌJG WPF FGT LWHVTCWO 
RTQ PHGTF ITQ­\ÒIKI DGOGUUGP UKPF WPF FWTEJ GKPG TGKEJNKEJG AP\CJN XQP FGPUVGT WPF ITQ-
­G TÒTGP GKPG CWUTGKEJGPFG FTKUEJNWHVXGTUQTIWPI IGY·JTNGKUVGV KUV. BGK FGT BGVTCEJVWPI FGT 
FWTEJUEJPKVVNKEJGP SEJYGDUVCWDMQP\GPVTCVKQP KO TCIGUXGTNCWH KUV GKP UVCTMGT KQP\GPVTCVKQPU-
CPUVKGI CD 7.30 UJT DKU 10.00 UJT HGUV\WUVGNNGP. ZW FKGUGT ZGKV YGTFGP FKG OQTIGPFNKEJGP 
SVCNNCTDGKVGP FWTEJIGHÒJTV, FKG KP FKGUGO ZGKVTCWO CWHVTGVGPFGP KQP\GPVTCVKQPURGCMU MQPPVGP 
FGO ZGKVRWPMV FGU SVTQJGKPUVTGWGPU \WIGQTFPGV YGTFGP. WGKVGTG UEJYCEJG PGCMU YGTFGP 
Y·JTGPF FGT MKVVCIU- WPF ADGPFHÒVVGTWPIGP HGUVIGUVGNNV. ZYKUEJGP FKGUGP FTGK APUVKGIGP 
XGTDNGKDGP FKG SVCWDMQP\GPVTCVKQPGP INGKEJO·­KI CWH GKPGO PKGFTKIGP NKXGCW.

DGT EHHGMV FGU ÖHHPGP FGT FGPUVGT YKTF KP ADJ·PIKIMGKV XQP FGT TCIGU\GKV KP ADDKNFWPI 
2 FCTIGUVGNNV. EKP JQEJ UKIPKHKMCPVGT UPVGTUEJKGF \YKUEJGP IGÌHHPGVGP WPF IGUEJNQUUGPGP 
FGPUVGTP YKTF KP FGT ZGKV XQP 8�00ä11�30 UJT, KP FGT CWEJ KPUIGUCOV FKG JÌEJUVGP WGTVG 
IGOGUUGP YGTFGP, HGUVIGUVGNNV. BGK IGUEJNQUUGPGP FGPUVGTP 
Zù �277,8 zI�Ox� YKTF KO MKVVGN 
GKPG WO 50 � JÌJGTG SEJYGDUVCWDMQP\GPVTCVKQP HGUVIGUVGNNV CNU DGK IGÌHHPGVGP BQZGPHGPUVGTP 

Zù � 139,3 zI�Ox�. IP FGP ZGKVGP XQP 12�00ä15�30 UJT WPF 16�00ä19�30 UJT WPVGTUEJGKFGP 
UKEJ FKG OKVVNGTGP SEJYGDUVCWDMQP\GPVTCVKQPGP DGK IGÌHHPGVGP D\Y. IGUEJNQUUGPGP FGPUVGTP 
PKEJV UKIPKHKMCPV XQPGKPCPFGT. 
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ADD. 2� MKVVGNYGTVG WPF SVCPFCTFCDYGKEJWPIGP FGT SEJYGDUVCWDMQP\GPVTCVKQPGP KP ADJ·PIKIMGKV XQP FGO 
ÖHHPGP FGT FGPUVGT WPF FGT TCIGU\GKV. P. U., MGKP UKIPKHKMCPVGT UPVGTUEJKGF; ��� UKIPKHKMCPVGT UPVGTUEJKGF 

P �A 0,001�

NGDGP UJT\GKV WPF FGO ÖHHPGP FGT FGPUVGT JCV FCU MKUVKPVGTXCNN GKPGP PCEJYGKUDCTGP 
EKPHNWUU CWH FKG SEJYGDUVCWDMQP\GPVTCVKQP KO PHGTFGUVCNN. DKG FGWVNKEJ JÌEJUVGP KQP\GPVTC-
VKQPGP YGTFGP FKTGMV PCEJ FGO MKUVGPU HGUVIGUVGNNV 
Zù � 190,8 zI�Ox�. DKG SEJYGDUVCWDMQP-
\GPVTCVKQPGP DNGKDGP CP FGP TCIGP, CP FGPGP CWUIGOKUVGV YKTF, FGP IGUCOVGP VQTOKVVCI CWH 
GKPGO GZVTGO JQJGP NKXGCW UQICT 24 SVWPFGP PCEJ FGO MKUVGP UKPF PQEJ GTJÌJVG WGTVG 
HGUV\WUVGNNGP. VGTCPVYQTVNKEJ HÒT FKG UVCTM GTJÌJVGP SEJYGDUVCWDMQP\GPVTCVKQPGP PCEJ FGO 
AWUOKUVGP MÌPPVGP \WO GKPGP FKG CWHIGYKTDGNVGP PCTVKMGN WPF MKMTQQTICPKUOGP CWU FGT 
MKUVOCVTCV\G UGKP WPF \WO CPFGTGO FKG GPQTOG SVCWDGPVYKEMNWPI, FKG CWHITWPF GKPGT MQO-
RNGVVGP NGWGKPUVTGW FGT IGUCOVGP BQZGP KO SVCNN XGTWTUCEJV YKTF, GTMN·TV YGTFGP.
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<WsCmmenfCssWng

In der Pferdehaltung besteht bei der Haltung in Einzelboxensystemen bei manueller Futter-
vorlage, speziell bei Kraftfutter, häufig das Problem, dass die Pferde unruhig werden, einer 
Verletzungsgefahr ausgesetzt sind und Stress erzeugt wird, da das Futter nicht zeitgleich 
verabreicht wird. 

In diesem Projekt wird eine Verhaltensanalyse mit einer Analyse der Herzfrequenzvari-
abilität (HRV) verknüpft, um eine mögliche Stressbelastung während der Kraftfuttervorlage 
anhand verschiedener Futterapplikationstechniken quantifizieren zu können.

Es wurde eine Stressbelastung während der Wartezeit nach Beginn der Kraftfuttervorlage 
festgestellt. Diese Belastung erhöhte sich, je länger die Wartezeit andauerte.

SWmmCr[

Manual concentrate feeding in single housing horsekeeping systems often results in restless-
ness, an increased risk of injuries and stress for the animals, because forage cannot be sup-
plied to all horses at the same time. 

This work combines an analysis of behaviour with an analysis of HRV in order to eventu-
ally quantify a stress load during concentrate feeding by different application techniques.

A stress load could be verified during the waiting period after feeding has started. Longer 
waiting periods resulted in a higher load.
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1 Einleitung und ProDlemstellung

GGIGPY·TVKI YGTFGP PHGTFG KP JGTMÌOONKEJGT HCNVWPI \YGK- DKU FTGKOCN CO TCI OKV KTCHV-
HWVVGT WPF GKP- DKU \YGKOCN OKV RCWHWVVGT IGHÒVVGTV. DKG VGTCDTGKEJWPI FGU FWVVGTU GTHQNIV HCUV 
CWUUEJNKG­NKEJ RGT HCPF. IP ITQ­GP SVCNNIGD·WFGP OKV GKPGT GPVURTGEJGPF JQJGP AP\CJN XQP 
BQZGP GPVUVGJGP FCFWTEJ TGNCVKX NCPIG WCTVG\GKVGP HÒT FKG GKP\GNPGP TKGTG. DKG PHGTFG \GKIGP 
GKPG FGOGPVURTGEJGPFG ETYCTVWPIUJCNVWPI, UQDCNF FKG FÒVVGTWPI DGIKPPV. BGUQPFGTU CWUIG-
RT·IV KUV FKGUGU VGTJCNVGP DGK TCPIJÌJGTGP TKGTGP.

IP FKGUGO PTQLGMV YKTF GKPG VGTJCNVGPUCPCN[UG OKV GKPGT APCN[UG FGT HRV XGTMPÒRHV, WO 
GKPG OÌINKEJG SVTGUUDGNCUVWPI SWCPVKHK\KGTGP \W MÌPPGP. DKG APCN[UG FGT HRV KUV GKPG PKEJV-
KPXCUKXG, QDLGMVKXG MÌINKEJMGKV, DGK TKGTGP SVTGUU D\Y. SVTGUUGORHKPFGP SWCNKVCVKX WPF SWCP-
VKVCVKX \W OGUUGP WPF NKGHGTV KPFKTGMV GKPG AWUUCIG ÒDGT FCU U[ORCVJQXCICNG GNGKEJIGYKEJV 
FGT TKGTG. DGT VCIWUVQPWU FKGPV JKGTDGK CNU SVTGUUKPFKMCVQT. DKG INGKEJ\GKVKI RGT VKFGQÒDGT-
YCEJWPI CWHIGPQOOGPGP VGTJCNVGPUYGKUGP FGT PHGTFG MÌPPGP UQ OKV FGO VCIWUVQPWU KP 
ZWUCOOGPJCPI IGDTCEJV YGTFGP.

2 Material und Methoden

2�1 Versuchseinrichtung und ProDanden

FÒT FCU FQTUEJWPIUXQTJCDGP YGTFGP UGEJU \YGK- DKU FTGKL·JTKIG FGWVUEJG WCTODNWVRHGTFG 
KP EKP\GNDQZGP OKV AWUNCWH KP GKPGO VGTUWEJUIGD·WFG FGU IPUVKVWVU HÒT BGVTKGDUVGEJPKM WPF 
BCWHQTUEJWPI CWH FGT VGTUWEJUUVCVKQP FGT FAL BTCWPUEJYGKI IGJCNVGP. DKG PHGTFG UVCOOGP 
CWU FGT HCPPQXGTUEJGP ZWEJV WPF YGTFGP HÒT FCU FQTUEJWPIUXQTJCDGP XQP KJTGP ZÒEJVGTP 
\WT VGTHÒIWPI IGUVGNNV.

2�2 Untersuchungstechnik und �methoden

EU YGTFGP HGT\HTGSWGP\OGUUIGT·VG HÒT PHGTFG XQP FGT FKTOC PQNCT 
T[R PQNCT ESWKPG S810K� 
DGPWV\V. DKG GGT·VG YGTFGP CP JGTMÌOONKEJGP GNCUVKUEJGP DGEMGPIWTVGP DGHGUVKIV. DCU 
VKFGQU[UVGO DGUVGJV CWU 4 KCOGTCU 
GCP\ FCTDMCOGTC ZC-Y30PH�, GKPGO MWNVKRNGZGT 
DKIK-
VCN MWNVKRNGZGT� WPF GKPGO PGTUQPCNEQORWVGT. EU YGTFGP FKG MKVVCIU- WPF ADGPFHÒVVGTWPI 
FKIKVCN CWHIG\GKEJPGV WPF IGUKEJGTV. DKG KTCHVHWVVGTFQUKGTGT UKPF FKG ëKTCHVHWVVGT-DQUKGTDGJ·N-
VGTé FGT FKTOC WGKPUDGTIGT. JGFGT FTGUURNCV\ KUV OKV GKPGO DQUKGTGT CWUIGUVCVVGV. DKG KTCHVHWV-
VGTXQTNCIG YKTF \GKVIGUVGWGTV WPF GTHQNIV CP CNNGP FTGUURN·V\GP INGKEJ\GKVKI. MKVVGNU FGT HGT\-
HTGSWGP\OGUUIGT·VG YGTFGP U·OVNKEJG IPVGTDGCV-IPVGTXCNNG 
IBI� EKG-IGPCW CWHIG\GKEJPGV. DKG 
IBIU FKGPGP CNU RGEJGPITWPFNCIG HÒT HQNIGPFG OCVJGOCVKUEJG PCTCOGVGT FGT HRV�

PCTCOGVGT FGT FTGSWGP\CPCN[UG 
TCUM FQTEG QH VJG EWTQRGCP SQEKGV[ QH CCTFKQNQI[ CPF VJG 
NQTVJ AOGTKECP SQEKGV[ QH PCEKPI ENGEVTQRJ[UKQNQI[��
 î LF-PQYGT 
LQY-FTGSWGPE[-PQYGT�; LGKUVWPIUFKEJVGURGMVTWO XQP 0,01 DKU 0,07 H\; EKP-

JGKV� PQTOCNK\GF WPKVU =P. W.? 
PTQ\GPVWCNGT APVGKN FGT LF-PQYGT CP FGT GGUCOVRQYGT 
QJPG BGTÒEMUKEJVKIWPI FGT VGT[-LQY-FTGSWGPE[-PQYGT�.
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 î HF-PQYGT 
HKIJ-FTGSWGPE[-PQYGT�; LGKUVWPIUFKEJVGURGMVTWO XQP 0,07 DKU 0,6 H\; EKP-
JGKV� PQTOCNK\GF WPKVU =P. W.? 
PTQ\GPVWCNGT APVGKN FGT HF-PQYGT CP FGT GGUCOVRQYGT 
QJPG BGTÒEMUKEJVKIWPI FGT VGT[-LQY-FTGSWGPE[-PQYGT�.

DKG LF-PQYGT TGHNGMVKGTV UQYQJN U[ORCVJKUEJG YKG RCTCU[ORCVJKUEJG AMVKXKV·VGP, YQIGIGP 
FKG HF-PQYGT CWUUEJNKG­NKEJ FGO PCTCU[ORCVJKMWU GPVURTKEJV, FCUU JGK­V, GKPG GTJÌJVG HF-
PQYGT GPVURTKEJV GKPGO GTJÌJVGO VCIWUVQPWU 
KUWAHARA, 1996�. EKP TGFW\KGTVGT VCIWUVQPWU 
KUV AWUFTWEM GKPGT SVTGUUDGNCUVWPI RU[EJKUEJGT QFGT RJ[UKUEJGT NCVWT 
PORGES, 1995�.

PGT VKFGQÒDGTYCEJWPI YGTFGP FKG IG\GKIVGP VGTJCNVGPU·W­GTWPIGP FGT PHGTFG HGUVIGJCN-
VGP WPF KP BG\WI \W FGP LGYGKNKIGP WGTVGP FGT APCN[UG FGT HGT\HTGSWGP\XCTKCDKNKV·V IGUGV\V. 
DKG VGTJCNVGPUYGKUGP YGTFGP KP GTWPF- WPF ZWUCV\CMVKXKV·VGP GKPIGQTFPGV. DKG GTWPF-
CMVKXKV·VGP DGKPJCNVGP FTGUUGP, TTKPMGP, SVGJGP WPF LKGIGP; FKG ZWUCV\CMVKXKV·VGP DGUEJTGKDGP 
V[RKUEJG VGTJCNVGPUYGKUGP, FKG PHGTFG Y·JTGPF GKPGT KTCHVHWVVGTXQTNCIG RGT HCPF \GKIGP, YKG 
\. B. SEJCTTGP, BQZGPNCWHGP, GVE. EU GTHQNIV GKPG SWCNKVCVKXG WPF SWCPVKVCVKXG AWUYGTVWPI FGT 
VKFGQCWH\GKEJPWPIGP OKVVGNU FGT SQHVYCTG ëIPVGTCEV, VGTUKQP 7.0 D[ MCPIQNF SQHVYCTGé. 

3 Versuchsdesign

DGT VGTUWEJ UVCTVGV PCEJ GKPGT EKPIGYÌJPWPIU\GKV XQP \YGK WQEJGP, KP FGT UKEJ FKG PHGTFG 
OKV FGT HCNVWPIUWOIGDWPI, FGP KQPVCMVRGTUQPGP WPF FGP HGT\HTGSWGP\OGUUIGT·VGP XGTVTCWV 
OCEJGP UQNNGP.

IP FGT \YGKYÌEJKIGP GTUVGP VCTKCPVG DGMQOOGP FKG PHGTFG KJTG KTCHVHWVVGTTCVKQP CWH 10 
MCJN\GKVGP XGTVGKNV. JGFGU PHGTF JCV UGKPGP GKIGPGP FWVVGTRNCV\. IP FGT GDGPHCNNU \YGKYÌEJK-
IGP VCTKCPVG 2 YKTF FKG KTCHVHWVVGTTCVKQP PWT PQEJ CWH FTGK MCJN\GKVGP CO TCI XGTVGKNV. IP FGP 
VCTKCPVGP 1 WPF 2 GTHQNIV FKG FWVVGTXQTNCIG FWTEJ FKG \GKVIGUVGWGTVGP CWVQOCVKUEJGP KTCHVHWV-
VGTFQUKGTGT DGK CNNGP PHGTFGP INGKEJ\GKVKI.

IP FGT UGEJUYÌEJKIGP FTKVVGP VCTKCPVG YGTFGP FKG PHGTFG RGT HCPF IGHÒVVGTV. DKGUG VCTK-
CPVG FCWGTV KO GGIGPUCV\ \W FGP CPFGTGP VCTKCPVGP UGEJUOCN UQ NCPI, FC UKG CWU UGEJU 
FÒVVGTWPIUUKVWCVKQPGP DGUVGJV. DKG FWVVGTXQTNCIG GTHQNIV PWP \GKVXGTUGV\V, F. J. FCU GTUVG PHGTF 
DGMQOOV UQHQTV UGKP FWVVGT, FCU \YGKVG GKPG JCNDG MKPWVG UR·VGT. DCU FTKVVG, XKGTVG, HÒPHVG WPF 
UGEJUVG PHGTF DGMQOOV FCU FWVVGT CNUQ 1; 1,5; 2; 2,5 D\Y. 3 MKPWVG
P� PCEJ FÒVVGTWPIUDGIKPP 
XQTIGNGIV. DKG RGKJGPHQNIG FGT FWVVGTXQTNCIG TQVKGTV XQP FÒVVGTWPI \W FÒVVGTWPI, UQ FCUU MGKPG 
GGYÌJPWPIUGHHGMVG GKPVTGVGP. DKGUG VGTUWEJUCPQTFPWPI UKOWNKGTV FKG ÒDNKEJG FÒVVGTWPIUUKVW-
CVKQP, FKG KP FGT PTCZKU CWH NCPIGP SVCNNICUUGP OKV EC. 20ä30 PHGTFGP GPVUVGJV.

IO APUEJNWUU FCTCP YGTFGP FKG PHGTFG HÒT WKGFGTJQNWPIUXGTUWEJG CWUIGVCWUEJV. EU YGT-
FGP 3 WKGFGTJQNWPIGP FGU VGTUWEJU OKV KPUIGUCOV 24 PHGTFGP FWTEJIGHÒJTV.

AWHITWPF FGT OQTIGPFNKEJGP UPTWJG FWTEJ SVCNNCTDGKVGP 
TTCMVQT, AWHHÒNNGP FGT KTCHVHWVVGT-
CWVQOCVGP, GVE.� YGTFGP FKG MGUUWPIGP DGK FGT MKVVCIU- D\Y. ADGPFHÒVVGTWPI FWTEJIGHÒJTV. 
PTQ PHGTF WPF VGTUWEJU\[MNWU UKPF 80 MGUUWPIGP IGRNCPV. DCU VGTJCNVGP FGT GKP\GNPGP PHGT-
FG YKTF \W FGP FÒVVGTWPIU\GKVGP FWTEJ OGJTGTG VKFGQMCOGTCU OKV KPVGITKGTVGT ZGKVOGUUWPI 
CWHIG\GKEJPGV. ZWT AWUYGTVWPI YGTFGP PWT FKG WGTVG JGTCPIG\QIGP, FKG 5 MKPWVGP XQT DKU 
10 MKPWVGP PCEJ FGT KTCHVHWVVGTICDG CWHIG\GKEJPGV YWTFGP, UQ FCUU FGT FÒVVGTWPIUXQTICPI 
KP GKP 15-MKPWVGP-ZGKVHGPUVGT GKPIGDGVVGV KUV. DKGU KUV GTHQTFGTNKEJ, FC DGK FGT AWUYGTVWPI FGT 
HRV PWT ADUEJPKVVG XQP INGKEJGT DCWGT XGTINKEJGP YGTFGP FÒTHGP WPF FGT IGUCOVG FTGUU-
XQTICPI KP FKG MGUUWPI OKV GKPDG\QIGP YKTF. DWTEJ FKG WPVGTUEJKGFNKEJ NCPIGP FTGUU\GKVGP 
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FGT GKP\GNPGP PHGTFG MÌPPVG FKG BGFKPIWPI FGT UVGVU INGKEJGP ZGKVFCWGT QJPG FCU ZGKVHGPUVGT 
PKEJV GTHÒNNV YGTFGP.

4 ErgeDnisse

DC FKG NCWHGPFGP VGTUWEJG PQEJ PKEJV CDIGUEJNQUUGP UKPF, JCPFGNV GU UKEJ DGK FGP HQNIGPFGP 
ETIGDPKUUGP WO FCNNDGKURKGNG. SVCVKUVKUEJ IGUKEJGTVG ETIGDPKUUG MÌPPGP \W FKGUGO ZGKVRWPMV 
PQEJ PKEJV RT·UGPVKGTV YGTFGP.

IP FGT GTUVGP WPF \YGKVGP VCTKCPVG MQPPVGP MGKPGTNGK VGTJCNVGPUYGKUGP DGQDCEJVGV YGT-
FGP, FKG CWH GKPG ETYCTVWPIUJCNVWPI UEJNKG­GP NCUUGP. IP FGT FTKVVGP VCTKCPVG FCIGIGP \GKIVG 
FGT PTQDCPF FGWVNKEJ GKPG ETYCTVWPIUJCNVWPI DGK FGT KTCHVHWVVGTXQTNCIG OKV SEJCTTGP, DTQJGP 
\WO BQZGPPCEJDCTP, CWHOGTMUCOGP VGTJCTTGP QFGT XGTGKP\GNV OKV ëBQZGPNCWHGPé. NCEJFGO 
FCU KTCHVHWVVGT XQTIGNGIV YWTFG, \GKIVG FGT PTQDCPF FKGUG VGTJCNVGPUCMVKXKV·VGP PKEJV OGJT. 
EU YWTFGP DGK FGP FÒVVGTWPIGP PKEJV KOOGT FKG INGKEJGP VGTJCNVGPUYGKUGP IG\GKIV, D\Y. 
FGT AWURT·IWPIUITCF YCT XQP FÒVVGTWPI \W FÒVVGTWPI XGTUEJKGFGP. BGK FGT APCN[UG FGT HRV 
MQPPVGP FGWVNKEJG UPVGTUEJKGFG DG\ÒINKEJ FGT LF�HF-PQYGT VGTVGKNWPI Y·JTGPF FGT XGT-
UEJKGFGPGP FÒVVGTWPIUUKVWCVKQPGP DGQDCEJVGV YGTFGP 
ADD. 1�.

ADD.1� PSD 
PQYGT SRGEVTCN DGPUKV[� KP ADJ·PIKIMGKV XQP FGT HGT\HTGSWGP\ DGK FGT KF-VQTNCIG QJPG WCTVG-
\GKV 
NKPMU� WPF OKV WCTVG\GKV 
TGEJVU� DGK GKPGT 2L·JTKIGP WCTODNWVUVWVG
PSD (Power Spectral Density) related to heart rate for delayed (left) and direct concentrate handing (right) for 
a 2 years warmblood mare

DGT APVGKN FGT HKIJ-FTGSWGPE[-PQYGT CP FGT GGUCOVMTCHV NCI KO DWTEJUEJPKVV DGK VCTKCPVG 1 
DGK 48,00 P. W. 
ADD. 2�, DGK FGT \YGKVGP VCTKCPVG NCI FGT APVGKN DGK 47,85 P. W. BGK FGT FTKVVGP 
VCTKCPVG NCI FGT DWTEJUEJPKVV FGWVNKEJ PKGFTKIGT DGK 40,08 P. W. WGPP FCU PHGTF CP GTUVGT 
SVGNNG UGKP KTCHVHWVVGT DGMCO, ·PFGTVG UKEJ FGT DWTEJUEJPKVV PWT WPYGUGPVNKEJ KO VGTINGKEJ \W 
FGP GTUVGP DGKFGP VCTKCPVGP 
48,54 P. W.�.

WGPP FCU PHGTF CDGT CP UGEJUVGT SVGNNG IGHÒVVGTV YWTFG, F. J. 2,5 MKPWVGP PCEJ BGIKPP FGT 
FÒVVGTWPI YCTVGP OWUUVG, UCPM FGT APVGKN FGT HKIJ-FTGSWGPE[-PQYGT CWH 33,94 P. W.. WGKVGT-
JKP YCT \W DGQDCEJVGP, FCUU OKV FGWVNKEJGP VGTJCNVGPU·W­GTWPIGP GKPG FGWVNKEJG ADUGPMWPI 
FGT RCTCU[ORCVJKUEJGP AMVKXKV·V GKPJGTIGJV. APFGTGTUGKVU MCO GU CWEJ VGKNYGKUG DGK FGO 
ëCWHOGTMUCOGP VGTJCTTGPé \W GKPGO XGTOKPFGTVGP VCIWUVQPWU.
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ADD. 2� DWTEJUEJPKVVNKEJG HF-PQYGT GKPGT 2L·JTKIGP WCTODNWVUVWVG Y·JTGPF FGT KF-VQTNCIG
Average High Frequency-Power of a 2 years old warmblood mare during concentrate handing

5 Diskussion

ÜDGT FKG CWVQOCVKUKGTVG FÒVVGTWPI XQP PHGTFGP YWTFGP DKUNCPI GVNKEJG UPVGTUWEJWPIGP FWTEJ-
IGHÒJTV. DKGUG MQP\GPVTKGTVGP UKEJ CNNGTFKPIU JCWRVU·EJNKEJ CWH FKG PTCMVKMCDKNKV·V FGT FWVVGT-
GKPTKEJVWPIGP, D\Y. CWH FCU FGOGPVURTGEJGPFG VGTJCNVGP FGT PHGTFG KP GTWRRGPJCNVWPI. EKP 
PKEJV CW­GT AEJV \W NCUUGPFGT VQTVGKN FGT FWVVGTCWVQOCVGP IGIGPÒDGT FGT FWVVGTXQTNCIG RGT 
HCPF KUV, PGDGP FGT ZGKVGTURCTPKU HÒT FCU PGTUQPCN WPF FGT CWU GTP·JTWPIURJ[UKQNQIKUEJGT 
SKEJV IÒPUVKIGTGP OGJTOCNKIGP KTCHVHWVVGTICDG, FKG U[PEJTQPG FÒVVGTWPI, FWTEJ FKG MGKPG 
UPTWJG Y·JTGPF GKPGT WCTVG\GKV GPVUVGJV. HIMSTEDT WPF BOSLER 
1992� UVGNNVGP PCEJ FGT EKP-
HÒJTWPI XQP KTCHVHWVVGTCWVQOCVGP KP KJTGT PHGTFGMNKPKM HGUV, FCUU FKG J·WHKIGP, MQPVKPWKGTNKEJ 
UKEJ YKGFGTJQNGPFGP KTCHVHWVVGTICDGP GKPG SVTGUUTGFW\KGTWPI DGK UGJT XKGN ITÌ­GTGT RWJG KO 
SVCNN, UQYKG GKPGP ADDCW FGT DGK GKPGO KNKPKMCWHGPVJCNV IGHÒTEJVGVGP FCMVQTGPMTCPMJGKVGP 
DGYKTMVG.

MKV JGTMÌOONKEJGP VGTJCNVGPUCPCN[UGP KUV GU UGJT UEJYKGTKI, FCU SVTGUUGORHKPFGP DGK 
PHGTFGP \W SWCPVKHK\KGTGP. UO GKPG OÌINKEJG SVTGUUDGNCUVWPI Y·JTGPF FGT DGK VTCFKVKQPGNNGT 
KTCHVHWVVGTXQTNCIG RGT HCPF GPVUVGJGPFGP WCTVG\GKV \W DGUVKOOGP, DKGVGV UKEJ FKG APCN[UG FGT 
HGT\HTGSWGP\XCTKCDKNKV·V FWTEJ KJTG ODLGMVKXKV·V WPF NKEJV-IPXCUKXKV·V CP.

ÜDGT FKXGTUG OCVJGOCVKUEJG PCTCOGVGT FGT HRV KUV GU OÌINKEJ, GKPG AWUUCIG ÒDGT FCU 
U[ORCVJQXCICNG GNGKEJIGYKEJV \W VTGHHGP. PAGANI GV CN. 
1991� WPF PORGES 
1995� JCDGP 
JGTCWUIGHWPFGP, FCUU DGKO MGPUEJGP KP SVTGUUUKVWCVKQPGP FGT VCIWUVQPWU FGWVNKEJ CDPKOOV 
D\Y. FCUU GKPG U[ORCVJKUEJG DQOKPCP\ XQTNKGIV, QJPG FCUU GKPG NQMQOQVQTKUEJG AMVKXKV·V 
GTHQNIV.

UPVGT FGP GKIGPGP DKUJGTKIGP ETIGDPKUUGP KUV JGTCWU\WJGDGP, FCUU UKEJ FKG WGTVG FGT 
HRV-APCN[UG WPF FGT VGTJCNVGPUCPCN[UG PKEJV UKIPKHKMCPV WPVGTUEJGKFGP, YGPP FGT PTQDCPF 
INGKEJ\GKVKI OKV UGKPGP SVCNNIGPQUUGP 
CWVQOCVKUKGTVG FÒVVGTWPI� D\Y. CNU ETUVGT 
HCPFHÒVVGTWPI� 
FCU KTCHVHWVVGT XQTIGNGIV DGMQOOV. MWUU FGT PTQDCPF CNNGTFKPIU PCEJ BGIKPP FGT FÒVVGTWPI KP 
FGT SVCNNGKPJGKV CWH UGKP FWVVGT YCTVGP, MQOOV GU \W GKPGT ADUGPMWPI FGT RCTCU[ORCVJKUEJGP 
AMVKXKV·V. IP FGO XQTNKGIGPFGP FCNNDGKURKGN DGK GKPGT WCTVG\GKV XQP 2,5 MKPWVGP WO EC. 30 � 
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ADD. 2�. DGT XGTOKPFGTVG VCIWUVQPWU FGWVGV CWH GKPG PKEJV \W WPVGTUEJ·V\GPFG SVTGUUDGNCU-
VWPI JKP, XQT CNNGO XQT FGO HKPVGTITWPF, FCUU GKP PHGTF XKGNG JCJTG KP FGTUGNDGP BQZ UVGJV, 
D\Y. VCIGKP�VCICWU KOOGT CWH UGKP KTCHVHWVVGT YCTVGP OWUU. DKG SVTGUUDGNCUVWPI KUV PKEJV UQ 
ITQ­, FCUU FCU PHGTF GTMTCPMGP MÌPPVG, CDGT UKEJGTNKEJ ITQ­ IGPWI, WO FKG APH·NNKIMGKV FGU 
PHGTFGU IGIGPÒDGT KTCPMJGKVGP \W GTJÌJGP WPF UQOKV UGKPG LGKUVWPIUH·JKIMGKV PGICVKX \W 
DGGKPVT·EJVKIGP.

ADUEJNKG­GPF N·UUV UKEJ HGUVJCNVGP, FCUU FKG KTCHVHWVVGTXQTNCIGHTGSWGP\ MGKPGTNGK EKPHNWUU CWH 
FCU VGTJCNVGP \W JCDGP UEJGKPV, D\Y. GU FGWVGV UKEJ CP, FCUU XQP FGT FTGSWGP\ MGKPG SVTGUU-
DGNCUVWPI HÒT FKG TKGTG CWUIGJV. EPVUEJGKFGPF KUV, FCU CNNG TKGTG GKPGT SVCNNGKPJGKV INGKEJ\GKVKI 
QFGT PWT OKV IGTKPIHÒIKIGP WCTVG\GKVGP KJT KTCHVHWVVGT XQTIGNGIV DGMQOOGP. ANUQ \GKIGP FKG 
ETIGDPKUUG CWU FGT FTKVVGP VCTKCPVG, FCUU GKPG N·PIGTG WCTVG\GKV DGK FGT KTCHVHWVVGTXQTNCIG RGT 
HCPF OKV GKPGT GTJÌJVGP SVTGUUDGNCUVWPI HÒT PHGTFG GKPJGTIGJV. BGUQPFGTU JGTXQT\WJGDGP 
KUV FKG ETMGPPVPKU, FCUU GKPG FWTEJ FKG HGT\HTGSWGP\XCTKCDKNKV·VUCPCN[UG GTOKVVGNVG SVTGUU-
DGNCUVWPI PKEJV KOOGT OKV FGWVNKEJGP VGTJCNVGPU·W­GTWPIGP YKG SEJCTTGP, DTQJGP, GVE. KP 
VGTDKPFWPI IGDTCEJV YGTFGP MCPP.

FÒT FKG PTCZKU DGFGWVGV FCU, FCUU FKG CWVQOCVKUKGTVG KTCHVHWVVGTXQTNCIG KO VGTINGKEJ \WT 
HCPFHÒVVGTWPI PWT UVTGUUTGFW\KGTVGT HÒT FKG PHGTFG KUV, YGPP CNNG PHGTFG INGKEJ\GKVKI KJT FWVVGT 
XQTIGNGIV DGMQOOGP.

WKG UEJQP CO APHCPI GTY·JPV OÒUUGP FKGUG SEJNWUUHQNIGTWPIGP GTUV UVCVKUVKUEJ CDIGUKEJGTV 
YGTFGP, WO XGTN·UUNKEJG AWUUCIGP \W NKGHGTP.
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Vergleich Xon Pferdehaltungss[stemen in Bezug auf die Nutzung 
der FunktionsDereiche
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fWnctionCN CreCs
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SchlÒsselwÌrter� Auslaufhaltung, EinzelDoZenhaltung, GruRRenhaltung, Paddock, AusscheidungsXerhalten
-e[Yords� (ree rCnge mCnCgement� singNe DoZ mCnCgement� groWp JWsDCndr[� pCddocM� eZcretion 
DeJCXioWr

<WsCmmenfCssWng

Ziel der vorliegenden Untersuchung ist es Aufschluss darüber zu geben, wie Hannoveraner-
stuten die jeweiligen Funktionsbereiche verschiedener Ausprägungen von Auslaufhaltungs-
systemen, einzeln und in der Gruppe, nutzen. 

Im Hinblick auf die Bewegungsaktivität nimmt das Stehen gegenüber der Fortbewegung 
und des Liegens den größten Anteil an. Die Gruppenhaltung erfüllt das Bewegungsbedürfnis 
und den Sozialkontakt am ehesten. Der Aufenthalt im überdachten Bereich, Boxen bzw. Fress-
bereich und Liegebereich überwiegt im Vergleich zur Nutzung des Auslaufes. Hinsichtlich 
des Ausscheidungsverhaltens wurde über alle Versuchsvarianten tendenziell festgestellt, dass 
die Pferde hauptsächlich in den Boxen und im vorderen Teil des Paddocks koten sowie im 
eingestreuten Bereich harnen. 

SWmmCr[

The goal of the present study is to provide information on how Hanoverian mares use the 
functional areas of different types of free range management systems individually and in a 
group. 

With regard to movement, standing is preferred to locomotion and lying behaviour. Group 
husbandry best fulfils the movement and social contact needs of the horses. A stay in a roofed 
area, boxes or the feeding and lying areas is preferred in comparison to use of the free range. 
In regard to the excretion behaviour it was established with a tendency, that in all husbandry 
variations the horses set down the most faeces in the boxes and in the front part of the pad-
docks� the urinating activity was mainly in the littered part of the husbandry system.
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1 Einleitung

LCWV JCJTGUDGTKEJV 2003 FGT FN IKDV GU KP DGWVUEJNCPF DKU \W GKPGT MKNNKQP PHGTFG. EKP GTQ­-
VGKN FGT PHGTFG YKTF WPCDJ·PIKI XQP UGKPGT NWV\WPI, UGK GU TWTPKGTRHGTF QFGT FTGK\GKVRHGTF, 
KP EKP\GNDQZGP QJPG HTGKGP ZWICPI \WO AWUNCWH IGJCNVGP. DCU ÒDGTYKGIGPFG APIGDQV XQP 
UPVGTDTKPIWPIUOÌINKEJMGKVGP KUV PKEJV QTKGPVKGTV CP FGP BGFÒTHPKUUGP FGT PHGTFG, UQPFGTP 
CP FGP APURTÒEJGP FGU MGPUEJGP. UOIGUGV\V YKTF FCU KP FGT PTCZKU FWTEJ FKG SVCPFCTFJCN-
VWPIUHQTO EKP\GNDQZ 
9 Ow� QJPG HTGKGP ZWICPI \W GKPGO AWUNCWH, FGT FKG APURTÒEJG CP GKPG 
VKGTIGTGEJVG HCNVWPI PKEJV GTHÒNNV.

FQNIGP UKPF ETMTCPMWPIGP FGU BGYGIWPIUCRRCTCVGU WPF FGT AVGOYGIUQTICPG UQYKG VGT-
JCNVGPUUVÌTWPIGP. PHGTFG DGPÌVKIGP OGJTUVÒPFKIG HTGKG BGYGIWPI, HTKUEJG LWHV, GKP ÒDGT FGP 
TCI XGTVGKNVGU NCJTWPIUCPIGDQV UQYKG FGP SQ\KCNMQPVCMV \W ATVIGPQUUGP. DKG AWUNCWHJCNVWPI 
XQP GTWRRGP MQOOV FGT FQTFGTWPI PCEJ VKGTIGTGEJVGP HCNVWPIUDGFKPIWPIGP UGJT PCJG.

2 ProDlemstellung und Zielsetzung

IP FGT PTCZKU KUV GKP FGWVNKEJGT TTGPF PCEJ VKGTIGTGEJVGTGP HCNVWPIUU[UVGOGP \W XGT\GKEJPGP. 
DKG AWUNCWHJCNVWPI KP GTWRRGP GTHTGWV UKEJ KP GTUVGT LKPKG DGK FGP FTGK\GKVTGKVGTP UVGKIGTPFGT 
BGNKGDVJGKV. DKG EKP\GNDQZGPJCNVWPI OKV FKTGMVGO ZWICPI \WO AWUNCWH UVGNNV CWEJ HÒT KO SRQTV 
IGPWV\VG HQEJNGKUVWPIURHGTFG D\Y. TWTPKGTTGKVGT GKPG ANVGTPCVKXG FCT. 

IO RCJOGP GKPGT MCUVGTCTDGKV YWTFGP XGTUEJKGFGPG AWURT·IWPIGP FGT AWUNCWHJCNVWPI 
KO HKPDNKEM CWH FKG NWV\WPI FGT FWPMVKQPUDGTGKEJG WPVGTUWEJV. ZWFGO UQNNVGP CWHITWPF XQP 
OTVUYGEJUGNP RÒEMUEJNÒUUG CWH FKG BGYGIWPIUCMVKXKV·V FGT PHGTFG IG\QIGP YGTFGP. AWEJ 
FCU AWUUEJGKFWPIUXGTJCNVGP UQYKG FGT OTV UQNNVGP HÒT YGKVGTG VGTUWEJUHTCIGUVGNNWPIGP PGWG 
ETMGPPVPKUUG KO HKPDNKEM CWH GKPG KQPVCOKPCVKQP XQP BQFGP WPF SKEMGTYCUUGT NKGHGTP. DKGUG 
ETMGPPVPKUUG UQNNGP DGK FGT RTCMVKUEJGP UOUGV\WPI OKV \WT VGTDGUUGTWPI FGT AWUNCWHJCNVWPI 
XQP PHGTFGP DGKVTCIGP.

3 VersuchsXarianten, Tiere, Material, Methoden und Versuchs�
durchfÒhrung

IP FKG UPVGTUWEJWPI YWTFGP XKGT VCTKCPVGP GKPDG\QIGP. IP FGT GTUVGP VCTKCPVG YWTFG GKPG 
EKP\GNDQZGPJCNVWPI OKV EKP\GNCWUNCWH 
EH� WOIGUGV\V. DKG \YGKVG VCTKCPVG, KO HQNIGPFGP 
ZYGKGTJCNVWPI 
ZH� IGPCPPV, KUV FWTEJ GKPGP IGOGKPUCO IGPWV\VGP AWUNCWH WPF \YGK EKP-
\GNDQZGP IGMGPP\GKEJPGV. DKG FTKVVG VCTKCPVG KUV GKPG KNGKPITWRRGPJCNVWPI OKV \YGK PHGTFGP 

KG�. HKGT YWTFG \WU·V\NKEJ LGYGKNU FKG TTGPPYCPF \YKUEJGP \YGK DGPCEJDCTVGP EKP\GNDQZGP 
CWUIGDCWV. IP FKGUGT VGTUWEJUXCTKCPVG MQPPVGP PWT FTGK TCIG CWU FGT EKPIGYÌJPWPIU\GKV \WT 
AWUYGTVWPI IGPWV\V YGTFGP, FC UKG CWHITWPF GKPGT WP\WTGKEJGPFGP FWVVGTCWHPCJOG XQP \YGK 
PHGTFGP PCEJ HÒPH TCIGP GKPIGUVGNNV YGTFGP OWUUVG. IP FGT XKGTVGP VCTKCPVG YWTFGP CNNG UGEJU 
VGTUWEJURHGTFG KP GKPG GTWRRG 
GH� KPVGITKGTV WPF KO \YGKVGP SVCNNCDVGKN CWHIGUVCNNV.

IP FKG UPVGTUWEJWPIGP YWTFGP UGEJU FGT \YÌNH HCPPQXGTCPGT ZWEJVUVWVGP GKPDG\QIGP, 
FKG \YKUEJGP \YGK WPF PGWP JCJTGP CNV YCTGP. ZWO ZGKVRWPMV FGT UPVGTUWEJWPI YCTGP CNNG 
SVWVGP VTCIGPF.
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DGT VGTUWEJURHGTFGUVCNN KUV KP \YGK ADVGKNG WPVGTVGKNV 
ADD. 1�; KO GTUVGP DGHKPFGP UKEJ UGEJU 
EKP\GNDQZGP OKV GKPGO FKTGMV CPIGUEJNQUUGPGP AWUNCWH, FGT KP FTGK SGIOGPVG WPVGTVGKNV KUV, UQ 
FCUU LG \YGK PHGTFG GKPGP IGOGKPUCOGP AWUNCWH JCDGP, GT MCPP XQP DGKFGP TKGTGP \GKVINGKEJ 
IGPWV\V YGTFGP.

ADD. 1� GTWPFTKUU FGU VGTUWEJUIGD·WFGU

FÒT VGTUWEJU\YGEMG MCPP FGT AWUNCWH N·PIU WPVGTVGKNV YGTFGP, WO GKPG EKP\GNDQZGPJCNVWPI 
OKV EKP\GNCWUNCWH \W UKOWNKGTGP. IP FKGUGO FCNN UVGJGP LGFGO PHGTF GKPG BQZ 
12 Ow�, GKP 
ÒDGTFCEJVGT, OKV VGTDWPFRHNCUVGT XGTUGJGPGT VQTRNCV\ 
9 Ow� WPF GKP CPITGP\GPFGT PCFFQEM 

45 Ow� \WT VGTHÒIWPI. IP FGT OKV SVTQJ GKPIGUVTGWVGP BQZ DGHKPFGP UKEJ KP GKPGT EEMG GKPG 
RQJTPKRRGNVT·PMG WPF KP FGT IGIGPÒDGTNKGIGPFGP EEMG GKP KTCHVHWVVGTVTQI, FCPGDGP FGT SCN\-
NGEMUVGKP. DKG BQZGPVÒT KUV OKV GKPGO HGWFQUKGTGT CWUIGUVCVVGV. EKPG AW­GPVT·PMG KUV CO KQRH-
GPFG FGU SCPFRCFFQEMU IGPCW KP FGT MKVVG \YKUEJGP FGP \YGK EKP\GNRCFFQEMU KPUVCNNKGTV. 

IO \YGKVGP SVCNNCDVGKN YKTF GKPG GTWRRGPJCNVWPI OKV UGEJU PHGTFGP RTCMVK\KGTV. DKGUGU KUV KP 
GKPGP RWJGDGTGKEJ WPF GKPGP FTGUUDGTGKEJ IGINKGFGTV, YGNEJG ÒDGT GKPGP AWUNCWH OKVGKPCPFGT 
XGTDWPFGP UKPF. EKPGP \WU·V\NKEJGP FWPMVKQPUDGTGKEJ UVGNNV FGT ÒDGTFCEJVG VQTRNCV\ FCT, FGT 
UKEJ ÒDGT FKG IGUCOVG SVCNNN·PIG GTUVTGEMV. DGT HTGK \WI·PINKEJG AWUNCWH KUV FWTEJ \YGK Z·WPG, 
FKG CNU RCWOVGKNGT HWPIKGTGP, UVTWMVWTKGTV. 

AO KQRHGPFG FGU PCFFQEMU UKPF FTGK TT·PMGP KO ADUVCPF XQP 6 O KPUVCNNKGTV. IO FTGUU-
DGTGKEJ DGHKPFGP UKEJ UGEJU FTGUUUV·PFG, FKG LGYGKNU OKV GKPGO HGW- WPF KTCHVHWVVGTFQUKGTGT 
XGTUGJGP UKPF. ZWU·V\NKEJ IGJÌTGP \WT VGTUWEJUCPNCIG GKP AWUNCWH XQP 3.000 Ow WPF GKPG 
WGKFG XQP 6.250 Ow.

JG VGTUWEJUXCTKCPVG YWTFGP LGYGKNU FTGK TCIG ä CWU FGP MQPVKPWKGTNKEJ GTHCUUVGP VKFGQ-AWH-
\GKEJPWPIGP ä CWU FGO 2-YÌEJKIGP VGTUWEJU\GKVTCWO CWUIGYGTVGV. ZWT AWUYGTVWPI MCOGP 
VGTUWEJUVCIG, FKG OKVVGP KP FGT WQEJG NCIGP. SQ MQPPVGP EKPHNÒUUG CWH FCU VGTJCNVGP FGT 
PHGTFG XQO WQEJGPGPFG, YQ MGKP WGKFGICPI CPIGDQVGP YWTFG, CWUIGUEJNQUUGP YGTFGP.
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VQP FGP FTGK CWU\WYGTVGPFGP TCIGP LG VGTUWEJUXCTKCPVG YWTFGP 22 SVWPFGP RTQ TCI 
KO CQPVKPWQWU-RGEQTFKPI-VGTHCJTGP CWUIGYGTVGV. W·JTGPF FGT RGUV\GKV XQP \YGK SVWPFGP 
YCTGP FKG PHGTFG CWH FGT WGKFG. 

W·JTGPF FGU WGKFGICPIU YWTFG FCU AWUUEJGKFWPIUXGTJCNVGP FGT VGTUWEJURHGTFG FKTGMV 
DGQDCEJVGV WPF TGIKUVTKGTV.

DKG KQPVTQNNG FGT FWVVGTCWHPCJOG GTHQNIVG FWTEJ ADYKGIGP FGT TCIGUTCVKQP WPF RÒEMYKG-
IGP CO HQNIGPFGP TCI. DKG VKGTKPFKXKFWGNNG FWVVGTCWHPCJOG MQPPVG PWT KP FGT EKP\GNJCNVWPI 

EH; VCT. I� GTOKVVGNV YGTFGP. APUQPUVGP YWTFG FKG FWVVGTCWHPCJOG FGT GKP\GNPGP GTWRRGP 
HGUVIGJCNVGP.

DKG AWH\GKEJPWPI FGT TGNCVKXGP LWHVHGWEJVG WPF TGORGTCVWT GTHQNIVG ÒDGT TKP[VCIU KO PCF-
FQEMDGTGKEJ WPF KPPGTJCND FGT SVCNNCDVGKNG. ZWU·V\NKEJ YWTFGP TGORGTCVWT, NKGFGTUEJNCI WPF 
SQPPGPUEJGKPFCWGT LG TCI XQO DGWVUEJGP WGVVGTFKGPUV CWH FGO FAL-GGN·PFG GTHCUUV.

IO JWNK 2003 
21.07ä03.08.� YWTFGP FKG VGTUWEJG OKV UGEJU SVWVGP KP VCTKCPVG I 
EH� 
FWTEJIGHÒJTV. IO AWIWUV 2003 
04.08.ä24.08.� YWTFGP FKG UGEJU SVWVGP KP VCTKCPVG II 
ZH� 
DGQDCEJVGV. ADUEJNKG­GPF YWTFGP KO OMVQDGT 2003 
13.10.ä02.11.� FKG UGEJU SVWVGP KP VCTK-
CPVG IV 
GH� IGJCNVGP WPF WPVGTUWEJV.

DKG IGUCOVG VGTUWEJUFCWGT GPVJ·NV HÒT LGFGP VGTUWEJUFWTEJICPI GKPG WQEJG EKPIGYÌJ-
PWPIU\GKV. VQT FGO GTUVGP VGTUWEJ UQYKG PCEJ UOUVCNNWPI KP FKG GTWRRGPJCNVWPI YCT FKG 
EKPIGYÌJPWPIU\GKV WO LG \YGK WQEJGP XGTN·PIGTV. 

IP CNNGP VCTKCPVGP GTHQNIV FKG FWVVGTXQTNCIG CWVQOCVKUEJ. ZYGK MCN V·INKEJ 
OQTIGPU WO 
7�00 UJT WPF CDGPFU WO 18�30 UJT� YKTF LGYGKNU 1 MI HCHGT OKV GKPGO KTCHVHWVVGT-DQUKGT-
CWVQOCVGP IGHÒVVGTV. DKG HGWNCIGHÒVVGTWPI GTHQNIV ÒDGT GKPGP RGT CQORWVGT ZGKV IGUVGWGTVGP 
HGWFQUKGTGT. HKGTDGK UVGJV FGP SVWVGP RTQ TCI GKPG GGUCOVHTGUU\GKV XQP 350 MKPWVGP \WT 
VGTHÒIWPI, FKG CWH 10 FTGUU\GKVGP ¯ 35 MKPWVGP CWHIGVGKNV UKPF. DKG FTGUU\GKV WO 9�30 UJT 
MÌPPGP FKG PHGTFG PWT CO WQEJGPGPFG PWV\GP, FC UKG KP FGT WQEJG WO FKGUG ZGKV CWH FGT 
WGKFG UKPF.

4 Ausgew·hlte ErgeDnisse

ADD. 2� VGTVGKNWPI FGT ADMQVXQTI·PIG KP FGP XGTUEJKGFGPGP FWPMVKQPUDGTGKEJGP; FKG ZCJN KP D\Y. PGDGP FGP 
S·WNGPCDUEJPKVVGP KUV FKG CDUQNWVG ZCJN FGT LGYGKNKIGP ADMQVXQTI·PIG
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ANNGP VCTKCPVGP KUV IGOGKPUCO, FCUU FCU ADMQVGP ÒDGTYKGIGPF KP FGP FWPMVKQPUDGTGKEJGP 
BQZ, LKGIGDGTGKEJ, FTGUUUVCPF WPF KO XQTFGTGP BGTGKEJ FGU PCFFQEMU UVCVVHKPFGV 
ADD. 2�. 

DCU HCTPNCUUGP KUV, YKG GTYCTVGV. \WO ITÌ­VGP TGKN KO GKPIGUVTGWVGP BGTGKEJ 
BQZ WPF LKG-
IGDGTGKEJ� \W DGQDCEJVGP; UQ HCPF FKGU DGK EH \W 90 � WPF KP ZH \W 87 � KP FGT BQZ UVCVV; 
KP GH YCTGP 79 � FGT HCTPXQTI·PIG KO LKGIGDGTGKEJ \W DGQDCEJVGP 
ADD. 3�. 

ADD. 3� VGTVGKNWPI FGT HCTPXQTI·PIG KP FGP XGTUEJKGFGPGP FWPMVKQPUDGTGKEJGP; FKG ZCJN KP D\Y. PGDGP FGP 
S·WNGPCDUEJPKVVGP KUV FKG CDUQNWVG ZCJN FGT LGYGKNKIGP HCTPXQTI·PIG 

5 Diskussion und Schlussfolgerung

IP CNNGP VCTKCPVGP KUV FGT APVGKN FGU SVGJGPU IGIGPÒDGT FGT FQTVDGYGIWPI WPF FGU LKGIGPU 
CO ITÌ­VGP. IP BG\WI CWH FCU BGYGIWPIU- WPF RWJGXGTJCNVGP MQOOV FKG ZYGKGTJCNVWPI 
VCT. 
II� FGP PCVÒTNKEJGP APURTÒEJGP FGT PHGTFG CO GJGUVGP GPVIGIGP. TTQV\ FGT J·WHKIGP VGTFT·P-
IWPIGP UKPF FCU NCJTWPIUCWHPCJOGXGTJCNVGP WPF FKG CWHIGPQOOGPG FWVVGTOGPIG RQUKVKX 
\W DGYGTVGP. DKG GTWRRGPJCNVWPI OKV AWUNCWH MQOOV FGO BGYGIWPIUDGFÒTHPKU FGT PHGTFG 
CO GJGUVGP GPVIGIGP; RTQDNGOCVKUEJ KUV LGFQEJ FGT RÒEMICPI FGT LKGIG\GKVGP IGIGPÒDGT FGP 
CPFGTGP VCTKCPVGP. HKPUKEJVNKEJ FGU AWUUEJGKFWPIUXGTJCNVGPU YWTFG ÒDGT CNNG VGTUWEJUXCTK-
CPVGP VGPFGP\KGNN HGUVIGUVGNNV, FCUU FKG PHGTFG JCWRVU·EJNKEJ KP FGP BQZGP WPF KO XQTFGTGP 
TGKN FGU PCFFQEMU MQVGP. DCU HCTPGP HKPFGV ÒDGTYKGIGP KP FGT GKPIGUVTGWVGP BQZ D\Y. KO LKG-
IGDGTGKEJ UVCVV. DKGU \GKIV CWH, FCUU KP FKGUGP BGTGKEJGP FWTEJ GKPHCEJG DCWNKEJG MC­PCJOGP 
GKPG SKEMGTYCUUGTMQPVCOKPCVKQP KO AWUNCWH XGTOKGFGP YGTFGP MCPP WPF FCUU FGT ëTGUVNKEJG 
AWUNCWHé TGNCVKX ITQ­\ÒIKI ä JKPUKEJVNKEJ FGT FN·EJGPCWUUVCVVWPI ä CWUIGHÒJTV YGTFGP MCPP. 
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SchlÒsselwÌrter� Klimatisierung, raumlufttechnische Anlagen
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<WsCmmenfCssWng 

Für die Nutzung erneuerbarer Energien aus Biomasse, insbesondere zur Erzeugung von 
Biogas, sind gegenwärtig verschiedene Anlagenkonzepte unterschiedlicher Systemanbieter 
am Markt verfügbar. Nahezu alle diese Systeme sind dadurch gekennzeichnet, dass aus den 
Einsatzstoffen Biogas erzeugt wird, das zum Antrieb von Blockheizkraftwerk (BHKW)-Modu-
len dient. Die vom BHKW erzeugte Elektroenergie wird meist zu 100 � in das Netz des 
örtlichen Energieversorgers eingespeist. Eine Nutzung der bei dieser klassischen Kraft-Wärme-
Kopplung gleichzeitig erzeugten Wärme ist jedoch nur in seltenen Fällen, z. B. zur saisonalen 
Beheizung von Werkstatt- und Verwaltungsgebäuden oder aber auch für die Beheizung von 
Stallanlagen möglich.

Das in diesem Projekt angestrebte Nutzungskonzept für die erzeugte Wärme basiert auf 
der Überlegung, diese Niedertemperaturwärme zum Antrieb einer Absorberkälteanlage zu 
verwenden. Damit kann die Wärme sowohl im Winter zur Beheizung als auch im Sommer 
zur Kühlung einer Schweinemastanlage verwendet werden.

SWmmCr[ 

For the use various of renewable energies from biomass particularly for the production of 
biogas various plant concepts of different system suppliers are available on the market at 
present. Almost all these systems are indicated by it, that by use of substances biogas is 
produced which serves (BHKW) modules for the drive of block thermal power station. The 
electric energy produced by the BHKW is fed in most to 100 � into the net of the local energy 
supply company. A use of the warmth produced at the same time at this classic cogeneration 
of power and heat only is, however, in rare cases, e. g. to the seasonal heating of workshop 
and administrative buildings or else possible also for the heating of stable plants. Using the 
exploitation striven in this project for the produced warmth based for the drive of an absorber 
cold plant on the consideration, this low temperature warmth. The warmth can be used for 
the cooling of a pig mast plant both in winter to the heating and in summer with that.
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1 Parameter und ausgew·hlte ProduktionsergeDnisse der Biogasanlage in 
Rieth

DKG KP RKGVJ GTTKEJVGVG WPF KO JWNK 2002 KP BGVTKGD IGPQOOGPG, NCPFYKTVUEJCHVNKEJG BKQICU-
CPNCIG \GKEJPGV UKEJ FWTEJ HQNIGPFG PCTCOGVGT CWU�
 î 800 O3 BKQICUTGCMVQT KP SVCJNDCWYGKUG OKV KPVGITKGTVGO GCUURGKEJGT
 î 85 MW GCU-OVVQ-MQVQT \W GCUXGTYGTVWPI OKV KTCHV-W·TOG-K·NVG-KQRRNWPI \WT BGJGK-

\WPI WPF KÒJNWPI GKPGU SEJYGKPGUVCNNU.
EKPUCV\UVQHHG UKPF RKPFGT- WPF SEJYGKPGIÒNNG UQYKG PCEJYCEJUGPFG RQJUVQHHG. NCEJ GKPGT 

MWT\GP APNCWHRJCUG YWTFG KP FGT APNCIG TGNCVKX UEJPGNN GKPG OKVVNGTG GCUGT\GWIWPI \YKUEJGP 
1.400 WPF 1.600 O3�F OKV GKPGT RGCMVQTDGNCUVWPI XQP 2 DKU 3 MI�O3F GTTGKEJV. DKG EKPUCV\UWD-
UVTCVG WPF GT\KGNVGP PTQFWMVKQPUYGTVG UKPF KP TCDGNNG 1 HÒT \YGK PGTKQFGP FCTIGUVGNNV.

TCD. 1� SWDUVTCVGKPUCV\ WPF PTQFWMVKQPUGTIGDPKUUG KP FGT BKQICUCPNCIG RKGVJ

Parameter Einheit 01.08.–31.12.2002 01.01.–31.07.2003
SUBSTRATEINSATZ

Rinder- u. Schweinegülle
Maissilage
CCM
Kleinkorn

m3/d
t/d
kg/d
kg/d

29,4
1,06
175
197

29,0
0,53
198
130

PROZESSPARAMETER

Verweilzeit
Reaktortemperatur
Reaktorbelastung

Tage
°C
kg/m3 d

26,5
34,2
2,77

28,0
35,4
2,48

GASERTRÄGE

tägliche Biogasverbrauch
Methangehalt
Biogasausbeute

m3/d
%
m3/kg oTS

1.350
(64,5) 1)

0,629

1.316
48,3

0,673
BHKW
Laufzeit
Leistung
Wirkungsgrad (elektrisch) 

h/d
kW
%

21,0
79,9
– 1)

22,4
79,6

30,452)

1) systematischer Messfehler bei der Methanmessung
2) auf Normbedingungen umgerechnet 

IP FGT APNCIG KP RKGVJ YWTFGP KPPGTJCND FGU GTUVGP BGVTKGDULCJTGU 
01.08.2002 DKU 31.07.2003� 
480000 O3 BKQICU XGTUVTQOV. DCU 85 MW BHKW NKGH FC\W 7750 SVWPFGP OKV GKPGT AWUNCUVWPI 
XQP 94 � FGT NGPPNGKUVWPI. IPUIGUCOV HQNIV UQOKV GKPG DGOGTMGPUYGTVG L·JTNKEJG AWUNCU-
VWPI FGT BHKW NGPPNGKUVWPI XQP 83 �. DC KP FGT APNCIG PWT FGT GCUXGTDTCWEJ XQT FGO 
BHKW IGOGUUGP YKTF, HÒJTGP FKG PQVYGPFKIGP ÖNYGEJUGN 
IPVGTXCNN 300 BJ� \W UEJGKPDCTGP 
SEJYCPMWPIGP KP FGT GCUGT\GWIWPI 
ADD. 1�. IP FGP ZGKVGP FGU ÖNYGEJUGNU YKTF FGT KO 
RGCMVQTQDGTVGKN KPVGITKGTVG GCUURGKEJGT IGHÒNNV, UQ FCUU MCWO GCUXGTNWUVG CWHVTGVGP. EKPG XÌNNKI 
MQPUVCPVG GCUGT\GWIWPI N·UUV UKEJ CDGT PKEJV GTTGKEJGP, FC \. B. RGKPKIWPIUXQTI·PIG WUY. 
FKG TTQEMGPUWDUVCP\IGJCNVG FGT GÒNNG UEJYCPMGP NCUUGP. DWTEJ VCTKCVKQP FGT GKPIGUGV\VGP 
MGPIG CP CQ-SWDUVTCVGP KUV GU CDGT IWV OÌINKEJ GKPG TGNCVKX MQPUVCPVG BKQICUGT\GWIWPI \W 
GTTGKEJGP. DKG KUV VQTCWUUGV\WPI HÒT GKPGP UVCDKNGP BGVTKGD FGU BHKWçU KO NGPPNCUVDGTGKEJ.
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ADD. 1� ZGKVXGTNCWH RGCMVQT-
DGNCUVWPI WPF GCUXGTDTCWEJ 
KP FGT APNCIG RKGVJ

ADD. 2� ETIGDPKUUG FGU 
EKPUCV\GU XQP SKNCIG WPF 
KNGKPMQTP KP FGT BKQICU-
CPNCIG

DKG APCN[UG FGT KP FGT BKQICUCPNCIG GPVPQOOGPGP GÒNNGRTQDGP \GKIGP HQNIGPFG ETIGDPKUUG 

ADD. 2�� 
 î FWTEJ FGP EKPUCV\ XQP SKNCIG WPF KNGKPMQTP YKTF FGT TS-GGJCNV KO MKUEJUWDUVTCV FGWV-

NKEJ GTJÌJV.
 î DKG VQTITWDG YKTF KP IGYKUUGP GTGP\GP CNU VQTU·WGTWPIUUVWHG HÒT FGP BKQICURTQ\GUU 

IGPWV\V, YKG CP FGT ADUGPMWPI FGU RH-WGTVGU XQP 6,8 CWH 5,8 WPF FGO APUVKGI FGT 
HNÒEJVKIGP FGVVU·WTGP XQP 7,6 CWH 12,0 I�N HGUV\WUVGNNGP KUV.

 î W·JTGPF FGU BKQICURTQ\GUUGU YKTF FGT TS-GGJCNV WO EC. 35 � XGTTKPIGTV WPF FKG 
HNÒEJVKIGP FGVVU·WTGP YGTFGP \W 83 � CDIGDCWV. DGT GTOKVVGNVG TS-ADDCW XQP 30 I�N 
GPVURTKEJV ÒDNKEJGP WGTVGP WPF N·UUV UKEJ IWV CWU FGT RGFWMVKQP FGU GGJCNVGU CP QTIC-
PKUEJGT TTQEMGPUWDUVCP\ 
XQP 82,5 � CWH 72,8 � � GTMN·TGP.

 î DGT TTQEMGPUWDUVCP\CDDCW Y·JTGPF FGT FGTOGPVCVKQP GTMN·TV UKEJ XQNNUV·PFKI CWU FGO 
ADDCW CP QTS 
ADDCWYGTVG 30 I�N�. TJGQTGVKUEJ GTTGEJPGV UKEJ CWU FKGUGP AD- DCWYGT-
VGP GKPG BKQICUDKNFWPI XQP EC. 25 O3 BKQICU RTQ O3 GÒNNG, YQTCWU UKEJ GKPG VJGQTGVK-
UEJG GCUDKNFWPI XQP EC. 780 O3�F GTTGEJPGV. DKG IGOGUUGPG BKQICUDKNFWPI DGVTWI EC. 
1.100 O3

N�F. DKGU \GKIV, FCUU GKPG DGVT·EJVNKEJG GCUOGPIG CWU FGO FGVVU·WTGCDDCW 
IGDKNFGV YKTF.

 î WGKVGTJKP YWTFG GKPG ETJÌJWPI FGU NH4-N APVGKNGU XQP EC. 40 � FGU NV CWH 60 � FGU 
NV KO FCWNUEJNCOO HGUVIGUVGNNV.
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2 Kraft�W·rme�K·ltekoRRlung

DCU KP RKGVJ XGTYKTMNKEJVG NWV\WPIUMQP\GRV HÒT FKG GT\GWIVG ÒDGTUEJÒUUKIG W·TOG DCUKGTV 
CWH FGT ÜDGTNGIWPI, FKGUG NKGFGTVGORGTCVWTY·TOG \WO APVTKGD GKPGT ADUQTDGTM·NVGCPNCIG 
\W XGTYGPFGP. DCOKV MCPP FKG W·TOG UQYQJN KO WKPVGT \WT BGJGK\WPI CNU CWEJ KO SQOOGT 
\WT KÒJNWPI GKPGT SEJYGKPGOCUVCPNCIG XGTYGPFGV YGTFGP. 

3 ADsorRtionsk·lteanlage 9egrCcCN S'

DKG ADUQTRVKQPUM·NVGCPNCIG XQO T[R Wegracal SE YKTF OKV WCTOYCUUGT KO TGORGTCVWTDG-
TGKEJ XQP 80 uCä90 uC DGVTKGDGP. DKG FWPMVKQPUYGKUG DGTWJV CWH GKPGO MQPVKPWKGTNKEJGP 
ADUQTRVKQPURTQ\GUU OKV FGO ATDGKVUUVQHHRCCT LKVJKWODTQOKF�WCUUGT, FGT \WT XGTGKPHCEJVGP 
DCTUVGNNWPI KP HQNIGPFG EKP\GNUEJTKVVG WPVGTVGKNV YGTFGP MCPP 
ADD. 3�� 

ADD. 3� ADUQTRVKQPUM·NVG-
CPNCIG Wegracal SE

LÌUWPIURWORG�  DKG FGP ADUQTDGT XGTNCUUGPFG M·NVGOKVVGNTGKEJG LÌUWPI YKTF FWTEJ GKPG 
PWORG CDIGUCWIV. DKGUG LÌUWPIUOGPIG YKTF FWTEJ GKPGP W·TOGVCWUEJGT 
\WO GGPGTCVQT IGHÌTFGTV.

GGPGTCVQT 
G��  DKG M·NVGOKVVGNTGKEJG LÌUWPI YKTF INGKEJO·­KI ÒDGT FGO GGPGTCVQT XGT-
VGKNV. DWTEJ FKG ZWHWJT XQP WCTOYCUUGT YKTF CWU FGT LÌUWPI K·NVGOKVVGN 
CWUIGFCORHV. DKG PWP YKGFGT MQP\GPVTKGTVG LKVJKWODTQOKF-LÌUWPI YKTF 
OKV GKPGT PWORG \WTÒEM \WO ADUQTDGT IGHÌTFGTV 

KQPFGPUCVQT 
K��  DGT KO GGPGTCVQT CWUIGVTKGDGPG K·NVGOKVVGNFCORH UVTÌOV \WO KQPFGP-
UCVQT WPF YKTF FQTV XGTHNÒUUKIV. DKG FCDGK HTGK YGTFGPFG W·TOG YKTF CP 
FCU KÒJNYCUUGT CDIGIGDGP. DCU XGTHNÒUUKIVG K·NVGOKVVGN YKTF ÒDGT GKPG 
DTQUUGN GPVURCPPV WPF FGO VGTFCORHGT \WIGHÒJTV. 

VGTFCORHGT 
V��  DCU XQO KQPFGPUCVQT MQOOGPFG K·NVGOKVVGN HNKG­V \WT VGTFCORHGTYCP-
PG. DQTV YKTF GU XQP GKPGT K·NVGOKVVGNRWORG CPIGUCWIV, PCEJ QDGP KP GKP 
BGTKGUGNWPIUU[UVGO IGRWORV WPF ÒDGT FGP VGTFCORHGTTQJTGP XGTVGKNV. 
AWH GTWPF FGU JQJGP VCMWWOU XGTFCORHV GKP TGKN FGU K·NVGOKVVGNU DGTGKVU 
DGK UGJT PKGFTKIGP TGORGTCVWTGP. DKG HÒT FKG VGTFCORHWPI PQVYGPFKIG 
W·TOG GPV\KGJV FCU K·NVGOKVVGN FGO KP FGP VGTFCORHGTTQJTGP HNKG­GPFGP 
KCNVYCUUGT, YGNEJGU UKEJ FCDGK XQP 12 uC CWH DKU \W 6 uC CDMÒJNV.
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ADUQTDGT 
A��  IO ADUQTDGT YKTF FGT CWU FGO VGTFCORHGT MQOOGPFG K·NVGOKVVGNFCORH 
OKV MQP\GPVTKGTVGT LÌUWPI KP VGTDKPFWPI IGDTCEJV, YQDGK FKG LÌUWPI 
GDGPHCNNU OKV GKPGO BGTKGUGNWPIUU[UVGO HGKP XGTVGKNV YKTF. BGK FKGUGO 
VQTICPI YKTF FGT K·NVGOKVVGNFCORH XQP FGT LÌUWPI CDUQTDKGTV. DKG FCDGK 
HTGK YGTFGPFG W·TOG YKTF FWTEJ FCU KÒJNYCUUGT CWHIGPQOOGP WPF ÒDGT 
GKP RÒEMMÒJNYGTM CP FKG UOIGDWPI CDIGIGDGP. DKG GPVUVGJGPFG M·NVG-
OKVVGNTGKEJG LÌUWPI UCOOGNV UKEJ KO SWORH FGU ADUQTDGTU WPF YKTF FQTV 
XQP FGT LÌUWPIUOKVVGNRWORG CPIGUCWIV.

NCEJHQNIGPF UQNNGP ETIGDPKUUG FGU PTQLGMVGU CWU GKPGO \GKVINGKEJGP VGTINGKEJ KP KWT\HQTO 
FCTIGUVGNNV YGTFGP�
 î IO ZGKVTCWO EPFG MCK DKU APHCPI SGRVGODGT YWTFGP 34 000 MWJ K·NVG KO SEJYGKPG-

UVCNN GKPIGUGV\V. 
  DKG UV·PFKIGP TGORGTCVWTOGUUWPIGP OKV GKPGO FÒJNGT KO AW­GPDGTGKEJ WPF KP GKPGO 

MCUVVGKN GTOÌINKEJGP GKPG AWUUCIG \WT EKPUCV\J·WHKIMGKV FGT KÒJNWPI WPF KJTGT WKTM-
UCOMGKV DGK WPVGTUEJKGFNKEJ JQJGP AW­GPVGORGTCVWTGP. 

  DKG KÒJNWPI YWTFG DGKURKGNUYGKUG XQO 28. MCK DKU 3. SGRVGODGT 2003 CP 70 TCIGP 
OKV AW­GPVGORGTCVWTGP XQP OGJT CNU 24 uC IGPWV\V. DCU GPVURTCEJ GKPGT FWTEJUEJPKVV-
NKEJGP K·NVGDGTGKVUVGNNWPI XQP 486 MWJ LG TCI DGK WPVGTUEJKGFNKEJGP LCWH\GKVGP FGU 
K·NVGCDUQTDGTU. DWTEJUEJPKVVNKEJ YWTFGP 10,5 SVWPFGP FGT KÒJNWPI 
10�00 DKU 20�30 
UJT� DGPÌVKIV. HKGT \GKIVG UKEJ GKPFGWVKI, FCUU OKV FGT JGTMÌOONKEJGP LÒHVWPIUUVGW-
GTWPI FGT SEJYGKPGOCUVCDVGKNG FKG KÒJNWPI PKEJV GHHGMVKX \W PWV\GP KUV. BGK FGP 
GZVTGOGP TGORGTCVWTGP KO SQOOGT 2003 TGKEJVG GKPG KCNVYCUUGTCPHQTFGTWPI HÒT FKG 
W·TOGCWUVCWUEJGT KO NCEJICPI \WT AW­GP- WPF IPPGPVGORGTCVWT PKEJV CWU, WO DGK 
AW­GPVGORGTCVWTGP ÒDGT 35 uC PCEJ 14�00 UJT FCU ADVGKN PQEJ DGK 28 uC \W JCNVGP. 
ANU RQUKVKXGU FC\KV MCPP IGNVGPF IGOCEJV YGTFGP, FCUU FKG RTQLGMVKGTVGP 6 uK TGORGTC-
VWTFKHHGTGP\ KP 90 � FGT TCIG ÒDGT 24 uC TGCNKUKGTV YGTFGP MQPPVGP 
BUR. ADD. 4�. 

  

ADD. 4� VGTINGKEJ FGT 
IPPGPTCWOVGORGTCVWT 
KO IGMÒJNVGP 
VGT-
UWEJ� WPF KO PKEJV 
IGMÒJNVGP 
KQPVTQNNG� 
SVCNNCDVGKN 
AWU\WI� 

  BGK GZVTGOGT GGUEJYKPFKIMGKV FGT ETY·TOWPI WPF CPJCNVGPF JQJGP AW­GPVGORGTCVW-
TGP CD 10�00 UJT YCT FKG K·NVGMCRC\KV·V QJPG VQTITKHHUVGWGTWPI PKEJV CWUTGKEJGPF. FÒT 
FKG GHHGMVKXG NWV\WPI FGT K·NVG CWU FGT BKQICUY·TOGGPGTIKG KUV FKG EKPDG\KGJWPI GKPGT 
KPVGNNKIGPVGP SVGWGTWPI WPF GKPG YGKVGTG ETRTQDWPI PQVYGPFKI, FKG FKG ETHCUUWPI FGT 
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VKGTKUEJGP PCTCOGVGT KO VGTINGKEJ GKPUEJNKG­V. W·JTGPF FGT JÌEJUVGP KÒJNCPHQTFGTWPI 
FCTH GU PKEJV \WO SVKNNUVCPF FGU BHKW \. B. FWTEJ GCUOCPIGN MQOOGP.

 î IPUIGUCOV KUV HGUV\WUVGNNGP, FCUU FGT K·NVGURGKEJGT PKEJV CWUTGKEJVG, WO FKG GZVTGOGP 
TGORGTCVWTGP 
\. B. 2003� CD\WRWHHGTP. IO ZGKVTCWO XQP PWT FTGK SVWPFGP GTJÌJVG 
UKEJ FKG TGORGTCVWT KO K·NVGURGKEJGT WO 5 K 
XQP 8 uC CWH 13 uC�, UQ FCUU PKEJV FKG 
XQNNG K·NVGNGKUVWPI IGPWV\V YGTFGP MQPPVG. DWTEJ FKG PGTOCPGPVOGUUWPI 
TGORGTCVWT, 
LWHVHGWEJVG� MQPPVGP ADNCWHXGTJ·NVPKUUG UKEJVDCT IGOCEJV YGTFGP.

 î EKP YGKVGTGU FC\KV PCEJ GKPGT SQOOGTNCWH\GKV KUV CDGT CWEJ, FCUU DGK NWV\WPI FGT 
ADUQTDGTCPNCIG GKPG QRVKOCNG MQVQTMÒJNWPI GTTGKEJV YWTFG, QJPG FCUU FGT NQVMÒJNGT 
GKPUEJCNVGVG.

 î DKG UKPPXQNNG W·TOGPWV\WPI FWTEJ LKGIGHN·EJGP- WPF RCWOJGK\WPI PCEJ UOUVCNNWP-
IGP YWTFG ÒDGT CNNG JCJTGU\GKVGP IGPWV\V.

 î ETUVG MGUUWPIGP \WT AOOQPKCMGOKUUKQPUTCVG KP FGP VQTWPVGTUWEJWPIGP GTICDGP 
GKPGP WO 18 � IGTKPIGTGP NH3 ä AWUUVQ­ KO IGMÒJNVGP SVCNNCDVGKN 
TCD. 2�  

TCD. 2� AOOQPKCMGOKUUKQP KO IGMÒJNVGP WPF PKEJV IGMÒJNVGP SEJYGKPGOCUVCDVGKN

Voruntersuchungen
Sep. 2003

Einheit gekühltes Abteil 
(∆tg = 26,2 °C)

nicht gekühltes Abteil
(∆tng = 26,2 °C)

NH3 Emissionsrate g/h und Abteil 60,4 73,5
NH3 Emissionsrate kg/ TP und 70 Tage1) 0,35 0,43
1) kalkulatorischer Wert (Anzahl der Tage, in denen 2003 gekühlt wurde, d.h. Abteiltemperatur > 24 °C)

DKG GTOKVVGNVGP RGFWMVKQPURQVGPVKCNG GPVURTGEJGP KP KJTGT GTÌ­GPQTFPWPI FGP LKVGTCVWTCPIC-
DGP XQP NI 
1998� UQYKG SNELL WPF XCP FGP WEGHE 
1999�. WGKVGTG ETIGDPKUUG \WT AOOQ-
PKCMGOKUUKQP D\Y. \WT KQTTGNCVKQP \YKUEJGP LÒHVWPIUTCVG WPF AOOQPKCMGOKUUKQP 
CUMBY

GV CN., 1995; HARTUNG WPF BÜSCHER, 1995; BÜSCHER 1995� MQPPVGP KO SQOOGT FGU JCJTGU 
2004 KO FKTGMVGP VGTINGKEJ XQP MCUVCDVGKNGP OKV WPF QJPG ZWNWHVMÒJNWPI IGYQPPGP YGT-
FGP. FÒT KPUIGUCOV 4 MCUVFWTEJI·PIG MQPPVGP CWEJ FKG VKGTKUEJGP LGKUVWPIGP FGVCKNNKGTV 
DGTÒEMUKEJVKIV YGTFGP.

DKG MGUUGTIGDPKUUG \WT ONHCMVQOGVTKG \GKIVGP, FCUU DGK FGP IGMÒJNVGP SVCNNCDVGKNGP OKV 
GKPGT GGTWEJUGOKUUKQPUOKPFGTWPI \W TGEJPGP KUV. EKPG MQPMTGVG AWUUCIG \WT HÌJG FGT EOKU-
UKQPUOKPFGTWPI KUV CWH GTWPF FGU DCVGPOCVGTKCNU 
\W YGPKI SVKEJRTQDGP� PQEJ PKEJV \WN·UUKI. 
DKG CWU FGT LKVGTCVWT DGMCPPVG KQTTGNCVKQP \YKUEJGP ADVGKNVGORGTCVWT WPF GGTWEJUGOKUUKQP 

OLDENBURG, 1989; BÜSCHER GV CN.; 1996� MQPPVG CWEJ KP FKGUGP UPVGTUWEJWPIGP HGUVIGUVGNNV 
YGTFGP. ZKGN FGU PTQLGMVGU YCT GU, FWTEJ FKG KQODKPCVKQP GKPGT BKQICUCPNCIG OKV BGJGK\WPI 
WPF KÒJNWPI KP FGT SEJYGKPGOCUV GKPG QRVKOKGTVG EPGTIKGCWUPWV\WPI FGT CPHCNNGPFGP W·T-
OGGPGTIKG \W GTTGKEJGP. DKG EOKUUKQPUTGFW\KGTWPI 
NH3, GGTWEJ� KUV GKP RQUKVKXGT NGDGP-
GHHGMV, FGT FGO UOYGNVUEJWV\ FKGPV.

4 Literatur
DKG LKVGTCVWTNKUVG MCPP DGKO AWVQT CPIGHTCIV YGTFGP 
I.DG[GTUFQTHGT"ENCWUDGTI.VNN.FG�.
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SensorgestÒtzte Anal[se des Pr·ferenzXerhaltens Xon Schweinen ä 
AufDau und Struktur der Versuchsanlage und erste ErgeDnisse
Sensor DCsed CnCN[sis of tJe preference DeJCXioWr of pigs ä 
configWrCtion Cnd eSWipment of inXestigCtion Cnd first resWNts 

BJ¤RN B¤RGERMANN1, OTTO KAUFMANN1, BOZENA FRIEDRICH2

1  HWODQNFV-UPKXGTUKV·V \W BGTNKP, LCPFYKTVUEJCHVNKEJ-G·TVPGTKUEJG FCMWNV·V, 
IPUVKVWV HÒT NWV\VKGTYKUUGPUEJCHVGP, D-10115 BGTNKP

2  HWODQNFV-UPKXGTUKV·V \W BGTNKP, LCPFYKTVUEJCHVNKEJ-G·TVPGTKUEJG FCMWNV·V, IPUVKVWV HÒT WKTVUEJCHVU- WPF 
SQ\KCNYKUUGPUEJCHVGP FGU LCPFDCWU, D-10115 BGTNKP 

SchlÒsselwÌrter� Schwein, PraeferenzXerhalten, SensorgestÒetzte Anal[se 
-e[Yords� Pig� preference DeJCXioWr� sensor DCsed CnCN[sis

<WsCmmenfCssWng 

Für die Untersuchungen wurde ein System entwickelt, welches Aufenthaltsort, -dauer und 
-frequenz von einzelnen Schweinen in verschiedenen Teilbereichen ihrer Haltungsumwelt 
über den gesamten Haltungszeitraum aufzeichnet. Dies wird durch die flexible Anordnung 
von sechs Durchgangstoren, zwei Tränken und zwei Futterautomaten mit jeweiliger Tierer-
kennung ermöglicht. Für jeden Versuchs-durchgang werden 22 wachsende Schweine in das 
System eingestallt und ihr Verhalten bezüglich ihrer Präferenz für verschiedene Segmente 
eines Haltungssystems evaluiert. Eine Anpassung des Systems führte zu einer Steigerung der 
Erkennungsgenauigkeit. Die ersten Ergebnisse weisen eine erhebliche Varianz in der Nut-
zungshäufigkeit und -dauer für die angebotenen Segmente auf.

SWmmCr[ 

The system of this investigation can record the individual behaviour of each pig according 
to itçs preference for staying in a special environment. During the entire time of this study all 
data in terms of the preference for staying in a different locations, their duration and frequen-
cy of staying there were measured. This was achieved by the special and flexible arrangement 
of six passage gates, two drinkers and two automatic feeders with an individual identification 
system. 22 growing pigs were used for every experiment. Their behaviour according to their 
preference for different parts of the life stock production system were recorded and evaluated. 
At first the system was improved concerning the recognition accuracy. The results showed a 
considerable variance of the behaviour in terms of frequency and sequence of using a special 
segment. 
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1 EinfÒhrung und Zielstellung 

DKG IGUGNNUEJCHVNKEJGP APURTÒEJG CP FKG TKGTIGTGEJVJGKV CNU PCTCOGVGT FGT 3WCNKV·V NCPF-
YKTVUEJCHVNKEJGT PTQ\GUUG JCDGP UKEJ XQP FGT VGTICPIGPJGKV DKU \WO JGWVKIGP ZGKVRWPMV 
XGT·PFGTV. UO LGPGP PGWGP APURTÒEJGP IGTGEJV YGTFGP \W MÌPPGP, KUV FGT EKPUCV\ PGWGT 
FQTUEJWPIUOGVJQFGP PQVYGPFKI. 

DGT HÒT FKGUG UPVGTUWEJWPI GPVYKEMGNVG VGTUWEJUCWHDCW GTOÌINKEJV KO VGTINGKEJ \W 
ÒDNKEJGP KWT\\GKVCPCN[UGP GKPG RGTOCPGPVG ETHCUUWPI XQP VGTJCNVGPUCDN·WHGP DGK SEJYGK-
PGP ÒDGT FGP IGUCOVGP HCNVWPIU\GKVTCWO. DKG CWU FGO VGTUWEJ IGYQPPGPGP ETMGPPVPKUUG 
UQNNGP GKPGP BGKVTCI NGKUVGP, FKG BGYGTVWPI XQP VGTHCJTGP KP FGT SEJYGKPGJCNVWPI CWU SKEJV 
FGT TKGTIGTGEJVJGKV \W QDLGMVKXKGTGP WPF \W XGTXQNNMQOOPGP. DCTÒDGT JKPCWU MÌPPGP UKG 
\WMÒPHVKI CNU UCEJNKEJG GTWPFNCIG KP IGUGV\DKNFGPFG PTQ\GUUG \WT TKGTJCNVWPI OKV GKPDG\QIGP 
YGTFGP. 

MKV FGO FQTUEJWPIUXQTJCDGP YGTFGP HQNIGPFG ZKGNUVGNNWPIGP WPVGTUWEJV�
 î ETHCUUWPI FGT PT·HGTGP\ HÒT XGTUEJKGFGPG SGIOGPVG GKPGU HCNVWPIUU[UVGOU FWTEJ 

FTGSWGP\ WPF SGSWGP\ FGT BGUWEJG WPF FKG AWHGPVJCNVUFCWGT FGT TKGTG KP FGP WPVGT-
UEJKGFNKEJGP TGKNUGIOGPVGP FGU HCNVWPIUTCWOGU UQYKG FGP EKPTKEJVWPIGP FGU KQOHQTV-
XGTJCNVGPU. 

 î UOHCPI FGT AHHKPKV·V \W ENGOGPVGP FGU HCNVWPIUTCWOGU FWTEJ \GKVYGKNKI WPVGTDTQEJG-
PG ETTGKEJDCTMGKV GKPGU ENGOGPVGU 
\.B. ENGOGPV BGUEJ·HVKIWPI� WPF AFCRVCVKQP CP FKG 
XGT·PFGTVG SKVWCVKQP.

 î APCN[UG FGT KQORGPUCVKQPUOÌINKEJMGKVGP FWTEJ CNVGTPCVKXG UOYGNVIGUVCNVWPI.

2 Material und Methode

DKG SVTWMVWT FGT VGTUWEJUCPNCIG 
9,7 O Z 13,3 O� YKTF FWTEJ FKG UGEJU DWTEJICPIUVQTG, \YGK 
TT·PMGP WPF \YGK FWVVGTCWVQOCVGP OKV LGYGKNKIGO ETMGPPWPIUHGNF IGDKNFGV. JGFGU SEJYGKP 
VT·IV HÒT FKG URG\KHKUEJG IFGPVKHK\KGTWPI GKPGP RGURQPFGT KO TGEJVGP OJT. DKG GKIGPVNKEJG 
APQTFPWPI FGT TQTG N·UUV UKEJ HÒT XGTUEJKGFGPG KQP\GRVG HNGZKDGN XGT·PFGTP 
ADD. 1�. 

DGT SEJNKG­FTWEM FGT UGEJU RCUUKX CTDGKVGPFGP DWTEJICPIUVQTG KUV XCTKCDGN LG PCEJ TKGT-
ITÌ­G FWTEJ DTWEMNWHV UVGWGTDCT. BGK FGP \YGK CF NKDKVWO FWVVGTCWVQOCVGP GTHQNIV GKPG GZCMVG 
DQMWOGPVCVKQP FGT VCVU·EJNKEJ CWHIGPQOOGPGP FWVVGTOGPIG FWTEJ FKG W·IWPI GKPGU TGKN-
XQTTCVGU KPMNWUKXG FGT FWVVGTUEJCNG. 

ZWT ETHCUUWPI FGT PT·HGTGP\ DG\ÒINKEJ XGTUEJKGFGPGT HCNVWPIUUGIOGPVG KUV FCU S[UVGO FGT-
CTV IGUVCNVGV, FCUU FKG GKP\GNPGP AWHGPVJCNVUDGTGKEJG LGYGKNU PWT GKP SGIOGPV GKPGT ÒDNKEJGP 
HCNVWPI XQP SEJYGKPGP TGRT·UGPVKGTGP. JGFGT RCWO OKV UGKPGO URG\KGNNGP APIGDQV KP AWU-
UVCVVWPI WPF FWPMVKQP KUV PWT FWTEJ GKP TQT \W GTTGKEJGP WPF FWTEJ GKP \YGKVGU YKGFGT \W 
XGTNCUUGP, YQDGK LGFGU EKP- WPF AWUVTGVGP TGIKUVTKGTV YKTF 
TCD. 1�. 

JGFG SGPUQTGTMGPPWPI CP TQT QFGT FWVVGTCWVQOCV YKTF OKV FGT IPHQTOCVKQP TTCPURQPFGT-
PWOOGT, NWOOGT FGU ETMGPPWPIUHGNFGU 
1ä10�, APHCPIU- WPF EPF\GKV FGT ETMGPPWPI WPF DGK 
FGP FWVVGTCWVQOCVGP \WFGO OKV FGO APHCPIU- WPF EPFIGYKEJV FGU FWVVGTDGJ·NVGTU XGTUGJGP. 
DKG GGPCWKIMGKV DGVT·IV DGK FGT UJT\GKV GKPG SGMWPFG WPF DGKO GGYKEJV 10 GTCOO. DKG 
SKEJGTWPI FGT DCVGP GTHQNIV MQPVKPWKGTNKEJ CNU VCIURG\KHKUEJG TGZV-DCVGK CWH GKPGO PC. 
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ADD. 1� SMK\\G FGT VGTUWEJUCPQTFPWPI 1-2004
Delineation of the test arrangement 1-200�

TCD. 1� APIGDQV WPF AWUUVCVVWPI FGT BGTGKEJG A DKU D KO VGTUWEJ 1-2004
Offer and equipment of the areas A to D in the experiment 1-200�

Bereich Angebot/Ausstattung Eigenschaft Boden

A Nahrungsaufnahme: Futter, Wasser befestigt, Beton

B Beschäftigung Strohautomat befestigt, Beton

C Liegen/Ruhen befestigt, Holz

D Beschäftigung Wühlen, Liegen lose, Sand

TCD. 2� MC­PCJOGP \WT SVGKIGTWPI FGT ETMGPPWPIUIGPCWKIMGKV
Measures to increase the recognition accuracy

Position Erkennung 
(Abstand zur Erkennung (cm))

Maßnahme
Fehlerrate 

(%)

Originalzustand H 9, A 30 – 20–30

Schritt 1 H 9, A 5
Erkennung in Richtung Tor ver-

setzt, Widerstand erhöht
15–25

Schritt 2 H 1, A 5
Transpondertest, Erkennung 

nach unten versetzt
5–15

Schritt 3 H 1, A 5
Beide Erkennungsfelder auf 
einer Seite hintereinander

5–10

Versuchslösung H 1, A 5
Variable Verengung des Tor-

durchganges
bis 5

EKPG CM\GRVCDNG ETMGPPWPIUIGPCWKIMGKV FGT DWTEJICPIUVQTG KUV GTUV PCEJ KPVGPUKXGT ÜDGTRTÒ-
HWPI WPF OGJTUVWHKIGP VGTDGUUGTWPIGP GTTGKEJV YQTFGP. W·JTGPF FKG FWVVGTCWVQOCVGP UEJQP 
\W BGIKPP MQTTGMVG WGTVG FGU FWVVGTXGTDTCWEJGU NKGHGTVGP, \GKIVGP FKG TQTG UVCTMG DKHHGTGP\GP 
KP FGT AP\CJN XQP EKPVTKVVU- WPF AWUVTKVVUMQPVCMVGP. MKVVGNU GKPGU TTCPURQPFGTVGUVU WPF DKTGMV-
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DGQDCEJVWPIGP \W FGP TKGTDGYGIWPIGP MQPPVG GKPG FGJNGTCPCN[UG FWTEJIGHÒJTV YGTFGP, FKG 
KP OGJTGTGP SEJTKVVGP \W GKPGT FGWVNKEJGP VGTDGUUGTWPI FGT ETMGPPWPIUIGPCWKIMGKV IGHÒJTV 
JCV 
TCDGNNG 2�. DCHÒT YWTFGP KPUDGUQPFGTG FKG PQUKVKQP FGT ETMGPPWPIURNCVVG KP FGT HÌJG 
H� 
WPF FGT ADUVCPF \WO TQT 
A� XGT·PFGTV. ZWU·V\NKEJ YWTFG FGT ÖHHPWPIUYKFGTUVCPF FGT TQTG 
GTJÌJV WPF GKP XCTKCDGN GKP\WUVGNNGPFGU LGKVDNGEJ KP FCU TQT GKPIGDCWV, UQ FCUU FKG SEJYGKPG 
PWP NCPIUCO WPF FKEJV CP FGT ETMGPPWPI XQTDGK OÒUUGP. 

DWTEJ FKG DKTGMVDGQDCEJVWPIGP MQPPVG \WFGO GTOKVVGNV YGTFGP, FCUU FGT APVGKN PKEJV 
CDIGUEJNQUUGPGT TQTRCUUCIGP KP YGPKIGT CNU GKP PTQ\GPV FGT F·NNG CWHVTKVV. DKG FWTEJIGHÒJTVGP 
VGTDGUUGTWPIGP ICTCPVKGTGP UEJNKG­NKEJ FKG FWPMVKQPUVÒEJVKIMGKV FGT GKPIGUGV\VGP TGEJPKM 
WPF UKPF KP FGT LCIG FKHHGTGP\KGTVG AWUUCIGP KO SKPPG FGT ZKGNUVGNNWPI IGDGP \W MÌPPGP.

DKG DCVGPGTJGDWPI KP FKGUGO PTQLGMV DGTWJV CWH XKGT S·WNGP�
 î DKG VGEJPKUEJGP KQORQPGPVGP \WT RGTOCPGPVGP ETHCUUWPI FGT TKGTDGYGIWPIGP Y·J-

TGPF FGT IGUCOVGP HCNVWPIURJCUG NKGHGTP FKG WOHCUUGPFUVG DCVGPOGPIG. VQP LGFGO 
TKGT YGTFGP PCEJ VGTUWEJGPFG EC. 6.400 DCVGPU·V\G GTYCTVGV. 

 î ETI·P\GPF \W FGP VGEJPKUEJ \W GTHCUUGPFGP DCVGP YGTFGP Y·JTGPF FGT HCNVWPIURG-
TKQFG FWTEJ \YGK MCN YÌEJGPVNKEJ FWTEJIGHÒJTVG DKTGMVDGQDCEJVWPIGP \WU·V\NKEJG 
IPHQTOCVKQPGP IGYQPPGP. SKG UQNNGP PGDGP FGP CWHIG\GKEJPGVGP DCVGPU·V\GP FCU VGT-
JCNVGP FGT TKGTG KP FGP GKP\GNPGP ATGCNGP YGKVGT URG\KHK\KGTGP WPF RGHGTGP\GP \W FGT 
AWUUCIGMTCHV FGT TGKP VGEJPKUEJGP DCVGP NKGHGTP.

 î DKG GGYKEJVUGPVYKEMNWPI FGT SEJYGKPG YKTF YÌEJGPVNKEJ FWTEJ EKP\GNVKGT-Y·IWPIGP 
GTHCUUV. 

 î UO KNKOCGKPHNÒUUG DGTÒEMUKEJVKIGP \W MÌPPGP YGTFGP MQPVKPWKGTNKEJ DCVGPTGKJGP FGT 
WGVVGTUVCVKQP CO VGTUWEJUUVCPFQTV JKP\WIG\QIGP.

ANNG GTHCUUVGP DCVGP YGTFGP \WT AWUYGTVWPI KP GKPG DCVGPDCPM GKPIGRHNGIV. DKG RQJFCVGP 
FGT VGEJPKUEJGP KQORQPGPVGP \WO PT·HGTGP\XGTJCNVGP FGT SEJYGKPG YGTFGP \WFGO FWTEJ 
GKPGP FKNVGT CWH DQRRGNPGPPWPIGP WPF WPNQIKUEJG FQNIGP KP FGP TQTRCUUCIGP DGTGKPKIV. 
UPNQIKUEJG FQNIGP GPVUVGJGP DGKURKGNUYGKUG FCPP, YGPP GKP SEJYGKP KP GKPGO EKPICPIUVQT 
GTMCPPV CDGT CNU P·EJUVGT DCVGPUCV\ PKEJV FCU GPVURTGEJGPFG AWUICPIUVQT IGHWPFGP YKTF. SQ 
GPVUVGJV \WP·EJUV FGT DGTGKPKIVG DCVGPRQQN ëGTWRRGé, FGT UQTVKGTV GKPG YGKVGTG KPFKXKFWGNNG 
BGVTCEJVWPI FGU EKP\GNVKGTGU GTOÌINKEJV. DKGUG DGKFGP DCVGPOGPIGP ëGTWRRGé WPF ëEKP\GN-
VKGTé YGTFGP PWP CWH FKG FTGK GUUGPVKGNNGP PCTCOGVGT \WT ETHCUUWPI FGU WCJNXGTJCNVGPU FGT 
SEJYGKPG WPVGTUWEJV�
 î FreSuenz FGT BGUWEJG
 î SeSuenz FGT BGUWEJG
 î Aufenthaltsdauer KP FGP GKP\GNPGP BGTGKEJGP.

DKG AWUYGTVWPI FGT DCVGP UQNN OKV HKNHG XQP \YGK MQFGNNGP GTHQNIGP� DCU UVCVKUVKUEJG 
MQFGNN DGKPJCNVGV \WP·EJUV GKPG AWUYGTVWPI CWH FGT BCUKU H·WHKIMGKVUXGTVGKNWPIGP, SVCPFCTF-
CDYGKEJWPIGP WPF VCTKCP\CPCN[UGP. FÒT GKP\GNPG MGTMOCNG YGTFGP CW­GTFGO ZGKVTGKJGP-
CPCN[UGP FWTEJIGHÒJTV. WGKVGTJKP YKTF ÒDGTRTÒHV, QD GKPG ÜDGTHÒJTWPI FGT DCVGP HÒT GKPG 
VQTJGTUCIG \WT BGHTKGFKIWPI XQP VGTJCNVGPUDGFÒTHPKUUGP KP GKP UKEJ CP FKG ëMPC-TJGQTKGé 

MQFGN RTGFKEVKXG EQPVTQN� CPNGJPGPFGU MQFGNN 
CAMACHO GV.CN. 1999� OÌINKEJ KUV. 

FÒT GKPGP VGTUWEJUFWTEJICPI YGTFGP 22 SEJYGKPG OKV GKPGO EKP\GNVKGTIGYKEJV XQP EC. 
28 MI GKPIGUVCNNV. DGT VGTUWEJ GPFGV PCEJ EC. 95 TCIGP DGK GKPGO OKVVNGTGP LGDGPFIGYKEJV 
XQP 110 MI. EKPG WKGFGTJQNWPI FGU VGTUWEJUFWTEJICPIGU \W GKPGT CPFGTGP JCJTGU\GKV GTHCUUV 
FKG LCJTGU\GKVNKEJGP EKPHNÒUUG CWH FCU VGTJCNVGP FGT TKGTG. WGKVGTG UPVGTUWEJWPIGP YGTFGP 
OKV GKPGT XGT·PFGTVGP GGUVCNVWPI FGT HCNVWPIUUGIOGPVG FWTEJIGHÒJTV. 
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3 Erste ErgeDnisse

ETUVG ETIGDPKUUG YGTFGP KO HQNIGPFGP CP FGP TKGTTGCMVKQPGP GKPGU CWUIGY·JNVGP DCVWOU 
FCTIGUVGNNV. AO 9.7.2004 WPVGTNKGIGP FKG MCUVUEJYGKPG KP KJTGO WCJNXGTJCNVGP MGKPGT EKP-
UEJT·PMWPI KP FGT ETTGKEJDCTMGKV FGT AWHGPVJCNVUDGTGKEJG. DKG V·INKEJGP ZWPCJOGP DGVTCIGP 
903I DGK GKPGO OKVVNGTGP LGDGPFIGYKEJV XQP 62,4 MI. DGT WGVVGTGKPHNWUU CP FKGUGO TCI KUV 
TGNCVKX MQPUVCPV. 

DGT SCPFCWUNCWH 
BGTGKEJ D� GTOÌINKEJV FGP SEJYGKPGP OKV FGO VGTJCNVGP WÒJNGP WPF 
MWNFGPDKNFWPI Y·JTGPF FGT LKGIGRJCUG GKP JQJGU MC­ CP BGFÒTHPKUDGHTKGFKIWPI 
VAN

PUTTEN 1978; GRAUVOGEL 1997�. DKG APPCJOG, FCUU FKG SEJYGKPG FGP SCPFCWUNCWH 
BGTGKEJ 
D� 
FTGSWGP\ P � 6, AWHGPVJCNVUFCWGT 7 � 22 J�TKGTäF� GKPFGWVKI CNU OTV JÌEJUVGT PT·HGTGP\ 
CWU\GKEJPGP, N·UUV UKEJ OKV FKGUGT TCIGUCWUYGTVWPI PKEJV DGUV·VKIGP 
TCDGNNG 3�. 

TCD. 3� SVCVKUVKM \WO VGTJCNVGP FGT GTWRRG DG\ÒINKEJ FTGSWGP\ WPF DCWGT FGT NWV\WPI XGTUEJKGFGPGT 
BGTGKEJG
Statistics of the behaviour of the group concerning frequency and duration of using different areas

je Tier
Bereich A 

Futter/ Wasser
Bereich B 

Strohautomat
Bereich C 

Ruhebereich
Bereich D 

Sandauslauf

n t (h) n t (h) n t (h) n t (h)

MW 14 6:25 4 0:13 4 9:58 6 7:22

Max 28 16:44 13 1:04 11 19:10 16 18:06

Min 4 0:56 1 0:01 1 1:02 2 0:17

s 7 3:42 3 0:14 3 5:04 4 5:22

SQ YKTF FKG KO BGTGKEJ B CNU ANVGTPCVKXG CPIGDQVGPG BGUEJ·HVKIWPIUOÌINKEJMGKV SVTQJ KO 
MKVVGN ÒDGT GKPG HCUV INGKEJ JQJG FTGSWGP\ 
P�4� IGPWV\V. DKG AWHGPVJCNVUFCWGT KUV LGFQEJ 
FGWVNKEJ IGTKPIGT 
0 � 13 J�TKGTäF�. DKG DGVT·EJVNKEJG AWHGPVJCNVUFCWGT KO RWJGDGTGKEJ C NKGIV 
KP GKPGT XGTUV·TMVGP NWV\WPI KP FGT ZGKV XQP 1 � 00 UJT DKU 10 � 00 UJT. DKG JQJG FTGSWGP\ 
FGU BGTGKEJGU A KUV KO ZWUCOOGPJCPI OKV FGO SVCPFQTV FGT FWVVGTCWVQOCVGP WPF TT·PMGP 
\W UGJGP. NCEJ AD\WI FGT ZGKV \WT NCJTWPIUCWHPCJOG DGHKPFGP UKEJ FKG TKGTG 5 � 19 J�TKGTäF

KP FQTO XQP WCTVGP, RWJGP WPF SQ\KCNMQPVCMV KO BGTGKEJ A. 
DKG V·INKEJ CWHIGYGPFGVG ZGKV \WT NCJTWPIUCWHPCJOG DGVT·IV KO MKVVGN 1�06 J�TKGT-F. DKG 

SRCPPYGKVG TGKEJV XQP 0 � 47 DKU 1 � 17 J�TKGTäF WPF KNNWUVTKGTV FCU PJ·PQOGP XQP UEJPGNN WPF 
NCPIUCO HTGUUGPFGP SEJYGKPGP. DCIGIGP VTGVGP DGK FGT WCUUGTCWHPCJOG OKV 0 � 04 J�TKGTäF

PWT IGTKPIG SEJYCPMWPIGP CWH. DKG MC­\CJNGP MKVVGNYGTV 
P � 14� WPF SVCPFCTFCDYGKEJWPI 

P � 12� DGUEJTGKDGP FKG VGTJ·NVPKUUG \WT AP\CJN FGT BGUWEJG CP FGP FWVVGTCWVQOCVGP LG TKGT 
PKEJV JKPTGKEJGPF. SQ NKGIGP 50 � FGT TKGTG KP GKPGO BGTGKEJ XQP P � 7 DKU P � 17 BGUWEJGP 
LG FWVVGTCWVQOCV 
ADDKNFWPI 2�. DKG EKP\GNYGTVG OKV P �   30 YGTFGP UQYQJN XQP NGKEJVGP 
CNU CWEJ XQP UEJYGTGP TKGTGP GT\GWIV WPF UVGJGP PKEJV KO VGTJ·NVPKU \WT CWHIGPQOOGPGP 
FWVVGTOGPIG WPF FGT FC\W CWHIGYGPFGVGP ZGKV. DKGUG EZVTGOG NCUUGP UKEJ UQYQJN CWH GKP 
VKGTKPFKXKFWGNNGU VGTJCNVGP CNU CWEJ GZVGTPG SVÌTWPIGP Y·JTGPF FGT FWVVGTCWHPCJOG \WTÒEM-
HÒJTGP. DKG IGPCWG \GKVNKEJG ZWQTFPWPI FGT BGUWEJG XQP FWVVGTCWVQOCVGP WPF TT·PMGP \GKIV 
GKPG FGWVNKEJG KPFKXKFWGNNG PT·HGTGP\ FGT SEJYGKPG HÒT GKPGP FWVVGTCWVQOCVGP D\Y. GKPG 
TT·PMG. 
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IPUIGUCOV YKTF FGT FWVVGTCWVQOCV 2 
FA 2� KP FGT FTGSWGP\ WPF DCWGT UV·TMGT IGPWV\V CNU 
FGT FWVVGTCWVQOCV 1 
FA 1�. 

ADD. 2� AP\CJN FGT BGUWEJG LG TKGT CP FGP \YGK FWVVGTCWVQOCVGP
Frequency of the attendance at the two automatic feeders

ETUVG APCN[UGP \WT AWHGPVJCNVUUGSWGP\ \GKIGP, FCUU FKG SEJYGKPG FGP SCPFDGTGKEJ KP 57 � 
FGT F·NNG KP RKEJVWPI FGT \YGK TT·PMGP XGTNCUUGP. ANNG CPFGTGP ZKGNG JCDGP GKPGP APVGKN XQP 
EC. 10 �. UOIGMGJTV XGTNCWHGP ÒDGT 18 � FGT TKGTDGYGIWPIGP CWU FGO BGTGKEJ SVTQJCW-
VQOCV WPF RWJGDGTGKEJ FKTGMV KP RKEJVWPI SCPFCWUNCWH. EKPGP JÌJGTGP WGTV GTTGKEJGP OKV 
EC. 21� CWUUEJNKG­NKEJ FKG \YGK TT·PMGP. DKG FWVVGTCWVQOCVGP YGTFGP PWT PCEJ VGTNCUUGP 
FGU RWJGDGTGKEJGU OKV GKPGO APVGKN XQP LG   10 � CWHIGUWEJV WPF GTTGKEJGP PKEJV FKG 
VQT\ÒINKEJMGKV FGT TT·PMGP. DKG JÌEJUVG GGUCOVCMVKXKV·V KO TCIGUXGTNCWH KUV KO \YGKVGP 
3WCTVKN HGUV\WUVGNNGP.

DKG JQJGP VCTKCP\GP KP FGP ETIGDPKUUG \WO PT·HGTGP\XGTJCNVGP CO 09.07.2004 NCUUGP CWH 
GKP UGJT FKHHGTGPVGU BKNF \YKUEJGP FGP GKP\GNPGP SEJYGKPGP UEJNKG­GP. DKGU DGVTKHHV UQYQJN 
FKG AWHGPVJCNVUFCWGT CNU CWEJ FKG H·WHKIMGKV FGT BGUWEJG KP FGP GKP\GNPGP BGTGKEJGP A DKU 
D. GNGKEJ\GKVKI QHHGPDCTV FKGUG FKHHGTGP\KGTVG BGVTCEJVWPIUOÌINKEJMGKV CWEJ FKG KCRC\KV·VGP 
FGT VGTUWEJUCPUVGNNWPI. 

DKG ETIGDPKUUG FKGUGU VGTUWEJUCDUEJPKVVU OKV HTGKGT WCJNOÌINKEJMGKV NKGHGTP GKPG GTUVG 
DCVGPDCUKU HÒT FKG RCPIHQNIG XQP ENGOGPVGP FGU KQOHQTVXGTJCNVGPU DGK SEJYGKPGP. ZWFGO 
NCUUGP UKEJ FCTCP \W GTYCTVGPFG VGTJCNVGPUCFCRVCVKQPGP DGK VGTUWEJUCDUEJPKVVGP OKV \GKVYGK-
NKI XGTURGTTVGP ZWICPIUOÌINKEJMGKVGP CPCN[UKGTGP. DCU ZKGN FGT P·EJUVGP AWUYGTVWPIUUEJTKVVG 
DGUVGJV FCTKP, FWTEJ ZGKVTGKJGPCPCN[UGP WPF MQFGNNKGTWPI N·PIGTGT HCNVWPIUCDUEJPKVVG PT·HG-
TGP\GP WPF AHHKPKV·VGP PQEJ VKGHITÒPFKIGT \W DGUEJTGKDGP.
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Pr·ferenzXersuche mit Mastschweinen im LiegeDereich DezÒglich 
Bodenstruktur und LufttemReratur
Preference stWdies on fCttening pigs in N[ing CreCs YitJ regCrd to fNoor 
strWctWre Cnd Cir temperCtWre

INGE FESKE1, ANDREA HESSE1, DIRK HESSE2

1  IPUVKVWV HÒT BGVTKGDUVGEJPKM WPF BCWHQTUEJWPI, BWPFGUHQTUEJWPIUCPUVCNV HÒT LCPFYKTVUEJCHV 
FAL�, 
BWPFGUCNNGG 50, D-38116 BTCWPUEJYGKI

2  KQORGVGP\\GPVTWOU HÒT TKGTJCNVWPI WPF BCWYGUGP 
KTB� KO VGTGKP \WT FÌTFGTWPI FGT D·WGTNKEJGP 
VGTGFNWPIUYKTVUEJCHV 
V\F�, D-29525 UGN\GP

SchlÒsselwÌrter� Bodengestaltung, StalltemReratur, Mastschweine, LiegeDereichsgestaltung 
-e[Yords� (Nooring tCpes� stCDNe temperCtWre� fCttening pigs� N[ing CreC

<WsCmmenfCssWng

Die Bodenbeschaffenheit ist ein entscheidender aber sehr kontrovers diskutierter Faktor 
bei der Beurteilung der „Tiergerechtheit“ eines Schweinestalles. Mittels eines Praxis-
Screenings, eines Vergleichsversuches und eines Wahlversuches sollten daher die tatsächli-
chen Ansprüche von Mastschweinen hinsichtlich der Bodenbeschaffenheit von Haltungssys-
temen ermittelt werden.

Von den untersuchten Böden hatte der geschlitzte Betonboden die positivste Wirkung 
auf die Tiergesundheit und Lebensmittelsicherheit und wurde am häufigsten (insbesondere 
bei hohen Lufttemperaturen) von den Tieren aufgesucht. Der tief eingestreute Boden kann 
insbesondere die Gelenksituation positiv beeinflussen und wird am zweithäufigsten (insbe-
sondere bei niedrigen Lufttemperaturen) von den Tieren genutzt. Der geschlossene oder flach 
eingestreute Boden hat eher negative Auswirkungen auf die Tiergesundheit und wird in den 
absolvierten Wahlversuchen am seltensten von den Tieren gewählt.

SWmmCr[

The type of floor is a decisive but controversial factor in the evaluation of the “animal appro-
priateness” of pig housing. Practical screenings, a comparative study and a preference study 
were used to evaluate the true requirements of pigs with regard to the floor characteristics 
of housing systems.

The slatted concrete floor was chosen most frequently among the floors included in the 
study (particularly with high air temperatures). This floor type also had the most positive 
effect on animal health and feed safety. The deep litter floor was the second preference (par-
ticularly with low air temperatures, and has an especially positive effect on animal joints. 
The flat littered floor the least frequently chosen type by the animal and had a more negative 
effect on the pigsç health.
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1 Einleitung

FW­DÌFGP UKPF HÒT FKG TKGTG LKGIGRNCV\, FTGUURNCV\, KQVRNCV\ WPF AMVKQPUHN·EJG. ZWT RGCNKUKG-
TWPI KJTGT VGTJCNVGPUYGKUGP OÒUUGP UKG VTKVVUKEJGT, TWVUEJHGUV WPF KO LKGIGDGTGKEJ VTQEMGP 
UGKP. JWPIVKGTG DGPÌVKIGP DGK UVTQJNQUGT AWHUVCNNWPI GKPGP DGJGK\VGP LKGIGDGTGKEJ. FW­DQFGP-
OCVGTKCNKGP FÒTHGP FCDGK MGKPG IGUWPFJGKVUUEJ·FKIGPFGP BGUVCPFVGKNG GPVJCNVGP. DKG TKEJVKIG 
BGOGUUWPI FGT FN·EJG GTOÌINKEJV FKG BKNFWPI WPVGTUEJKGFNKEJGT AMVKXKV·VUDGTGKEJG KP FGT 
BWEJV.

SEJYGKPG XGTDTKPIGP ä WPCDJ·PIKI XQO HCNVWPIUXGTHCJTGP ä ÒDGT 80 � FGU TCIGU OKV 
FGO LKGIGP CWH FGO BQFGP. DGT BQFGP JCV UQOKV GKPGP UGJT ITQ­GP EKPHNWUU CWH FKG TKGT-
IGTGEJVJGKV GKPGU HCNVWPIUXGTHCJTGPU. IO FQNIGPFGP UQNNGP FCJGT FKG ETIGDPKUUG XGTUEJKG-
FGPGT, DGTGKVU CDIGUEJNQUUGPGT UPVGTUWEJWPIGP \WT WKTMWPI WPVGTUEJKGFNKEJGT BÌFGP CWH 
TKGTIGUWPFJGKV, H[IKGPG WPF TKGTXGTJCNVGP \WUCOOGPHCUUGPF FCTIGUVGNNV YGTFGP.

2 Rechtliche Anforderungen an den Boden

DGT\GKV IKDV GU KP DGWVUEJNCPF MGKPG DWPFGUYGKV GKPJGKVNKEJG TGEJVNKEJG RGIGNWPI \WT HCNVWPI 
XQP SEJYGKPGP. IP GKPKIGP BWPFGUN·PFGTP YKTF CWH FGT KO JCJTG 2001 IG·PFGTVGP EU-RKEJV-
NKPKG IGHW­V, Y·JTGPF KP CPFGTGP BWPFGUN·PFGTP RGT ETNCUU FKG OCVGTKGNNGP APHQTFGTWPIGP 
FGT GJGOCNKIGP SEJYGKPGJCNVWPIUXGTQTFPWPI XQTIGUEJTKGDGP UKPF. IP FGT FTKVVGP GTWRRG XQP 
BWPFGUN·PFGTP IGNVGP FKG OCVGTKGNNGP APHQTFGTWPIGP FGT GJGOCNKIGP SEJYGKPGJCNVWPIUXGT-
QTFPWPI, GTI·P\V WO \WU·V\NKEJG APHQTFGTWPIGP, YGNEJG YKGFGTWO KP FGP BWPFGUN·PFGTP 
UGJT WPVGTUEJKGFNKEJ FGHKPKGTV UKPF.

IP FGT DKUMWUUKQP \WT GGUVCNVWPI FGT \WMÒPHVKIGP 
UGKVGPU FGT EU DGTGKVU UGKV JCPWCT 2003 
XGTDKPFNKEJ IGHQTFGTVGP� DGWVUEJGP RGIGNWPI \WT SEJYGKPGJCNVWPI UVGJGP PGDGP GKPGT 1�1 
UOUGV\WPI FGT EU-RKEJVNKPKG UGNDUV GKP VQTUEJNCI FGU BWPFGUTCVGU UQYKG GKP VQTUEJNCI FGU 
BWPFGUOKPKUVGTKWOU. IP FGT TCDGNNG 1 UKPF FKG YGUGPVNKEJGP WPVGTUEJKGFNKEJGP VQTUEJN·IG OKV 
BG\WI \WO BQFGP FCTIGUVGNNV.

W·JTGPF FKG EU GKP HCEJNKEJ UKPPXQNNGU CPIGOGUUGPGU ADNGKVWPIUU[UVGO HQTFGTV, WPF FGT 
BWPFGUTCV FKGU OKV GKPGO OCZKOCNGP PGTHQTCVKQPUITCF XQP 15 � CNU CPIGOGUUGP SWCPVKHK\KGTV, 
YKFGTURTKEJV FKG BMVEL-FQTFGTWPI XQP OCZKOCN 10 � CNNGP RTCMVKUEJGP ETHCJTWPIGP \WT VGT-
DGUUGTWPI FGT H[IKGPG WPF TKGTIGUWPFJGKV. DKG IGIGPÒDGT FGT EU-RKEJVNKPKG XQP BWPFGUTCV 
WPF BMVEL IGHQTFGTVG WO 1OO IGTKPIGTG SRCNVGPYGKVG KUV CWU SKEJV FGU TKGTUEJWV\GU WPF FGT 
RTCMVKUEJGP ETHCJTWPIGP GKPFGWVKI \W DGITÒ­GP =8?.

DKG ITÌ­VG PTQDNGOCVKM \GKIV UKEJ KP FGT FGUVNGIWPI FGT PQVYGPFKIGP MKPFGUVHN·EJGP RTQ 
TKGT. UPDGUVTKVVGP KUV UKEJGTNKEJ, FCUU FKG KP FGT EU-RKEJVNKPKG UGKV 1991 IGHQTFGTVGP WGTVG 
OKVVNGTYGKNG CWHITWPF RTCMVKUEJGT ETHCJTWPIGP KO TKGTUEJWV\ CNU \W IGTKPI DG\GKEJPGV YGTFGP 
FÒTHGP. WCU UKEJ CWEJ WPUEJYGT OKV BGTCVWPIUGORHGJNWPIGP KP GKPUEJN·IKIGT FCEJNKVGTCVWT 
DGNGIGP N·UUV. DKG XQO BMVEL XQTIGUEJNCIGPG BGTÒEMUKEJVKIWPI FGT GTWRRGPITÌ­G DGK FGT 
FGUVNGIWPI FGT MKPFGUVHN·EJG LG TKGT HQNIV GDGPHCNNU RTCMVKUEJGP ETHCJTWPIGP UQYKG QHHK\KGNNGP 
BGTCVWPIUGORHGJNWPIGP, WPF KUV FCJGT GDGPHCNNU \W DGITÒ­GP =8?.



SCHWEINEHALTUNG

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI �1

TCD. 1� ZWT ZGKV KP FGT DKUMWUUKQP DGHKPFNKEJG FQTFGTWPIGP \WT BQFGPIGUVCNVWPI KP FGT MCUVUEJYGKPGJCNVWPI 
=8?.

Kriterium EU-Richtlinie Bundesrat BMVEL
Schlitzweite 18 mm 17 mm 17 mm
Entgratete Kanten 
an den Schlitzen

– Ja Ja

Fläche pro Tier 0,35–0,65 m²/Tier 0,35–0,75 m²/Tier
0,28–1,1 m²/Tier

je nach Gruppengröße
Perforationsgrad im 
Liegebereich

Angemessenes 
Ableitungssystem

15 % 10 %

Größe des 
Liegebereiches

–
50 % der 

Gesamtfläche
50 % der 

Gesamtfläche

GCP\ KO GGIGPUCV\ FC\W UVGJGP FKG GDGPHCNNU XQO BMVEL IGHQTFGTVGP MKPFGUVHN·EJGP RTQ 
TKGT. PTCMVKUEJG ETHCJTWPIGP WPF YKUUGPUEJCHVNKEJG ETMGPPVPKUUG \GKIGP, FCUU FKGUG FN·EJGP 
XQP FGP TKGTGP PKEJV DGPÌVKIV YGTFGP UQYKG FKG UOYGNV UEJ·FKIGP. DCTÒDGT JKPCWU DGFGW-
VGP UQNEJ ITQ­G FN·EJGP GKPG GTJGDNKEJG EKPUEJT·PMWPI FGT WGVVDGYGTDUH·JKIMGKV =8?.

3 Ausgew·hlte Untersuchungen zur Bodengestaltung

3�1 BeschreiDung der Untersuchungen

DKG SCWDGTMGKV XGTUEJKGFGPGT BÌFGP WPF KJTG WKTMWPI CWH FKG TKGTIGUWPFJGKV UVCPF KO 
MKVVGNRWPMV GKPGU PTCZKU-SETGGPKPIU. N·JGTG EKP\GNJGKVGP UKPF WPVGT =9? DGUEJTKGDGP. DKG 
UPVGTUWEJWPIGP \WO TKGTXGTJCNVGP HCPFGP CWH FGT VGTUWEJUUVCVKQP FGT FAL KP BTCWPUEJYGKI 
KO AW­GPMNKOCUVCNN FGU IPUVKVWVU HÒT BGVTKGDUVGEJPKM WPF BCWHQTUEJWPI UVCVV. DGVCKNU \W FGP 
DGKFGP VGTUWEJUDGUEJTGKDWPI UKPF WPVGT =10? D\Y. =11? PCEJ\WNGUGP.

3�2 Tiergesundheit auf Xerschiedenen BÌden

EKP PTCZKU-SETGGPKPI CWH ÒDGT 1800 BGVTKGDGP \GKIVG WPVGTUEJKGFNKEJG VQT- WPF NCEJVGKNG XGT-
UEJKGFGPGT BÌFGP. DKG LWPIGP- D\Y. LGDGTIGUWPFJGKV KUV WO UQ DGUUGT, LG IGTKPIGT FGT APVGKN 
XQP SVTQJ D\Y. LG IGTKPIGT FGT APVGKN CP IGUEJNQUUGPGT FN·EJG KUV. EKPG DGUQPFGTU IÒPUVKIG 
WKTMWPI CWH FKG GGNGPM- D\Y. KNCWGPIGUWPFJGKV JCV QHHGPUKEJVNKEJ FKG TKGHUVTGW. SQYQJN FKG 
GTÌ­G GKPGT IGUEJNQUUGPGP FN·EJG CNU CWEJ FKG VGTYGPFWPI XQP EKPUVTGW KO LKGIGDGTGKEJ 
JCDGP CWH FKG GGNGPM- WPF KNCWGPIGUWPFJGKV MGKPGP RQUKVKXGP QFGT PGICVKXGP EKPHNWUU. DKGU 
DGUV·VKIV CWEJ GKPG UPVGTUWEJWPI CP ÒDGT 1,7 MKQ. MCUVUEJYGKPGP, YQDGK CWH TGKNURCNVGP-
DÌFGP CNNGTFKPIU GKPG FGWVNKEJ GTJÌJVG ZCJN CP LGDGTUEJ·FGP HGUVIGUVGNNV YWTFGP =9?.

DKG SCWDGTMGKV FGU LKGIGDGTGKEJGU XGTDGUUGTV UKEJ OKV UVGKIGPFGO APVGKN CP SEJNKV\GP 
FGWVNKEJ. IO LKGIGDGTGKEJ UQNNVG FGT SEJNKV\CPVGKN OKPFGUVGPU 15 � DGVTCIGP, Y·JTGPF HÒT FKG 
LCWH- WPF MKUVDGTGKEJG DKU \W 40 � SEJNKV\CPVGKN GKPGP IWVGP KQORTQOKUU FCTUVGNNGP. IP FGT 
TKGHUVTGW MCPP FKG SCWDGTMGKV FWTEJ CWUTGKEJGPFG EKPUVTGWOGPIGP D\Y. -J·WHKIMGKVGP GDGP-
HCNNU IÒPUVKI DGGKPHNWUUV YGTFGP =9?.
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3�3 TierXerhalten auf Xerschiedenen BÌden

IO RCJOGP GKPGU VGTINGKEJUXGTUWEJGU YWTFGP MCUVUEJYGKPG ÒDGT GKP JCJT \GKVINGKEJ CWH 
GKPGO XQNNUV·PFKI IGUEJNKV\VGP BGVQPDQFGP UQYKG CWH GKPGT TKGHUVTGW IGJCNVGP. EU \GKIVG UKEJ, 
FCUU FKG TKGTG KO MKVVGN FGU JCJTGU KO LCWHG FGU TCIGU EC. 50 � FGT ZGKV CWH FGO BCWEJ 
NKGIGP WPF PWT GVYCU ÒDGT 30 � CWH FGT SGKVG NKGIGP. EKP\GNP NKGIGPFG SEJYGKPG MQPPVGP KP 
GVYC 40 � FGT F·NNG DGQDCEJVGV YGTFGP. DKG J·WHKIUVG LKGIGCTV YCT FCU APGKPCPFGTNKGIGP KP 
MNGKPGP GTWRRGP =10?.

AWHDCWGP CWH FKGUGP UPVGTUWEJWPIGP YWTFGP ÒDGT OGJTGTG JCJTG WCJNXGTUWEJG OKV 
GKPGO IGUEJNKV\VGP BGVQPDQFGP WPF XGTUEJKGFGP UVCTM GKPIGUVTGWVGP FN·EJGP FWTEJIGHÒJTV. 
ETIGDPKUUG \W FKGUGT UPVGTUWEJWPI UQNNGP KO FQNIGPFGP P·JGT DGNGWEJVGV YGTFGP =11?.

IO SQOOGTFWTEJICPI YCT FGT APVGKN FGT SEJYGKPG CWH FGO IGUEJNKV\VGP BGVQPDQFGP OKV 
FWTEJUEJPKVVNKEJ 61 � UKIPKHKMCPV JÌJGT CNU CWH FGP CPFGTGP BQFGPV[RGP. WGKV YGPKIGT MCUV-
UEJYGKPG, GVYC 17 �, JKGNVGP UKEJ FWTEJUEJPKVVNKEJ CWH FGO HNCEJ GKPIGUVTGWVGP BGVQPDQFGP 
CWH. ANNGTFKPIU YCTGP FQTV KOOGT PQEJ UKIPKHKMCPV OGJT TKGTG CNU CWH FGP ÒDTKIGP \WT VGT-
HÒIWPI UVGJGPFGP BÌFGP. DGT VKGH GKPIGUVTGWVG BQFGP UQYKG FKG BQFGPHN·EJG OKV HGWEJVGO 
SVTQJ-MKUVIGOKUEJ YWTFGP KP FGO SQOOGTFWTEJICPI OKV GKPGO FWTEJUEJPKVVNKEJGP APVGKN 
XQP EC. 7 � D\Y. 3 � FGT TKGTG CO UGNVGPUVGP CWHIGUWEJV.

AWEJ FGT APVGKN UKV\GPFGT SEJYGKPG YCT GPVIGIGP FGP BGQDCEJVWPIGP XQP =2? CWH FGO 
IGUEJNKV\VGP BQFGP PKEJV \YCPIN·WHKI JÌJGT CNU CWH GKPIGUVTGWVGP BÌFGP. ET YCT CWH FGO IWV 
Y·TOGNGKVGPFGP IGUEJNKV\VGP BQFGP DGK GKPGT DWTEJUEJPKVVUVGORGTCVWT XQP 22 uC KO SQO-
OGTXGTUWEJ UKIPKHKMCPV MNGKPGT CNU CWH FGP CPFGTGP \WT WCJN UVGJGPFGP BÌFGP.

BGQDCEJVWPIGP XQP =3?, FCUU GU CWHITWPF GKPGT XGTOKPFGTVGP LKGIGSWCNKV·V CWH FGO 
IGUEJNKV\VGP BQFGP \W GKPGT J·WHKIGTGP BCWEJNCIG MQOOV CNU CWH IGUEJNQUUGPGP QFGT GKPIG-
UVTGWVGP BÌFGP, MQPPVGP KP FKGUGO WCJNXGTUWEJ PKEJV DGUV·VKIV YGTFGP. DKG UPVGTUWEJWPIGP 
NCUUGP GJGT CWH GKPG TGORGTCVWTCDJ·PIKIMGKV FKGUGT LKGIGJCNVWPI UEJNKG­GP, YKG GU CWEJ DGK 
FGT DKHHGTGP\KGTWPI FGU LKGIGXGTJCNVGPU JKPUKEJVNKEJ FGT LCIG OKV QFGT QJPG KÌTRGTMQPVCMV 
FGT FCNN YCT. DKGUG APPCJOG YKTF FWTEJ FKG WCJNXGTUWEJG XQP =4? WPF =5? DGMT·HVKIV.

EKP VGTINGKEJ \YKUEJGP FGP MKVVGNYGTVGP FGT KÌTRGTJCNVWPIGP CWH XGTUEJKGFGPGP BQFGP-
V[RGP 
TCD. 2� \GKIV, FCUU UKEJ FKG APVGKNG FGT GKPIGPQOOGPGP KÌTRGTJCNVWPIGP CWH GKPGT 
BQFGPHN·EJG UKIPKHKMCPV WPVGTUEJGKFGP.

BGK FGO VGTINGKEJ FGT TGNCVKXGP APVGKNG \GKIV UKEJ, FCUU KP FGO SQOOGTFWTEJICPI FKG 
KÌTRGTJCNVWPI ëLKGIGPé ä WPCDJ·PIKI FGU BQFGPV[RU ä FKG CO J·WHKIUVGP GKPIGPQOOGPG 
YCT. IJT TGNCVKXGT APVGKN NCI DGK 60 �, CWH FGO IGUEJNKV\VGP BGVQPDQFGP UQICT FGWVNKEJ JÌJGT 
DGK ÒDGT 90 �. AWEJ KO BG\WI CWH FGP TGNCVKXGP APVGKN FGT UVGJGPFGP WPF UKV\GPFGP MCUV-
UEJYGKPG ICD GU OKV AWUPCJOG FGU BGTGKEJU OKV IGUEJNKV\VGP BGVQPDQFGP PWT IGTKPIHÒIKIG 
UPVGTUEJKGFG \YKUEJGP FGP CPFGTGP BÌFGP.

DKG ETIGDPKUUG GKPGT KQXCTKCP\CPCN[UG DGNGIGP, FCUU FGT APVGKN UVGJGPFGT WPF UKV\GPFGT 
SEJYGKPG KP GTUVGT LKPKG FWTEJ FCU LGDGPFIGYKEJV FGT TKGTG UQYKG FWTEJ FKG TCIGU\GKV 
DGUVKOOV YKTF WPF PKEJV UKIPKHKMCPV FWTEJ FKG LWHVVGORGTCVWT KO SVCNN DGGKPHNWUUV YKTF. HKP-
IGIGP KUV FKG AP\CJN FGT NKGIGPFGP MCUVUEJYGKPG CWH GKPGO BQFGPV[R GPVUEJGKFGPF FWTEJ 
FKG LWHVVGORGTCVWT DGGKPHNWUUV. EU DGUVGJV FCJGT JCWRVU·EJNKEJ FKG NQVYGPFKIMGKV, FKG LKGIG-
DGTGKEJG GPVURTGEJGPF FGP BGFÒTHPKUUGP FGT SEJYGKPG \W VGORGTKGTGP =11?.
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TCD. 2� DWTEJUEJPKVVNKEJG H·WHKIMGKV FGU LKGIGPU CWH FGP HÒPH BQFGPV[RGP KO SQOOGT- WPF WKPVGTXGTUWEJ 
UQYKG FKG SKIPKHKMCP\GP FGU MKVVGNYGTVUXGTINGKEJUVGUV KPPGTJCND GKPGU BQFGPV[RU 

Sommerversuch Winterversuch

Boden χt s t-Test χt s t-Test

Flachstreu % 11,87 12,08 *** 9,54 11,41 ***

Stroh-Mist % 2,24 4,76 *** 0,00 0,10 ***

Betonboden % 7,09 6,05 *** 0,63 2,45 ***

Tiefstreu % 3,96 6,99 *** 52,06 21,24 ***

Schlitzboden % 56,7 22,45 *** 13,96 16,96 ***

signifikant: p < 0,005 = *, p < 0,001 = **, p < 0,001 = ***

ZWFGO YKTF FGWVNKEJ, FCUU UKEJ FKG TGORGTCVWTDGFÒTHPKUUG FGT SEJYGKPG Y·JTGPF FGT MCUV-
RGTKQFG UVCTM XGT·PFGTP WPF UQOKV FKG TGORGTCVWTGORHGJNWPI HÒT MCUVUEJYGKPGUV·NNG FKHHG-
TGP\KGTV PCEJ FGT BQFGPIGUVCNVWPI WPF FGO MCUVCDUEJPKVV FGU SEJYGKPU GTHQNIGP UQNNVGP.

UPVGT SQOOGTMNKOCDGFKPIWPIGP DGK GKPGT FWTEJUEJPKVVNKEJGP LWHVVGORGTCVWTGP XQP 22 uC 
YWTFG FGT IGUEJNKV\VG BQFGP TGNCVKX DGXQT\WIV CNU LKGIGHN·EJG IGY·JNV 
DKU \W 75 ��, DGUQPFGTU 
XQP SEJYGKPGP CD GKPGO LGDGPFIGYKEJV XQP 35 MI. NCEJ =5? KUV FGT IGUEJNKV\VG BGVQPDQFGP 
WPIGH·JT 3 uC DKU 5 uC MÒJNGT CNU FGT IGUEJNQUUGPG BGVQPDQFGP WPF EKTEC 7 uCä8 uC M·NVGT 
CNU GKPG 20 EO DKU 25 EO JQJG MKUVOCVTCV\G. ET DKGVGV FCJGT OKV UVGKIGPFGP SVCNNVGORGTCVWTGP 
GKPG IGGKIPGVG LKGIGHN·EJG. DKG ÜDGTHQTFGTWPI FGU VJGTOQTGIWNCVQTKUEJGP S[UVGOU FGT TKGTG, 
FKG OKV GKPGO UPYQJNUGKP XGTDWPFGP KUV, ·W­GTV UKEJ KO LKGIGP QJPG KÌTRGTMQPVCMV, KP FGT 
EKPPCJOG FGT BCWEJNCIG QFGT KO SKV\GP =6?. ANNG FKGUG AP\GKEJGP NKG­GP UKEJ KO SQOOGT CWH 
FGO VKGH GKPIGUVTGWVGP BQFGP UQYKG FGO BQFGP OKV EKPUVTGW KO GGIGPUCV\ \WO IGUEJNKV\VGP 
BQFGP QJPG EKPUVTGW GTMGPPGP.

IO WKPVGTXGTUWEJ DGK TGORGTCVWTGP XQP 3 uC DKU 15 uC YWTFG JKPIGIGP FKG VKGH GKPIG-
UVTGWVG MKUVOCVTCV\G DGXQT\WIV XQP 40 � DKU OCZ. 60 � FGT SEJYGKPG ÒDGT 60 MI LGDGPF-
IGYKEJV CNU LKGIGHN·EJG IGY·JNV. HKPIGIGP DQV FGT Y·TOGKUQNKGTVG BGTGKEJ OKV IGUEJNKV\VGO 
BQFGP DGK TGORGTCVWTGP CD 17 uC FGP Y·TOGDGFÒTHVKIGTGP TKGTGP DKU 80 MI GKPG IGGKIPGVG 
LKGIGHN·EJG. BGK TGORGTCVWTGP XQP 22 uC DKU 25 uC YWTFG FKGUGT BQFGPV[R XQP CPP·JGTPF 
40 � FGT NKGIGPFGP SEJYGKPG IGY·JNV. 

ANNG ÒDTKIGP KO VGTUWEJ CPIGDQVGPGP FN·EJGP 
HGWEJVGU MKUV-SVTQJIGOKUEJ, HNCEJ GKPIG-
UVTGWVGT BQFGP, BQFGP QJPG EKPUVTGW� YWTFGP \W MGKPGT FQTV JGTTUEJGPFGP LWHVVGORGTCVWT XQP 
OGJT CNU 20 � FGT MCUVUEJYGKPG \WO LKGIGP CWHIGUWEJV.

4 Fazit

DGT\GKV IKDV GU KP DGWVUEJNCPF, LG PCEJ BWPFGUNCPF, UGJT WPVGTUEJKGFNKEJG TGEJVNKEJG RGIG-
NWPIGP \WT SEJYGKPGJCNVWPI, W. C. CWEJ \WT BQFGPIGUVCNVWPI. AWEJ FKG FGT\GKV DGTGKVU IÒNVKIG 
EU-RKEJVNKPKG WPF FKG KP DKUMWUUKQP DGHKPFNKEJGP VQTUEJN·IG XQP BWPFGUTCV WPF BWPFGU-
OKPKUVGTKWO WPVGTUEJGKFGP UKEJ GTJGDNKEJ. DKG VGTWPUKEJGTWPI KP FGT PTCZKU KUV FGOGPVURTG-
EJGPF ITQ­.

EKP PTCZKU-SETGGPKPI \GKIVG GTJGDNKEJG IGUWPFJGKVNKEJG VQTVGKNG HÒT BÌFGP OKV SEJNKV\GP \WT 
ADNGKVWPI ÒDGTUEJÒUUKIGT FNÒUUKIMGKVGP. IP GKPGO ÒDGT GKP JCJT FCWGTPFGP VGTINGKEJUXGTUWEJ 
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YWTFGP MGKPG UKIPKHKMCPVGP UPVGTUEJKGFG KO LKGIGXGTJCNVGP XQP SEJYGKPGP CWH BGVQPDQFGP 
OKV SEJNKV\GP WPF GKPGT TKGHUVTGW IGHWPFGP.

IP WCJNXGTUWEJGP YWTFG FGT IGUEJNKV\VG BQFGP, WPVGT BGTÒEMUKEJVKIWPI XQP SQOOGT- WPF 
WKPVGTRGTKQFGP CO J·WHKIUVGP CNU LKGIGHN·EJG IGPWV\V. DKG IGN·WHKIG AWHHCUUWPI, GKP SEJYGKP 
YÒTFG ITWPFU·V\NKEJ GKPGP IGUEJNQUUGPGP, GKPIGUVTGWVGP D\Y. YGKEJGP BQFGP GKPGO WPGKP-
IGUVTGWVGP, IGUEJNKV\VGP BQFGP IGIGPÒDGT DGXQT\WIGP, MCPP OKV FKGUGO VGTUWEJ YKFGTNGIV 
YGTFGP =7?. NCEJ XQTNKGIGPFGP ETIGDPKUUGP OWUU XKGNOGJT FCXQP CWUIGICPIGP YGTFGP, FCUU 
GKP RTCZKUÒDNKEJGU TKGHUVTGWXGTHCJTGP OKV GKPGO WPGKPIGUVTGWVGP, RNCPDGHGUVKIVGP FTGUUDGTGKEJ 
WPF GKPGT VKGH GKPIGUVTGWVGP MKUVOCVTCV\G KP FGP SQOOGTOQPCVGP DGK TGORGTCVWTGP XQP 
18 uC DKU 31 uC MGKPG QRVKOCNG LKGIGHN·EJG \WT VGTHÒIWPI UVGNNV WPF FCU WQJNDGHKPFGP FGT 
SEJYGKPG GTJGDNKEJ GKPUEJT·PMV YKTF.

IPUIGUCOV DGVTCEJVGV, \GKIGP XGTUEJKGFGPUVG YKUUGPUEJCHVNKEJG UPVGTUWEJWPIGP, FCUU FGT KP 
FGT PTCZKU KP FGP NGV\VGP JCJT\GJPVGP XQNN\QIGPG UODCW XQP GKPIGUVTGWVGP, D\Y. IGUEJNQU-
UGPGP QFGT VGKNRGTHQTKGTVGP BÌFGP JKP \W XQNNHN·EJKI IGUEJNKV\VGP BÌFGP CWU SKEJV FGT TKGT-
IGUWPFJGKV WPF FGT LGDGPUOKVVGNUKEJGTJGKV TKEJVKI YCT. DKG, LG PCEJ FWPMVKQPUDGTGKEJ, WPVGT-
UEJKGFNKEJGP SEJNKV\CPVGKNG UVGNNGP GKPG MQPUGSWGPVG WGKVGTGPVYKEMNWPI UQNEJGT BÌFGP FCT.

AWU XGTUWEJUVGEJPKUEJGP GTÒPFGP YWTFGP KO NGV\VIGPCPPVGP WCJNXGTUWEJ =11? FKG LWHV-
VGORGTCVWTGP KP FGP XGTUEJKGFGPGP ADVGKNGP OGJTHCEJ RTQ MCUVRGTKQFG XCTKKGTV, YCU PKEJV 
FGT PTCZKU GPVURTKEJV. DCOKV HÒT PQNKVKM WPF PTCZKU PQEJ DGUUGTG EPVUEJGKFWPIUJKNHGP GTCTDGKVGV 
YGTFGP MÌPPGP, UQNNVGP FQNIGWPVGTUWEJWPIGP CPIGUGV\V YGTFGP, DGK FGPGP FKG JKGT IGHWPFG-
PGP LGYGKNKIGP QRVKOCNGP LWHVVGORGTCVWTGP ÒDGT CNNG BÌFGP INGKEJ\GKVKI ÒDGT FKG MCUVRGTKQFG 
IGHCJTGP YGTFGP 
DD.HCN.FG�.
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Beurteilung der Tiergerechtheit zweier Mastschweinehaltungss[steme
#nimCN YeNfCre Cssessment of tYo JoWsing s[stems for fCttening pigs

EBERHARD HARTUNG1, WOLFGANG BEA1, THOMAS JUNGBLUTH1, JOSEF TRO:LER2

1  UPKXGTUKV·V HQJGPJGKO, IPUVKVWV HÒT AITCTVGEJPKM 
440�, D-70593 SVWVVICTV

2  VGVGTKP·TOGFK\KPKUEJG UPKXGTUKV·V WKGP, IPUVKVWV HÒT TKGTJCNVWPI WPF TKGTUEJWV\, VGVGTKP·TURNCV\ 1, 
A-1210 WKGP

SchlÒsselwÌrter� Tiegerechtheit, Mastschweine, Verhalten, Integument, Gesundheit
-e[Yords� CnimCN YeNfCre� fCttening pigs� DeJCXioWr� integWment� JeCNtJ

<WsCmmenfCssWng

Ziel des Forschungsvorhabens war ein Vergleich der Tiergerechtheit zweier Haltungssysteme 
für Mastschweine. Verglichen wurden ein herkömmlicher, zwangsbelüfteter Vollspaltenbo-
denstall (VSP), welcher bezüglich der Tiergerechtheit durch mehr Platz pro Tier und den 
Einbau einer Beschäftigungstechnik verbessert wurde mit einem alternatives Haltungssystem 
(GK), welches sich durch getrennte Klimabereiche, planbefestigte Liegeflächen und freie Lüf-
tung auszeichnet. In beiden Abteilen wurden über vier aufeinander folgenden Mastperioden 
unter anderem die Aspekte des Liegeverhaltens, das Belly Nosing, das Spiel- und Erkundungs-
verhalten, die Veränderungen des Integuments, die Gesundheit, die Verschmutzung der Tiere 
und Buchtenböden und die Leistung der Tiere untersucht.

Das weiter entwickelte Haltungssystem GK mit freier Lüftung, getrennten Klimabereichen 
mit Ruhekisten erschien unter den sehr guten äußeren Bedingungen der Untersuchung gut 
und geeignet, um den Anforderungen einer tiergerechten Haltung zu genügen. Das Abteil 
Vollspaltenboden VSP hat bezüglich der untersuchten Parameter unter den gleichen Ver-
suchsbedingungen bessere Ergebnisse ergeben als erwartet. 

SWmmCr[

The goal of this study was the comparison of two housing systems under the aspect of animal 
welfare. The first compartment (VSP) was designed as a conventional housing system, while 
the second compartment (GK) was conceived as an alternative housing system. For the com-
parative evaluation of the degree of animal welfare in the two systems, data regarding animal 
behaviour (lying, play and exploration behaviour during four fattening periods), alterations in 
the integument of the animals, animals health, and the performance parameters of the pigs 
were collected during four fattening periods. 

The alternative kennel housing system GK with natural ventilation and separate climatic 
and functional areas appeared to meet animal welfare considerations within the excellent 
conditions of this investigation. The enriched conventional housing system VSP showed 
much better results concerning animal welfare considerations than expected.
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1 Zielsetzung

ZKGN FGU FQTUEJWPIUXQTJCDGPU YCT GKP VGTINGKEJ FGT TKGTIGTGEJVJGKV \YGKGT HCNVWPIUU[UVGOG 
HÒT MCUVUEJYGKPG. BGWTVGKNV YWTFG GKP JGTMÌOONKEJGT, \YCPIUDGNÒHVGVGT VQNNURCNVGPDQFGP-
UVCNN, YGNEJGT DG\ÒINKEJ FGT TKGTIGTGEJVJGKV FWTEJ OGJT PNCV\ RTQ TKGT WPF FGP EKPDCW GKPGT 
BGUEJ·HVKIWPIUVGEJPKM XGTDGUUGTV YWTFG 
ADVGKN VSP�. VGTINGKEJGPF JKGT\W YWTFG GKP YGKVGT 
GPVYKEMGNVGU, CNVGTPCVKXGU HCNVWPIUU[UVGO, YGNEJGU UKEJ FWTEJ IGVTGPPVG KNKOCDGTGKEJG, 
RNCPDGHGUVKIVG LKGIGHN·EJGP WPF HTGKG LÒHVWPI CWU\GKEJPGV, DGVTCEJVGV 
ADVGKN GK�. BGKFG 
HCNVWPIUU[UVGOG WPVGTUEJKGFGP UKEJ DG\ÒINKEJ FGT HGTMWPHV FGT TKGTG, FGT TKGTDGVTGWWPI, 
FGT FÒVVGTWPI, FGP BGUEJ·HVKIWPIUOÌINKEJMGKVGP, FGT EPVOKUVWPI WPF FGP RCWOOC­GP PKEJV 
XQPGKPCPFGT 
BEA, 2004�. 

IP FGP DGKFGP ADVGKNGP VSP WPF GK YWTFGP ÒDGT GKPGP GGUCOV\GKVTCWO XQP XKGT CWH-
GKPCPFGT HQNIGPFGP MCUVRGTKQFGP WPVGT CPFGTGO FKG AURGMVG FGU LKGIGXGTJCNVGPU, FCU 
BGNN[ NQUKPI, FCU SRKGN- WPF ETMWPFWPIUXGTJCNVGP, FKG VGT·PFGTWPIGP FGU IPVGIWOGPVU, FKG 
GGUWPFJGKV, FKG VGTUEJOWV\WPI FGT TKGTG WPF BWEJVGPDÌFGP WPF FKG LGKUVWPI FGT TKGTG 
WPVGTUWEJV.

2 Tiere, Material und Methode

BGK FGP \WT UPVGTUWEJWPI GKPIGUGV\VGP TKGTGP JCPFGNVG GU UKEJ WO GKPG KTGW\WPI FGT RCU-
UGP DGWVUEJGT LCPFTCUUG WPF PK¾VTCKP. DKG HGTMWPHV FGT TKGTG YCT GKPJGKVNKEJ. SKG YWTFGP 
CWUUEJNKG­NKEJ XQP FGT VGTUWEJUUVCVKQP, CWH YGNEJGT UKEJ CWEJ FGT VGTUWEJUUVCNN DGHKPFGV, \WT 
VGTHÒIWPI IGUVGNNV. DGT VGTUWEJUUVCNN HÒT MCUVUEJYGKPG DGHCPF UKEJ CWH FGO VGTUWEJUDGVTKGD 
ëUPVGTGT LKPFGPJQHé FGT UPKXGTUKV·V HQJGPJGKO. EKP FGVCKNNKGTVG BGUEJTGKDWPI FGT HCNVWPIU-
U[UVGOG, FGT VGTHCJTGPUVGEJPKM WPF FGU MCPCIGOGPVU FGT DGKFGP ADVGKNG KUV BEA, 2004 \W 
GPVPGJOGP. 

DKG ETJGDWPI FGT DCVGP \WO SRKGN- WPF ETMWPFWPIUXGTJCNVGP GTHQNIVG KP DGKFGP ADVGKNGP 
FWTEJ DKTGMVDGQDCEJVWPIGP, FC ATV WPF DCWGT FGT VGTJCNVGP GKPG \WXGTN·UUKIG AWUYGTVWPI 
CWH BCUKU XQP VKFGQCWHPCJOGP PKEJV \WNKG­. FÒT FCU SRKGNXGTJCNVGP YWTFGP FKG VGTJCNVGPU-
YGKUGP ëSRTKPIGP�LCWHGP�FCPIGPé WPF ëSRKGNMCORHé KP FKG ETJGDWPIGP GKPDG\QIGP. AWHIG-
PQOOGP YWTFGP CNNG DGVGKNKIVGP TKGTG. DCU ETMWPFWPIUXGTJCNVGP YWTFG FWTEJ ETJGDWPIGP 
\WT ETMWPFWPI CO SQ\KCNRCTVPGT WPF \WT ETMWPFWPI CP GGIGPUV·PFGP EJCTCMVGTKUKGTV. AWU FGP 
DGKFGP BGTGKEJGP YWTFGP DCVGP \W FGP VGTJCNVGPUYGKUGP ëMCUUKGTGP�BGCTDGKVGP FGT OJTGP, 
FGT FNCPMG WPF FGT BGKPGé UQYKG FKG ëBGCTDGKVWPI FGT BWEJVGPGKPTKEJVWPIé GTJQDGP. AWHIG-
PQOOGP YWTFG DGK CNNGP VGTJCNVGPUYGKUGP FCU CIKGTGPFG TKGT. DKG IPVGIWOGPVDGWTVGKNWPI 
HCPF LGYGKNU GKPGP TCI XQT FGP BGQDCEJVWPIGP \WO SQ\KCN-, SRKGN- WPF ETMWPFWPIUXGTJCNVGP 
UVCVV. DKG GTJQDGPGP LQMCNKUCVKQPGP OKV FGP \WIGJÌTKIGP BGHWPFGP WPF BGHWPFUEJNÒUUGNP 
UKPF BEA, 2004 \W GPVPGJOGP. DKG IGPGTGNNG BGWTVGKNWPI FGT GGUWPFJGKV GTHQNIVG KP FQTO FGT 
KQPVTQNNG FGT H·WHKIMGKVGP FGU HWUVGPU RTQ ADVGKN. DGU WGKVGTGP HCPF GKPG MQPVKPWKGTNKEJG 
RGIKUVTKGTWPI FGT MGFKMCVKQP FGT TKGTG UQYKG \WT MQTDKFKV·V WPF MQTVCNKV·V ÒDGT FGP MCUV-
XGTNCWH UVCVV. DKG ETHCUUWPI FGT VGTUEJOWV\WPI FGT BWEJVGP WPF FGT TKGTG YWTFG GDGPHCNNU 
\YGK MCN RTQ WQEJG FWTEJIGHÒJTV. DCU JKGTHÒT IGPWV\VGP BQPKVWTUEJGOCVC UKPF BEA, 2004 
\W GPVPGJOGP.
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3 Ausgew·hlte ErgeDnisse und Diskussion

DCU LKGIGXGTJCNVGP DGUEJTGKDV FKG XQP FGP TKGTGP CO J·WHKIUVGP WPF N·PIUVGP CWUIGHÒJTVG 
VGTJCNVGPUYGKUG. IPUIGUCOV NKGIGP FKG TKGTG KO ADVGKN VSP N·PIGT 
87,3 ��, CNU KO ADVGKN GK 

86,6 ��. DKG GTJQDGPG GGUCOVNKGIGFCWGT KO ADVGKN VSP FGEMV UKEJ OKV FGP WGTVGP XQP 
MAYER 
1999� WPF GÖTZ 
1986� WPF NKGIV NGKEJV ÒDGT FGT XQP ZALUDIK 
2001�. DKG KO ADVGKN 
GK GTOKVVGNVG FWTEJUEJPKVVNKEJG GGUCOVNKGIGFCWGT NKGIV NGKEJV ÒDGT FGP APICDGP XQP BRAUN

WPF MARX 
1993� HÒT MCUVUEJYGKPG KO NÒTVKPIGT S[UVGO 
EC. 80 �� WPF FGPGP XQP MC[GT 

1999� 
80 DKU 83 �� HÒT KKUVGPUV·NNG. DKG XQP GTCWXQIN 
1984� DGUEJTKGDGPG VGTMÒT\WPI FGT 
GGUCOVNKGIGFCWGT KP ITÌ­GTGP TKGTITWRRGP MQPPVG KP FKGUGT UPVGTUWEJWPI PKEJV DGUV·VKIV 
YGTFGP. AWEJ FKG XQP HEIZMANN GV CN. 
1988� WPF XQP BEATTIE GV CN. 
2000� DGUEJTKGDGPG 
VGTMÒT\WPI XQP KPCMVKXGO VGTJCNVGP XQP MCUVUEJYGKPGP KP BWEJVGP OKV SVTQJTCWHGP MQPPVG 
KO VGTINGKEJ \W FGP LKVGTCVWTFCVGP PKEJV DGUV·VKIV YGTFGP. IO ADVGKN GK YCPFGTVG FGT LKGIG-
QTV OKV \WPGJOGPFGP SVCNNNWHVVGORGTCVWTGP CWU FGP RWJGMKUVGP KP FGP CW­GTJCND NKGIGPFGP 
BGTGKEJ. 

SQYQJN FKG H·WHKIMGKV CNU CWEJ FKG DCWGT FGU SRielXerhaltens MQPPVG YGFGT KPPGTJCND 
FGT DWTEJI·PIG KO GKP\GNPGP HCNVWPIUU[UVGO PQEJ \YKUEJGP FGP DGKFGP HCNVWPIUU[UVGOGP 
UVCVKUVKUEJ IGUKEJGTV WPVGTUEJKGFGP YGTFGP. JGFQEJ YCT FCU SRKGN FGT TKGTG YCT KO ADVGKN GK 
VGPFGP\KGNN J·WHKIGT WPF N·PIGT \W DGQDCEJVGP, CNU KO ADVGKN VSP, YCU FKG ETIGDPKUUG XQP 
METZ WPF OSTERLEE 
1981� DGUV·VKIV. BGK FGP UEJNCEJVTGKHGP TKGTGP MQPPVG KO ADVGKN GK PQEJ 
SRKGNXGTJCNVGP DGQDCEJVGV YGTFGP, Y·JTGPF FKGU KO ADVGKN VSP PKEJV OGJT FGT FCNN YCT. DC 
GU UKEJ KP DGKFGP ADVGKNGP WO TKGTG INGKEJGT HGTMWPHV JCPFGNV, NKGIV FGT SEJNWUU PCJG, FCUU 
FKG ITÌ­GTG GGUCOVDWEJVGPHN·EJG KP FGT GTQ­ITWRRGPDWEJV FGU ADVGKN GK FGP UEJNCEJVTGKHGP 
TKGTGP PQEJ IGPÒIGPF FN·EJG \WO SRKGNGP DQV, Y·JTGPF KO ADVGKN VSP FKGUG FN·EJG PKEJV 
OGJT \WT VGTHÒIWPI UVCPF. DKG BWEJVGPUVTWMVWT URKGNVG HÒT FKG DCWGT FGU GKP\GNPGP SRKGNXQT-
ICPIU, XQT CNNGO DGKO FCPIGP WPF LCWHGP GDGPHCNNU GKPG RQNNG. IO ADVGKN GK MQPPVGP FKG 
TKGTG CWHITWPF FGT PNCUVKMUVTGKHGPXQTJ·PIG FGT RWJGMKUVGP KJTG SRKGNHN·EJG PKEJV ÒDGTDNKEMGP. 
DC DGKO FCPIGP FKG SKEJVDCTMGKV FGU VGTHQNIVGP \YKPIGPFG VQTCWUUGV\WPI FGU SRKGNU FCT-
UVGNNV, GPV\QI UKEJ FGT VGTHQNIVG KO ADVGKN GK JKPVGT FGP SVTGKHGPXQTJ·PIGP TGEJV UEJPGNN FGO 
BNKEMHGNF FGU VGTHQNIGTU, YGUJCND FGT SRKGNCMV QHV CDIGDTQEJGP YWTFG. IO ADVGKN VSP MQPPVGP 
FKG TKGTG KJTG IGUCOVG SRKGNHN·EJG ÒDGTDNKEMGP, YQTCWU DGK FGP NGKEJVGP TKGTGP 
30ä35 MI� FKG 
N·PIGTGP SRKGN\GKVGP TGUWNVKGTVGP.

FÒT FCU AWHVTGVGP XQP Bell[ Nosing MQPPVG KO VGTINGKEJ FGT DGKFGP HCNVWPIUU[UVGOG KO 
ADVGKN VSP UKIPKHKMCPV J·WHKIGTGU BGNN[ NQUKPI HGUVIGUVGNNV YGTFGP CNU KO ADVGKN GK. AWEJ FCW-
GTVG BGNN[ NQUKPI KO ADVGKN VSP UKIPKHKMCPV N·PIGT CNU KO ADVGKN GK. LAY GV CN. 
2000� UVGNNVGP 
GDGPHCNNU OGJT BGNN[ NQUKPI KP GKPGO VQNNURCNVGPDQFGPUVCNN CNU KP UVTWMVWTKGTVGT UOIGDWPI 
HGUV. UTUCEJG FÒTHVG FKG OCPIGNPFG SVTWMVWT KP FGP BWEJVGP KO ADVGKN VSP UGKP. WKG DGK 
SEBESTIK GV CN. 
1984� MQPPVG CWEJ KP FKGUGT UPVGTUWEJWPI DGJCINKEJGU VGTJCNVGP FGU CO 
BCWEJ OCUUKGTVGP TKGTGU DGQDCEJVGV YGTFGP. DKG UKIPKHKMCPVG ADPCJOG FGT DGQDCEJVGVGP 
H·WHKIMGKVGP XQP BGNN[ NQUKPI OKV \WPGJOGPFGO LGDGPFIGYKEJV DGK WPIGH·JT INGKEJDNGK-
DGPFGT DCWGT UVÒV\V FKG XQP WOOD-GUSH GV CN. 
1975� WPF VAN PUTTEN 
1980� HQTOWNKGTVG 
AWUUCIG FGU RÒEMHCNNU FGT TKGTG KP LWXGPKNG HCPFNWPIGP. DC FKG BWEJVGP KO ADVGKN VSP 
YGPKI UVTWMVWTKGTV YCTGP, UQOKV YGPKI UOYGNVTGK\G HÒT FKG TKGTG DQVGP, MQPPVG FCU Belly 
Nosing CWEJ CNU ETUCV\JCPFNWPI HÒT ETMWPFWPIUXGTJCNVGP FGT LWPIGP, UGJT CMVKXGP SEJYGKPG 
DGVTCEJVGV YGTFGP.
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IO GGIGPUCV\ \W BGNN[ NQUKPI NÌUVG FKG Erkundung am SozialRartner MGKP YQJNKIGU, 
DGJCINKEJGU GGHÒJN DGK FGP OCPKRWNKGTVGP TKGTGP CWU, UQPFGTP YWTFG UKEJVNKEJ WPCPIGPGJO 
GORHWPFGP. SKEJVDCT YCT FKG WPCPIGPGJOG EORHKPFWPI CP FGP CDYGJTGPFGP RGCMVKQPGP 
FGT OCPKRWNKGTVGP TKGTG, DKU JKP \WT FNWEJV. AWHITWPF FGT XQT CNNGO KO ADVGKN VSP DGITGP\VGP 
FN·EJG YCT GU FGP IGRGKPKIVGP TKGTGP QHV PKEJV OÌINKEJ UKEJ FGT MCPKRWNCVKQP \W GPV\KGJGP. 
DKG ETMWPFWPI CO SQ\KCNRCTVPGT YWTFG J·WHKI FWTEJ UVGJGPFG TKGTG XQTIGPQOOGP, FKG UKEJ 
UWEJGPF KP FGT BWEJV DGYGIVGP. WKG JACKISCH GV CN. 
1996� KP KJTGP UPVGTUWEJWPIGP HGUVUVGNN-
VGP, VTCV CWEJ KP FKGUGT ATDGKV FKG ETMWPFWPI CO SQ\KCNRCTVPGT KO ADVGKN VSP UQYQJN UKIPKHK-
MCPV J·WHKIGT, CNU CWEJ UKIPKHKMCPV N·PIGT CWH CNU KO ADVGKN GK. DGT ATIWOGPVCVKQP XQP TROXLER

GV CN. 
1986� WPF FRASER 
1978� HQNIGPF, MCPP FKG MCWO UVTWMVWTKGTVG WPF TGK\CTOG UOIGDWPI 
KO ADVGKN VSP CNU UTUCEJG HÒT FCU XGTOGJTVG AWHVTGVGP IGPCPPV YGTFGP. BEATTIE GV CN. 
2000� 
HCPFGP GDGPHCNNU OGJT RCTVPGTIGTKEJVGVGU ETMWPFWPIUXGTJCNVGP KP TGK\CTOGT UOIGDWPI. DKG 
VGTJCNVGPUYGKUG VTCV VTQV\ FGT KP DGKFGP HCNVWPIUU[UVGOGP KPUVCNNKGTVGP BGUEJ·HVKIWPIUVGEJPKM 
CWH. 

DKG ETMWPFWPI CP FGT BWEJVGPGKPTKEJVWPI VTCV KO ADVGKN VSP UKIPKHKMCPV YGPKIGT J·WHKI 
CWH, CNU KO ADVGKN GK. DWTEJ FKG GTÌ­G WPF SVTWMVWT FGT BWEJV KO ADVGKN GK UVCPFGP FGP 
TKGTGP DGFGWVGPF OGJT XGT·PFGTDCTG MCVGTKCNKGP \WT VGTHÒIWPI, CNU FGP TKGTGP KO ADVGKN 
VSP. DKG XQP TROXLER GV CN. 
1986� IGPCPPVGP AMVKXKV·VGP, YKG \. B. PCIGP, \GTTGP WPF DGK­GP 
DGK FGT ETMWPFWPI MQPPVGP KP DGKFGP HCNVWPIUU[UVGOGP CP WPVGTUEJKGFNKEJGP GGIGPUV·PFGP 
DGQDCEJVGV YGTFGP. DKG DCWGT FKGUGT VGTJCNVGPUYGKUG \GKIVG \YKUEJGP FGP HCNVWPIUU[U-
VGOGP MGKPGP UVCVKUVKUEJ PCEJYGKUDCTGP UPVGTUEJKGF, PCJO CDGT KO ADVGKN GK KO MCUVXGTNCWH 
UKIPKHKMCPV \W. DC XQT CNNGO FKG VQTJ·PIG FGT RWJGMKUVGP ÒDGT FKG IGUCOVG BWEJVGPHN·EJG KP 
MWT\GP EPVHGTPWPIGP \W GTTGKEJGP YCTGP, UVGNNVGP UKG GKPG DGSWGOG MÌINKEJMGKV HÒT FKG TKGTG 
FCT, CWEJ DGK JQJGO LGDGPFIGYKEJV ETMWPFWPIUXGTJCNVGP CWU\WNGDGP. 

BGNN[ NQUKPI UQYKG FKG ETMWPFWPI CO SQ\KCNRCTVPGT VTCVGP KO ADVGKN VSP IGIGPÒDGT FGO 
ADVGKN GK J·WHKIGT WPF VGPFGP\KGNN N·PIGT CWH. GNGKEJ\GKVKI YCT KO ADVGKN VSP FKG ETMWPFWPI 
CP FGT BWEJVGPGKPTKEJVWPI UGNVGPGT WPF MÒT\GT \W DGQDCEJVGP CNU KO ADVGKN GK. DKGU NGIV 
FGP SEJNWUU PCJG, FCUU FKG ETMWPFWPI CO SQ\KCNRCTVPGT FWTEJ FKG ETMWPFWPI CP FGT BWEJ-
VGPGKPTKEJVWPI UWDUVKVWKGTV YGTFGP MQPPVG. VQTCWUUGV\WPI JKGT\W YCT FCU VQTJCPFGPUGKP XQP 
IGGKIPGVGP, XGT·PFGTDCTGP GGIGPUV·PFGP.

DKG Erkundung an der Besch·ftigungstechnik YWTFG KO ADVGKN VSP UKIPKHKMCPV J·WHKIGT 
DGQDCEJVGV, CNU KO ADVGKN GK. DCU APIGDQV CP XGTHQTODCTGP MCVGTKCN KP FGT BGUEJ·HVK-
IWPIUVGEJPKM GTOÌINKEJVG FCU ETMWPFWPIUXGTJCNVGP FGT TKGTG KO ADVGKN VSP. DKG DCWGT FGT 
ETMWPFWPI CP FGT BGUEJ·HVKIWPIUVGEJPKM RTQ ETGKIPKU WPVGTUEJKGF UKEJ \YKUEJGP FGP DGKFGP 
HCNVWPIUU[UVGOGP PKEJV UKIPKHKMCPV, PCJO CDGT KP DGKFGP ADVGKNGP OKV UVGKIGPFGO LGDGPF-
IGYKEJV \W. HKGTCWU N·UUV UKEJ FKG DGK STUBBE 
2000� DGUEJTKGDGPG, FCWGTJCHVG AVVTCMVKXKV·V FGT 
BGUEJ·HVKIWPIUVGEJPKM HÒT FKG TKGTG GTJ·TVGP. DKG IPUVCNNCVKQP XQP BGUEJ·HVKIWPIUVGEJPKMGP 
KP KPVGPUKXGP HCNVWPIUU[UVGOGP TGKEJVG KP FKGUGT UPVGTUWEJWPI KPUDGUQPFGTG KO ADVGKN VSP 
PKEJV CWU, WO FGP ETMWPFWPIUVTKGD FGT TKGTG \W DGHTKGFKIGP.

DKG TKGTG GTMWPFGVGP KO ADVGKN VSP OKV \WPGJOGPFGO LGDGPFIGYKEJV VGPFGP\KGNN J·WHK-
IGT CP FGT BGUEJ·HVKIWPIUVGEJPKM. GNGKEJ\GKVKI PCJO FKG H·WHKIMGKV FGT ETMWPFWPI CO SQ\K-
CNRCTVPGT KO ADVGKN VSP OKV UVGKIGPFGO LGDGPFIGYKEJV VGPFGP\KGNN CD. DC FKG FWTEJUEJPKVV-
NKEJG DCWGT DGKFGT VGTJCNVGPUYGKUGP OKV UVGKIGPFGO LGDGPFIGYKEJV VGPFGP\KGNN \WPCJO, 
YKTF XGTOWVGV, FCUU FKG TKGTG CWHITWPF FGT OCPIGNPFGP CDUQNWVGP WPF TGNCVKXGP FN·EJG RTQ 
TKGT KP FGT BWEJV, ETMWPFWPI WPF SRKGN YGNEJG OKV BGYGIWPI WPF OTVUYGEJUGN XGTDWPFGP 
UKPF, FWTEJ ETMWPFWPI GTUGV\GP, FKG QJPG BGYGIWPI WPF OTVUYGEJUGN GKPJGTIGJGP.
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IPUIGUCOV MCPP HGUVIGUVGNNV YGTFGP, FCUU FKG XKGNH·NVKIGTG SVTWMVWT, FKG APQTFPWPI FGT FWPM-
VKQPUDGTGKEJG KO ADVGKN GK UQYKG FKG CPIGDQVGPGP ETMWPFWPIUOÌINKEJMGKVGP FCU PQTOCNG 
VGTJCNVGP FGT TKGTG DGIÒPUVKIGP, FC YGPKIGT RCTVPGTIGTKEJVGVG ETUCV\JCPFNWPIGP HÒT ETMWP-
FWPIUXGTJCNVGP CWHVTCVGP, CNU KO ADVGKN VSP

Ver·nderungen am Integument FGT SEJYGKPG HKPFGP UKEJ KP CNNGP HCNVWPIUU[UVGOGP 
OGJT QFGT YGPKIGT CWUIGRT·IV. NCEJ SUNDRUM 
1995� MCPP GKP HCNVWPIUU[UVGO PWT FCPP CNU 
VKGTIGTGEJV GTCEJVGV YGTFGP, YGPP WPVGT CPFGTGO FWTEJ FKG GGUVCNVWPI FGU HCNVWPIUU[UVGOU 
CWEJ SEJ·FGP CO IPVGIWOGPV CWH GKP MKPFGUVOC­ TGFW\KGTV YGTFGP MÌPPGP. DC HÒT DGKFG 
HCNVWPIUU[UVGOG OKV TKGTGP INGKEJGT HGTMWPHV, INGKEJGO FWVVGT CWU FGTUGNDGP FÒVVGTWPIUCPNC-
IG, RCTCNNGNGT VGTUWEJUFWTEJHÒJTWPI WPF INGKEJGO MCPCIGOGPV KFGPVKUEJG VQTCWUUGV\WPIGP 
IGIGDGP YCT, MÌPPGP FKG CP FGP GKP\GNPGP LQMCNKUCVKQPGP CWHIGVTGVGPGP VGT·PFGTWPIGP CO 
IPVGIWOGPV FGT TKGTG FKTGMV FGO LGYGKNKIGP HCNVWPIUU[UVGO \WIGUEJTKGDGP YGTFGP. DKG KP 
FGP HCNVWPIUU[UVGOGP IGHWPFGPGP VGT·PFGTWPIGP CO IPVGIWOGPV YCTGP ÒDGTYKGIGPF XQP 
IGTKPIGO SEJYGTGITCF. SEJYGTYKGIGPFGTG VGT·PFGTWPIGP MQPPVGP PWT DGK GKP\GNPGP TKG-
TGP HGUVIGUVGNNV YGTFGP. AP FGP OJTGP WPF KO BGTGKEJ FGT LKGIGUEJYKGNGP CO KCTRCNIGNGPM 
VTCVGP KO ADVGKN GK UKIPKHKMCPV YGPKIGT VGT·PFGTWPIGP CWH. AP CNNGP CPFGTGP LQMCNKUCVKQPGP 
YCT GKPG UVCVKUVKUEJG UPVGTUEJGKFWPI FGT VGT·PFGTWPIGP \YKUEJGP FGP DGKFGP HCNVWPIUU[U-
VGOGP PKEJV OÌINKEJ. SEJYGTYKGIGPFG VGT·PFGTWPIGP YCTGP XQT CNNGO CP FGP WPMWRKGTVGP 
SEJY·P\GP FGT TKGTG \W HKPFGP. TGPFGP\KGNN VTCVGP KO ADVGKN GK YGPKIGT VGT·PFGTWPIGP CP 
FGP SEJY·P\GP FGT TKGTG CWH CNU KO ADVGKN VSP. DKGUG VGT·PFGTWPIGP FGWVGP KP DGKFGP ADVGK-
NGP FCTCWH JKP, FCUU QRVKOCNGU SVCNNMNKOC, XKGNH·NVKI PWV\DCTG BGUEJ·HVKIWPIUVGEJPKM, UVTWMVW-
TKGTVG BWEJVGP WPF CWUIGYQIGPGT FÒVVGTWPI PKEJV CWUTGKEJGP, WO FCU ETMWPFWPIUXGTJCNVGP 
FGT TKGTG KP KPVGPUKXGP HCNVWPIUU[UVGOGP XQNNMQOOGP \W DGHTKGFKIGP.

DKG OKV UVGKIGPFGO LGDGPFIGYKEJV KP DGKFGP HCNVWPIUU[UVGOGP \WPGJOGPFGP IGUCOVGP 
VGT·PFGTWPIGP CO IPVGIWOGPV FGT TKGTG UVGNNGP GKPGP FGWVNKEJGP HKPYGKU CWH GKPG PQEJ 
YGKVGT \W QRVKOKGTGPFG GGUVCNVWPI FGT FWPMVKQPUDGTGKEJG WPF FGTGP ZWQTFPWPI DG\QIGP 
CWH FKG IGUCOVG MCUVFCWGT FCT. DCU KPUIGUCOV GVYCU PKGFTKIGTG NKXGCW FGT GGUCOVUWOOG 
FGT IGYKEJVGVGP VGT·PFGTWPIGP CNNGT TKGTG KO ADVGKN GK \GKIV, FCUU KP FKGUGT UPVGTUWEJWPI 
VGPFGP\KGNNG VQTVGKNG HÒT UVTWMVWTKGTVG BWEJVGP OKV ITÌ­GTGP GGUCOVHN·EJGP DGUVGJGP.

DKG Verschmutzung Xon Buchtenfl·chen und Tieren NCI OKV FWTEJUEJPKVVNKEJ EC. 45 � 
KO ADVGKN GK, QDYQJN FKG TKGTG FQTV \YKUEJGP XGTUEJKGFGPGP TGORGTCVWTDGTGKEJGP Y·JNGP 
MQPPVGP, UKIPKHKMCPV ÒDGT FGT VGTUEJOWV\WPI KO ADVGKN VSP OKV EC. 36 �. ZWFGO PCJO KO 
ADVGKN GK FKG TKGTXGTUEJOWV\WPI OKV UVGKIGPFGO LGDGPFIGYKEJV \W. UTUCEJG FÒTHVGP \WO 
GKPGP FKG JQJGP ZWPCJOGP FGT TKGTG IGYGUGP UGKP, YQFWTEJ UKEJ GKP ITQ­GU BGFÒTHPKU FGT 
TKGTG \WT ADICDG XQP KÌTRGTY·TOG GTICD. DCFWTEJ NGIVGP UKEJ FKG TKGTG UEJQP DGK OKVVGN-
UEJYGTGO GGYKEJV WPF PKGFTKIGP LWHVVGORGTCVWTGP \WPGJOGPF PKEJV KP FKG RWJGMKUVGP, 
UQPFGTP Y·JNVGP KPUDGUQPFGTG FKG HGWEJVGP FN·EJGP KP FGT FGP ZWNWHVÌHHPWPIGP \WIGYCPFVGP 
BWEJVGPJ·NHVG. AWU FKGUGO VGTJCNVGP MCPP FGT SEJNWUU IG\QIGP YGTFGP, FCUU FKG BWEJVGP-
UVTWMVWT MGKPG CWUTGKEJGPF ITQ­G LKGIGHN·EJGP CW­GTJCND FGT RWJGMKUVGP DGTGKV JKGNV. DWTEJ 
FKG KO VGTINGKEJ \WO ADVGKN GK IGTKPIGP SEJYCPMWPIGP FGT SVCNNNWHVVGORGTCVWT KO ADVGKN 
VSP MQPPVG GKP ZWUCOOGPJCPI \YKUEJGP FGT BWEJVGP- WPF TKGTXGTUEJOWV\WPI GKPGTUGKVU 
WPF FGT SVCNNNWHVVGORGTCVWT CPFGTUGKVU PKEJV JGTIGUVGNNV YGTFGP. EKP ZWUCOOGPJCPI \YKUEJGP 
FGO LGDGPFIGYKEJV FGT TKGTG UQYKG WPF FGT BWEJVGP- WPF TKGTXGTUEJOWV\WPI YCT KO ADVGKN 
VSP PKEJV JGT\WUVGNNGP, FC UKEJ FWTEJ FKG IGTKPIG BWEJVGPHN·EJG FGT APVGKN CP XGTUEJOWV\VGT 
FN·EJG ÒDGT FGP MCUVXGTNCWH MCWO ·PFGTVG. EKP GXGPVWGNNGT EKPHNWUU FGT DWUEJG KO ADVGKN GK 
CWH FKG TKGTXGTUEJOWV\WPI MQPPVG PKEJV SWCPVKHK\KGTV YGTFGP.
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BG\ÒINKEJ FGT Gesundheit der Tiere MQPPVGP YGFGT HÒT FKG HWUVGPGTGKIPKUUG PQEJ HÒT FKG 
MGFKMCVKQP FGT TKGTG UKIPKHKMCPVG UPVGTUEJKGFG \YKUEJGP FGP HCNVWPIUU[UVGOGP IGHWPFGP 
YGTFGP. AWEJ DGK FGT MQTDKFKV·V WPF FGT MQTVCNKV·V MQPPVG UVCVKUVKUEJ \YKUEJGP FGP HCN-
VWPIUU[UVGOGP PKEJV WPVGTUEJKGFGP YGTFGP. EU DGFCTH KPHQNIGFGUUGP MGKPGU XQNNMNKOCVKUKGTVGP 
HCNVWPIUU[UVGOU, WO GKPG IWVG GGUWPFJGKV FGT TKGTG \W IGY·JTNGKUVGP WPF FKG MQTVCNKV·V KP 
GKPGO IGTKPIGP RCJOGP \W JCNVGP.

DKG Leistungen der Tiere YCTGP OKV V·INKEJGP ZWPCJOGP XQP FWTEJUEJPKVVNKEJ 817 I KO 
ADVGKN VSP WPF FWTEJUEJPKVVNKEJ 838 I KO ADVGKN GK KP DGKFGP ADVGKNGP UGJT JQEJ WPF NKGIGP 
KO BGTGKEJ FGT XQP MAYER 
1999� WPF KIRCHER 
2001� HGUVIGUVGNNVGP ZWPCJOGP. DKG ETIGD-
PKUUG XQP ANDERSSON WPF BOTERMANS 
1994�, FKG UEJNGEJVGTG V·INKEJG ZWPCJOGP KP GKPGO 
AW­GPMNKOCUVCNN IGIGPÒDGT GKPGO VQNNURCNVGPDQFGPUVCNN HCPFGP, MQPPVGP PKEJV DGUV·VKIV 
YGTFGP. DKG FWVVGTXGTYGTVWPI MQPPVG CWHITWPF FGT HÒT DGKFG HCNVWPIUU[UVGOG IGOGKPUCOGP 
FÒVVGTWPIUCPNCIG WPF FWVVGTDGXQTTCVWPI PKEJV \YKUEJGP FGP DGKFGP ADVGKNGP WPVGTUEJKGFGP 
YGTFGP. SKG NCI OKV 2,83 DKU 3,03 MI FWVVGT RTQ MI ZWYCEJU KO BGTGKEJ FGT XQP MAYER 
1999�, 
KIRCHER 
2001� ZALUDIK 
2002� WPF SCHNIDER 
2002� DGUEJTKGDGPGP WGTVG. EKP RÒEMUEJNWUU 
CWH FKG VKGTIGTGEJVG HCNVWPI FGT MCUVUEJYGKPG KP DGKFGP HCNVWPIUU[UVGOGP MCPP PCEJ 
BGVTCEJVWPI FGT ETIGDPKUUG LGFQEJ PKEJV IG\QIGP YGTFGP.

4 Schlussfolgerungen

ADUEJNKG­GPF MCPP HGUVIGUVGNNV YGTFGP, FCUU FCU YGKVGT GPVYKEMGNVG HCNVWPIUU[UVGO OKV HTGKGT 
LÒHVWPI, IGVTGPPVGP KNKOCDGTGKEJGP OKV RWJGMKUVGP WPVGT FGP UGJT IWVGP ·W­GTGP BGFKPIWP-
IGP FGT UPVGTUWEJWPI IWV WPF IGGKIPGV GTUEJGKPV, WO FGP APHQTFGTWPIGP GKPGT VKGTIGTGEJVGP 
HCNVWPI \W IGPÒIGP. DCU ADVGKN VQNNURCNVGPDQFGP JCV DG\ÒINKEJ FGT WPVGTUWEJVGP PCTCOGVGT 
WPVGT FGP INGKEJGP VGTUWEJUDGFKPIWPIGP DGUUGTG ETIGDPKUUG GTIGDGP CNU GTYCTVGV. 

5 Literatur

DKG LKVGTCVWTNKUVG KUV ÒDGT FGP VGTHCUUGT XGTHÒIDCT� XVR440JC"WPK-JQJGPJGKO.FG..
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VerDesserung der BodenSualit·t im LiegeDereich Dei Mastschweinen
+mproXing tJe SWCNit[ of tJe N[ing CreC in JoWsing s[stems for fCttening 
pigs

PASCAL SAVARY1, RUDOLF HAUSER1, BEAT WECHSLER1, THOMAS JUNGBLUTH2

1  BWPFGUCOV HÒT VGVGTKP·TYGUGP, ZGPVTWO HÒT VKGTIGTGEJVG HCNVWPI� WKGFGTM·WGT WPF SEJYGKPG, 
AITQUEQRG FAT T·PKMQP, CH-8356 EVVGPJCWUGP

2 IPUVKVWV HÒT AITCTVGEJPKM, UPKXGTUKV·V HQJGPJGKO, D-70599 SVWVVICTV

SchlÒsselwÌrter� Schwein, Integument, Boden, LiegeRlatzSualit·t, LiegeXerhalten, Liegeunterlage, 
Kunststoff, Verfahrenstechnik
-e[Yords� Pig� integWment� fNoor� SWCNit[ of tJe N[ing CreC� N[ing DeJCXioWr� N[ing Dedding mCteriCN� 
rWDDer� process engineering

<WsCmmenfCssWng 

Bei Mastschweinen, die auf barem Betonboden liegen, treten häufig Schäden an der Haut 
der Gelenke der Extremitäten auf. Möglicherweise ruft die dauernde Abkühlung durch den 
Betonboden zudem Entzündungen der Gelenke hervor. Kunststoffunterlagen könnten bezüg-
lich der Tiergesundheit eine adäquate Liegeplatzqualität bieten. Sie könnten die Haut vor 
Reibeffekten schützen und wirken isolierend. 

Im Rahmen des vorliegenden Projekts sollen Unterlagen aus Kunststoff auf ihre Resistenz 
gegen die Beanspruchung durch Mastschweine und auf ihren Einfluss auf die Gliedmas-
sengesundheit und auf das Liegeverhalten untersucht werden. Für die Untersuchung von 
Entzündungen im Bereich der Tarsal- und Carpalgelenke wird die Methode der Infrarot-Ther-
mographie zur Diagnostik eingesetzt.

SWmmCr[

Injuries of the skin around the tarsal and carpal joints are common in fattening pigs lying on 
concrete floor. In addition to these external injuries, inflammation of the joints may occur 
as a result of the cold concrete floor. Provision of plastic mats in the lying area could have 
a positive effect on the health of these joints. The mats could protect the integument against 
friction and have an insulating effect. 

The aim of the present study is to test plastic mats with regard to their resistance to expo-
sure to fattening pigs and their influence on joint health and lying behaviour. An infrared 
camera will be used to diagnose inflammations of the tarsal and carpal joints.
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1 Einleitung

PNCPDGHGUVKIVG BGVQPDÌFGP QJPG EKPUVTGW UKPF CNU LKGIGWPVGTNCIG HÒT MCUVUEJYGKPG WPVGT FGO 
AURGMV FGT VKGTIGTGEJVGP HCNVWPI RTQDNGOCVKUEJ. MAYER 
1999� HCPF DGK HCNVWPIUU[UVGOGP 
OKV RNCPDGHGUVKIVGO BQFGP KO LKGIDGTGKEJ 
KKUVGPUVCNN, TGKNURCNVGPDQFGP� KO VGTINGKEJ \W 
S[UVGOGP OKV GKPIGUVTGWVGT LKGIGHN·EJG OGJT TGEJPQ- WPF EVJQRCVJKGP. ANU TGEJPQRCVJKGP 
YGTFGP JCNVWPIUDGFKPIVG SEJ·FGP 
\. B. SEJ·FGP CP FGT HCWV FGT GGNGPMG� DG\GKEJPGV, Y·J-
TGPF EVJQRCVJKGP FWTEJ VGTJCNVGP JGTXQTIGTWHGPG SEJ·FGP 
\. B. VGTNGV\WPIGP CNU FQNIG XQP 
SEJYCP\DGKUUGP� FCTUVGNNGP. DKG RCWJGKV WPF H·TVG FGT LKGIGHN·EJG YKTF JCWRVWTU·EJNKEJ HÒT 
SEJ·FGP CP FGP GNKGFOCUUGP XQP MCUVUEJYGKPGP IGPCPPV 
HORNAUER GV CN., 2001�. 

EKPG SVTQJOCVTCV\G KUV HÒT FKG GGUWPFJGKV FGT GNKGFOCUUGP GKPG CF·SWCVG LKGIGWPVGTNCIG. 
SKG XGTJKPFGTV FKG RGKDWPI FGT HCWV CWH FGO BGVQPDQFGP WPF KUQNKGTV IGIGP FKG K·NVG FGU 
BGVQPDQFGPU. EKP LKGIGDGTGKEJ OKV GKPGT UCWDGTGP WPF VTQEMGPGP SVTQJOCVTCV\G HÒT MCUV-
UEJYGKPG DGPÌVKIV CDGT GKPG ITQUUG MGPIG CP SVTQJ. SQHGTP CWH GKPGO BGVTKGD PKEJV IGPÒIGPF 
SVTQJ RTQFW\KGTV YKTF, OWUU FKGUGU \WIGMCWHV YGTFGP. WGKVGTG KQUVGP DGKO EKPUCV\ XQP SVTQJ 
GPVUVGJGP DGK FGT LCIGTWPI FGU SVTQJU WPF DGKO AWUDTKPIGP FGU MKUVGU. EKPG ANVGTPCVKXG \WT 
SVTQJOCVTCV\G MÌPPVGP LKGIGWPVGTNCIGP CWU KWPUVUVQHH FCTUVGNNGP. 

GUT GV CN. 
2001� UVGNNVGP GKPGP RQUKVKXGP EKPHNWUU GKPGT LKGIGHN·EJG OKV GKPGT KWPUVUVQHH-
OCVVG CWH FGP GGUWPFJGKVU\WUVCPF XQP MCUVUEJYGKPGP HGUV, XGTINKEJGP OKV GKPGT LKGIGHN·EJG 
QJPG MCVVG. DCU PTQDNGO XQP KWPUVUVQHHOCVVGP KUV LGFQEJ, FCUU UKG FWTEJ FKG SEJYGKPG TCUEJ 
DGUEJ·FKIV YGTFGP MÌPPGP WPF DGTGKVU PCEJ GKPGO MCUVFWTEJICPI XÌNNKI \GTUVÌTV QFGT UVCTM 
CPIGHTGUUGP UGKP MÌPPGP 
GUT GV CN., 2001; HOPPENBROCK, 2002�. AWEJ KP RCJOGP GKPGU PKNQV-
XGTUWEJU CP FGT AITQUEQRG FAT T·PKMQP YCT GKPG KWPUVUVQHHOCVVG PCEJ XKGT WQEJGP FWTEJ 
FKG MCUVUEJYGKPG UEJQP UVCTM CPIGHTGUUGP. IO VGTINGKEJ \W KWPUVUVQHHOCVVGP UKPF KWPUVUVQHH-
RNCVVGP FWTEJ FKG SEJYGKPG UEJYKGTKIGT \W DGUEJ·FKIGP. SKG YGKUGP CDGT MGKPG VGTHQTODCT-
MGKV CWH, YGUJCND KJTG WKTMWPI CWH FKG GGUWPFJGKV FGT GGNGPMG YGPKIGT UVCTM UGKP MÌPPVG. 
IO VGTINGKEJ \W BGVQPDQFGP JCDGP KWPUVUVQHHOCVVGP WPF -RNCVVGP \WFGO GKPG IGTKPIGTG W·T-
OGCDNGKVWPI, YCU FC\W HÒJTGP MÌPPVG, FCUU FKG MCUVUEJYGKPG DGK GTJÌJVGP LWHVVGORGTCVWTGP 
XGTOGJTV FGP LKGIGRNCV\ KP FGP RGTHQTKGTVGP KQVDGTGKEJ XGTNGIGP.

HAUSER 
2003� UVGNNVG CO SEJNCEJVJQH HGUV, FCUU MCUVUEJYGKPG CWU BGVTKGDGP OKV TGKNURCN-
VGPDÌFGP QFGT LKGIGMKUVGP IGIGPÒDGT TKGTGP CWU BGVTKGDGP OKV EKPUVTGW UVCTM XGTYCEJUGPG 
GGNGPMG CWHYKGUGP. BGK FGT ZGTNGIWPI FKGUGT GGNGPMG HNQUU GKPG ITQUUG MGPIG GKVTKIGT FNÒU-
UKIMGKV JGTCWU, YCU CWH GGNGPMGPV\ÒPFWPIGP JKPYGKUGP MÌPPVG. DKGUG BGQDCEJVWPI YWTFG 
DKUJGT PKEJV FWTEJ U[UVGOCVKUEJG UPVGTUWEJWPIGP DGUV·VKIV. MÌINKEJGTYGKUG TWHV FKG FCWGTPFG 
ADMÒJNWPI FWTEJ GKPGP BGVQPDQFGP GGNGPMGPV\ÒPFWPIGP JGTXQT. 

DTGK FGT HÒPH KCTFKPCNU[ORVQOG GKPGT EPV\ÒPFWPI JCDGP GKPG H[RGT·OKG CNU IGOGKP-
UCOGP AWUICPIURWPMV, FKG OKV HKNHG FGT IPHTCTQV-TJGTOQITCRJKG CNU XGTUV·TMV GTY·TOVGT 
BGTGKEJ FGT HCWVQDGTHN·EJG 
JQV URQV� HGUVIGUVGNNV YGTFGP MCPP 
WEIL GV CN., 1998�. ATGCNG OKV 
CDYGKEJGPFGT TGORGTCVWT MÌPPGP UQOKV QDLGMVKX FCTIGUVGNNV YGTFGP. SABEC WPF LAZAR 
1990� 
RTÒHVGP, QD DGK YCEJUGPFGP SEJYGKPGP OKV DGIKPPGPFGT OUVGQCTVJTQUG TGORGTCVWTWPVGT-
UEJKGFG CO SRTWPIIGNGPM PCEJ\WYGKUGP UKPF. DKG HGUVIGUVGNNVGP UPVGTUEJKGFG FGWVGVGP YQJN 
CWH APQOCNKGP JKP, CDGT FKG WGTVWPI FGT ETIGDPKUUG YCT HÒT FKG AWVQTGP WPMNCT, FC UKG MGKPG 
RGHGTGP\OGUUWPIGP \W PQTOCNGP TGORGTCVWTYGTVG DGK MCUVUEJYGKPGP JCVVGP. MKV HKNHG FGT 
IPHTCTQV-TJGTOQITCRJKG UQNNGP KP FGT JKGT XQTIGUVGNNVGP UPVGTUWEJWPI PQTOCNG TGORGTCVWT-
YGTVG DGK MCUVUEJYGKPGP WPVGTUEJKGFNKEJGP ANVGTU IGUCOOGNV YGTFGP WPF GU UQNN IGRTÒHV 
YGTFGP, QD GGNGPMGPV\ÒPFWPIGP QDLGMVKX WPF HTÒJ\GKVKI GTMCPPV YGTFGP MÌPPGP.
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2 Methoden

2�1 VersuchsaufDau

DKG UPVGTUWEJWPIGP CP MCUVUEJYGKPGP CWH XGTUEJKGFGPGP LKGIGDGTGKEJGP HKPFGP KO VGT-
UWEJUUVCNN FGT AITQUEQRG FAT T·PKMQP UVCVV. VGTINKEJGP YGTFGP DCVGP \WO LKGIGXGTJCNVGP 
WPF \WT GNKGFOCUUGPIGUWPFJGKV DGK MCUVUEJYGKPGP KP TGKNURCNVGPDQFGPDWEJVGP, FGPGP CNU 
LKGIGHN·EJG GKPG KWPUVUVQHHRNCVVG, GKPG GWOOKOCVVG, GKP GKPIGUVTGWVGT BGVQPDQFGP QFGT GKP 
DNCPMGT BGVQPDQFGP CPIGDQVGP YKTF. DKG MCUVUEJGKPG YGTFGP KP GTWRRGP XQP \GJP TKGTGP 
OKV GKPGO GGYKEJV XQP EC. 25 MI GKPIGUVCNNV WPF DKU \W GKPGO GGYKEJV XQP EC. 100 MI 
IGO·UVGV. MKV LGFGT LKGIGWPVGTNCIG UKPF UGEJU WKGFGTJQNWPIGP 
MCUVFWTEJI·PIG� IGRNCPV. 
DKG LKGIGWPVGTNCIGP YGTFGP DGK LGFGT WKGFGTJQNWPI \YKUEJGP FGP BWEJVGP XGTVCWUEJV, WO 
GKPGP GXGPVWGNNGP EKPHNWUU FGT BWEJV CWU\WUEJNKGUUGP. 

2�2 3ualit·t der Liegefl·chen

DGT GKPIGUVTGWVG WPF FGT DNCPMG BGVQPDQFGP FKGPGP CNU KQPVTQNNG. DKG GKPIGUVTGWVG LKGIG-
HN·EJG UQNN JKPUKEJVNKEJ FGT GNKGFOCUUGPIGUWPFJGKV QRVKOCNG BGFKPIWPIGP DKGVGP. DGT BQFGP 
YKTF CWH FGT IGUCOVGP FN·EJG OKV GKPGT EC. 1EO JQJGP SVTQJUEJKEJV DGFGEMV. BGK FGT PKEJV 
GKPIGUVTGWVGP VCTKCPVG NKGIGP FKG SEJYGKPG CWH GKPGO KP FGT PTCZKU ÒDNKEJGP BGVQPDQFGP. 

DKG KWPUVUVQHHRNCVVG DGUVGJV CWU GKPGT JCTVGP WPVGTGP SEJKEJV WPF GKPGO XWNMCPKUKGTVGP 
GWOOKDGNCI OKV IGPQRRVGT ODGTHN·EJG, FGT FKG TTKVVUKEJGTJGKV IGY·JTNGKUVGP UQNN. SKG YKTF 
OKV SEJTCWDGP WPF DÒDGNP CO BQFGP HKZKGTV. DKG PNCVVGPGNGOGPVG YGTFGP PCEJ FGO ëNWV 
WPF FGFGTé PTKP\KR KPGKPCPFGT XGTNGIV. 

BGK FGT GWOOKOCVVG JCPFGNV GU UKEJ WO GKPG FTGKUEJKEJVKIG MCVVG. DKG AWUUGPUEJKEJVGP 
UKPF CWU GWOOK WPF FKG OKVVNGTG SEJKEJV DGUVGJV CWU SEJCWOUVQHH. DKG GWOOKOCVVG YKTF OKV 
LGKO CWH FGP BQFGP IGMNGDV WPF \WU·V\NKEJ OKV FNCEJGKUGP CO BQFGP DGHGUVKIV. DKG FNCEJGKUGP 
UQNNGP FKG QHHGPGP KCPVGP FGT MCVVG IGIGP FCU APHTGUUGP FWTEJ FKG MCUVUEJYGKPG UEJÒV\GP. 

2�3 UntersuchungsRarameter

2�3�1 Zustand der Matte

UO FKG HCNVDCTMGKV FGT KWPUVUVQHHRNCVVG WPF FGT GWOOKOCVVG GKP\WUEJ·V\GP, YGTFGP FKGUG 
PCEJ LGFGO MCUVFWTEJICPI JKPUKEJVNKEJ KJTGT HCHVWPI CO BQFGP 
AP\CJN NQUG SVGNNGP�, FGT 
AWURT·IWPI XQP BGUEJ·FKIWPIGP YKG RKUUGP QFGT LÌEJGTP UQYKG FGT ADPÒV\WPI FGT ODGT-
HN·EJG 
NQRRGPJÌJG� DGWTVGKNV.

2�3�2 Verhalten der Schweine

DCU LKGIGXGTJCNVGP YKTF Y·JTGPF FTGKOCN 72 SVWPFGP RTQ MCUVFWTEJICPI OKV HKNHG GKPGT 
VKFGQMCOGTC CWHIGPQOOGP. DKG VKFGQCWHPCJOGP GTHQNIGP, YGPP FKG SEJYGKPG 30, 60 WPF 
80 MI UEJYGT UKPF. DKG AWUYGTVWPI FGT VKFGQCWH\GKEJPWPIGP GTHQNIV OKVVGNU TKOG-SCORNKPI-
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VGTHCJTGP KP GKPGO RCUVGT XQP 15 MKPWVGP. FQNIGPFG PCTCOGVGT YGTFGP CWUIGYGTVGV� SGKVGP-
NCIG, BCWEJNCIG, UPDGUVKOOVG LCIG, HCWHGPNCIG, SVGJGP WPF LKGIGP KO LKGIGPDGTGKEJ QFGT 
KO KQVDGTGKEJ 
SRCNVGPDQFGP�.

2�3�3 Ver·nderungen an der Haut der Gelenke

IP TGIGNO·UUKIGP ADUV·PFGP YKTF FKG AWURT·IWPI XQP VGT·PFGTWPIGP CP FGT HCWV FGT CCT-
RCN- WPF TCTUCNIGNGPMGP GTHCUUV. DCDGK YKTF FKG EMGUDQ-MGVJQFG CPIGYGPFGV 
EKESBO, 1984�. 
MKV HKNHG GKPGU CQFGUEJNÒUUGNU YKTF FKG AWURT·IWPI HQNIGPFGT VGT·PFGTWPIGP HGUVIGJCNVGP� 
JCCTNQUG SVGNNGP, H[RGTMGTCVQUGP, WWPFGP WPF SEJYKGNGP. DKG EMGUDQ-UPVGTUWEJWPIGP HKP-
FGP DGKO EKPUVCNNGP WPF FCPCEJ LGFG XKGTVG WQEJG UVCVV. IPUIGUCOV YGTFGP FKG TKGTG HÒPHOCN 
WPVGTUWEJV.

2�4 EntzÒndungsdiagnostik mit Hilfe der Infrarot�ThermograRhie

DKG IPHTCTQV-TJGTOQITCRJKG QFGT W·TOGDKNFVGEJPKM DGTWJV CWH FGT TCVUCEJG, FCUU CNNG YCTO-
DNÒVKIGP LGDGYGUGP GNGMVTQOCIPGVKUEJG SVTCJNWPI KP FQTO XQP LKEJVYGNNGP CDIGDGP, FGTGP 
FTGSWGP\ XQP KJTGT KÌTRGTVGORGTCVWT CDJ·PIKI KUV. MKV HKNHG FGT IPHTCTQV-TJGTOQITCRJKG 
MÌPPVGP GGNGPMGPV\ÒPFWPIGP QDLGMVKX WPF HTÒJ\GKVKI GTMCPPV YGTFGP. IP WPUGTGT UPVGT-
UWEJWPI YKTF HÒT FKGUGP ZYGEM GKPG IPHTCTQVMCOGTC XQO T[R TJGTOCECO E2 FGT FKTOC FLIR 
S[UVGOU GKPIGUGV\V. MKV 19200 EKP\GNRWPMVGP IKDV FKGUG IPHTCTQVMCOGTC GKP JQEJCWHNÌUGPFGU 
VJGTOKUEJGU BKNF FGU ICP\GP TKGTGU YKGFGT OKV FGT MÌINKEJMGKV, CP LGFGO GKP\GNPGP PWPMV 
FKG IGPCWG TGORGTCVWT \W DGUVKOOGP. DKG KCOGTC YCPFGNV FKG IGOGUUGPG W·TOGUVTCJNWPI 
KP GKP UKEJVDCTGU, HCTDKIGU BKNF WO. TJGTOKUEJG APQOCNKGP 
GGNGPMGPV\ÒPFWPIGP� MÌPPVGP 
UQ GTMCPPV YGTFGP.

IP FGT LKVGTCVWT HGJNV GU CP GTWPFNCIGPKPHQTOCVKQPGP ÒDGT EJCTCMVGTKUVKUEJG MWUVGT FGT 
ODGTHN·EJGPVGORGTCVWT DGK IGUWPFGP GGNGPMGP XQP MCUVUEJYGKPGP. DGUYGIGP YGTFGP CWEJ 
SEJYGKPG, FKG MGKPG LCJOJGKVGP QFGT SEJYKGNGP CWHYGKUGP, VJGTOQITCRJKGTV. VQP LGFGO 
TKGT YGTFGP FKG TGEJVG WPF NKPMG KÌTRGTUGKVG KP GKPGO TJGTOQITCOO HGUVIGJCNVGP, WO FKG 
S[OOGVTKG FGT TGORGTCVWTXGTVGKNWPI CP FGT KÌTRGTQDGTHN·EJG WPF TGORGTCVWTOWUVGT CP FGP 
GNKGFOCUUGP \W GTHCUUGP. MKV HKNHG XQP GPV\ÒPFWPIUHTGKGP RGHGTGP\DGTGKEJGP MÌPPGP EPV-
\ÒPFWPIGP FKCIPQUVK\KGTV YGTFGP. FÒT FKG VCNKFKGTWPI FKGUGT MGVJQFG YGTFGP FKG GGNGPMG 
CNNGT WPVGTUWEJVGP SEJYGKPG UQYQJN MNKPKUEJ CNU CWEJ PCEJ FGT SEJNCEJVWPI RCVJQNQIKUEJ CWH 
GGNGPMXGT·PFGTWPIGP WPVGTUWEJV. DKG DCVGPCWHPCJOG OKV HKNHG FGT IPHTCTQV-TJGTOQITCRJKG 
GTHQNIV LGYGKNU KO APUEJNWUU CP FKG VKFGQCWHPCJOGP \WO VGTJCNVGP, YGPP FKG SEJYGKPG 30, 
60 WPF 80 MI UEJYGT UKPF. 

3 ErgeDnisse

DKG DCVGP YCTGP \WO ZGKVRWPMV FGT ETUVGNNWPI FGU TCIWPIUDGKVTCIGU PQEJ PKEJV CWUIGYGTVGV. 
DKG ETIGDPKUUG FGT GTUVGP FTGK MCUVFWTEJI·PIG YGTFGP KO RGHGTCV CP FGT TCIWPI XQTIG-
UVGNNV.
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Verhalten und Leistung Xon Mastschweinen Dei der sensorgesteuerten 
FlÒssigfÒtterung in ADh·ngigkeit Xom Tier�FressRlatzXerh·ltnis
+nfNWence of tJe CnimCN�feeding pNCce rCtio on tJe DeJCXioWr Cnd 
performCnce of fCttening pigs fed D[ meCns of sensor controNNed NiSWid 
feeding

BEAT WECHSLER1, DORTHE K� RASMUSSEN1, ROLAND WEBER2

1  BWPFGUCOV HÒT VGVGTKP·TYGUGP, ZGPVTWO HÒT VKGTIGTGEJVG HCNVWPI� WKGFGTM·WGT WPF SEJYGKPG, 
AITQUQRG FAT T·PKMQP, CH-8356 EVVGPJCWUGP

2  AITQUQRG FAT T·PKMQP, EKFIGPÌUUKUEJG FQTUEJWPIUCPUVCNV HÒT AITCTYKTVUEJCHV WPF LCPFVGEJPKM, 
CH-8356 EVVGPJCWUGP

SchlÒsselwÌrter� Mastschweine, FÒtterung, Verhalten, Leistung
-e[Yords� (Cttening pigs� feeding� DeJCXioWr� performCnce

<WsCmmenfCssWng

Bei der Sensorfütterung handelt es sich um ein Flüssigfütterungsverfahren zur Sattfütterung 
von Mastschweinen. In der vorliegenden Untersuchung sollte abgeklärt werden, welchen 
Einfluss verschiedene Tier-Fressplatzverhältnisse auf das Verhalten und die Leistung der Tiere 
haben.

Das Experiment wurde mit 21 Gruppen zu �0 Mastschweinen (2�–100 kg) durchgeführt. 
Untersucht wurden die Tier-Fressplatzverhältnisse �:1, �:1 und 13:1 (�, � bzw. 3 Fressplätze 
pro Gruppe), wobei jedes Tier-Fressplatzverhältnis � Mal wiederholt wurde.

Die Untersuchung zeigt, dass das Tier-Fressplatzverhältnis bei der Sensorfütterung einen 
deutlichen Einfluss auf das Verhalten und die Tageszunahmen der Mastschweine hat. Ein 
Tier-Fressplatzverhältnis von 13:1 wirkt sich insbesondere auf leichte, wahrscheinlich rang-
tiefe Gruppenmitglieder negativ aus.

SWmmCr[

Sensor feeding is a liquid feeding system for fattening pigs. The aim of the present study was 
to quantify the effect of the animal-feeding place ratio on the behaviour and performance of 
the animals.

The study was carried out with 21 groups of �0 pigs (2�–100 kg). Three different ani-
mal-feeding place ratios were investigated, �:1, �:1 and 13:1 (�, � and 3 feeding places per 
group). Each animal-feeding place ratio was tested with seven groups of fatteners.

It is concluded that the animal-feeding place ratio has a distinct influence on the behaviour 
and performance of fattening pigs fed by a sensor feeding system. An animal-feeding place 
ratio of 13:1 has a negative effect in particular on lightweight pigs, probably the subordinate 
group members. 
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1 Einleitung 

IP FGP NGV\VGP JCJTGP YWTFGP XGTUEJKGFGPG PGWG FÒVVGTWPIUXGTHCJTGP HÒT MCUVUEJYGKPG 
GPVYKEMGNV. EKPGU FKGUGT S[UVGOG KUV FKG SGPUQTHÒVVGTWPI, DGK FGT FKG TKGTG OKV FNÒUUKIHWVVGT 
UCVVIGHÒVVGTV YGTFGP. EKP SGPUQT OKUUV FCDGK FGP FÒNNUVCPF KO TTQI. IUV FKGUGT NGGT, YKTF GT 
CWVQOCVKUEJ DGHÒNNV. DKG FÒVVGTWPI GTHQNIV LGFQEJ KP IPVGTXCNNGP, UQ FCUU FKG TTÌIG \YKUEJGP 
FGP IPVGTXCNNGP HÒT GKPKIG ZGKV NGGT UKPF.

DC GU UKEJ DGK FGT SGPUQTHÒVVGTWPI WO GKPG SCVVHÒVVGTWPI JCPFGNV, OWUU PKEJV HÒT LGFGU TKGT 
GKP FTGUURNCV\ XQTJCPFGP UGKP. UPVGT ÌMQPQOKUEJGP GGUKEJVURWPMVGP YKTF GKP OÌINKEJUV 
YGKVGU TKGT-FTGUURNCV\XGTJ·NVPKU CPIGUVTGDV. HKPIGIGP KUV CWU UPVGTUWEJWPIGP OKV CPFGTGP 
FÒVVGTWPIUXGTHCJTGP DGMCPPV, FCUU GKP GTYGKVGTVGU TKGT-FTGUURNCV\XGTJ·NVPKU \W XGTUEJ·THVGT 
KQPMWTTGP\ WO FCU FWVVGT, OGJT AIITGUUKQPGP CO FWVVGTVTQI, MÒT\GTP FTGUUFCWGTP, UEJNGEJ-
VGTGP TCIGU\WPCJOGP QFGT GKPGO AWUGKPCPFGTYCEJGP FGT TKGTG GKPGT GTWRRG HÒJTGP MCPP 

\. B. BARNETT GV CN., 1992; KIRCHER, 2001; TURNER GV CN., 2002�.

ZKGN FGT XQTNKGIGPFGP UPVGTUWEJWPI YCT GU, FGP EKPHNWUU FGU TKGT-FTGUURNCV\XGTJ·NVPKUUGU 
CWH FCU VGTJCNVGP WPF FKG LGKUVWPI XQP MCUVUEJYGKPGP DGK FGT SGPUQTHÒVVGTWPI \W MN·TGP.

2 Methoden

EU UVCPFGP XKGT VGTUWEJUDWEJVGP \WT VGTHÒIWPI, KP FGPGP GKPG LKGIGHN·EJG 
4 Z 5,55 O� OKV 
TKGHUVTGWMQORQUV WPF GKP AMVKXKV·VU-FTGUUDGTGKEJ 
4 Z 5,55 O� OKV SRCNVGPDQFGP GKPIGTKEJVGV 
YCT. FÒT FCU EZRGTKOGPV YWTFGP 21 GTWRRGP \W 40 MCUVUEJYGKPGP 
KPUIGUCOV 840 SEJYGK-
PG� GKPIGUGV\V, YQDGK FKG H·NHVG FGT TKGTG YGKDNKEJ WPF FKG CPFGTG H·NHVG KCUVTCVGP YCTGP. 
DKG TKGTG YWTFGP OKV 25 MI GKPIGUVCNNV WPF OKV WPIGH·JT 100 MI IGUEJNCEJVGV.

DKG SEJYGKPG YWTFGP OKV GKPGT SGPUQTHÒVVGTWPI KP HÒPH FÒVVGTWPIUKPVGTXCNNGP RTQ TCI 
IGHÒVVGTV 
7�30, 10�30, 15�00, 18�00, 21�00 UJT�. PTQ FÒVVGTKPVGTXCNN ÒDGTRTÒHVGP FKG SGPUQTGP 
FGP FÒNNUVCPF FGT TTÌIG OCZKOCN 6 MCN. UPVGTUWEJV YWTFGP FKG TKGT-FTGUURNCV\XGTJ·NVPKUUG 
4�1, 7�1 WPF 13�1 
9, 6 D\Y. 3 FTGUURN·V\G RTQ GTWRRG�, YQDGK LGFGU TKGT-FTGUURNCV\XGTJ·NVPKU 
7 MCN YKGFGTJQNV YWTFG.

BGK 12 FQMWUVKGTGP RTQ GTWRRG YWTFG FCU VGTJCNVGP KO FTGUUDGTGKEJ 
FTGUUFCWGT, WCTVG-
FCWGT CO TTQI, AIITGUUKQPGP, FWTEJ AIITGUUKQP XGTFT·PIV YGTFGP, QJPG AIITGUUKQP YGIIG-
UEJQDGP YGTFGP� KO ANVGT XQP 14 WPF 17 WQEJGP OKVVGNU 24 J-VKFGQCWHPCJOGP CPCN[UKGTV. 
ANU FQMWUVKGTG YWTFGP RTQ GTWRRG XKGT NGKEJVG, XKGT OKVVGNUEJYGTG WPF XKGT UEJYGTG TKGTG CWU-
IGY·JNV. DKG MCUVVCIGU\WPCJOGP YWTFGP HÒT CNNG TKGTG DGTGEJPGV. ANU YGKVGTGT IPFKMCVQT \WT 
BGWTVGKNWPI FGT TKGTIGTGEJVJGKV YWTFGP DGK FGP FQMWUVKGTGP SRGKEJGNRTQDGP \WT BGUVKOOWPI 
FGT CQTVKUQNMQP\GPVTCVKQP IGPQOOGP. DKG AWUYGTVWPI FGT DCVGP GTHQNIVG OKV IGOKUEJVGP 
NKPGCTGP MQFGNNGP.

3 ErgeDnisse 

MKV UVGKIGPFGO TKGT-FTGUURNCV\XGTJ·NVPKU HTCUUGP FKG MCUVUEJYGKPG RTQ TTQIDGUWEJ UKIPKHKMCPV 
YGPKIGT NCPI 
R � 0,001�. IO DWTEJUEJPKVV FCWGTVG GKP TTQIDGUWEJ WPIGH·JT GKPG MKPWVG. DKG 
FTGUUFCWGT RTQ TTQIDGUWEJ YCT DGK NGKEJVGP, OKVVGNUEJYGTGP WPF UEJYGTGP FQMWUVKGTGP PKEJV 
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UKIPKHKMCPV XGTUEJKGFGP. BGK ·NVGTGP TKGTGP YCT UKG CDGT UKIPKHKMCPV N·PIGT CNU DGK LÒPIGTGP 

R � 0,05�.

DKG WCTVGFCWGT CO TTQI YWTFG OKV UVGKIGPFGO TKGT-FTGUURNCV\XGTJ·NVPKU UKIPKHKMCPV N·PIGT 

R � 0,001; ADD. 1�. ZWFGO YCTVGVGP NGKEJVG FQMWUVKGTG UKIPKHKMCPV N·PIGT CNU UEJYGTG 
R � 
0,001�. DKG WCTVGFCWGT FGT MCUVUEJYGKPG YCT KO ANVGT XQP 17 WQEJGP UKIPKHKMCPV N·PIGT CNU 
KO ANVGT XQP 14 WQEJGP 
R � 0,05�, WPF GU DGUVCPF GKPG UKIPKHKMCPVG IPVGTCMVKQP \YKUEJGP 
FGO ANVGT FGT TKGTG WPF FGO TKGT-FTGUURNCV\XGTJ·NVPKU 
R � 0,001�.
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ADD. 1� WCTVGFCWGT CO TTQI 
RTQ TKGT WPF TCI� XQP MCUVUEJYGKPGP KO ANVGT XQP 14 
NKPMU� WPF 17 
TGEJVU� 
WQEJGP 
MKVVGNYGTVG OKV SVCPFCTFHGJNGTP�; DKG S·WNGP \GKIGP FKG WGTVG XQP NGKEJVGP, OKVVGNUEJYGTGP WPF 
UEJYGTGP FQMWUVKGTGP
Duration of waiting bouts at the feed trough (per animal per day) of fattening pigs aging 1� (left) and 1� 
(right) weeks (average values and standard errors)� Bars show values of light, middleweight and heavyweight 
focal animals

DKG H·WHKIMGKV XQP AIITGUUKQPGP DGKO FTGUUGP YCT PKEJV FWTEJ FCU TKGT-FTGUURNCV\XGTJ·NVPKU 
DGGKPHNWUUV. HKPIGIGP \GKIVGP UEJYGTG MCUVUEJYGKPG J·WHKIGT CIITGUUKXGU VGTJCNVGP DGKO 
FTGUUGP CNU NGKEJVG 
R � 0,05�. ZWFGO YCTGP DGK TKGTGP KO ANVGT XQP 14 WQEJGP UKIPKHKMCPV 
OGJT AIITGUUKQPGP \W DGQDCEJVGP CNU KO ANVGT XQP 17 WQEJGP 
R � 0,001�.

DCU TKGT-FTGUURNCV\XGTJ·NVPKU JCVVG MGKPGP UKIPKHKMCPVGP EKPHNWUU CWH FKG H·WHKIMGKV, OKV FGT 
FKG MCUVUEJYGKPG FWTEJ GKPG AIITGUUKQP XQO TTQI XGTFT·PIV YWTFGP. HKPIGIGP YWTFGP 
NGKEJVG FQMWUVKGTG UKIPKHKMCPV J·WHKIGT OKV GKPGT AIITGUUKQP XQO TTQI XGTFT·PIV CNU UEJYGTG 

R � 0,001�, WPF UQNEJG VGTFT·PIWPIGP YCTGP KO ANVGT XQP 14 WQEJGP J·WHKIGT CNU KO ANVGT 
XQP 17 WQEJGP 
R � 0,001�.

MKV UVGKIGPFGO TKGT-FTGUURNCV\XGTJ·NVPKU YWTFGP FKG MCUVUEJYGKPG DGKO FTGUUGP UKIPKHK-
MCPV J·WHKIGT QJPG AIITGUUKQP XQO TTQI YGIIGUEJQDGP 
R � 0,001; ADD. 2�. DKG GGYKEJVU-
MNCUUG FGT FQMWUVKGTG JCVVG JKPIGIGP MGKPGP UKIPKHKMCPVGP EHHGMV CWH FKGUG ATV XQP VGTFT·P-
IWPIGP. WGIUEJKGDGP CO TTQI QJPG AIITGUUKQP YWTFG DGK TKGTGP KO ANVGT XQP 14 WQEJGP 
UKIPKHKMCPV J·WHKIGT DGQDCEJVGV CNU DGK TKGTGP KO ANVGT XQP 17 WQEJGP 
R � 0,001�, YQDGK 
CWEJ GKPG UKIPKHKMCPVG IPVGTCMVKQP \YKUEJGP FGT GGYKEJVUMNCUUG FGT FQMWUVKGTG WPF FGO TKGT-
FTGUURNCV\XGTJ·NVPKU DGUVCPF 
R � 0,01�.
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ADD. 2� H·WHKIMGKV XQP WGIUEJKGDGP XQO TTQI 
RTQ TKGT WPF TCI� QJPG AIITGUUKQP DGK MCUVUEJYGKPGP KO 
ANVGT XQP 14 
NKPMU� WPF 17 
TGEJVU� WQEJGP 
MKVVGNYGTVG OKV SVCPFCTFHGJNGTP�
Frequency of displacements at the feed trough (per animal per day) not involving aggressive interactions 
(pushing only) in fattening pigs aging 1� (left) and 1� (right) weeks (average values and standard errors)

DKG MCUVVCIGU\WPCJOGP DGK FGP XGTUEJKGFGPGP TKGT-FTGUURNCV\XGTJ·NVPKUUGP NCIGP KO GTWR-
RGPOKVVGN \YKUEJGP 912 
4�1� WPF 812 I�TKGT�TCI 
13�1�. DKG ZWPCJOGP FGT FQMWUVKGTG 
YCTGP OKV UVGKIGPFGO TKGT-FTGUURNCV\XGTJ·NVPKU UKIPKHKMCPV IGTKPIGT 
R � 0.001; ADD. 3�. 
ZWFGO YCTGP FKG ZWPCJOGP DGK NGKEJVGP FQMWUVKGTGP UKIPKHKMCPV VKGHGT CNU DGK UEJYGTGP 

R � 0,001�.
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ADD. 3� MCUVVCIGU\WPCJOGP 
MKVVGNYGTVG OKV SVCPFCTFHGJNGTP�
Daily weight gain (average values and standard errors)

DCU TKGT-FTGUURNCV\XGTJ·NVPKU JCVVG MGKPGP UKIPKHKMCPVGP EKPHNWUU CWH FKG CQTVKUQNMQP\GPVTCVKQP 
KO SRGKEJGN.

4 Diskussion

BGK OGJTGTGP PCTCOGVGTP YWTFG FGWVNKEJ, FCUU NGKEJVG TKGTG KPPGTJCND GKPGT GTWRRG FWTEJ 
GKPG ETJÌJWPI FGU TKGT-FTGUURNCV\XGTJ·NVPKUUGU DGUQPFGTU UVCTM DGGKPVT·EJVKIV YGTFGP. LGKEJVG 
FQMWUVKGTG JCVVGP KO VGTINGKEJ \W UEJYGTGTGP GTWRRGPOKVINKGFGTP GTJÌJVG WCTVGFCWGTP 
CO TTQI, YWTFGP J·WHKIGT FWTEJ AIITGUUKQPGP XQO TTQI XGTFT·PIV WPF YKGUGP UEJNGEJVGTG 
MCUVVCIGU\WPCJOGP CWH. DKGU FÒTHVG FCFWTEJ DGITÒPFGV UGKP, FCUU GU UKEJ DGK FKGUGP NGKEJVGP 
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TKGTGP WO TCPIVKGHG TKGTG JCPFGNVG. IP CPFGTGP UPVGTUWEJWPIGP MQPPVG IG\GKIV YGTFGP, FCUU 
DGK SEJYGKPGP GKP UVCTMGT ZWUCOOGPJCPI \YKUEJGP FGO GGYKEJV WPF FGT RCPIRQUKVKQP 
KPPGTJCND GKPGT GTWRRG DGUVGJV 
RUSCHEN, 1988; HICKS GV CN., 1998; ANDERSEN GV CN., 2000�. 
BOTERMANS GV CN. 
2000� UVGNNVGP KP KJTGP UPVGTUWEJWPIGP CP MCUVUEJYGKPGP OKV TTQEMGPHÒV-
VGTWPI GDGPHCNNU HGUV, FCUU FKG H·WHKIMGKV XQP VGTFT·PIWPIGP CO TTQI DGK YCEJUGPFGT KQP-
MWTTGP\ CPUVKGI WPF FKGUGT EHHGMV DGK FGP NGKEJVGP TKGTGP CO ITÌ­VGP YCT.

AWHH·NNKI YCT, FCUU UKEJ KPUDGUQPFGTG GKP TKGT-FTGUURNCV\XGTJ·NVPKU XQP 13�1 PGICVKX CWH FCU 
VGTJCNVGP FGT MCUVUEJYGKPG CWUYKTMVG. HKGT YWTFGP FKG TKGTG J·WHKIGT QJPG AIITGUUKQP XQO 
TKGT YGIIGUEJQDGP CNU DGK FGP CPFGTGP DGKFGP TKGT-FTGUURNCV\XGTJ·NVPKUUGP WPF FKG WCTVG-
FCWGTP YCTGP CO TTQI FGWVNKEJ N·PIGT, YCU CWH GKPG UVCTMG KQPMWTTGP\ WO ZWICPI \WO TTQI 
JKPFGWVGV. DGOIGIGPÒDGT YCTGP FKG UPVGTUEJKGFG \YKUEJGP FGP DGKFGP TKGT-FTGUURNCV\XGT-
J·NVPKUUGP 4�1 WPF 7�1 ITCFWGNNGT ATV. SQOKV FÒTHVG GU HÒT MCUVUEJYGKPG CWEJ DGK GKPGO TKGT-
FTGUURNCV\XGTJ·NVPKU XQP 7�1 PKEJV \W GKPGT ÒDGTO·UUKIGP BGGKPVT·EJVKIWPI FGU VGTJCNVGPU 
MQOOGP. VQTCWUUGV\WPI HÒT FKGUG BGWTVGKNWPI KUV CDGT, FCUU FKG TKGTG Y·JTGPF FGT IGUCOVGP 
MCUVFCWGT, KPUDGUQPFGTG CWEJ KP FGT AWUOCUVRJCUG, UCVV IGHÒVVGTV YGTFGP. 
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AdXantages and disadXantages of indoor and outdoor housing of calXes 
with resRect to growth, health and working conditions
8or� Wnd 0CcJteiNe Xon #WfstCNNWng Wnd *ÒttenJCNtWng Xon -·NDern in 
$e\Wg CWf 9CcJstWm� )esWndJeit Wnd #rDeitsDedingWngen

INGER DALGAARD

TJG DCPKUJ AITKEWNVWTCN AFXKUQT[ SGTXKEG, NCVKQPCN CGPVTG, BWKNFKPI CPF TGEJPKSWG, UFMCGTUXGL 15, 
DK-8200 ACTJWU N

Ke[words� CalXes, dair[ cattle, Indoor housing, outdoor housing, Rens, huts, growth, health, resRirator[ 
RroDlems, diarrhea, mortalit[, working routines
ScJNÒsseNYÌrter� -·NDer� /iNcJXieJ� #WfstCNNWng� -·NDerJÒtten� $oZ� #WsNCWf� 9CcJstWm� )esWndJeit� 
#temproDNeme� &WrcJfCNN� SterDNicJMeit� #rDeitsroWtine

SWmmCr[ 

In The FarmTest calves housed in indoor single pens/joint pens and in outdoor single huts/
joint huts were compared. The following conditions were examined: Growth, health and feed 
consumption as well as the working routines of the herdsman. Newborn calves were weighed 
and placed alternately in single pens (indoor) or single huts (outdoor). At the age of 2–� 
weeks the calves were weighed and moved to respectively joint pens and joint huts. There 
were four to six calves per group. Every second week the health condition of all the calves 
was evaluated. All the calves were milk fed. The test period stopped when the calves were 
�–� weeks old, and they were weighed for the last time. �3� calves was tested. The testing 
went on for 11 months. All consumption of feed, illness and treatment was registered. Out-
door calves performed best in most disciplines: least respiratory problems, least number of 
medical treated diarrhea, least number of lazy calves and lowest mortality in groups. Growth 
was the same in both housingsystems. Having the right arrangement of outdoor facilities and 
good working routines it is just as easy to keep calves housed outdoor as indoor.

<WsCmmenfCssWng 

Beim „The FarmTest“ wurden Kälberhaltung in Einzel-/Gruppenboxen und Einzel-/Gruppen-
Kälberhütten verglichen. Untersucht wurde Wachstum, Gesundheit und Nahrungsaufnahme 
und Arbeitsroutine des Halters. Neugeborene Kälber wurden in Einzelboxen (im Stall) oder 
Einer-Kälberhütten (außerhalb des Stalles) untergebracht. Mit 2–� Wochen wurden sie in 
Gruppenboxen bzw. -Hütten mit �–� Tieren pro Gruppe umgesetzt. Der Versuch wurde in 
der �.–�. Lebenswoche abgeschlossen. Zu Beginn, beim Umsetzen und abschließend wurden 
die Tiere gewogen, alle 2 Wochen der Gesunheitsstatus bestimmt. Innerhalb von 11 Monaten 
wurden insgesamt �3� Kälber getested. Die draußen in den Hütten gehaltenen Kälber schnit-
ten in fast allen Punkten am besten ab: Weniger Atemwegsprobleme, weniger ernsthafte 
Durchfallerkrankungen, aktivere Tiere und geringste Mortalität. Der Zuwachs war in beiden 
Haltunssystemen gleich. Bei günstigem Aufbau und guter Arbeitroutine ist die Kälberhaltung 
in Hütten ebenso einfach wie im Stall. 
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1 Introduction and Dackground

SKPEG VJG GPF QH VJG 1990U, OCP[ PGY JQWUGU HQT FCKT[ EQYU JCU DGGP DWKNV KP DGPOCTM. 
HGTF UK\G WUWCNN[ KPETGCUG YJGP C PGY JQWUG KU VCMGP KPVQ WUG. EZVGPFGF JGTF UK\G, XGT[ JKIJ 
OQTVCNKV[ COQPI ECNXGU CPF DCF JGCNVJ EQPFKVKQPU COQPI VJG ECNXGU, JCU DTQWIJV CNQPI VJG 
PGGF HQT OQTG CPF DGVVGT JQWUKPI HCEKNKVKGU HQT VJG ECNXGU. 

FKI. 1� IPFQQT UKPING RGPU HQT ECNXGU
Aufstallung der Kälber in Einzelboxen

2 Material and methods

IP VJKU FCTOTGUV ECNXGU JQWUGF KP KPFQQT UKPING RGPU �LQKPV RGPU 
FKI. 1 CPF FKI. 2� CPF KP 
QWVFQQT UKPING JWVU�LQKPV JWVU 
FKI. 3 CPF FKI. 4� YGTG EQORCTGF. 

FKI. 2� IPFQQT LQKPV RGPU HQT ECNXGU
Aufstallung der Kälber in Gruppenboxen 
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TJG HQNNQYKPI EQPFKVKQPU EQPEGTPKPI ECNXGU YGTG GZCOKPGF� GTQYVJ, JGCNVJ CPF HGGF EQP-
UWORVKQP CU YGNN CU VJG YQTMKPI TQWVKPGU CPF EQPFKVKQPU QH VJG JGTFUOCP.

FKI. 3� OWVFQQT UKPING JWVU HQT ECNXGU
Einzelhaltung der Käber in Hütten mit Auslauf

TJG FCTOTGUV YCU RGTHQTOGF CV QPN[ QPG JGTF QH FCKT[ ECVVNG CPF JGTGD[ YKVJ VJG UCOG 
JGTFUOCP. TJKU YC[ VJG FKHHGTGPEGU DGVYGGP JGTFU CPF JGTFUOGP YGTG GNKOKPCVGF. NGYDQTP 
ECNXGU YGTG YGKIJGF CPF RNCEGF CNVGTPCVGN[ KP UKPING RGPU 
KPFQQT� QT UKPING JWVU 
QWVFQQT�. 

AV VJG CIG QH 2ä4 YGGMU VJG ECNXGU YGTG YGKIJGF CPF OQXGF VQ TGURGEVKXGN[ LQKPV RGPU CPF 
LQKPV JWVU. TJGTG YGTG HQWT VQ UKZ ECNXGU RGT ITQWR. EXGT[ UGEQPF YGGM VJG JGCNVJ EQPFKVKQP 
QH CNN VJG ECNXGU YCU GXCNWCVGF CPF TGIKUVGTGF. 

FKI. 4� OWVFQQT LQKPV JWV HQT ECNXGU
Gruppenhaltung der Kälber in einer Hütte

DWTKPI VJG VQVCN VGUV RGTKQF VJG ECNXGU YGTG OKNM HGF, VJG[ TGEGKXGF EQPEGPVTCVG CPF JC[ CF 
NKDKVWO. TJG VGUV RGTKQF UVQRRGF YJGP VJG ECNXGU YGTG 6ä8 YGGMU QNF, CPF VJG[ YGTG YGKIJGF 
HQT VJG NCUV VKOG. 
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TJG VGUVKPI YGPV QP HQT 11 OQPVJU. ANN EQPUWORVKQP QH HGGF, KNNPGUU CPF OGFKECN VTGCVOGPV 
YCU TGIKUVGTGF. DWTKPI VJG FCTOTGUV RGTKQF VJGTG YCU C UGXGTG ECUG QH CQEEKFKQUG COQPI VJG 
KPFQQT ITQWR JQWUGF ECNXGU. LCVGT VJGTG YCU C UGXGTG NWPI XKTWU RTKOCTKN[ KP VJG UCOG ITQWR 
QH ECNXGU. 

TJG OQTVCNKV[ YCU PQV UKIPKHKECPV FKHHGTGPV FWTKPI VQ VJG TGUV QH VJG VGUV FWTKPI VJG RGTKQFU 
QH CQEEKFKQUG CPF NWPIXKTWU.

3 Results and discussion

3�1 CalXes in the test

439 CCNXGU UVCTVGF KP VJG VGUV. 378 ECNXGU HKPKUJGF VJG UKPING JQWUKPI RGTKQF CPF 293 ECNXGU 
HKPKUJGF VJG ITQWR JQWUKPI RGTKQF. MQUV QH VJG ECNXGU VJCV FKFPçV HKPKUJ VJG VGUV RGTKQF FKGF 

UGG 3.8 MQTVCNKV[�. HQYGXGT, 38 ECNXGU YGTG RKEMGF QWV VQ OCMG VJG TKIJV ITQWR UK\G QH OKPK-
OWO 4 ECNXGU RGT ITQWR.

3�2 Weight of calXes

AV VJG UVCTV QH VJG FCTOTGUV KPFQQT ECNXGU CPF QWVFQQT ECNXGU YGKIJGF VJG UCOG, CDQWV 40 MI. 
OWVFQQT JQWUGF ECNXGU YGKIJGF UKIPKHKECPVN[ OQTG CHVGT VJG UKPING JQWUKPI RGTKQF 
KPFQQT� 
CXGTCIG. 47.8 MI; QWVFQQT� CXGTCIG 50.1 MI� CPF CHVGT VJG ITQWR JQWUKPI RGTKQF VQQ 
KPFQQT� 
CXGTCIG 63.2 MI ; QWVFQQT� CXGTCIG 69.1 MI�.

3�3 Growth

DWTKPI VJG YJQNG VGUV RGTKQF, VJG CXGTCIG ITQYVJ DGVYGGP KPFQQT JQWUGF ECNXGU CPF QWVFQQT 
JQWUGF ECNXGU YCU PQV UKIPKHKECPVN[ FKHHGTGPV.

3�4 Feed consumRtion 

OWVFQQT ECNXGU EQPUWOGF 5.2 SFU 
SECPFKPCXKCP FGGF UPKV� � 8 � OQTG HQQF VJCP KPFQQT 
ECNXGU FWTKPI VJG VQVCN VGUV RGTKQF. 4.4 SFU YCU OKNM CPF 1.1 SFU YCU EQPEGPVTCVG. OWVFQQT 
ECNXGU YGTG IKXGP OQTG OKNM FWTKPI VJG YKPVGT RGTKQF, VQ EQORGPUCVG HQT VJG GZVTC PGGF HQT 
GPGTI[ VQ JGCV RTQFWEVKQP ECWUGF D[ VJG NQY VGORGTCVWTG KP YKPVGT. OWVFQQT ECNXGU EQP-
UWOGF 21 � OQTG EQPEGPVTCVG VJCP KPFQQT ECNXGU, RTQDCDN[ DGECWUG VJG[ YGKIJGF OQTG D[ 
VJG GPF QH VJG VGUV RGTKQF. HGCX[ ECNXGU GCV OQTG VJCP UOCNN ECNXGU. BWV VJG ECUG QH EQEEKFKQUG 
CPF NWPI XKTWU COQPI KPFQQT ECNXGU OKIJV JCXG EQPVTKDWVGF UNKIJVN[ VQ VJG NQYGT HGGF EQP-
UWORVKQP COQPI KPFQQT ECNXGU.
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3�5 ResRirator[ RroDlems

IPFQQT ECNXGU YGTG VTGCVGF OGFKECNN[ HQT RPGWOQPKC HQWT VKOGU OQTG 
42 �� QHVGP VJCP QWVFQQT 
ECNXGU 
10 ��. TJG TGCUQP HQT NGUU RPGWOQPKC COQPI VJG QWVFQQT ECNXGU KU RTQDCDN[ TGNCVGF VQ 
VJG ENKOCVG YJKNG VJG CKT EJCPIGU OWEJ DGVVGT KP VJG QWVFQQT JWVU VJCP KP VJG KPFQQT RGPU. 

3�6 Diarrhea

TJGTG YGTG UKIPKHKECPVN[ OQTG KPFQQT ECNXGU 
15 �� VJCP QWVFQQT ECNXGU 
8 �� VJCV YGTG OGFK-
ECNN[ VTGCVGF HQT FKCTTJGC FWTKPI VJG VQVCN VGUV RGTKQF. TJG TGCUQP HQT NGUU FKCTJGGC COQPI VJG 
QWVFQQT ECNXGU KU RTQDCDN[ TGNCVGF VQ VJG ENKOCVG LWUV NKMG TGURKTCVQT[ RTQDNGOU� 

TJG CKT EJCPIGU KU OWEJ DGVVGT KP VJG QWVFQQT JWVU VJCP KP VJG KPFQQT RGPU. GQQF XGPVKNC-
VKQP TGFWEGU VJG COQWPV QH DCEVGTKC KP VJG JWV, CPF VJGTGD[ VJG EQPVCOKPCVKQP RTGUUWTG.

3�� Laziness

AOQPI KPFQQT ECNXGU VYKEG CU OCP[ ECNXGU 
37 �� YGTG NC\[ VJCP QWVFQQT ECNXGU 
17 ��. 
LC\KPGUU KU C UKIP QH NGUU JGCNVJ[ ECNXGU, VJKU QDUGTXCVKQP EQPHKTOU VJCV KPFQQT ECNXGU YGTG NGUU 
YGNN VJCP QWVFQQT ECNXGU. 

3�� Mortalit[

MQTVCNKV[ YCU UKIPKHKECPVN[ JKIJGT COQPI KPFQQT JQWUGF ECNXGU VJCP QWVFQQT ECNXGU. TJG CXGT-
CIG OQTVCNKV[ FWTKPI VJG VQVCN VGUV RGTKQF YCU 25 �. TJG HCTOGT CITGGF VQ JQUV VJG FCTOTGUV HQT 
UGXGTCN TGCUQPU. OPG TGCUQP YCU VJCV ECNH OQTVCNKV[ YCU HCT VQ JKIJ. UPHQTVWPCVGN[ RCTVKEKRCVKPI 
KP VJKU FCTOTGUV FKFPçV KORTQXG VJKU FWTKPI VJG VGUV RGTKQF. AU VJG QVJGT TGUWNVU UJQY VJG FKTGEV 
TGCUQP HQT FGCF ECNXGU YGTG RPGWOQPKC CPF FKCTTJGC ä UQOGVKOGU ECWUGF D[ EQEEKFKQUG, 
KPHNWGP\C, TQVC- QT EQTQPC XKTWU GVE.

3�� AdXantages and disadXantages of the two housing s[stems

AEEQTFKPI VQ VJG JGTFUOCP VJG VYQ JQWUKPI U[UVGOU 
KPFQQT XGTUWU QWVFQQT� JCF CRRTQZK-
OCVGN[ VJG UCOG PWODGT QH CFXCPVCIGU. TJQWIJ VJG QWVFQQT JQWUKPI U[UVGO JCU OQTG 
FKUCFXCPVCIGU VJCP VJG KPFQQT JQWUKPI U[UVGO. IV YCU KPEQPXGPKGPV VJCV UGXGTCN FKUEKRNKPGU 
VQQM NQPIGT VKOG QWVFQQT VJCP KPFQQT. MQUV QH VJG KPEQPXGPKGPEGU YGTG ECWUGF D[ NCEM QH C 
EQPETGVG USWCTG VQ RNCEG VJG JWVU QP.

4 Recommendations to imRroXe dail[ work with outdoor�housed calXes

 î EUVCDNKUJ C EQPETGVG USWCTG HQT VJG JWVU
 î HCXG GNGEVTKECN NKIJV D[ VJG JWVU
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 î MQXG ECNXGU CPF ENGCPKPI QH VJG JWVU U[UVGOCVKECNN[
 î PTGXGPV YCVGT VQ YGV EQPEGPVTCVG KP CWVQOCVKE HGGFGTU
 î EUVCDNKUJ CP QWVFQQT HTQUV UGEWTG VCR
 î TTQWIJ OWUV DG GCU[ VQ ENGCP
 î CNGCPKPI UJQWNF DG FQPG D[ OCEJKPGT[ 

5 Conclusion

5�1 Summer[ of growth and health 

OWVFQQT ECNXGU RGTHQTOGF DGUV KP OQUV FKUEKRNKPGU 
 î LGCUV TGURKTCVQT[ RTQDNGOU
 î LGCUV PWODGT QH OGFKECN VTGCVGF FKCTTJGC
 î LGCUV PWODGT QH NC\[ ECNXGU
 î LQYGUV OQTVCNKV[ KP ITQWRU

BWV ITQYVJ QH KPFQQT CPF QWVFQQT ECNXGU YCU VJG UCOG

5�2 Dail[ work and facilities for outdoor�housed claXes

OWVFQQT JQWUGF ECNXGU RGTHQTOGF DGUV KP HQWT QH HKXG FKUEKRNKPGU.
HCXKPI VJG TKIJV CTTCPIGOGPV QH QWVFQQT HCEKNKVKGU CPF IQQF YQTMKPI TQWVKPGU KV KU LWUV CU 

GCU[ VQ JCXG ECNXGU JQWUGF QWVFQQT CU KPFQQT.

6 PostscriRt

DWTKPI VJG FCTOTGUV VJG HCTOGT FGEKFGF VQ GUVCDNKUJ C EQPETGVG USWCTG CPF DW[ JWVU HQT CNN JKU 
ECNXGU. ENGEVTKE NKIJV NKIJVU WR VJG USWCTG YJGP VK KU FCTM. TJKU YCU FQPG TKIJV CHVGT VJG FCTOTGUV 
GPFGF. FKIWTG 5 UJQYU VJG PGYN[ GUVCDNKUJGF USWCTG HQT ECNXGU.

FKI. 5� CQPETGVG USWCTG YKVJ UKPING CPF LQKPVU JWVU HQT ECNXGU CIG 0ä3 OQPVJU
Befestigter Platz mit Einzel- und Gruppenhütten für bis zu 3 Monate alte Käber

TJG UWTXG[ YCU RGTHQTOGF KP 2003 CPF 2004. 
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Gummimodifizierte BetonsRaltenDÌden fÒr MastDullen� Auswirkungen 
auf das LiegeXerhalten, auf die Ver·nderungen der Haut im Bereich der 
Gelenke und auf die Klauengesundheit
4WDDer�topped concrete sNCtted fNoors for fCttening DWNNs� +nfNWence on 
N[ing DeJCXioWr� on sMin Nesions Ct tJe Neg Loints Cnd on cNCY JeCNtJ

KATHARINA FRIEDLI1, LORENZ GYGA:1, BEAT WECHSLER1, HEIKE SCHULZE WESTERATH1, 
CLAUS MAYER2, TANJA THIO3, PETE OSSENT3

1  BWPFGUCOV HÒT VGVGTKP·TYGUGP, ZGPVTWO HÒT VKGTIGTGEJVG HCNVWPI� WKGFGTM·WGT WPF SEJYGKPG, 
AITQUEQRG FAT T·PKMQP, CH-8356 EVVGPJCWUGP

2  IPUVKVWV HÒT TKGTUEJWV\ WPF TKGTJCNVWPI, BWPFGUHQTUEJWPIUCPUVCNV HÒT LCPFYKTVUEJCHV 
FAL�, 
DÌTPDGTIUVT. 25ä27, D-29221 CGNNG

3 IPUVKVWV HÒT VGVGTKP·TRCVJQNQIKG, UPKXGTUKV·V ZÒTKEJ, WKPVGTVJWTGTUVT. 268, CH-8057 ZÒTKEJ

SchlÒsselwÌrter� MastDulle, Liegefl·che, LiegeXerhalten, Verletzung, Klauengesundheit
-e[Yords� (Cttening DWNNs� N[ing CreC� N[ing DeJCXioWr� sMin Nesions� cNCY Nesions

<WsCmmenfCssWng

Mastbullen in Buchten mit gummimodifizierten Spaltenböden (LOSPA Einflächenbucht) 
wurden hinsichtlich Liegeverhalten, Veränderungen der Haut im Bereich der Gelenke und 
Klauengesundheit mit Tieren in Zweiflächenbuchten mit eingestreuter Liegefläche und Tieren 
in herkömmlichen Betonvollspaltenbuchten verglichen. 

Die Ergebnisse zum Verhalten und zu den Veränderungen der Haut im Bereich der Gelen-
ke zeigen, dass mit gummimodifizierten Spaltenböden eine Verbesserung der Liegeflächen-
qualität im Vergleich zu Betonvollspaltenböden erreicht werden kann. Die Ergebnisse zum 
Zustand der Klauen zeigen, dass der Klauenabrieb auf gummimodifizierten Spaltenböden 
ungenügend ist. 

SWmmCr[

Lying behaviour, skin lesions at the leg joints and claw health of fattening bulls were recorded 
in animals kept in pens with rubber-topped concrete slatted floors, in pens with conventional 
concrete slatted floors and in pens with a separate straw-bedded lying area. 

The results concerning the lying behaviour and the skin lesions show that the quality of 
the lying area was improved with rubber-topped concrete slatted floors when compared to 
conventional slatted floors. The wear of the claws was insufficient on rubber-topped concrete 
slatted floor.
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1 ProDlemstellung und Ziel

VGTUEJKGFGPG UPVGTUWEJWPIGP JCDGP FCTCWH JKPIGYKGUGP, FCUU JGTMÌOONKEJG BGVQPXQNNURCN-
VGPDWEJVGP HÒT MCUVXKGJ JKPUKEJVNKEJ LKGIGRNCV\SWCNKV·V WPF TTKVVUKEJGTJGKV FGP APHQTFGTWP-
IGP CP GKPG VKGTIGTGEJVG HCNVWPI PKEJV IGPÒIGP 
IRPS GV CN., 1988; RUIS-HEUTINCK GV CN., 2000�. 
IP FGT SEJYGK\ FÒTHGP FGPP CWEJ DGK NGW- WPF UODCWVGP HÒT MCUVXKGJ MGKPG JGTMÌOONKEJGP 
BGVQPXQNNURCNVGPDÌFGP OGJT GKPIGUGV\V YGTFGP. ANU ANVGTPCVKXG \W BGVQPURCNVGPDÌFGP YGT-
FGP CWH FGO MCTMV IWOOKOQFKHK\KGTVG SRCNVGPDÌFGP CPIGDQVGP. EU JCPFGNV UKEJ FCDGK WO 
VQNNURCNVGPDÌFGP, FKG OKV GKPGT GWOOKCWHNCIG XGTUGJGP UKPF. 

ZKGN FGT XQTNKGIGPFGP UPVGTUWEJWPI YCT GU CD\WMN·TGP, QD OKV IWOOKOQFKHK\KGTVGP SRCN-
VGPDÌFGP GKPG VGTDGUUGTWPI FGT LKGIGHN·EJGPSWCNKV·V GTTGKEJV YGTFGP MCPP WPF YKG UKEJ 
FKGUG BÌFGP CWH FKG KNCWGPIGUWPFJGKV CWUYKTMGP. DCDGK YWTFGP MCUVDWNNGP KP BWEJVGP OKV 
IWOOKOQFKHK\KGTVGP SRCNVGPDÌFGP 
LOSPA EKPHN·EJGPDWEJV� OKV TKGTGP KP ZYGKHN·EJGPDWEJ-
VGP OKV GKPIGUVTGWVGT LKGIGHN·EJG WPF TKGTGP KP JGTMÌOONKEJGP BGVQPXQNNURCNVGPDWEJVGP 
XGTINKEJGP.

2 Methode

FÒT FKG UPVGTUWEJWPI UVCPFGP GKP VGTUWEJUUVCNN, KP FGO CNNG FTGK HCNVWPIUU[UVGOG 
LOSPA 
EKPHN·EJGPDWEJV, BGVQPXQNNURCNVGPDWEJV WPF ZYGKHN·EJGPDWEJV OKV GKPIGUVTGWVGT LKGIGHN·EJG� 
PGDGPGKPCPFGT GKPIGTKEJVGV YCTGP, WPF XGTUEJKGFGPG PTCZKUDGVTKGDG \WT VGTHÒIWPI. 

DKG VGTUWEJUVKGTG YWTFGP KO ANVGT XQP EC. XKGT MQPCVGP GKPIGUVCNNV WPF KO ANVGT XQP 
13ä15 MQPCVGP IGUEJNCEJVGV 
SEJNCEJVIGYKEJV EC. 540 MI�. DCU FN·EJGPCPIGDQV DGVTWI KP FGP 
LOSPA EKPHN·EJGPDWEJVGP 2,5ä2,9 O2�TKGT, KP FGP BGVQPXQNNURCNVGPDWEJVGP 2,5ä4,1 O2�TKGT 
WPF KP FGP ZYGKHN·EJGPDWEJVGP OKV GKPIGUVTGWVGT LKGIGHN·EJG 4.6ä11.6 O2� TKGT. IPUIGUCOV 
YWTFGP DCVGP CP 266 TKGTGP GTJQDGP, HÒT FKG UPVGTUWEJWPI FGT VGT·PFGTWPIGP FGT HCWV KO 
BGTGKEJ FGT GGNGPMG WPF FGT KNCWGPIGUWPFJGKV UVCPFGP 174 TKGTG \WT VGTHÒIWPI.

2�1 Verhalten

DKG BGQDCEJVWPI FGU LKGIGXGTJCNVGPU WPF FGT AWHUVGJ- WPF ADNKGIGXQTI·PIG GTHQNIVG OKVVGNU 
VKFGQCWH\GKEJPWPI ÒDGT LGYGKNU 3 Z 24 SVWPFGP RTQ BGVTKGD WPF BWEJV, WPF \YCT IGIGP EPFG 
FGT MCUV, YGPP FKG TKGTG EC. 450 MI YQIGP. DKG DCVGP YWTFGP CWH EKP\GNVKGTDCUKU GTJQDGP. 
DC\W YWTFGP FKG BWNNGP XQT FGP VKFGQCWHPCJGOGP OKV HCCTH·TDGOKVVGN KPFKXKFWGNN OCTMKGTV. 
BGK FGT AWUYGTVWPI FGT VKFGQCWHPCJOGP YWTFGP FKG VGTJCNVGPUYGKUGP GGUCOVNKGIG\GKV 
RTQ 24 SVWPFGP, AP\CJN FGT LKGIGRGTKQFGP RTQ 24 SVWPFGP, AP\CJN MWT\G SVGJRJCUGP OKV 
GKPGT OCZKOCNGP DCWGT XQP HÒPH MKPWVGP, AP\CJN VGTFT·PIWPIGP XQO LKGIGRNCV\, AP\CJN 
FGT WPVGTDTQEJGPGP AWHUVGJ- WPF ADNKGIGXQTI·PIG, AP\CJN AWHUVGJXQTI·PIG, FKG PKEJV FGO 
PQTOCNGP BGYGIWPIUCDNCWH GPVURTGEJGP, AP\CJN ADNKGIGXQTI·PIG, FKG PKEJV FGO PQTOCNGP 
BGYGIWPIUCDNCWH GPVURTGEJGP, AWUTWVUEJGP DGKO AWHUVGJGP WPF ADNKGIGP UQYKG HKPHCNNGP 
DGKO AWHUVGJGP WPF ADNKGIGP GTHCUUV.
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2�2 Ver·nderungen der Haut im Bereich der Gelenke

DKG VGT·PFGTWPIGP FGT HCWV CO CCTRWU WPF CO TCTUWU YWTFGP U[UVGOCVKUEJ GTHCUUV. DCDGK 
YWTFGP FKG BGHWPFG JCCTNQUG SVGNNGP, VTQEMGPG KTWUVGP�H[RGTMGTCVQUGP, GPV\ÒPFGVG�DNWVKIG 
KTWUVGP, QHHGPG WWPFGP WPF SEJYGNNWPIGP KP LGYGKNU FTGK SEJYGTGITCFGP WPVGTUEJKGFGP. 
DKG GTUVG UPVGTUWEJWPI HCPF MWT\ XQT FGO EKPUVCNNGP UVCVV. WGKVGTG UPVGTUWEJWPIGP GTHQNIVGP 
FCPP KP GKPGO ADUVCPF XQP EC. CEJV WQEJGP.

2�3 Klauengesundheit

DKG KNCWGP YWTFGP MWT\ XQT FGO EKPUVCNNGP, EC. XKGT MQPCVG PCEJ FGO EKPUVCNNGP WPF PCEJ 
FGT SEJNCEJVWPI WPVGTUWEJV. ZWT BGUVKOOWPI XQP KNCWGPN·PIG, KNCWGPHQTO, WCEJUVWO WPF 
ADTKGD YWTFGP XGTUEJKGFGPG MGUUWPIGP CO HQTPUEJWJ FWTEJIGHÒJTV. ZWT BGWTVGKNWPI FGT 
KNCWGPIGUWPFJGKV YWTFGP LGYGKNU \W FGP INGKEJGP ZGKVRWPMVGP FKG ·W­GTNKEJ UKEJVDCTGP 
KNCWGPUEJ·FGP GTHCUUV, YQDGK FKG BGHWPFG \GTMNÒHVGVGU WPF�QFGT KTCVGT DKNFGPFGU HQTP KO 
BCNNGP�SQJNGPDGTGKEJ, ÒDGTYCEJUGPGU HQTP KO BCNNGP-�SQJNGPDGTGKEJ, CDIGPÒV\VGT TTCITCPF 
CP FGT SRKV\G, CDIGPÒV\VGT TTCITCPF CP FGT SGKVG, CDIGPÒV\VG HQTPYCPF 
SVWHGPDKNFWPI�, 
ÒDGTYCEJUGPGT TTCITCPF WPF CDIGURTGPIVG HQTPYCPF GTJQDGP YWTFGP.

NCEJ FGT SEJNCEJVWPI YWTFGP FKG KNCWGP CWUIGUEJWJV, WO CWEJ SEJ·FGP GTHCUUGP \W 
MÌPPGP, FKG FKG OKV NGTXGP WPF GGH·­GP XGTUQTIVGP KNCWGPVGKNG DGVTGHHGP WPF FGUJCND OKV 
SEJOGT\GP HÒT FCU TKGT XGTDWPFGP UKPF.

3 ErgeDnisse und Diskussion

3�1 LiegeXerhalten, Aufsteh� und ADliegeXorg·nge

ëHKPHCNNGP DGKO ADNKGIGP WPF AWHUVGJGPé MCO KP FGP GKPIGUVTGWVGP ZYGKHN·EJGPDWEJVGP 
WPF KP FGP LOSPA EKPHN·EJGPDWEJVGP UGNVGP XQT, YCT LGFQEJ KP FGP BGVQPXQNNURCNVGPDWEJVGP 
TGNCVKX J·WHKI \W UGJGP 
ADD. 1�. DKG TTKVVUKEJGTJGKV XQP LOSPA KUV CWHITWPF FGT XQTNKGIGPFGP 
DCVGP KO ZWUCOOGPJCPI OKV FGO AWHUVGJGP WPF ADNKGIGP CNU IWV \W DGYGTVGP. DKGUGU 
ETIGDPKU FGEMV UKEJ OKV FGPLGPKIGP FGT VGEJPKUEJGP PTÒHWPIGP XQP LOSPA CP FGT DLG-PTÒH-
UVGNNG 
DLG-PTÒHDGTKEJV, 1994�.

DKG TKGTG KP FGP GKPIGUVTGWVGP ZYGKHN·EJGPDWEJVGP YKGUGP FKG MÒT\GUVGP, FKGLGPKIGP KP 
FGP BGVQPXQNNURCNVGPDWEJVGP FKG N·PIUVGP LKGIGRGTKQFGPFCWGTP CWH. DKG WGTVG FGT TKGTG KP 
FGP LOSPA EKPHN·EJGPDWEJVGP NCIGP FC\YKUEJGP. JG J·TVGT FGT BQFGP, WOUQ N·PIGT YCTGP FKG 
LKGIGRGTKQFGP, GKP BGHWPF, FGT CWEJ XQP RUIS-HEUTINCK GV CN. 
2000� PCEJIGYKGUGP YWTFG. 
DKG WGKEJJGKV WPF VGTHQTODCTMGKV FGU BQFGPOCVGTKCNU KO S[UVGO LOSPA EKPHN·EJGPDWEJV KUV 
CNUQ \YCT DGUUGT CNU KP BGVQPXQNNURCNVGPDWEJVGP, LGFQEJ PKEJV INGKEJYGTVKI \W FGTLGPKIGP KO 
S[UVGO GKPIGUVTGWVG ZYGKHN·EJGPDWEJV. 

BG\ÒINKEJ WPVGTDTQEJGPGT AWHUVGJ- WPF ADNKGIGXQTI·PIG NCIGP FKG WGTVG FGT TKGTG KO 
S[UVGO LOSPA EKPHN·EJGPDWEJV CWH FGO INGKEJGP NKXGCW YKG FKG WGTVG FGT TKGTG KO S[UVGO 
BGVQPXQNNURCNVGPDWEJV WPF FGWVNKEJ JÌJGT CNU FKG WGTVG KO S[UVGO GKPIGUVTGWVG ZYGKHN·EJGP-
DWEJV. DKG XQTNKGIGPFGP RGUWNVCVG UKPF OÌINKEJGTYGKUG FCFWTEJ DGFKPIV, FCUU FKG MPCRRGTGP 
PNCV\XGTJ·NVPKUUG KP FGP S[UVGOGP LOSPA EKPHN·EJGPDWEJV WPF BGVQPXQNNURCNVGPDWEJV KO 
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VGTINGKEJ \WO S[UVGO GKPIGUVTGWVG ZYGKHN·EJGPDWEJV \W BGGKPVT·EJVKIWPIGP FGU VGTJCNVGPU 
FGT TKGTG HÒJTVGP. 

ADD. 1� APVGKN HKPHCNNGP DGKO AWHUVGJGP WPF ADNKGIGP 
KP PTQ\GPV FGT DGQDCEJVGVGP VQTI·PIG� DGK 
MCUVDWNNGP KP ADJ·PIKIMGKV XQO HCNVWPIUU[UVGO 
MKVVGNYGTVG RTQ TKGT CWU 3 � 24 J�
Falling down at getting up and lying down (in percent of all observed getting ups and lying downs) of 
fattening bulls in 3 different housing systems (mean per animal in 3 � 2� h)

IO GGIGPUCV\ \W RUIS-HEUTINCK GV CN. 
2000�, FKG DGK MNGKPGTGT FN·EJG GKPG ADPCJOG FGT 
GGUCOVNKGIGFCWGT HGUVUVGNNVGP, MQPPVG KP FGT XQTNKGIGPFGP UPVGTUWEJWPI YGFGT GKP EKPHNWUU 
FGT FN·EJG PQEJ FGT BQFGPSWCNKV·V CWH FKG GGUCOVNKGIGFCWGT DGQDCEJVGV YGTFGP. DKGU FÒTHVG 
OKV FGO XGTINGKEJUYGKUG VKGHGTGP LGDGPFIGYKEJV FGT TKGTG \WO ZGKVRWPMV WPUGTGT UPVGT-
UWEJWPI 
EC. 450 MI IGIGPÒDGT EC. 600 MI KP FGT UPVGTUWEJWPI XQP RUIS-HEUTINCK GV CN., 
2000� \W GTMN·TGP UGKP. DKG GTOKVVGNVGP LKGIGFCWGTP FGEMGP UKEJ OKV ETIGDPKUUGP CWU HTÒJGTGP 
UPVGTUWEJWPIGP 
GRAF, 1979�.

3�2 Ver·nderungen der Haut

DKG VGT·PFGTWPIGP FGT HCWV KO BGTGKEJ FGT GGNGPMG PCJOGP \YCT KO LCWHG FGT MCUVRGTKQ-
FG \W, YCTGP KPUIGUCOV LGFQEJ UQYQJN JKPUKEJVNKEJ FGT AP\CJN CNU CWEJ FGU SEJYGTGITCFGU 
IGTKPI. IPUDGUQPFGTG VTCVGP SEJYGNNWPIGP, FKG HÒT FCU TKGT CNU DGUQPFGTU UEJYGTYKGIGPF 
CP\WUGJGP UKPF, UGNVGP CWH. MCUVDWNNGP KP FGP LOSPA EKPHN·EJGPDWEJVGP PCJOGP KP BG\WI 
CWH GKPKIG PCTCOGVGT GKPG MKVVGNUVGNNWPI \YKUEJGP TKGTGP KP FGP BGVQPXQNNURCNVGPDWEJVGP WPF 
TKGTGP KP FGP GKPIGUVTGWVGP ZYGKHN·EJGPDWEJVGP GKP, YCU CNU VGTDGUUGTWPI FGT LKGIGHN·EJG 
IGIGPÒDGT FGP BGVQPXQNNURCNVGPDWEJVGP IGYGTVGV YGTFGP MCPP. 

ANU BGKURKGN HÒT FKG VGTVGKNWPI FGT VGT·PFGTWPIGP \GKIV ADDKNFWPI 2 FKG AP\CJN FGT VGT-
·PFGTWPIGP CO SRTWPIIGNGPM. DC SCHAUB GV CN. 
1999� CWEJ CP SRTWPIIGNGPMGP XQP MKNEJ-
MÒJGP, FKG CWH XGTUEJKGFGPGP PTQFWMVGP XQP YGKEJGP LKGIGOCVVGP IGJCNVGP YWTFGP, FGWVNKEJ 
OGJT SEJ·FGP HCPFGP CNU DGK KÒJGP, FKG GKPG SVTQJOCVTCV\G CNU LKGIGHN·EJG \WT VGTHÒIWPI 
JCVVGP, GTUVCWPV GU PKEJV, FCUU FKG KP LOSPA EKPHN·EJGPDWEJVGP IGJCNVGPGP TKGTG KPUIGUCOV 
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OGJT VGT·PFGTWPIGP CP FGP GGNGPMGP CWHYKGUGP CNU UQNEJG KP GKPIGUVTGWVGP ZYGKHN·EJGP-
DWEJVGP.

ADD. 2� AP\CJN VGT·PFGTWPIGP CO TCTUWU RTQ TKGT KP ADJ·PIKIMGKV XQP HCNVWPIUU[UVGO WPF GGYKEJVUMNCUUG. 
GGYKEJVUMNCUUGP� 1 � � 220 MI, 2 � 220ä320 MI, 3 � 320ä450 MI, 4 �   450 MI
Number of skin lesions per animal at the tarsal joint of fattening bulls in � different weight classes and kept 
in 3 different housing systems. Weight classes: 1 � � 220 kg, 2 � 220–320 kg, 3 � 320–��0 kg, � �   
��0 kg

3�3 Klauengesundheit

DKG KNCWGPDGHWPFG FGT MCUVDWNNGP CWU FGP LOSPA EKPHN·EJGPDWEJVGP WPF CWU FGP GKPIG-
UVTGWVGP ZYGKHN·EJGPDWEJVGP \GKIVGP, FCUU KP FKGUGP HCNVWPIUU[UVGOGP MGKP CWUTGKEJGPFGT 
KNCWGPCDTKGD GTHQNIVG. DKGU YKFGTURKGIGNVG UKEJ CWEJ KP FGP GTJQDGPGP WGTVGP HÒT FKG KNCW-
GPN·PIG WPF KUV KP ÜDGTGKPUVKOOWPI OKV FGP RGUWNVCVGP CPFGTGT AWVQTGP 
\. B. SMITS GV CN., 
1995�. VGT·PFGTWPIGP, FKG KO ZWUCOOGPJCPI OKV WPIGPÒIGPFGO KNCWGPCDTKGD DG\KGJWPIU-
YGKUG ÒDGTO·­KIGO HQTPYCEJUVWO GPVUVGJGP 
ÒDGTYCEJUGPGU BCNNGP-�SQJNGPJQTP, \GTMNÒH-
VGVGU, KTCVGT DKNFGPFGU BCNNGP-�SQJNGPJQTP, ÒDGTYCEJUGPGT TTCITCPF� VTCVGP FGUJCND GDGPHCNNU 
J·WHKIGT KP FKGUGP DGKFGP S[UVGOGP CWH CNU KP BGVQPXQNNURCNVGPDWEJVGP. ÜDGTYCEJUGPGU WPF 
CWEJ \GTMNÒHVGVGU, KTCVGT DKNFGPFGU BCNNGP-�SQJNGPJQTP MCO CNNGTFKPIU CWEJ DGK TKGTGP KP 
BGVQPXQNNURCNVGPDWEJVGP TGNCVKX J·WHKI XQT. 

DKG XQTIGHWPFGPGP KNCWGPXGT·PFGTWPIGP YCTGP VGKNYGKUG TGEJV CWUIGRT·IV. BGK FGT UPVGT-
UWEJWPI FGT SEJNCEJVMNCWGP YCTGP LGFQEJ KP MGKPGO GKP\KIGP FCNN PCEJ FGO AWUUEJWJGP 
GPVURTGEJGPFG BGHWPFG CWH FGT LGFGTJCWV \W XGT\GKEJPGP. DCJGT MCPP OCP FCXQP CWUIGJGP, 
FCUU FKG ·W­GTNKEJ UKEJVDCTGP KNCWGPUEJ·FGP PKEJV OKV SEJOGT\GP XGTDWPFGP YCTGP. DKGU 
YKTF CWEJ FWTEJ FKG TCVUCEJG DGUV·VKIV, FCUU FKG SEJ·FGP PKEJV \W GKPGT BGGKPVT·EJVKIWPI FGT 
FQTVDGYGIWPI HÒJTVGP.  

DKG KNCWGPDGHWPFG YWTFGP KO LCWH FGT MCUVRGTKQFG \CJNTGKEJGT WPF CWUIGRT·IVGT. BGK 
GKPGT MCUVFCWGT XQP OGJT CNU 15 MQPCVGP Y·TG FCJGT FCOKV \W TGEJPGP, FCUU UKEJ FWTEJ FKG 
BGHWPFG FKG DTWEMDGNCUVWPI UQ WPIÒPUVKI XGT·PFGTP YÒTFG, FCUU GU \W GKPGT OGEJCPKUEJGP 
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RGK\WPI FGT LGFGTJCWV WPF FCOKV SEJOGT\GP HÒT FCU TKGT MQOOGP YÒTFG. AWU FKGUGO GTWPF 
YWTFG FKG BGYKNNKIWPI HÒT FGP IWOOKOQFKHK\KGTVGP SRCNVGPDQFGP LOSPA KO RCJOGP FGU 
SEJYGK\GT PTÒH- WPF BGYKNNKIWPIUXGTHCJTGPU HÒT UGTKGPO·­KI JGTIGUVGNNVG SVCNNGKPTKEJVWPIGP 

WEBER WPF OESTER, 1998� OKV FGT AWHNCIG XGTUGJGP, FCUU FKG FCTCWH IGJCNVGPGP MCUVDWNNGP 
UR·VGUVGPU KO ANVGT XQP 15 MQPCVGP IGUEJNCEJVGV YGTFGP OÒUUGP 
FRIEDLI GV CN., 2004�.
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Stallklimadaten und LiegeXerhalten Xon MilchkÒhen als Bestimmungs�
grÌ­en fÒr die Steuerung Xon Curtains im LiegeDoZenlaufstall
+ndoor cNimCte dCtC Cnd N[ing DeJCXioWr of dCir[ coYs ä 
determinCnts for controN of cWrtCins in cWDicNe JoWsing s[stems

SILVIA GUTERMANN, MARTIN FREIBERGER, JOHANN LECKER, STEPHAN B¤CK, 
RUDOLF PEIS, STEFAN ENDERS, BERNHARD HAIDN

IPUVKVWV HÒT LCPFVGEJPKM, BCWYGUGP WPF UOYGNVVGEJPKM FGT BC[GTKUEJGP LCPFGUCPUVCNV HÒT LCPFYKTVUEJCHV, 
D-85354 FTGKUKPI

SchlÒsselwÌrter� Freie LÒftung, LÒftungssteuerung, Curtains, LiegeXerhalten, MilchkÒhe
-e[Yords� 0CtWrCN XentiNCtion� XentiNCtion controN� cWrtCins� N[ing DeJCXioWr� dCir[ coYs

<WsCmmenfCssWng

Vorliegende Untersuchung findet zwischen Juli 200� und Juli 200� in zwei Milchvieh-
Liegeboxenlaufställen statt. Mit Hilfe von Kennwerten zur Liegeboxenbelegung, des Stallkli-
mas und der Witterung sollen sinnvolle Anhaltswerte zur Steuerung von Wandverschlusssys-
temen und Unterstützungslüftungen gefunden werden.

Das Liegeverhalten wird über ein System mit Ultraschallsensoren automatisiert in �1 
Liegeboxen aufgezeichnet. Luftbewegung und Temperaturen werden an 1� Stellen im Stall 
erfasst. 

Erste Ergebnisse aus einer dreimonatigen Aufzeichnungsperiode in einem 3-reihigen 
Liegeboxenlaufstall für 110 Milchkühe zeigen, dass die Kühe bei Temperaturen über 2� uC 
deutlich weniger in den Boxen liegen. Dagegen hatten Temperaturen unter 11 uC keinen 
Einfluss auf das Liegeverhalten. Daraus wird abgeleitet, dass Wandverschlusssysteme keinen 
engen und stetigen Regelbereich benötigen.

SWmmCr[

This study is carried out between July 200� and July 200� in two cubicle barns for dairy 
cows. By characteristic values for the cubicle allocation, the stable climate and the weather 
meaningful reference values are to be found for the control of wall sealing systems and addi-
tional airing systems.

The lying behaviour is automated recorded by a system with ultrasonic sensors in �1 cubi-
cles. Air velocity and stable temperatures are recorded at 1� places.

First results come from a three month experimental period in a three row cubicle barn for 
110 dairy cows. They show that the cows visited the cubicles clearly less at temperatures over 
2� uC. On the other hand temperatures below 11 uC did not influence the lying behaviour. 
In conclusion wall sealing systems do not require an exact range of control.
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1 Einleitung und Zielsetzung

IP HTGK DGNÒHVGVGP MKNEJXKGJUV·NNGP YGTFGP OGJT WPF OGJT HNGZKDNG W·PFG KP FQTO XQP CWT-
VCKP, NGV\GP QFGT MGJTHCEJUVGIRNCVVGP GKPIGUGV\V, FGTGP ÖHHPWPIUITCF, IGUVGWGTV ÒDGT FKG 
SVCNNKPPGPVGORGTCVWT WPF FKG WKPFIGUEJYKPFKIMGKV, CWVQOCVKUEJ XGT·PFGTV YGTFGP MCPP. 
DCFWTEJ MCPP EKPHNWUU CWH FCU SVCNNMNKOC IGPQOOGP YGTFGP. FÒT FGP LCPFYKTV JCV FKGU W. C. 
FGP VQTVGKN, FCUU GT PKEJV DGK LGFGT WGVVGT·PFGTWPI XQT OTV UGKP OWUU.

FTCINKEJ KUV LGFQEJ, QD UKEJ FWTEJ UVGVKIG APRCUUWPI FGT WCPFXGTUEJNWUUÌHHPWPI, YKG FKGU 
FWTEJ CWVQOCVKUEJG SVGWGTWPIGP OÌINKEJ KUV, HÒT FCU WQJNDGHKPFGP FGT MKNEJMÒJG PGPPGPU-
YGTVG VGTDGUUGTWPIGP GTIGDGP.

ZKGN FKGUGT ATDGKV KUV GU, ZWUCOOGPJ·PIG \YKUEJGP FGO LKGIGXGTJCNVGP XQP MKNEJMÒJGP 
UQYKG FGT UOIGDWPIUVGORGTCVWT WPF FGT LWHVIGUEJYKPFKIMGKV KO SVCNN JGTCWU\WHKPFGP. EU 
YKTF CPIGPQOOGP, FCUU UKEJ KÒJG DGK GZVTGOGT HKV\G UGNVGPGT JKPNGIGP WPF OTVG OKV JQJGT 
LWHVDGYGIWPI 
LCWHI·PIG� CWHUWEJGP 
BÜSCHER, 2002; YOKOYAMA-KANO GV CN., 2004�, Y·JTGPF 
UKG KO WKPVGT FWTEJ J·WHKIGTGU LKGIGP KJTG KÌTRGTQDGTHN·EJG \W XGTTKPIGTP XGTUWEJGP WPF 
JQJG LWHVDGYGIWPIGP OGKFGP 
DE FÁTIMA ÁVILA PIRES GV CN.,1999�. FGTPGT UQNN CPJCPF FGU 
LKGIGXGTJCNVGPU, XQT CNNGO DGUQPFGTGT FTGSWGPVKGTWPI DGUVKOOVGT LKGIGDQZGPDGTGKEJG, FGT 
EKPHNWUU FGT CWTVCKPU KP VGTDKPFWPI OKV CWUIGY·JNVGP WGVVGTUKVWCVKQPGP WPVGTUWEJV YGTFGP. 

AWU FGP ETIGDPKUUGP UQNNGP KGPPITÌ­GP \WT SVGWGTWPI XQP WCPFXGTUEJNWUUU[UVGOGP WPF 
XQP UPVGTUVÒV\WPIUNÒHVWPIGP CDIGNGKVGV YGTFGP.

2 Material und Methode

DKG UPVGTUWEJWPIGP HKPFGP XQP JWNK 2004 DKU JWNK 2005 KP \YGK SWGTIGNÒHVGVGP MKNEJXKGJ-
LKGIGDQZGPNCWHUV·NNGP 
MV-1, MV-2� UVCVV. BGKFG AW­GPMNKOCUV·NNG YWTFGP KO RCJOGP FGU 
ëBC[GTKUEJGP PKNQVXQTJCDGPU HÒT CTVIGTGEJVG, WOYGNVXGTVT·INKEJG WPF YGVVDGYGTDUH·JKIG TKGT-
JCNVWPIUXGTHCJTGPé CNU PKNQVDGVTKGDG CWUIGY·JNV. DKG DCVGPCWH\GKEJPWPI KO GTUVGP BGVTKGD KUV 
CDIGUEJNQUUGP. NCEJHQNIGPF UQNN FKGUGT BGVTKGD, FKG MGVJQFG FGT DCVGPCWH\GKEJPWPI UQYKG 
GTUVG ETIGDPKUUG FCTIGUVGNNV YGTFGP.

2�1 Versuchsstall und Messeinrichtung

BGK FGO DGTGKVU WPVGTUWEJVGP Stall 
MV-1� JCPFGNV GU UKEJ WO GKPGP FTGKTGKJKIGP LKGIG-
DQZGPNCWHUVCNN HÒT 110 MKNEJMÒJG 
UKGJG ADD. 1� KO SÒFGP BC[GTPU KP FGT N·JG FGU SVCTP-
DGTIGT SGGU. DGT SVCNN YCT KO UPVGTUWEJWPIU\GKVTCWO GPVURTGEJGPF FGT LKGIGDQZGP\CJN XQNN 
DGNGIV. DKG PCEJ WGUVGP 
HCWRVYKPFTKEJVWPI� NKGIGPFG TTCWHUGKVG CO FWVVGTVKUEJ KUV ÒDGT FKG 
IGUCOVG L·PIG OKV \YGK CWVQOCVKUEJ IGUVGWGTVGP CWTVCKPU XGTUGJGP. DGT QDGTG CWTVCKP ÌHHPGV 
XQP QDGP JGT ÒDGT 2,50 O, Y·JTGPF UKEJ FGT WPVGTG XQP WPVGP PCEJ QDGP ÒDGT 0,90 O ÌHHPGV. 
DKG GKGDGNUGKVGP FGU SVCNNGU UKPF K.F.R. UVGVU IGUEJNQUUGP, YQJKPIGIGP FKG OUV-TTCWHUGKVG ÒDGT 
EC. 2�3 FGT L·PIG \YKUEJGP TTCWHG WPF GKPGT EC. 2 O JQJGP HQN\XGTUEJCNWPI ICP\L·JTKI QHHGP 
KUV. ZWU·V\NKEJ HKPFGP UKEJ FQTV XKGT DWTEJI·PIG \WO LCWH- WPF WCTVGJQH. DGT FKTUV KUV QHHGP 
CNU SJGFFHKTUV IGUVCNVGV.
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ADD. 1� GTWPFTKUU FGU WPVGTUWEJVGP SVCNNGU OKV APQTFPWPI FGT MGUUVGEJPKM
Layout of the researched barn and the measuring technique set-up

2�2 Messeinrichtung

DC VKFGQCWH\GKEJPWPIGP FGU TKGTXGTJCNVGPU ÒDGT N·PIGTG ZGKVT·WOG GKPGP GTJGDNKEJGP AWU-
YGTVGCWHYCPF GTHQTFGTP, MQOOGP UNVTCUEJCNNUGPUQTGP KO LKGIGDGTGKEJ ÒDGT LGFGT \YGKVGP 
LKGIGDQZ \WO EKPUCV\. DKGUG YGTFGP CWH \YGK ADUV·PFG IGVGCEJV, UQ FCUU KP FGP GPVURTGEJGP-
FGP LKGIGDQZGP FKG FTGK ZWUV·PFG ëNGGTG BQZé, ëKWJ UVGJVé WPF ëKWJ NKGIVé WPVGTUEJKGFGP 
YGTFGP MÌPPGP. 

DKG ETMGPPWPI HWPMVKQPKGTV ÒDGT UNVTCUEJCNN WPF WPVGTUEJGKFGV UKEJ FCTKP XQP FGO CP FGT 
FAT 
T·PKMQP� DGTGKVU GTHQNITGKEJ GKPIGUGV\VGP S[UVGO CWH IPHTCTQVNKEJV-BCUKU 
SCHULZE WESTE-
RATH GV CN., 2002�. DKG LGYGKNKIGP SKIPCNG ÒDGT FKG BWEJVGPDGNGIWPI YGTFGP CNNG 4 SGMWPFGP 
ÒDGT GKP BUS-S[UVGO CP GKPGP \GPVTCNGP PC IGNGKVGV WPF FQTV CWHIG\GKEJPGV. DCDGK YGTFGP 
LGYGKNU 8 SGPUQTGP XQP GKPGO MKMTQRTQ\GUUQT CDIGTWHGP. UNVTCUEJCNNUGPUQTGP YWTFGP HÒT 
FKG GTWRRG FGT NCMVKGTGPFGP KÒJG KP LGFGT \YGKVGP LKGIGDQZG 
KPUIGUCOV KP 51 BQZGP, UKGJG 
ADD. 1� GKPIGDCWV.

ZWT AWH\GKEJPWPI FGU Stallklimas YGTFGP UQYQJN CP FGT SVCNNCW­GPYCPF CNU CWEJ CP \YGK 
\GPVTCNGP SVGNNGP KO SVCNN MQODKPKGTVG TGORGTCVWT- WPF LWHVHGWEJVGUGPUQTGP 
H[ITQCNKR-S FGT 
FC. RQVTQPKM� GKPIGUGV\V. ZWT ETHCUUWPI FGT LWHVIGUEJYKPFKIMGKVGP YGTFGP 15 TGORGTCVWT-SVTÌ-
OWPIUUGPUQTGP 
HKV\FTCJVCPGOQOGVGT� 
FC. SEJOKFV, SVTÌOWPIUUGPUQT SS 20.011� XGTYGP-
FGV. DKGUG YGTFGP KP FTGK MGUUNKPKGP GPVNCPI FGT LKGIGDQZGPTGKJGP WPF GPVNCPI FGT CWTVCKPU 
OQPVKGTV 
UKGJG ADD 1�. DGT H[ITQCNKR-S \GKEJPGV UVÒPFNKEJ GKPGP WGTV HÒT TGORGTCVWT WPF 
TGN. LWHVHGWEJVG CWH. DKG TGORGTCVWT-SVTÌOWPIUUGPUQTGP OGUUGP CNNG 5 SGMWPFGP WPF HCUUGP 
FKG MGUUYGTVG \W 10 MKPWVGP-MKVVGNYGTVGP \WUCOOGP.

UO FKG CMVWGNNG WGVVGTNCIG \W GTHCUUGP, YKTF KP EC. 200 O EPVHGTPWPI \WO VGTUWEJUUVCNN 
GKPG WGVVGTUVCVKQP CWHIGUVGNNV. SKG \GKEJPGV FKG WKPFTKEJVWPI WPF WKPFIGUEJYKPFKIMGKV KP 
10 O HÌJG CWH. DGU YGKVGTGP YGTFGP XQP KJT FKG AW­GPVGORGTCVWT, FKG TGNCVKXG LWHVHGWEJVG, 



11� BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI

VORTR�GE

FGT DCTQOGVTKUEJG DTWEM, FKG GNQDCNUVTCJNWPI WPF FGT NKGFGTUEJNCI IGOGUUGP. DKG SGPUQTGP 
FGT WGVVGTUVCVKQP UKPF XQP FGT FC. ALMEMO. DKG MGUUFCVGP YGTFGP KO 10 MKPWVGPKPVGTXCNN 
IGURGKEJGTV.

3 ErgeDnisse

3�1 Stallklima

IP FKG BGTGEJWPIGP IKPIGP DCVGP KO ZGKVTCWO \YKUEJGP 10.08.2004 WPF 17.11.2004 GKP. 
IPUIGUCOV YWTFGP LG VCTKCDNG ÒDGT 100.000 MGUUYGTVG XGTTGEJPGV. DC FKG CWTVCKPU KP ADJ·P-
IKIMGKV XQP FGT TGORGTCVWT \YKUEJGP 6 WPF 10 uC GKPGP WPVGTUEJKGFNKEJGP ÖHHPWPIUITCF 
CWHYGKUGP, YWTFGP FKG KQTTGNCVKQPUMQGHHK\KGPVGP HÒT FKGUGP UQYKG FKG FCTÒDGT WPF FCTWPVGT 
NKGIGPFGP TGORGTCVWTDGTGKEJG IGVTGPPV DGTGEJPGV.

WKG \W GTYCTVGP KUV, DGUVGJV GKP GKPFGWVKIGT ZWUCOOGPJCPI \YKUEJGP FGT SVCNNVGORGTCVWT 

DWTEJUEJPKVV CNNGT TGORGTCVWTGP FGT SVTÌOWPIUUGPUQTGP� WPF FGT TGORGTCVWT CP FGT WGVVGT-
UVCVKQP 
TCD. 1�. DGT FWTEJUEJPKVVNKEJG KQTTGNCVKQPUMQGHHK\KGPV DGVT·IV ÒDGT CNNG TGORGTCVWTDG-
TGKEJG 
ä 2 uC DKU 33 uC� 0,99. 

TCD. 1� KQTTGNCVKQPUMQGHHK\KGPVGP \YKUEJGP LKGIGXGTJCNVGP, TGORGTCVWT WPF WKPFIGUEJYKPFKIMGKVGP
Correlations between lying behaviour and air velocity 

Merkmale
Temperaturbereiche

Temperatur. außen – 
Temperatur innen

Windgeschw. außen –
Luftgeschw. innen

Temperatur. innen –
Liegezeitdauer

> 11 °C 0,96 0,50 – 0,27

5–11 °C 0,91 0,56 – 0,06

< 5 °C 0,95 0,59 – 0,03

alle 0,99 0,53 – 0,16

Für alle Werte gilt: p < 0,0001

FÒT FKG WKPFIGUEJYKPFKIMGKV CP FGT WGVVGTUVCVKQP WPF FKG LWHVDGYGIWPI KO SVCNN YWTFG 
GKP KQTTGNCVKQPUMQGHHK\KGPV XQP 0,53 GTTGEJPGV. DGT ZWUCOOGPJCPI KUV DGK TGORGTCVWTGP 
� 5 uC, F.J. DGK IGUEJNQUUGPGP CWTVCKPU, OKV 0,59 CO JÌEJUVGP. EKPGP GKPFGWVKIGP HKPYGKU, 
FCUU FKG KÒJG OKV UVGKIGPFGP TGORGTCVWTGP YGPKIGT NKGIGP, IKDV FGT PGICVKXG KQTTGNCVKQPU-
MQGHHK\KGPV XQP ä 0,27 HÒT FGP TGORGTCVWTDGTGKEJ ÒDGT 11 uC. DCIGIGP KUV KP FGP DGKFGP 
TGORGTCVWTMNCUUGP FCTWPVGT OKV 0,06 WPF 0,03 MGKP ZWUCOOGPJCPI HGUVUVGNNDCT.

3�2 Auswirkungen Xon Witterung und Stallklima auf das LiegeXerhalten

DKG GGPCWKIMGKV FGT UNVTCUEJCNNUGPUQTGP \WT ETMGPPWPI FGT LKGIGDQZGPDGNGIWPI YWTFG 
\WP·EJUV KP GKPGO VQTXGTUWEJ ÒDGT 24 SVWPFGP WPF HÒT 4 LKGIGDQZGP GTOKVVGNV. NGDGP FGT 
CWVQOCVKUEJGP ETHCUUWPI FGT BQZGPDGNGIWPI YWTFG \WT KQPVTQNNG FKG VCVU·EJNKEJG BGNGIWPI 
ÒDGT VKFGQCWH\GKEJPWPI GTHCUUV WPF FCDGK GKPG ÜDGTGKPUVKOOWPI XQP 99,7 � GT\KGNV.
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DKG AWUYGTVWPI FGT LKGIGDQZGPDGNGIWPI KO BGVTKGD MV-1 ÒDGT FGP IGUCOVGP UPVGTUW-
EJWPIU\GKVTCWO GTICD FKG KP ADD. 2 FWTEJUEJPKVVNKEJ FCTIGUVGNNVGP WGTVG OKV GKPGT SRCPPG 
XQP 8 � DKU 63 �. EU KUV HGUV\WUVGNNGP, FCUU RCPFDQZGP, FKG \W FGP DWTEJI·PIGP JKP OKV GKPGT 
BTGVVGTYCPF CDIGVTGPPV UKPF WPF FCOKV YGPKIGT UGKVNKEJGP FTGKTCWO DKGVGP, OGKUV YGPKIGT CNU 
20 � DGNGIV UKPF WPF FCOKV XQP FGP ÒDTKIGP LKGIGDQZGP GTJGDNKEJ CDYGKEJGP. DKG WGTVG 
FGT LKGIGDQZGPTGKJG CO FWVVGTVKUEJ NKGIGP KO DWTEJUEJPKVV WO EC. 10 PTQ\GPVRWPMVG JÌJGT 
CNU FKG DGKFGP ÒDTKIGP RGKJGP.

IP ADDKNFWPI 2 KUV GDGPHCNNU FKG \YKUEJGP FGP 15 MGUUUVGNNGP NKPGCT KPVGTRQNKGTVG FWTEJ-
UEJPKVVNKEJG LWHVIGUEJYKPFKIMGKV CWHIGVGKNV PCEJ XKGT KNCUUGP GKPIGVTCIGP. EKP GKPFGWVKIGT 
ZWUCOOGPJCPI \YKUEJGP FGT LKGIGDQZGPDGNGIWPI KP GKP\GNPGP SVCNNDGTGKEJGP WPF FGT FQTV 
IGOGUUGPGP LWHVIGUEJYKPFKIMGKV N·UUV UKEJ PKEJV GTMGPPGP. DCTCWH YGKUV  CWEJ GKP KQTTGNCVK-
QPUMQGHHK\KGPV \YKUEJGP LWHVIGUEJYKPFKIMGKV KO SVCNN WPF BQZGPDGNGIWPI XQP PWT ä 0,05 JKP.

ADD. 2� DWTEJUEJPKVVNKEJG LKGIGDQZGPDGNGIWPI WPF LWHVIGUEJYKPFKIMGKV KO SVCNN ÒDGT FKG IGUCOVG 
UPVGTUWEJWPIURGTKQFG
Average cubicle allocation and air velocity during the whole measuring period

DGT ZWUCOOGPJCPI GKPGT PKGFTKIGTGP LKGIGDQZGPDGNGIWPI DGK UVGKIGPFGP TGORGTCVWTGP HÒT 
FGP WGTVGDGTGKEJ   11 uC 
TCD. 1� \GKIV UKEJ CPUEJCWNKEJ, YGPP FCU LKGIGXGTJCNVGP CP LG 
HÒPH TCIGP OKV JQJGP WPF PKGFTKIGP TGORGTCVWTGP XGTINKEJGP YKTF 
ADD. 3�. BGK FWTEJUEJPKVV-
NKEJGP TGORGTCVWTGP \YKUEJGP 25 WPF 30 uC KUV GKPG WO EC.10ä20 PTQ\GPVRWPMVG PKGFTKIGTG 
LKGIGDQZGPDGNGIWPI HGUV\WUVGNNGP CNU KP ZGKVGP WPF CP TCIGP OKV PKGFTKIGTGP TGORGTCVWTGP. 
DKG VGTUEJKGDWPI FGT DGKFGP KWTXGP \WT BQZGPDGNGIWPI TGUWNVKGTV FCTCWU, FCUU CWEJ HÒT FKG 
DCVGP KO NQXGODGT MGKPG UOUVGNNWPI XQP SQOOGT\GKV CWH WKPVGT\GKV GTHQNIVG.

ANU FC\KV N·UUV UKEJ CWU FGP FCTIGUVGNNVGP ETIGDPKUUGP GKPGU BGVTKGDGU CDNGKVGP, FCUU KP 
GKPGO TGORGTCVWTDGTGKEJ XQP 6ä10 uC MGKPG CWHY·PFKIG SVGWGTWPI FGT WCPFXGTUEJNWUU-
U[UVGOG GTHQTFGTNKEJ KUV, FC FKG KÒJG FWTEJ KJT VGTJCNVGP MGKPG ÄPFGTWPI KO WQJNDGHKPFGP 
CP\GKIGP. DCIGIGP TGCIKGTGP SKG UGJT YQJN DGK SVCNNVGORGTCVWTGP ÒDGT 25 uC OKV XGTMÒT\VGP 
LKGIG\GKVGP. MC­PCJOGP \WT XGTDGUUGTVGP W·TOGCDHWJT 
UPVGTUVÒV\WPIUNÒHVWPI� WPF \WT 
VGTTKPIGTWPI FGU TGORGTCVWTCPUVKGIU 
ADUEJCVVWPI� UQNNVGP CWHITWPF DKUJGTKIGT ETIGDPKUUG 
\YKUEJGP 20 WPF 25 uC GKPIGNGKVGV YGTFGP.



12� BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI

VORTR�GE

ADD. 3� DWTEJUEJPKVVNKEJG LKGIGDQZGPDGNGIWPI WPF SVCNNVGORGTCVWT CP HÒPH MCNVGP WPF YCTOGP TCIGP 
Average cubicle allocation and indoor temperature at five cold and warm days
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Ammoniakmessungen in einer Auslaufhaltung fÒr K·lDer 
#mmoniC meCsWrements in C free rCnge cCNf JoWsing s[stem 

TORSTEN HINZ1, RICHARD EISENSCHMIDT1, STEFAN LINKE1, HEIKO GEORG2, 
GRACIA UDE2

1  IPUVKVWV HÒT TGEJPQNQIKG WPF BKQU[UVGOVGEJPKM, BWPFGUHQTUEJWPIUCPUVCNV HÒT LCPFYKTVUEJCHV 
FAL�, 
BWPFGUCNNGG 50, D-38116 BTCWPUEJYGKI

2  IPUVKVWV HÒT BGVTKGDUVGEJPKM WPF BCWHQTUEJWPI, BWPFGUHQTUEJWPIUCPUVCNV HÒT LCPFYKTVUEJCHV 
FAL�, 
BWPFGUCNNGG 50, D-38116 BTCWPUEJYGKI

SchlÒsselwÌrter� K·lDer, Auslaufhaltung, GrossraumhÒtten, Baustoff, Ammoniak, PassiXsammler
-e[Yords� CCNXes� free�rCnge JoWsing� sWper JWtcJes� $WiNding mCteriCN� CmmoniC� pCssiXe sCmpNer

<WsCmmenfCssWng 

Im Rahmen eines Teilprojektes zur Untersuchung des Stallklimas in Großraumhütten aus 
ökologischen Baustoffen (LNS) mit Gründach und Großraumhütten aus glasfaserverstärktem 
Kunststoff (GfK) wurden die stallklimarelevanten Gase Kohlenstoffdioxid und Ammoniak 
mit einem Gasmonitor in den Hütten gemessen. Je Hütte waren � Kälber im Alter von 3–� 
Monaten in Außenhaltung aufgestallt. Als Größe mit Umgebungsbezug wurde Ammoniak im 
direkten Umfeld des Bestandes gemessen. Dazu kamen Passivsammler zum Einsatz, die im 
1�-tägigen Rhythmus gewechselt wurden.

Als mögliche Einflussgrößen wurden die Temperaturen in den Hütten und der Umge-
bung sowie die Windrichtung und- Geschwindigkeit aufgezeichnet. Die Konzentrationen 
in den Hütten variierten zwischen ��0 ppm und ��0 ppm für CO2 und zwischen 0,� ppm 
und 1,� ppm für NH3. In der Umgebung reichte die Spanne der NH3-Konzentration von 
1–�0 zg/mx mit hoher zeitlicher und örtlicher Variabilität. Als entscheidender Parameter 
erwies sich die Außentemperatur.

SWmmCr[ 

Acceptance of super hutches made of different building materials by calves in an outdoor 
area was investigated. Heat and the concentration of CO2 and NH3 inside the hutches influ-
encing animal health and welfare was monitored. Regarding environmental aspects NH3 
concentration in the surrounding of the calf housing area was measured using diffusive sam-
plers changed every 1� days.

As possible parameters influencing gas concentration inside and outside temperature and 
wind speed and direction were detected.

Average concentration inside the hutches range from ��0 ppm to ��0 ppm for CO2 and 
0.� ppm to 1.� ppm for NH3.

In the ambient air NH3 concentration varied from 1 to �0 zg/mx with a high temporal and 
spatial variation .

Main parameter influencing the concentrations of NH3 was probably outdoor tempera-
ture. 
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1 Inhalt und AufgaDenstellung 

IO RCJOGP FGU PTQLGMVGU ëORVKOKGTVG K·NDGTITWRRGPJCNVWPI KP FGT ÌMQNQIKUEJGP MKNEJXKGJ-
JCNVWPIé YWTFG FCU SVCNNMNKOC KP GTQ­TCWOJÒVVGP CWU MQPXGPVKQPGNNGP RQJUVQHHGP FGO SVCNN-
MNKOC CWU PCEJYCEJUGPFGP RQJUVQHHGP IGIGPÒDGTIGUVGNNV. DKG HÒVVGP CWU MQPXGPVKQPGNNGP 
BCWUVQHHGP DGUVGJGP CWU INCUHCUGTXGTUV·TMVGO KWPUVUVQHH, FKG CWU PCEJYCEJUGPFGP RQJUVQHHGP 
CWU LGKEJVPCVWTUCPFYKEJRNCVVGP 
LNS� OKV GTÒPFCEJ CWU SGFWO. EKP IWVGU SVCNNMNKOC J·PIV 
CD XQP FGT BGUEJCHHGPJGKV FGT LWHV JKPUKEJVNKEJ FGT TGORGTCVWT WPF FGT BGNCFWPI OKV FGP 
GCUGP CO2 WPF NH3. DKG FTCIGUVGNNWPI PCEJ FGP AWUYKTMWPIGP FGU BCWUVQHHGU CWH FCU 
SVCNNMNKOC HÒJTVG \W FGO APUCV\, FKG TGORGTCVWT WPF FKG GCUMQP\GPVTCVKQPGP KPPGTJCND FGT 
HÒVVGP \W OGUUGP. HKGTOKV XGTDWPFGP KUV NGV\VNKEJ FKG FTCIG PCEJ FGP EOKUUKQPGP CWU FGP 
HÒVVGP, FKG CDGT \. Z. OGUUVGEJPKUEJ PKEJV GTHCUUDCT UKPF. UO GKPGP APJCNVURWPMV HÒT GKPG 
OÌINKEJG UOYGNVCWUYKTMWPI \W GTJCNVGP, YWTFGP KO FKTGMVGP NCJDGTGKEJ WO FCU AWUNCWH 
PCUUKXUCOONGT GKPIGUGV\V, WO FKG NH3 KQP\GPVTCVKQP \W OGUUGP.

2 Material und Methoden

BGK FGO PTQLGMV JCPFGNV GU UKEJ WO GKPG HÒVVGPJCNVWPI OKV AWUNCWH. EKPG FGVCKNNKGTVG BGUEJTGK-
DWPI FGT APNCIG WPF FGT VGTUWEJUGKPUVGNNWPI HKPFGV UKEJ DGK GEORG GV. CN. =1?. ADDKNFWPI 1 
\GKIV FGP LCIGRNCP FGT APNCIG KPPGTJCND FGU FAL-GGN·PFGU OKV FGP APQTFPWPI FGT HÒVVGP, 
FTGUURN·V\G WPF FGU BCWODGYWEJUGU KO HKPDNKEM CWH GKPG BGUEJCVVWPI GKP\GNPGT HÒVVGP. AWU 
FGT ADDKNFWPI KUV CWEJ FKG PQUKVKQPKGTWPI FGT 6 MCUVGP \WT AWHPCJOG FGT PCUUKXUCOONGT WPF 
FKG LCIG FGT WGVVGTUVCVKQP GTUKEJVNKEJ.

GGOGUUGP YGTFGP KP FGP HÒVVGP FKG TGORGTCVWT WPF FKG KQP\GPVTCVKQPGP XQP KQJNGP-
UVQHHFKQZKF WPF AOOQPKCM. DC\W MQOOV DGY·JTVG MGUUVGEJPKM \WO EKPUCV\�
 î TGORGTCVWTHÒJNGT OKV FTCJVNQUGT MGUUYGTVÒDGTVTCIWPI =2?
 î MWNVKICUOQPKVQT OKV MWNVKRNGZGT.

W·JTGPF LGFG HÒVVG OKV GKPGO TGORGTCVWTHÒJNGT CWUIGUVCVVGV YGTFGP MQPPVG WPF UQOKV 
\GKVINGKEJ IGOGUUGP YKTF OWUUVG DGK FGT KQP\GPVTCVKQPUOGUUWPI FGT GCUG GKPG MGUUUVGNNGP-
WOUEJCNVWPI OKVVGNU GKPGU 5-MCPCNKIGP MWNVKRNGZGTU XQTIGPQOOGP YGTFGP.

HKGTOKV MQPPVGP LGYGKNU 2 HÒVVGP WPF GKPG WPDGNCUVGVG RGHGTGP\OGUUUVGNNG PCEJGKPCPFGT 
IGOGUUGP YGTFGP. NCEJ GKPGT MGUU\GKV XQP 10 OKP YKTF OKV RGHGTGP\NWHV IGURÒNV WPF \WT 
P·EJUVGP MGUUUVGNNG WOIGUEJCNVGV. WCJNYGKUG YGTFGP RCCTYGKUG HÒVVGP WPVGTUEJKGFNKEJGT 
BCWCTV, CDGT CWEJ INGKEJGT BCWCTV CP CPFGTGT PQUKVKQP WPVGTUWEJV. 

DKG AOOQPKCMOGUUWPIGP KP FGT AW­GPNWHV YWTFG OKV PCUUKXUCOONGTP PCEJ FGTO FWTEJ-
IGHÒJTV. IJTG SCOOGNYKTMWPI DGTWJV CWUUEJNKG­NKEJ CWH DKHHWUKQP. MKV ZKVTQPGPU·WTG DGUEJKEJ-
VGVG FKNVGT PGJOGP FCU AOOQPKCM CWH, FCU FCPP PCEJ GKPGT EZVTCMVKQP GKPGT SWCPVKVCVKXGP 
APCN[UG \WIGHÒJTV YKTF.

DKG SCOONGT YWTFGP KO 14-V·IKIGP WGEJUGN KO ZGKVTCWO XQO 4.6.2003 DKU 16.3.2004 
CWUIGVCWUEJV. PTQ MCUV UKPF UVGVU 4 SCOONGT KPUVCNNKGTV. EKPG FGVCKNNKGTVG ZWUCOOGPUVGNNWPI 
FKGUGT MGUUVGEJPKM HKPFGV UKEJ DGK D·OOIGP =3?. 

ZWT AWHPCJOG FGT WKPFIGUEJYKPFKIMGKV PCEJ BGVTCI WPF RKEJVWPI YWTFG GKPG WGVVGTUVC-
VKQP, GDGPHCNNU OKV VGNGOGVTKUEJGT DCVGPÒDGTVCIWPI, GKPIGUGV\V. WGKVGTG WGVVGTFCVGP UVGJGP 
DGK BGFCTH ÒDGT FKG MGUUUVCVKQP FGU DWD CWH FGO FAL- GGN·PFG \WT VGTHÒIWPI.
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ADD. 1� LCIGRNCP

3 ErgeDnisse

BGK FGT DCTUVGNNWPI FGT MGUUGTIGDPKUUG YKTF PWT CWH FKG NH3 WPF CO2 KQP\GPVTCVKQP KP FGP 
HÒVVGP WPF FKG NH3 KQP\GPVTCVKQP KP FGT AW­GPNWHV FGU UOHGNFGU GKPIGICPIGP.

ANU YGUGPVNKEJGT PCTCOGVGT \GKIVG UKEJ FKG AW­GPVGORGTCVWT. SKG YKTF KO ZWUCOOGPJCPI 
OKV FGP ETIGDPKUUGP FCTIGUVGNNV. DGT BGWTVGKNWPIU\GKVTCWO TGKEJV XQP JWPK 2003 DKU MCK 2004. 
DGT TGORGTCVWTXGTNCWH DG\KGJV UKEJ CWH TCIGUOKVVGNYGTVG. 

IP FGP HÒVVGP XCTKKGTV FKG GCUMQP\GPVTCVKQP \YKUEJGP 560 RRO WPF 890 RRO DGK CO2 WPF 
0,4ä1,5 RRO DGK NH3. FÒT CO2 GTICDGP UKEJ MQOGPVCPYGTVG OKV FGWVNKEJGT ÜDGTUEJTGKVWPI 
FGU GTGP\YGTVGU XQP 3000 RRO. DKG NH3-KQP\GPVTCVKQP DNKGD UVGVU WPVGT 10 RRO WPF FCOKV 
WPVGTJCND FGU KP FGT K·NDGTXGTQTFPWPI =4? HGUVIGNGIVGP GTGP\YGTVGU XQP 20 RRO.

EU MQPPVGP MGKPG UKIPKHKMCPVGP EKPHNÒUUG FGU HÒVVGPOCVGTKCNU HGUVIGUVGNNV YGTFGP, YGPP 
CWEJ KO TTGPF FKG LNS-HÒVVGP IGTKPIGTG KQP\GPVTCVKQPUYGTVG CWHYKGUGP CNU FKG IINWU. FÒT 
CNNG HÒVVGP \GKIVG UKEJ CDJ·PIKI XQO TGORGTCVWTXGTNCWH KO HGTDUV WPF WKPVGT GKP JÌJGTGU 
KQP\GPVTCVKQPUPKXGCW CNU KO SQOOGT. 

FÒT NH3 NKGIGP FKG MGUUGTIGDPKUUG DGTGKVU CP FGT WPVGTGP GTGP\G FGT AWHNÌUGOÌINKEJ-
MGKV FGU MGUUU[UVGOU, UQ FCUU JKGT MGKPG YGKVGTGP AWUUCIGP ÒDGT KCWUCN\WUCOOGPJ·PIG 
OÌINKEJ UKPF. BG\QIGP CWH FKG TKGTJ[IKGPG�-IGUWPFJGKV UKPF FKG WGTVG CNU QJPG RGNGXCP\ 
CP\WUGJGP.
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DKG ETIGDPKUUG FGT PCUUKXUCOONGT \GKIGP KPUIGUCOV GKPGP WGTVGDGTGKEJ XQP EC. 1zI�Ox 
DKU EC. 60 zI�Ox CWH. EU UKPF ÌTVNKEJG UPVGTUEJKGFG HGUVUVGNNDCT. DKG KWTXGPHQTO, F. J. FGT VGT-
NCWH ÒDGT FGT JCJTGU\GKV, KUV CDGT HÒT CNNG MGUUQTVG CPP·JGTPF INGKEJ WPF GPVURTKEJV KO GTQ­GP 
WPF GCP\GP FGT TGORGTCVWT, ADDKNFWPI 2 DKU 4.

ADD. 2� AOOQPKCMDGUVKOOWPI KO K·NDGT-AWUNCWH� JCJTGUXGTNCWH, PCUUKXUCOONGT CP PHCJN 1ä3
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ADD. 3� AOOQPKCMDGUVKOOWPI KO K·NDGT-AWUNCWH� JCJTGUXGTNCWH, PCUUKXUCOONGT CP PHCJN 4ä6

NCEJ MCZKOC KO JWNK�AWIWUV HCNNGP FKG KQP\GPVTCVKQPUYGTVG FGWVNKEJ. SKG JCDGP KJT MKPKOWO 
KO NQXGODGT. DCU KQP\GPVTCVKQPUPKXGCW KUV DG\ÒINKEJ GKPGT UOYGNVTGNGXCP\ KPUIGUCOV PQEJ 
PKGFTKI GKP\WUVWHGP, KPUDGUQPFGTG YGPP DGTÒEMUKEJVKIV YKTF, FCUU FKTGMV XQO BGUVCPF IGOGU-
UGP YWTFG. ZWT BGWTVGKNWPI GKPGT AOOQPKCMDGNCUVWPIUUKVWCVKQP YWTFG KP FGT VGTICPIGPJGKV 
=5? GKP WGTV XQP 75 zI�Ox HÒT GORHKPFNKEJG NCPFYKTVUEJCHVNKEJG NWV\RHNCP\GP JGTCPIG\QIGP. 
DKGUGT WGTV YWTFG KO XQTNKGIGPFGP FCNN PWT CP XGTGKP\GNVGT PQUKVKQP WPF CWEJ PWT MWT\\GK-
VKI GTTGKEJV. IP FGT IÒNVKIGP TA-LWHV =6? YKT FGT\GKV LGFQEJ PWT GKP GTGP\YGTV XQP 10 zI�Ox 
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HÒT GORHKPFNKEJG PHNCP\GP WPF ÖMQU[UVGOG CPIGHÒJTV. DKGU GTHQTFGTV IGIGDGPGPHCNNU FKG 
EKPJCNVWPI GKPGU MKPFGUVCDUVCPFGU \YKUEJGP TKGTJCNVWPI WPF GORHKPFNKEJGP ÖMQU[UVGOGP. 
EKPG RGHGTGP\OGUUUVGNNG, FKG CWH FGO AEMGTIGN·PFGT FGT FAL KP GKPGO ADUVCPF XQP GVYC 
400 O XQP FGT K·NDGTJCNVWPI CPIGQTFPGV KUV, GTICD KO JCJTGUXGTNCWH UVGVU WGTVG PKGFTKIGT CNU 
3,5 zI�Ox.
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In der vorliegenden Untersuchung wurde erfasst, wie sich unterschiedliche Einstreumateria-
lien (Strohmehl, Strohhäcksel, Sägemehl und keinerlei Einstreu) auf einer Weichbodenmatte 
für Hochboxen und die Strohmistmatratze in Tiefboxen auf die Gesundheit ausgewählter 
Gliedmaßengelenke bei Milchkühen auswirken. Dazu wurden am Ende der Winterfütterungs-
periode 2��� laktierende Milchkühe in �� Betrieben mit Liegeboxenlaufstall untersucht.

Die Auswertung der Ergebnisse ergab, dass beide Liegeboxensysteme an den Tieren Schä-
den aller Kategorien hervorrufen. Für die in dieser Arbeit untersuchte Weichbodenmatte ist 
unter Einbeziehung aller erfassten Gelenke Strohmehl als Einstreu der Vorzug zu geben, da an 
den am häufigsten von Verletzungen betroffenen Karpal- und Tarsalgelenken im Vergleich zu 
den anderen Einstreuvarianten der Weichbodenmatte signifikant weniger Schäden auftraten 
(P � 0,0�).

SWmmCr[

This study investigated how different litter materials (ground straw, chopped straw, sawdust 
and no litter) applied on a soft lying mat for cubicles and how straw-manure packs for cubi-
cles impact the health status of different joints by dairy cows. Therefore 2��� lactating dairy 
cows housed in �� different free-stall barns were examined at the end of winter indoor-hous-
ing.

Looking closely at the results revealed that both cubicle systems cause injuries of all cate-
gories. By taking all examined joints into account it can be concluded that ground straw is the 
most favourable litter material on the soft-lying mat used in this study. Since the prevalence 
of injuries concerning carpal joints and hocks was in comparison to the other litter materials 
significantly lower (P � 0.0�).
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1 Einleitung

EKPG UKPPXQNNG VGTDKPFWPI XQP HCNVWPIUVGEJPKM ä WPVGT BGTÒEMUKEJVKIWPI FGU TKGTXGTJCNVGPU 
ä WPF IWVGT VKGTJCNVGTKUEJGT 3WCNKHKMCVKQP FGU BGVTGWWPIURGTUQPCNU DKNFGV FKG GTWPFNCIG HÒT 
GKPG YKTVUEJCHVNKEJG MKNEJMWJJCNVWPI, FKG OKV GKPGT VGTOGKFWPI XQP TKGTUEJ·FGP GKPJGTIGJV. 
DWTEJ FKG GZCMVG ETHCUUWPI FGU GGUWPFJGKVU\WUVCPFGU XQP MKNEJMÒJGP KP ADJ·PIKIMGKV FGT 
URG\KGNNGP HCNVWPIUWOIGDWPI KUV GU OÌINKEJ, HKPYGKUG HÒT VGTDGUUGTWPIUCPU·V\G DGK FGT 
HCNVWPI \W IGDGP.

IO LKGIGDQZGPNCWHUVCNN KUV FGT LKGIGDQZGPDGNCI XQP \GPVTCNGT BGFGWVWPI, FC GT GKPGT VKGN-
\CJN XQP APHQTFGTWPIGP YKG W·TOGF·OOWPI, WGKEJJGKV, VGTHQTODCTMGKV, TTKVVUKEJGTJGKV 
WPF HCNVDCTMGKV IGPÒIGP OWUU =1, 3, 5, 6?. TGEJPQRCVJKGP ·W­GTP UKEJ KO FCNNG FGU FWPMVKQPU-
DGTGKEJU LKGIGP KP FQTO XQP HCWVN·UKQPGP CP FGP GGNGPMGP FGT EZVTGOKV·VGP. DCUU FKGUG \WO 
TGKN XGTOGKFDCT UKPF, \GKIGP ETIGDPKUUG XQP UPVGTUWEJWPIGP CWH SVTQJOKUVOCVTCV\GP =10?.

DWTEJ OCPIGNPFG VGTHÒIDCTMGKV XQP SVTQJ, CDGT CWEJ CWH GTWPF XQP CTDGKVUYKTVUEJCHV-
NKEJGP WPF IGUWPFJGKVNKEJGP BGFGPMGP IGIGPÒDGT FGT KGKODGNCUVWPI XQP SVTQJOKUVOCVTCV\GP 
UGKVGPU FGT LCPFYKTVG, MQOOGP X. C. YGKEJG, KPFWUVTKGNN IGHGTVKIVG LKGIGDGN·IG KP KQODKPCVKQP 
OKV HQEJDQZGP \WO EKPUCV\. DC GU CWH FKGUGP LKGIGDGN·IGP XGTOGJTV \W HCWVN·UKQPGP MQOOV 
=4, 9?, GORHKGJNV FKG DLG GKPG MKPKOCNGKPUVTGW HÒT FKG XQP KJT IGVGUVGVGP BQFGPDGN·IG.

DCJGT YWTFG KP FGT XQTNKGIGPFGP UPVGTUWEJWPI, FGT EKPHNWUU GKPGU XGTUEJKGFGPCTVKI 
GKPIGUVTGWVGP KQOHQTVDGNCIU CWH FKG GGNGPMIGUWPFJGKV FGT EZVTGOKV·VGP GTHCUUV. ZWO VGT-
INGKEJ YWTFG FGT EKPHNWUU FGT SVTQJOKUVOCVTCV\G CWH FCU EPVUVGJGP XQP HCWVN·UKQPGP CP FGP 
GGNGPMGP WPVGTUWEJV, WO UQOKV ZWUCOOGPJ·PIG \YKUEJGP L·UKQPGP WPF WPVGTUEJKGFNKEJGP 
EKPUVTGWOCVGTKCNKGP CWH\W\GKIGP.

2 Material und Methoden

IO RCJOGP FGT UPVGTUWEJWPIGP YWTFGP CO EPFG FGT WKPVGTHÒVVGTWPIURGTKQFG KP 56 OKNEJ-
MWJJCNVGPFGP BGVTKGDGP DCVGP GTJQDGP. ETHCUUV YWTFGP BGVTKGDU- WPF SVCNNRCTCOGVGT, UQYKG 
SEJ·FGP CP CWUIGY·JNVGP GGNGPMGP FGT TKGTG.

BGK 41 FGT WPVGTUWEJVGP BGVTKGDGP JCPFGNVG GU UKEJ WO LKGIGDQZGPNCWHUV·NNG OKV HQEJ-
DQZGP, WGKEJDQFGPOCVVG 
DGEMDGNCI 12 OO VQNNIWOOKOCVVG, EKPNCIG SRG\KCNUEJCWOUVQHH 
22 OO� INGKEJGP FCDTKMCVU WPF WPVGTUEJKGFNKEJGP EKPUVTGWOCVGTKCNKGP 
15 BGVTKGDG OKV SVTQJ-
OGJN 
HCNOIWV OKV GKPGT L·PIG �A 10 OO�, UGEJU OKV SVTQJJ·EMUGN 
HCNOIWV OKV GKPGT L·PIG 
\YKUEJGP 30ä50 OO�, \GJP OKV S·IGOGJN WPF 15 OKV MGKPGTNGK EKPUVTGW�. IP FGP TGUVNKEJGP 
15 BGVTKGDGP YWTFGP FKG MKNEJMÒJG CWH TKGHDQZGP OKV SVTQJOKUVOCVTCV\G CWHIGUVCNNV. DCU 
KPUVCNNKGTVG BQZGPU[UVGO, FGT LKGIGDQZGPDGNCI, UQYKG FKG EKPUVTGW YCTGP KP FGP LGYGKNKIGP 
SV·NNGP INGKEJ. DKG XQTIGHWPFGPG BQZGPCWUHÒJTWPI JCVVG UGKV OKPFGUVGPU GKPGO JCJT BGUVCPF. 
DKG GTHCUUVGP TKGTG YCTGP UGKV OKPFGUVGPU UGEJU MQPCVGP KP FGP DGVTGHHGPFGP LKGIGDQZGPNCWH-
UV·NNGP CWHIGUVCNNV, YGFGT PGW \WIGMCWHV, XGTNGV\V QFGT VTQEMGPUVGJGPF.

MKVVGNU GKPGT CFURGMVQTKUEJGP UPVGTUWEJWPI FGT MKNEJMÒJG, FGTGP DWTEJHÒJTWPI KP CNNGP 
56 BGVTKGDGP FGTUGNDGP PGTUQP QDNCI, YWTFGP VGT·PFGTWPIGP CP HCWV WPF GGNGPMGP GTHCUUV. 
DCDGK YWTFGP FKG CP FGUUGNP, KPKG, KCTRCN- WPF TCTUCNIGNGPMGP IGHWPFGPGP SEJ·FGP LG PCEJ 
SEJYGTGITCF KP HQNIGPFG KCVGIQTKGP GKPIGUVWHV� ëJCCTNQUG SVGNNG � D\Y.   2 EOé, ëHCWVCD-
UEJÒTHWPI � D\Y.   2 EOé WPF ëUOHCPIUXGTOGJTWPI KO SEJNGKODGWVGNDGTGKEJé, YQDGK LG 
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GGNGPM PWT FGT ITCXKGTGPFUVG SEJCFGP GTHCUUV YWTFG. DKG AWUYGTVWPI GTHQNIVG OKVVGNU PKEJV-
RCTCOGVTKUEJGP TGUVU 
KTWUMCN-WCNNKU H-TGUV, MCPP-WJKVPG[ U-TGUV�.

3 ErgeDnisse

VQP FGP 2457 DQPKVKGTVGP KÒJGP, YWTFGP 1178 TKGTG KP WGKEJDGVV-BGVTKGDGP WPF 679 KP 
SVTQJOKUVOCVTCV\GP-BGVTKGDGP IGJCNVGP. BGK GKPGT AWUYGTVWPI CNNGT 24570 DQPKVKGTVGP GGNGP-
MG \GKIV UKEJ, FCUU 95 � FGT GGNGPMG XQP KÒJGP CWH SVTQJOKUVOCVTCV\GP QJPG BGHWPF YCTGP. 
BGK TKGTGP CWH XGTUEJKGFGPCTVKI GKPIGUVTGWVGP WGKEJDGVVGP \GKIVGP OKPFGUVGPU 81 � FGT 
WPVGTUWEJVGP GGNGPMG MGKPGTNGK VGTNGV\WPI 
TCD. 1�.

TCD. 1� BGHWPFG CP FGP DQPKVKGTVGP GGNGPMGP KP PTQ\GPV

Kategorie
Variante

ohne 
Befund [%]

haarlose 
Stellen [%]

Hautab-
schürfungen [%]

Umfangs-
vermehrungen [%]

Strohmistmatratze 94,5 5,3 0,18 0,02

Weichbett

Ohne Einstreu 81,2 15,7 2,7 0,4

Strohmehl 88,2 10,5 1,1 0,2

Strohhäcksel 81,6 16,3 1,5 0,6

Sägemehl 84,4 13,9 1,6 0,1

DKG ZCJN FGT SRTWPIIGNGPMG QJPG BGHWPF KUV KO VGTINGKEJ \W FGP CPFGTGP GGNGPMDGTGKEJGP 
UVCTM TGFW\KGTV 
TCD. 2�.

TCD. 2� VGTVGKNWPI FGT XGTNGV\VGP GGNGPMG KP PTQ\GPV

Gelenk
Variante

Vorderfessel
[%]

Carpus
[%]

Knie
[%]

Tarsus
[%]

Hinterfessel
[%]

Strohmistmatratze 2,1 4,1 0,2 13,0 8,2

Weichbett

ohne Einstreu 12,0 11,4 4,4 44,8 21,9

Strohmehl 7,0 3,7 2,1 39,8 6,2

Strohhäcksel 11,5 20,9 2,3 43,3 13,8

Sägemehl 9,3 8,8 2,9 45,6 12,2

NWT FWTEJUEJPKVVNKEJ 57 � FGT TCTUCNIGNGPMG CWH WGKEJDGVVGP YKGUGP MGKPGP BGHWPF CWH, 
DGK FGT VCTKCPVG SVTQJOKUVOCVTCV\G YCTGP GU 87 � 
TCD. 2�. DC GU UKEJ KO FCNNG FGU TCTUCNIG-
NGPMU WO FCU KO RCJOGP FKGUGT UPVGTUWEJWPI UVTCRC\KGTVGUVG GGNGPM  JCPFGNV, KUV \WT VGTCP-
UEJCWNKEJWPI KP TCD. 3 FKG UVCVKUVKUEJG VGTTGEJPWPI FGT IGHWPFGPGP VGT·PFGTWPIGP OKVVGNU 
U-TGUV PCEJ MCPP-WJKVPG[ 
R � 0,05� FCTIGUVGNNV.
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TCD. 3� VGTVGKNWPI FGT XGTNGV\VGP TCTUCNIGNGPMG =P � 4914? 

ohne Einstreu
[n = 1258]

Strohmehl
[n = 774]

Strohhäcksel
[n = 660]

Sägemehl
[n = 864]

Strohmistmatratze
[n = 1358]

haarlose Stelle
Ø < 2cm

205a 151ab 135b 193ab 132c

haarlose Stelle
Ø > 2cm

195a 112a 107a 135a 34b

Hautabschürfung
Ø < 2cm

116a 36b 28bc 60ac 9d

Hautabschürfung
Ø > 2cm

26a 4ab 10ab 3b

Umfangs-
vermehrung

22a 5a 6a 3a 2a

Σ verletzte Gelenke 564 308 286 394 177

ohne Befund 694a 466a 374a 470a 1181b

a,b,c,d Gruppen ohne gleiche Buchstaben unterscheiden sich signifikant (MWT, p < 0,05)

UPVGT FGP 4914 WPVGTUWEJVGP SRTWPIIGNGPMGP HCPFGP UKEJ DGK CNNGP VCTKCPVGP JQEJITCFKIG 
VGT·PFGTWPIGP KP FQTO XQP UOHCPIUXGTOGJTWPIGP. DKG UVCVKUVKUEJG AWUYGTVWPI FKGUGT SEJC-
FGPUMCVGIQTKG GTICD MGKPG UKIPKHKMCPVGP UPVGTUEJKGFG.

4 Diskussion

BGK FGT EKPQTFPWPI FGT HGUVIGUVGNNVGP SEJ·FGP IKNV GU \W DGTÒEMUKEJVKIGP, FCUU HQEJDQZGP 
X. C. KO JKPVGTGP TGKN FGT BQZ GKPIGUVTGWV YGTFGP. IO KQPVCMVDGTGKEJ OKV FGP KCTRCNIGNGPMGP 
YCT FKG EKPUVTGWUEJKEJV KP FGP WPVGTUWEJVGP WGKEJDQFGPOCVVGP-BGVTKGDGP GPVYGFGT PWT 
UGJT FÒPP, NÒEMGPJCHV QFGT HGJNVG I·P\NKEJ. BOXBERGER =2? MQPPVG \GKIGP, FCUU Y·JTGPF FGU 
ADNKGIG- D\Y. AWHUVGJXQTICPIU DKU \W 87 � FGU KÌTRGTIGYKEJVGU, FKGU GPVURTKEJV GKPGT KTCHV-
GKPYKTMWPI XQP 4000ä5000 N, CWH FGP KCTRCNIGNGPMGP NCUVGP. FQNINKEJ YÒTFG CWEJ GKPG KO 
BGTGKEJ FGT KCTRCNIGNGPMG CWUTGKEJGPF XQTJCPFGPG EKPUVTGW KO FCNNG XQP KPFWUVTKGNN IGHGTVKI-
VGP LKGIGDGN·IGP FGP DTWEM CWH FKG GGNGPMG PWT WPYGUGPVNKEJ XGTTKPIGTP. DKG XKGN ITÌ­GTG 
RQNNG URKGNV JKGT FKG H·TVG 
PNCUVK\KV·V, ENCUVK\KV·V� FGU LKGIGDQZGPDGNCIGU.

BGK FGP VGT·PFGTWPIGP CO TCTUCNIGNGPM KUV KO VGTINGKEJ \W FGP VGT·PFGTWPIGP CP FGP 
CPFGTGP WPVGTUWEJVGP GGNGPMGP GKPG FGWVNKEJG ZWPCJOG FGT XGTNGV\VGP GGNGPMG KP CNNGP 
SEJCFGPUMCVGIQTKGP HGUV\WUVGNNGP. SQOKV UEJGKPV FCU SRTWPIIGNGPM FCU GGNGPM \W UGKP, DGK 
FGO UKEJ FKG 3WCNKV·V FGU EKPUVTGWOCVGTKCNU CO UV·TMUVGP DGOGTMDCT OCEJV. DKGU GTMN·TV CWEJ, 
YCTWO UKEJ KP LÒPIUVGT ZGKV UPVGTUWEJWPIGP \W HCWVN·UKQPGP CP GZRQPKGTVGP GGNGPMGP DGK 
MKNEJMÒJGP CWH FGP TCTUWU MQP\GPVTKGTGP =4, 8, 9?. DCU BWPFGUCOV HÒT LCPFYKTVUEJCHV KP FGT 
SEJYGK\ IGY·JTV UGKPG DKTGMV\CJNWPIGP KO RCJOGP FGU PTQITCOOU éBGUQPFGTU TKGTHTGWPF-
NKEJG SVCNNJCNVWPIUU[UVGOGê 
BTS� PWT HÒT LKGIGOCVVGP, FKG DG\ÒINKEJ FGT H·WHKIMGKV WPF FGU 
SEJYGTGITCFGU XQP VGTNGV\WPIGP CP FGP TCTUCNIGNGPMGP FGT KÒJG, CDGT CWEJ JKPUKEJVNKEJ FGT 
VGTHQTODCTMGKV FGU FCDTKMCVGU IGYKUUGP RKEJVNKPKGP GPVURTGEJGP =11?.
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DKG KO VGTNCWH FKGUGT ATDGKV GTCTDGKVGVGP UPVGTUWEJWPIUGTIGDPKUUG \GKIGP, FCUU UQYQJN 
GKP KPFWUVTKGNN IGHGTVKIVGT, YGKEJGT LKGIGDGNCI CNU CWEJ GKPG YGKVGTGPVYKEMGNVG TKGHDQZ OKV 
SVTQJOKUVOCVTCV\G SEJ·FGP KP FQTO XQP JCCTNQUGP SVGNNGP, HCWVCDUEJÒTHWPIGP WPF UOHCPIU-
XGTOGJTWPIGP CP FGP GGNGPMGP FGT EZVTGOKV·VGP XQP MKNEJMÒJGP JGTXQTTWHGP MÌPPGP. KÒJG 
CWH SVTQJOKUVOCVTCV\GP YKGUGP KO VGTINGKEJ \W TKGTGP CWH FGT XGTUEJKGFGPCTVKI GKPIGUVTGWVGP 
WGKEJDQFGPOCVVG KPUIGUCOV YGPKIGT GGNGPMUEJ·FGP CWH; KUV CNNGTFKPIU MGKPG UVCDKNG SVTQJ-
OKUVOCVTCV\G IGY·JTNGKUVGV, UQNNVG KO SKPPG FGT TKGTG WPF FGT NGKEJVGTGP HCPFJCDWPI CWH FKG 
HQEJDQZ OKV XGTHQTODCTGO BGNCI WPF EKPUVTGW \WTÒEMIGITKHHGP YGTFGP. DKG NCEJVGKNG FGU 
YGKEJGP LKGIGDGNCIGU IGIGPÒDGT FGT SVTQJOKUVOCVTCV\G UKPF QHHGPUKEJVNKEJ KP CPFGTUCTVKIGT 
ODGTHN·EJGPUVTWMVWT, CDGT CWEJ KP FGT WPVGTUEJKGFNKEJGP WGKEJJGKV DGITÒPFGV. DCTCWU GTIKDV 
UKEJ HÒT FKGUG ATV FGU LKGIGDGNCIU GKP ORVKOKGTWPIURQVGPVKCN.

SQ HÒJTV FGT EKPUCV\ XQP EKPUVTGW VGKNYGKUG \W GKPGT FGWVNKEJGP VGTTKPIGTWPI FGT SEJCFGPU-
J·WHKIMGKV CP FGP WPVGTUWEJVGP GGNGPMGP, CDGT CWEJ \W GKPGO JGTCDIGUGV\VGP SEJ·FKIWPIU-
ITCF. BGK FGT WCJN FGT EKPUVTGW HÒT FKG JKGT WPVGTUWEJVG WGKEJDQFGPOCVVG KUV WPVGT EKPDG\KG-
JWPI CNNGT WPVGTUWEJVGP GGNGPMG, SVTQJOGJN FGT GKPFGWVKIG VQT\WI \W IGDGP, KPUDGUQPFGTG 
KO FCNNG FGT OKVVGN- WPF JQEJITCFKIGP VGT·PFGTWPIGP. DCU UGJT IWVG WCUUGTCWHPCJOGXGTOÌ-
IGP XQP SVTQJOGJN WPVGTUVTGKEJV FKGUGP VQT\WI \WU·V\NKEJ =7?.

NGDGP FGO OC­IGDNKEJGP EKPHNWUU FGU LKGIGDQZGPDGNCIGU WPF FGT EKPUVTGW CWH FKG GGNGPM-
IGUWPFJGKV XQP MKNEJMÒJGP UKPF CDGT CWEJ CPFGTG EKPHNWUUITÌ­GP UQ \W XGTDGUUGTP, FCUU GKPG 
RGFW\KGTWPI FGT SEJCFGPUTCVG GTTGKEJV YKTF. VQT CNNGO GKPG CWUTGKEJGPFG BQZGPFKOGPUKQ-
PKGTWPI KUV HÒT FKG VGTOGKFWPI XQP HCWVN·UKQPGP ITWPFNGIGPF. ANU YGKVGTG EKPHNÒUUG CWH FGP 
ZWUVCPF FGT GGNGPMG OÒUUGP WGKFGICPI, HGTFGPITÌ­G, ANVGT FGT TKGTG WPF WPVGTUEJKGFNKEJG 
AWHUVCNNWPIUCTVGP KO LCWHG FGU PTQFWMVKQPU\[MNWU DGTÒEMUKEJVKIV YGTFGP.
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Einfluss Xon Tr·nkestandgestaltung und angereicherter Haltungsumge�
Dung auf das gegenseitige Besaugen Xon K·lDern in GruRRenhaltung 
'ffect of C modified feeding stCtion Cnd enXironmentCN enricJment on  
cross�sWcMing DeJCXioWr of groWp�JoWsed dCir[ cCNXes

GRACIA UDE, HEIKO GEORG

IPUVKVWV HÒT BGVTKGDUVGEJPKM WPF BCWHQTUEJWPI, BWPFGUHQTUEJWPIUCPUVCNV HÒT LCPFYKTVUEJCHV 
FAL�, 
BWPFGUCNNGG 50, D-38116 BTCWPUEJYGKI

SchlÒsselwÌrter� K·lDergruRRenhaltung, gegenseitiges Besaugen, Tr·nkeReriode, Tr·nkeautomat
-e[Yords� Cross�sWcMing� groWp�JoWsed dCir[ cCNXes� CWtomCtic teCt feeder

<WsCmmenfCssWng 

Automatische Tränkesysteme für Kälber ermöglichen eine physiologisch günstige Verteilung 
der Milchmenge auf mehrere Mahlzeiten am Tag. Die Milchaufnahme erfolgt allerdings sehr 
schnell, so dass der Saugreiz der Tiere zumeist nicht befriedigt werden kann. Die Kälber 
reagieren sich durch gegenseitiges Besaugen oder Scheinsaugen ab, mit zum Teil negativen 
Auswirkungen auf Euteranlagen und Nabel. Ziel dieses Projekts war die Reduzierung des 
gegenseitigen Besaugens durch eine veränderte Tränkestandgestaltung und eine angereicher-
te Haltungsumgebung. Die Ergebnisse aus den Direktbeobachtungen zu unterschiedlichen 
Verhaltensweisen belegen, dass eine signifikante Reduzierung des gegenseitigen Besaugens 
durch den automatisch verschließbaren Tränkestand in Kombination mit einem angereicher-
ten Nachtränkebereich erzielt werden kann.  

SWmmCr[ 

Automatic teat feeders for dairy calves deliver milk in small quantities all over the day, which 
is close to a natural feeding situation. Besides that, milk intake is very fast, so that the need 
of calves to suck cannot be satisfied. Calves react with cross-sucking or other non-nutritive 
sucking. One major goal of the project presented here was the reduction of cross-sucking by 
a modified feeding station and environmental enrichment. First results show that a significant 
reduction can be achieved by using automatic doors to protect calves in the feeding station 
and enable controlled access to an enriched rest area immediately after milk- feeding.
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1 Einleitung

BGK FGT GTWRRGPJCNVWPI XQP K·NDGTP DGUVGJV KP FGT PTCZKU FCU PTQDNGO, FCUU UKEJ FKG TKGTG 
PCEJ FGT MKNEJCWHPCJOG J·WHKI IGIGPUGKVKI DGUCWIGP. DCU BGUCWIGP MCPP FC\W HÒJTGP, FCUU 
UKEJ HCCTDCNNGP KO MCIGP FGT TKGTG DKNFGP, EWVGTCPNCIGP FCWGTJCHV IGUEJ·FKIV YGTFGP QFGT 
NCDGNGPV\ÒPFWPIGP GPVUVGJGP. ANU UTUCEJG HÒT FCU IGIGPUGKVKIG BGUCWIGP XQP K·NDGTP PCEJ 
GKPGT MKNEJOCJN\GKV YKTF XQTYKGIGPF FGT PKEJV DGHTKGFKIVG SCWIVTKGD FGT K·NDGT IGPCPPV. 
DCDGK PKOOV FKG H·WHKIMGKV FGU BGUCWIGPU UQYQJN OKV \GKVNKEJGO ADUVCPF \WT MKNEJCWH-
PCJOG CNU CWEJ PCEJ FGO ADUGV\GP FGT MKNEJ CD 
LIDFORS 1993, DE PASSILLÉ GV. CN., 1992�. 
EKPG RGFW\KGTWPI FGU BGUCWIGPU MCPP DGK FGT EKOGTVT·PMG \. B. FWTEJ FGP EKPUCV\ GKPGU 
UEJYGTI·PIKIGP NWEMGNU, FGT FGP TT·PMGXQTICPI XGTN·PIGTV 
GRAF GV. CN. 1989�, FCU FKZKGTGP 
FGT K·NDGT PCEJ FGO TT·PMGP HÒT DKU \W 10 OKP 
KITTNER � KURZ 1967, SCODTCWU 1984� QFGT 
FWTEJ GKPG JQJGP UOYGNVMQORNGZKV·V 
KEIL GV. CN., 2001� GTHQNIGP. IP VGTDKPFWPI OKV FGO 
TT·PMGCWVQOCVGP TGFW\KGTGP \. B. XGTUEJNKG­DCTG TT·PMGUV·PFG, FKG KP WPVGTUEJKGFNKEJGT FQTO 
TGCNKUKGTV YWTFGP WPF PCEJ FGT TT·PMG GKP ëLGGTUCWIGPé GTOÌINKEJGP 
WENDEL GV. CN., 1998; 
WURZINGER, 1999; WEBER, 1998� QFGT FKG ZWHÒVVGTWPI XQP 1ä2 I GNWEQUG LG LKVGT MKNEJCWU-
VCWUEJGT-TT·PMG 
EGLE GV. CN., 2001� FCU IGIGPUGKVKIG BGUCWIGP. ANVGTPCVKX YKTF FGT EKPHNWUU 
GKPGU PGW GPVYKEMGNVGP BKQPKMPWEMGNU OKV VKGTKPFKXKFWGNNGT SVTÌOWPIUIGUEJYKPFKIMGKV FGU 
MKNEJHNWUUGU WPVGTUWEJV 
ZERBE, 2003�.

2 Zielsetzung

DKG PTQDNGOCVKM FGU IGIGPUGKVKIGP BGUCWIGPU XQP K·NDGTP YWTFG KP FQTO GKPGU TGKNRTQLGMVU 
\WT ÌMQNQIKUEJGP K·NDGTITWRRGPJCNVWPI, IGHÌTFGTV FWTEJ FCU BWPFGUOKPKUVGTKWO HÒT VGTDTCW-
EJGTUEJWV\, ETP·JTWPI WPF LCPFYKTVUEJCHV KO RCJOGP  FGU BWPFGURTQITCOOU ÌMQNQIKUEJGT 
LCPFDCW, CWHIGITKHHGP. ANU 
TGKN-� ZKGN YWTFG FGHKPKGTV, FCU IGIGPUGKVKIG BGUCWIGP CNU WPPC-
VÒTNKEJG VGTJCNVGPUYGKUG FWTEJ VGT·PFGTWPIGP FGT HCNVWPIUWOIGDWPI \W TGFW\KGTGP. ANU 
MC­PCJOG \WT RGFW\KGTWPI FGU SEJGKPUCWIGPU YKTF FCJGT DGK FGT QRVKOKGTVGP K·NDGTITWR-
RGPJCNVWPI KP ETI·P\WPI \W GKPGO CWVQOCVKUEJ XGTUEJNKG­DCTGP TT·PMGUVCPF WPVGTUWEJV, YKG 
UKEJ FCU APIGDQV XQP HGWPGV\ WPF NWEMGNGKOGT WPOKVVGNDCT PCEJ FGO TT·PMGUVCPF 
VGTNCU-
UGP FGU TT·PMGUVCPFU KP GKPGP NCEJVT·PMGDGTGKEJ OKV Q. I. APIGDQV WPF RÒEMNCWHMNCRRG� CWU-
YKTMV. DWTEJ FKG T·WONKEJG EPV\GTTWPI WPF GGUVCNVWPI UQNNGP FKG K·NDGT XQO BGUCWIGP FGT 
ATVIGPQUUGP FWTEJ FKG RGK\WONGKVWPI CWH FCU NWEMGNCPIGDQV WPF HGW CDIGNGPMV YGTFGP.

3 VersuchsaufDau 

DKG UPVGTUWEJWPI YWTFG KP GKPGO KCNVUVCNN FGT FAL-BTCWPUEJYGKI FWTEJIGHÒJTV. DKG FKTOC 
FÌTUVGT 
EPIGP� UVGNNVG GKPGP TT·PMGCWVQOCVGP OKV XKGT TT·PMGUV·PFGP WPF CWVQOCVKUEJGO 
FKGDGTOGUUU[UVGO \WT VGTHÒIWPI, UQ FCUU HÒT XKGT K·NDGTITWRRGP INGKEJCTVKIG TT·PMGDGFKP-
IWPIGP DGUVCPFGP. UO FKG SGPUQTKM \WT FKGDGTOGUUWPI \W UEJÒV\GP, YCTGP FKG NWEMGN FWTEJ 
GKPGP SEJKGDGT XGTUEJNQUUGP, FGT UKEJ PWT ÌHHPGVG, YGPP GKP KCND APTGEJV JCVVG. 

DKG KQPVTQNNITWRRG JCVVG GKPG ZYGKHN·EJGPDWEJV OKV TKGHUVTGW \WT VGTHÒIWPI. DGT GTJÌJVG 
FTGUUDGTGKEJ DGUVCPF CWU GKPGO OGEJCPKUEJ XGTUEJNKG­DCTGP TT·PMGUVCPF PCEJ =7?, GKPGO 
KTCHVHWVVGTUVCPF, GKPGT HGWTCWHG WPF GKPGT WCUUGTVT·PMG.
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ADD. 1� DKG NKPMG BKNFJ·NHVG \GKIV FGP QRVKOKGTVGP TT·PMGUVCPF OKV CWVQOCVKUEJ XGTUEJNKG­DCTGP TÒTGP 
C� WPF 
NCEJVT·PMGDGTGKEJ OKV HGWPGV\ 
D� WPF NWEMGNGKOGT 
E�, TGEJVU KUV FKG MQPXGPVKQPGNNG GTWRRG OKV OGEJC-
PKUEJ XGTUEJNKG­DCTGO TT·PMGUVCPF 
F� WPF ZYGKHN·EJGPDWEJV 
G� \W UGJGP

IP FGT QRVKOKGTVGP GTWRRGPJCNVWPI YWTFG FGT LKGIGDGTGKEJ T·WONKEJ XQO FTGUUDGTGKEJ 
IGVTGPPV. DGT FTGUUDGTGKEJ MQPPVG CWUUEJNKG­NKEJ FWTEJ GKPGP UVTWMVWTKGTVGP AWUNCWH GTTGKEJV 
YGTFGP. DGT TT·PMGUVCPF YCT OKV RPGWOCVKUEJGP TÒTGP XGTUEJNKG­DCT. ÜDGT GKPGP URG\KGNN 
RTQITCOOKGTVGP MKMTQRTQ\GUUQT YWTFGP FKG TÒTGP CPIGUVGWGTV WPF XGTUEJNQUUGP, YGPP FCU 
KCND APTGEJV JCVVG. NCEJ FGT TT·PMG UEJNQUU UKEJ FGT SEJKGDGT YKGFGT WPF INGKEJ\GKVKI ÌHHPGVG 
UKEJ FKG UGKVNKEJG TÒT FGU TT·PMGUVCPFGU.  HCVVG FCU KCND FGP TT·PMGUVCPF XGTNCUUGP, UEJNQUU 
UKEJ FKG UGKVNKEJG TÒT WPF CPUEJNKG­GPF ÌHHPGVGP UKEJ FKG JKPVGTGP TÒTGP. DKG FWPMVKQPUUKEJGT-
JGKV FGT TÒTGP YWTFG FWTEJ \YGK LKEJVUEJTCPMGP IGRTÒHV. 

DCU KCND YWTFG ÒDGT FKG UGKVNKEJG TÒT FGU TT·PMGUVCPFGU KP GKPGP UGRCTCVGP MNGKPGP 
SVCNNDGTGKEJ IGHÒJTV, FGT PWT PCEJ GKPGO GTHQNITGKEJGP TT·PMGDGUWEJ GTTGKEJDCT YCT. DKGUGT 
NCEJVT·PMGDGTGKEJ YCT OKV GKPGO NWEMGNGKOGT OKV FTGK IGUEJNQUUGPGP BNKPFPWEMGNP WPF 
GKPGO HGWPGV\, FCU OKV GKPGO HGWDWPF DGHÒNNV YWTFG 
U. ADDKNFWPI 1�, CWUIGUVCVVGV. DKG 
K·NDGT MQPPVGP UGNDUV GPVUEJGKFGP, PCEJ YGNEJGT ZGKV UKG ÒDGT GKPG OCPWGNNG RÒEMNCWHMNCRRG 
KP FKG GTWRRG \WTÒEMIGJGP YQNNVGP.

DKG LKGIGHN·EJG DGVTWI KP DGKFGP HCNVWPIUXCTKCPVGP 2,25 Ow LG KCND, FGT FTGUUDGTGKEJ 
WOHCUUVG 1 Ow �KCND, NGFKINKEJ DGK FGT QRVKOKGTVGP GTWRRGPJCNVWPI MCO PQEJ 20 Ow AWUNCWH-
HN·EJG�KCND JKP\W.

FÒT FGP VGTUWEJ UVCPFGP CWUUEJNKG­NKEJ YGKDNKEJG K·NDGT FGT RCUUG FGWVUEJG HQNUVGKP \WT 
VGTHÒIWPI. DKG AWHUVCNNWPI FGT K·NDGT GTHQNIVG KO ANVGT XQP 2-4 WQEJGP, FKG K·NDGT YWTFGP 
XQP GKPGO NCPFYKTVUEJCHVNKEJGP BGVTKGD CWUIGNKGJGP. DKG GTWRRGPITÌ­G DGVTWI 12 K·NDGT LG 
GTWRRG, DGK 6 WKGFGTJQNWPIGP YWTFG FGT VGTUWEJ OKV KPUIGUCOV 144 K·NDGTP FWTEJIGHÒJTV. 
ZGKVINGKEJ MQPPVGP 4 GTWRRGP RCTCNNGN CWHIGUVCNNV YGTFGP.

BGK CNNGP GTWRRGP YWTFG FTKUEJOKNEJ IGO·­ EU-ÖMQXGTQTFPWPI ÒDGT 12 WQEJGP XGT-
VT·PMV. ZW BGIKPP FGT TT·PMGRGTKQFG DGVTWI FKG TT·PMGOGPIG LG KCND WPF TCI 7 N WPF TGFW-
\KGTVG UKEJ PCJG\W MQPVKPWKGTNKEJ CWH 2,5 N.

4 Datenaufnahme und Auswertemethodik

DKG DCVGPCWHPCJOG GTHQNIVG ÒDGT DKTGMVDGQDCEJVWPIGP. JGFGU KCND YWTFG 20 OKP KO 
APUEJNWUU CP FKG ADGPFOCJN\GKV, CNNG \YGK WQEJGP \YGK ADGPFG KP FQNIG DGQDCEJVGV.
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DKG GTHCUUVGP VGTJCNVGPURCTCOGVGT WOHCUUVGP WPVGT CPFGTGO FKG MGTMOCNG IGIGPUGKVKIGU 
BGUCWIGP, BGUCWIGP XQP SVCNNGKPTKEJVWPI, VGTYGKNFCWGT KP FGP FWPMVKQPUDGTGKEJGP, ZGKVGP 
HÒT KTCHVHWVVGT WPF RCWHWVVGTCWHPCJOG. DKG HQNIGPFGP UVCVKUVKUEJGP AWUYGTVWPIGP WPF ETIGD-
PKUFCTUVGNNWPIGP DGUEJT·PMGP UKEJ CWH  FKG PCTCOGVGT IGIGPUGKVKIGU BGUCWIGP, VGTYGKNFCWGT 
KO TT·PMGUVCPF WPF VGTJCNVGP FGT K·NDGT KO NCEJVT·PMGDGTGKEJ. DKG DCVGP FGT DKTGMVDGQD-
CEJVWPIGP YWTFGP OKV FGO SVCVKUVKMRCMGV SAS 
8.1� CWHDGTGKVGV WPF IGRTÒHV.  

5 ErgeDnisse

FÒT FCU MGTMOCN ëIGIGPUGKVKIGU BGUCWIGPé MQPPVG GKP UKIPKHKMCPVGT UPVGTUEJKGF \YKUEJGP 
FGT KQPVTQNNITWRRG WPF FGT QRVKOKGTVGP GTWRRGPJCNVWPI PCEJIGYKGUGP YGTFGP. FÒT FGP TGUV 
YWTFG CWH RCTCOGVGTHTGKG VGTHCJTGP 
KTWUMCN-WCNNKU� \WTÒEMIGITKHHGP, FC FKG VQTCWUUGV\WPI 
FGT NQTOCNXGTVGKNWPI, FKG OKV FGO SJCRKTQ-WKNMU-TGUV IGRTÒHV YWTFG, PKEJV IGIGDGP YCT.  

MKV FGP INGKEJGP UVCVKUVKUEJGP VGTHCJTGP YWTFG CWEJ IGRTÒHV, QD UPVGTUEJKGFG \YKUEJGP 
FGP GTWRRGP HÒT UQPUVKIG BGUCWICMVKXKV·VGP DGUVGJGP. GGOGKPV UKPF FCU BGUCWIGP�BGMPCD-
DGTP XQP SVCNNGKPTKEJVWPIGP WPF HQN\CDVTGPPWPIGP. IP FKGUGO FCNN MQPPVG MGKP UKIPKHKMCPVGT 
UPVGTUEJKGF \YKUEJGP FGP GTWRRGP PCEJIGYKGUGP YGTFGP. IP ADDKNFWPI 2 KUV FCU ETIGDPKU 
HÒT FCU MGTMOCN IGIGPUGKVKIGU BGUCWIGP ITCHKUEJ FCTIGUVGNNV. FÒT FKG QRVKOKGTVG HCNVWPIU-
XCTKCPVG MQPPVG IG\GKIV YGTFG, FCUU OKV \WPGJOGPFGO ANVGT FGT K·NDGT FGT DGTWJKIVG BGTGKEJ 
KPVGTGUUCPVGT YKTF, UQ FCUU UKG UKEJ N·PIGT FQTV CWHJCNVGP. DKG DCWGT FGU AWHGPVJCNVU DGVT·IV KP 
FGT ANVGTUITWRRG 3 KO DWTEJUEJPKVV GVYC 7 MKPWVGP. IO GGIGP\WI PKOOV FKG KO VGTINGKEJ 
\WT MQPXGPVKQPGNNGP VCTKCPVG QJPGJKP UEJQP IGTKPIG VGTYGKNFCWGT FGT K·NDGT KO TT·PMGUVCPF 
PCEJ FGT MKNEJCWHPCJOG GPVURTGEJGPF CD 
U. ADDKNFWPI 3�. BG\QIGP CWH FKG ATV FGT AMVKXK-
V·VGP KO DGTWJKIVGP BGTGKEJ YKTF OKV \WPGJOGPFGO ANVGT FGT NWEMGNGKOGT CVVTCMVKXGT KO 
VGTINGKEJ \WO HGWPGV\.

ADD. 2� APVGKNG FGT HCNVWPIUXCTKCPVGP CP FGT GGUCOVFCWGT HÒT FCU MGTMOCN IGIGPUGKVKIGU BGUCWIGP DG\QIGP 
CWH WPVGTUEJKGFNKEJG ANVGTUMNCUUGP FGT K·NDGT
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ADD. 3� VGTYGKNFCWGT KO TT·PMGUVCPF PCEJ FGT MKNEJCWHPCJOG HÒT XGTUEJKGFGPG ANVGTUVWHGP FGT K·NDGT

6 Fazit

AWH FGT BCUKU FGT FCTIGUVGNNVGP ETIGDPKUUG MQPPVG IG\GKIV YGTFGP, FCUU FWTEJ DCWNKEJ-VGEJ-
PKUEJG VGT·PFGTWPIGP FGU TT·PMGUVCPFU WPF GKPGP CPIGTGKEJGTV CWUIGUVCVVGVGP NCEJVT·PMG-
DGTGKEJ GKPG PCEJYGKUDCTG MKPFGTWPI FGU IGIGPUGKVKIGP BGUCWIGPU XQP AWH\WEJVM·NDGTP KO 
APUEJNWUU CP FKG MKNEJCWHPCJOG GT\KGNV YGTFGP MCPP.
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SWmmCr[ 

Compared to a cubicle system a deep litter housing system for dairy cows has several posi-
tive aspects mainly in the field of animal welfare and claw health. However, due to high 
litter consumption, labour need and reduced udder health it never became a wide spread 
housing system in Western Europe. When faeces are removed from the layer of litter this 
system however can compete with cubicle systems. But manual removal of the faeces is not 
an option and an automatic system is not available. This paper describes the development 
of a device that detects and removes faeces in a straw bedding. That process can be divided 
into two main steps: 
 î Selection and development of detection technique
 î Implementation of detection technique in a working pilot scale model

The Vision technique has been chosen to detect the faeces based on colour and shape 
characteristics. The technique is already available but needs adaptation to specific circum-
stances resulting in coordinates of the faeces. Eventually, based on these coordinates a PLC 
executes and controls the necessary actions to grab the faeces. A program for communication 
between Vision and PLC has been developed. A pilot version is tested on a organic research 
farm but needs further development - preferably in cooperation with a business partner.

<WsCmmenfCssWng 

Im Vergleich mit Laufställen bietet ein Tretmiststall Vorteile für das Wohlbefinden und die 
Klauengesundheit der Tiere. Er hat Nachteile was die Hygiene, Kosten und Arbeit für das Ein-
steuen angeht. Wird der Kot allerdings sofort entfernt erhält man eine neue Haltungsform mit 
grossen Vorteilen für Tier und Landwirt. Eine manuelle Entmistung kommt aber nicht im Frage 
und eine automatische Variante gibt es noch nicht. Dieser Beitrag beschreibt die Entwicklung 
eines Systems zur automatischen Erkennung und Entfernung von Mist aus der Einstreu. Die 
Erkennung basiert auf vorhandener Videotechnik und Software zur Bildanalyse, die auf die 
spezifischen Bedingungen im Stall angepasst wurde. Das Ergebnis sind die Koordinaten der 
Miststellen. Eine Pilotversion wurde bereits mit Erfolg unter Praxisbedingungen getestet. Für 
die weitere Entwicklung wird die Kooperation mit einem Industriepartner gesucht.



14� BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI

VORTR�GE

1 Introduction

TJG HTGG UVCNN U[UVGO KU VJG OQUV EQOOQP JQWUKPI U[UVGO HQT FCKT[ EQYU KP TJG NGVJGTNCPFU 
CPF OQUV QH VJG QVJGT WGUVGTP EWTQRGCP EQWPVTKGU. IV JCU UGXGTCN CFXCPVCIGU HQT CPKOCN CPF 
HCTOGT. TJG NCDQWT RTQFWEVKXKV[ JCU KPETGCUGF VTGOGPFQWUN[ CPF RJ[UKECN YQTMKPI EQPFKVKQPU 
JCXG DGGP KORTQXGF UKPEG KPVTQFWEVKQP KP VJG GCTN[ UGXGPVKGU. ANUQ CPKOCN YGNHCTG DGPGHKVGF. 
CQORCTGF VQ VKGF UVCNNU, EQYU JCXG HTGGFQO VQ OQXG CPF OQTG RQUUKDKNKVKGU VQ GZRTGUU PCVWTCN 
DGJCXKQWT CPF UQEKCN KPVGTCEVKQPU YKVJ QVJGT OGODGTU QH VJG JGTF. HQYGXGT, CHVGT CNN, VJG 
HTGG UVCNN FGUKIP JCXG PQV CNYC[U DGGP QPN[ DGPGHKEKCN VQ FCKT[ EQYU. CQPETGVG HNQQTU KP CNNG[U 
CPF EWDKENGU NGCF VQ, UQOGVKOG UGXGTG, ENCY CPF NGI NGUUKQPU CPF NQYGT TCPMGF EQYU QT EQYU 
YKVJ NQEQOQVKQP RTQDNGOU JCXG RTQDNGOU VQ OCKPVCKP VJGKT RQUKVKQP KP VJG JGTF CPF HWNHKN VJGKT 
DCUKE PGGFU KP EQORGVKVKQP YKVJ QVJGT EQYU.

ANVJQWIJ VJG XCUV OCLQTKV[ QH VJG EQYU CTG JQWUGF KP C HTGG UVCNN KV KU PQV VJG QPN[ JQWU-
KPI U[UVGO CXCKNCDNG. EURGEKCNN[ KP QTICPKE FCKT[ HCTOKPI CPF KP DGGH HCTOKPI VJG FGGR NKVVGT 
U[UVGOU JCU MGRV C UOCNN DWV TCVJGT EQPUVCPV éOCTMGV PKEJGê. BWKNFKPI EQUVU QH VJKU U[UVGO CTG 
NQYGT VJCP EWDKENG JQWUKPI CPF HTGGFQO QH OQXGOGPV KP VJG U[UVGO KU GXGP ITGCVGT VJCP KP 
VJG EWDKENG U[UVGO CU VJGTG KU C OKPKOWO QH QDUVCENGU. TJG N[KPI CPF YCNMKPI CTGC KP VJKU 
U[UVGO KU EQODKPGF KP C DGF QH NKVVGT. MQUV QH VJG VKOG UVTCY KU WUGF. TJG COQWPV QH UVTCY 
PGEGUUCT[ VQ MGGR CPKOCNU ENGCP CPF RTQXKFG VJGO YKVJ C EQOHQTVCDNG N[KPI DGF KU CTQWPF 
10 MI RGT EQY RGT FC[. ARCTV HTQO EQUVU, VJG FKUVTKDWVKQP QH VJG UVTCY KP VJG RGP KU, CHVGT OKNM-
KPI, VJG OQUV NCDQWT FGOCPFKPI CEVKXKV[ EQOKPI YKVJ VJKU JQWUKPI U[UVGO. BGUKFG VJCV, GXGP 
YJGP C UWHHKEKGPV COQWPV QH UVTCY KU RTQXKFGF, WFFGT JGCNVJ RTQDNGOU CTG OQTG HTGSWGPV, 
EQORCTGF VQ HTGG UVCNNU. OP VJG EQPVTCT[, UGXGTG ENCY NGUKQPU CPF NQEQOQVKQP RTQDNGOU CTG, 
IGPGTCNN[ URGCMKPI, TCTG. 

CQODKPKPI VJG RQUKVKXG EJCTCEVGTKUVKEU QH DQVJ U[UVGOU KP C PGY JQWUKPI U[UVGO YQWNF 
KORTQXG IGPGTCN CPKOCN YGNHCTG QP UGXGTCN CURGEVU MGGRKPI YQTMNQCF CPF YQTMKPI EQPFKVKQPU 
HQT VJG HCTOGT QP CP CEEGRVCDNG NGXGN. FWTVJGTOQTG KU YQWNF TGFWEG DWKNFKPI EQUVU. IP VJKU 
U[UVGO VJG EQYU JCXG OCZKOWO HTGGFQO QH OQXGOGPV, C UQHV YCNMKPI CPF N[KPI CTGC CPF 
OKPKOWO TKUM QH ENCY CPF NGI NGUKQPU CPF WFFGT KPHGEVKQPU. A RGP YKVJ C NC[GT QH UVTCY UGGOU 
VQ OGGV VJGUG FGUETKRVKQP DWV VJG TGFWEVKQP QH VJG WUG QH UVTCY, CPF VJTQWIJ VJCV, VJG NCDQWT 
TGSWKTGOGPV CPF EQUVU, KU GUUGPVKCN VQ OCMG KU UWEEGUUHWN. RGFWEKPI VJG HCGEGU HTQO VJG RGP 
CU UQQP CU RQUUKDNG KU VJGTGHQTG PGEGUUCT[ VQ OCMG VJG TGFWEVKQP QH UVTCY RQUUKDNG, CU UVTCY KU 
OCKPN[ WUGF VQ CDUQTD HCGEGU CPF MGGR VJG CPKOCNU ENGCP. RGFWEKPI D[ JCPF KU PQ QRVKQP DWV 
CP CWVQOCVKE U[UVGO KU PQV CXCKNCDNG D[ PQY. 

TJKU RCRGT FGUETKDGU VJG FGXGNQROGPV QH C FGXKEG VJCV FGVGEVU CPF TGOQXGU HCGEGU KP UVTCY 
DGFFKPI. TJCV RTQEGUU ECP DG FKXKFGF VYQ OCKP UVGRU� 
 î SGNGEVKQP CPF FGXGNQROGPV QH FGVGEVKQP VGEJPKSWG
 î IORNGOGPVCVKQP QH FGVGEVKQP VGEJPKSWG KP C YQTMKPI RKNQV UECNG OQFGN

ECEJ UVGR JCU DGGP C RTQLGEV QH VYQ UVWFGPVU HTQO FKHHGTGPV VGEJPKECN JKIJ UEJQQNU KP TJG 
NGVJGTNCPFU. TJG RKNQV UECNG OQFGN YCU FGXGNQRGF HQT CPF KPUVCNNGF QP AXGT HGKPQ, VJG 
TGUGCTEJ HCTO HQT QTICPKE FCKT[ HCTOKPI QH VJG APKOCN SEKGPEGU GTQWR. TJG NC[QWV QH VJKU HCTO 
KU IKXGP KP HKIWTG 1. 
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FKI. 1� LC[QWV QH VJG TGUGCTEJ HCTO HQT QTICPKE FCKT[ HCTOKPI AXGT HGKPQ YKVJ QP VJG TKIJV VJG JCNH TQWPF FGGR 
NKVVGT RGP
Grundriss der ökologischen Milchviehanlage Aver Heino, rechts der halbrunde Tretmistauslauf

2 Selection and deXeloRment of detection techniSue

FQT FGVGEVKQP QH VJG HCGEGU KP VJG UVTCY VJG URGEKHKE EJCTCEVGTKUVKEU QH VJG HCGEGU UJQWNF DG 
WUGF. TQ UWEEGUUHWNN[ FGVGEV VJG HCGEGU, VJG EQPVTCUV DGVYGGP HCGEGU CPF UVTCY UJQWNF DG 
OCZKOCN. DGVGEVKQP DCUGF QP VGORGTCVWTG, EQNQWT, UJCRG, YCVGT EQPVGPV QT ICU RTQFWEVKQP 
JCU DGGP EQPUKFGTGF. 

TGORGTCVWTG. FTGUJ HCGEGU JCXG C VGORGTCVWTG ENQUG VQ DQF[ VGORGTCVWTG QH VJG EQY VJCV, 
KP OQFGTCVG ENKOCVGU, KU CNYC[U JKIJGT VJCP VGORGTCVWTG QH VJG UWTTQWPFKPI UVTCY. IV ECP 
VJGTGHQTG DGGP UGGP CU CP KPHTCTGF TCFKCVKQP GOKVVKPI DQF[. HQYGXGT VGORGTCVWTG QH VJG HCGEGU 
YKNN FGETGCUG TCRKFN[ CPF YKNN WNVKOCVGN[ VCMG VJG VGORGTCVWTG QH VJG GPXKTQPOGPV. IPHTCTGF 
FGVGEVKPI ECOGTCU CTG EQOOGTEKCNN[ CXCKNCDNG DWV TCVJGT GZRGPUKXG. BGECWUG QH VJG FGETGCUKPI 
VGORGTCVWTG FKHHGTGPEGU, TGCEVKPI VKOG KU UJQTV;

FTGUJ HCGEGU RTQFWEG ICUUGU NKMG COOQPKC CPF OGVJCPG. TJG GOKUUKQP JQYGXGT, FGETGCUGU 
YJGP C ETWUV KU HQTOGF QP VQR QH VJG HCGEGU. BGUKFGU, VJG ICUUGU OGPVKQPGF CTG GOKVVGF CNUQ 
KP VJG TGUV QH VJG DWKNFKPI, UQ VJCV VJG FKUVKPEVKQP DGVYGGP HCGEGU CPF NKVVGT YKNN DG FKHHKEWNV 
CPF QPN[ DG[QPF FGVGEVKQP NKOKVU ENQUG VQ VJG HCGEGU. GCU FGVGEVKQP KU EQOOGTEKCNN[ CXCKNCDNG 
CICKPUV TGCUQPCDNG RTKEGU.

WCVGT EQPVGPV QH HTGUJ HCGEGU KU CTQWPF 85 �, OWEJ JKIJGT VJGP VJG YCVGT EQPVGPV QH 
UWTTQWPFKPI UVTCY. ANVJQWIJ VJG HCGEGU YKNN FT[ QWV GXGPVWCNN[, VJKU RTQEGUU KU TCVJGT UNQY. 
DGVGEVKQP QH HCGEGU KU VGEJPKECNN[ RQUUKDNG DWV FGVGEVKQP KU QRVKOCN KP RGTRGPFKEWNCT RQUKVKQP 
CDQXG VJG HCGEGU. IP QVJGT YQTFU, HQT QRVKOCN FGVGEVKQP VJG RQUKVKQP QH VJG HCGEGU UJQWNF DG 
MPQYP.

VKUKDNG EJCTCEVGTKUVKEU NKMG UJCRG CPF EQNQWT. WJGP GPQWIJ NKIJV KU CXCKNCDNG VJG HCGEGU 
ECP DG FGVGEVGF D[ KVU OQTG QT NGUU TQWPF UJCRG CPF VJG EQNQWT EQPVTCUV YKVJ VJG UWTTQWPF-
KPI UVTCY. VKUKQP U[UVGOU CTG YKFGN[ WUGF KP RCEMCIKPI KPFWUVT[, NCDQTCVQTKGU CPF UGEWTKV[, 
CPF ECOGTCU TCPIGU HTQO GZRGPUKXG JKIJ SWCNKV[ EQNQWT U[UVGOU VQ EJGCR DNCEM CPF YJKVG 
ECOGTCU. 

BGUKFGU TGEQIPKUKPI VJG EJCTCEVGTKUVKEU QH VJG HCGEGU, VJG FGVGEVKQP VGEJPKSWG UJQWNF YKVJ-
UVCPF VJG URGEKHKE 
RJ[UKECN� EQPFKVKQPU KP VJG DCTP. TJGUG FGOCPFU CPF VJG UEQTG QH VJG FKH-
HGTGPV VGEJPKSWGU CTG UWOOCTKUGF KP VCDNG 1.
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TCD. 1� DGOCPFU HQT HCGEGU FGVGEVKQP U[UVGO 


� XGT[ IQQF, 
� IQQF, 
�ä� CXGTCIG, ä� DCF, ää�XGT[ DCF�
Technische Voraussetzungen (++: sehr gut, +: gut, +/–: mäßig, –: schlecht, ––: sehr schlecht)

Technique Temperature Gasses Water content Vision

Light intensity 0–10.000 lux ++ ++ ++ +

Area of 220 m2 +/– – – +

Height > 4 m +/– – –– +

Resistance against ammonia, 
dust and humidity

– – –– –

Temperatures between – 10–35 °C + + – +

Useful output signal +/– – +/– ++

Reasonable costs –– –– –– ++

2�1 Camera

BCUGF QP VJKU GXCNWCVKQP VJG XKUKQP VGEJPKSWG JCU DGGP EJQUGP CU VJG OQUV CRRTQRTKCVG FGVGE-
VKQP OGVJQF. FTQO VJG YKFG TCPIG QH ECOGTCU VJG WCVGE-902C, C UKORNG DNCEM � YJKVG ECOGTC 
JCU DGGP EJQUGP. IV JCU 795 Z 596 
H Z V� RKZGNU, C TGUQNWVKQP QH 570 NKPGU CPF C OKPKOWO KNNW-
OKPCVKQP QH 0,0003 NWZ. TJKU URGEKHKE V[RG QH ECOGTC, JQYGXGT, QPN[ EQXGTU CP CTGC QH 40 O2

YJGP CVVCEJGF QP C JGKIJV QH 4 OGVGTU CDQXG VJG RGP, UQ VJCV, VQ UECP VJG YJQNG RGP, UKZ 
ECOGTCU YKNN DG PGGFGF. TJKU UJQWNF DG MGRV KP OKPF FWTKPI HWTVJGT FGXGNQROGPV CNVJQWIJ, 
VQ TGFWEG EQORNGZKV[, QPN[ QPG ECOGTC YCU WUGF FWTKPI VJG FGXGNQROGPV RTQEGUU. 

2�2 Data Rrocessing

FKI. 2� EZCORNG QH VJG EQPXGTUKQP QH C ECOGTC RKEVWTG YKVJ CPKOCNU CPF HCGEGU VQ C DKPCKTG RKEVWTG YKVJ QPN[ 
VJG HCGEGU NGHV EQODKPGF YKVJ EQQTFKPCVGU
Beispiel der Konvertierung eines Videobildes mit Tier und Fäkalien in ein binäres Bild nur mit Fäkalien und 
deren Koordinaten
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VKUKQPLCD UQHVYCTG XGTUKQP 3.24 CPF BQTNCPF BWKNFGT C

 5.0 YGTG WUGF VQ RTQEGUU VJG 
ECOCTC FCVC CPF IGPGTCVG EQQTFKPCVGU QH VJG HCGEGU KP VJG RGP. TJGUG EQQTFKPCVGF YKNN DG 
KPRWV KPHQTOCVKQP HQT C ITKRRGT VJCV CEVWCNN[ TGOQXGU VJG HCGEGU HTQO VJG RGP. 

A RKEVWTG VCMGP HTQO VJG RGP VCMGP D[ VJG ECOGTC KU TGRTGUGPVGF CU C VCDNG YKVJ C PWODGT 
QH EQNWOPU CPF TQYU GSWCN VQ VJG PWODGT QH JQTK\QPVCN CPF XGTVKECN RKZGNU. ECEJ EGNN EQPVCKPU 
C XCNWG DGVYGGP 0 CPF 255 YJGTG 0 KU DNCEM CPF 255 KU YJKVG. IP UGXGTCN UVGRU VJKU RKEVWTG 
VCMGP D[ VJG ECOGTC KU EQPXGTVGF VQ C DKPCKT RKEVWTG YKVJ VJG HCGEGU CU QPN[ QDLGEV NGHV. IORQT-
VCPV UVGRU KP VJKU VTCPUHQTOCVKQP KU VJG TGEQIPKVKQP QH EQPVTCUVU CPF UJCRGU. DGHKPKVKQP QH UJCRG 
KU KORQTVCPV VQ FKUVKPIWKUJ DGVYGGP HCGEGU CPF UMKP RCVVGTPU QH HQNUVGKP EQYU. TJG UQ ECNNGF 
HQTO HCEVQT 
GSWCN VQ 4 � R � A � 
P2�, YKVJ A HQT CTGC CPF P HQT QWVNKPG� RNC[U CP KORQTVCPV 
TQNG. FKIWTG 2 IKXGU CP GZCORNG QH VJG FKHHGTGPV UVGRU KP UWEJ CP VTCPUHQTOCVKQP.

3 ImRlementation of automatic s[stem for faeces remoXal

FKI. 3� OWVNKPG QH CWVQOCVKE U[UVGO HQT HCGEGU TGOQXCN YKVJ OCKP EQORQPGPVU
Schema des automatischen Entmistungssystems mit den wesentlichen Komponenten

IP HKIWTG 3 VJG OCKP EQORQPGPVU QH CP CWVQOCVKE U[UVGO HQT HCGEGU TGOQXCN CTG IKXGP. TJG 
ITKRRGT KU CVVCEJGF VQ C JQTK\QPVCN NKIJV KTQP DCT VJCV ECP OCMG CP CPIWNCT OQXGOGPV QH 
CNOQUV 180u YKVJ C TCFKWU QH 6,7 OGVGT. TJG ITKRRGT KVUGNH ECP OQXG QP VJCV DCT JQTK\QPVCNN[ 
CPF XGTVKECNN[. MQXGOGPVU KP VJGUG FKTGEVKQPU CTG RGTHQTOGF D[ VJTGG HTGSWGPE[ EQPVTQNNGF 

MQXKVTCEl� TQVCT[-EWTTGPV OQVQTU. TJGUG VJTGG OQVQT CTG EQPVTQNNGF D[ C PLC VJCV IGVU KVU 
KPHQTOCVKQP 
EQQTFKPCVGU QH VJG HCGEGU� HTQO VJG XKUKQP U[UVGO KPUVCNNGF QP C EQORWVGT CPF 
EQPPGEVGF VQ VJG ECOGTC. FGGF-DCEM KPHQTOCVKQP CDQWV VJG RQUKVKQP QH VJG ITKRRGT KU IGPGTCVGF 
D[ VJTGG RQUKVKQP TGCFGTU 
OOTQP�, QPG HQT GCEJ OQVQT. TJG PLC YQTM CWVQPQOQWUN[ DWV ECP 
CNUQ DGGP QRGTCVGF OCPWCNN[. SQOG UCHGV[ RTGECWVKQPU CTG VCMGP VQ RTGXGPV JWTVKPI QH CPKOCNU 
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QT JWOCPU CPF CP GOGTIGPE[ DWVVQP KU CXCKNCDNG VQ KPVGTTWRV VJG RTQEGUU KOOGFKCVGN[. AHVGT 
TGOQXKPI, VJG ITKRRGT FTQRU VJG HCGEGU QP C EGPVTCN URQV, YJKEJ KU CNUQ VJG OCKP TGHGTGPEG 
RQKPV. 

FQT EQOOWPKECVKQP DGVYGGP PLC CPF PC VJG UGTKCN RS-232 RQTVU QP EQORWVGT CPF PLC 
YGTG WUGF. SKIPCNU CTG EQPXGTVGF VQ RS485 VQ OCMG FCVC VTCPUOKUUKQP QXGT NQPIGT FKUVCPEGU 
RQUUKDNG. BGECWUG VJG VKUKQP UQHVYCTG YCU TGNCVKXGN[ VQQ WPUVCDNG VQ EQOOWPKECVG FKTGEVN[ 
YKVJ VJG PLC CP KPVGTOGFKCVG RTQITCO YCU FGXGNQRGF. TJG OCKP UETGGP QH VJG WUGT-KPVGTHCEG 
QH VJKU RTQITCOU, ECNNGF PCPLC, KU IKXGP KP HKIWTG 4. 

FKI. 4� MCKP UETGGP QH WUGT KPVGTHCEG PCPLC RTQITCO HQT EQOOWPKECVKQP DGVYGGP PC CPF PLC
Hauptmenü des PCPLC-Benutzerprogramms zur Kommunikation zwischen PC und PLC

CQQTFKPCVGF IGPGTCVGF D[ VJG VKUKQP UQHVYCTG CTG RWV QP VJG JCTF FKUM QH VJG PC CU VGZV HKNG. 
TJG PCPLC RTQITCO EQPXGTVU VJG EQQTFKPCVGU KP VJG VGZV HKNG VQ WUGHWN XCNWGU CU CPIWNCT CPF 
JQTK\QPVCN FKURNCEGOGPV QH VJG ITKRRGT, UGPFU VJGO VQ VJG PLC CPF IGPGTCVGU NQI HKNGU QH KVU 
CEVKQP. BGUKFGU, KV IKXGU VJG WUGT RQUUKDKNKV[ VQ EQPVTQN VJG U[UVGO OCPWCNN[ YKVJ MG[RCF QT 
OQWUG QT VQ GPVGT EQQTFKPCVGF FKTGEVN[. WJGP KV KU KP VJG CWVQOCVKE OQFG VJG U[UVGO ECP DG 
KPVGTTWRVGF. TJG RTQITCO CNUQ IKXGU RQUUKDKNKVKGU VQ ECNKDTCVG TGHGTGPEG RQKPVU QH VJG ITKRRGT 
CPF ECOGTC CPF VQ UGV NKOKVU VQ CPIWNCT, XGTVKECN CPF JQTK\QPVCN OQXGOGPVU ITKRRGT. 

TJKU RKNQV XGTUKQP QH VJG U[UVGO JCU DGGP KPUVCNNGF CPF FGOQPUVTCVGF QP TGUGCTEJ HCTO AXGT 
HGKPQ. TJG U[UVGO KU QPN[ VGUVGF YKVJQWV CPKOCNU KP VJG RGP CPF CV C URGGF NQYGT VJCP YJCV 
KU RQUUKDNG. NGZV UVGR YKNN DG VQ VGUV WPFGT TGCNKUVKE EQPFKVKQP CV C JKIJGT URGGF CPF CFF OQTG 
ECOGTCU VQ GPNCTIG VJG YQTMKPI CTGC. PTGHGTCDN[ VJG FGXGNQROGPV EQPVKPWGU KP EQQRGTCVKQP 
YKVJ C DWUKPGUU RCTVPGT.
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ErgeDnisse aus langL·hrigem PraZiseinsatz Xon MelkroDotern
4esWNts from mCn[ [eCrs of Wsing miNMing roDots

RUDOLF ARTMANN

IPUVKVWV HÒT BGVTKGDUVGEJPKM WPF BCWHQTUEJWPI, BWPFGUHQTUEJWPIUCPUVCNV HÒT LCPFYKTVUEJCHV 
FAL�,  
BWPFGUCNNGG 50, D-38116 BTCWPUEJYGKI

SchlÒsselwÌrter� AMS, AMV, Automatische MelkXerfahren, TierXerhalten, Durchsatz, Milchleistung 
-e[Yords� #/S� CWtomCtic miNMing s[stems� CnimCN DeJCXioWr� tJroWgJpWt� miNM [ieNd

<WsCmmenfCssWng

Für die relative Vorzüglichkeit der Melkverfahren sind neben der Investitionshöhe vor allem 
die mögliche Belegungsdichte (Kühe/Einheit), die Auswirkungen auf den Arbeitseinsatz und 
die variablen Kosten sowie die Effekte veränderter Melkabstände und deren Auswirkung auf 
den Milchertrag entscheidende Parameter. Ziel war es, die mögliche Belegungsdichte und 
die sie bestimmenden Einflussfaktoren zu ermitteln und deren Effekte auf die Milchleistung 
zu quantifizieren.

Für die Analyse standen automatisch erfasste Daten aus Betrieben mit Einzel- bzw. 
Mehrbox-AMS zur Verfügung. Diese wurden aufbereitet, kontrolliert und nur nach Erfüllung 
bestimmter Kriterien in statistische Auswertungen aufgenommen

Es zeigte sich, dass Belegung der AMS von Leistungsniveau, Melkfrequenz und Milchfluss 
abhängig ist und Leistungssteigerungen, abhängig von Melkfrequenz, Leistungsniveau und 
Laktationsnummer, von bis zu 1� � bei dreimaligem Melken geschätzt wurden. Eine Korrek-
turmöglichkeit der Leistungssteigerung bei unterschiedlichem Fettgehalt wird aufgezeigt.

SWmmCr[

For the relative preference of the AMS are apart from the investment height the possible use 
throughput (cows/unit), the effects on working time requirement and the variable costs as 
well as the effects on the milk yield trough changed milking intervals crucial parameters. The 
goal was it to determine the possible load of an AMS and it determining factors as well as to 
quantify the effect on the milk production. 

For the analysis automatically collected data were available out enterprises with single 
box and multi box AMS. These were prepared, controlled and only after fulfilment of certain 
criteria taken up to the statistic evaluation. 

It showed up that number of cows per AMS dependents mainly on herd milk yield, milking 
frequency and milk flow. Dependent on the realized milking frequency yielding of the cows 
and Lactation number up to 1� � increase in milk yield is estimated. A possibility for correct-
ing the increase of milk yield by different depression of fat content in the milk is shown.
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1 EinfÒhrung

AWVQOCVKUEJG MGNMU[UVGOG YWTFGP GPVYKEMGNV, WO URG\KGNN KP FCOKNKGPDGVTKGDGP FKG ATDGKVU-
DGNCUVWPI \W UGPMGP, GKPGP XCTKCDNGTGP ATDGKVUGKPUCV\ \W GTOÌINKEJGP, GKPG JÌJGTG MKNEJNGKU-
VWPI KPHQNIG J·WHKIGTGP MGNMGPU \W TGCNKUKGTGP, CDGT CWEJ WO OGJT ZWHTKGFGPJGKV OKV FGT 
GKIGPGP ATDGKVYGNV \W UEJCHHGP.

SGKV FGT EKPHÒJTWPI CWVQOCVKUEJGT MGNMU[UVGOG KO JCJTG 1992 YWTFG KP XKGNGP VGTÌHHGPV-
NKEJWPIGP WPF S[ORQUKGP ÒDGT FKGUG TGEJPQNQIKG DGTKEJVGV 
U. LKVGTCVWTNKUVG�. DKG OGKUVGPU 
ETIGDPKUUG YWTFGP XQP AMS, KPUVCNNKGTV KP VGTUWEJUGKPTKEJVWPIGP, IGYQPPGP, YQDGK VGKNYGK-
UG FKG UPVGTUWEJWPIURGTKQFGP \WFGO UGJT MWT\ YCTGP. NCEJHQNIGPF YKTF ÒDGT OGJTL·JTKIG 
ETIGDPKUUG CWU FGO EKPUCV\ XQP AMS KP NCPFYKTVUEJCHVNKEJGP BGVTKGDGP DGTKEJVGV. UPVGTUWEJV 
YWTFGP AMS ëLKDGTV[é WPF ëAUVTQPCWVé.

2 BetrieDe

DKG MGTMOCNG FGT WPVGTUWEJVGP BGVTKGDG WPF FKG APQTFPWPI FGT AMS \GKIV TCDGNNG 1.

TCD. 1� MGTMOCNG FGT BGVTKGDG WPF EKPQTFPWPI FGT AMS KP FKG SV·NNG

3 Datengewinnung und �aufDereitung

MKV FKTOGPWPVGTUVÒV\WPI1 YWTFGP XQP FGP AMS CNNG DCVGP ÒDGT FKG BGUWEJG FGT KÒJG CO 
AMS CWHIG\GKEJPGV. DKGUG DCVGP YWTFGP TGIGNO·­KI CWH DCVGPVT·IGT MQRKGTV XQP FGJNGTP 

1 Für die Unterstützung bei der Datenerfassung gebührt den Firmen und Betrieben Dank
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DGHTGKV WPF HÒT FKG YGKVGTG AWUYGTVWPI CWHDGTGKVGV. FÒT FKG BGTGEJPWPI FGT LGKUVWPIUUVGKIG-
TWPI FWTEJ OGJTOCNKIGU MGNMGP YWTFGP UGJT MWT\G D\Y. UGJT NCPIG ZYKUEJGPOGNM\GKVGP, 
MGNMWPIGP OKV YGPKIGT CNU 2,5 MI MKNEJ WPF MGNMWPIGP XQP KÒJGP FKG N·PIGT CNU 450 TCIG 
IGOQNMGP YWTFGP CWUIGUEJNQUUGP. 

DKG AWUYGTVWPI GTHQNIVG OKV MS-OHHKEG D\Y. SAS. IP FGP OGKUVGP BGVTKGDGP WPF GKPKIGP 
\WU·V\NKEJGP BGVTKGDGP OKV EKPDQZGP-AMS YWTFGP ATDGKVU\GKVUVWFKGP FWTEJIGHÒJTV.

4 ErgeDnisse

4�1 AussuchXerhalten

DKG H·WHKIMGKV FGU MGNMGPU 
ADD. 1� YGKUV DGK MGJTDQZGPU[UVGOGP FGWVNKEJG VCIGU\GKVNKEJG 
SEJYCPMWPIGP CWH. SKG UKPF IGRT·IV FWTEJ GKPG TGNCVKXG RWJGRJCUG \W BGIKPP FGU TCIGU, 
SRKV\GPYGTVG KP FGP VQT- WPF NCEJOKVVCIUUVWPFGP WPF EKPDTÒEJGP PCEJ FGT MKVVCIU\GKV. LGV\-
VGTG KUV DGK BGVTKGD B FWTEJ FCU VGTYGKNGP FGT TKGTG CWH FGT WGKFG DGUQPFGTU CWHHCNNGPF. DKG 
EKP\GNDQZ-AMS YGKUGP KPUIGUCOV GKPG CWUIGINKEJGPGTG MGNMJ·WHKIMGKV ÒDGT FGP TCI CWU. AWU 
FGP JKGT DGUVGJGPFGP UPVGTUEJKGFGP KUV GTUKEJVNKEJ, FCUU KÒJG KP FGT UR·VGP LCMVCVKQPURJCUG 
FKG AMS YGPKIGT QHV HTGSWGPVKGTVGP. DKG UTUCEJGP MÌPPGP KP FGT XGTTKPIGTVGP KTCHVHWVVGTICDG, 
FGT JÌJGTGP BGNGIWPIUFKEJVG FGU AMS, CDGT CWEJ CP FGP UVTGPIGTGP RGUVTKMVKQPGP HÒT FCU 
MGNMGP NKGIGP. ÜDGT MCPCIGOGPVOC­PCJOGP, \. B. FKG ZGKVRWPMV WPF H·WHKIMGKV FGT FWVVGT-
XQTNCIG, ADVTGPPWPI PKEJV OGNMDCTGT KÒJG, WUY. N·UUV UKEJ FKG MGNMNGKUVWPI GVYCU GTJÌJGP.

ADD. 1� MKVVNGTG VCTKCVKQP FGT MGNMNGKUVWPI LG SVWPFG KP ADJ·PIKIMGKV XQP FGT TCIGU\GKV DGK FGP 
XGTUEJKGFGPGP AMS

4�2 Zwischenmelkzeiten

DGT VGTINGKEJ FGT ZYKUEJGPOGNM\GKVGP 
ADD. 2� \GKIV, FCUU UKEJ OKV \WPGJOGPFGT BQZGP\CJN 
DGK MGJTDQZGPU[UVGOGP FCU MGNMKPVGTXCNN XGTN·PIGTV. 

DQEJ UGNDUV DGK PWT GKPGT BQZ UKPF FKG ZYKUEJGPOGNM\GKVGP N·PIGT CNU DGK FGO EKPDQZGP-
U[UVGO, DGK FGO 50 � FGT MGNMWPIGP KPPGTJCND XQP UKGDGP SVWPFGP GTHQNIGP.
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ADD. 2� ZYKUEJGPOGNM\GKVGP DGK FGP XGTUEJKGFGPGP AMS

4�3 Melkleistung

EKP VGTINGKEJ FGT MGNMNGKUVWPI FGT S[UVGOG MQOOV \W FGP KP TCD. 2 CPIGIGDGPGP WGTVGP. 
DCDGK NKGIGP FKG IGOGUUGPGP DWTEJU·V\G DGK MGJTDQZGPU[UVGOGP FGWVNKEJ WPVGT FGPGP, 
FKG SONK 
1995� DGTGEJPGVG. EKPG RGITGUUKQPUCPCN[UG FGT MGNMNGKUVWPI \GKIV GKPG FGWVNKEJG 
ADJ·PIKIMGKV FGT MGNMWPIGP LG TCI XQP FGT GGOGNMUOGPIG WPF XQO OKVVNGTGP MKNEJHNWUU.

DKG APCN[UGP GTICDGP DGK 10 MI GGOGNMGP WPF 2 MI�OKP XQO OKVVNGTGP MKNEJHNWUU 135 
MGNMWPIGP CO TCI LG AMS. DKGUG WGTVG MÌPPGP GTJÌJV YGTFGP, \. B. FWTEJ UEJPGNNGTGP 
TKGTYGEJUGN, DGUEJNGWPKIVGU APUGV\GP, MÒT\GTG RGKPKIWPIU\GKVGP QFGT VGTOGKFWPI XQP LGGT-
UV·PFGP.

TCD. 2� DWTEJUCV\NGKUVWPI XQP AMS

4�4 Auswirkungen auf den ArDeitsaufwand

BG\ÒINKEJ FGT ATDGKVUGKPURCTWPI WPF FKG EPVDKPFWPI XQP VGTOKPKGTVGT ATDGKV YGTFGP CP FKG 
AMS JQJG ETYCTVWPIGP IGUVGNNV. ATDGKVU\GKVCPCN[UGP 
ADD. 3� \GKIGP, FCUU FGT ATDGKVUGKPURCT-
GHHGMV UGJT UVCTM XQP FGT DGVTKGDNKEJGP SKVWCVKQP CDJ·PIV. IO WPIÒPUVKIUVGP FCNNG MCPP FCU 
AMS UQICT MGJTCTDGKV XGTWTUCEJGP. 

DWTEJUEJPKVVNKEJG EKPURCTWPIGP NKGIGP DGK 40 �. IO IÒPUVKIUVGP FCNNG WPF DGK CWUIGTGKHVGT 
TGEJPQNQIKG MCPP OKV GKPGT EKPURCTWPI XQP \YGK DTKVVGN FGT ATDGKVU\GKV IGTGEJPGV YGTFGP, 
FKG DGK EKPUCV\ MQPXGPVKQPGNNGT TGEJPKM GTHQTFGTNKEJ Y·TG. KP DTKVVGN FGT ATDGKVU\GKV KUV HÒT 
S[UVGOÒDGTYCEJWPI, DCVGP- WPF TKGTMQPVTQNNG, TTGKDGP U·WOKIGT TKGTG, GVE. WPXGT\KEJVDCT.
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ADD. 3� ATDGKVU\GKVDGFCTH FGT WPVGTUWEJVGP AMS

4�5 Auswirkungen die Milchleistung

WGNEJG MKNEJNGKUVWPIUUVGKIGTWPI FGT EKPUCV\ XQP AMS DGYKTMV, N·UUV UKEJ OKV VQTJGT-� NCEJ-
JGTXGTINGKEJGP PKEJV GTOKVVGNP, FC UKEJ \W XKGNG FCMVQTGP OKV FGT EKPHÒJTWPI GKPGU AMS 
·PFGTP. IP FGP UPVGTUWEJWPIGP YWTFG FCJGT OKVVGNU RGITGUUKQPGP XGTUWEJV, FKG FWTEJ XGT-
·PFGTVG ZYKUEJGPOGNM\GKVGP CWUIGNÌUVG MKNEJOGPIGP·PFGTWPI \W UEJ·V\GP. AWH BCUKU FGT 
DGUVGP SEJ·V\HWPMVKQPGP YWTFGP FKG LCMVCVKQPUNGKUVWPIGP DGK XQTIGIGDGPGP ZYKUEJGPOGNM-
\GKVGP IGUEJ·V\V WPF FCTCWU FKG LGKUVWPIU·PFGTWPIGP IGIGPÒDGT \YGKOCNKIGO MGNMGP OKV LG 
12 J MGNMKPVGTXCNN DGTGEJPGV 
TCD. 3�.

TCD. 3� BGTGEJPGVG MKNEJNGKUVWPIU·PFGTWPI DGK XGTUEJKGFGPGP ZYKUEJGPOGNM\GKVGP

DKG LGKUVWPIUXGT·PFGTWPIGP DGYGIGP UKEJ \YKUEJGP IGTKPIHÒIKIGP MKPFGTOGPIGP DGK PWT 
\YGKOCNKIGO MGNMGP WPF WPINGKEJGP ZGKVKPVGTXCNNGP WPF MGJTNGKUVWPIGP XQP DKU \W 24 �. 
DC DGK FKGUGP BGTGEJPWPIGP FKG VGT·PFGTWPI FGU FGVVIGJCNVGU WPDGTÒEMUKEJVKIV DNGKDV, DKGVGV 
ADD. 4 GKPG MÌINKEJMGKV, FKG LGKUVWPIU·PFGTWPIGP KP ADJ·PIKIMGKV XQP FGT GTYCTVGVGP VGT-
·PFGTWPI FGU FGVVIGJCNVU \W MQTTKIKGTVGP. BGK GKPGT LGKUVWPIUUVGKIGTWPI XQP \. B. 10 � WPF 
GKPGO FGVVIGJCNVUTÒEMICPI XQP 0,2 PTQ\GPVRWPMVGP YÒTFG FGOPCEJ FKG MQTTKIKGTVG LGKUVWPIU-
·PFGTWPI 10 ä 2 � 1,65 � 6,7 � DGVTCIGP.
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VORTR�GE

ADD. 4� AWUYKTMWPIGP XQP FGVVIGJCNVUOKPFGTWPIGP CWH FKG LGKUVWPIUUVGKIGTWPIGP

5 AusDlick

KÒPHVKIG FQTUEJWPIURTQLGMVG \W AMS UQNNVGP UKEJ CWH HQNIGPFG BGTGKEJG MQP\GPVTKGTGP�
 î 3WCPVKHK\KGTWPI FGT AWUYKTMWPIGP XQP AMS
  ä BG\KGJWPI MGNMHTGSWGP\ MKNEJKPJCNVUUVQHHG
  ä TKGTÒDGTYCEJWPI WPF MCPCIGOGPV
 î WGKVGTGPVYKEMNWPI FGT TGEJPKM 
  ä BGVTKGDUOKVVGNGKPURCTWPI
  ä TKGTXGTMGJT 
LQMCNKUKGTWPI FGT KÒJG, TTGKDU[UVGOG, RWHU[UVGOG�
  ä AFCRVKGTDCTMGKV CP YCEJUGPFG BGVTKGDG 
APUGV\TQDQVGT HÒT KCTWUUGNNU�
  ä MGNMJ[IKGPG- WPF MKNEJSWCNKV·VUDGWTVGKNWPI
  ä  NWV\WPI XQP QPNKPG MKNEJCPCN[UGU[UVGOGP HÒT PTQ\GUUUVGWGTWPI, MQPKVQTKPI FGT 

KÒJG WPF MCPCIGOGPV.
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MelkXerfahren zur FrÒherkennung Xon Eutererkrankungen
&esign of Cn onNine sensor CrrC[ for Cn eCrN[ detection of Wdder 
Cffections in CWtomCtic miNMing s[stems
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1 I PUVKVWV HÒT TGEJPQNQIKG WPF BKQU[UVGOVGEJPKM, BWPFGUHQTUEJWPIUCPUVCNV HÒT LCPFYKTVUEJCHV 
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SchlÒsselwÌrter� Mastitis, Eutererkrankungen, Zellzahl, Biosensor
-e[Yords� /Cstitis� 7dder #ffections� SomCtic CeNN CoWnt� $iosensor

<WsCmmenfCssWng

Im Zeitraum von November 2003 bis Juni 200� wurde in der FAL die Milch von 1� Ver-
suchskühen der Rasse Schwarzbunt (Holstein-Friesen) laktationsbegleitend untersucht. Die in 
Vorversuchen erzielten positiven Ergebnisse eines im Viertelgemelk identifizierten Masititsin-
dikators konnten verifiziert werden. Die Sensitivität der krankheitsbedingten Konzentrations-
änderungen des Indikators überstieg die von Lactose und der Leitfähigkeit schon bei 100000 
Zellen/ml um bis zu �0 �. Ferner reagierte der Mastitisindikator unabhängig von der Art der 
jeweiligen Mastitisform. Hierzu zählen Erkrankungen, die durch Erreger wie Streptokokken, 
Staphylokokken und coliforme Keime verursacht wurden. Auch eine aseptische Mastitis ohne 
positiven Erregerbefund konnte nachgewiesen werden. Ein für diesen Mastitisindikator entwi-
ckelter Biosensor wurde bereits soweit optimiert, dass die Abweichungen der Messdaten von 
den Sollwerten in unverdünnter Rohmilch nur noch v � � betragen.

SWmmCr[

Milk of 1� Holstein-Friesen test cows was analysed during the lactation in the period from 
November 2003 to June 200�. Positive results regarding an identified mastitis indicator 
from quartermilk samples in preliminary tests could be verified. The sensitivity of changes 
in indicator concentration, conditioned by udder affections, exceeded the sensitivity of the 
parameters lactose and conductivity up to �0 � at 100000 somatic cells/ml. In addition to 
that the mastitis indicator reacted independently from the type of mastitis. These are affec-
tions caused by pathogens as streptococci, staphylococci and coliform bacteria. Also a non 
specific mastitis without positive pathogen findings could be detected. A biosensor, fitting to 
the mastitis indicator substance, has been optimised so far that the deviations of measured 
values amount to v � � from the test values in undiluted raw milk.
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1 Einleitung und ProDlemstellung

IP FGT BWPFGUTGRWDNKM DGWVUEJNCPF GZKUVKGTVGP KO JCJT 2002 GVYC 125.000 OKNEJYKTVUEJCHV-
NKEJG BGVTKGDG OKV GKPGO BGUVCPF XQP KPUIGUCOV 4,43 MKNNKQPGP MKNEJMÒJGP =1?. SGKV GKPKIGT 
ZGKV MQOOGP \WPGJOGPF CWVQOCVKUEJG MGNMXGTHCJTGP 
AMV� \WO EKPUCV\. GTÒPFG JKGTHÒT 
UKPF FKG PCEJJCNVKIG LGKUVWPIUUVGKIGTWPI FGT HGTFGP WPF FKG FWTEJ KQUVGPFGITGUUKQP \WPGJ-
OGPFGP HGTFGPITÌ­GP DGK INGKEJ\GKVKI UVCTM TGFW\KGTVGO ATDGKVUCWHYCPF RTQ KWJ =2?. BGKO 
BGVTKGD FGT AMVçU HKPFGV LGFQEJ MGKPG UGPUQTKUEJG BGIWVCEJVWPI FGT MKNEJ FWTEJ FGP MGNMGT 
UVCVV, YKG GU FKG MKNEJXGTQTFPWPI XQO 20.07.2000 KP APNCIG 3 XQTUEJTGKDV =3?.

ADIGUGJGP XQP FGP FCFWTEJ GPVUVGJGPFGP TGEJVNKEJGP PTQDNGOGP, YGTFGP DGKO EKPUCV\ 
FGTCTVKIGT S[UVGOG GPV\ÒPFNKEJG EWVGTGTMTCPMWPIGP 
MCUVKVKFGP� PKEJV HTÒJ\GKVKI GTMCPPV, 
YCU HÒT FGP LCPFYKTV GTJGDNKEJG YKTVUEJCHVNKEJG EKPDW­GP DGFGWVGV. DKG MKNEJNGKUVWPI GKPGU 
KPHK\KGTVGP EWVGTXKGTVGNU IGJV DKU \W 20 � KO VGTINGKEJ \W FGP IGUWPFGP VKGTVGNP \WTÒEM =4?. 
DKG GTJÌJVGP GGJCNVG CP UQOCVKUEJGP ZGNNGP WPF GTJÌJVGP KGKO\CJNGP HÒJTGP \W GKPGT 3WC-
NKV·VUCDUVWHWPI WPF IGTKPIGTGP VGTIÒVWPI FGT APNKGHGTWPIUOKNEJ, FKG \WFGO CWHITWPF OÌI-
NKEJGT VGEJPQNQIKUEJGT PTQDNGOG PKEJV KP LGFGO FCNN QFGT PWT GKPIGUEJT·PMV \WT HGTUVGNNWPI 
XQP MKNEJRTQFWMVGP GKPIGUGV\V YGTFGP MCPP =5?. DGO LCPFYKTV GPVUVGJGP CW­GTFGO JÌJGTG 
BGJCPFNWPIUMQUVGP HÒT FKG TKGTG, YGPP FKG ETMTCPMWPI GTUV UR·V HGUVIGUVGNNV YKTF. HKP\W MQO-
OGP N·PIGTG AWUHCNN\GKVGP WPF GTJÌJVG CTDGKVUYKTVUEJCHVNKEJG BGNCUVWPIGP. IPUIGUCOV YGTFGP 
FKG XQNMUYKTVUEJCHVNKEJGP VGTNWUVG FWTEJ EWVGTIGUWPFJGKVUUVÌTWPIGP KP DGWVUEJNCPF CWH L·JT-
NKEJ 1,4 MKNNKCTFGP EWTQ DG\KHHGTV =6?.

DKG YKEJVKIUVGP ETTGIGTITWRRGP UKPF SVTGRVQMQMMGP, SVCRJ[NQMQMMGP, EQNKHQTOG KGKOG 

ëUOYGNVMGKOGé� WPF P[QIGPGUDCMVGTKGP. VQT CNNGO WPVGT FGP SVTGRVQMQMMGP WPF SVCRJ[NQ-
MQMMGP HKPFGP UKEJ SRG\KGU, FKG CNU V[RKUEJG EWVGTGPV\ÒPFWPIUGTTGIGT DGMCPPV UKPF =2?. DC 
FKG MKNEJ GTMTCPMVGT TKGTG PGDGP GTJÌJVGP ZGNN- WPF KGKO\CJNGP CWEJ VGT·PFGTWPIGP KP 
FGT ZWUCOOGPUGV\WPI CWHYGKUV, YKTF UEJQP UGKV GKPKIGP JCJTGP XGTUWEJV, EWVGTGTMTCPMWPIGP 
FWTEJ APCN[UG URG\KHKUEJGT MKNEJRCTCOGVGT HTÒJ\GKVKI \W GTMGPPGP =7?. DKG BGOÒJWPIGP 
HÒJTVGP DKU LGV\V LGFQEJ GPVYGFGT \W MGKPGT \WHTKGFGPUVGNNGPFGP UPVGTUEJGKFWPI \YKUEJGP 
GTMTCPMVGP WPF IGUWPFGP TKGTGP QFGT UEJGKVGTVGP CP YKTVUEJCHVNKEJGP D\Y. VGEJPKUEJGP 
GGUKEJVURWPMVGP DGK FGT UOUGV\WPI KP FKG PTCZKU.

2 Zielsetzung

ZKGN FKGUGU PTQLGMVGU KUV FKG EPVYKEMNWPI GKPGU JQEJURG\KHKUEJGP WPF UGNGMVKXGP QPNKPG-SGP-
UQTU[UVGOU CWH FGT BCUKU XQP BKQUGPUQTGP \WT IPVGITCVKQP KP CWVQOCVKUEJG MGNMXGTHCJTGP, OKV 
FGO FKG VGTMGJTUH·JKIMGKV FGT MKNEJ UKEJGT DGYGTVGV WPF UWDMNKPKUEJG YKG CWEJ CUGRVKUEJG 
EWVGTGTMTCPMWPIGP HTÒJ\GKVKI WPF OKV JQJGT SKEJGTJGKV GTMCPPV YGTFGP MÌPPGP. DWTEJ GKPG 
\WU·V\NKEJG IPVGITCVKQP GKPGU GPVURTGEJGPFGP SGPUQTU[UVGOU KP MQPXGPVKQPGNNG MGNMXGTHCJTGP 
MÌPPVG HÒT LGFG DGVTKGDNKEJG FQTO GKP HGTFGPOCPCIGOGPV-S[UVGO GTUVGNNV YGTFGP, YGNEJGU 
FGP RT·XGPVKXGP TKGTUEJWV\, FKG MKNEJSWCNKV·V WPF FKG WKTVUEJCHVNKEJMGKV GTJGDNKEJ XGTDGUUGTP 
YÒTFG.
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3 Material und Methoden

IO NQXGODGT 2003 YWTFG KP FGT VGTUWEJUUVCVKQP FGT FAL GKPG KWJITWRRG 
15 TKGTG� FGT 
RCUUG SEJYCT\DWPV 
HQNUVGKP-FTKGUGP� \WUCOOGPIGUVGNNV WPF ÒDGT GKPG LCMVCVKQPURGTKQFG 
JKPYGI YÌEJGPVNKEJ DGRTQDV. DCU ZKGN YCT FKG FGUVUVGNNWPI FGT EKIPWPI GKPGU DGK WOHCPI-
TGKEJGP HPLC-SETGGPKPIU KFGPVKHK\KGTVGP MCUVKVKUKPFKMCVQTU. ZW FKGUGO ZYGEM YWTFG GKP URG-
\KGNNGU VGTUWEJURTQITCOO \WUCOOGPIGUVGNNV 
ADD. 1�. DKG VKGTVGNIGOGNMURTQDGP UKPF FKTGMV 
PCEJ FGT PTQDGPCJOG CP FKG LGYGKNU \WIGQTFPGVGP IPUVKVWVKQPGP \WT APCN[UG YGKVGTIGNGKVGV 
YQTFGP.

ADD. 1� OTICPKUCVKQP FGU VGTUWEJURTQITCOOU \WT IFGPVKHKMCVKQP XQP MCUVKVKUKPFKMCVQTGP
Organisation of the mastitis indicator test program

AO IPUVKVWV HÒT TGEJPQNQIKG WPF BKQU[UVGOVGEJKM FGT FAL YWTFG FGT KFGPVKHK\KGTVG MCUVKVKUKP-
FKMCVQT OKVVGNU HPLC SWCPVKHK\GTV. DCU IPUVKVWV HÒT BGVTKGDUVGEJKM WPF BCWHQTUEJWPI 
GDGPHCNNU 
FAL� NKGHGTVG IPHQTOCVKQPGP \WT LGKVH·JKIMGKV, \WT MKNEJNGKUVWPI UQYKG \W FCTDRCTCOGVGTP 

HGNNKIMGKV, TQV-ITÒP, IGND-DNCW�. DGT MKNEJMQPVTQNNXGTDCPF 
MKV� MKVVGNYGUGT YCT HÒT FKG 
TQWVKPGO·­KIG ETHCUUWPI XQP SVCPFCTFRCTCOGVGTP FGT MKNEJRTÒHWPI \WUV·PFKI, Y·JTGPF DGKO 
EWVGTIGUWPFJGKVUFKGPUV KP HCPPQXGT-AJNGO FKG DCMVGTKQNQIKUEJGP UPVGTUWEJWPIGP FWTEJIG-
HÒJTV YWTFGP. S·OVNKEJG ETIGDPKUUG UKPF KO IPUVKVWV HÒT TGEJPQNQIKG WPF BKQU[UVGOVGEJPKM \WT 
ETOKVVNWPI XQP OÌINKEJGP KQTTGNCVKQPGP CWUIGYGTVGV YQTFGP. IPUIGUCOV YWTFGP UQ FKG DCVGP 
XQP EC. 800 PTQDGP GTHCUUV, YCU GKPG TGRT·UGPVCVKXG AWUYGTVWPI \WNKG­.

PCTCNNGN \W FGP QDGP IGPCPPVGP UPVGTUWEJWPIGP YWTFG GKP XQP FGT FA. TRACE ANALYTICS

GODH GPVYKEMGNVGT BKQUGPUQT KP IGOGKPUCOGP TGUVN·WHGP QRVKOKGTV. DKGU IGUEJCJ XQT FGO 
HKPVGTITWPF GKP KP DG\WI CWH SGPUKVKXKV·V, SGNGMVKXKV·V WPF WKTVUEJCHVNKEJMGKV RTCZKUVCWINKEJGU 
MGUUU[UVGO \W GTJCNVGP. NCEJ GKPGT HGUVIGUVGNNVGP ITWPFU·V\NKEJGP EKIPWPI MQPPVG FCOKV 
DGIQPPGP YGTFGP, FKGUGP SGPUQT FWTEJ XGTUEJKGFGPG VGTHCJTGP CP FKG MQORNK\KGTVG MCVTKZ 
ëMKNEJé WPF FGP KFGPVKHK\KGTVGP MCUVKVKUKPFKMCVQT \W CFCRVKGTGP.
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4 ErgeDnisse

FÒT FKG PCTCOGVGT LCEVQUG, LGKVH·JKIMGKV UQYKG FGP KFGPVKHK\GTVGP MCUVKVKUKPFKMCVQT YWTFGP 
\GNN\CJNCDJ·PIKIG ZWUCOOGPJ·PIG IGHWPFGP, FKG UKEJ OCVJGOCVKUEJ DGUEJTGKDGP NCUUGP. 
W·JTGPF UKEJ HÒT LCEVQUG WPF FKG LGKVH·JKIMGKV RQVGPVKGNNG APU·V\G KP FGT FQTO [ � C � ZäD

D\Y. [ � C � ZD CPYGPFGP NKG­GP, MQPPVG HÒT FGP MCUVKVKUKPFKMCVQT GKP NKPGCTGT APUCV\ KP 
FGT FQTO [ � C � Z 
 D IGY·JNV YGTFGP. ZWT ITCRJKUEJGP VGTINGKEJDCTMGKV YWTFGP FKG 
MGUUFCVGP PQTOKGTV, KPFGO FKG IGOKVVGNVGP RTQ\GPVWCNGP ADYGKEJWPIGP \WO LGYGKNKIGP 
RGHGTGP\YGTV DGTGEJPGV YWTFGP. DKG RGHGTGP\YGTVG UKPF INGKEJ 100 � IGUGV\V YQTFGP. DKG 
VKGTVGNIGOGNMU-DCVGP XQP XKGT VGTUWEJUVKGTGP KO TGNGXCPVGP BGTGKEJ \YKUEJGP 10.000 WPF 
2.000.000 ZGNNGP�ON UKPF KP ADD. 2 FCTIGUVGNNV.

ADD. 2� NQTOKGTVG, \GNN\CJNCDJ·PIKIG ÄPFGTWPIGP CWUIGY·JNVGT PCTCOGVGT
Standardised variations of special parameters depending on the somatic cell count

EU KUV FGWVNKEJ \W GTMGPPGP, FCUU FGT MCUVKVKUKPFKMCVQT DGK CNNGP TKGTGP GKPG YGUGPVNKEJ JÌJGTG 
SGPUKVKXKV·V CNU LCEVQUG WPF FKG LGKVH·JKIMGKV CWHYGKUV. SEJQP DGK GKPGT ZGNN\CJN XQP 100.000 
ZGNNGP�ON UKPF FKG OKVVNGTGP ADYGKEJWPIGP XQP FGP RGHGTGP\YGTVGP DGKO MCUVKVKUKPFKMCVQT 
WO DKU \W 90 � JÌJGT CNU FKG FGT CPFGTGP DGKFGP PCTCOGVGT. DCDGK TGCIKGTVGP CNNG PCTCOGVGT 

CWEJ FKG ZGNN\CJN� XÌNNKI WPCDJ·PIKI XQP FGT ATV FGT LGYGKNKIGP ETMTCPMWPIUHQTO. DWTEJ FKG 
DCMVGTKQNQIKUEJGP UPVGTUWEJWPIGP MQPPVG FGO VGTUWEJUVKGT 010 GKPG CWH SVCRJ[NQMQMMGP 
\WTÒEM\WHÒJTGPFG UWDMNKPKUEJG MCUVKVKU \WIGUEJTKGDGP YGTFGP. DKG MKNEJ FGT TKGTG 720, 924 
WPF 951 DNKGD QJPG RQUKVKXGP ETTGIGTDGHWPF 
CUGRVKUEJG D\Y. WPURG\KHKUEJG MCUVKVKU�.
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UO GKP MC­ HÒT FKG SGPUKVKXKV·VGP \W GTJCNVGP, YWTFGP CWU FGP BGVT·IGP FGT PQTOKGTVGP 
MGUUFCVGP CNU GTUVGU GPVURTGEJGPFG FWPMVKQPGP IGDKNFGV. FÒT LCEVQUG WPF FKG LGKVH·JKIMGKV 
GTICD UKEJ FKG NQICTKVJOKUEJG FQTO [�C � NP
Z� ä D. DGT MCUVKVKUKPFKMCVQT DNKGD DGK GKPGT NKPG-
CTGP AWUTKEJVWPI. APUEJNKG­GPF UKPF FKGUG FWPMVKQPGP KP FGP GTGP\GP 10 DKU 2000 ZGNNGP � 
1000�ON KPVGITKGTV YQTFGP. IP TCDGNNG 1 UKPF FKG PQTOKGTVGP SGPUKVKXKV·VUOC­G CNU FN·EJGPGKP-
JGKVGP KP FE�1000 FCTIGUVGNNV.

TCD. 1� NQTOKGTVG, \GNN\CJNCDJ·PIKG SGPUKVKXKV·VUOC­G CWUIGY·JNVGT PCTCOGVGT
Standardised sensitivity rates of special parameters depending on to the somatic cell count

Versuchstier
Normiertes Sensitivitätsmaß [FE/1000]

Mastitisindikator Lactose Leitfähigkeit

010 1740 35 48

720 2590 24 32

924 1408 18 37

951 1615 33 67

DCU VGTJ·NVPKU FGT PQTOKGTVGP SGPUKVKXKV·VUOC­G XQP LGKVH·JKIMGKV WPF LCEVQUG DGHKPFGV UKEJ 
KO BGTGKEJ \YKUEJGP 1,3 WPF 2,0. DGT MCUVKVKUKPFKMCVQT YGKUV IGIGPÒDGT FGT LGKVH·JKIMGKV 
VGTJ·NVPKUUG KO BGTGKEJ XQP 24 DKU 81 D\Y. 49 DKU 108 IGIGPÒDGT LCEVQUG CWH.

DGT \WT APCN[UG FGU MCUVKVKUKPFKMCVQTU GPVYKEMGNVG BKQUGPUQT YWTFG DKU \WO LGV\KIGP 
ZGKVRWPMV DGTGKVU UQYGKV QRVKOKGTV, FCUU GGPCWKIMGKVGP XQP v 5 � KP WPXGTFÒPPVGT RQJOKNEJ 
GT\KGNV YGTFGP MQPPVGP.

5 Diskussion

DGT DGK CWHY·PFKIGP HPLC-SETGGPKPIU KFGPVKHK\KGTVG MCUVKVKUKPFKMCVQT KUV IGGKIPGV, GKPG FTÒJ-
GTMGPPWPI XQP EWVGTGTMTCPMWPIGP \W TGCNKUKGTGP. DKGU \GKIGP FKG ÒDGT GKPG LCMVCVKQPURGTKQFG 
JKPYGI IGYQPPGPGP IPHQTOCVKQPGP. SQ NCUUGP FKG MTCPMJGKVUDGFKPIVGP KQP\GPVTCVKQPU·PFG-
TWPIGP FKGUGT SWDUVCP\ GKPG HTÒJ\GKVKIG ETHCUUWPI YGKV WPVGTJCND FGT IGUGV\NKEJGP GTGP\YGTVG 
\W, FC UKG CWEJ UEJQP CWH IGTKPIUVG IPVGITKV·VUUVÌTWPIGP FGT BNWV-EWVGT-SEJTCPMG TGCIKGTV. EKPG 
DGUQPFGTG BGFGWVWPI JCV JKGTDGK FKG ATV WPF WGKUG, YKG FKG PTQDGPCJOG GTHQNIV WPF YKG FKG 
CPHCNNGPFGP DCVGP XGTYGTVGV YGTFGP. FQNIGPFG PWPMVG UKPF JKGTDGK DGUQPFGTU \W DGCEJVGP�
 î PTQDGPCJOG KO VKGTVGNIGOGNM \WT SVGKIGTWPI FGT SGPUKVKXKV·V FGU MGUUXGTHCJTGPU WPF 

\WT VGTINGKEJDCTMGKV FGT MGUUYGTVG.
 î IPVGTPGT VKGTURG\KHKUEJGT EWVGTXKGTVGNCDINGKEJ \WT KQORGPUCVKQP WPVGTUEJKGFNKEJGT 

GTWPFPKXGCWU WPF ·W­GTGT EKPHNWUUHCMVQTGP UQYKG \WT IFGPVKHKMCVKQP GKP\GNPGT GTMTCPM-
VGT EWVGTXKGTVGN.

 î D[PCOKUEJG BGVTCEJVWPIUYGKUG FGT MGUUYGTVG, FC GKP\GNPG MGUUGTIGDPKUUG \WT BGWT-
VGKNWPI FGU GGUWPFJGKVUUVCVWU PKEJV CWUTGKEJGPF UKPF.

DKG LGKVH·JKIMGKV WPF LCEVQUGMQP\GPVTCVKQP UKPF GDGPHCNNU XQP FGT PGTOGCDKNKV·V FGT BNWV-
EWVGT-SEJTCPMG CDJ·PIKI. DKG SGPUKVKXKV·VGP FKGUGT DGKFGP PCTCOGVGT TGKEJGP CNNGTFKPIU PKEJV 
CWU, WO FGP GGUWPFJGKVUUVCVWU GKPGU KWJGWVGTU GKPFGWVKI \W DGUEJTGKDGP.
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DKG TCVUCEJG, FCUU FGT KFGPVKHK\KGTVG MCUVKVKUKPFKMCVQT WPCDJ·PIKI XQP FGT ATV FGT ETMTCP-
MWPI TGCIKGTV, KUV CNU YGKVGTGT RQUKVKXGT EHHGMV \W DGYGTVGP. HKGTFWTEJ KUV GU OÌINKEJ, UQYQJN 
UWDMNKPKUEJG CNU CWEJ CUGRVKUEJG MCUVKVKFGP \W GTHCUUGP.

DKG IGY·JNVG MGUUVGEJPKM ëBKQUGPUQTé KUV KP DG\WI CWH FKG WKTVUEJCHVNKEJMGKV PKEJV PWT HÒT 
CWVQOCVKUEJG MGNMXGTHCJTGP IGGKIPGV. DKG VQTVGKNG GKPGT \WU·V\NKEJGP IPVGITCVKQP KP MQPXGPVK-
QPGNNG MGNMXGTHCJTGP UKPF PKEJV \W WPVGTUEJ·V\GP. DWTEJ GKPG MQPVKPWKGTNKEJG ÜDGTYCEJWPI 
FGU GGUWPFJGKVUUVCVWU GKPGT HGTFG Y·TG GU OÌINKEJ, IGH·JTFGVG TKGTG UQHQTV \W GTMGPPGP. 
DKGU KUV GKPG FKCIPQUVKUEJG 3WCNKV·V, FKG UGNDUV OKV GKPGT UGPUQTKUEJGP BGIWVCEJVWPI FWTEJ FGP 
MGPUEJGP PKEJV GTTGKEJV YGTFGP MCPP. DWTEJ IG\KGNVG XQTDGWIGPFG MC­PCJOGP CP IGH·JT-
FGVGP TKGTGP MÌPPVGP RJ[UKQNQIKUEJG S[ORVQOG WPF FKG FCOKV XGTDWPFGPGP YKTVUEJCHVNKEJGP 
VGTNWUVG GKPGT EWVGTGTMTCPMWPI GTJGDNKEJ TGFW\KGTV YGTFGP. AWU SKEJV FGU VGTDTCWEJGTUEJWV-
\GU YÒTFG FKG CPIGUVTGDVG EPVYKEMNWPI \W GKPGT VGTDGUUGTWPI FGT RQJOKNEJSWCNKV·V FWTEJ 
QDLGMVKXG BGWTVGKNWPIUMTKVGTKGP HÒJTGP.

AWHITWPF FKGUGT ETMGPPVPKUUG YKTF OQOGPVCP GKPG XQNNCWVQOCVKUEJ CTDGKVGPFG PTQDGPCJ-
OGGKPTKEJVWPI MQP\KRKGTV. SKG YKTF FCU BKPFGINKGF \YKUEJGP TKGT WPF SGPUQT FCTUVGNNGP.
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CIP�cleaning s[stems Xersus conXentional cleaning s[stems for milking 
Rarlour and milk storage 
C+P�4einigWngss[steme im 8ergNeicJ mit MonXentioneNNen 4einigWngs�
s[stemen fÒr /eNMstCnd�#nNCgen Wnd /iNcJ�.CgerWng

MADS URUP GJ¦DESEN

TJG DCPKUJ AITKEWNVWTCN AFXKUQT[ SGTXKEG, PCVKQPCN CGPVTG, BWKNFKPI CPF TGEJPKSWG, UFMCGTUXGL 15, 
DK-8200 ACTJWU N

Ke[words� Milk�ciR, cleaning s[stems, cleaning s[stem for milking Rarlour
ScJNÒsseNYÌrter� /iNcJ�C+P� reinigWngss[steme� reinigWngss[steme fÒr /eNMstCnd�#nNCgen

SWmmCr[ 

Cleaning of the milking parlour and storage tank demands considerable resources. The 
purpose of CIP-cleaning system (Cleaning In Place) is to recycle some of the water and 
chemicals and use less electricity. According to the manufacturer, Strangko, it saves up 
to �0 � water and chemicals and 20 � electricity

A practical comparison between Milk-CIP and a conventional cleaning system showed 
large savings in water and chemical consumption on the CIP. Over a period of 10 years 
the yearly savings are between 1�00–2�00 Euro, depending on system size. The tests also 
showed that the users were satisfied with the performance of both types of cleaning systems. 
The cleaning skills for the CIP are at the same level as the conventional cleaning system.

<WsCmmenfCssWng 

Die Reinigung von Melkstand-Anlagen und Lagertanks beansprucht erhebliche Ressourcen. 
Die Intention des CIP-Reinigungssystems (In situ Reinigung) ist es durch Recycling den 
Verbrauch an Wasser und Chemikalien sowie den Energiebedarf zu reduzieren. Laut Her-
stellerangaben =Fa. Strangko? können bis zu �0 � Wasser und Chemikalien und 20 � Strom 
einzuspart werden.

Ein Praxisvergleich zwischen dem Milch-CIP und einem herkömmlichen Reinigungssystem 
bewies die erheblichen Einsparungen an Wasser, Chemikalien und Energie mit CIP. Über 
einen Zeitraum von 10 Jahren ließen sich in Abhängigkeit von der Systemgröße, Einsparun-
gen von 1�00–2�00 EUR pro Jahr erzielen. Die Tests zeigten außerdem die Zufriedenheit der 
Nutzer mit der Betreibsleistung der beiden Reinigungssysteme. Die Reinigungsleistung des 
CIP entspricht dem Niveau des herkömmlichen Reinigungssystems.
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1 Introduction and Dackground

CNGCPKPI QH VJG OKNMKPI RCTNQWT CPF OKNM VCPM FGOCPFU EQPUKFGTCDNG TGUQWTEGU. TJG RWTRQUG 
QH CIP-ENGCPKPI U[UVGO 
CNGCPKPI IP PNCEG� KU VQ TGE[ENG UQOG QH VJG YCVGT CPF EJGOKECNU CPF 
WUG NGUU GNGEVTKEKV[. AEEQTFKPI VQ VJG OCPWHCEVWTGT, SVTCPIMQ, KV UCXGU WR VQ 70 � YCVGT CPF 
EJGOKECNU CPF 20 � GNGEVTKEKV[.   

TJG VYQ V[RGU QH ENGCPKPI U[UVGOU YCU VGUVGF CPF EQORCTGF KP C FCTOTGUV. FCTOTGUV KU C 
UJQTV VGUV, V[RKECN QPG-VYQ OQPVJ, RTGHQTOGF KP RTCEVKUG QP VJG HCTO. TJG GSWKROGPV KU DGKPI 
VGUVGF, CPF VJG FCTOGT KPVGTXKGYGF, VQ UQNXG CFXCPVCIGU CPF FKUCFXCPVCIGU. TJG VGUV TGUWNVU 
CTG RWDNKUJGF KP C TCRRQTV CPF QP YYY.HCTOVGUV.FM.     

TJG VGUV KPENWFGF TGIKUVTCVKQP QH YCVGT-, EJGOKECN- CPF GPGTI[ EQPUWORVKQP QXGT C RGTKQF 
QH QPG OQPVJ. FQWT U[UVGOU YGTG VGUVGF�
 î SOCNN CIP-ENGCPKPI U[UVGO VGUVGF QP 2 Z 10 RCTCNNGN RCTNQWT CPF 5,000 NKVTG OKNM VCPM.
 î CQPXGPVKQPCN ENGCPKPI U[UVGO VGUVGF QP 2 Z 10 RCTCNNGN RCTNQWT CPF 8,000 NKVTG OKNM 

VCPM
 î LCTIG CIP-ENGCPKPI U[UVGO VGUVGF QP 2 Z 16 RCTCNNGN RCTNQWT CPF 10000 NKVTG OKNM VCPM
 î TGUVGF QP 2 Z 14 RCTCNNGN RCTNQWT CPF 6000 NKVTG OKNM VCPM

TJG U[UVGOU OCVEJ VYQ CPF VYQ, UQ VJCV EQORCTKUQP QH VJG EQPUWORVKQP QH YCVGT, EJGOK-
ECNU CPF GNGEVTKEKV[ DGVYGGP VJG CIP CPF VJG EQPXGPVKQPCN ENGCPKPI U[UVGOU YCU RQUUKDNG.  

FKI. 1� SOCNN 125 N. CIP-ENGCPKPI U[UVGO HQT OKNMKPI RCTNQWT CPF OKNM UVQTCIG
Kleines 12� l CIP-Reinigungssystem für Melkanlagen und Milchlagertanks

2 DescriRtion of the Milk�CIP cleaning s[stem

TJG ENGCPKPI QH VJG RCTNQWT CPF OKNM UVQTCIG JCU VQ HQNNQY C HKXG UVGR RTQEGUU CEEQTFKPI VQ 
DCPKUJ NCY. TJKU ECWUGU C NCTIG YCVGT CPF EJGOKECN EQPUWORVKQP. TJG CIP-ENGCPKPI U[UVGO 
TGE[ENGU UQOG QH VJG YCVGT. 
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FKI. 2� TJG VGEJPKECN EQPUVTWEVKQP QH VJG MKNM-CIP KU HCT OQTG EQORNGZ VJCP VJG EQPXGPVKQPCN U[UVGO
Die technische Konstruktion des Milch-CIP ist komplexer als im konventionellen System

ConXentional cleaning s[stem

Washing phases Description Waste

1. Clean water flush Clear water flush. Temperature 40–45 °C. 100 %

2. Cleaning flush Alkaline washing process. Temperature 80–85 °C. 100 %

3. Clear water flush Clear water flush. None heated water. 100 %

4. Disinfection flush Disinfection washing process. None heated water. 100 %

5. Clear water flush Clear water flush. None heated water. 100 %

CIP�cleaning s[stem

Washing steps Description Waste

1. Clean water flush
Clear water flush. Temperature 40–45 °C.
Water from last step 5 is being used.

100 %

2. Cleaning flush
Alkaline washing process. Temperature 80–85 °C. 
90 % recycling from storage tanks.  

10 %

3. Clear water flush Clear water flush. None heated water. 100 %

4. Disinfection flush 
Disinfection washing process.
None heated water. 90 % recycling from storage tanks.

10 %

5. Clear water flush
Clear water flush. 
None heated water. This water is being stored for next step 1.

0 %
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3 Results

TJG VGUV UJQYGF C UKIPKHKECPV CFXCPVCIG VQ VJG CIP ENGCPKPI U[UVGO. IV UCXGF WR VQ 78 � YCVGT 
CPF EJGOKECNU. TJG EQPUWORVKQP QH GNGEVTKEKV[ YCU CV VJG UCOG NGXGN YKVJ C FKHHGTGPEG QH 
v 12ä19 �. 

FKI.3� ENGEVTKEKV[ CPF YCVGT EQPUWORVKQP HQT VJG OKNMKPI RCTNQWT
Strom- und Wasserverbrauch für die Melkanlage

FKI. 4� ENGEVTKEKV[ CPF YCVGT EQPUWORVKQP HQT VJG OKNM VCPM
Strom- und Wasserverbrauch für den Milchtank
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SaXe comRarison Detween CIP and conXentional cleaning s[stem 
 NumDers mean saXings

System
Wash, parlour

Wash, milk tank
(in relation to tank 

size)

Daily use of 
chemicals

Water 
total

Electricity 
total

Water 
total

Electricity 
total

Soap
Disinfec-

tion

CIP 125 litre 5,000 litre + 65 % + 12 % + 48 % – 20 % +75 % + 62 %

Conv. 2 × 10 8,000 litre – 65 % – 12 % – 48 % + 20 % – 75 % – 62 %

CIP 250 litre 10,000 litre + 60 % – 19 % + 78 % + 67 % – *) – *)

Conv. 2 × 14 6,000 litre – 60 % + 19 % – 78 % – 68 % – *) – *)

*) Not possible to compare because consumption on conventional system was impossible 

4 Econom[

ANN ECNEWNCVKQPU CTG DCUGF QP VYQ FCKN[ YCUJGU QH VJG RCTNQWT. TJG [GCTN[ GZRGPUGU KPENWFG 
YCVGT, EJGOKECN CPF GNGEVTKEKV[ EQPUWORVKQP, UVQTCIG CPF URTGCFKPI QH YCUVG YCVGT CPF FGRTG-
EKCVKQP QXGT C RGTKQF QH 10 [GCTU.

Econom[ Dased on FarmTest results

Tank wash: Daily Every  second day

Yearly expenses on 125 litre CIP all incl.: 5150 Euro 4860 Euro

Yearly expenses on conv. system (2×10) all incl.: 7120 Euro 6430 Euro

Yearly expenses on 250 litre CIP all incl.: 5005 Euro 4615 Euro

Yearly expenses on conv. system (2×16) all incl.: 7440 Euro 6360 Euro

Yearly savings with Milk-Cip vs. conventional system:

Small system: 1970 Euro 1570 Euro

Large system: 2435 Euro 1745 Euro

Econom[ Dased on Strangko theoretical calculations

Tank wash: Every second day

Yearly expenses on 125 litre CIP all incl.: 4300 Euro

Yearly expenses on conv. system (2×10) all incl.: 7090 Euro

Yearly expenses on 250 litre CIP all incl.: 6390 Euro

Yearly expenses on conv. system (2×16) all incl.: 12370 Euro

Yearly savings with Milk-Cip vs. conventional system:

Small system: 2790 Euro

Large system: 5980 Euro
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TJG UK\G QH VJG UCXKPIU FGRGPFU QP VJG EQPUWORVKQP. A JKIJGT EQPUWORVKQP TGUWNVU KP JKIJGT 
UCXKPIU. TJG QPN[ FKUCFXCPVCIG QH VJG CIP-U[UVGO KU VJG JKIJGT KPXGUVOGPV RTKEG CPF OQTG 
CFXCPEGF VGEJPKSWG. TJG RTKEG HQT VJG MKNM-CIP KU CRRTQZKOCVGN[ 15ä16000 EWTQ FGRGPFKPI 
QP UK\G.

5 Cleaning skills of Milk�CIP and conXentional s[stems

A EQORCTKUQP QH VJG ENGCPKPI UMKNNU HQT VJG VYQ U[UVGOU FKF PQV UJQY CP[ FKHHGTGPEG. BQVJ 
U[UVGOU YCUJGF YKVJ CEEGRVCDNG TGUWNVU. TJG IGTO EQWPVU YGTG CV VJG UCOG NGXGN. TJG CXGTCIG 
IGTO EQWPVU HQT VJG VYQ CIP U[UVGOU YGTG 3000 CPF 4000. GGTO EQWPVU HQT VJG EQPXGPVKQPCN 
U[UVGOU YGTG 4000 CPF 17000.    

TJG UWTXG[ YCU RGTHQTOGF KP 2003.
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Nutzung aktiXer und RassiXer Selektionstore Deim automatischen 
Melken mit selektiX gelenktem UmtrieD
7sCge of CctiXe Cnd pCssiXe seNection gCtes on CWtomCtic 
miNMing YitJ C seNectiXeN[ gWided coY trCffic

JAN HARMS, GEORG WENDL

IPUVKVWV HÒT LCPFVGEJPKM, BCWYGUGP WPF UOYGNVVGEJPKM FGT BC[GTKUEJGP LCPFGUCPUVCNV HÒT LCPFYKTVUEJCHV, 
D-85354 FTGKUKPI

SchlÒsselwÌrter� Automatisches Melken, UmtrieDsform, Selektionstore
-e[Yords� #WtomCtic miNMing� coY trCffic� seNection gCtes

<WsCmmenfCssWng 

Die vorliegende Untersuchung beschäftigt sich mit der Fragestellung, wie die Tiere beim 
automatischen Melken mit selektiv gelenktem Umtrieb aktive oder passive Tore an verschie-
denen Standorten nutzen. Es konnte gezeigt werden, dass aktiv öffnende Selektionstore von 
den Tieren deutlich besser angenommen werden als passive Ausführungen. Weiterhin wurde 
ermittelt, dass Selektionstore in der Nähe der Melkbox im Vergleich zu einem Standort in der 
Stallmitte insgesamt seltener aufgesucht werden. Zusätzlich konnte beobachtet werden, dass 
die Selektionstore in der Nähe der Melkbox von den Tieren häufiger ohne Durchgang wieder 
verlassen wurden, obwohl sie geöffnet waren.

Insgesamt lässt die Untersuchung den Schluss zu, dass sich sowohl mit passiven als auch 
mit aktiven Selektionstoren ein selektiv gelenkter Tierumtrieb realisieren lässt. Aktiven Toren 
sollte jedoch gegenüber passiven Toren der Vorzug gegeben werden, da sie von den Tieren 
besser angenommen werden und weniger Zeit für das Anlernen der Tiere benötigen. Ein 
Standort der Tore in der Nähe der Melkbox (Wartebereich) sollte aufgrund der schlechteren 
Nutzung vermieden werden.

SWmmCr[

The question of this investigation was how often animals use active or passive gates in auto-
matic milking systems with selectively guided cow traffic. It could be shown, that cows adapt 
much easier to selectively guided cow traffic when active selection gates are used instead of 
passive ones. Selection gates near to the milking box were less frequented than those posi-
tioned mid barn. The gates near to the milking box also were left more often backwards even 
though they were open or unlocked. 

All in all it can be concluded, that a selectively guided cow traffic can be realized with 
passive selection gates as well as with active gates. Active gates should be favoured over 
passive gates, as cows accept them easier and the adaptation time is shorter. Due to the poor 
acceptance, a position near to the milking box should be avoided.
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1 Einleitung und Fragestellung

EKP YGUGPVNKEJGT FCMVQT HÒT FGP ETHQNI FGU CWVQOCVKUEJGP MGNMGPU KUV GKP HWPMVKQPKGTGPFGT 
KWJWOVTKGD. DWTEJ FGP EKPUCV\ FG\GPVTCNGT SGNGMVKQPUVQTG MÌPPGP VQTVGKNG FGU IGNGPMVGP 
WPF FGU HTGKGP UOVTKGDU MQODKPKGTV YGTFGP 
HARMS 2004�. EPVUEJGKFGPF HÒT FGP ETHQNI KUV 
LGFQEJ FKG NWV\WPI FKGUGT SGNGMVKQPUVQTG FWTEJ FKG TKGTG. DKGUGT AURGMV YWTFG DKUJGT PWT 
KP YGPKIGP UPVGTUWEJWPIGP FGVCKNNKGTV DGNGWEJVGV 
\. B. OLOFSSON 2001, WIKTORSSON 2002�. 
IPUDGUQPFGTG UVGNNV UKEJ FKG FTCIG, YQ FKG SGNGMVKQPUVQTG KO SVCNN RNCV\KGTV YGTFGP UQNNGP, WPF 
QD RCUUKXG QFGT CMVKXG TQTG XQP FGP TKGTGP DGUUGT CPIGPQOOGP YGTFGP.

2 Material und Methode

2�1 Untersuchte BetrieDe und UmtrieDsform

DKG UPVGTUWEJWPIGP YWTFGP CWH \YGK VGTUWEJUDGVTKGDGP FWTEJIGHÒJTV 
LHL-GTWD WPF TUM-
HKTUEJCW�. BGVTKGD 1 
XIN. ADD. 1� YCT GKP FTGKTGKJKIGT LKGIGDQZGPNCWHUVCNN OKV GKPGO CWVQOC-
VKUEJGP MGNMU[UVGO ëMGTNKPé FGT FKTOC LGOOGT-FWNNYQQF. DKG TKGT\CJN DGVTWI 49 KÒJG FGT 
RCUUG FNGEMXKGJ. AWH BGVTKGD 2 
XIN. ADD. 2� YWTFG GKP CWVQOCVKUEJGU MGNMU[UVGO ëVMSé FGT 
FKTOC DGLCXCN KP GKPGO XKGTTGKJKIGP LKGIGDQZGPNCWHUVCNN KPUVCNNKGTV. DKG WPVGTUWEJVG HGTFG 
WOHCUUVG JKGT 45 TQVDWPVG TKGTG. AWH DGKFGP BGVTKGDGP YWTFGP LGYGKNU \YGK SGNGMVKQPUVQTG 
KPUVCNNKGTV, ÒDGT YGNEJG FKG TKGTG XQO LKGIGDGTGKEJ CWU FGP FTGUUDGTGKEJ GTTGKEJGP MQPPVGP, 
UQHGTP UKG PQEJ PKEJV OGNMDGTGEJVKIV YCTGP 
UGNGMVKX IGNGPMVGT UOVTKGD�. AWH BGVTKGD 1 YWT-
FGP RCUUKXG TQTG XGTYGPFGV, CWH BGVTKGD 2 CMVKXG TQTG, YQDGK UKEJ LGYGKNU GKP TQT KP FGT N·JG 
FGT MGNMDQZ 
WCTVGDGTGKEJ� WPF GKPGU KP FGT SVCNNOKVVG DGHCPF. DKG VGTUWEJG FCWGTVGP 12 
D\Y. 10 TCIG. DKG TKGTG YWTFGP KPVGPUKX CP FGP TQTGP CPIGNGTPV WPF JCVVGP XQT FGO GKIGPVNK-
EJGP VGTUWEJ 12 D\Y. 13 WQEJGP ZGKV \WT EKPIGYÌJPWPI. EKPG FGVCKNNKGTVG BGUEJTGKDWPI FGT 
WPVGTUWEJVGP BGVTKGDG WPF FGU UGNGMVKX IGNGPMVGP UOVTKGDU KUV DGK HARMS 2004 \W HKPFGP.

ADD. 1� SGNGMVKX IGNGPMVGT UOVTKGD CWH BGVTKGD 1
Selectively guided cow traffic at farm 1
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ADD. 2� SGNGMVKX IGNGPMVGT UOVTKGD CWH BGVTKGD 2
Selectively guided cow traffic at farm 2

2�2 Ermittlung der Nutzung der Selektionstore

AWU FGP CWHIG\GKEJPGVGP DCVGP FGT CWVQOCVKUEJGP MGNMU[UVGOG MQPPVG DGK LGFGT ETMGPPWPI 
GKPGU TKGTGU CP GKPGO SGNGMVKQPUVQT FKG TKGTPWOOGT UQYKG FCU VQTNKGIGP GKPGT DWTEJICPIU-
DGTGEJVKIWPI GTOKVVGNV YGTFGP. DKGUG DCVGP YWTFGP FWTEJ FKG AWUYGTVWPI XQP VKFGQCWH-
\GKEJPWPIGP GTI·P\V. DCTCWU YCT GTUKEJVNKEJ, QD GKP FWTEJICPIUDGTGEJVKIVGU TKGT FCU SGNGM-
VKQPUVQT VCVU·EJNKEJ RCUUKGTV QFGT FKGUGU TÒEMY·TVU YKGFGT XGTNCUUGP JCVVG. 

AWUIGJGPF XQP FKGUGP DCVGP YWTFG DGUVKOOV, YKG J·WHKI FKG GKP\GNPGP TKGTG FKG SGNGM-
VKQPUVQTG KO VGTUWEJU\GKVTCWO XQP 12 D\Y. 10 TCIGP GTHQNITGKEJ PWV\VGP 
F. J. FCU TQT YWTFG 
RCUUKGTV�. WGKVGTJKP YWTFG GTOKVVGNV, YKG J·WHKI KÒJG VTQV\ BGTGEJVKIWPI FCU IGÌHHPGVG TQT 
PKEJV DGPWV\VGP. DKG AWUYGTVWPIGP GTHQNIVGP IGVTGPPV HÒT FKG DGKFGP SVCPFQTVG ëSVCNNOKVVGé 
WPF ëN·JG MGNMDQZé.

3 ErgeDnisse

3�1 Annahme der Selektionstore durch die Tiere

AWU TCDGNNG 1 YKTF GTUKEJVNKEJ, FCUU FKG CMVKXGP SGNGMVKQPUVQTG CWH BGVTKGD 2 OKV 2,56 
ÜDGTI·PIGP RTQ TKGT WPF TCI J·WHKIGT IGPWV\V YWTFGP CNU FKG RCUUKXGP TQTG CWH BGVTKGD 1 

1,42 ÜDGTI·PIG RTQ TKGT WPF TCI�. AWH DGKFGP BGVTKGDGP DGXQT\WIVGP FKG TKGTG FKG SGNGM-
VKQPUVQTG KP FGT SVCNNOKVVG. DKG SGNGMVKQPUVQTG KP FGT N·JG FGT CWVQOCVKUEJGP MGNMU[UVGOG 
YWTFGP CWH BGVTKGD 1 PWT 0,47-OCN RTQ TKGT WPF TCI GTHQNITGKEJ IGPWV\V, CWH BGVTKGD 2 NCI 
FKGUGT WGTV DGK 0,38.
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TCD. 1� SGNGMVKQPUVQTDGUWEJG OKV WPF QJPG DWTEJICPI VTQV\ BGTGEJVKIWPI 
Visits of the selection gates with and without passage, despite of having the permission

Passive Tore / passive gates
Betrieb 1

Aktive Tore / active gates
Betrieb 2

Erkennungen mit Durchgangsberechtigung pro Tier und Tag
Identifications with passage authorisation per cow and day

Mit/ohne Durchgang 
with/without passage

Mit/ohne Durchgang 
with/without passage

[n] [n] [%] [n] [n] [%]

Tor nahe AMS / Gate near AMS 0,47 0,27 36,2 0,38 0,21 35,5

Tor Stallmitte / Gate mid barn 0,94 0,18 15,9 2,18 0,05 2,2

Beide Tore / Both gates 1,42 0,45 24,0 2,56 0,26 9,2

3�2 NichtRassieren der Tore trotz DurchgangsDerechtigung

DKG ETIGDPKUUG \W FGP BGUWEJGP FGT TQTG, DGK FGPGP VTQV\ BGTGEJVKIWPI MGKP DWTEJICPI 
GTHQNIVG, UKPF GDGPHCNNU CWU TCDGNNG 1 GTUKEJVNKEJ. AWH DGKFGP BGVTKGDGP YWTFGP FKG SGNGMVKQPU-
VQTG KP FGT N·JG FGT MGNMDQZ J·WHKIGT VTQV\ BGTGEJVKIWPI PKEJV RCUUKGTV CNU KP FGT SVCNNOKVVG. 
BGUQPFGTGU FGWVNKEJ YCT FKGUGT UPVGTUEJKGF CWH FGO BGVTKGD 2. HKGT YWTFG FCU TQT PGDGP FGT 
MGNMDQZ RTQ TKGT WPF TCI 0,21-OCN YKGFGT XGTNCUUGP, QDYQJN GU IGÌHHPGV YCT. DKGU GPVURTKEJV 
GKPGO APVGKN XQP 35,5 � CNNGT TKGTGTMGPPWPIGP CP FKGUGO TQT. DCIGIGP YWTFG FCU TQT KP 
FGT SVCNNOKVVG RTQ TKGT WPF TCI 2,18-OCN GTHQNITGKEJ IGPWV\V, RTQ TKGT WPF TCI VTCVGP LGFQEJ 
PWT 0,05 F·NNG CWH, DGK FGPGP VTQV\ BGTGEJVKIWPI MGKP DWTEJICPI GTHQNIVG, YCU GKPGO APVGKN 
XQP 2,2 � GPVURTKEJV. IPUIGUCOV YWTFGP FKG TQTG CWH FGO BGVTKGD 2 KP 9,2 � CNNGT F·NNG VTQV\ 
BGTGEJVKIWPI PKEJV RCUUKGTV.

AWH FGO BGVTKGD 1 YWTFG FCU TQT KP FGT N·JG FGT MGNMDQZ RTQ TKGT WPF TCI 0,27-OCN YKG-
FGT XGTNCUUGP, QDYQJN GU IGÌHHPGV YCT, YCU GKPGO APVGKN XQP 36,2 � CNNGT TKGTGTMGPPWPIGP 
CP FKGUGO TQT GPVURTKEJV. DCU TQT KP FGT SVCNNOKVVG YWTFG RTQ TKGT WPF TCI 0,94-OCN GTHQNI-
TGKEJ IGPWV\V, RTQ TKGT WPF TCI VTCVGP JKGT 0,18 F·NNG CWH, DGK FGPGP VTQV\ BGTGEJVKIWPI MGKP 
DWTEJICPI GTHQNIVG. DKGU GPVURTKEJV GKPGO APVGKN XQP 15,9 �. IPUIGUCOV YWTFGP FKG TQTG CWH 
FGO BGVTKGD 1 KP 24,0 � CNNGT F·NNG VTQV\ BGTGEJVKIWPI PKEJV RCUUKGTV.

3�3 IndiXiduelle Nutzung der Selektionstore

DC DGK FGT BGYGTVWPI FGT NWV\WPI FGT SGNGMVKQPUVQTG PKEJV PWT FKG FWTEJUEJPKVVNKEJG NWV-
\WPI RTQ TKGT WPF TCI XQP IPVGTGUUG KUV, YWTFG DGUVKOOV, YGNEJGT APVGKN FGT HGTFG FKG 
SGNGMVKQPUVQTG YKG J·WHKI CWHUWEJVG 
ADD. 3�. DKG AWUYGTVWPI GTICD, FCUU CWH FGO BGVTKGD 
1 30,6 � FGT TKGTG FKG RCUUKXGP SGNGMVKQPUVQTG Y·JTGPF FGU ICP\GP VGTUWEJU PKEJV GTHQNI-
TGKEJ IGPWV\V JCVVGP WPF DGK MGKPGO TKGT OGJT CNU 5,5 ÜDGTI·PIG RTQ TCI \W XGT\GKEJPGP 
YCTGP. NWT DGK GVYCU OGJT CNU 50 � FGT TKGTG YCT KO DWTEJUEJPKVV OGJT CNU GKP GTHQNITGKEJGT 
BGUWEJ RTQ TCI \W XGT\GKEJPGP. DKG CMVKXGP SGNGMVKQPUVQTG CWH FGO BGVTKGD 2 YWTFGP DGUUGT 
CPIGPQOOGP, JKGT PWV\VGP CNNG TKGTG FKG TQTG, YGPP \WO TGKN CWEJ UGJT UGNVGP. KPCRR 85 � 



MANAGEMENT MILCHKªHE

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 16�

FGT TKGTG PWV\VGP FKG TQTG LGFQEJ OKPFGUVGPU 1-OCN RTQ TCI. NWT FTGK TKGTG RCUUKGTVGP FKG 
TQTG FWTEJUEJPKVVNKEJ OGJT CNU 5-OCN RTQ TCI, UKG GTTGKEJVGP FCDGK WGTVG XQP OGJT CNU CEJV 
GTHQNITGKEJGP ÜDGTI·PIGP RTQ TCI. KGKP TKGT PWV\VG FKG SGNGMVKQPUVQTG KO DWTEJUEJPKVV OGJT 
CNU 9-OCN RTQ TCI. 

ADD. 3� APVGKN FGT TKGTG, FKG FKG SGNGMVKQPUVQTG OKV GKPGT DGUVKOOVGP H·WHKIMGKV 
QFGT J·WHKIGT� GTHQNITGKEJ 
PWV\VGP
Percentage of Animals which used the selection gates successfully with a certain frequency (or more 
frequent)

4 Diskussion

THUNE GV CN. 2002 WPVGTUWEJVGP PGDGP FGO HTGKGP WPF GKPHCEJ IGNGPMVGP UOVTKGD CWEJ GKPG 
VCTKCPVG OKV CMVKXGP SGNGMVKQPUVQTGP KP FGT N·JG FGT MGNMDQZ. DKG HGTFGPITÌ­G DGVTWI \YK-
UEJGP 46 WPF 50 TKGTGP. DGT VGTUWEJUCWHDCW YCT FGO FGT GKIGPGP UPVGTUWEJWPI FCOKV UGJT 
·JPNKEJ. DKG VGTUWEJG XQP THUNE GV CN. YWTFGP XQP FORSBERG GV CN. WPF XQP HAVERKAMP GV CN. 
HQTVIGUGV\V 
ETIGDPKUUG KP WIKTORSSON GV CN. 2003�. BG\ÒINKEJ FGT PQUKVKQP FGT SGNGMVKQPUVQTG 
MQOOGP FKG AWVQTGP \W FGO SEJNWUU, FCUU TQTG KP WPOKVVGNDCTGT N·JG FGU EKPICPIU FGT 
MGNMDQZ WPIGGKIPGV UKPF, FC FGT ZWICPI FWTEJ YCTVGPFG TKGTG XGTURGTTV UGKP MCPP. AWEJ KP 
FGT XQTNKGIGPFGP UPVGTUWEJWPI YWTFGP FKG TQTG KP FGT N·JG FGT MGNMDQZ UGNVGPGT IGPWV\V 
CNU FKG TQTG KP FGT SVCNNOKVVG. EU YWTFG CWEJ FGWVNKEJ, FCUU FKG SGNGMVKQPUVQTG KP FGT N·JG 
FGT MGNMDQZ YGUGPVNKEJ J·WHKIGT YKGFGT XGTNCUUGP YWTFGP, QDYQJN UKG IGÌHHPGV YCTGP. DKG 
APPCJOG XQP WIKTORSSON GV CN. 2003, YQPCEJ FKG IGTKPIGTG NWV\WPI FGT SGNGMVKQPUVQTG KP 
FGT N·JG FGT MGNMDQZ FCFWTEJ DGFKPIV KUV, FCUU FKGUG FWTEJ YCTVGPFG TKGTG XGTURGTTV YGTFGP, 
OWUU FCJGT FCJKPIGJGPF GTI·P\V YGTFGP, FCUU UKEJ FKG TKGTG KO WCTVGDGTGKEJ DGYWUUV IGIGP 
GKPG NWV\WPI FGT IGÌHHPGVGP D\Y. GPVTKGIGNVGP TQTG GPVUEJGKFGP. GGPGTGNN \GKIV FKG J·WHKIG 
NWV\WPI FGT TQTG KP FGT SVCNNOKVVG, FCUU FKG TKGTG CWEJ SGNGMVKQPUGKPTKEJVWPIGP CP PQUKVKQPGP 
CPPGJOGP, FKG PKEJV WPOKVVGNDCT CWH FGO WGI \WT MGNMDQZ NKGIGP.

HKPUKEJVNKEJ FGT NWV\WPIUJ·WHKIMGKV FGT TQTG NCIGP FKG WGTVG CWH DGKFGP BGVTKGDGP ÒDGT 
FGO DWTEJUEJPKVV FGT WGTVG, FKG XQP OLOFSSON GV CN. 2001 CWH HÒPH PTCZKUDGVTKGDGP GTOKVVGNV 
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YQTFGP YCTGP. HKGT YWTFGP FKG SGNGMVKQPUVQTG \YGK DKU FTGK MQPCVG PCEJ FGT IPUVCNNCVKQP KO 
DWTEJUEJPKVV XQP YGPKIGT CNU 40 � FGT TKGTG IGPWV\V. DKG ETIGDPKUUG UEJYCPMVGP FCDGK \YK-
UEJGP FGP WPVGTUWEJVGP BGVTKGDGP. ANU GTÒPFG JKGTHÒT YWTFGP KPUDGUQPFGTG FCU ëTTCKPKPIé 
FGT TKGTG, CDGT CWEJ FKG PQUKVKQP FGT TQTG KO SVCNN CPIGHÒJTV.

5 Schlussfolgerungen

DKG UPVGTUWEJWPI N·UUV FGP SEJNWUU \W, FCUU UKEJ UQYQJN OKV RCUUKXGP CNU CWEJ OKV CMVKXGP 
SGNGMVKQPUVQTGP GKP UGNGMVKX IGNGPMVGT TKGTWOVTKGD TGCNKUKGTGP N·UUV. DKG CMVKXGP TQTG YGTFGP 
LGFQEJ XQP FGP TKGTGP DGUUGT CPIGPQOOGP WPF DGPÌVKIGP YGPKIGT ZGKV HÒT FCU APNGTPGP 
FGT TKGTG. 

SGNGMVKQPUGKPTKEJVWPIGP YGTFGP XQP FGP TKGTGP CWEJ CP PQUKVKQPGP IWV CPIGPQOOGP, FKG 
PKEJV WPOKVVGNDCT CWH FGO WGI \WT MGNMDQZ NKGIGP. EKP SVCPFQTV FGT TQTG KP FGT N·JG FGT 
MGNMDQZ 
WCTVGDGTGKEJ� UQNNVG CWHITWPF FGT UEJNGEJVGTGP NWV\WPI XGTOKGFGP YGTFGP.
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ORRortunities for continuous monitoring of milking installations 
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DGRCTVOGPV QH MGEJCPKUCVKQP, LCDQWT, BWKNFKPIU, APKOCN WGNHCTG CPF EPXKTQPOGPVCN PTQVGEVKQP, 
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Ke[words� Milking machine, monitoring s[stem, sensors
ScJNÒsseNYÌrter� /eNMmCscJine� ªDerYCcJWngss[stem� Sensoren

SWmmCr[

Continuous monitoring systems for the functioning of a milking installation might detect mal-
functions in an early stage and prevent serious problems (e. g. bad teat conditions, mastitis, 
blind milking, etc.). Such a monitoring system records and processes relevant parameters 
automatically, presents in a reliable way problems, and signals when particular parameters 
deviate from preset values.

Today, some commercial monitoring systems already include elements of functional 
checks. This paper gives an overview of the possibilities of continuous monitoring of milking 
installations, based on a literature review and market survey of possible sensors. The impor-
tance of some measuring points (vacuum, air consumption, vacuum pump, pulsation, attach-
ment and removal of clusters, liner slips, milk transport, abnormal milk, cleaning, operator 
faults, cow behaviour, milk cooling and electric supply stray current and the possibilities of 
monitoring are evaluated.

<WsCmmenfCssWng 

Kontinuierliche Überwachungssysteme für das Funktionieren der Melkanlage können ein 
Versagen frühzeitig entdecken und das Auftreten ernsthafter Probleme verhindern (z. B. 
schlechter Zitzenzustand, Mastitis, Blindmelken usw.). Solch ein Überwachungssystem 
zeichnet die relevanten Parameter auf und verarbeitet sie automatisch, weist zuverlässig auf 
Probleme hin und warnt wenn bestimmte Parameter von den voreingestellten Grenzwerten 
abweichen. 

Einige kommerzielle Überwachungssysteme verfügen heute schon Elemente für die funk-
tionelle Kontrolle. Dieser Beitrag gibt einen Überblick über die Möglichkeiten kontinuierli-
cher Überwachung von Melkanlagen, basieerend auf Literaturrecherchen und Marktstudien 
bezüglich möglicher Sensoren. Die Bedeutung einiger Überwachungsparameter (Vakuum, 
Luftverbrauch, Vakuumpumpe, Pulsation, Anbringung und Abnahme des Melkzeugs, Abrut-
schen der Zitzengummis, Milchtransport, abweichende Milchwerte, Reinigen, Bedienungs-
fehler, Kuhverhalten, Milchkühlung und Steuströmen in der Stromversorgung) sowie die 
Möglichkeiten der Überwachung wurden untersucht. 
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1 Introduction

TQFC[, EQOOGTEKCN OQPKVQTKPI U[UVGOU ECP CNTGCF[ FGVGEV OCNHWPEVKQPU KP CP GCTN[ UVCIG CPF 
RTGXGPV UGTKQWU RTQDNGOU 
G. I. DCF VGCV EQPFKVKQPU, OCUVKVKU, DNKPF OKNMKPI, GVE.�. TJG CXCKNCDKN-
KV[ QH TGCUQPCDN[ RTKEGF CPF TGNKCDNG UGPUQTU CPF RTQEGUUKPI FGXKEGU OKIJV OCMG EQPVKPWQWU 
OQPKVQTKPI QH OKNMKPI KPUVCNNCVKQPU KP VJG HWVWTG EQUV-GHHGEVKXG.

BCUGF QP C NKVGTCVWTG TGXKGY CPF OCTMGV UWTXG[ QH RQUUKDNG UGPUQTU YG IKXG CP QXGTXKGY QH 
VJG RQUUKDKNKVKGU QH EQPVKPWQWU OQPKVQTKPI QH OKNMKPI KPUVCNNCVKQPU.

2 PossiDilities of Continuous Monitoring

2�1 Monitoring Xacuum leXels at seXeral Roints in the milking installation

IH VJG KPUVCNNCVKQP KU CDNG VQ OCKPVCKP VJG FGUKTGF XCEWWO CV VJG VGCVU, VJG XCEWWO UWRRN[, 
KPENWFKPI XCEWWO RWOR, TGIWNCVQT CPF RKRGNKPGU, HWPEVKQPU QRVKOCNN[. CJGEMKPI VJG XCEWWO 
EQPFKVKQPU CV VJG VGCVU YQWNF JQYGXGT TGSWKTG OCP[ UGPUQTU, YJKEJ CTG FKHHKEWNV VQ DWKNF KP 
CPF CTG PQV CRRTQRTKCVG HQT EQPVKPWQWU OQPKVQTKPI. TJG EWTTGPV MPQYNGFIG QP KPVGTRTGVKPI 
XCEWWO EWTXGU KU OQTGQXGT PQV TGCF[ HQT KV [GV. 

A RQUUKDNG UQNWVKQP YKVJ VJG CXCKNCDNG MPQYNGFIG KU VQ OGCUWTG EQPVKPWQWUN[ VJG XCEWWO 
KP VJG TGEGKXGT, VJG OKNMNKPG CPF VJG CKTNKPG CV VJG XCEWWO RWOR KPNGV CPF CV VJG TGIWNCVQT. TJG 
OGCUWTGOGPVU JCXG VQ EQORN[ YKVJ VJG ISO 5707 TGSWKTGOGPVU. TJKU YKNN IKXG CP CUUGUUOGPV 
QH VJG IGPGTCN U[UVGO XCEWWO NGXGN CPF XCEWWO UVCDKNKV[ HQT VJG JGTF.

TJG NKVGTCVWTG, OGPVKQPU UGXGTCN XCEWWO UGPUQTU OGPVKQPGF, UWKVGF HQT QP-NKPG OGCUWTG-
OGPV. TJGUG UGPUQTU ECP DG ENCUUKHKGF KPVQ VYQ ITQWRU� UGPUQTU YKVJ C UOCNN KPVGTPCN OGCUWTKPI 
EJCODGT CPF UGPUQTU YKVJ C UVCKPNGUU UVGGN FKCRJTCIO, YJKEJ ECP DG HNWUJ OQWPVGF. UPHQTVW-
PCVGN[, YJGP VGUVKPI KP YGV NQECVKQPU, OKNM TGUKFWGU ECP DNQEM VJG EQPPGEVKQPU QH UGPUQTU QH 
VJG HKTUV ITQWR. TJKU CHHGEVU PQV QPN[ VJG OGCUWTGOGPVU 
REINEMANN GV CN. 2001 CPF RASMUSSEN

GV CN. 2003�, DWV KU PQV IQQF HTQO C J[IKGPKE XKGY GKVJGT. A HNWUJ OQWPVGF UGPUQT KU DGVVGT 
HTQO C J[IKGPKE RQKPV QH XKGY, DWV VJG UVCKPNGUU UVGGN FKCRJTCIO ECP DG XGT[ UGPUKVKXG, YJKEJ 
TGSWKTGU C TGIWNCT OCKPVGPCPEG. 

TJGTG CTG DGUKFGU TGUGCTEJ U[UVGOU 
G. I. BRAY GV CN.,1998; SPENCER, 2000�, UQOG EQOOGT-
EKCN U[UVGOU YJKEJ KPENWFG HWPEVKQPCN EJGEMU HQT XCEWWO 
G. I. XCEWWO ICWIG HTQO A�S S.A. 
CJTKUVGPUGP � EQ, éDCKT[DCSê HTQO VKRGT TGEJPQNQI[, éDCKT[TGUV MQPKVQTê HTQO IPPQXAI�. 

2�2 Monitoring the Rulsators

PWNUCVKQP HCKNWTG KU MPQYP VQ ECWUG JCTO VQ VGCVU. A EQORNGVG RWNUCVKQP UVQR YKNN UGTKQWUN[ 
CHHGEV VJG OKNMKPI CPF VJG VTGCVOGPV QH VJG VGCVU. A EQPVKPWQWU OQPKVQTKPI U[UVGO UJQWNF 
EJGEM KH VJG RWNUCVQTU CTG QRGTCVKPI. AP GZCORNG QH UWEJ C EQPVTQN ECP DG HQWPF KP VJG DGLCXCN 
EP70 PWNUCVQTU. 

TJG EJCTCEVGTKUVKEU QH RWNUCVQTU ECP EJCPIG YKVJ VKOG CPF HCWNVU KP RKRGU CPF VWDGU ECP 
NGCF VQ C EJCPIG KP VJG RWNUCVKQP EJCODGT XCEWWO TGEQTF. A OQPKVQTKPI U[UVGO HQT RWNUCVKQP 
EJCODGT XCEWWO ECP FGVGEV HCWNVU KP VJG RWNUCVKQP U[UVGO DGHQTG WFFGT JGCNVJ KU CHHGEVGF. 
BGUKFGU TGUGCTEJ U[UVGOU 
G. I. BRAY GV CN.,1998; SPENCER, 2000�, VJGTG CTG UQOG EQOOGTEKCN 
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U[UVGOU YJKEJ ECP OQPKVQT RWNUCVQTU 
G. I. éPWNUG-O-RCVGTê HTQO BQW-MCVKE, éDCKT[DCSê HTQO 
VKRGT TGEJPQNQI[�. 

2�3 Monitoring the amount of liner sliRs

DWTKPI C NKPGT UNKR, CKT KU CFOKVVGF VQ VJG ENWUVGTU TGUWNVKPI KP CP WPUVCDNG XCEWWO. MEIN 
1992� 
UWIIGUVU VJCV C RTQDNGO GZKUVU KH OQTG VJCP 5ä10 UNKRU QT HCNNU RGT 100 EQYU OKNMGF TGSWKTG 
EQTTGEVKQP D[ VJG OKNMGT
U�. SPENCER 
1990� FGUETKDGU CP KP-NKPG NKPGT UNKR EQWPVGT. TJG EQWPVKPI 
QH VJGUG NKPGT UNKRU KU JQYGXGT PQV [GV UWKVCDNG HQT QP-NKPG OQPKVQTKPI, CU VJKU TGSWKTGU EQP-
VKPWQWU OGCUWTGOGPV CPF CPCN[UGU QH XCEWWO KP VJG OQWVJRKGEG EJCODGT. TJKU KU JQYGXGT 
VGEJPKECNN[ PQV GCU[. 

2�4 Monitoring the Xacuum RumR

TJG XCEWWO RWOR KU VJG OCKP YQTMKPI HQTEG QH C OKNMKPI KPUVCNNCVKQP. A RTQRGTN[ HWPEVKQPKPI 
XCEWWO RWOR KU GUUGPVKCN HQT IQQF OKNMKPI YKVJ C OKNMKPI KPUVCNNCVKQP. 

TJG OQUV HTGSWGPV TGCUQP HQT UWFFGP XCEWWO RWOR DTGCMFQYP YKVJ QKN-UGCNGF XCEWWO 
RWORU KU NCEM QH NWDTKECVKQP. AP CNCTO HQT NQY QKN NGXGN EQWNF RTGXGPV OCP[ QH VJGUG KPEK-
FGPVU. 

A YCVGT TKPI XCEWWO RWOR TGSWKTGU C EGTVCKP COQWPV QH UGCN NKSWKF VQ QRGTCVG CV VJG FGUKIP 
RTGUUWTG. IPUWHHKEKGPV NKSWKF OC[ TGUWNV KP KPUWHHKEKGPV XCEWWO, TGFWEGF ECRCEKV[ QT RQUUKDNG 
ECXKVCVKQPU KP VJG RWOR. TQ CNGTV VJG WUGT KH UGCN NKSWKF HNQY KU NQY, C HNQY UYKVEJ ECP DG 
KPUVCNNGF. SKIJV HNQY KPFKECVQTU ECP DG WUGF HQT XKUWCN CUUWTCPEG QH HNQY.

A VGORGTCVWTG UGPUQT KP VJG RWOR DQF[ ECP VGNN OQTG CDQWV RQUUKDNG RTQDNGOU KP VJG 
RWOR, KPENWFKPI KPETGCUGF GZJCWUV RTGUUWTG. FQT YCVGT TKPI RWORU, VJG VGORGTCVWTG QH VJG 
UGCN HNWKF FKTGEVN[ CHHGEVU VJG XCEWWO CV YJKEJ VJG RWOR ECP QRGTCVG. SGXGTCN XCEWWO RWORU 
PQYCFC[U JCXG C VGORGTCVWTG UGEWTKV[ FGXKEG, YJKEJ ECP OCMG VJG XCEWWO RWOR VWTP UNQYGT 
QT ECP UYKVEJ VJG XCEWWO RWOR QHH.

2�5 Monitoring the air consumRtion

TJG COQWPV QH CKT CFOKVVGF D[ VJG TGIWNCVQT FWTKPI PQTOCN OKNMKPI KPFKECVGU VJG CDKNKV[ QH VJG 
U[UVGO VQ EQRG YKVJ KTTGIWNCTKVKGU QH CKT CFOKUUKQP CPF CU UWEJ VJG RQUUKDKNKV[ VQ JQNF QP VJG 
YQTMKPI XCEWWO NGXGN. APQVJGT OQPKVQTKPI RQKPV KU VQ FKUEQXGT CPF VQ NQECVG CKT NGCMCIGU, 
CNNQYKPI C SWKEM TGRCKT QH C OCNHWPEVKQPKPI OKNMKPI KPUVCNNCVKQP.

AP CKTHNQY UGPUQT OC[ PQV FKUVWTD VJG HNQY VJTQWIJ VJG RKRGNKPGU VQQ OWEJ CU KV ECP ETGCVG 
C VQQ JKIJ C XCEWWO FTQR. ENGEVTQOCIPGVKE HNQY UGPUQTU CPF EQTKQNKU OCUU HNQY UGPUQTU CTG 
PQV UWKVGF HQT OGCUWTKPI ICU HNQY TCVGU. TJG YQTMKPI RTKPEKRNG QH XQTVGZ CPF UYKTN HNQYOGVGTU 
KU DCUGF QP ETGCVKPI RTGUUWTG XCTKCVKQPU KP VJG HNWKF CPF ECP VJGTGHQTG PQV HWNHKN VJG ISO 5707 
TGSWKTGOGPVU. A TQVCOGVGT EQUVU OWEJ CPF ETGCVGU C XCEWWO FTQR QH CDQWV 2 MPC, FGRGPFKPI 
QP HNQY XGNQEKV[. MQTGQXGT, DGECWUG QH VJG RWNUCVKQPU CPF HNWEVWCVKQPU HTQO KTTGIWNCTKVKGU, 
OGCUWTGOGPVU CTG KPCEEWTCVG, CPF ECPPQV HWNHKN VJG TGSWKTGOGPVU OGPVKQPGF KP ISO 6690.
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APQVJGT UQNWVKQP YQWNF DG VQ VT[ VQ FGVGEV CKT NGCMU D[ OGCUWTKPI VJG XCEWWO XCTKCVKQPU. 
TJKU YQWNF DG C IQQF KPFKECVQT HQT OQPKVQTKPI VJG TGIWNCTKV[ QH CKT EQPUWORVKQP.

2�6  Monitoring milk transRort, the milker and the cow with milk meters

TJG EQODKPGF U[UVGO QH KPFKXKFWCN EQY KFGPVKHKECVKQP, OKNM OGVGT CPF VKOKPI CNNQYU OQPKVQT-
KPI QH VJG OKNMKPI F[PCOKEU, CU YGNN CU RCTNQWT RGTHQTOCPEG 
MALTZ GV CN., 2004�. TJKU KU RQU-
UKDNG CU OKNM HNQY EWTXGU RGT EQY CTG VQ C JKIJ FGITGG TGRGCVCDNG. WJGP CPCN[UKPI OKNM HNQY 
EWTXGU, QPG UJQWNF EQPUKFGT VJCV VJG OKNM HNQY EWTXGU EJCPIG YKVJ CP KPETGCUKPI NCEVCVKQP 
RGTKQF CPF VJCV VJG UCOG GTTQTU KP JCPFNKPI CPF KP OKNMKPI GSWKROGPV COQPI VJG KPFKXKFWCN 
EQYU OC[ JCXG FKHHGTGPV GHHGEVU 
STEIDLE GV CN., 2000�. 

TJG WUG QH OKNM OGVGTU, EQODKPGF YKVJ KPFKXKFWCN EQY KFGPVKHKECVKQP CPF VKOKPI CTG PWOGT-
QWU. TJG FCVC ECRVWTGF, XCT[ JQYGXGT YKFGN[ DGVYGGP FKHHGTGPV OCPWHCEVWTGTU 
EICKER CPF 
STEWART, 1998�. SQOG OKNM OGVGTU QPN[ OGCUWTG VJG VQVCN COQWPV QH OKNM RGT EQY, YJKNG 
VJG OQUV UQRJKUVKECVGF OKNM OGVGTU NKMG VJG LCEVQEQTFGT RTQXKFG C YKFG TCPIG QH OKNM HNQY 
RCTCOGVGTU. 

EICKER GV CN. 
2000� OGPVKQP VJCV RTGEKUG WPKV CVVCEJOGPV VKOG JGNRU VQ FKCIPQUG VJG OKNMGT 
RGTHQTOCPEG. CGTVCKP OCPWHCEVWTGTU RTQXKFG VJG PWODGT QH TG-CVVCEJGU, VJG OKNM [KGNF CPF 
FWTCVKQP DGHQTG CPF CHVGT VJG TG-CVVCEJ CPF VJG VKOG VJG WPKV YCU WPCVVCEJGF. TJG NCUV VYQ 
ECP KFGPVKH[ KH VJGTG YGTG NGVFQYP RTQDNGOU, QT WPPGEGUUCT[ TG-CVVCEJGU. TJG VKOG VJG WPKV 
YCU WPCVVCEJGF KPFKECVGU JQY HCUV WPKVU CTG TG-CVVCEJGF CHVGT MKEM-QHHU. AP CEEWTCVG OKNMKPI 
FWTCVKQP JGNRU VQ FKCIPQUG C HCWNV[ VCMG-QHH HWPEVKQP. SQOG U[UVGOU ECP TGEQTF VJG COQWPV QH 
EQYU RWV QP OCPWCN QXGTTKFG. 

A OKNM OGVGT CU VJG LCEVQEQTFGT 
STEIDLE GV CN., 2000� ECP TGIKUVGT HWTVJGT WUGHWN RCTCOGVGTU. 
A TCTG DKOQFCNKV[ KP OKNM HNQY EWTXGU KU CP GZRTGUUKQP QH OKNMKPI TGCFKPGUU YJGTGCU HTGSWGPV 
QEEWTTGPEG QH DKOQFCNKV[ UKIPCNU UVKOWNCVKQP FGHKEKVU. IP CFFKVKQP, VJG VKOG QH VJG KPENKPG, VJG 
VKOG QH VJG RNCVGCW CPF VJG VKOG QH VJG FGENKPG QH VJG OKNM HNQY EWTXG CTG FGVGTOKPGF. A UJQTV 
RNCVGCW YKVJ TGFWEGF HNQY UKIPCNU FGHGEVU KP XCEWWO CPF�QT OKNM FGNKXGT[. A NQPI FGENKPG KU 
RTKOCTKN[ ECWUGF D[ OKNMKPI QWV CPF VJGP QXGTOKNMKPI KPFKXKFWCN SWCTVGTU. TJG OKNMKPI IGCT 
RQUKVKQP KPHNWGPEGU VJG TCVKQ DGVYGGP RNCVGCW CPF FGENKPG. TJG LCEVQEQTFGT CNUQ FGVGTOKPGU 
VJG VKOG QH QXGTOKNMKPI D[ VJG OCEJKPG. FWTVJGTOQTG, KV TGIKUVGTU CDTWRV CKT NGCMCIGU. AKT NGCM-
CIG CV VJG DGIKPPKPI QH VJG RNCVGCW KORNKGU UOCNN, UJQTV VGCVU CPF�QT VQQ PCTTQY VGCV TWDDGT. AKT 
NGCMCIG YJGP KPFKXKFWCN SWCTVGTU TWP FT[ CTG CUUQEKCVGF YKVJ éENKODKPIê. FTGSWGPV QEEWTTGPEG 
QH CKT NGCMCIG KORNKGU FGHGEVU QH VJG TWDDGT VGCV PQUG CPF KU QHVGP CEEQORCPKGF D[ NGXGTCIG.

2��  Monitoring aDnormal milk

AV RTGUGPV, VJGTG CTG PQ UVCPFCTFU FGHKPKPI CDPQTOCN OKNM QT FGUETKDKPI JQY VQ FGVGEV CDPQT-
OCN OKNM.

AV LELYSTAD 
2004�, RASMUSSEN RTGUGPVGF RTQRQUCNU HQT UVCPFCTFU VQ FGHKPG CDPQTOCN OKNM 
CPF FGVGEVKQP OGVJQFU HQT UGRCTCVKPI CDPQTOCN OKNM CWVQOCVKECNN[. TJGTG KU C NQV QH TGUGCTEJ 
QP VJKU VQRKE, CPF UGXGTCN QP-NKPG UGPUQTU CTG DGKPI FGXGNQRGF, DWV CU HCT CU MPQYP, PQPG QH 
VJGO CTG EQOOGTEKCNN[ CXCKNCDNG [GV KP C UWKVCDNG XGTUKQP HQT RTCEVKEG.
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2�� Monitoring the cleaning of the milking installation

TJG ENGCPKPI RTQEGFWTG EQORTKUGU OCP[ GNGOGPVU YJKEJ ECP HCKN CPF ECWUG EQPVCOKPCVKQP QH 
VJG OKNM 
KPVGTTWRVKQP KP JGCVKPI, YCVGT UWRRN[ QT FGVGTIGPV UWRRN[�. A OQPKVQTKPI U[UVGO ECP 
DG OQTG QT NGUU EQORTGJGPUKXG. AWVQOCVKE ENGCPKPI U[UVGOU YKVJ KPJGTGPV CNCTO HWPEVKQP HQT 
UQOG ETKVKECN HWPEVKQPU GZKUV.

2�� Monitoring the cooling of the milk

MKNM EQQNKPI KU GUUGPVKCN VQ RTGXGPV EQPVCOKPCVKQP QH VJG OKNM. A OQPKVQTKPI U[UVGO EQWNF DG 
OQTG QT NGUU EQORTGJGPUKXG CU OQPKVQTKPI U[UVGOU HQT C OKNM DWNM VCPM YKVJ KPJGTGPV CNCTO 
HWPEVKQP HQT UQOG ETKVKECN HWPEVKQPU GZKUV CPF CTG OQTGQXGT KP UQOG EQWPVTKGU 
G. I. BGNIKWO� 
QDNKICVQT[.

2�1� Monitoring the electric suRRl[ stra[ current

LGCMCIG EWTTGPVU ECP FKUVWTD VJG OKNMKPI RTQEGUU. CQYU CTG OQTG UWUEGRVKDNG VQ UVTC[ XQNVCIGU 
EQORCTGF VQ JWOCPU FWG VQ VJG EQYUç TGNCVKXGN[ NQYGT DQF[ TGUKUVCPEG 
USDA, 1991�. WJGP 
OGCUWTKPI VJG RQVGPVKCN FKHHGTGPEG DGVYGGP EQORQPGPVU QH VJG OKNMKPI UVCPF, VJG TGUKUVCPEG 
QH VJG DQF[ QH VJG EQY CPF VJG VTCPUKVKQP TGUKUVCPEGU DGVYGGP VJG EQY CPF VJG OGCUWTGOGPV 
RQKPVU OWUV DG MPQYP, VQ ECNEWNCVG VJG EWTTGPV VJTQWIJ VJG CPKOCN. TJG GNGEVTKE TGUKUVCPEG QH 
VJG DQF[ KU TGNCVKXGN[ ENGCT VQ FGHKPG, DWV VJG VTCPUKVKQP TGUKUVCPEGU FGRGPF G. I. QP JWOKFKV[. 
TJG UQWTEGU QH TGNCVKXGN[ UOCNN GNGEVTKECN EWTTGPVU RCUUKPI VJTQWIJ CPKOCNU CTG OQTGQXGT QHVGP 
XGT[ FKHHKEWNV VQ NQECVG. TJGTGHQTG, OQPKVQTKPI QH VJG GNGEVTKE UWRRN[ UVTC[ EWTTGPV KU PQV C VCUM 
QH C EQPVKPWQWU OQPKVQTKPI U[UVGO QH VJG OKNMKPI KPUVCNNCVKQP, DWV QH URGEKCNKUVU.

3 Conclusion

A EQPVKPWQWU OQPKVQTKPI U[UVGO EQWNF VQFC[ EQPVCKP OQPKVQTKPI QH XCEWWO NGXGNU CV UGXGTCN 
RQKPVU KP VJG OKNMKPI KPUVCNNCVKQP, QH RWNUCVQTU, QH VJG RTQRGT YQTMKPI QH XCEWWO RWORU, C 
DCUKE OQPKVQTKPI QH VJG OKNM VTCPURQTV, VJG OKNMGT CPF VJG EQY YKVJ OKNM OGVGTU CPF OQPKVQT-
KPI QH VJG ENGCPKPI QH VJG KPUVCNNCVKQP CU YGNN CU VJG EQQNKPI QH OKNM.  RGUGCTEJ RTQOKUGU VQ 
CFF HWTVJGT OQPKVQTKPI RQUUKDKNKVKGU YKVJ XCEWWO OGVGTU, YKVJ OKNM OGVGTU CPF OQPKVQTKPI QH 
CDPQTOCN OKNM KP VJG PGCT HWVWTG. MQPKVQTKPI QH CKT EQPUWORVKQP QT GNGEVTKE UWRRN[ UVTC[ XQNV-
CIG KU PQV TGCF[ HQT EQPVKPWQWU OQPKVQTKPI.
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Konzentration der Ionen Natrium und Kalium in Rohmilch als 
Kennzeichen der Eutergesundheit
ConcentrCtion of sodiWm Cnd potCssiWm in rCY miNM Cs indicCtor for 
Wdder JeCNtJ

INES KREHL, REINER BRUNSCH

IPUVKVWV HÒT AITCTVGEJPKM BQTPKO G. V., D-14469 PQVUFCO 

SchlÒsselwÌrter� Eutergesundheit, Natrium, Kalium, Milchionen
-e[Yords� 7dder JeCNtJ� sodiWm� potCssiWm� miNM ions

<WsCmmenfCssWng 

Das zukünftige Ziel ist es einen Sensor zu entwickeln, der während des Milchflusses eine 
euterviertelgetrennte Beurteilung der Eutergesundheit vornimmt. Im Vordergrund stehen hier-
bei die Milchionen Natrium und Kalium, die zu �0 � die elektrische Leitfähigkeit bestimmen 
=1, 2?. Für diesen Sensor wird als Grundauslegung Datenmaterial benötigt. Eine Literatur-
studie sollte das benötigte Datenmaterial ergeben. Das Ergebnis der Recherche ergab, dass 
unterschiedliche Ansatzpunkte (Laktationsabschnitte, Gemelke) untersucht wurden und das 
Datenmaterial weder ausreichend noch aktuell war. Aus diesem Grund wurde eine eigene 
Messreihe durchgeführt. Über eine Laktationsperiode wurden von � Kühen der Rasse Deut-
sche Holstein Vorgemelkproben gezogen, die auf die Ionen Natrium, Kalium im Vergleich 
zur elektrischen Leitfähigkeit untersucht wurden. Die Ergebnisse der Untersuchungen zeig-
ten, dass der Parameter Natrium sensibler auf Einflüsse reagierte als der Parameter Kalium. 
Beide Ionen zeigten einen laktationstypischen Verlauf, indem während der Laktation Natrium 
stieg und Kalium sank. Die laktationsbedingte Veränderung betrug für Natrium 3� � und für 
Kalium 1� �. Unter Berücksichtigung der prozentualen Veränderung des laktationstypischen 
Verlaufs von Natrium und Kalium kann der Parameter elektrische Leitfähigkeit genauer erklärt 
und zur Folge besser als Eutergesundheitsparameter genutzt werden.

SWmmCr[ 

The project aims to develop a measure sensor with separately determine udder health in each 
quarter of the udder during the milking process. Main parameters influencing the electrical 
conductivity as a key measurement are sodium and potassium =1, 2?. Basic data has to be 
evaluated for the sensor lay out. The results of a literature study aiming for such data showed 
rather different starting points (lactation stage, milk fractions) together with incomplete data 
logs. Udder quarter separate data over � cows of a German Holstein herd and the measured 
conductivity was compared to ion concentration of sodium and potassium. Results regarding 
different influences showed a more sensitive reaction for sodium in comparison to potassium. 
Both ions had typical trends during lactation. Sodium rising and potassium dropping con-
centrations over the lactation period. The lactation caused change was found to be 3� � for 
sodium and 1� � for potassium. Taking these concentration changes into account electrical 
conductivity can be easier accessed as a parameter for udder health. 
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1 Einleitung

DKG EWVGTIGUWPFJGKV KUV GKP YGUGPVNKEJGT WKTVUEJCHVUHCMVQT. EWVGTGTMTCPMWPIGP UQNNVGP OÌI-
NKEJUV HTÒJ GTMCPPV YGTFGP, WO UEJPGNN OKV GGIGPOC­PCJOGP TGCIKGTGP \W MÌPPGP. DGT 
WWPUEJ GKPGU LGFGP OKNEJXKGJRTQFW\KGTGPFGP BGVTKGDGU KUV GU, CWVQOCVKUEJ Y·JTGPF FGT 
MGNMRJCUG GKPG GWVGTXKGTVGNIGVTGPPVG GGUWPFJGKVUMQPVTQNNG XQTPGJOGP \W MÌPPGP. DGT 
EKPUCV\ XQP SGPUQTGP KO MGNM\GWI DKGVGV FCHÒT APUCV\RWPMVG. EU YWTFG GKPG LKVGTCVWTUVW-
FKG FWTEJIGHÒJTV, FKG FCU ZKGN JCVVG DCVGPU·V\G XQP NCVTKWO WPF KCNKWO \W UCOOGNP. DCU 
ETIGDPKU \GKIVG, FCUU FKG UPVGTUWEJWPIGP WPVGTUEJKGFNKEJG APUCV\RWPMVG CWHYKGUGP WPF FCU 
DCVGPOCVGTKCN YGFGT CWUTGKEJGPF PQEJ CMVWGNN YCT. IP FGP TGEJGTEJKGTVGP UPVGTUWEJWPIGP 
YWTFGP WPVGTUEJKGFNKEJG LCMVCVKQPUCDUEJPKVVG 
BTWPUV, KCNDWPI, TTQEMGPUVGJGTRJCUG� UQYKG 
CWEJ WPVGTUEJKGFNKEJG GGOGNMG 
VQTIGOGNM, APHCPIUIGOGNM, SCOOGNOKNEJ� GKPDG\QIGP. IO 
BGUQPFGTGP DGUEJ·HVKIVGP UKEJ XGTUEJKGFGPG AWVQTGP OKV FGO NCVTKWO- WPF KCNKWOIGJCNV DGK 
KÒJGP OKV IGUWPFGP WPF MTCPMGP EWVGTP. DKG ETIGDPKUYGTVG HÒT IGUWPF WPF MTCPM \GKIGP 
ITQ­G SEJYCPMWPIUDTGKVGP CWH, FKG GKPG EKPITGP\WPI FGT WGTVG \WT BGWTVGKNWPI FGT EWVGTIG-
UWPFJGKV PWT UEJYGT \WNCUUGP. AWU FKGUGO GTWPF YWTFG GKPG GKIGPG MGUUTGKJG FWTEJIGHÒJTV. 
DKG MGUUWPIGP UVGNNGP GKPGP BGKVTCI \WT GTWPFNCIGPHQTUEJWPI DG\ÒINKEJ FGO VGTJCNVGP XQP 
NCVTKWO WPF KCNKWO KP FGT MKNEJ FCT WPF FKGPGP INGKEJ\GKVKI FGT BGCPVYQTVWPI CMVWGNNGT 
FTCIGUVGNNWPIGP. 

1�1 Fragestellungen

 î IP YGNEJGO WGTVGDGTGKEJ DGYGIGP UKEJ NCVTKWO WPF KCNKWO KO VQTIGOGNM KO VGTNCWH 
GKPGT LCMVCVKQP!

 î WGNEJGT SEJYGNNGPYGTV MCPP HÒT NCVTKWO WPF KCNKWO CPIGPQOOGP YGTFGP, FGT GKPG 
EWVGTXGT·PFGTWPI UKIPCNKUKGTV!

2 Material und Methode

DKG UPVGTUWEJWPIGP YWTFGP CP 8 KÒJGP FGT RCUUG DGWVUEJG HQNUVGKP FWTEJIGHÒJTV. DGT 
UPVGTUWEJWPIU\GKVTCWO GTUVTGEMVG UKEJ ÒDGT GKPG LCMVCVKQPURGTKQFG 
FGDTWCT DKU DG\GODGT 
2003�. ZYGKOCN V·INKEJ YWTFGP XQP FGP KÒJGP LG EWVGTXKGTVGN IGVTGPPVG VQTOGNMRTQDGP 

GTUVG MKNEJUVTCJNGP� IGPQOOGP. UO GKPG GNGKEJDGJCPFNWPI FGT VQTOGNMRTQDGP \W IGY·JT-
NGKUVGP, YWTFGP FKG MKNEJRTQDGP WPOKVVGNDCT PCEJ FGT PTQDGPCJOG GKPIGHTQTGP. VQP FGP 
VQTOGNMRTQDGP YWTFG NCVTKWO, KCNKWO WPF FKG GNGMVTKUEJG LGKVH·JKIMGKV DGUVKOOV. FÒT FGP 
PCTCOGVGT LGKVH·JKIMGKV YCT MGKPG VGTFÒPPWPI FGT MKNEJRTQDG PQVYGPFKI. HKPIGIGP HÒT 
FKG IQPGP NCVTKWO WPF KCNKWO OWUUVG GKPG VGTFÒPPWPI XQTIGPQOOGP YGTFGP. DCU VGT-
FÒPPWPIUXGTJ·NVPKU GTIKDV UKEJ CWU FGO IDF-SVCPFCTF =3?. DKG BGUVKOOWPI FGT LGKVH·JKIMGKV 
GTHQNIVG OKV FGO VGORGTCVWTMQORGPUKGTVGP KQPFWMVQOGVGT FGT FKTOC WTW. DKG APCN[UG FGT 
IQPGP NCVTKWO WPF KCNKWO GTHQNIVG OKV HKNHG GKPGU AVQOCDUQTRVKQPUURGMVTQOGVGT 
AAS XCTKQ 
6� FGT FKTOC JGPC APCN[VKM. 
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3 ErgeDnisse

MKV \WPGJOGPFGT LCMVCVKQP UVGKIV FGT NCVTKWOIGJCNV, Y·JTGPF FGT KCNKWOIGJCNV \GKVINGKEJ 
UKPMV. HKGTDGK MQPPVG HÒT FCU KCNKWO GKP MQPVKPWKGTNKEJGT, INGKEJ JQJGT ADY·TVUVTGPF XGT-
\GKEJPGV YGTFGP. IO VGTNCWH FGT LCMVCVKQP UKPMV DGK CNNGP KÒJGP FGT KCNKWOIGJCNV XQP 
CPH·PINKEJ 1563 OI�N CWH 1282 OI�N OKV GKPGO MKVVGNYGTV XQP 1595 OI�N. DGT WGTVGCDHCNN 
XQP KCNKWO DGVT·IV KO VGTNCWH FGT LCMVCVKQP FWTEJUEJPKVVNKEJ 18 �. DGT NCVTKWOIGJCNV PKOOV 
OKV AWUPCJOG FGT JGK­GP SQOOGTOQPCVG 
JWPK�JWNK 2003� OKV FGT LCMVCVKQP \W. IO VGTNCWH 
FGT LCMVCVKQP UVGKIV FGT NCVTKWOIGJCNV FWTEJUEJPKVVNKEJ XQP 558 OI�N CWH 765 OI�N CP. DGT 
WGTVGCPUVKGI XQP NCVTKWO DGVT·IV 37 �. BGK FGT BGVTCEJVWPI GKP\GNPGT EWVGTXKGTVGN KO VGT-
NCWH FGT LCMVCVKQP GTIGDGP UKEJ ÒDGT CNNG TKGTG MKVVGNYGTVG, FKG KP TCDGNNG 1 GTUKEJVNKEJ UKPF. 
DKG XQTFGTGP EWVGTXKGTVGN NKGIGP KO NCVTKWOIGJCNV FWTEJUEJPKVVNKEJ WO 120 OI�N JÌJGT CNU 
FKG JKPVGTGP EWVGTXKGTVGN. BGKO KCNKWO WPF FGT LGKVH·JKIMGKV UKPF FKG UPVGTUEJKGFG \YKUEJGP 
VQTFGT- WPF HKPVGTXKGTVGN IGTKPI. DGT VGTNCWH FGT LGKVH·JKIMGKV IGUVCNVGVG UKEJ WPVGTUEJKGFNKEJ. 
EKP NCMVCVKQPUV[RKUEJGT VGTNCWH MQPPVG PKEJV HGUVIGUVGNNV YGTFGP. IO VGTINGKEJ \W FGP LKVG-
TCVWTCPICDGP YWTFGP KP FGP GKIGPGP UPVGTUWEJWPIUGTIGDPKUUGP JÌJGTG NCVTKWOYGTVG KO 
VQTIGOGNM GTOKVVGNV. 

TCD. 1� MKVVGNYGTVG XQP NCVTKWO, KCNKWO WPF LGKVH·JKIMGKV CNNGT EWVGTXKGTVGN Y·JTGPF FGT LCMVCVKQP

Euterviertel Natrium (mg/l) Kalium (mg/l)
Leitfähigkeit (25 °C)

(mS/cm)

vorn links (vl) 888 1425 6,01

hinten links (hl) 793 1458 5,81

hinten rechts (hr) 656 1533 5,54

vorn rechts (vr) 805 1494 5,82

TCD. 2� MKVVGNYGTVG XQP NCVTKWO, KCNKWO WPF LGKVH·JKIMGKV CNNGT EWVGTXKGTVGN HÒT KWJ 20 Y·JTGPF FGT 
LCMVCVKQP

Euterviertel Natrium (mg/l) Kalium (mg/l)
Leitfähigkeit (25 °C)

(mS/cm)

vorn links (vl) 958 1361 5,8

hinten links (hl) 1439 1062 6,9

hinten rechts (hr) 864 1387 5,7

vorn rechts (vr) 797 1457 5,6
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ADD. 1� DWTEJUEJPKVVNKEJGT NCVTKWOIGJCNV FGT 4 EWVGTXKGTVGN HÒT KWJ 20 KO VGTNCWH  FGT LCMVCVKQP

ADD. 2� DWTEJUEJPKVVNKEJGT KCNKWOIGJCNV FGT 4 EWVGTXKGTVGN HÒT KWJ 20 KO VGTNCWH FGT LCMVCVKQP
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DWTEJ FGP VQTICPI FGT MKVVGNYGTVDKNFWPI CNNGT EWVGTXKGTVGN FGT KÒJG YGTFGP VGT·PFGTWP-
IGP KO EWVGT ÒDGTFGEMV WPF DNGKDGP WPGTMCPPV. DGT MKVVGNYGTV FKGPV KO ANNIGOGKPGP CNU 
OTKGPVKGTWPIUYGTV, YGPKIGT \WT EKP\GNVKGTDGWTVGKNWPI. UPVGT BGTÒEMUKEJVKIWPI FGU RJ[UK-
QNQIKUEJGP AWHDCWU FGU EWVGTU, KPFGO LGFGU EWVGTXKGTVGN GKPGP KP UKEJ CDIGITGP\VGP WPF 
IGUEJNQUUGPGP DTÒUGPMQORNGZ FCTUVGNNV, KUV FCJGT FKG BGVTCEJVWPI FGT GKP\GNPGP EWVGTXKGTVGN 
FGT KÒJG GTWPFXQTCWUUGV\WPI. AO BGKURKGN FGT KWJ 20 YGTFGP FKG ETIGDPKUUG FCTIGUVGNNV. 
IP FGP ADDKNFWPIGP 1 WPF 2 KUV FGT FWTEJUEJPKVVNKEJG NCVTKWO- WPF KCNKWOXGTNCWH HÒT FCU 
TKGT GWVGTXKGTVGNIGVTGPPV KP FGT LCMVCVKQPURGTKQFG FCTIGUVGNNV. DKG TCDGNNG 2 XGTCPUEJCWNKEJV 
FKG DWTEJUEJPKVVUYGTVG RTQ EWVGTXKGTVGN HÒT FCU TKGT. DCU EWVGTXKGTVGN JKPVGP NKPMU JGDV UKEJ 
XQP FGP ÒDTKIGP EWVGTXKGTVGNP CD. IO VGTNCWH FGT LCMVCVKQP HCPF \WT NCMVCVKQPUDGFKPIVGP VGT-
·PFGTWPI 
APUVKGI NCVTKWO WPF ADHCNN KCNKWO� GKPG \WU·V\NKEJG NCVTKWOGTJÌJWPI WPF \GKV-
INGKEJG KCNKWOXGTTKPIGTWPI UVCVV. LCWV KTCPMGPDGTKEJV YWTFG DGK FGO TKGT \YGKOCN MCUVKVKU 

20.04.2003�01.05.2003� FKCIPQUVK\KGTV.

4 Schlussfolgerung

NCVTKWO WPF KCNKWO DGYGIGP UKEJ KO VQTIGOGNM KP GKPGO WGTVGDGTGKEJ \YKUEJGP 1500 
DKU 1280 OI�N HÒT KCNKWO WPF 550 DKU 760 OI�N HÒT NCVTKWO� UPVGT BGTÒEMUKEJVKIWPI FGT 
RTQ\GPVWCNGP VGT·PFGTWPIGP XQP NCVTKWO 
APUVKGI 37 �� WPF KCNKWO 
ADHCNN 18 �� Y·JTGPF 
FGU LCMVCVKQPUXGTNCWHU MÌPPGP SEJYGNNGPYGTVG GTOKVVGNV YGTFGP, FKG GKPG EWVGTXGT·PFGTWPI 
UKIPCNKUKGTGP MÌPPVGP. EKP OÌINKEJGT SEJYGNNGPYGTV HÒT IGUWPFG EWVGT \W MTCPMGP EWVGTP 
KUV DGK 700 OI�N HÒT NCVTKWO WPF 1400 OI�N HÒT KCNKWO CP\WUGV\GP. DKG ETIGDPKUUG FGT 
IQPGPOGUUWPIGP XQP NCVTKWO WPF KCNKWO NGKUVGP GKPGP YKEJVKIGP BGKVTCI \WO YGKVGTGP 
VGTUV·PFPKU FGT GNGMVTKUEJGP LGKVH·JKIMGKV. EKPG EWVGTGTMTCPMWPI OKV HKNHG FGT LGKVH·JKIMGKV 
CNU CNNGKPKIGP PCTCOGVGT \W DGUVKOOGP, GTYGKUV UKEJ CWHITWPF UGKPGT SEJYCPMWPIGP CNU RTQ-
DNGOCVKUEJ. UPVGT ZWJKNHGPCJOG FGT NGKVH·JKIMGKVUDGUVKOOGPFGP IQPGP NCVTKWO WPF KCNKWO, 
FKG GKPGP NCMVCVKQPUV[RKUEJGP VGTNCWH \GKIVGP, UEJGKPV GU OÌINKEJ GKPG FTÒJGTMGPPWPI XQP 
EWVGTXGT·PFGTWPIGP XQTPGJOGP \W MÌPPGP. DQEJ FGT\GKVKIG ETIGDPKUUG NCUUGP PQEJ MGKPG 
VGTCNNIGOGKPGTWPI FGT ETMGPPVPKUUG \W.
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<WsCmmenfCssWng 

Seit einigen Jahren haben sich die Automatischen Melksysteme (AMS) in der Melktechnik 
etabliert. Es werden von den einzelnen Herstellern unterschiedliche Systeme angeboten.

Ziel der Untersuchungen war es Aufschlüsse darüber zu bekommen, inwieweit sich die 
hauptsächlich durch die unterschiedliche Schlauchführung entstehenden Kräfte bei verschie-
denen AMS unterscheiden. Die entstehenden Kräfte können das Zitzengewebe belasten, was 
eine mögliche Ursache für Eutererkrankungen darstellt. Um die auftretenden Dreh-, Hebel- 
und Vertikalkräfte zu erfassen wurde ein von der DLG entwickelter Prüfstand genutzt. 

Hauptsächlich wirkte sich die unterschiedliche Schlauchführung auf die horizontalen 
Längs- und Querkräfte aus. In einem nächsten Schritt sollen daher die konstruktionsbedingten 
Ursachen der auftretenden Kräfte genauer analysiert und neue technische Lösungen geschaf-
fen werden.

SWmmCr[ 

Since a few years Automatic Milking Systems (AMS) are working in many dairy farms. There 
is the possibility to choose between different types of AMS. One important variation between 
them is the design of tube systems. Because of this it is possible to get pulling of teats by dif-
ferent forces, which could be one reason for udder diseases. For measuring these forces a test 
machinery developed by DLG was used, which offers the possibility to measure four forces 
(vertical-, side-, turn-, and tilt force).  

The main influence was detected by side- and tilt force. Many milking clusters have dif-
ficulties in adapting the cluster at different udder forms especially to stuffy udder. In systems 
where the four teat cups are directly connected to their individual tube without being gath-
ered in a cluster, best results had been shown. In future the constructive parameters will be 
analyzed exactly and new technique solutions will be developed.
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1 Melktechnik und Eutergesundheit 

ODYQJN \WP·EJUV CPIGPQOOGP YWTFG, FCUU OKV FGT EKPHÒJTWPI FGU AWVQOCVKUEJGP MGNMU[U-
VGOU OÌINKEJGTYGKUG GKPG RGXQNWVKQP KP FGT EWVGTIGUWPFJGKV GKPIGNGKVGV YGTFGP MCPP, UVGNNGP 
FKG EWVGTGTMTCPMWPIGP VTQV\ GKPKIGP FQTVUEJTKVVU PQEJ KOOGT GKPU FGT ITÌ­VGP PTQDNGOG KP FGT 
MKNEJXKGJJCNVWPI FCT. EKPG OÌINKEJG UTUCEJG KUV KO MGNMRTQ\GUU \W UGJGP. DCU TKGT UVGJV KP 
FKTGMVGO KQPVCMV OKV FGT MGNMGKPJGKV. EKPG RGKJG XQP GTÒPFGP MÌPPGP FCDGK \W PTQDNGOGP 
HÒJTGP. DKG PQUKVKQPKGTWPI FGT MGNMGKPJGKV DKNFGV GKPGP KQORNGZ FCTCWU.

EKPG IWVG PQUKVKQPKGTWPI \GKEJPGV UKEJ FCFWTEJ CWU, FCUU CNNG VKGTVGN INGKEJO·­KI DGNCUVGV 
YGTFGP WPF FGT ZKV\GPDGEJGT OKV FGO EWVGTDQFGP GKPGP TGEJVGP WKPMGN DKNFGV. WGTFGP FKG 
ZKV\GP CDIGMPKEMV QFGT XGTFTGJV, MCPP FKGU \W MKNEJHNWUUUVÌTWPIGP WPF GKPGO UEJNGEJVGP 
AWUOGNMITCF HÒJTGP. DGU YGKVGTGP YKTF FCU ZKV\GPIGYGDG WPPÌVKIGP BGNCUVWPIGP CWUIGUGV\V. 
AW­GTFGO MCPP GKPG WPINGKEJO·­KIG PQUKVKQPKGTWPI LWHVGKPDTÒEJG JGTXQTTWHGP WPF UQOKV FKG 
FCFWTEJ GPVUVGJGPFGP PTQDNGOG CWUNÌUGP. 

VQP FGP HGTUVGNNGP FGT AWVQOCVKUEJGP MGNMU[UVGOGP YGTFGP WPVGTUEJKGFNKEJG KQPUVTWM-
VKQPGP FGT MGNMGKPJGKVGP CPIGDQVGP. IO VGTINGKEJ \WO MQPXGPVKQPGNNGP MGNM\GWI YGKUGP 
FKGUG CNNG XKGTVGNKPFKXKFWGNNG KQPUVTWMVKQPGP CWH, FKG UKEJ CDGT KO EKP\GNPGP FGWVNKEJ WPVGT-
UEJGKFGP. 

2 Ziele und AufgaDen

ZKGN FGT UPVGTUWEJWPI YCT GU AWHUEJNÒUUG FCTÒDGT \W DGMQOOGP, KPYKGYGKV UKEJ FKG JCWRV-
U·EJNKEJ FWTEJ FKG SEJNCWEJHÒJTWPI GPVUVGJGPFGP KT·HVG DGK XGTUEJKGFGPGP AMS WPVGTUEJGK-
FGP. IO BGUQPFGTGP YWTFG FCDGK FKG APRCUUWPIUH·JKIMGKV DGK WPVGTUEJKGFNKEJGP EWVGTHQTOGP 
IGVGUVGV. EU UQNNVG HGUVIGUVGNNV YGTFGP, YGNEJG SEJNCWEJHÒJTWPI GKPG OÌINKEJUV QRVKOCNG AWU-
TKEJVWPI FGT MGNMDGEJGT CWEJ DGK PTQDNGOGWVGTP GTOÌINKEJV. AWH GTWPFNCIG FKGUGT ETIGDPKU-
UG UQNNGP FKG SEJNCWEJHÒJTWPIUU[UVGOG VGEJPKUEJ XGTDGUUGTV YGTFGP, WO GKPG OÌINKEJUV QRVK-
OCNG PQUKVKQPKGTWPI CWEJ DGK UVWHKIGP EWVGTHQTOGP \W GTTGKEJGP. DKGU MÌPPVG GKPGP BGKVTCI 
\WT VGTDGUUGTWPI FGT MGNMCTDGKV WPF UQOKV \WT GGUWPFGTJCNVWPI FGU EWVGTU NGKUVGP.

UO FKG CWHVTGVGPFGP KT·HVG GTHCUUGP WPF CPCN[UKGTGP \W MÌPPGP, JCV FKG DLG GKPGP PTÒH-
UVCPF GPVYKEMGNV, YGNEJGT FKG MÌINKEJMGKV DKGVGV FKG VGTVKMCN-, DTGJ-, WPF HGDGNMT·HVG \W OGU-
UGP. DGU YGKVGTGP MÌPPGP XGTUEJKGFGPG EWVGTHQTOGP 
PQTOCN, UVWHKI, YGKVUVGJGPF� WPVGTUWEJV 
YGTFGP =1, 2?.

3 Methodik 

3�1 Messs[stem

EU GTHQNIV GKPG INGKEJ\GKVKIG MGUUWPI FGT XKGT KT·HVG. DKG MGUUYGTVG YGTFGP QPNKPG GTHCUUV WPF 
MÌPPGP UQHQTV CWH FGO PC CWUIGYGTVGV YGTFGP. 

DKG FWPMVKQPUYGKUG FGT MGUUCWHPGJOGT DGTWJV CWH FGO PTKP\KR FGT DMS-KTCHVOGUUWPI 
ÒDGT VGTHQTOWPIUMÌTRGT KP BTÒEMGPUEJCNVWPI. DKG ZKV\GP UKPF CWU SKNKMQP IGHGTVKIV 
PCEJ DIN 
ISO 6690� WPF ÒDGT GKPGP D·ORHGT OKV FGO MGUUINKGF XGTDWPFGP. EU DGUVGJV FKG MÌINKEJMGKV 
FGT FNÒUUKIMGKVUFWTEJHÒJTWPI, UQYKG FGT VCMWWO-NCUUOGUUWPI CO ZKV\GPGPFG.
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3�2 PraZiseinsatz

DGT PTÒHUVCPF KUV XCTKCDGN KP CNNGP MGNMUVCPFU[UVGOGP GKPUGV\DCT. DKG MGUUWPIGP GTHQNIVGP 
OKV GKPGO GWVGTDG\QIGPGP DWTEJHNWUU XQP 5MI�OKP, FC FKG DWTEJHNWUUJÌJG PWT GKPGP IGTKP-
IGP EKPHNWUU JCV =1?. PTQ EKPUVGNNWPI YWTFGP HÒPH MGUUFWTEJI·PIG FWTEJIGHÒJTV. DKG MGUU\GKV 
LG DWTEJNCWH DGVTWI 30U, FKG FCTCWU TGUWNVKGTGPFGP 30 EKP\GNYGTVG DKNFGP FKG GTWPFNCIG HÒT 
FKG CPUEJNKG­GPFGP MKVVGNYGTVDGTGEJPWPIGP. DGT APUGV\XQTICPI MQPPVG YKG KO PQTOCNGP 
MGNMRTQ\GUU UGNDUVUV·PFKI XQO AMS FWTEJIGHÒJTV YGTFGP.

ZW LGFGO IGVGUVGVGP FCDTKMCV YWTFGP OKPFGUVGPU \YGK AMS WPVGTUWEJV, WO GXGPVWGNNG 
FGJNGKPUVGNNWPIGP CWU\WUEJNKG­GP. ANNG VGTUWEJG YWTFGP OKV ëPQTOCNGTé WPF VGKNYGKUG CWEJ 
ëUVWHKIGTé EWVGTHQTO, UQYKG DGK ëQRVKOCNGT KWJRQUKVKQPé FWTEJIGHÒJTV =1?.
 î FCDTKMCV A� GKP\GNPG SEJNCWEJHÒJTWPI DGK LGFGO BGEJGT
 î FCDTKMCV B� RQDQVGTCTO OKV GKP\GNPGP VGTDKPFWPIUNGKPGP \WO ZKV\GPDGEJGT
 î FCDTKMCV C� DGYGINKEJG MGNMGKPJGKV 

4 Ausgew·hlte ErgeDnisse 

4�1 Vertikalkr·fte

VKGNG MGNM\GWIG JCDGP PTQDNGOG DGK FGT APRCUUWPI FGT MGNMDGEJGT CP FCU EWVGT KO BGUQP-
FGTGP DGK UVWHKIGP EWVGTHQTOGP. ADDKNFWPI 1 \GKIV FKG FWTEJUEJPKVVNKEJGP VGTVKMCNMT·HVG DGK 
FGP FTGK WPVGTUWEJVGP FCDTKMCVGP. DKG OKVVNGTG VGTVKMCNMTCHV DGVT·IV 7,1N. DKG VGTVKMCNMTCHV 
UGV\V UKEJ JCWRVU·EJNKEJ CWU FGO GGYKEJV FGT MGNMGKPJGKV \WUCOOGP. DKG SEJYCPMWPIU-
DTGKVG NKGIV \YKUEJGP 6 WPF 8 NGYVQP. BGVTCEJVGV OCP FKG GKP\GNPGP FCDTKMCVG UQ \GKIV UKEJ 
DGK CNNGP GKP TGNCVKX CWUIGINKEJGPGU KT·HVGXGTJ·NVPKU \YKUEJGP FGP GKP\GNPGP ZKV\GP. DKG SVCP-
FCTFCDYGKEJWPIGP UKPF \WU·V\NKEJ IGTKPI, YCU HÒT GKPG MQPUVCPV INGKEJO·­KIG GGYKEJVUXGT-
VGKNWPI CWH CNNG XKGT ZKV\GP URTKEJV. IO HKPDNKEM CWH FKG VGTVKMCNMT·HVG GTIGDGP UKEJ PWT IGTKPIG 
UPVGTUEJKGFG \YKUEJGP FGP GKP\GNPGP FCDTKMCVGP. DKGU N·UUV UKEJ FWTEJ FKG XKGTVGNKPFKXKFWGNNG 
MGNM\GWI- KQPUVTWMVKQP DGK CNNGP S[UVGOGP DGITÒPFGP.

ADD. 1� MKVVNGTG VGTVKMCNMTCHV CP FGP ZKV\GP DGK XGTUEJKGFGPGP AWVQOCVKUEJGP MGNMU[UVGOGP 
Average verticalforce at the teats in different Automatic Milking Systems
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4�2 Drehmoment

DKG EPVUVGJWPI XQP DTGJMT·HVGP KUV JCWRVU·EJNKEJ CWH FGP APUGV\XQTICPI \WTÒEM\WHÒJTGP. 
DKGUG MÌPPGP UQYQJN KP RQUKVKXGT 
GPVIGIGP FGO UJT\GKIGTUKPP� CNU CWEJ KP PGICVKXGT RKEJ-
VWPI 
KO UJT\GKIGTUKPP� CWHVTGVGP. 

IO BG\WI CWH FKG GPVUVCPFGPGP DTGJMT·HVG GTIKDV UKEJ GKP ÒDGTYKGIGPF RQUKVKXGU BKNF HÒT 
CNNG WPVGTUWEJVGP FCDTKMCVG 
ADDKNFWPI 2�. DKG CDUQNWVGP WGTVG NKGIGP KP GKPGO BGTGKEJ XQP 
PCJG\W 0 
QRVKOCNGT FCNN� DKU 2 NGYVQP. AWHH·NNKI UKPF FKG JQJGP SVCPFCTFCDYGKEJWPIGP 
DGK FCDTKMCV B. DGT APUGV\XQTICPI UEJGKPV UPTGIGNO·­KIMGKVGP CWH\WYGKUGP. BGUQPFGTU FKG 
DTGJMTCHV JKPVGP NKPMU, N·UUV CWH PTQDNGOG DGKO APUGV\XQTICPI UEJNKG­GP. ADGT CWEJ GKP XGT-
FTGJVGT ZKV\GPIWOOK MQOOV CNU UTUCEJG KP FTCIG.

ADD. 2� MKVVNGTG DTGJMTCHV CP FGP ZKV\GP DGK XGTUEJKGFGPGP AWVQOCVKUEJGP MGNMU[UVGOGP
Average turn force at the teats in different Automatic Milking Systems

4�3 Horizontalkr·fte

HKGTDGK YWTFG FKG TGUWNVKGTGPFG HQTK\QPVCNMTCHV DGVTCEJVGV. DKGUG DGTGEJPGV UKEJ CWU FGT JQTK-
\QPVCNGP L·PIU- WPF 3WGTMTCHV 
KKRR- WPF SGKVGPMT·HVG�. DKG TGUWNVKGTGPFGP HQTK\QPVCNMT·HVG 
FGT VQTFGTXKGTVGN YGNEJG KP ADDKNFWPI 3 FCTIGUVGNNV UKPF, \GKIGP MGKPG GZVTGOGP ADYGK-
EJWPIGP XQO ZKV\GPOKVVGN. ANNGTFKPIU YGKUGP FCDTKMCV A WPF B KO VGTINGKEJ \W FCDTKMCV 
C JÌJGTG ADYGKEJWPIGP KP RKEJVWPI KWJMQRH CWH. BGK FCDTKMCV C KUV GJGT GKPG ZWIMTCHV KP 
GPVIGIGPIGUGV\VGT RKEJVWPI \W DGQDCEJVGP. DKG UTUCEJG FCHÒT KUV DGK CNNGP FCDTKMCVGP KP FGT 
BGEJGT�SEJNCWEJHÒJTWPI \W UWEJGP. EKP ·JPNKEJGU BKNF \GKIV UKEJ DGK FGP HQTK\QPVCNMT·HVGP 
FGT HKPVGTXKGTVGN 
ADDKNFWPI 3�. WKG KO FCNNG FGT VQTFGTXKGTVGN KUV DGK FGP FCDTKMCVGP A WPF B 
GKPG TGUWNVKGTGPFG KTCHV KP RKEJVWPI KWJMQRH D\Y. GTJÌJVG 3WGTMT·HVG \W DGQDCEJVGP. DKGUG 
GPVUVGJGP FWTEJ FKG KO VGTINGKEJ \W FGP VQTFGTXKGTVGNP GPIUVGJGPFGP JKPVGTGP ZKV\GP WPF 
MÌPPGP DGUQPFGTU DGK MNGKPGP EWVGTP, CNUQ XQTPGJONKEJ DGK TKGTGP KP FGT 1. LCMVCVKQP QFGT 
\WO EPFG FGT LCMVCVKQP \W PTQDNGOGP HÒJTGP. BGK FCDTKMCV C NKGIGP FKG L·PIUMT·HVG YKGFGT KP 
FGT GPVIGIGPIGUGV\VGP RKEJVWPI KO VGTINGKEJ \W FCDTKMCV A WPF B. 
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ADD. 3� RGUWNVKGTGPFG HQTK\QPVCNMT·HVG CP FGP ZKV\GP 
Resulting horizontal force at the teats

ADD. 4� RGUWNVKGTGPFG HQTK\QPVCNMT·HVG CP FGP ZKV\GP OKV FGHGMVGT SEJNCWEJHÒJTWPI JKPVGP TGEJVU 
Resulting horizontal force at the teats with a technical tube defect right rear

DGU YGKVGTGP MCPP FGT PTÒHUVCPF FC\W DGKVTCIGP VGEJPKUEJG PTQDNGOG CWH\WFGEMGP. IP 
ADDKNFWPI 4 H·NNV GKPG JQJG SVTGWWPI FGT TGUWNVKGTGPFGP HQTK\QPVCNMTCHV DGK FCDTKMCV A CP FGT 
ZKV\G JKPVGP TGEJVU CWH. DKG UTUCEJG FCHÒT KUV KP ADDKNFWPI 5 \W GTMGPPGP. EKP VGEJPKUEJGT 
DGHGMV XGTJKPFGTVG FKG IGUCOVG AWUTQNNWPI FGU SEJNCWEJGU. SQOKV MQPPVG FGT ZKV\GPDGEJGT 
PKEJV XGTVKMCN \WO EWVGTDQFGP CWUIGTKEJVGV YGTFGP, YCU \W GKPGT FGWVNKEJGP ETJÌJWPI FGT 
JQTK\QPVCNGP L·PIU- WPF 3WGTMTCHV HÒJTVG, YGNEJG UKEJ KP FGP JQJGP ADYGKEJWPIGP XQO 
ZKV\GPOC­ YKGFGTURKGIGNP. EKP ·JPNKEJG FGUVUVGNNWPI MQPPVG DGK FCDTKMCV C IGVTQHHGP YGTFGP. 
DQTV KUV GKPG FGWVNKEJG ADYGKEJWPI XQO MKVVGN DGK FGT TGUWNVKGTGPFGP HQTK\QPVCNMTCHV JKPVGP 
NKPMU HGUVIGUVGNNV YQTFGP. DKGU YWTFG FWTEJ GKPG FGHGMVG AWHJ·PIWPI FGU ZKV\GPDGEJGT JGT-
XQTIGTWHGP, YQFWTEJ GKPG CWUIGINKEJGPG PQUKVKQPKGTWPI PKEJV OGJT OÌINKEJ YCT.
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ADD. 5� FCDTKMCV A OKV FGHGMVGT SEJNCWEJHÒJTWPI JKPVGP TGEJVU 
Fabricate A with a technical tube defect right rear

5 Schlussfolgerungen

IP BGVTCEJVWPI FGT GPVUVGJGPFGP KT·HVG CP FGP ZKV\GP UKPF FKG AWVQOCVKUEJGP MGNMU[UVGOGP 
KO ANNIGOGKPGP CNU IWV \W DGYGTVGP. DKG APRCUUWPIUH·JKIMGKV FGT MGNMDGEJGT MCPP UGJT 
RQUKVKX HÒT FKG EWVGTIGUWPFJGKV IGUGJGP YGTFGP. DCFWTEJ MÌPPGP FKG KT·HVG CP FGP ZKV\GP 
OKPKOKGTV YGTFGP. DKGU KUV GKP OÌINKEJGT VQTVGKN HÒT FKG EWVGTIGUWPFJGKV KO VGTINGKEJ \WO 
MQPXGPVKQPGNNGP MGNMU[UVGO. ANNGTFKPIU MÌPPGP CWEJ PQUKVKQPKGTWPIURTQDNGOG CWHVTGVGP YKG 
KP ADDKNFWPI 4 \W UGJGP KUV. IP MQPXGPVKQPGNNGP MGNMU[UVGOGP DGGKPHNWUUGP FKGUG JCWRVU·EJ-
NKEJ FKG MGNM\GWIMQPUVTWMVKQP WPF FGT MGNMGT. IO AWVQOCVKUEJGP MGNMU[UVGO NKGIV FGT ITÌ­-
VG EKPHNWUU KP FGT ZWXGTN·UUKIMGKV FGT CTDGKVGPFGP TGEJPKM. IPUIGUCOV DGVTCEJVGV NCUUGP UKEJ 
UPVGTUEJKGFG DGK FGP GKP\GNPGP S[UVGOGP GTMGPPGP, YGNEJG CPCN[UKGTV WPF FCTCWU HQNIGPF 
VGEJPKUEJ XGT·PFGTV YGTFGP UQNNVGP.
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ORtimieren des Flie­Rrofils in Kraftfuttersilos zum Vermeiden Xon 
Pilzen und ToZinen 
1ptimisCtion tJe fNoYing profiNe in siNos for concentrCted feedstWff for 
CXoiding fWngi Cnd toZins 

CHRISTIAN FªRLL, THOMAS SCHURICHT

IPUVKVWV HÒT AITCTVGEJPKM BQTPKO, ADVGKNWPI ëTGEJPKM FGT AWHDGTGKVWPI, LCIGTWPI WPF KQPUGTXKGTWPIé, 
MCZ-E[VJ-ANNGG 100, D-14469 PQVUFCO

SchlÒsselwÌrter� Konzentratfutter, Lagerung, Silo, Pilze, ToZine 
-e[Yords� ConcentrCted feedstWff� storCge� fWngi� toZins

<WsCmmenfCssWng 

Kraftfuttersilos haben in Anlagen der Tierhaltung die Aufgabe das Kraftfutter über einen 
bestimmten Zeitraum zu lagern und nach Bedarf in die Fütterungslinie dosiert abzugeben. 
Die Entnahme soll so erfolgen, dass die Verweilzeiten des Futters einheitlich sind. Außer-
dem soll nach dem Entleeren das Silo innen vollständig sauber sein und keine Reste mehr 
enthalten. Andernfalls kommt es zum Verderbdes Futters, und es entwickeln sich in den 
Futterresten Pilze und Toxine. Das gleichmäßige Entleeren wird erreicht, wenn die Silos 
als Massenflusssilos konstruiert werden. In der Praxis vorhandene Silos sind oftmals nicht 
als Massenflusssilos ausgebildet. Hier ist Massenfluss zu erzielen, wenn entsprechende Ein-
bauten in den Siloausläufen installiert werden. Deshalb wurden am Institut für Agrartechnik 
detaillierte Untersuchungen für das Optimieren des Fließprofils mit Hilfe des Prinzips „Trich-
ter im Trichter“ durchgeführt.

SWmmCr[ 

Concentrated feedstuff silos have the task of storing the concentrated feedstuff over a particu-
lar time period and handing in to the feeding line measured out as required in plants of the 
animal husbandry. The unloading shall be so carried out that the residence time of the feed-
stuff is uniform. In addition, the silo shall be inside completely clean and remains contain no 
more after emptying. Otherwise it comes to the ruin and it develops in the feedstuff remains 
fungi and toxins. Emptying evenly is reached if the silos as mass flow silos are designed. 
Often, available silos arenæt designed as mass flow silos in the practice. Mass flow has to be 
obtained here if suitable inserts in the silo hopper are installed. Therefore detailed examina-
tions were carried out for optimizing the flowing profile with the help of the principle “cone 
in cone” at the Institute for agricultural engineering. 
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1 EinfÒhrung 

IP DGWVUEJNCPF YGTFGP GVYC 2�3 FGU IGUCOVGP GGVTGKFGU CNU FWVVGTIGVTGKFG XGTYGPFGV. DCXQP 
YKGFGTWO DNGKDGP GVYC 2�3 KO LCPFYKTVUEJCHVUDGVTKGD, YGTFGP FQTV IGNCIGTV WPF FCPP GPVURTG-
EJGPF FGO BGFCTH \W KQP\GPVTCVHWVVGT CWHDGTGKVGV. NCEJ FGO MCJNGP WPF MKUEJGP GTHQNIV 
XQT FGO VGTHÒVVGTP FKG LCIGTWPI KP SKNQU. DKGUG TTQEMGPOKUEJHWVVGTUKNQU JCDGP KP APNCIGP 
FGT TKGTJCNVWPI XGTHCJTGPUVGEJPKUEJ XQT CNNGO FKG AWHICDG, \YKUEJGP FKUMQPVKPWKGTNKEJGT 
APNKGHGTWPI WPF MQPVKPWKGTNKEJGO VGTDTCWEJ CWU\WINGKEJGP. IP XKGNGP F·NNGP OÒUUGP DGK FGT 
EPVPCJOG CWEJ DQUKGTCWHICDGP DGK EKPJCNVWPI \WN·UUKIGT FGJNGT ÒDGTPQOOGP YGTFGP. VQP 
FGT FWPMVKQP JGT YKTF DGUQPFGTU KP ITÌ­GTGP APNCIGP OKV CWVQOCVKUKGTVGO BGVTKGD UVÌTWPIU-
HTGKG EPVPCJOG IGHQTFGTV. 

BGK FGT LCIGTWPI XQP KQP\GPVTCVHWVVGT KP SKNQU OWUU FKG EPVNGGTWPI UVTGPI PCEJ FGO PTKP-
\KR ëHKTUV KP ä HKTUV QWVé GTHQNIGP. AWH LGFGP FCNN KUV FKG BKNFWPI XQP PKN\GP WPF HGHGP UQYKG 
TQZKPGP QFGT ICT VGTFGTD FGU FWVVGTU \W XGTOGKFGP. DKG VGTYGKN\GKVGP FGT GKP\GNPGP GWV\Q-
PGP KO SKNQ OÒUUGP FGUJCND PCJG\W INGKEJ UGKP. TQZKPG UKPF LGDGPUOKVVGNIKHVG WPF IGH·JTFGP 
PKEJV PWT FKG TKGTIGUWPFJGKV, UQPFGTP DGGKPHNWUUGP KP JQJGO MC­ FKG 3WCNKV·V XQP MKNEJ 
WPF FNGKUEJ.

AWU FGT SKEJV FGT TKGTGTP·JTWPI FCTH FKG EPVOKUEJWPI YGTVDGUVKOOGPFGT IPJCNVUUVQHHG 
DGUVKOOVG GTGP\GP PKEJV ÒDGTUEJTGKVGP. SEJNKG­NKEJ UKPF DGKO BGHÒNNGP XQP SKNQU FKG IGUGV\-
NKEJGP BGUVKOOWPIGP FGT LWHVTGKPJCNVWPI GKP\WJCNVGP.

2 Flie­technische Dimensionierung

DKG QRVKOCNG HNKG­VGEJPKUEJG DKOGPUKQPKGTWPI XQP TTQEMGPOKUEJHWVVGTUKNQU GTHQTFGTV FKG 
BGUVKOOWPI FGT RJ[UKMCNKUEJGP EKIGPUEJCHVGP. MKV HKNHG XQP TTCPUNCVKQPU- QFGT RKPIUEJGTIG-
T·VGP YGTFGP FKG FNKG­QTVG GKPGU GWVU WPF FKG WCPFHNKG­QTVG GTOKVVGNV. DKG FNKG­QTVG IGDGP 
FGP ZWUCOOGPJCPI \YKUEJGP FGT SEJGTURCPPWPI τ WPF FGT NQTOCNURCPPWPI σ KO FNKG­\W-
UVCPF CP. BGK JÌJGTGP GWVFKEJVGP GTJ·NV OCP DGK INGKEJGP NQTOCNURCPPWPIGP JÌJGTG SEJGT-
URCPPWPIGP. FÒT FKG BGTGEJPWPI FGT AWUNCWHCDOGUUWPIGP KUV FKG ADJ·PIKIMGKV FGT GKPCZKCNGP 
DTWEMHGUVKIMGKV XQP FGT HCWRVPQTOCNURCPPWPI σ1 OC­IGDGPF. 

WKTF DGK FGP SEJGTIGT·VGP GKPG PCCTWPI FWTEJ FCU WCPFOCVGTKCN GTUGV\V, KUV FKG BGUVKO-
OWPI FGU WCPFHNKG­QTVGU OÌINKEJ. DKGUGT FTÒEMV FGP ZWUCOOGPJCPI \YKUEJGP FGT WCPF-
UEJGTURCPPWPI VZ WPF FGT NQTOCNURCPPWPI σ CWU. DGT APUVKGI FKGUGT OGKUV NKPGCTGP FWPMVKQP 
KUV FGT WCPFTGKDWPIUYKPMGN ϕZ.

MKV HKNHG FGU WCPFTGKDWPIUYKPMGNU ϕZ WPF FGU GHHGMVKXGP RGKDWPIUYKPMGNU LG, FGT UKEJ CWU 
FGO APUVKGI FGT VGTDKPFWPIUIGTCFGP CNNGT FNKG­QTVGPFRWPMVG WPF FGO UTURTWPI GTIKDV, YKTF 
FGT NGKIWPIUYKPMGN Θ FGT TTKEJVGTY·PFG \WT VGTVKMCNGP DGUVKOOV 
JENIKE, 1964� 
ADD. 1�. 

FÒT MCUUGPHNWUU GTIGDGP UKEJ KP FGT RGIGN UGJT UVGKNG W·PFG OKV Θ ≤ 20u. NGDGP FKGUGO 
NCEJVGKN JCDGP MCUUGPHNWUUUKNQU LGFQEJ FKG DGKFGP ITQ­GP VQTVGKNG, FCUU FGT GGUEJYKPFKI-
MGKVUITCFKGPV FGU FÒNNIWVGU DGK FGT EPVPCJOG ÒDGT FGO 3WGTUEJPKVV MNGKP WPF FCFWTEJ FCU 
PTKP\KR ëHKTUV KP-HKTUV QWVé IGUKEJGTV KUV, WPF FCUU FKG NGKIWPI \WT BTÒEMGPDKNFWPI IGTKPI KUV. 
DGUJCND UKPF FKG EPVOKUEJWPIUMGPPYGTVG CWEJ OGKUV MNGKPGT CNU DGK KGTPHNWUUUKNQU. IP KGTP-
HNWUUUKNQU YKTF FCU \WNGV\V GKPIGNCIGTVG GWV \WGTUV GPVPQOOGP 
ADD. 2�.

WGTFGP SKNQU DGHÒNNV DGXQT UKG XQNNUV·PFKI NGGT UKPF, DNGKDGP KOOGT FKG INGKEJGP GWV\QPGP 
KO SKNQ. DKGU WPF FCU APJCHVGP XQP GWVTGUVGP CP FGT SKNQKPPGPYCPF HÒJTGP \WO VGTFGTD 
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D\Y. \WT BKNFWPI XQP PKN\GP WPF TQZKPGP. BGUQPFGTU KO BGTGKEJ ëTQVGT ZQPGPé, FKG UKEJ 
Y·JTGPF FGT ITÌ­VGP ZGKV FGU EPVNGGTGPU PKEJV DGYGIGP, MQOOV GU \W APJCHVWPIGP CP FGT 
SKNQKPPGPYCPF. DKGUGT VQTICPI YKTF FWTEJ KQPFGPUYCUUGTDKNFWPI DGIÒPUVKIV.

ADD. 1� AWUNGIWPIUFKCITCOOG HÒT MCUUGPHNWUU- WPF KGTPHNWUUUKNQU

ADD. 2� MCUUGPHNWUU WPF KGTPHNWUU DGK FGT EPVPCJOG XQP KTCHVHWVVGT CWU SKNQU

ADD. 3� ET\GWIGP XQP MCUUGPHNWUU OKV HKNHG FGU ëEQPG KP EQPGé-KQP\GRVGU 
NKPMU� KP WTURTÒPINKEJGP KGTPHNWUU-
UKNQU 
TGEJVU�
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MCUUGPHNWUUUKNQU GTHQTFGTP OGKUV UGJT IGTKPIG TTKEJVGTPGKIWPIUYKPMGN \WT VGTVKMCNGP. DCOKV 
GTJ·NV OCP UGJT JQJG TTKEJVGT WPF SVÒV\GP, FKG HÒT FKG HGUVKIMGKVUIGTGEJVG DKOGPUKQPKGTWPI 
WPIÒPUVKIG LCUVH·NNG FCTUVGNNGP. DGUJCND UKPF MCUUGPHNWUU-SKNQMQPUVTWMVKQPGP KOOGT VGWGT. 
AWU FKGUGO GTWPF ICD WPF IKDV GU XKGNH·NVKIG BGOÒJWPIGP, OKV HKNHG XQP EKPDCWVGP KP KGTP-
HNWUU-SKNQVTKEJVGTP MCUUGPHNWUU \W GT\GWIGP. KGTPHNWUUUKNQU JCDGP ITÌ­GTG TTKEJVGTYKPMGN \WT 
VGTVKMCNGP WPF FCOKV IGTKPIGTG TTKEJVGT- WPF SVÒV\GPJÌJGP.

UPVGTUWEJWPIGP CP GKPGT GTQ­UKNQCPNCIG GTICDGP, FCUU FWTEJ FCU QRVKOCNG IPUVCNNKGTGP 
XQP UVCTTGP MQCZKCNGP EKPDCWVGP, F. J. KGIGN OKV FGT SRKV\G PCEJ QDGP, KP KGTPHNWUUUKNQU 
MCUUGPHNWUU GPVUVGJV 
SCHOLZ, 1988�. NCEJVGKNKI KUV CNNGTFKPIU FKG TGNCVKXG EORHKPFNKEJMGKV HÒT 
CU[OOGVTKUEJGU FNKG­GP, YGPP \. B. OKV FGT SRKV\G PCEJ QDGP IGTKEJVGVG KGIGN PKEJV IGPCW 
\GPVTKUEJ GKPIGDCWV UKPF QFGT YGPP FKG FNKG­GKIGPUEJCHVGP FGU GWVGU FWTEJ EPVOKUEJWPI 
Y·JTGPF FGU FÒNNGPU PKEJV U[OOGVTKUEJ \WT SKNQCEJUG XGTVGKNV UKPF. DCU ëEQPG KP EQPGé-KQP-
\GRV 
ADD. 3� GTÌHHPGV GDGPHCNNU FKG MÌINKEJMGKV HÒT FCU ET\GWIGP XQP MCUUGPHNWUU KP WTURTÒPI-
NKEJGP KGTPHNWUUUKNQU 
JOHANSON, 1982�.

3 Theoretische Untersuchungen

DKG VQTJGTUCIG FGU FNKG­XGTJCNVGPU XQP KTCHVHWVVGT DGK FGT LCIGTWPI KP SKNQU GTHQNIV KP VJGQTG-
VKUEJGP UPVGTUWEJWPIGP \WPGJOGPF FWTEJ FGP EKPUCV\ FGT FKPKVG-ENGOGPVG-MGVJQFG 
FEM� 
WPF NGKUVWPIUH·JKIGP MQFGNNGP HÒT FKG SVQHHGKIGPUEJCHVGP 
SCHURICHT WPF FÜRLL 2000�. DGT 
IGY·JNVG OCMTQUMQRKUEJG APUCV\ DGVTCEJVGV FGP XQO SEJÒVVIWV GKPIGPQOOGPGP RCWO CNU 
GKP KQPVKPWWO. DKGUGT WGI HÒJTV ÒDGT FCU PTKP\KR FGT XKTVWGNNGP GGUEJYKPFKIMGKVGP CWH FKG 
MGVJQFG FGT FKPKVG-ENGOGPVG 
FEM�. MKV HKNHG FGT FEM YKTF GKP UPVGTUWEJWPIUIGDKGV KP MNGK-
PG ENGOGPVG FKUMTGVKUKGTV 
ADD. 4�. 

ADD. 4� FEM-BGTGEJPWPIUPGV\ FWTEJ DKUMTGVKUKGTGP FGU SEJÒVVIWVGU PCEJ FGT MGVJQFG FGT FKPKVGP ENGOGPVG 
FEM�

DKG LÌUWPI FGU GNGKEJWPIUU[UVGO HÒJTV CWH N·JGTWPIUNÌUWPIGP KP FGP IGPGTKGTVGP ENGOGPV-
MPQVGP. DC\W YWTFG GKP XQTJCPFGPGU SKNQ-FNQY-PTQITCO-S[UVGO XGTYGPFGV, FCU FCU SEJÒVV-
IWV CNU FNWKF FGHKPKGTV. DCU KP FKGUGO PTQITCOO GPVJCNVGPG MCVGTKCNIGUGV\ YWTFG YGKVGTGPV-
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YKEMGNV WPF KP FCU PTQITCOO KORNGOGPVKGTV. DC\W YCT KP GZRGTKOGPVGNNGP UPVGTUWEJWPIGP 
FCU PKEJVNKPGCTG VGTJCNVGP XQP KTCHVHWVVGT \W DGUVKOOGP WPF \W OQFGNNKGTGP. GTWPFNCIG 
FGT SRCPPWPIU-VGT\GTTWPI-MCVTKZ UKPF MQPUVKVWVKXG GNGKEJWPIGP PCEJ FGO KQP\GRV FGT 
ENCUVQ-VKUMQ-PNCUVK\KV·V. ANU FNKG­DGFKPIWPIGP FKGPGP GKPG KQODKPCVKQP CWU FGO APUCV\ XQP 
DRUCKER-PRAGER WPF GKPGT FNKG­MCRRG HÒT FCU KQORTGUUKQPUXGTJCNVGPDKG ETIGDPKUUG CWU 
FWTEJIGHÒJTVGP PWOGTKUEJGP SKOWNCVKQPGP \GKIGP FKG GTHQNITGKEJGP MÌINKEJMGKVGP FGT FEM 
\WO ORVKOKGTGP XQP FNKG­RTQHKNGP. MKV FGP DGTGEJPGVGP VQTJGTUCIGP MCPP FCU EKPVTGVGP XQP 
MCUUGPHNWUU WPF KGTPHNWUU DGK FGT EPVPCJOG FGU KTCHVHWVVGTU FKHHGTGP\KGTV DGWTVGKNV YGTFGP. 

4 ErgeDnisse gro­technischer Untersuchungen

DWTEJ FCU IPUVCNNKGTGP GKPGU QRVKOKGTVGP EKPDCWVTKEJVGTU KP GKPGO KGTPHNWUUUKNQ YKTF MCUUGP-
HNWUU GT\KGNV DGK FGO FKG EPVPCJOG FGU KTCHVHWVVGTU PCEJ FGO ëHKTUV KP ä HKTUV QWVé ä PTKP\KR 
GTHQNIV. AWHICDG FGU EKPDCWVTKEJVGTU KUV GU, EPVOKUEJWPIGP UQYKG WPVGTUEJKGFNKEJG VGTYGKN\GK-
VGP WPF FCOKV SEJKOOGNDKNFWPI KO KTCHVHWVVGT Y·JTGPF FGT EPVPCJOG CWU FGO SKNQ \W XGT-
OGKFGP. DKG ETIGDPKUUG FGT PWOGTKUEJGP SKOWNCVKQP YWTFGP FWTEJ ITQ­VGEJPKUEJG SKNQXGTUW-
EJG XCNKFKGTV 
HJORTAAS 1996�, 
SCHURICHT, TJ., FÜRLL, CJ., ENSTAD, G. G. 2000�, 
SCHURICHT, 
TJ., FÜRLL, CJ. 2000�, 
SCHURICHT 2004�. 

DCU VGTUWEJUUKNQ JCV GKPG HÌJG XQP 8 O WPF GKPGP DWTEJOGUUGT XQP 2,4 O. DKG TTKEJVGT-
JÌJG DGVT·IV 1,86 O WPF FGT AWUNCWHFWTEJOGUUGT 250 OO. AWHITWPF FGU TTKEJVGTYKPMGNU 
\WT VGTVKMCNGP XQP 30u WPF FGP GPVURTGEJGPFGP WCPFTGKDWPIUYKPMGNP HÒT GGVTGKFGUEJTQV 
GTHQNIV FCU AWUHNKG­GP QJPG EKPDCWVGP KO KGTPHNWUU. DGT KP FGP VGTUWEJGP XGTYGPFGVG EKP-
DCWVTKEJVGT JCV GKPG HÌJG XQP 800 OO, GKPGP QDGTGP DWTEJOGUUGT XQP 733 OO WPF GKPGP 
AWUNCWHFWTEJOGUUGT XQP 150 OO, FGT GVYCU ITÌ­GT CNU FGT CWU FGP SEJGTXGTUWEJGP DGTGEJ-
PGVG DWTEJOGUUGT XQP 130 OO KUV. ZWT APCN[UG FGU FNKG­RTQHKNU YGTFGP KP FCU FÒNNIWV KP FGT 
HÌJG FGU TTKEJVGT�Z[NKPFGT-ÜDGTICPIU WPF KP GKPGT \YGKVGP EDGPG 2,4 O FCTÒDGT LGYGKNU KP 
2 WO 90u XGTUGV\VGP FKCOGVTCNGP RKEJVWPIGP MCTMKGTWPIGP GKPIGNGIV 
ADD. 5�. 

ADD. 5� LCIG FGT MCTMKGTWPIGP KO KTCHVHWVVGT
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DWTEJ FCU IPUVCNNKGTGP FGU KPPGTGP TTKEJVGTU YKTF FCU FNKG­RTQHKN YKTMWPIUXQNN DGGKPHNWUUV. DGT 
GGUEJYKPFKIMGKVUITCFKGPV FGU GWVGU LGFGT EDGPG XGTOKPFGTV UKEJ, YGPP FKG EKPDCWJÌJG J1

UVWHGPYGKUG XQP 848 OO DKU CWH 294 OO XGTTKPIGTV YKTF 
ADD. 6�.

ADD. 6� AWUHNKG­GP FGU KTCHVHWVVGTU DGK FGT QRVKOCNGP EKPDCWJÌJG FGU KPUVCNNKGTVGP KPPGTGP TTKEJVGTU 
J1 � 294 OO ÒDGT FGO AWUNCWH

BGK FGT EPVPCJOG KO MCUUGPHNWUU, F. J. KP RCTCNNGNGP SEJKEJVGP XQP WPVGP PCEJ QDGP, INGKVGV 
FCU GWV YKG GKP BNQEM FGO SKNQCWUNCWH GPVIGIGP. DCFWTEJ YGTFGP KPHQNIG FGT GWVTGKDWPI 
FKG SKNQKPPGPY·PFG IGU·WDGTV, UQ FCUU MGKPG GWVTGUVG CPJCHVGP. IP UQNEJGP SKNQU KUV FKG ODGT-
HN·EJG FGT SKNQKPPGPY·PFG OGVCNNKUEJ DNCPM.
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Ein neues FÒtterungss[stem fÒr ADsetzferkel ä der Ferkelfeeder
# neY feeding s[stem for YeCner pigs ä tJe (erMeNfeeder

STEPHANIE KNOOP, STEFFEN HOY

IPUVKVWV HÒT TKGT\WEJV WPF HCWUVKGTIGPGVKM; ADVGKNWPI TKGTJCNVWPI WPF HCNVWPIUDKQNQIKG FGT 
JWUVWU-LKGDKI-UPKXGTUKV·V GKG­GP, D-35390 GKG­GP

SchlÒsselwÌrter� FÒtterung, ADsetzferkel 
-e[Yords� (eeding� YeCner pigs

<WsCmmenfCssWng 

Ziel der Untersuchung war die Entwicklung eines Fütterungssystems für Absetzferkel, das die 
arttypischen Verhaltensweisen der Tiere bei der Futteraufnahme ermöglicht und zudem ihre 
Gesunderhaltung und Leistung fördert. Dazu wurden Anforderungen wie z. B. die häufige 
Ausdosierung kleiner Futterportionen, rationierte Fütterung zur Durchfallprophylaxe mit 
späterer ad libitum Fütterung im selben System und gute Futterhygiene trotz breiförmiger 
Futterkonsistenz durch die Fütterungstechnik erfüllt.

Die Untersuchungen zum Ferkelfeeder, sowohl in der Variante Längstrog als auch in der 
Variante Kurztrog wurden auf zwei Betrieben im Vergleich zum Breiautomaten durchgeführt. 
Es wurden die Gewichtsentwicklung, der Futter- und Wasserverbrauch sowie der Gesund-
heitsstatus der Ferkel berücksichtigt. Die täglichen Zunahmen der Ferkelfeedergruppen 
waren durchschnittlich um 2� g höher, die Futterverwertung und auch der Gesundheitsstatus 
der Ferkel (untersucht nur in Betrieb 1) waren besser als der der Breiautomatengruppe.

SWmmCr[ 

The aim of this study was to develop a feeding system that allows for the species specific 
behaviour patterns of weaner pigletts as well as promote their health and development. For 
this, requirements such as frequent supply of small feed portions, rationed feed as diarrhoea 
prevention and later ad libitum feeding were incorporated in one system, as well as good feed 
hygiene dispite the paste like consistency of the feed.

The Ferkelfeeder was compared with tupe feeders on two farms, both the long trough and 
short trough systems were used. Weight gain, feed and water usage as well as the health 
status of the pigletts were measured. On average the Ferkelfeeder groups gained an extra 2�g 
daily by better feed usage when compared to the groups at tupe feeders. The health status 
(only assertained on farm 1) was also improved by the Ferkelfeeder.
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1 Einleitung

DCU ADUGV\GP XQP FGT SCW UVGNNV GKPG MTKVKUEJG PJCUG KP FGT EPVYKEMNWPI FGT FGTMGN FCT, FKG 
FWTEJ XGTUEJKGFGPG SVTGUUHCMVQTGP DGUVKOOV YKTF. DKG ADUGV\HGTMGN YGTFGP KP GKPG XÌNNKI 
PGWG UOIGDWPI XGTDTCEJV, YCU GKP XGT·PFGTVGU KGKOOKNKGW, KQPVCMV \W FGTMGNP CPFGTGT HGT-
MÒPHVG WPF RCPIM·ORHG FWTEJ BKNFWPI PGWGT GTWRRGP \WT FQNIG JCV. VQT CNNGO CDGT URKGNV 
FKG FWVVGTWOUVGNNWPI GKPG ITQ­G RQNNG 
HOY 2004, SNELL GV CN. 2003�.

DKG NCJTWPI FGT FGTMGN XQT FGO ADUGV\GP DGUVGJV HCUV XQNNUV·PFKI CWU MKNEJ, FKG KJPGP KO 
TCIGUXGTNCWH TGIGNO·­KI KP GVYC UVÒPFNKEJGP ADUV·PFGP CPIGDQVGP YKTF. DKG FWVVGTCWHPCJOG 
HKPFGV CWUUEJNKG­NKEJ U[PEJTQP UVCVV 
BOGNER GV CN. 1984; SAMBRAUS 1978�.

MKV FGO ADUGV\GP GTHQNIV FKG UOUVGNNWPI CWH OGKUV HGUVGU FWVVGT, FCU FGP TKGTGP J·WHKI CF 
NKDKVWO \WT VGTHÒIWPI IGUVGNNV YKTF. DCU TKGT-FTGUURNCV\-VGTJ·NVPKU KUV JKGTDGK QHV GKPIGUEJT·PMV 

DEN HARTOG GV CN. 2002�. 

EKPKIG FGT SVTGUUHCMVQTGP UKPF WPWOI·PINKEJ, CPFGTG FCIGIGP MÌPPGP FWTEJ IG\KGNVG 
MCPCIGOGPVOC­PCJOGP XGTOKPFGTV QFGT UQICT XGTOKGFGP YGTFGP. SQ MCPP FKG FWVVGTWO-
UVGNNWPI XQP SCWGPOKNEJ CWH AWH\WEJVHWVVGT PCEJ FGO ADUGV\GP PKEJV XGTOKGFGP, LGFQEJ FKG 
PGICVKXGP FQNIGP FGT UOUVGNNWPI, YKG \. B. FGT LGKUVWPIUCDHCNN QFGT DWTEJHCNNGTMTCPMWPIGP, 
FWTEJ TGEJV\GKVKIGU APHÒVVGTP FGT FGTMGN WPF FWTEJ FCU FÒVVGTWPIUOCPCIGOGPV KP FGP GTUVGP 
TCIGP PCEJ FGO ADUGV\GP CDIGUEJY·EJV YGTFGP. 

AWU FKGUGO GTWPF YGTFGP CP FÒVVGTWPIUU[UVGOG HÒT ADUGV\HGTMGN DGUQPFGTG APURTÒEJG 
IGUVGNNV. ANU IÒPUVKIG FWVVGTMQPUKUVGP\ IKNV GKPG FGT SCWGPOKNEJ ·JPNKEJG KQPUKUVGP\ FGU FWV-
VGTU ä HNÒUUKI, \WOKPFGUV CDGT DTGKHÌTOKI. S[PEJTQPGU FTGUUGP FGT FGTMGN UQNNVG OÌINKEJ UGKP. 
VKGNG MNGKPG MCJN\GKVGP WPVGTUVÒV\GP FKG FGTMGNIGUWPFJGKV 
NIGGEMEYER 2000, FELLER 2000, 
LEHMANN 1999�. GÒPUVKI HÒT GKPG JQJG LGKUVWPI UEJQP XQO ZGKVRWPMV FGU ADUGV\GPU CP KUV 
GKPG UEJPGNNUVOÌINKEJG EKPIGYÌJPWPI FGT FGTMGN, FKG CO ZGKVTCWO DKU \WT GTUVGP FWVVGT- D\Y. 
WCUUGTCWHPCJOG PCEJ FGO ADUGV\GP HGUVIGOCEJV YGTFGP MCPP 
NIGGEMEYER 2000�. NCVÒTNKEJ 
KUV CWEJ IWVG H[IKGPG WPCDFKPIDCT.

2 Material und Methoden

2�1 FÒtterungstechnik

BGK FGT EPVYKEMNWPI FGU FGTMGNHGGFGTU YWTFG XGTUWEJV, FGP RJ[UKQNQIKUEJGP APURTÒEJGP FGT 
ADUGV\HGTMGN GDGPUQ IGTGEJV \W YGTFGP YKG FGP JQJGP APHQTFGTWPIGP FGU MCPCIGOGPVU CP 
GKPG ADUGV\HGTMGNHÒVVGTWPI.

RCVKQPKGTVG FÒVVGTWPI KP FGP GTUVGP TCIGP PCEJ FGO ADUGV\GP OKV CPUEJNKG­GPFGT CF 
NKDKVWO FÒVVGTWPI KO UGNDGP S[UVGO JKNHV, IGUWPFJGKVNKEJG PTQDNGOG, \. B. FWTEJ E. coli, \W 
WOIGJGP. SKG DGWIV DWTEJHCNNGTMTCPMWPIGP XQT, WPF FKG FGTMGN MÌPPGP QRVKOCNG LGKUVWPIGP 
GTDTKPIGP. DGO CTVV[RKUEJGP FTGUUXGTJCNVGP FGT FGTMGN YKTF OKV GKPGT OÌINKEJUV J·WHKIGP 
AWUFQUKGTWPI MNGKPGT FWVVGTRQTVKQPGP GPVURTQEJGP. 

DCU TKGT-FTGUURNCV\-VGTJ·NVPKU DGVT·IV DGK FGT TCVKQPKGTVGP FÒVVGTWPI 1�1 WPF GTOÌINKEJV UQ 
GKP U[PEJTQPGU FTGUUGP FGT TKGTG. 

DGT FGTMGNHGGFGT YWTFG KP \YGK XGTUEJKGFGPGP VCTKCPVGP, CNU DQRRGNMWT\VTQI OKV GKPGO 
TKGT-FTGUURNCV\-VGTJ·NVPKU XQP 4�1 WPF CNU DQRRGNN·PIUVTQI OKV FGO TKGT-FTGUURNCV\-VGTJ·NVPKU 
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XQP 1�1 GPVYKEMGNV, GTRTQDV WPF KO PTCZKUDGVTKGD GKPIGUGV\V. DCU FWPMVKQPURTKP\KR DGKFGT 
VCTKCPVGP KUV INGKEJ.

DGT FGTMGNHGGFGT DGUVGJV CWU GKPGO DQRRGNVTQI OKV GKPGT OKVVKIGP TTGPPYCPF DKU EC. 
12 EO ÒDGT FGT TTQIUQJNG. ZWFGO TKEJVGP FTGUURNCV\VGKNGT KO ADUVCPF XQP 30 EO FKG FGTMGN 
CO TTQI CWU. 

ADD. 1� FGTMGNHGGFGT ä L·PIUVTQIXCTKCPVG 
Ferkelfeeder – long trough

DKG FÒVVGTWPIU\GKVGP YGTFGP FWTEJ GKPG ZGKVUEJCNVWJT CP FGT FÒVVGTWPIUUVGWGTWPI CWUIGNÌUV. 
UO FKG FÒVVGTWPI CP FGP VCVU·EJNKEJGP VGTDTCWEJ FGT FGTMGN CP\WRCUUGP, KUV GKP TTQIUGPUQT 
KO EKPUCV\. NWT YGPP FGT SGPUQT ëNGGTé OGNFGV, NCWHGP FKG P·EJUVGP SEJTKVVG FGT FÒVVGTWPI 
CD. 

EKPG FÒVVGTWPIU\GKV DGIKPPV OKV FGT AWUFQUKGTWPI GKPGT FGHKPKGTVGP MGPIG WCUUGT ÒDGT 
GKP MCIPGVXGPVKN, FCPCEJ GTHQNIV FKG FWVVGTICDG ÒDGT VQNWOGPFQUKGTGT. DKG VQNWOGPFQUKGTGT 
YGTFGP ÒDGT GKPG RQJTMGVVG QFGT FWVVGTURKTCNG DGUEJKEMV WPF OÒPFGP KP FCNNTQJTGP, FKG KP 
FKG TTGPPYCPF FGU TTQIGU GKPIGNCUUGP UKPF. EKP VQNWOGPFQUKGTGT DGNKGHGTV UQ XKGT D\Y. DGK 
EKPUCV\ GKPGU Y-SVÒEMGU CO FCNNTQJT CEJV FTGUURN·V\G. DCU FWVVGT YKTF FKTGMV CWH FCU KO TTQI 
UVGJGPFG WCUUGT FQUKGTV, WPF FKG TKGTG OKUEJGP FGP FWVVGTDTGK UGNDUV CP. DKG DTGKHÌTOKIG FWV-
VGTMQPUKUVGP\ DGFKPIV OKV GKPGT IWVGP FWVVGTCM\GRVCP\ FKG UEJPGNNG EKPIGYÌJPWPI FGT FGTMGN, 
WPF FWTEJ FKG APOKUEJWPI FGU BTGKU GTUV KO TTQI KUV GKPG IWVG FWVVGTJ[IKGPG IGY·JTNGKUVGV. 

IO ADUVCPF GKPGT HTGK TGIGNDCTGP ZGKVURCPPG YKTF PCEJ FGT FÒVVGTWPI PQEJOCNU WCUUGT 
CWUFQUKGTV. DKGUGU WCUUGT FKGPV FGT TTQITGKPKIWPI, CW­GTFGO YKTF FGP FGTMGNP GKPG QHHGPG 
WCUUGTHN·EJG CNU ZWUCV\VT·PMG CPIGDQVGP, FKG FKGUG IGTP CPPGJOGP.

DKG CNNO·JNKEJG UOUVGNNWPI XQP TCVKQPKGTVGT CWH CF NKDKVWO FÒVVGTWPI GTHQNIV KP FGT \YGKVGP 
WQEJG PCEJ FGO ADUGV\GP. GGHÒVVGTV YKTF FCPP KP OGJTGTGP BNÌEMGP ÒDGT FGP TCI XGTVGKNV, 
YQDGK LGFGT BNQEM 4 FÒVVGTWPIU\GKVGP WOHCUUV. EKP \WU·V\NKEJGT BNQEM OKV PWT 2 FÒVVGTWPIU\GK-
VGP NKGIV PCEJVU KP FGT ZGKV XQP 0 UJT DKU 1 UJT. 

NCEJ LGFGT FÒVVGTWPIU\GKV UVGJV CWEJ JKGT WCUUGT \WT HTGKGP AWHPCJOG KO TTQI. DKG FÒNN-
UVCPFUMQPVTQNNG KO TTQI XGTJKPFGTV GKP ÜDGTNCWHGP.
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2�2 Eigene Untersuchungen

DKG ETRTQDWPIGP FGU FÒVVGTWPIUU[UVGOU KP DGKFGP VCTKCPVGP HKPFGP CWH \YGK BGVTKGDGP UVCVV. 
IP \YGK MNKOCVKUKGTVGP ADVGKNGP FGT LGJT- WPF FQTUEJWPIUUVCVKQP ODGTGT HCTFVJQH FGT JWU-

VWU-LKGDKI-UPKXGTUKV·V GKG­GP 
BGVTKGD 1� YWTFGP GKPG BWEJV OKV FGO FGTMGNHGGFGT WPF GKPG 
BWEJV OKV GKPGO RQJTDTGKCWVQOCVGP 
AP-SYKPI, AITQ PTQFWEVU� CWUIGUVCVVGV. BGKFG BWEJVGP 
GTJKGNVGP \WFGO GKPG SEJCNGPVT·PMG OKV ASWC LGXGN.

ZYGK 20GT FGTMGNITWRRGP YGTFGP UVGVU KP FGP \YGK DCWINGKEJGP KCOOGTP OKV FGP INGKEJGP 
MNKOCVKUEJGP VGTJ·NVPKUUGP IGJCNVGP. DGT LKEJVVCI KP DGKFGP ADVGKNGP YKTF ÒDGT GKP LKEJVRTQ-
ITCOO IGUVGWGTV. NGDGP FGT VGEJPKUEJGP EPVYKEMNWPI YGTFGP KP FGP UPVGTUWEJWPIGP FCU 
FTGUU- WPF TTKPMXGTJCNVGP, FKG GGYKEJVUGPVYKEMNWPI, FGT FWVVGT- WPF WCUUGTXGTDTCWEJ UQYKG 
FGT GGUWPFJGKVUUVCVWU CWUIGYGTVGV. 

DKG FGTMGN YGTFGP CO ADUGV\VGTOKP UQYKG GKPG WQEJG WPF 14 TCIG PCEJ FGO ADUGV\GP 
GKP\GNP IGYQIGP, WO UQ FKG V·INKEJGP ZWPCJOGP \W DGUVKOOGP. EKPG CDUEJNKG­GPFG W·IWPI 
GTHQNIV DGKO AWUUVCNNGP. 

DCU FWVVGT YKTF GKPIGYQIGP WPF \W FGP WKGIGVGTOKPGP \WTÒEMIGYQIGP, WO FGP FWVVGT-
XGTDTCWEJ CP FGO LGYGKNKIGP S[UVGO HGUVUVGNNGP \W MÌPPGP. DGT WCUUGTXGTDTCWEJ YKTF ÒDGT 
WCUUGTWJTGP GTOKVVGNV, FKG V·INKEJ CDIGNGUGP YGTFGP. DGT GGUWPFJGKVUUVCVWU FGT GTWRRGP 
YKTF FWTEJ BGJCPFNWPIUFCVGP WPF FKG AP\CJN OÌINKEJGT ADI·PIG Y·JTGPF FGT AWH\WEJV 
DGUVKOOV.

IP FGP UPVGTUWEJWPIGP CWH GKPGO PTCZKUDGVTKGD KP NQTFJGUUGP 
BGVTKGD 2� OKV GKPGT GTWR-
RGPITÌ­G XQP 32 TKGTGP MÌPPGP GDGPHCNNU FKG LGKUVWPIUFCVGP UQYQJN CO FGTMGNHGGFGT CNU 
CWEJ CO BTGKCWVQOCVGP GTHCUUV YGTFGP. EU YWTFG GKP ADVGKN OKV XKGT BWEJVGP XQP KFGPVKUEJGT 
GTÌ­G GKPIGTKEJVGV, FKG OKV HQNIGPFGT FÒVVGTWPIUVGEJPKM CWUIGUVCVVGV UKPF
 1. FGTMGNHGGFGT CNU DQRRGNMWT\VTQI, TKGT-FTGUURNCV\-VGTJ·NVPKU 4�1
 2. FGTMGNHGGFGT CNU DQRRGNN·PIUVTQI, TKGT-FTGUURNCV\-VGTJ·NVPKU 1�1
 3. GKP RQJTDTGKCWVQOCV, TKGT-FTGUURNCV\-VGTJ·NVPKU 8�1
 4. \YGK RQJTDTGKCWVQOCVGP, TKGT-FTGUURNCV\-VGTJ·NVPKU 4�1

ANNG BWEJVGP GPVJCNVGP FKG INGKEJG AP\CJN CP NKRRGNVT·PMGP. 
DKG UVCVKUVKUEJG BGWTVGKNWPI 
MKVVGNYGTVXGTINGKEJG� GTHQNIVG OKV FGO PTQITCOO-PCMGV SPSS 

11.1. 

3 ErgeDnisse zu Leistung und Gesundheit

DKG V·INKEJGP ZWPCJOGP FGT TKGTG CO FGTMGNHGGFGT YCTGP KP FGP GTUVGP 14 TCIGP PCEJ FGO 
ADUGV\GP KP FGP MNKOCVKUKGTVGP ADVGKNGP OKV 281 I WO 8 I JÌJGT CNU FKG ZWPCJOGP CO BTGKCW-
VQOCVGP OKV 273 I V·INKEJ. DKG INGKEJG TGPFGP\ \GKIVG FKG LGDGPFOCUUGGPVYKEMNWPI ÒDGT FKG 
IGUCOVG AWH\WEJV. DKG V·INKEJGP ZWPCJOGP XQP 380 I CO BTGKCWVQOCVGP YCTGP UKIPKHKMCPV 
PKGFTKIGT CNU FKG 405 I V·INKEJG ZWPCJOG CO FGTMGNHGGFGT.

BGK GKPGT FWVVGTXGTYGTVWPI XQP 1�1,6 XGTDTCWEJVG FKG GTWRRG CO BTGKCWVQOCVGP 611 I 
FWVVGT RTQ TKGT WPF TCI. DGT VGTDTCWEJ FGT FGTMGNHGGFGTITWRRG NCI DGK 614 I LG ADUGV\HGTMGN 
WPF HCNVWPIUVCI, CNNGTFKPIU OKV GKPGT FWVVGTXGTYGTVWPI XQP 1�1,5. 

DGT WCUUGTXGTDTCWEJ Y·JTGPF FGT AWH\WEJV YCT OKV 2323 N CO BTGKCWVQOCVGP WPF 2380 N 
CO FGTMGNHGGFGT PCJG\W CWUIGINKEJGP. IP FKGUG WGTVG IGJGP FKG TT·PMGP OKV GKP.
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EKP\GNVKGTDGJCPFNWPIGP FGT TKGTG CO FGTMGNHGGFGT YCTGP DKUJGT PKEJV PÌVKI, CO BTGKCWVQ-
OCVGP YWTFGP 17,5 � FGT FGTMGN CWHITWPF XQP DWTEJHCNNGTMTCPMWPIGP DGJCPFGNV. VGTNWUVG 
ICD GU KP FGP XQTNKGIGPFGP DWTEJI·PIGP MGKPG 
TCD. 1�. 

TCD. 1� VGTINGKEJ FGTMGNHGGFGT ä BTGKCWVQOCV CPJCPF WPVGTUEJKGFNKEJGT LGKUVWPIURCTCOGVGT KO BGVTKGD 1 

P � 120�
Comparison of the Ferkelfeeder to tube feeder using various parametres on Farm 1 (n � 120)

      Ferkelfeeder Breiautomat

tägliche Zunahmen (g) 405 380 *

Futterverwertung (1: ) 1,5 1,6

Einzeltierbehandlungen (%) 0 17,5

Wasserverbrauch (l) 2380 2323

* p < 0,05

DKG V·INKEJGP ZWPCJOGP FGT FGTMGNITWRRG CO FGTMGNHGGFGT OKV L·PIUVTQI DGVTWIGP KO PTC-
ZKUDGVTKGD 453 I.

BGFKPIV FWTEJ GKPG PQEJ PKEJV QRVKOCNG FÒVVGTWPIUHTGSWGP\ D\Y. H·WHKIMGKV FGT SGP-
UQTCDHTCIG KP FGP GTUVGP ETRTQDWPIGP YCTGP FKG V·INKEJGP ZWPCJOGP CO FGTMGNHGGFGT CNU 
DQRRGNMWT\VTQI-VCTKCPVG OKV 427 I PKGFTKIGT CNU KP FGT L·PIUVTQIITWRRG. DWTEJ GKPG DGUUGT 
CPIGRCUUVG FÒVVGTWPIUJ·WHKIMGKV NCUUGP UKEJ FKGUG ETIGDPKUUG LGFQEJ PQEJ XGTDGUUGTP. DKG 
UPVGTUEJKGFG \YKUEJGP FGP GTWRRGP OKV GKPGO 
435 I� QFGT \YGK RQJTDTGKCWVQOCVGP 
426 I� 
DG\ÒINKEJ FGT ZWPCJOGP UKPF IGTKPI WPF PKEJV UVCVKUVKUEJ \W UKEJGTP.

TCD. 2� ÜDGTUKEJV FGT ETIGDPKUUG DGKFGT BGVTKGDG 
P � 242� 
Summary of both farms (n � 2�2)

Betrieb 1 Betrieb 2 Betrieb 1 + 2

tägliche Zunahme am Ferkelfeeder 
– Längstrog (g)

405 453 421 

tägliche Zunahme am Ferkelfeeder 
– Kurztrog (g)

- 427 –

tägliche Zunahme am 
Breiautomaten (g)

380 431 396 

tägliche Zunahme an 
1 Breiautomaten (g)

– 435 –

tägliche Zunahme an 
2 Breiautomaten (g)

– 426 –

Absetzalter (d) 33 27 30

Absetzgewicht (kg) 9,5 6,7 8,0

Ausstallgewicht (kg) 23,6 28,0 25,8
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Eine neue Technik fÒr aktiXen FuttererwerD Dei der IntensiXhaltung 
Xon Schweinen
# neY tecJniSWe for CctiXe feed CcSWisition of intensiXeN[ JoWsed pigs

GERHARD MANTEUFFEL�, KATRIN ERNST, BIRGER PUPPE�, PETER C� SCH¤N

FQTUEJWPIUKPUVKVWV HÒT FKG BKQNQIKG NCPFYKTVUEJCHVNKEJGT NWV\VKGTG 
FBN� FB VGTJCNVGPURJ[UKQNQIKG, 
D-18196 DWOOGTUVQTH

SchlÒsselwÌrter� Schwein, AufruffÒtterung, Besch·ftigung, AktiXit·t
-e[Yords� Pig� feeding D[ cCNN� DeJCXioWrCN cJCNNenge� CctiXit[

<WsCmmenfCssWng

Geeignete Fütterungsanlagen für Schweine können Explorations- und Oralbedürfnisse erfül-
len. Weiterhin können zu bewältigende Verhaltensanforderungen kritische Faktoren bei der 
Stärkung von Immunfunktionen sein. Daher wurde durch den Einsatz von neu entwickelten 
„Ton-Schalter-Futterautomaten“ (TSF) bei Mastläufern (pro Gruppe n � �) erhöhte Aufmerk-
samkeit und Belohnungserwartung erzeugt. Es wurden � TSF pro Haltungsbucht installiert, 
die einzelne Tiere zu unvorhersehbaren Zeiten aufriefen. In der Eingangsphase hatte jedes 
Tier der Gruppe gelernt, einen bestimmten Ton als individuelles Signal zu erkennen. Der TSF 
für den Aufruf eines Tieres wechselte zufällig, sodass die Schweine jedes Mal eine Lokalisa-
tionsaufgabe zu lösen hatten. Wenn das richtige Tier den aufrufenden TSFA betreten hatte, 
musste in der letzten Phase zusätzlich ein Schalter mit der Rüsselscheibe betätigt werden, 
um die Futterausgabe auszulösen. Die Steuerung der gesamten Anlage erfolgte durch einen 
Zentralrechner. Im Vergleich zu einer Kontrollgruppe wuchsen die Versuchstiere in gleichem 
Maße. Daneben zeigte sich ein verbesserter Wundheilungsverlauf . 

SWmmCr[

Exploration and oral needs of pigs can be fulfilled by suitable set ups. Behavioural demands 
that animals can cope with may be also factors stimulating immune functions. Employing 
newly developed “call-feeding-stations” (CFS) we provoked increased attention and expecta-
tion of reward in groups of pigs (n � �). Using four CFS in a pen individual animals were 
called at unpredictable times. Previously, each pig has learned to recognize a certain sound 
as an individual signal. The calling CFS for each animal changed randomly so that the pig 
had to solve a localization task. In the last phase, after entry the correct animal had to push 
a button in order to receive food. The whole set up was controlled by a central computer. 
Compared to controls the experimental group displayed the same growth rate. In addition, 
wound healing was improved.

� UPVGTUVÒV\V XQP FGT DGWVUEJGP FQTUEJWPIUIGOGKPUEJCHV 
MC 947�11-1 W. �11-2�
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1 Einleitung

MQFGTPG HCNVWPIUU[UVGOG HÒT NCPFYKTVUEJCHVNKEJG NWV\VKGTG UKPF FWTEJ EHHGMVKXKV·V WPF JQJG 
AWVQOCVKUKGTWPIUITCFG IGMGPP\GKEJPGV. DKG PQVYGPFKIGP TKGT-TGEJPKM IPVGTCMVKQPGP OÒUUGP 
FCFWTEJ \W DGY·NVKIGP UGKP, FCUU PWT APHQTFGTWPIGP IGUVGNNV YGTFGP, FKG OKV FGO CTVGKIGPGP 
VGTJCNVGP IGOGKUVGTV YGTFGP MÌPPGP. DKGU UEJNKG­V FKG KQPVTQNNKGTDCTMGKV FGT HCNVWPIUWOYGNV 
FWTEJ FCU TKGT, KJTG VQTJGTUGJDCTMGKV WPF FKG MÌINKEJMGKV GKP, OKV SVTGUUHCMVQTGP GTHQNITGKEJ 
WO\WIGJGP. DGUYGIGP DGVQPGP CMVWGNNG SKEJVYGKUGP FGT TKGTIGTGEJVJGKV FKG YKEJVKIG WPF 
MQORNGZG RQNNG XQP MQIPKVKXGP PTQ\GUUGP 
HELD GV CN. 2001�, BGNQJPWPI 
SPRUIJT GV CN. 2001� 
WPF FGT GOQVKQPCNGP WCJTPGJOWPI GKPGT FGT SKVWCVKQP 
PUPPE 2003�. ETTGIWPI WPF TGCMVK-
XGU VGTJCNVGP MCPP XQTVGKNJCHV UGKP, YGPP XQP GTHÒNNDCTGP, RQUKVKXGP ETYCTVWPIGP DGINGKVGV. 
ZWO BGKURKGN YWTFG OGJTHCEJ IGHWPFGP, FCUU BGY·NVKIWPI XQP VGTJCNVGPUCPHQTFGTWPIGP \W 
XGTUV·TMVGT IOOWPMCRC\KV·V HÒJTGP MCPP 
TUCHSCHERER GV CN. 1998�. ZWU·V\NKEJ MÌPPGP UQNEJG 
APHQTFGTWPIGP LCPIGYGKNG TGFW\KGTGP WPF UQ FKG TKGTIGTGEJVJGKV XGTDGUUGTP.

WKT JCDGP FKG VGTJCNVGPUDGTGKVUEJCHV XQP SEJYGKPGP DGKO FWVVGTGTYGTD WPVGTUWEJV. HKGT-
HÒT JCDGP YKT GKP MQORNGZGU FÒVVGTWPIUU[UVGO 
TQP-SEJCNVGT-FWVVGTCWVQOCV, TSF� GPVYKEMGNV. 
DKG TKGTG JCVVGP FCDGK CMWUVKUEJ FGP OTV FGT FWVVGTICDG \W NQMCNKUKGTGP. TSF GTHQTFGTV XQP FGP 
TKGTGP \WP·EJUV GTHQNITGKEJGU ETNGTPGP FGT URG\KHKUEJGP EKIGPUEJCHVGP FGU FÒVVGTWPIUTGIKOGU, 
WO UKEJ OKV FGT AWHICDG XGTVTCWV \W OCEJGP. APUEJNKG­GPF OÒUUGP UKG Y·JTGPF FGT ÒDGT FGP 
TCI XGTVGKNVGP FÒVVGTWPIURGTKQFGP CWHOGTMUCO UGKP, WO FKG CMWUVKUEJGP SKIPCNG YCJT\WPGJ-
OGP, \W GTMGPPGP WPF \W QTVGP.

2 Material und Methoden

2�1 Tiere, Haltung und Futter

PTQ VGTUWEJ YWTFGP 16 MCUVN·WHGT CWU 8 XGTUEJKGFGPGP WÒTHGP 
DGWVUEJG LCPFTCUUG, ANVGT 
7 WQEJGP� KP \YGK GTWRRGP \W LG 8 TKGTGP CWHIGVGKNV 
VGTUWEJUITWRRG WPF KQPVTQNNITWRRG�. 
DKG TKGTG YWTFGP DKU \W GKPGO ANVGT XQP 20 WQEJGP WPVGTUWEJV. BGKFG GTWRRGP YWTFGP KP 
BWEJVGP XQP 3,0 Z 4,25 O2 
LG 50 � SRCNVGP- WPF BGVQPDQFGP� KP FGT EZRGTKOGPVCNCPNCIG FGU 
FBN CWHIGUVCNNV. DGT KQPVTQNNITWRRG YWTFG MQPXGPVKQPGNN ÒDGT GKPGP FWVVGTURGPFGT 
J[FGP-
DCPVGE, SÒFGTNÒIWO, XQTIGUGJGP HÒT 4 MCUVUEJYGKPG� GKPOCN CO TCI FKG V·INKEJG FWVVGTTCVKQP 
IGIGDGP. DKG VGTUWEJUITWRRG YWTFG OKV 4 TFS ÒDGT FGP TCI XGTVGKNV IGHÒVVGTV. IPUIGUCOV 
GTHQNIVGP 6 DWTEJI·PIG.

DKG V·INKEJG FWVVGTOGPIG GPVURTCEJ FGP EORHGJNWPIGP HÒT SEJYGKPGRTQFWMVKQP KP 
DGWVUEJNCPF 
LINDERMAYER GV CN. 1994, DLG 1995� WPF YWTFG CNVGTUIGO·­ XGTCDTGKEJV. DCU 
FWVVGT DGUVCPF CWU SVCPFCTF-PGNNGVU 
TREDE � VON PEIN, IV\GJQG; OGVCDQNKUEJGT BTGPPYGTV 13,0 
MJ�MI, 16 � RQJRTQVGKP, 4,7 � RQJHCUGT, 1,1 � L[UKP�.

DKG TSF DQVGP GKPG YÌEJGPVNKEJ UVGKIGTPFG FWVVGTTCVKQP CP 
0,66 MI�TKGT W. TCI DGK 7 
WQEJGP ANVGT DKU 2,62 KI�TKGT W. TCI DGK 20 WQEJGP ANVGT�. UO WCEJUVWOUGHHGMVG FWTEJ 
UPVGTUEJKGFG KP FGT FWVVGTCWHPCJOG \YKUEJGP KQPVTQNN- WPF VGTUWEJUITWRRG CWU\WUEJNKG­GP, 
YWTFG FGT KQPVTQNNITWRRG LGYGKNU FKG FWVVGTOGPIG CPIGDQVGP, FKG FKG VGTUWEJUITWRRG CO 
VQTVCI MQPUWOKGTV JCVVG. WCUUGT JCVVGP DGKFG GTWRRGP CF NKDKVWO. 
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2�2 Technische AusrÒstung

EKP TSF KUV GKPG KCOOGT 
 L � 63 EO, B � 40 EO, H � 103 EO� OKV GKPGT TKGTGTMGP-
PWPIUCPVGPPG 
ANNHNGZ-TTCPURQPFGT, TGZCU TTCFKPI, WKPFCEJ� KO EKPICPIUDGTGKEJ. AO JKPVG-
TGP EPFG KUV GKP TTQI OKV GKPGT AWUICDGGKPJGKV, GKP BGV·VKIWPIUUEJCNVGT UQYKG GKP LCWVURTGEJGT 
OQPVKGTV 
ADD. 1�. DGT LCWVURTGEJGT URKGNV CWH SVCTVUKIPCN FGU ZGPVTCNTGEJPGTU GKPGP FGT CWH 
FGO SNCXG-RGEJPGT LGFGU TSF IGURGKEJGTVGP SKIPCNVÌPG. DGT SNCXG-RGEJPGT UVGWGTV GDGPHCNNU 
FKG FWVVGTCWUICDGOGPIG.

ADD. 1� DGT TQP-SEJCNVGT-FWVVGTCWVQOCV 
TSF�. 1� FWVVGTDGJ·NVGT; 2� LCWVURTGEJGT; 3� APVGPPG \WT TKGTGTMGP-
PWPI; 4� AMVKQPUUEJCNVGT; 5� TTQI
The call-feeding-station (CFS). 1:feed dispenser� 2: loudspeaker� 3: animal identification antenna� �: actuator� 
�: trough

DGT ZGPVTCNTGEJPGT MQPVTQNNKGTV FKG DCVGPÒDGTVTCIWPI \W WPF XQP LGFGO TSF OKVVGNU FGT GPV-
URTGEJGPFGP SWDTQWVKPGP HÒT FKG LGYGKNKIGP VGTUWEJURJCUGP 
ADD. 2�. WGKVGT QTFPGV GT FKG 
TKGTG \WH·NNKI FGP 4 TSF \W, NGIV FKG ZGKVGP HÒT FKG FÒVVGTWPIUCWHTWHG HGUV WPF TGIKUVTKGTVG FCU 
DGUWEJGPFG TKGT WPF UGKPG AMVKQPGP. HKGTHÒT YGTFGP \WP·EJUV FKG AP\CJN XQP FÒVVGTWPIU\[-
MNGP 
FZ� HÒT LGFG TCIGUUVWPFG HGUVIGNGIV. EKP FZ DGKPJCNVGV FGP GKPOCNKIGP AWHTWH LGFGU FGT 
8 SEJYGKPG. EU MÌPPGP DKU \W 4 FZ�SVWPFG GT\GWIV YGTFGP, YQDGK LGFGU TKGT \W GKPGO DGNKG-
DKIGP TSF IGTWHGP YKTF. DKG \WH·NNKIG ADHQNIG IGY·JTNGKUVGV, FCUU FKG TKGTG MGKPG PT·HGTGP\ 
HÒT GKPGP DGUVKOOVGP TSF GPVYKEMGNP. JGFGO TKGT UVGJV GKPG DGUVKOOVG FÒVVGTWPIU\GKVURCPPG 
\W, KP FGT GU FGP TSF CWHUWEJGP OWUU. IUV FKGUG HÒT CNNG TKGTG CDIGNCWHGP, YKTF FGT P·EJUVG FZ 
IGUVCTVGV. BGVTKVV GKP PKEJV CWHIGTWHGPGU TKGT FGP TSF, GTHQNIV MGKPG FWVVGTCWUICDG.
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ADD. 2� LQIKUEJGU SVGWGTWPIUUEJGOC HÒT 4 TFS WPF \WH·NNKIGP TKGTCWHTWH Y·JTGPF FGT AMVKXKV·VU\GKVGP
Logical flow diagram for control of � CFS and randomised animal calls during the activity phases

2�3 Prozedur

DCU PTQITCOO FGT VGTUWEJUITWRRG DGUVCPF CWU FTGK PJCUGP. IP PJCUG 1 NGTPVGP FKG TKGTG 
KJTGP KPFKXKFWGNNGP TQP OKV FWVVGT \W CUUQ\KKGTGP. IOOGT YGPP UKG FGP TSF DGVTCVGP, YWTFG 
FWVVGT CWUIGIGDGP WPF FGT KJPGP \WIGQTFPGVG TQP CDIGURKGNV. IP PJCUG 2 YWTFG FGT KPFKXK-
FWGNNG TQP CP GKPGO DGNKGDKIGP TSF IGPGTKGTV. FWVVGTCWUICDG GTHQNIVG, YGPP UKEJ FCU TKEJVKIG 
TKGT KP FGP TSF DGICD. IP PJCUG 3 OWUUVG FCU TKGT \WU·V\NKEJ FGP KO TSF GKPIGDCWVGP SEJCNVGT 
OKV FGT RÒUUGNUEJGKDG DGV·VKIGP. DKG AP\CJN FGT GTHQTFGTNKEJGP SEJCNVGTCMVKQPGP MQPPVG KO 
LCWH FKGUGT PJCUG IGUVGKIGTV YGTFGP.

2�4 VerhaltensRarameter

DCU LGTPXGTJCNVGP YWTFG PCEJ PJCUG 1 
KQPFKVKQPKGTWPI� KP PJCUG 2 WPF 3 CNU GTHQNITGKEJ 
IGYGTVGV, YGPP FCU TKEJVKIG TKGT DGK AWHTWH FGP TSF CWHUWEJVG. WGKVGTJKP YWTFG FCU IGPGTGNNG 
VGTJCNVGP 
LKGIGP, LCWHGP, ZGKV CO TTQI� KP DGKFGP GTWRRGP RGT VKFGQCWH\GKEJPWPI TGIKUVTKGTV 
WPF CWUIGYGTVGV. 

2�5 Ph[siologische Parameter

EKPOCN YÌEJGPVNKEJ YWTFG BNWV FWTEJ PWPMVKQP FGT VGPC ECXC CPVGTKQT GPVPQOOGP WPF CWH 
IOOWPRCTCOGVGT PCEJ TUCHSCHERER GV CN. 
1998� WPVGTUWEJV. AO EPFG XQP PJCUG 3 GTHQNIVG 
GKPG SEJWUUDKQRUKG. DGT WWPFJGKNWPIUXGTNCWH YWTFG CWH FGT BCUKU XQP DKIKVCNHQVQU 
CQTQ-
PCFWTEJOGUUGT� V·INKEJ 10 TCIG NCPI FQMWOGPVKGTV. DKG KÌTRGTOCUUG YWTFG YÌEJGPVNKEJ 
DGUVKOOV. FNGKUEJSWCNKV·VURCTCOGVGT 
MWUMGNHCUGTXGTJ·NVPKU, DTKRXGTNWUV� YWTFGP RQUV OQTVGO 
GTOKVVGNV.
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3 ErgeDnisse

3�1 Verhalten

NCEJ FGT GKPYÌEJKIGP KQPFKVKQPKGTWPIURJCUG GTMCPPVGP CNNG TKGTG KJTGP KPFKXKFWGNNGP FÒV-
VGTWPIUVQP WPF NGTPVGP, FCUU FKGUGT CP LGFGO DGNKGDKIGP TSF GTVÌPGP MQPPVG. EPVURTGEJGPF 
\GKIVGP UKG UEJQP \W BGIKPP XQP PJCUG 2 GKPGP ETHQNI XQP 48 � 
ZWHCNNUYCJTUEJGKPNKEJMGKV � 
1�4 � 25 ��, FGT KPPGTJCND YGPKIGT TCIG CWH 80 � UVKGI 
ADD. 3�. 

ADD. 3� ETHQNIUMWTXGP DGKO AWHUWEJGP FGT TFS GKPGT DGKURKGNJCHVGP GTWRRG. FR� ëFKZGF RCVKQé � AP\CJN 
GTHQTFGTNKEJGT TCUVGPDGV·VKIWPIGP XQT FWVVGTCWUICDG. 
80 � � BGFCTHFGEMWPI�
Success curves at the CFS of a typical group of pigs. FR: „Fixed Ratio“ � number of button presses necessary 
for feed delivery. (�0 � � calculated food allowance)

IP PJCUG 3, CNU \WU·V\NKEJ GKP KPQRH IGFTÒEMV YGTFGP OWUUVG, DTCWEJVGP FKG TKGTG DKU \W 7 
TCIG, WO YKGFGT GKP ·JPNKEJ JQJGU ETHQNIUPKXGCW \W GTTGKEJGP. DCU SVGKIGTP FGT GTHQTFGTNKEJG 
AP\CJN FGT KPQRHDGV·VKIWPIGP XGTTKPIGTVG FGP ETHQNI PKEJV.

DCU LKGIG- WPF AMVKXKV·VUXGTJCNVGP XQP KQPVTQNN- WPF VGTUWEJUITWRRGP YCT UKIPKHKMCPV XGT-
UEJKGFGP. DKG VGTUWEJITWRRG NCI YGPKIGT WPF NKGH OGJT, Y·JTGPF FKG ZGKVGP CO TTQI D\Y. 
TSF UKEJ PWT Y·JTGPF FGT TTCKPKPIURJCUG 
1� WPVGTUEJKGFGP� FKG VGTUWEJUITWRRGP YCTGP 
J·WHKIGT CO TSF CNU FKG KQPVTQNNITWRRGP CO TTQI. IO ORGP-FKGNF TGUV YCTGP FKG VGTUWEJU-
ITWRRGP VGPFGP\KGNN GZRNQTCVKXGT WPF YGPKIGT CWHIGTGIV.

3�2 Wachstum und Rh[siologische Parameter

DCU WCEJUVWO DG\QIGP CWH FKG LGDGPFOCUUG\WPCJOG XQP KQPVTQNN- WPF VGTUWEJUITWRRGP 
YCT KFGPVKUEJ. DC DGKFG GTWRRGP FKG UGNDG FWVVGTOGPIG GTJKGNVGP, \GKIVG FKGU, FCUU FKG OKV 
FGO TSF XGTDWPFGPGP APHQTFGTWPIGP RGT UG MGKPGP PGICVKXGP EKPHNWUU CWH FKGUGP LGKUVWPIU-
RCTCOGVGT JCVVGP.
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DKG IOOWPRCTCOGVGT YKGUGP PWT IGTKPIHÒIKIG UPVGTUEJKGFG KO VGTINGKEJ \WT KQP-
VTQNNITWRRG CWH. JGFQEJ YCT FGT WWPFJGKNWPIURTQ\GUU PCEJ FGT SEJWUUDKQRUKG CO EPFG XQP 
PJCUG 3 DGK FGT VGTUWEJUITWRRG DGUEJNGWPKIV. AD FGO 6. TCI PCEJ BKQRUKG YCT FKG WWPF-
MQTQPC DGK FGT VGTUWEJUITWRRG FGWVNKEJ MNGKPGT. 

DCU FNGKUEJ FGT VGTUWEJUVKGTG YKGU GKPGP WO 1 � XGTTKPIGTVGP DTKRXGTNWUV CWH. IO TTGPF 
YCT FGT APVGKN QZKFCVKXGT MWUMGNHCUGTP WO 2 PTQ\GPVRWPMV GTJÌJV.

4 Diskussion und Schlussfolgerungen

DKG TFS GTHQTFGTVGP \WO APHCPI FGT EZRGTKOGPVCNRGTKQFG GKP TTCKPKGTGP FGT TKGTG. DKGU 
GTHQNIVG OKVVGNU GKPGT KQODKPCVKQP XQP MNCUUKUEJGT WPF QRGTCPVGT KQPFKVKQPKGTWPI. IP FGT GTU-
VGP VGTUWEJURJCUG GTVÌPVG FGT KPFKXKFWGNNG SKIPCNVQP OKV FGT FWVVGTCWUICDG, YQDGK UKEJ GKPG 
MNCUUKUEJ MQPFKVKQPKGTVG AUUQ\KCVKQP \YKUEJGP TQP WPF FWVVGT CWUDKNFGVG. ORGTCPVG KQPFKVKQ-
PKGTWPI GTHQNIVG KP PJCUG 2, YGPP FKG TKGTG NGTPVGP, FGP TWHGPFGP TFS CWH\WUWEJGP, HTGOFG 
SKIPCNVÌPG \W KIPQTKGTGP WPF, KP FGT NGV\VGP PJCUG, FGP FWVVGTCWUICDGUEJCNVGT GKP- QFGT 
OGJTOCNU OKV FGT RÒUUGNUEJGKDG \W DGV·VKIGP. DKGUG AWHICDGP, FKG CWEJ FCU UPVGTUEJGKFGP 
XQP XGTUEJKGFGPGP KN·PIGP DGKPJCNVGVG, YWTFG XQP FGP TKGTGP UGJT IWV IGOGKUVGTV. DKG TKGTG 
OWUUVGP UKEJ CMVKX FGP APHQTFGTWPIGP CPRCUUGP, KPPGTJCND GKPGU FÒVVGTWPIU\GKV\[MNWU XQP 
12 J YKGFGTJQNV \W WPXQTJGTUGJDCTGP ZGKVRWPMVGP \WO FÒVVGTP CWHIGTWHGP \W YGTFGP WPF 
FCPP PWT MNGKPG PQTVKQPGP \W GTJCNVGP. SKG JCVVGP KJT KPFKXKFWGNNGU SKIPCN \W NGTPGP WPF, CD 
PJCUG 2, CWHOGTMUCO IGPWI UGKP, WO GU \W GTMGPPGP WPF \W NQMCNKUKGTGP. 

DKG RGUWNVCVG \GKIGP, FCUU SEJYGKPG MGKP PTQDNGO FCOKV JCDGP, UKEJ CF·SWCV MQPUVTWKGT-
VGP VGEJPKUEJGP APNCIGP CP\WRCUUGP, UQNCPIG FKGUG KJTG PCVÒTNKEJG VGTJCNVGPUDGTGKVUEJCHV 
DGTÒEMUKEJVKIGP. DKGU MCPP \WINGKEJ FGT BGTGKEJGTWPI FGT UOYGNV FKGPGP, LCPIGYGKNG WPF 
UPVGTHQTFGTWPI TGFW\KGTGP WPF W. U. CWEJ FKG GGUWPFJGKV HÌTFGTP. IPUDGUQPFGTG MÌPPVG GKP 
·JPNKEJGU FÒVVGTWPIUXGTHCJTGP HÒT XGTDGUUGTVG HCNVWPIUDGFKPIWPIGP XQP VT·EJVKIGP SCWGP 
CPYGPFDCT UGKP.
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Eiwei­reduzierte sensorgeregelte MastschweinefÒtterung
Protein redWced sensor controNNed feeding of fCttening pigs

CORNELIA SUHR, MAIKE NAATJES, MICHAIL DOLUD, HELGA ANDREE, THOMAS HªGLE

IPUVKVWV HÒT LCPFYKTVUEJCHVNKEJG VGTHCJTGPUVGEJPKM, UPKXGTUKV·V KKGN, D-24098 KKGN

SchlÒsselwÌrter� Mastschweine, FÒtterung, GÒllesensor, NIR
-e[Yords� (Cttenning pigs� feeding� mCnWre sensor� 0+4

<WsCmmenfCssWng

Das Gesamtziel des Vorhabens „Eiweißreduzierte sensorgeregelte Mastschweinefütterung“ 
besteht darin, eine auf Sensoren gestützte Steuerungs-/Regelungstechnik zur optimalen 
Fütterung von Mastschweinen zu entwickeln. In einem Mastversuch (�2� Tiere) wurde mit 
abgestufter Lysinversorgung eine unterschiedliche Proteinverwertung induziert. Spezifische 
Sensoren erfassten Futteraufnahme, Wachstum, Klima und Gülledaten. Neuartig in dieser 
Betrachtung ist der Güllesensor mit Nahinfrarotspektroskopie. Die Höhe der Lysinversorgung 
aber auch das Geschlecht hatte einen Einfluss auf die Leistung. Mit steigender Lysinversor-
gung wurde weniger Futter aufgenommen, das Futter besser umgesetzt eine kürzere Mastzeit 
bei tendenziell höherem Muskelfleischanteil erzielt. Unterschiede in die gleiche Richtung 
zeigten sich auch zwischen männlichen und weiblichen Tieren. Der Zusammenhang von 
Lysinaufnahme und Mastleistung lässt sich in den Gülle-N- und NH3-N-Gehalten darstellen.

SWmmCr[ 

Main aim of the project “Protein reduced sensor controlled feeding of fattening pigs” is to 
develop a feeding control technique based sensors, for optimal feeding of fattening pigs. In 
a fattening trail (�2� animals) protein utilization has been modified by varying the lysine 
supplementation. Specific sensors recorded feed intake, growth, climate and manure data. 
A new approach in this context is the application of a manure sensor based on near infrared 
spectroscopy. Higher levels of lysine supplementation but also the gender of the animals led 
to a lower feed intake, a better feed conversion and thus to a shorter fattening period with 
the tendency to higher percentage of lean meat in the carcass. Differences in the same direc-
tion could be monitored from male to female animals. The relationship of lysine intake and 
fattening traits can be depicted by the manure nitrogen and ammonium contents.
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1 Einleitung

DCU ZKGN FGT SEJYGKPGOCUV KUV FKG ET\GWIWPI GKPGU SEJNCEJVMÌTRGTU OKV JQJGO FNGKUEJCPVGKN, 
KP GKPGT FGHKPKGTVGP 3WCNKV·V, KP OÌINKEJUV MWT\GT ZGKV. DKG EHHK\KGP\ FGT MCUVUEJYGKPGRTQFWM-
VKQP YKTF FCDGK YGUGPVNKEJ FWTEJ FKG VGTYGTVWPI WPF FGP APUCV\ FGT \WIGHÒJTVGP N·JTUVQHHG 
DGUVKOOV, FKGU DGUQPFGTU KO HKPDNKEM CWH FCU PTQVGKP. EKPG SVGWGTWPIU-�RGIGNWPIUVGEJPKM HÒT 
FKG FÒVVGTWPI UQNNVG FGO\WHQNIG UQ CWUIGNGIV UGKP, FCUU LGFGT\GKV GKPG QRVKOCNG PTQVGKPXGT-
YGTVWPI FWTEJ FCU TKGT IGY·JTNGKUVGV KUV. DKGU UGV\V LGFQEJ XQTCWU, FCU TKEJVKIG NKXGCW FGT 
QRVKOCNGP PTQVGKP- WPF EPGTIKGXGTUQTIWPI IGPCW CDUEJ·V\GP \W MÌPPGP. ZW BGIKPP FGT MCUV 
KUV FKGU PWT ITQD OÌINKEJ WPF GU MÌPPGP UKEJ VGT·PFGTWPIGP Y·JTGPF FGT MCUV GTIGDGP. 
DCDGK DGUVGJV KP FGT FKPFWPI FGU TKEJVKIGP VGTUQTIWPIUPKXGCWU GKP ZKGNMQPHNKMV. WGTFGP FKG 
TKGTG ÒDGT FCU XGTYGTVDCTG MC­ JKPCWU OKV PTQVGKP XGTUQTIV, GTIGDGP UKEJ WOYGNVTGNGXCPVG 
BGNCUVWPIGP KP FQTO GTJÌJVGT N- WPF NH3-AWUVT·IG. WGTFGP FKG TKGTG FCIGIGP \W MPCRR 
IGHÒVVGTV, DGUVGJV FCU RKUKMQ YGTVXQNNGU APUCV\RQVGPVKCN \W XGTUEJGPMGP.

ANU HGTCWUHQTFGTWPI UVGNNV UKEJ UQOKV FKG AWHICDG, PCTCOGVGT WPF OGUUDCTG SKIPCNG FGU 
CMVWGNNGP ZWUVCPFGU \W KFGPVKHK\KGTGP UQYKG FKGUG ÒDGT SGPUQTU[UVGOG MQPVKPWKGTNKEJ \W 
GTHCUUGP, EPVYKEMNWPIGP \W CPVK\KRKGTGP, WO UQOKV HTÒJ\GKVKI UVGWGTPF UQ GKP\WITGKHGP, FCUU 
FGJNGPVYKEMNWPIGP ICT PKEJV GTUV CWHVTGVGP. 

DGT PCEJHQNIGPF DGUEJTKGDGPG MCUVXGTUWEJ FKGPV FC\W, CWH FGT BCUKU DGY·JTVGT SGPUQTGP, 
CDGT CWEJ WPVGT EKPDG\KGJWPI GKPGU PGWGP GÒNNGUGPUQTU, FKGUG ZWUCOOGPJ·PIG \W GTHCUUGP 
WPF HKPYGKUG \W NKGHGTP, YKG \WMÒPHVKI GKPG SVGWGTWPI KP FGT MCUVUEJYGKPGJCNVWPI CWUUGJGP 
MÌPPVG.

2 H[Rothesen

VQP FGP UVGWGTDCTGP FCMVQTGP, FKG FGP PTQVGKPCPUCV\ WPF FCOKV FCU WCEJUVWO�FKG KÌT-
RGT\WUCOOGPUGV\WPI DGGKPHNWUUGP, MQOOV FGT FÒVVGTWPI FKG ITÌ­VG BGFGWVWPI \W 
DLG, 
1991�. NGDGP FGT HÌJG FGT PTQVGKPXGTUQTIWPI KUV FGT APVGKN NKOKVKGTGPFGT AOKPU·WTGP GKP 
DGITGP\GPFGT FCMVQT ä OKV L[UKP CP GTUVGT SVGNNG. ZWT 3WCPVKHK\KGTWPI XQP IPRWV-VGTYGTVWPI-
OWVRWV GKIPGV UKEJ L[UKP CNU UVGWGTDCTGT FCMVQT, WO KO VGTUWEJ FKG PTQVGKPXGTYGTVWPI WPF 
FGP PTQVGKPCPUCV\ \W XCTKKGTGP. EU YWTFGP WPVGTUEJKGFNKEJG L[UKPIGJCNVG KP FGP RCVKQPGP 
GKPIGUGV\V WPF FKGU KO BG\WI \WT MCUVNGKUVWPI WPF FGT GÒNNG\WUCOOGPUGV\WPI WPVGTUWEJV. 
W·JTGPF FGT EKPHNWUU XQP L[UKP CWH N·JTUVQHHXGTYGTVWPI WPF WCEJUVWO DGTGKVU IWV GTHQTUEJV 
KUV, DGUVGJV FKG NGWCTVKIMGKV KP FGO JKGT IGY·JNVGP APUCV\, FKG GÒNNG KP FKG S[UVGODGVTCEJ-
VWPI OKV GKP\WDG\KGJGP. 

FQNIGPFG H[RQVJGUG IKNV GU FCDGK \W ÒDGTRTÒHGP. ÜDGTUEJÒUUKIGU, F. J. XQO TKGT PKEJV 
XGTYGTVGVGU PTQVGKP YKTF XQO TKGT CNU HCTPUVQHH CWUIGUEJKGFGP. IP FGT GÒNNG YKTF HCTPUVQHH 
UGJT UEJPGNN \W NH3 WOIGUGV\V. DWTEJ BGQDCEJVWPI FGU NH3-N- \WO GGUCOV-N-GGJCNV KP FGT 
GÒNNG UQNN CWH GKPGP RQVGPVKGNNGP IPFKMCVQT HÒT FKG PTQVGKPXGTYGTVWPI IGUEJNQUUGP YGTFGP.

3 Eingesetzte Technik�Sensoren

DKG TKGTG YWTFGP ÒDGT GKPG UGPUQTIGUVGWGTVG FNÒUUKIHÒVVGTWPI 
BKQ-FGGFGT, FC. HÖLSCHER

� LEUSCHNER� XGTUQTIV. DKGUGU S[UVGO HÒVVGTV FKG MCUVUEJYGKPG PCEJ KJTGO FTGUUXGTJCNVGP. 
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W·JTGPF FGU FTGUUXQTICPIU YKTF ÒDGT TTQIUGPUQTGP FKG EPVNGGTWPIUIGUEJYKPFKIMGKV KO TTQI 
GTHCUUV. DCU PTQITCOO GTOKVVGNV WPF DGYGTVGV FCPP FCU FTGUUXGTJCNVGP WPF DGTGEJPGV�FQUKGTV 
CWH FKGUGT BCUKU FKG PCEJHQNIGPFG MCJN\GKV. DKG AOKPQU·WTGP, KP FKGUGO VGTUWEJ FCU L[UKP, 
YWTFGP FWTEJ GKPGP FGKPFQUKGTGT \W GKPGT CWH GGVTGKFG WPF SQLCGZVTCMVKQPUUEJTQV CWHIGDCW-
VGP BCUKUTCVKQP UWRRNGOGPVKGTV. DGT WCEJUVWOUXGTNCWH YWTFG FWTEJ FKG ETHCUUWPI FGT LGDGPF-
OCUUG 
EKP\GNVKGTYCCIG� DGQDCEJVGV. EKP KNKOCUGPUQT \GKEJPGVG UVÒPFNKEJ FKG YGUGPVNKEJGP 
SVCNNMNKOCFCVGP 
TGORGTCVWT, LWHVHGWEJVKIMGKV� KO SVCNN CWH. DGT CO IPUVKVWV HÒT LCPFYKTVUEJCHV-
NKEJG VGTHCJTGPUVGEJPKM�UPK KKGN GPVYKEMGNVG GÒNNG-NIR-SGPUQT YWTFG \WT ETHCUUWPI NH3-N 
WPF GGUCOV-N KP FGT GÒNNG GTUVOCNKI GKPIGUGV\V.

3�1 GÒllesensor

DKG FGO GÒNNGUGPUQT \WITWPFG NKGIGPFG TGEJPQNQIKG KUV FKG NCJKPHTCTQVURGMVTQUMQRKG 
NIR�. 
ANU EJGOQOGVTKUEJG MGVJQFG MCPP NIR QJPG CWHY·PFKIG PTQDGPXQTDGJCPFNWPI GKPG UEJPGN-
NG WPF \GKVPCJG APCN[UG FGT GÒNNG FWTEJHÒJTGP. DGT GÒNNGUGPUQT KUV CNU DWTEJHNWUUOGUUU[UVGO 
CWUIGHÒJTV WPF DGUVGJV CWU DKQFGP-ATTC[-SRGMVTQOGVGT 
ZGKUU CORONA 45 NIR�, DWTEJHNWUU-
OGUU\GNNG WPF PWORG. DKG MGUU\GNNG KUV UQ CWUIGDKNFGV, FCUU FKG PTQDG \YKUEJGP \YGK IGIGP-
ÒDGTNKGIGPFGP FGPUVGTP 
3 OO ADUVCPF� FKG MGUU\GNNG JQOQIGP FWTEJHNKG­V. HKGTDGK OWUU 
IGY·JTNGKUVGV UGKP, FCUU MGKPG SGFKOGPVCVKQP, SEJCWODKNFWPI WPF VGTUVQRHWPI GPVUVGJGP. 

ADD. 1� LKPGCTG RGITGUUKQP FGU, GGUCOVUVKEMUVQHHU, AOOQPKWOUVKEMUVQHHU WPF FGT TTQEMGPUWDUVCP\ 
P � 120�, 
QTICPKUEJGP SWDUVCP\
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DC GÒNNG GKP HGUV�HNÒUUKIGU GGOKUEJ FCTUVGNNV 
SWURGPUKQP�, UKPF DGK FGT URGMVTQUMQRKUEJGP 
MGUUWPI GKPKIG BGUQPFGTJGKVGP \W DGCEJVGP. FNÒUUKIMGKVGP YGTFGP KP CNNGT RGIGN ÒDGT TTCPU-
OKUUKQPUOGUUWPIGP GTHCUUV, FGUVUVQHHG YGTFGP KP FGT RGHNGZKQP WPVGTUWEJV. BGK SWURGPUKQPGP 
MCPP FKG KQODKPCVKQP XQP DGKFGO CNU UQ IGPCPPVG TTCPUHNGZKQPUOGUUWPI TGCNKUKGTV YGTFGP. 
HKPVGT FGT PTQDG YKTF CP GKPGT MGTCOKUEJGP SEJGKDG FKG GKPIGUVTCJNVG EPGTIKG \W 100 � 
TGHNGMVKGTV, RCUUKGTV FKG PTQDG CWH FGO RÒEMYGI GKP \YGKVGU OCN WPF YKTF YKG FKG FKHHWUG 
RGHNGZKQP CP FGP HGUVGP PCTVKMGN CWHIG\GKEJPGV. UO MGUUWPIGP FWTEJHÒJTGP \W MÌPPGP, KUV 
GU LGFQEJ GTHQTFGTNKEJ FCU S[UVGO XQTCD CP RGHGTGP\RTQDGP \W MCNKDTKGTGP.

IO RCJOGP FKGUGU VGTUWEJU YWTFG OKV EC. 100 KO LCDQT WPVGTUWEJVGP GÒNNGRTQDGP FKG 
KCNKDTCVKQP FGU NIR-SGPUQTU XQTIGPQOOGP WPF CPUEJNKG­GPF OKVVGNU KTGW\XCNKFKGTWPI ÒDGT-
RTÒHV 
ADD. 1�. DKG GGPCWKIMGKV FGT SEJ·V\WPI HÒT GGUCOV-N, NH3-N, TS WPF QTS CWUIGFTÒEMV 
CNU R2 NKGIV DGK 0,94, 0,88, 0,97 WPF 0,97. DGT SEP 
UVCPFCTF GTTQT QH RTGFKEVKQP� KUV KP CNNGP 
F·NNGP � 2 �, UQ FCUU OKV FKGUGO SGPUQT GKPG ·JPNKEJ JQJG GGPCWKIMGKV YKG KP FGP LCDQT-
OGUUWPIGP GT\KGNV YGTFGP MCPP.

4 MastXersuch

IO JCPWCT 2004 YWTFGP 624 MCUVUEJYGKPG KP GKPGO RTCZKUÒDNKEJGP SVCNN FGT FKTOC HÌNUEJGT 
� LGWUEJPGT CWHIGUVCNNV. EU YWTFGP JQOQIGPG KNGKPITWRRGP \WUCOOGPIGUVGNNV, FKG IGVTGPPV 
IGUEJNGEJVNKEJ WPF TCPFQOKUKGTV CWH FGP SVCNN XGTVGKNV YWTFGP. DKG VGTUWEJUVGEJPKUEJ MNGKPUVG 
EKPJGKV DKNFGV FKG ÒDGT GKPGP 3WGTVTQI XGTDWPFGPG DQRRGNDWEJV 
VQNNURCNVGP� OKV 26 TKG-
TGP. DKG MCUV YWTFG KO BGTGKEJ 35ä110 MI LM KP HÒPH ADUEJPKVVG ± 3 WQEJGP WPVGTVGKNV. 
DKG BCUKUTCVKQP YWTFG KO LCWHG FGT MCUVCDUEJPKVVG 
MA1 DKU MA5� KO RQJRTQVGKPIGJCNV 
CDIGUGPMV, LGFQEJ KPPGTJCND FGU MCUVCDUEJPKVVGU MQPUVCPV IGJCNVGP. L[UKP YWTFG OKV FGO 
FGKPFQUKGTGT KP XKGT NKXGCWU, KP ADJ·PIKIMGKV XQO MCUVCDUEJPKVV, WPOKVVGNDCT \WT LGYGKNKIGP 
MCJN\GKV \W FGT BCUKUTCVKQP \WFQUKGTV 
VGTUWEJUITWRRGP� VG1 � PKGFTKIUVG L[UKP\WNCIG DKU 
VG4 � JÌEJUVG L[UKP\WNCIG�. JG VGTUWEJUITWRRG WPF GGUEJNGEJV YWTFGP 3 WKGFGTJQNWPIGP 
GKPIGUGV\V.

JGFG BWEJV YCT \WT H·NHVG OKV GKPGO GÒNNGCWHHCPIVTKEJVGT CWUIGUVCVVGV. DKG GTUVG WQEJG 
FKGPVG CNU APRCUUWPIURJCUG CP FKG FWVVGTWOUVGNNWPI KO PGWGP MCUVCDUEJPKVV. IP FGP DGKFGP 
FQNIGYQEJGP YWTFG FKG GÒNNG IGUCOOGNV WPF OKV FGO GÒNNGUGPUQT CPCN[UKGTV. BGKO AWHUVCN-
NGP WPF CO EPFG LGFGU MCUVCDUEJPKVVGU YWTFGP FKG TKGTG IGYQIGP.

5 ErgeDnisse

MKVVNGTYGKNG KUV FGT GTUVG MCUVFWTEJICPI CDIGUEJNQUUGP. AWUYGTVWPIGP \GKIGP, FCUU UQYQJN 
VGTUWEJUITWRRGP- CNU CWEJ GGUEJNGEJVUGHHGMVG CWHVTGVGP. WKG TCDGNNG 1 \GKIV, ICD GU \YK-
UEJGP FGP GGUEJNGEJVGTP WPF \YKUEJGP FGP VGTUWEJUITWRRGP UQYQJN UPVGTUEJKGFG KP FGT 
HÌJG FGT FWVVGTCWHPCJOG, YKG CWEJ KP FGT FWVVGTXGTYGTVWPI WPF FGP V·INKEJGP ZWPCJOGP. 
DKG FWVVGTCWHPCJOG FGT BÌTIG YCT WO 344 I JÌJGT CNU FKG FGT SCWGP. BGK GKPGT BGVTCEJVWPI 
QJPG BGTÒEMUKEJVWPI FGU GGUEJNGEJVU, PCJOGP FKG TKGTG OKV FGT IGTKPIUVGP VGTUQTIWPIUUVWHG 

VG1� KO MKVVGN 29 I OGJT FWVVGT CWH, CNU FKG FGT DGUVGP VGTUQTIWPIUUVWHG 
VG2�.  

UPVGTUEJKGFG KP FGT FWVVGTXGTYGTVWPI MQPPVGP \YKUEJGP FGP L[UKPXGTUQTIWPIUITWRRGP CNU 
MKVVGN ÒDGT FKG IGUCOVG MCUV\GKV DGQDCEJVGV YGTFGP. DKG O·PPNKEJGP TKGTG FGT VG1 NCIGP 
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DGK 1�2,84 MI XGTUWU 1�2,68 MI XQP VG4 WPF DGK FGP YGKDNKEJGP TKGTGP DGK 1�2,75 MI XGTUWU 
1�2,48 MI. 

DKG V·INKEJGP ZWPCJOGP UVKGIGP VGPFGP\KGNN OKV \WPGJOGPFGO L[UKPXGTUQTIWPIUPKXGCW 
CP. DKG O·PPNKEJGP TKGTG JCVVGP KO MKVVGN ÒDGT FKG IGUCOVG MCUV\GKV OKV 871 I JÌJGTG V·INKEJG 
ZWPCJOGP CNU FKG YGKDNKEJGP TKGTG OKV 810 I. DKG VG4 YCT OKV 51 I FGT VG1 ÒDGTNGIGP. 

TCD. 1� T·INKEJG ZWPCJOGP KP I, FWVVGTCWHPCJOG KP MI, FWVVGTXGTYGTVWPI KP MI 
MA � MCUVCDUEJPKVV; VG � 
VGTUWEJUITWRRG; GG � GGUEJNGEJV�

Ge VG MA 1 MA 2 MA 3 MA 4

FUA FV TZ FUA FV TZ FUA FV TZ FUA FV TZ 

m

1
2
3
4

1.84
1.83
1.82
1.71

2.14
2.39
2.21
2.03

862
775
827
844

2.36
2.42
2.40
2.33

2.59
2.47
2.52
2.36

916
979
957
991

2.66
2.73
2.71
2.67

2.89
2.80
2.87
2.71

922
976
949
987

2.58
2.56
2.66
2.58

3.72
3.55
3.76
3.61

697
753
715
720

w

1
2
3
4

1.51
1.57
1.64
1.61

2.19
2.17
2.00
2.01

692
721
820
804

2.15
2.03
2.17
1.98

2.58
2.17
2.20
2.19

837
939
994
906

2.47
2.30
2.45
2.37

2.76
2.87
2.82
2.74

896
806
869
863

2.30
2.01
2.30
2.29

3.50
3.20
3.36
2.97

655
629
687
778

DKG UPVGTUEJKGFG KP FGT FWVVGTCWHPCJOG WPF FGT FWVVGTXGTYGTVWPI \YKUEJGP VGTUWEJUITWR-
RGP WPF GGUEJNGEJVGTP UEJNWIGP UKEJ CWEJ KP MCUVFCWGT WPF MCUVNGKUVWPI PKGFGT. VG1 
YWTFG OKV 128 MCUVVCIGP HÒPH TCIG N·PIGT IGO·UVGV CNU VG4. GGPGTGNN YCT KP CNNGP XKGT VGT-
UWEJUITWRRGP FKG AP\CJN FGT MCUVVCIG DGK FGP SCWGP JÌJGT CNU DGK FGP BÌTIGP. DGT MWUMGN-
HNGKUEJCPVGKN XQP VG4 DGVTWI 55,8 � WPF NCI OKV 0,5 � ÒDGT FGO FGT VG1.

DKG UPVGTUEJKGFG KP FGT FWVVGTCWHPCJOG WPF FGP MCUVNGKUVWPIGP NCUUGP UKEJ ÒDGTYKGIGPF 
CWH FKG VCVU·EJNKEJG L[UKPCWHPCJOG \WTÒEMHÒJTGP. IPUIGUCOV KUV \W BGQDCEJVGP, FCUU OKV UVGK-
IGPFGT L[UKPCWHPCJOG, DGK XGTDGUUGTVGT FWVVGTXGTYGTVWPI, FKG FWTEJUEJPKVVNKEJGP V·INKEJGP 
ZWPCJOGP CPUVGKIGP. DKGU LGFQEJ CWH WPVGTUEJKGFNKEJGO NKXGCW HÒT FKG O·PPNKEJGP WPF 
YGKDNKEJGP TKGTG.

ADD. 2 L[UKPCWHPCJOG WPF N�NH3-GGJCNVG KP FGT GÒNNG. ▲ � L[UKPCWHPCJOG KP I; ■ � � NH4-N KP FGT 
GÒNNG; ■ � � N KP FGT GÒNNG
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SVCNNMNKOCCWH\GKEJPWPIGP \GKIGP, FCUU FCU FTGUUXGTJCNVGP GPI OKV FGO SVCNNMNKOC MQTTGNKGTV 
KUV. DKG KQTTGNCVKQP XQP FWVVGTCWHPCJOG WPF OKVVNGTGT TGORGTCVWT DGVT·IV 0,258. VQT CNNGO 
MWT\\GKVKIG MÒJNGTG PJCUGP HÒJTGP \W GKPGO MWT\\GKVKIGP RÒEMICPI KP FGT FWVVGTCWHPCJOG, 
GTJQNV UKEJ CDGT TGEJV UEJPGNN PCEJ GKPGT APRCUUWPIURJCUG. GGIGP MCUVGPFG UVKGIGP UCKUQPCN 
DGFKPI FKG TGORGTCVWTGP KPUIGUCOV CP WPF HÒJTVGP CD GKPGO DGUVKOOVGP NKXGCW \W GKPGO 
PCEJJCNVKIGP RÒEMICPI KP FGT FWVVGTCWHPCJOG.

DGT N- WPF NH3-N-GGJCNV FGT GÒNNG UKPF KP ADDKNFWPI 2 \WUCOOGP OKV FGT L[UKPCWHPCJ-
OG FCTIGUVGNNV. DCU MWUVGT FGT NH3-N-GGJCNVG DGK CNNGP VGTUWEJUITWRRGP HQNIV OKV GVYCU 
VGT\WI FGO MWUVGT FGT L[UKPCWHPCJOG. DGT VGTNCWH FGT N-GGJCNVG XGTNKGH PKEJV UQ IGTCFNKPKI 
YKG FGT FGT NH3-N-GGJCNVG. HKGT YCTGP ITQ­G SEJYCPMWPIGP HGUV\WUVGNNGP. HKGT OWUU ÒDGT 
YGKVGTG UPVGTUWEJWPIGP FGT ZWUCOOGPJCPI IGMN·TV YGTFGP.

6 Diskussion

IP FGO GTUVGP MCUVFWTEJICPI MQPPVGP DGTGKVU DGMCPPVG DKHHGTGP\GP KP FGT MCUVNGKUVWPI \YK-
UEJGP FGP GGUEJNGEJVGTP DGUV·VKIV YGTFGP. FWVVGTCWHPCJOG WPF V·INKEJG ZWPCJOGP YCTGP 
DGK FGP BÌTIGP JÌJGT WPF FKG FWVVGTXGTYGTVWPI GTYCTVWPIUIGO·­ UEJNGEJVGT CNU DGK FGP 
SCWGP. MKV FGT VCTKCVKQP FGT L[UKPCWHPCJOG NCUUGP UKEJ XGT·PFGTVG PTQVGKPXGTYGTVWPIUTCVGP 
KPFW\KGTGP, UQ FCUU CP UQNEJ GKPGO MQFGNN UPVGTUWEJWPIGP GKPGT MQORNGZGP FÒVVGTWPIUUVGW-
GTWPI CPUVGNNGP NCUUGP. 

EKP YGUGPVNKEJGU ZKGN FKGUGT UPVGTUWEJWPI YCT GU, FKG NIR-SRGMVTQUMQRKG \WT SWCNKVCVKXGP 
APCN[UG FGT SEJYGKPGIÒNNG GKP\WUGV\GP. DKG GPVYKEMGNVG NIR-MGVJQFG MCPP \WT APCN[UG XQP 
SEJYGKPGIÒNNG CPIGYGPFGV YGTFGP. IO VGTINGKEJ \WT LCDQTCPCN[UG MÌPPGP DCVGP UEJPGNN, 
KP JQJGT \GKVNKEJGT AWHNÌUWPI WPF PCJG\W WPDGITGP\V CWHIG\GKEJPGV YGTFGP. DKG KCNKDTCVKQP 
FGU NIR-SGPUQTU YKTF UVGVKI FWEJ RGHGTGP\CPCN[UGP KP LCDQT GXCNWKGTV WPF XGTDGUUGTV. DKG 
IGUCOVG MGUUXQTTKEJVWPI JCV UKEJ CNU \WXGTN·UUKI WPF TQDWUV IG\GKIV. DKGU GTOÌINKEJV \WMÒPH-
VKI, FKG UVGVKIG ETHCUUWPI FGT GÒNNG CNU \WU·V\NKEJGP PCTCOGVGT KP GKP MQORNGZGU SVGWGTWPIU-
OQFGNN CWH\WPGJOGP.
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Untersuchungen ÒDer die Eignung des VideoDilds[stems oRtiSORT 

Firma HÌlscher 
 Leuschner� zur Bestimmung des Gewichts und der 
Beurteilung der AutoFOM�SchlachtkÌrRerSualit·t Xon Schweinen in 
der Endmast
6est of CppNicCDiNit[ of tJe Xideos[stem optiS146 
deXeNoped D[ 
*ÌNscJer 
 .eWscJner� to determine tJe YeigJt Cnd tJe cCrcCss SWCNit[ 

in terms of #Wto(1/� of fCttened pigs 

HORST CIELEJEWSKI1, ERNST THOLEN2, KLAUS GEERDES2, PETER LEUSCHNER3

1 LCPFYKTVUEJCHVUMCOOGT NQTFTJGKP-WGUVHCNGP, D-48143 MÒPUVGT

2 IPUVKVWV HÒT TKGT\WEJVYKUUGPUEJCHVGP FGT UPKXGTUKV·V BQPP, D-53115 BQPP

3 FC. HÌNUEJGT 
 LGWUEJPGT, D-48488 EOUDÒTGP

SchlÒsselwÌrter� VideoDildanal[se, Sch·tzung fÒr Gewicht und AutoFOM Kriterien
-e[Yords� #nCN[sis of XideopictWres� estimCtion of YeigJt Cnd criteriC for #Wto(1/

<WsCmmenfCssWng

In einem praxisüblichen Abteil mit ca. 300 Mastschweinen wird das optiSORT–System der 
Firma H¤LSCHER + LEUSCHNER eingesetzt. Mit diesem System werden die Tiere zum Verkauf 
aus der Großgruppe herausselektiert. Durch die Videobildanalyse gelingt es mit zufriedens-
tellender Genauigkeit, das Lebendgewicht der Tiere abzuschätzen. Die für die Vermarktung 
nach AutoFOM wichtigen Teilstückgewichte und Teilstückanteile für Bauch und Schulter 
werden mit Variationskoeffizienten (VK oder CV) zwischen 3,2 � und �,� �, für Schinken 
und Lachs mit �,1 � bis �,� � vorausgeschätzt. Das optiSORT-System ist demnach geeignet, 
den Landwirt bei der Optimierung der Verkaufsstrategie zu unterstützen.

SWmmCr[

The optiSORT-system, developed by H¤LSCHER + LEUSCHNER, is in use in a compartment with 
300 fattening pigs. The system selects the pigs for sale. By the analysis of videopictures, the 
software is able to estimate the weight of the fattened pigs with satisfying precision. Important 
criteria for the valuation in terms of AutoFOM are the weight and the quota of ham, shoul-
der and belly. The coefficients of variation (CV) are between 3,2 � and �,� � for belly and 
shoulder, and between �,1 � and �,� � for ham. The optiSORT-system is suitable to support 
the pig fattener to optimise his marketing strategy.
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1 Einleitung und ProDlemstellung

IP PGWGP VGTHCJTGP FGT MCUVUEJYGKPGJCNVWPI YKTF FKG GTQ­ITWRRGPJCNVWPI OKV SGPUQTHÒVVG-
TWPI CPIGUVTGDV. DKG GTWRRGPITÌ­G NKGIV J·WHKI DGK 40 DKU 60 TKGTGP, MCPP CDGT CWEJ DKU \W 
300 TKGTGP DGVTCIGP. DKG HCNVWPI KP GTQ­ITWRRGP DKGVGV FGP SEJYGKPGP XKGNG VQTVGKNG, FC 
UKG FKG ITQ­GP SVCNNHN·EJGP UGNDUVUV·PFKI GKPVGKNGP WPF UVTWMVWTKGTGP MÌPPGP. SQ YGTFGP MNCTG 
EKPVGKNWPIGP HÒT KQVHN·EJGP GKPGTUGKVU WPF LKGIGHN·EJGP CPFGTGTUGKVU XQTIGPQOOGP. NWT FKG 
FWVVGTRN·V\G UKPF FWTEJ FKG SVCPFQTVG FGT FWVVGTVTÌIG XQTIGIGDGP. ZWFGO GPVUVGJGP ITQ­G 
HTGKG R·WOG, FKG FKG TKGTG CNU AMVKXKV·VU\QPG WPF SRKGNTCWO PWV\GP, YCU FWTEJ SEJGWGTD·W-
OG, SRKGNMGVVGP WPF CPFGTG GGT·VG UQYKG RCWHGP WPVGTUVÒV\V YGTFGP MCPP. DKG IWVG AWHVGK-
NWPI FGT BWEJVGPHN·EJG KP FKG GKP\GNPGP ZQPGP MCPP FC\W HÒJTGP, FCUU FKG BWEJVGP YGPKIGT 
XGTUEJOWV\V UKPF, CDIGITGP\VG KQVHN·EJGP GPVUVGJGP WPF CWEJ FKG TKGTG UCWDGT UKPF. MKV 
FKGUGP BGFKPIWPIGP KUV GU OÌINKEJ, FKG UOYGNVDGNCUVWPIGP FWTEJ AOOQPKCM WPF GGTWEJ \W 
TGFW\KGTGP. VGTINGKEJGPFG VGTUWEJG OKV WPVGTUEJKGFNKEJGP HCNVWPIUXGTHCJTGP \GKIGP FKGUG 
TGPFGP\ CWH. 

ADD. 1� AWHDCW WPF FWPMVKQPUYGKUG FGT QRVKSORT-APNCIG

EKP PTQDNGO FGT GTQ­ITWRRGPJCNVWPI GPVUVGJV KP FGT VGTMCWHURJCUG FGT MCUVUEJYGKPG. 
BKUNCPI YWTFGP FKG TKGTG OKV FGO ëAWIG FGU M·UVGTUé UWDLGMVKX GKPIGUEJ·V\V, HÒT FGP VGT-
MCWH HCTDNKEJ IGMGPP\GKEJPGV WPF HÒT FGP ADVTCPURQTV CWU FGT BWEJV JGTCWUIGVTKGDGP. IP FGT 
GTQ­ITWRRGPJCNVWPI OKV OGJT CNU 200 TKGTGP KUV FKGUG ATDGKV FQRRGNV GTUEJYGTV, KUV GU FQEJ 
UEJYKGTKI, CWU FKGUGT ITQ­GP AP\CJN XQP TKGTGP CNNG XGTMCWHUHGTVKIGP TKGTG CWH\WHKPFGP, 
\W MGPP\GKEJPGP WPF CWU FKGUGT GTQ­DWEJV CWU\WVTGKDGP. ZWFGO YGTFGP FKG SEJYGKPG 
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KO SEJNCEJVJQH \WPGJOGPF PCEJ FGT AWVQFOM-MGVJQFG MNCUUKHK\KGTV, YQDGK PGDGP FGO 
SEJNCEJVIGYKEJV CWEJ FKG GGYKEJVG GKPKIGT TGKNUVÒEMG, \. B. SEJKPMGP, LCEJU, BCWEJ WPF 
SEJWNVGT KP GKPG IPFGZDGYGTVWPI GKPIGJGP WPF FGP PTGKU HÒT FCU IGUEJNCEJVGVG TKGT DGUVKO-
OGP. IPUDGUQPFGTG FKGUG TGKNGDGYGTVWPI KUV CO NGDGPFGP TKGT OKV FGO ëAWIG FGU M·UVGTUé 
OKV UWDLGMVKXGP BGYGTVWPIUMTKVGTKGP CNNGKP PKEJV OGJT \W NGKUVGP.

2 Material und Methoden

LÌUWPIUOÌINKEJMGKVGP MCPP FKG GNGMVTQPKUEJ WPVGTUVÒV\VG TKGTJCNVWPI DKGVGP. DKG FTGUURN·V\G 
HÒT GKPG GTQ­ITWRRG YGTFGP KP GKPGO CDIGURGTTVGP TGKN FGT BWEJV GKPIGTKEJVGV. DKGUGU 
ëFTGUUCDVGKNé MCPP PWT FWTEJ GKPG SEJNGWUG XQP FGP SEJYGKPGP DGVTGVGP YGTFGP. IP FKGUGT 
SEJNGWUG YKTF FCU GKP\GNPG TKGT OKV GKPGT VKFGQMCOGTC CWHIGPQOOGP WPF GKP VKFGQDKNF 
KP GKPGO CPIGUEJNQUUGPGP CQORWVGTU[UVGO KP EEJV\GKV 
S[UVGO QRVKSQTV FGT FC. HÌNUEJGT 

 LGWUEJPGT� CPCN[UKGTV. IO YGUGPVNKEJGP YGTFGP HÌJG, L·PIG WPF BTGKVG FGU TKGTGU OKV 
HKNHG FKGUGT VKFGQDKNF-APCN[UG GTOKVVGNV. AWU FKGUGP DCVGP YGTFGP FKG FN·EJGP DGUVKOOVGT 
KÌTRGTCDUEJPKVVG GTTGEJPGV, FKG GGYKEJVG FKGUGT KÌTRGTCDUEJPKVVG IGUEJ·V\V WPF FCU GGUCOV-
VKGTIGYKEJV GTOKVVGNV.

DWTEJ FKG QRVKUEJG VGTOGUUWPI WPF BGWTVGKNWPI FGT TKGTG KUV GU CWEJ OÌINKEJ, FGP 
VGTMCWHU\GKVRWPMV FGT UEJNCEJVTGKHGP TKGTG \W QRVKOKGTGP. DGT ZGKVRWPMV FGU QRVKOCNGP 
VGTMCWHUIGYKEJVU OKV GKPGO IWVGP VGTJ·NVPKU XQP MWUMGNHNGKUEJ WPF FGVV KP FGP YKEJVKIGP 
KÌTRGTVGKNGP YKG SEJKPMGP, BCWEJ WPF RÒEMGP MCPP OKV OGUUDCTGP, QDLGMVKXGP PCTCOG-
VGTP FGT VKFGQDKNFCPCN[UG KP APNGJPWPI CP FKG AWVQ-FOM KNCUUKHK\KGTWPI FGT SEJNCEJVJÌHG 
VKGTKPFKXKFWGNN GKPIGITGP\V YGTFGP, WPF CNNG DGVTQHHGPGP TKGTG YGTFGP CWVQOCVKUEJ KP GKPG 
VGTMCWHUDWEJV UGNGMVKGTV WPF UVGJGP UQ QJPG YGKVGTG HCPFCTDGKV HÒT FGP TTCPURQTV \WO 
SEJNCEJVJQH DGTGKV. 

ADD. 2� BKNFUEJKTOOCUMG \WT GGYKEJVUXGTVGKNWPI KP GKPGT MCUVITWRRG 

DGUJCND JCDGP FKG LCPFYKTVUEJCHVUMCOOGT NQTFTJGKP-WGUVHCNGP, FCU IPUVKVWV HÒT TKGT\WEJVYKU-
UGPUEJCHVGP FGT UPKXGTUKV·V BQPP WPF FKG FKTOC HÖLSCHER 
 LEUSCHNER CWH GKPGO RTCMVKUEJGP 
NCPFYKTVUEJCHVNKEJGP BGVTKGD GKP PKNQVXQTJCDGP IGUVCTVGV, WO FKGUG MÌINKEJMGKVGP FGT VKFGQ-
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DKNFCPCN[UG OKV PTCZKUFCVGP \W XGTKHK\KGTGP. AWH GKPGO RTCMVKUEJGP NCPFYKTVUEJCHVNKEJGP BGVTKGD 
YGTFGP KP OGJTGTGP ADVGKNGP MCUVUEJYGKPG IGJCNVGP. DKG FGTMGN GKPGT DTGKTCUUGPMTGW\WPI 

OÒVVGTNKEJ� NKGFGTN·PFKUEJG LCPFTCUUG Z YQTMUJKTG; X·VGTNKEJ� PK¾VTCKP 
PIC LKPKG 126�� YGT-
FGP OKV EC. 28 MI CWHIGUVCNNV. DKG BWEJVGP UKPF CNU VQNNURCNVGPDQFGPDWEJVGP CWUIGHÒJTV WPF 
OKV GKPGT LÒHVWPIUCPNCIG PCEJ FGO UPVGTFTWEMRTKP\KR CWUIGUVCVVGV. DCU FWVVGT YKTF OKV GKPGT 
SGPUQTHÒVVGTWPI KP 5 FWVVGT\GKVGP XQTIGNGIV. IP GKPGO ADVGKN OKV GKPGT GTQ­ITWRRG 
EC. 300 
TKGTG� YWTFG GKPG RTCZKUÒDNKEJG QRVKSORT-APNCIG \WU·V\NKEJ OKV GKPGT GNGMVTQPKUEJGP WCCIG 
WPF GKPGO TKGTGTMGPPWPIUU[UVGO CWUIGTÒUVGV. DKG CWHIGUVCNNVGP MCUVHGTMGN YWTFGP OKV TKGTGT-
MGPPWPIU-OJTOCTMGP XGTUGJGP, UQ FCUU GU OÌINKEJ YWTFG, Y·JTGPF FGT MCUVRGTKQFG KO SVCNN 
WKGIGFCVGP WPF QRVKSORT-DCVGP VKGTKPFKXKFWGNN FWTEJ FKG GTYGKVGTVG SQHVYCTG \WUCOOGP-
\WHÒJTGP WPF CWH FGO SEJNCEJVJQH AWVQ-FOM-DCVGP GDGPHCNNU VKGTKPFKXKFWGNN \W\WQTFPGP. IP 
FGT VGTMCWHURJCUG KUV CO CQORWVGT GKP SGNGMVKQPUIGYKEJV GKPIGUVGNNV YQTFGP, FCU GKPGTUGKVU 
GTYCTVGP NKG­, IWVG ETIGDPKUUG HÒT FKG CMVWGNNG AWVQFOM-MCUMG \W GT\KGNGP, CPFGTGTUGKVU CDGT 
CWEJ GKPG RCUUGPFG TKGT\CJN HÒT FGP TTCPURQTV \WUCOOGP \W DGMQOOGP. MKV FKGUGO DCVGP-
OCVGTKCN YKTF OKV UVCVKUEJGP MGVJQFGP GKPG BGYGTVWPI FGU VGTHCJTGPU XQTIGPQOOGP.

3 ErgeDnisse und Diskussion

FÒT FKG UVCVKUVKUEJG AWUYGTVWPI YGTFGP FKG DCVGP FGU QRVKSORT-VGTHCJTGPU, FKG DGK FGT NGV\-
VGP MGUUWPI \WT SGNGMVKQP FGT VGTMCWHUVKGTG IGYQPPGP YWTFGP, OKV FGP DCVGP FGT UGNDGP 
TKGTG XQO SEJNCEJVJQHG XGTMPÒRHV, FKG PCEJ FGT AWVQFOM-MGVJQFG IGYQPPGP YWTFGP. VQP 
FGP KPUIGUCOV 298 CWHIGUVCNNVGP TKGTGP MQPPVGP UQ KPUIGUCOV 224 TKGTG KP FKG AWUYGTVWPI 
GKPHNKG­GP. FÒT 74 TKGTG NKGIGP MGKPG XGTYGTVDCTGP DCVGP XQT, 
 î YGKN UKG XQT\GKVKI CWUIGHCNNGP UKPF 
5 TKGTG�, 
 î YGKN FKG VGTMPÒRHWPI XQP TKGTGTMGPPWPI WPF MGUUFCVGP CP FGT QRVKSORT-SVCVKQP PKEJV 

HWPMVKQPKGTV JCV, 
 î YGKN FKG VGTMPÒRHWPI XQP TKGTGTMGPPWPI WPF SEJNCEJVFCVGP CWH FGO SEJNCEJVJQH PKEJV 

HWPMVKQPKGTV JCV. 
DKG OKV FGP DGKFGP VGTHCJTGP IGYQPPGPGP DCVGP YWTFGP GKPGT UVCVKUVKUEJGP APCN[UG 

WPVGT\QIGP. ZWT BGIWVCEJVWPI FGT SEJ·V\IGPCWKIMGKV YWTFGP FKG UVCVKUVKUEJGP PCTCOGVGT KQT-
TGNCVKQP, BGUVKOOVJGKVUOC­ B, SEJ·V\HGJNGT.

ëRMSEé 
RQQV MGCP SSWCTG ETTQT� WPF TGNCVKXGT SEJ·V\HGJNGT ëCVé 
VCTKCVKQPUMQGHHK\KGPV� 
XGTYGPFGV. DGT TGNCVKXG SEJ·V\HGJNGT GTNCWDV FGP VGTINGKEJ XQP ZKGNITÌ­GP XGTUEJKGFGPGT 
DKOGPUKQPGP. MCP MCPP XQP GKPGT \WHTKGFGPUVGNNGPFGP SEJ·V\IGPCWKIMGKV CWUIGJGP, YGPP 
FGT TGNCVKXG SEJ·V\HGJNGT UKEJ WPVGTJCND GKPGT GTGP\G XQP 5 � DGHKPFGV. EU \GKIV UKEJ, FCUU FKG 
HÌJG FGT SEJYGKPG XQP ITQ­GT BGFGWVWPI KUV. SKG YGKUV JQJG KQTTGNCVKQPUYGTVG CWH HÒT FCU 
SEJNCEJVIGYKEJV WPF FCU GGYKEJV FGT GKP\GNPGP TGKNUVÒEMG. EU \GKIV UKEJ FCTÒDGT JKPCWU, FCUU 
FKG BTGKVG 
[-WGTVG�, IGOGUUGP KO BGTGKEJ XQP SEJKPMGP, BCWEJ WPF SEJWNVGT ITÌ­GTG KQT-
TGNCVKQPUMQGHHK\KGPVGP \WO SEJNCEJVIGYKEJV WPF \W FGP GGYKEJVGP FGT TGKNUVÒEMG CWHYGKUV, 
CNU FKG L·PIGPCWURT·IWPI 
Z-WGTVG� FGU TKGTMÌTRGTU. DKG GTTGEJPGVGP FN·EJGP 
C-WGTVG� HÒT 
SEJKPMGP, BCWEJ WPF SEJWNVGT UQYKG FKG GGUCOVHN·EJG YGKUGP J·WHKI ·JPNKEJ JQJG KQTTGNCVK-
QPUMQGHHK\KGPVGP CWH YKG FKG IGOGUUGPG BTGKVG. 

BGUUGTG SEJ·V\IGPCWKIMGKVGP UKPF HÒT FKG APVGKNG CP YGTVXQNNGP TGKNUVÒEMGP \W GT\KGNGP. FÒT 
BCWEJ- WPF SEJWNVGTCPVGKN NKGIV FGT TGNCVKXG SEJ·V\HGJNGT DGK 3,11 � D\Y. 3,84 �, HÒT SEJKP-
MGP- WPF LCEJUCPVGKN NKGIV FGT SEJ·V\HGJNGT KOOGTJKP PQEJ DGK EC. 6 � 
TCDGNNG 1�.
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TCD. 1� KGPP\CJNGP FGT RGITGUUKQP HÒT YGTVXQNNG TGKNUVÒEMCPVGKNG OKV QRVKSORT-DCVGP

B RMSE [%] CV [%]

Schinkenanteil 0,15 1,15 6,15

Lachsanteil 0,09 0,44 6,06

Bauchanteil 0,09 0,49 3,11

Schulteranteil 0,10 0,33 3,84

FÒT FGP VGTINGKEJ FGU OKV GKPGT WCCIG GTOKVVGNVGP GGYKEJVU KP FGT SGNGMVKQPUDQZ WPF FGP RGT 
VKFGQDKNFCPCN[UG GTOKVVGNVGP ëQRVKUEJGPé GGYKEJVU UKPF 43.736 EKP\GNVKGTDGYGIWPIGP CWU FGT 
IGUCOVGP MCUVRJCUG KP FKG BGTGEJPWPIGP GKPIGICPIGP. DCU BGUVKOOVJGKVUOC­ NKGIV DGK 0,95, 
FGT RMSE DGK 4,52 MI, FGT VCTKCVKQPUMQGHHK\KGPV DGK 5,42 �. DGT EKPUCV\ FGT VKFGQDKNFCPCN[UG \WT 
ETOKVVNWPI GKPGU QRVKUEJGP GGYKEJVU KUV FGOPCEJ OKV \WHTKGFGPUVGNNGPFGT GGPCWKIMGKV OÌINKEJ. 

FÒT FGP VGTINGKEJ XQP AWVQFOM-DCVGP OKV QRVKSORT-DCVGP KUV \WP·EJUV GKPOCN \W 
DGCEJVGP, FCUU CWEJ FCU AWVQFOM-VGTHCJTGP GKP SEJ·V\XGTHCJTGP KUV. TJQNGP JCV KP 2004 HÒT 
XGTUEJKGFGPG HGTMÒPHVG FKG SEJ·V\IGPCWKIMGKV FGT AWVQFOM-MGVJQFG HÒT TGKNUVÒEMIGYKEJVG 
WPF TGKNUVÒEMCPVGKNG CWUIGYGTVGV. DGT TGNCVKXG SEJ·V\HGJNGT QFGT VCTKCVKQPUMQGHHK\KGPV FGU 
AWVQFOM-VGTHCJTGPU HÒT SEJKPMGP WPF LCEJU NKGIV \YKUEJGP 5 WPF 7,7 � HÒT FKG TGKNUVÒEM-
IGYKEJVG WPF DGK 4,4 � DKU 7,5 � HÒT FKG TGKNUVÒEMCPVGKNG 
TCDGNNG 2�.

TCD. 2� SEJ·V\IGPCWKIMGKV OKV AWVQFOM XQP TGKNUVÒEMIGYKEJVGP 
MI� WPF APVGKNGP 
�� 

Merkmal Herkunft Teilstückgewichte Teilstückanteile

B [%] CV [%] B [%] CV [%]

Lachs

Pi
DE/DL

Pi-Westhybrid
db-L65 x db-Sau

 93,6 
 62,2 
 84,0 
 72,4 

 7,05
 7,73
 6,14
 7,87

 77,4 
 36,2 
 34,8 
 32,5 

 5,05
 7,72
 5,82
 7,49

Schinken schier

Pi
DE/DL

Pi-Westhybrid
db-L65 x db-Sau

 84,4 
 80,9 
 70,7 
 93,2 

 6,02
 5,04
 6,01
 6,25

 55,9 
 51,1 
 49,2 
 57,0 

 4,40
 4,63
 5,54
 4,99

(Quelle: E. THOLEN et al.)

VGTINGKEJV OCP FKG SEJNCEJVFCVGP PCEJ AWVQFOM OKV FGP DCVGP FGU QRVKSORT-VGTHCJTGPU 

\WO ZGKVRWPMV FGT SGNGMVKQP HÒT FKG SEJNCEJVWPI� KP TCDGNNG 3, UQ YGKUGP FKG BGUVKOOVJGKVU-
OC­G ÒDGTYKGIGPF PKGFTKIG WGTVG CWH. FÒT FKG IPVGTRTGVCVKQP FGT PKGFTKIGP BGUVKOOVJGKVU-
OC­G KUV FCTCWH JKP\WYGKUGP, FCUU FKG AWUICPIUFCVGP PWT GKPG IGTKPIG SVTGWWPI CWHYGKUGP, 
FC FWTEJ FKG XGTUEJKGFGPGP VGTMCWHU\GKVRWPMVG LC OÌINKEJUV INGKEJCTVKIG MCUVUEJYGKPG 
\WO LGYGKNKIGP TGTOKP CWU FGT GTQ­ITWRRG JGTCWUIGHKNVGTV YGTFGP. IP UQNEJGP F·NNGP KUV FCU 
BGUVKOOVJGKVUOC­ YGPKIGT IWV IGGKIPGV.

DKG GTOKVVGNVGP VCTKCVKQPUMQGHHK\KGPVGP \GKIGP, FCUU HÒT XKGNG KTKVGTKGP, FKG HÒT FKG SEJNCEJ-
VWPI TGNGXCPV UKPF, CWUTGKEJGPF IGPCWG SEJ·V\YGTVG IGNKGHGTV YGTFGP. IPUDGUQPFGTG FCU 
SEJNCEJVIGYKEJV WPF FCU GTOKVVGNVG GGYKEJV HÒT BCWEJ WPF SEJWNVGT YGTFGP IWV XQTCWUIG-
UEJ·V\V. FÒT FKG YGTVXQNNGP TGKNUVÒEMG SEJKPMGP WPF LCEJU UKPF OKV GKPGO VCTKCVKQPUMQGHHK-
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\KGPVGP WO 7,4 �  PQEJ YGKVGTG VGTDGUUGTWPIUOÌINKEJMGKVGP KP FKG SQHVYCTG GKP\WCTDGKVGP. 
DKG UOUGV\WPI FGT MGUUFCVGP KP FKG GTTGEJPGVGP GTÌ­GP ëIPFGZRWPMVGé \GKIV, FCUU OKV 
VCTKCVKQPUMQGHHK\KGPVGP WO 6 � HÒT FKGUGP GTUVGP MCUVFWTEJICPI UEJQP GKPG CM\GRVCDNG 
SEJ·V\OGVJQFG IGHWPFGP YWTFG. VGTOWVNKEJ HÒJTV FKG UWDLGMVKXG EKPUVWHWPI FWTEJ FGP M·UVGT 
KPUIGUCOV \W GKPGT YGPKIGT GTHQNITGKEJGP VGTMCWHUUVTCVGIKG.

TCD. 3� SVCVKUVKUEJG BGYGTVWPIUMTKVGTKGP HÒT FGP DCVGPXGTINGKEJ CWU AWVQFOM WPF QRVKSORT

B RMSE CV [%]

Schinken schier 0,35 1,35 kg 7,37

Lachs 0,34 0,52 kg 7,36

Bauch 0,49 0,73 kg 4,72

Schulter schier 0,50 0,47 kg 5,52

MFL - Bauch 0,21 4,01 % 7,92

Schlachtgewicht 0,61 3,66 kg 3,71

Indexpunkte gesamt 0,26 5,73 Pkt. 6,10

Indexpunkte / kg SG 0,12 0,05 Pkt/kg 5,79

ZWUCOOGPHCUUGPF MCPP OCP HGUVUVGNNGP, FCUU OKV FGT VKFGQDKNFXGTCTDGKVWPI OKV FGO QRVK-
SORT-S[UVGO FGT FKTOC HÌNUEJGT 
 LGWUEJPGT CO NGDGPFGP TKGT DCVGP IGYQPPGP YGTFGP, 
FKG GKPG \WHTKGFGPUVGNNGPFG SEJ·V\IGPCWKIMGKV HÒT GKPKIG TGKNUVÒEMIGYKEJVG WPF TGKNUVÒEM-
CPVGKNG NKGHGTP. DCU VGTHCJTGP UVGNNV GKP IGGKIPGVGU HKNHUOKVVGN HÒT FKG AWVQOM-VGTOCTMVWPI 
FCT. DKG VKFGQDKNFXGTCTDGKVWPI MCPP FCTÒDGT JKPCWU CWEJ KO VGTNCWH FGT MCUVRGTKQFG CNU GKP 
PÒV\NKEJGU IPUVTWOGPV \WT VGTDGUUGTWPI FGT TKGTJCNVWPI GKPIGUGV\V YGTFGP.

4 AusDlick

IP FGT GTQ­ITWRRGPJCNVWPI KUV FKG TKGTDGQDCEJVWPI WPF -MQPVTQNNG GTUEJYGTV. IP FGT ITQ­GP 
ZCJN FGT TKGTG UKPF GKP\GNPG, GXVN. PWT YGPKI CWHH·NNKIG TKGTG PWT UEJYGT \W GPVFGEMGP, \WOCN 
XKGNG TKGTG TWJGP WPF CWHIGVTKGDGP YGTFGP OÒUUGP. AWEJ UVGJGP DGK FGT VKGN\CJN FGT FÒVVG-
TWPIUVGTOKPG FGT SGPUQTHÒVVGTWPI PKEJV CNNG TKGTG \W FKGUGP FÒVVGTWPIU\GKVGP CWH, YKG GU DGK 
MQPXGPVKQPGNNGP FÒVVGTWPIUU[UVGOGP OKV 2- QFGT 3-OCNKIGT FWVVGTXQTNCIG FGT FCNN KUV. VQTUVC-
FKGP XQT KTCPMJGKVGP, FKG UKEJ IIHN. FWTEJ IGTKPIGTG AMVKXKV·V QFGT FTGUUWPNWUV ·W­GTP, MÌPPGP 
FWTEJ OGPUEJNKEJG KQPVTQNNOÌINKEJMGKVGP GTUV TGEJV PKEJV HGUVIGUVGNNV YGTFGP.

EKP UQNEJGU VKFGQU[UVGO DKGVGV MÌINKEJMGKVGP WPF APU·V\G, AWHH·NNKIMGKVGP KO TKGTXGTJCN-
VGP 
\. B. CDYGKEJGPFG AP\CJN FGT SVCVKQPUDGUWEJG, RWORGPFG AVOWPI� \W GTMGPPGP WPF 
FKGUG TKGTG FWTEJ FCTDOCTMKGTWPIGP \W MGPP\GKEJPGP. 

AW­GTFGO MCPP Y·JTGPF FGT MCUVRGTKQFG KP FKG FÒVVGTWPIUUVTCVGIKG GKPIGITKHHGP YGTFGP. 
DC FKG VCVU·EJNKEJGP V·INKEJGP ZWPCJOGP FGT GTWRRG GTOKVVGNV YGTFGP, MÌPPGP CWHH·NNKIG 
SEJYCPMWPIGP DGTÒEMUKEJVKIV YGTFGP. DKG V·INKEJG FWVVGTOGPIG KUV RT·\KUGT RNCPDCT, GU GPV-
UVGJGP IGTKPIGTG FWVVGTTGUVG. SEJYGTG TKGTG MÌPPGP KP GKPGP CPFGTGP FTGUUDGTGKEJ IGNGKVGV 
YGTFGP WPF FWVVGT OKV CPFGTGP EPGTIKG- WPF EKYGK­IGJCNV GTJCNVGP CNU NGKEJVG TKGTG, UQ FCUU 
GKPG QRVKOKGTVG PJCUGPHÒVVGTWPI OÌINKEJ KUV.



MANAGEMENT � ARBEITSWIRTSCHAFT

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 21�
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Inhalt des DFG-Forschungsprojektes war die Entwicklung innovativer Lüftungsstrategien und 
die Überprüfung ihrer Auswirkung auf die Höhe und Dynamik von Schadgasen, luftgetrage-
nen Partikeln und Bioaerosolen in Mastschweineställen. Die Erfassung der arbeitsplatzrele-
vanten Aerosolkonzentrationen nach EN ��1 sowie der Konzentrationen an Endotoxinen, 
Schimmelpilzen und Bakterien fand diskontinuierlich während vier Versuchsdurchgängen 
statt. Eine Verringerung des Volumenstroms durch den Einsatz der Befeuchtung hatte grund-
sätzlich eine Erhöhung der mittleren Schadgas- und Staubkonzentration zur Folge. Die getes-
teten zusätzlichen Regelparameter sind dabei geeignet einer höheren Arbeitsplatzbelastung 
entgegenzuwirken. Ein Einfluss der Lüftungsstrategien und der Befeuchtung auf die Höhe der 
Bioaerosolkonzentration im Stall konnte nicht festgestellt werden.

SWmmCr[

Main topic of the DFG funded research project was to develop innovative ventilation control 
strategies as well as to test there effect on the level and dynamics of harmful gases, airborne 
particles and bioaerosols in fattening pig facilities. Measurements on aerosols with relevance 
for work place and workers health were done discontinuously during four fattening periods 
according to EN ��1. Also discontinuously endotoxin concentrations, moulds and bacteria 
were measured. The reduction of the ventilation rate due to the use of high pressure water 
fogging in principle was associated with higher mean gas and dust concentrations. In this 
connection the tested additional control parameters are suitable to counteract a higher health 
stress at working environment. An influence of the ventilation strategies and the water fog-
ging on bioaerosols could not be ascertained.
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1 ProDlemstellung und Zielsetzung

DCU MQORNGZG S[UVGO SVCNNMNKOC YKTF PGDGP FGT IPPGPTCWOVGORGTCVWT XQP XGTUEJKGFGPUVGP 
FCMVQTGP YKG LWHVHGWEJVG, LWHVCWUVCWUEJTCVG WPF FKG FTGKUGV\WPI XQP SEJCFICUGP WPF AGTQUQ-
NGP DGGKPHNWUUV. PTQDNGODGTGKEJG UVGNNGP KO SQOOGT DGK JQJGP LWHVYGEJUGNTCVGP XQTYKGIGPF 
JQJG IPPGPTCWOVGORGTCVWTGP FCT, XGTDWPFGP OKV HKV\GUVTGUU WPF LGKUVWPIUOKPFGTWPI DGK 
FGP TKGTGP. EKPG IGGKIPGVG MC­PCJOG MCPP JKGT W. C. FKG CFKCDCVKUEJG KÒJNWPI FGT IPPGP-
TCWOVGORGTCVWT FWTEJ EXCRQTCVKQP OÌINKEJUV HGKP XGTURTÒJVGT WCUUGTRCTVKMGN, KP VGTDKPFWPI 
OKV GKPGT HQEJFTWEMDGHGWEJVWPI FCTUVGNNGP 
HÄUSSERMANN GV CN., 2004C�. IO GGIGPUCV\ 
FC\W OWUU KO WKPVGT WPF DGK MÒJNGP AW­GPVGORGTCVWTGP KO NQTOCNHCNN \WIGJGK\V YGTFGP, 
XGTDWPFGP OKV PKGFTKIGP LWHVYGEJUGNTCVGP WPF FCFWTEJ GTJÌJVGP KQP\GPVTCVKQPGP CP SEJCF-
ICUGP, SVCWD WPF BKQCGTQUQNGP KO SVCNN, FKG \W IGUWPFJGKVNKEJGP BGNCUVWPIGP CO ATDGKVURNCV\ 
HÒJTGP MÌPPGP 
HARTUNG, J. WPF SEEDORF, 2002�. IP ADJ·PIKIMGKV FGU MCPCIGOGPVU, FGT 
APQTFPWPI FGT FWPMVKQPUDGTGKEJG WPF FGT VGTUEJOWV\WPI FGT FN·EJGP FWTEJ FKG TKGTG MCPP 
FKG LWHVSWCNKV·V \WU·V\NKEJ CDUKPMGP 
AARNINK, 1997; GALLMANN, 2003, RIEGER GV CN., 2004�. 
DCDGK MÌPPGP WPVGTUEJKGFNKEJG LÒHVWPIUUVTCVGIKGP AWUYKTMWPI CWH FKG HÌJG WPF D[PCOKM 
XQP SEJCFICUIGJCNVGP, NWHVIGVTCIGPGP PCTVKMGNP WPF BKQCGTQUQNGP WPF FCFWTEJ CWH FKG 3WC-
NKV·V FGT SVCNNNWHV WPF UQOKV FKG BGNCUVWPI HÒT MGPUEJ WPF TKGT JCDGP 
AERTS GV CN., 2004; 
HARTUNG, E. GV CN., 2004�. DWTEJ FKG EKPDKPFWPI \WU·V\NKEJGT SGPUQTGP WPF RGIGNRCTCOGVGT 
KP PGWGPVYKEMGNVG RGIGNMQP\GRVG XGTUWEJGP OQFGTPG RGIGNU[UVGOG CWH KPVGNNKIGPVG WGKUG 
FGP XGTUEJKGFGPGP, VGKNYGKUG YKFGTURTÒEJNKEJGP APHQTFGTWPIGP CP ATDGKVURNCV\MNKOC, EOKU-
UKQPUOKPFGTWPI WPF MKPKOKGTWPI FGU EPGTIKGGKPUCV\GU IGTGEJV \W YGTFGP. ZKGNUGV\WPI FGU 
DFG-FQTUEJWPIURTQLGMVGU KO RCJOGP FGU GTCFWKGTVGPMQNNGIU ëSVTCVGIKGP \WT VGTOGKFWPI 
FGT EOKUUKQP MNKOCTGNGXCPVGT GCUG WPF WOYGNVVQZKUEJGT SVQHHG CWU LCPFYKTVUEJCHV WPF LCPF-
UEJCHVPWV\WPIé CP FGT UPKXGTUKV·V HQJGPJGKO, YCT FKG EPVYKEMNWPI WPF ÜDGTRTÒHWPI KPPQXC-
VKXGT LÒHVWPIUUVTCVGIKGP, FKG CWH DGMCPPVGP ZWUCOOGPJ·PIG \YKUEJGP SVCNNMNKOC, EOKUUKQPGP 
WPF SVCNNMNKOCTGIGNWPI DCUKGTGP. 

2 Methode und VersuchdurchfÒhrung

DKG GPVYKEMGNVGP RGIGNMQP\GRVG 
HÄUSSERMANN GV CN., 2004D� YWTFGP KP KQQRGTCVKQP OKV 
FGT HGTUVGNNGTHKTOC KP GKPG MQOOGT\KGNNG, FKG \WU·V\NKEJGP RGIGNRCTCOGVGT TKGTCMVKXKV·V WPF 
CO2-IPPGPTCWOMQP\GPVTCVKQP XGTCTDGKVGPFG SVCNNMNKOCUQHVYCTG WOIGUGV\V. DKG XGTYGPFGVGP 
FKIKVCNGP SVCNNMNKOCTGINGT 
LON-R-BWU� UKPF UVCPFCTFO·­KI UQYQJN PGV\YGTMH·JKI CNU CWEJ CP 
GKP PC-IGUVGWGTVGU MGUU- WPF DCVGPGTHCUUWPIURTQITCOO MQRRGNDCT. DKG ÜDGTRTÒHWPI FGT LÒH-
VWPIUUVTCVGIKGP KO HQJGPJGKOGT VGTUWEJUUVCNN HÒT MCUVUEJYGKPG 
HARTUNG, E., 2001� GTHQNIVG 
LCJTGU\GKVNKEJ TCPFQOKUKGTV XGTVGKNV ÒDGT KPUIGUCOV XKGT, LGYGKNU KP FTGKYÌEJKIG MCUVCDUEJPKVVG 
WPVGTVGKNVG, MCUVFWTEJI·PIG. DCDGK WPVGTUVÒV\VG GKPG KP FKG RGIGNMQP\GRVG KPVGITKGTVG HQEJ-
FTWEMDGHGWEJVWPI 
70 DCT� FKG KNKOCVKUKGTWPI FGU SVCNNGU. BGK FGT AWUYGTVWPI FGT UPVGTUW-
EJWPIGP YWTFG FGT VGTINGKEJ GKPGT PKEJV-NKPGCT VGORGTCVWTIGTGIGNVGP LÒHVWPI OKV WPF QJPG 
BGHGWEJVWPI WPF FKG, CWH FGP \WU·V\NKEJGP RGIGNRCTCOGVGTP DCUKGTGPFGP RGIGNUVTCVGIKGP, 
LGYGKNU OKV BGHGWEJVWPI DGTÒEMUKEJVKIV. 

DKG KP FGP VGTUWEJUUVCNN KPVGITKGTVG DCVGPGTHCUUWPI GTNCWDVG FKG MQPVKPWKGTNKEJG AWH\GKEJ-
PWPI FGT AW­GP- WPF IPPGPTCWOVGORGTCVWT, FGT TGNCVKXGP LWHVHGWEJVG, FGU VQNWOGPUVTQOU, 
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FGT TKGTCMVKXKV·V WPF FGT KQP\GPVTCVKQPGP CP NH3 WPF CO2. EKPG FGVCKNNKGTVG BGUEJTGKDWPI FGT 
VGTUWEJUFWTEJHÒJTWPI WPF FGT RGIGNUVTCVGIKGP DGHKPFGV UKEJ KP HÄUSSERMANN GV CN., 2004D. 

DKG ETHCUUWPI FGT AGTQUQN- WPF BKQCGTQUQNMQP\GPVTCVKQPGP KP FGP DGKFGP VGTUWEJUCDVGKNGP 
HCPF FKUMQPVKPWKGTNKEJ Y·JTGPF FGT VGTUWEJG UVCVV. FÒT LGFG VCTKCPVG WPF LGFGU ADVGKN YWT-
FG RTQ VGTUWEJUFWTEJICPI LGYGKNU GKPOCN XQTOKVVCIU 
9�00 UJT DKU 11�30 UJT� WPF GKPOCN 
PCEJOKVVCIU 
12�00 UJT DKU 14�30 UJT� GKPG MGUUWPIGP FGT LCPFYKTVUEJCHVNKEJG BGTWHUIGPQU-
UGPUEJCHV \WT ATDGKVURNCV\DGNCUVWPI FWTEJIGHÒJTV. DKG CTDGKVURNCV\TGNGXCPVGP AGTQUQNITÌ­GP 
CNXGQNCT, VJQTCMCN WPF GKPCVGODCT YWTFGP IGO·­ EN 481 
1993� ä 50 � ADUEJGKFGHHK\KGP\ 
FGU CGTQF[PCOKUEJGT ÄSWKXCNGP\FWTEJOGUUGT FCG

50 DGK 4 zO, 10 zO WPF 100 zO ä FWTEJ 
XKTVWGNNG IORCMVKQP, FKNVGTUCOONWPI WPF SVTGWNKEJVRJQVQOGVTKG OKV FGO SVCWDUCOOGN- WPF 
MGUUIGT·V RGURKEQPTM ÒDGT FGP MGUU\GKVXGTNCWH GTHCUUV WPF CPUEJNKG­GPF ÒDGT FKG ITCXKOG-
VTKUEJG AWUYGTVWPI FGT FKNVGTIGYKEJVG MQTTKIKGTV. DKG XGTYGPFGVGP J[FTQRJQDGP GNCUHCUGT-
HKNVGT YWTFGP PCEJ LGFGT MGUUWPI IGYGEJUGNV WPF PCEJ GKPGT TTQEMPWPIU\GKV XQP 6 SVWPFGP 
XGTYQIGP. 

PCTCNNGN \W FGP SVCWDOGUUWPIGP YWTFGP ÒDGT FKG ZGKVFCWGT XQP 30 MKPWVGP EPFQVQZKP-
MQP\GPVTCVKQPGP OKV FGO RGTUQPGPIGVTCIGPGP GGHCJTUVQHH-PTQDGPCJOGIGT·V PGP OKV GKPGT 
DWTEJHNWUUTCVG XQP 1.0 N�OKP FWTEJIGHÒJTV 
GGUCOVUVCWD-FKNVGTMQRH GSP, SCOOGNXQNWOGP 
0,03 Ox�N, SCOONWPI CWH GNCUHCUGTHKNVGTP�. DKG AWUYGTVWPI FGT EPFQVQZKPG GTHQNIVG PCEJ 
FGO PTKP\KR FGU LKOWNWU-AOÌDQ\[VGP-LKUCV TGUVGU 
LAL-TGUV� KO LCDQT PJ[VQU KP NGW-UNO. 
GGUCOVRKN\G WPF KGKO\CJN YWTFGP OKV FGO PTQDGPCJOGIGT·V SAS 90 IGUCOOGNV. DKG BGDTÒ-
VWPI WPF AWU\·JNWPI FGT N·JTOGFKGP GTHQNIVG GDGPHCNNU KO LCDQT PJ[VQU, NGW-UNO.

3 Auswirkung der LÒftungsstrategien auf das Stallklima

DKG XGTUEJKGFGPGP LÒHVWPIUUVTCVGIKGP PCJOGP GKPGTUGKVU FWTEJ FKG WPVGTUEJKGFNKEJGP RGIGN-
RCTCOGVGT WPF -CNIQTKVJOGP FKTGMVGP EKPHNWUU CWH FKG HÌJG FGU VQNWOGPUVTQOU. ZWO CPFGTGP 
YWTFG FWTEJ FGP EKPUCV\ FGT BGHGWEJVWPIUMÒJNWPI FWTEJ CFKCDCVKUEJG KÒJNWPI FKG IPPGP-
TCWOVGORGTCVWT KO TCIGUXGTNCWH WO DKU \W 7 K XGTTKPIGTV WPF FCOKV GKP KPFKTGMVGT EKPHNWUU CWH 
FKG HÌJG FGU VQNWOGPUVTQOU CWUIGÒDV. DKGU HÒJTVG DGK CNNGP RGIGNUVTCVGIKGP \W GKPGT IGIGP-
ÒDGT FGT RGHGTGP\ GTJÌJVGP WPF FCFWTEJ XGTDGUUGTVGP IPPGPTCWOHGWEJVG, XGTDWPFGP OKV 
GKPGO XGTTKPIGTVGP VQNWOGPUVTQO WPF KP FQNIG KO MKVVGN IGTKPIHÒIKI JÌJGTGP NH3 WPF CO2

KQP\GPVTCVKQPGP 
TCD. 1, UKGJG CWEJ TCIGUXGTN·WHG KP HÄUSSERMANN GV CN., 2004C�. DWTEJ FKG 
\GKVYGKUG ETJÌJWPI FGU VQNWOGPUVTQOU DGK FGT CMVKXKV·VUIGTGIGNVGP LÒHVWPIUUVTCVGIKG D\Y. 
FKG VGTTKPIGTWPI FGU VQNWOGPUVTQOU FWTEJ FKG RGIGNWPI ÒDGT FKG CO2 IPPGPTCWOMQP\GPV-
TCVKQP GTHQNIVG FCTÒDGT JKPCWU GKPG GPVURTGEJGPFG VGTTKPIGTWPI D\Y. ETJÌJWPI FGT OKVVNGTGP 
CO2 WPF NH3 KQP\GPVTCVKQPGP IGIGPÒDGT FGT VGORGTCVWTIGTGIGNVGP LÒHVWPI OKV BGHGWEJVWPI. 
GNGKEJGTOC­GP HÒT CNNG LÒHVWPIUXCTKCPVGP ÒDGTUEJTKVV FKG CO2 IPPGPTCWOMQP\GPVTCVKQP FGP 
GTGP\YGTV XQP 3000 RRO LGFQEJ LGYGKNU PWT KP GVYC 1 � CNNGT F·NNG 
TCD. 1�. 

DKG VGTTKPIGTWPI FGU VQNWOGPUVTQOU FWTEJ FKG CO2 RGIGNWPI JCVVG FGOPCEJ \YCT GKPG 
ETJÌJWPI FGT OKVVNGTGP CO2 KQP\GPVTCVKQP ä XQT CNNGO KP ZGKVT·WOGP OKV GJGT PKGFTKIGT 
IPPGPTCWOMQP\GPVTCVKQP ä PKEJV CDGT GKPG J·WHKIGTG ÜDGTUEJTGKVWPI XQP OCZKOCNGP CO2

IPPGPTCWOMQP\GPVTCVKQPGP \WT FQNIG. DGOIGIGPÒDGT YWTFG FKG OCZKOCNG NH3 KQP\GP-
VTCVKQP 
20 RRO� DGK FGT CO2 IGTGIGNVGP LÒHVWPIUUVTCVGIKG FGWVNKEJ J·WHKIGT KP 5,8 � CNNGT 
IGOGUUGPGP F·NNG ÒDGTUEJTKVVGP, OKV GKPGO CNNGTFKPIU IGTKPIGP APVGKN XQP PWT 0,2 � CNNGT 
F·NNG ÒDGT 25 RRO 
TCD. 1�.
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TCD. 1� MKVVGNYGTVG WPVGTUEJKGFNKEJGT SVCNNMNKOCRCTCOGVGT ÒDGT XKGT MCUVFWTEJI·PIG 
FGDTWCT 2003 DKU 
JWNK 2004�, DGGKPHNWUUV FWTEJ XGTUEJKGFGPG LÒHVWPIUUVTCVGIKGP
Mean values of different indoor air parameters during four fattening periods (February 2003 until July 200�) 
as affected by different ventilation control strategies

Temperatur- und 
aktivitätsgeregelt 
mit Befeuchtung

Temperatur-
geregelt mit 
Befeuchtung

CO2- und tempe-
raturgeregelt mit 

Befeuchtung

Temperatur-
geregelt 

(Referenz)

Volumenstrom 
[m³ h–1 Tier–1]

71,9 67,2 56,4 82,7

Innenfeuchte [%] 67 63 69 47

NH3 Konzentration 
[ppm] Messwert > 
20 ppm

7,9
(0,9 %)

8,7
(0,3 %)

10,6
(5,8 %)

7,7
(0,5 %)

CO2 Konzentration 
[ppm] Messwert > 
3000 ppm

1456
(1,0 %)

1576
(0,6 %)

1835
(1,0 %)

1408
(1,1 %)

4 Beeinflussung der StauDkonzentration durch die LÒftungsregelung

DKG HÌJG FGT SVCWDMQP\GPVTCVKQP YWTFG XQP FGT LÒHVWPIUUVTCVGIKG UQYKG KO YGUGPVNKEJGP 
XQP FGT JCJTGU\GKV WPF FGO MCUVCDUEJPKVV DGGKPHNWUUV. DKG VJQTCMCNG PCTVKMGNMQP\GPVTCVKQP 
NCI KO MKVVGN FGT MGUUVCIG DGK FKG RGHGTGP\XCTKCPVG QJPG BGHGWEJVWPI OKV 0,73 OI Oä3 CO 
PKGFTKIUVGP WPF DGK FGT CO2 IGTGIGNVGP LÒHVWPIUXCTKCPVG OKV 0,92 OI Oä3 CO JÌEJUVGP. EKPG 
GPVURTGEJGPFG RGNCVKQP \YKUEJGP FGT OKVVNGTGP VQNWOGPUVTQOJÌJG WPF FGT LGYGKNU GTHCUUVGP 
SVCWDMQP\GPVTCVKQP KUV KP TCD. 2 CWEJ HÒT CNXGQNCTG WPF GKPCVGODCTG SVCWRCTVKMGN FCTIGUVGNNV. 
DKGUG MGUUWPIGP YWTFGP CWUUEJNKG­NKEJ VCIUÒDGT FWTEJIGHÒJTV WPF YGKUGP FCJGT JÌJGTG 
OKVVNGTG VQNWOGPUVTÌOG CWH CNU FKG GGUCOVWPVGTUWEJWPI, DKGVGP FWTEJ FKG TCPFQOKUKGTVG 
VGTVGKNWPI FGT MGUUVCIG DG\ÒINKEJ FGT EKPHNWUURCTCOGVGT VQNWOGPUVTQO WPF IPPGPTCWO-
HGWEJVG LGFQEJ GKPGP TGRT·UGPVCVKXGP GGUCOVCWUUEJPKVV ÒDGT FKG LÒHVWPIUUVTCVGIKGP 
TCD. 2�. 
DKG EKPDKPFWPI FGU TKGTCMVKXKV·VU-SKIPCNU KP FKG SVCNNMNKOCTGIGNWPI WPF FKG FCFWTEJ IG\KGNVG 
\GKVYGKUG ETJÌJWPI FGU VQNWOGPUVTQOU OCEJV UKEJ FWTEJ GKPG XGTTKPIGTVG OKVVNGTG PCTVKMGN-
MQP\GPVTCVKQP FGT CMVKXKV·VUIGTGIGNVGP LÒHVWPIUUVTCVGIKG KO VGTINGKEJ \WT VGORGTCVWTIGTGIGN-
VGP LÒHVWPI OKV BGHGWEJVWPI DGOGTMDCT 
TCD. 2�.
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TCD. 2� MKVVNGTG SVCWDMQP\GPVTCVKQP WPF VQNWOGPUVTQOJÌJG RWPMVWGNNGT MGUUWPIGP ÒDGT XKGT MCUVFWTEJ-
I·PIG 
FGDTWCT 2003 DKU JWNK 2004� DGGKPHNWUUV FWTEJ XGTUEJKGFGPG LÒHVWPIUUVTCVGIKGP
Mean dust concentrations and ventilation rates, resulting from point measurements during four fattening 
periods (February 2003 until July 200�), affected by different ventilation control strategies

Temperatur- und 
aktivitätsgeregelt 
mit Befeuchtung

Temperatur-
geregelt mit 
Befeuchtung

CO2 und tempe-
raturgeregelt mit 

Befeuchtung

Temperatur-
geregelt 

(Referenz)

Volumenstrom 
[m³/h]

82.5 70.7 66.4 91.7

Innenfeuchte [%] 71 70 71 45

Alveolengängige 
Partikel [mg/m³]

0.32 0.36 0.39 0.15

Thoraxgängige 
Partikel [mg/m³]

0.81 0.89 0.92 0.73

Einatembare 
Partikel [mg/m³]

1.4 1.5 1.6 1.4

5 Bioaerosole 

DKG IGOGUUGPGP EPFQVQZKPMQP\GPVTCVKQPGP \GKIGP GKPG FGWVNKEJ LCJTGU\GKVNKEJG D[PCOKM OKV 
OKPKOCNGP EPFQVQZKPYGTVGP XQP 40 DKU 600 EU Oä3 KO FTÒJLCJT DKU HGTDUV WPF OCZKOCNGP 
KQP\GPVTCVKQPGP DKU 4000 EU Oä3 KO WKPVGT. DKG OKVVNGTG KQP\GPVTCVKQP ÒDGT KPUIGUCOV 
57 MGUUVGTOKPG NCI DGK 739 EU Oä3 WPF FCOKV GJGT KO WPVGTGP BGTGKEJ XGTINGKEJDCTGT 
LKVGTCVWTYGTVG 
RIEGER GV CN., 2004�. DGOIGIGPÒDGT NCUUGP FKG GTHCUUVGP SEJKOOGNRKN\- WPF 
BCMVGTKGPMQP\GPVTCVKQPGP MGKPG LCJTGU\GKVNKEJG BGGKPHNWUUWPI FGT MGUUYGTVG GTMGPPGP. 
AWEJ JKGT NCIGP FKG MKVVGNYGTVG XGTINGKEJUYGKUG PKGFTKI DGK 924 KBE Oä3 
SEJKOOGN, BGDTÒ-
VWPIUVGORGTCVWT 22 uC�, 239 KBE Oä3 
SEJKOOGN, BGDTÒVWPIUVGORGTCVWT 37 uC�, 0,14 MKQ 
KBE Oä3 
BCMVGTKGP, BGDTÒVWPIUVGORGTCVWT 35 uC� WPF 52 KBE Oä3 
AMVKPQO[EGVGP, BGDTÒ-
VWPIUVGORGTCVWT 56 uC�. EKP EKPHNWUU FGT WPVGTUEJKGFNKEJGP LÒHVWPIUUVTCVGIKGP, GKPGU XGTOKP-
FGTVGP VQNWOGPUVTQOU QFGT FGT BGHGWEJVWPI CWH FKG HÌJG FGT BKQCGTQUQNMQP\GPVTCVKQPGP 
MQPPVG DGK MGKPGO FGT GTHCUUVGP PCTCOGVGT HGUVIGUVGNNV YGTFGP. DKGU KUV \WO TGKN FWTEJ FKG 
CNNIGOGKP JQJG SVTGWDTGKVG DGK FGT ETHCUUWPI XQP BKQCGTQUQNMQP\GPVTCVKQPGP GTMN·TDCT. EKPGP 
YGUGPVNKEJ ITÌ­GTGP EKPHNWUU CWH FKG CDUQNWVG BKQCGTQUQNMQP\GPVTCVKQP KO SVCNN YGKUGP LGFQEJ 
XQT CNNGO T·VKIMGKVGP FGU LCPFYKTVGU UGNDUV UQYKG FCU MCPCIGOGPV WPF FKG H[IKGPG KO SVCNN, 
YKG CWEJ FKG DKOGPUKQPKGTWPI FGT LÒHVWPI CWH 
HARTUNG, E. GV CN., 2004�.

6 Schlussfolgerungen

DKG XGTUEJKGFGPGP LÒHVWPIUUVTCVGIKGP ÒDVGP UQYQJN ÒDGT FKG BGHGWEJVWPIUMÒJNWPI FGT IPPGP-
TCWOVGORGTCVWT WPF FKG FCOKV XGTDWPFGPG SGPMWPI FGU VQNWOGPUVTQOU CNU CWEJ ÒDGT FKG 
FKTGMVG BGGKPHNWUUWPI FGT VQNWOGPUVTQOJÌJG GKPGP EKPHNWUU CWH FCU SVCNNMNKOC CWU. 

EKPG VGTOKPFGTWPI FGU VQNWOGPUVTQOU YCT ITWPFU·V\NKEJ OKV GKPGT ETJÌJWPI FGT SEJCF-
ICUG WPF SVCWDRCTVKMGN XGTDWPFGP. DWTEJ FKG VGTYGPFWPI \WU·V\NKEJGT RGIGNRCTCOGVGT YKG 
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FKG CO2 IPPGPTCWOMQP\GPVTCVKQP MQPPVG FCDGK LGFQEJ GKP J·WHKIGTGU ÜDGTUEJTGKVGP OCZKOC-
NGT CO2 WPF NH3 KQP\GPVTCVKQPGP XGTOKGFGP YGTFGP. 

DKG EKPDKPFWPI FGU TKGTCMVKXKV·VU-SKIPCNU KP FKG RGIGNUVTCVGIKG TGCNKUKGTVG DGK FGP UPVGTUW-
EJWPIGP UGJT IWV FKG \GKVPCJG ETHCUUWPI XQP WPF RGCMVKQP CWH BGNCUVWPIU-SRKV\GP KO SVCNN, 
FKG FWTEJ GKPG GTJÌJVG TKGTCMVKXKV·V CWUIGNÌUV YWTFGP. DCTCWH DCUKGTGPF MÌPPGP ITWPFU·V\-
NKEJ WPOKVVGNDCT GGIGPOC­PCJOGP YKG GKPG MWT\\GKVKIG ETJÌJWPI FGU VQNWOGPUVTQOU WPF 
FCU VGTURTÒJWPI XQP WCUUGT QFGT ÖN GTHQNIGP. EKP EKPHNWUU FGT LÒHVWPIUUVTCVGIKGP WPF FGT 
BGHGWEJVWPI CWH FKG HÌJG FGT BKQCGTQUQNMQP\GPVTCVKQP KO SVCNN MQPPVG PKEJV HGUVIGUVGNNV YGT-
FGP.

� Literatur

AARNINK, A. 
1997�� AOOQPKC GOKUUKQP HTQO JQWUGU HQT ITQYKPI RKIU CU CHHGEVGF D[ RGP FGUKIP, 
KPFQQT ENKOCVG CPF DGJCXKQWT. DKUUGTVCVKQP LCPFDQWYWPKXGTUKVGKV WCIGPKPIGP.

AERTS, J.-M.; GUARINO, M.; PORRO, M.; NAVAROTTO, P.; VAN BRECHT, A.; VRANKEN, E.; BERCKMANS, 
D. 
2004�� IPHNWGPEG QH XGPVKNCVKQP TCVG QP FWUV GOKUUKQP HTQO HCVVGPKPI RKI JQWUGU. IPVGTP. S[OR. 
NGY TTGPFU QP FCTO BWKNFKPIU, CIGR 2PF TGEJP. SGEV., PQTVWICN. 

EN 481 
1993�� EWTQRGCP UVCPFCTF, YQTMRNCEG CVOQURJGTGU ä UK\G HTCEVKQP FGHKPKVKQPU HQT OGCUW-
TGOGPVU QH CKTDQTPG RCTVKENGU. CEN EWTQRGCP CQOOKVVGG HQT SVCPFCTFK\CVKQP, RWG FG SVCUUCTV 36, 
1050 BTWUUGNU, BGNIKSWG.

GALLMANN, E. 
2003�� VGTINGKEJ XQP \YGK HCNVWPIUU[UVGOGP HÒT MCUVUEJYGKPG OKV WPVGTUEJKGF-
NKEJGP LÒHVWPIURTKP\KRKGP ä SVCNNMNKOC WPF EOKUUKQPGP. VDI-MEG SEJTKHV 404, DKUUGTVCVKQP 
UPKXGTUKV·V HQJGPJGKO.

HAEUSSERMANN, A.; HARTUNG, E.; JUNGBLUTH, T 
2004C�� HKIJ PTGUUWTG WCVGT FQIIKPI EQODKPGF 
YKVJ IPPQXCVKXG VGPVKNCVKQP CQPVTQN ä CQPENWFKPI EHHGEVU QP PTQEGUU CQPVTQN CPF IPFQQT AKT 
3WCNKV[. AIEPI CQPHGTGPEG éEPIKPGGTKPI VJG FWVWTGê, BGNIKWO.

HÄUSSERMANN, A.; HARTUNG, E.; JUNGBLUTH, T 
2004D�� EPVYKEMNWPI KPPQXCVKXGT LÒHVWPIUU[UVG-
OG HÒT MCUVUEJYGKPG, TGKN I ä MGVJQFG WPF GTUVG ETIGDPKUUG. AITCTVGEJPKUEJG FQTUEJWPI 10, S. 
7ä15; HGHV 1�2004.

HARTUNG, E. 
2001�� KQP\GRVKQP, RGCNKUKGTWPI WPF EXCNWKGTWPI GKPGT VGTUWEJUGKPTKEJVWPI \WT 
EPVYKEMNWPI WPF FKHHGTGP\KGTVGP BGWTVGKNWPI XQP HCNVWPIUU[UVGOGP HÒT MCUVUEJYGKPG. VDI-MEG 
SEJTKHV 392, HCDKNKVCVKQPUUEJTKHV IPUVKVWV HÒT AITCTVGEJPKM, UPKXGTUKV·V HQJGPJGKO.

HARTUNG, E.; OLLESCH, K; HÄUSSERMANN, A; RIEGER, M. A.; DIEFENBACH, H; SUNDRUM, A; EBKE, M; 
LOHMEYER, M 
2004�� SVCNNNWHVSWCNKV·V WPF ATDGKVURNCV\DGNCUVWPIGP KP WPVGT-UEJKGFNKEJGP MCUV-
UEJYGKPGJCNVWPIUXGTHCJTGP. AITCTVGEJPKUEJG FQTUEJWPI 10, HGHV 4.

HARTUNG, J.; SEEDORF, J. 
2002�� SV·WDG WPF MKMTQQTICPKUOGP KP FGT TKGTJCNVWPI. KTBL-SEJTKHV 
393, DCTOUVCFV.

RIEGER, M. A.; SUNDRUM, A.; JUNGBLUTH, T.; HARTUNG, E.; LOHMEYER M. 
2004�� FTCIGP FGU ATDGKVU-
, TKGT- WPF UOYGNVUEJWV\GU DGK FGT SEJYGKPGOCUV KP XGTUEJKGFGPGP S[UVGOGO WPVGT DGUQPFGTGT 
BGTÒEMUKEJVKIWPI OKMTQDKGNNGT BGNCUVWPIGP. BWPFGURTQITCOO ÖMQNQIKUEJGT LCPFDCW, SEJNWUU-
DGTKEJV PTQLGMV 02OE615.



MANAGEMENT � ARBEITSWIRTSCHAFT

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 223

BetrieDsmanagement in der Landwirtschaft ä S[stematisierung und 
Ansatz fÒr die ArDeitszeitermittlung
(Crm mCnCgement ä s[stemCti\Ction Cnd CpproCcJ for YorMing time 
recording

CHRISTOPH MORIZ

AITQUEQRG FAT T·PKMQP, EKFIGPÌUUKUEJG FQTUEJWPIUCPUVCNV HÒT AITCTYKTVUEJCHV WPF LCPFVGEJPKM, 
CH-8356 EVVGPJCWUGP

SchlÒsselwÌrter� BetrieDsmanagement, ArDeitszeit, EinflussgrÌssen, Planzeitelemente
-e[Yords� (Crm mCnCgement� YorMing time� infNWencing fCctors� tCrget time eNements

<WsCmmenfCssWng 

Die Arbeiten im Rahmen der Betriebsführung gewinnen in der Landwirtschaft zunehmend 
an Bedeutung. Im Gegensatz zu den produktionsbezogenen Tätigkeiten steht im Bereich 
der Betriebsführung für die arbeitswirtschaftliche Planung Datenmaterial nur in geringem 
Umfang zur Verfügung, sodass für Planungszwecke zu treffende Aussagen schwierig zu for-
mulieren sind.

Ausgehend von einer Systematik für das gesamte Betriebsmanagement sollen für alle anfal-
lenden Managementarbeiten mit Hilfe eines neuen methodischen Ansatzes Planzeitelemente 
und Einflussgrössen ermittelt werden. Dabei wird zwischen der Erfassung von Einflussgrössen 
=EFG? einerseits und der Ermittlung von Planzeitelementen =PZE? andererseits unterschieden. 
Für die Erfassung der EFG ist eine empirische Erhebung vorgesehen. Die PZE sollen in Form 
von Arbeitsversuchen bestimmt werden. Die so gewonnene Datengrundlage bildet die Basis 
für die Berechnung der Arbeitszeit für die Betriebsführung mit Hilfe von Modellen. 

SWmmCr[ 

Farm-management activities are of growing importance in agriculture. In contrast to produc-
tion-related tasks, however, there is little work-organization data available for farm-man-
agement activities, making it difficult to formulate reliable statements for work-planning 
purposes. 

Based on a systematic farm-management system, the present study aims to identify target 
time elements and influencing factors for all farm management tasks by means of a new meth-
odological approach. This method involves a separate recording of influencing factors, which 
are determined on the basis of an empirical analysis, and target time elements, which are 
quantified within the scope of work experiments. The data collected is then used to calculate 
working time in farm management by means of calculation models. 
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1 Einleitung und ProDlemstellung

BKU XQT YGPKIGP JCJTGP PWT WP\WTGKEJGPF DGCEJVGV WPF CWHITWPF FGUUGP KP FGT CTDGKVUYKU-
UGPUEJCHVNKEJGP FQTUEJWPI PKEJV GPVURTGEJGPF UGKPGT BGFGWVWPI DGJCPFGNV, JCV FGT ATDGKVU-
\GKVDGFCTH HÒT FKG BGVTKGDUHÒJTWPI KP FGT LCPFYKTVUEJCHV KP FGP NGV\VGP JCJTGP, KPUDGUQPFGTG 
CWEJ KP RGNCVKQP \WO GGUCOVCTDGKVU\GKVDGFCTH, GTJGDNKEJ \WIGPQOOGP. IO WGUGPVNKEJGP 
DGFKPIGP FKG XQTCPUEJTGKVGPFG MGEJCPKUKGTWPI FGT FGNF- WPF HQHCTDGKVGP UQYKG GKPG UVCTMG 
AWUFGJPWPI CFOKPKUVTCVKXGT T·VKIMGKVGP FKGUG ZWPCJOG. IPPGTJCND GKPGU NCPFYKTVUEJCHVNKEJGP 
UPVGTPGJOGPU PGJOGP FCJGT FKG ATDGKVGP KO RCJOGP FGT BGVTKGDUHÒJTWPI, WPCDJ·PIKI XQP 
FGUUGP GTÌUUG WPF FGUUGP YKTVUEJCHVNKEJGT AWUTKEJVWPI, CWEJ KO HKPDNKEM CWH FGP GTHQTFGT-
NKEJGP ATDGKVU\GKVDGFCTH GKPG \GPVTCNG PQUKVKQP GKP. 

DKGUGT YKEJVKIGP SVGNNWPI OWUU CMVWGNN WPF \WMÒPHVKI FKG GPVURTGEJGPFG BGFGWVWPI DGK-
IGOGUUGP YGTFGP, FGPP FCU DKUYGKNGP FKGUDG\ÒINKEJ HÒT PNCPWPIU\YGEMG \WT VGTHÒIWPI UVG-
JGPFG CTDGKVUYKTVUEJCHVNKEJG DCVGPOCVGTKCN GPVURTKEJV YGFGT KO UOHCPI PQEJ KP FGT 3WCNKV·V 
FGT BGFGWVWPI XQP BGVTKGDUHÒJTWPIUCTDGKVGP KP FGT LCPFYKTVUEJCHV.

IO GGIGPUCV\ \W FGP FKTGMV RTQFWMVKQPUDG\QIGPGP ATDGKVGP 
\. B. MGNMGP, PHNÒIGP� 
OCPIGNV GU PGDGP FGP GKIGPVNKEJGP CTDGKVUYKTVUEJCHVNKEJGP KGPP\CJNGP KO RCJOGP FGT 
BGVTKGDUHÒJTWPI XQT CNNGO CP GKPGT ITWPFNGIGPFGP WPF IGGKIPGVGP S[UVGOCVKUKGTWPI FGT 
GPVURTGEJGPFGP ATDGKVGP, YGNEJG FKG BCUKU HÒT GKPG IGPCWG WPF FKHHGTGP\KGTVG ETHCUUWPI WPF 
CPUEJNKGUUGPFG BGTGEJPWPI DKNFGV. NKEJV \WNGV\V GTHQTFGTV CWEJ FKG DCVGPGTHCUUWPI KP FKGUGO 
ZWUCOOGPJCPI FKG EPVYKEMNWPI PGWGT OGVJQFKUEJGT APU·V\G, WO FGP BGUQPFGTJGKVGP XQP 
BGVTKGDUHÒJTWPIUCTDGKVGP RGEJPWPI VTCIGP \W MÌPPGP.

2 Grundlagen und S[stematik

MKV FGT FQTFGTWPI, FGP ATDGKVU\GKVDGFCTH HÒT FKG BGVTKGDUHÒJTWPI PKEJV OGJT CWUUEJNKGUUNKEJ 
CWH GGUCOVDGVTKGDUGDGPG CWU\WYGKUGP, UQPFGTP UQYQJN XGTVGKNV CWH WPVGTUEJKGFNKEJG BGVTKGDU-
\YGKIG WPF PTQFWMVKQPUXGTHCJTGP CNU CWEJ CWHIGUEJNÒUUGNV PCEJ XGTUEJKGFGPGP ATDGKVUIGDKG-
VGP 
APVTCIUYGUGP, FKPCP\GP, WGKVGTDKNFWPI GVE.� CPIGDGP \W MÌPPGP, UVGNNV UKEJ FKG FTCIG 
PCEJ GKPGT ITWPFNGIGPFGP U[UVGOCVKUEJGP GNKGFGTWPI XQP BGVTKGDUHÒJTWPIUCTDGKVGP KP FGT 
LCPFYKTVUEJCHV. EKPG FGTCTVKIG UPVGTVGKNWPI DKNFGV GKPGTUGKVU FKG GTWPFNCIG HÒT GKPG FKHHGTGP-
\KGTVG DCVGPGTHCUUWPI WPF CPFGTGTUGKVU UVGNNV UKG FKG VQTTCWUUGV\WPI HÒT FKG ADDKNFWPI WPF 
BGTGEJPWPI FGU ATDGKVU\GKVDGFCTHU HÒT FKG BGVTKGDUHÒJTWPI KP GKPGO MQFGNN FCT 
ADD. 1�. 

NCEJ YKG XQT N·UUV FKG PCEJ WPVGTUEJKGFNKEJGP AURGMVGP CWHIGINKGFGTVG DCTUVGNNWPI FGU 
ATDGKVU\GKVDGFCTHU HÒT FKG BGVTKGDUHÒJTWPI GKPG ZWUCOOGPHCUUWPI \WO GGUCOVCTDGKVU\GKV-
DGFCTH CWH UPVGTPGJOGPUGDGPG \W. VQNN\KGJV UKEJ CDGT FKG DCVGPGTHCUUWPI DGTGKVU KP CIITG-
IKGTVGT FQTO, KUV GKPG ZWVGKNDCTMGKV \W GKPGO UR·VGTGP ZGKVRWPMV PKEJV OGJT OÌINKEJ.

DKG DGYWUUVG ZWQTFPWPI XQP BGVTKGDUHÒJTWPIUCTDGKVGP \W GKP\GNPGP BGVTKGDU\YGKIGP 
D\Y. PTQFWMVKQPUXGTHCJTGP DGITÒPFGV UKEJ KP FGT APPCJOG, FCUU KPPGTJCND LGFGU PTQFWM-
VKQPUXGTHCJTGPU GKP IGYKUUGT APVGKN CP MCPCIGOGPVV·VKIMGKVGP WPF SQPFGTCTDGKVGP CWHVTKVV WPF 
\W GTNGFKIGP KUV. AWHITWPF FGUUGP GTHQNIV GKPG GTUVG DKHHGTGP\KGTWPI KP GKPGP \WVGKNDCTGP WPF 
KP GKPGP PKEJV \WVGKNDCTGP BGTGKEJ.

IO RCJOGP FGT BGVTKGDUHÒJTWPI PKEJV \WVGKNDCTG ATDGKVGP DG\KGJGP UKEJ UVGVU CWH FKG EDGPG 
FGU GGUCOVDGVTKGDGU, Y·JTGPF FKG \WVGKNDCTGP T·VKIMGKVGP GPVYGFGT GKPGO PTQFWMVKQPUXGT-
HCJTGP, GKPGO BGVTKGDU\YGKI QFGT GKPGO BGVTKGDUDGTGKEJ FKTGMV \WIGQTFPGV YGTFGP MÌPPGP. 



MANAGEMENT � ARBEITSWIRTSCHAFT

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 225

ADD. 1�  GNKGFGTWPI FGT MCPCIGOGPVCTDGKVGP CWH FGO LCPFYKTVUEJCHVUDGVTKGD
Structure of farm management tasks

MKV FGT ADUKEJV, FGP ÒDGTYKGIGPFGP APVGKN CP BGVTKGDUHÒJTWPIUCWHICDGP FKTGMV GKPGO PTQ-
FWMVKQPUXGTHCJTGP \W\WYGKUGP, YKTF INGKEJ\GKVKI FCU ZKGN XGTHQNIV, FGP UOHCPI CP PKEJV 
\WVGKNDCTGP ATDGKVGP UQ OKPKOCN YKG OÌINKEJ \W JCNVGP. DKG CWUUEJNKGUUNKEJG BGVTCEJVWPI 
FGT BGVTKGDUHÒJTWPI CWH IGUCOVDGVTKGDNKEJGT EDGPG GTYGKUV UKEJ FGO\WHQNIG CNU PKEJV OGJT 
\GKVIGO·UU. VKGNOGJT UQNNVGP FKG FKTGMV \WVGKNDCTGP ATDGKVGP CNU \WU·V\NKEJG ATDGKVUXGTHCJTGP 
KPPGTJCND FGT GKP\GNPGP PTQFWMVKQPUXGTHCJTGP KPVGTRTGVKGTV YGTFGP 
ADD. 2�.

DCU PTQDNGO FGT ZWVGKNDCTMGKV, XQT CNNGO KO HKPDNKEM CWH FKG GPVUVGJGPFGP ATDGKVUMQUVGP, 
YKG OCP GU DGKURKGNUYGKUG CWEJ XQP FGT VGTVGKNWPI FGT GGOGKPMQUVGP JGT MGPPV, MCPP UQOKV 
YGKVGUVIGJGPF IGNÌUV YGTFGP.

APCNQI \WT DGUEJTKGDGPGP DKHHGTGP\KGTWPI WPF ZWVGKNWPI FGT ATDGKVGP KPPGTJCND FGT 
BGVTKGDUHÒJTWPI YKTF FKGUG GNKGFGTWPI CWEJ HÒT FKG SQPFGTCTDGKVGP XQTIGPQOOGP. EKPG 
FGTCTVKIG U[UVGOCVKUEJG UPVGTVGKNWPI XQP BGVTKGDUHÒJTWPIU- WPF SQPFGTCTDGKVGP IGY·JTNGKUVGV 
NGV\VGPFNKEJ FKG GTHQTFGTNKEJG DKHHGTGP\KGTWPI HÒT FKG GPVURTGEJGPFG DCVGPGTHCUUWPI WPF -CWU-
YGTVWPI UQYKG FKG OQFGNNDCUKGTVG DCTUVGNNWPI WPF BGTGEJPWPI FGU ATDGKVU\GKVDGFCTHU.
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ADD. 2� EKPINKGFGTWPI FGT BGVTKGDUHÒJTWPIUCTDGKVGP KP FKG S[UVGOCVKM ëATDGKVGP CWH FGO LCPFYKTVUEJCHVU-
DGVTKGDé
Integration of management work into the ”working on the farm” system

3 Methodische Vorgehensweise

3�1 Ausgangssituation

BKUYGKNGP FWTEJIGHÒJTVG UPVGTUWEJWPIGP DGUEJT·PMVGP UKEJ DGK FGT ETHCUUWPI XQP BGVTKGDU-
HÒJTWPIUCTDGKVGP OGKUV CWH GORKTKUEJG MGVJQFGP QFGT FKG ETHCUUWPI OKVVGNU TCIGU- QFGT 
WQEJGPCTDGKVUDN·VVGTP. AWHITWPF FGUUGP YCT GKPG UGJT FKHHGTGP\KGTVG, CWH GKP\GNPG PTQFWM-
VKQPUXGTHCJTGP DG\QIGPG BGVTCEJVWPI FGU ATDGKVU\GKVDGFCTHU HÒT FKG BGVTKGDUHÒJTWPI TÒEM-
YKTMGPF PKEJV OÌINKEJ. DKG AWUYGTVWPI UQYKG FKG ETIGDPKUFCTUVGNNWPI DGUEJT·PMVGP UKEJ 
ÒDGTYKGIGPF CWH GKPG IGUCOVDGVTKGDNKEJG BGVTCEJVWPIUYGKUG. 

DGO\WHQNIG UVGNNV UKEJ IGTCFG DGK FGT BGTGEJPWPI FGU GGUCOVCTDGKVU\GKVDGFCTHU HÒT GKP\GN-
PG PTQFWMVKQPUXGTHCJTGP PCEJ YKG XQT FCU PTQDNGO FGT ZWVGKNWPI IGUCOV-DGVTKGDNKEJ GTOKV-
VGNVGT ATDGKVU\GKVGP HÒT FKG BGVTKGDUHÒJTWPI. EDGPUQ N·UUV GKPG PWT UGJT YGPKI FKHHGTGP\KGTVG 
FQTO FGT DCVGPGTHCUUWPI YGFGT FKG ETUVGNNWPI XQP PNCP\GKV-GNGOGPVGP PQEJ FKG APICDG XQP 
EKPHNWUUITÌUUGP \W. DKGUG DCVGP DKNFGP CDGT FKG GTWPFNCIG HÒT FKG BGTGEJPWPI FGU ATDGKVU-
\GKVDGFCTHU OKV HKNHG GKPGU MQFGNNU, FCU GTOÌINKEJV, CWEJ DGVTKGDUURG\KHKUEJG DCVGPU·V\G 
KPFKXKFWGNN \W KPVGITKGTGP.



MANAGEMENT � ARBEITSWIRTSCHAFT

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 22�

ADD. 3� MGVJQFKUEJG VQTIGJGPUYGKUG DGK FGT ATDGKVU\GKVGTOKVVNWPI HÒT BGVTKGDUHÒJTWPIUCTDGKVGP
Methodical approach to record the time spent for farm management tasks

AP GKPGP PGWGP OGVJQFKUEJGP APUCV\ JKPUKEJVNKEJ FGT ATDGKVU\GKVGTOKVVNWPI HÒT BGVTKGDUHÒJ-
TWPIUCTDGKVGP UVGNNV UKEJ FGOPCEJ FKG ITWPFU·V\NKEJG APHQTFGTWPI, PNCP\GKVGNGOGPVG WPF EKP-
HNWUUITÌUUGP FKHHGTGP\KGTV GTOKVVGNP WPF CPUEJNKGUUGPF KP GKP BGTGEJPWPIUOQFGNN KPVGITKGTGP 
\W MÌPPGP. IPUDGUQPFGTG OÒUUGP FCDGK FKG BGUQPFGTJGKVGP FGT BGVTKGDUHÒJTWPI KP NCPFYKTV-
UEJCHVNKEJGP UPVGTPGJOGP BGTÒEM-UKEJVKIWPI HKPFGP.

3�2 Kausal�emRirischer Ansatz

DKG KP ADDKNFWPI 3 FCTIGUVGNNVG MGVJQFG VTGPPV UVTKMV \YKUEJGP FGT ETHCUUWPI XQP EKPHNWUU-
ITÌUUGP =EFG? WPF FGT ETOKVVNWPI XQP PNCP\GKVGNGOGPVGP =PZE?. DKG ETJGDWPI FGT EFG YKTF 
KP FQTO GKPGT GORKTKUEJGP ETJGDWPI TGCNKUKGTV. DKG EPVUEJGKFWPI \W GWPUVGP GKPGT RGTUÌP-
NKEJGP BGHTCIWPI VT·IV FGT KQORNGZKV·V FGT TJGOCVKM GPVURTGEJGPF RGEJPWPI. DKGUG UGRCTCVG 
ETHCUUWPI FGT EFG JCV HÒT FKG DGHTCIVGP PGTUQPGP FGP VQTVGKN, FCUU UKG NGFKINKEJ FKG EFG UGNDUV 
DGPGPPGP D\Y. DG\KHHGTP OÒUUGP, WPCDJ·PIKI FCXQP, YKG XKGN ZGKV UKG HÒT FKG GPVURTGEJGPFG 
T·VKIMGKV CWHIGYGPFGV JCDGP. FÒT FKG ETOKVVNWPI FGT PNCP\GKVGNGOGPVG KUV FKG DWTEJHÒJTWPI 
XQP ATDGKVUXGTUWEJGP XQTIGUGJGP, YQDGK FKG ATDGKVUXGTUWEJG UQYQJN OKV XGTUEJKGFGPGP VGT-
UWEJURGTUQPGP CNU CWEJ KPPGTJCND OGJTGTGT DWTEJI·PIG YKGFGTJQNV YGTFGP UQNNGP.

3�3 Modellierung

DKG UQ IGYQPPGPGP GTWPFNCIGPFCVGP =EFG WPF PZE? YGTFGP KP DCVGPDCPMGP CDIGNGIV WPF 
DKNFGP FKG BCUKU HÒT FKG ETUVGNNWPI GKPGU BGTGEJPWPIUOQFGNNU, YGNEJGU FGT S[UVGOCVKM KP 
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ADDKNFWPI 1 GPVURTKEJV. IPPGTJCND FGU MQFGNNU MÌPPGP CWUIGJGPF XQP GKPGT DGVTKGDUKPFKXK-
FWGNNGP EKPICDG FGT EFG YGKVGTG, CDJ·PIKIG EFG DGTGEJPGV YGTFGP. DKG BGTGEJPWPI FGU 
ATDGKVU\GKVDGFCTHU DCUKGTV CPUEJNKGUUGPF CWH GKPGT VGTMPÒRHWPI FGT EFG OKV FGP FC\WIGJÌ-
TKIGP PZE. DKG PZE YGTFGP OKV FGP GPVURTGEJGPFGP EFG OWNVKRNK\KGTV, WPF CPUEJNKGUUGPF 
GTHQNIV FKG AFFKVKQP \WT GGUCOVCTDGKVU\GKV HÒT FKG BGVTKGDUHÒJTWPI. DCU MQFGNN NKGHGTV UQOKV 
GKPG DGVTKGDUURG\KHKUEJG VCTKCVKQPUOÌINKEJMGKV FWTEJ FKG VGT·PFGTWPI FGT EFG WPF FCOKV 
GKPG KPFKXKFWGNNG FQTO FGT PNCPWPIUTGEJPWPI.

NGDGP FGO ATDGKVU\GKVDGFCTH CWH UPVGTPGJOGPUGDGPG MÌPPGP CWEJ AWUUCIGP HÒT GKP\GNPG 
PTQFWMVKQPUXGTHCJTGP QFGT BGVTKGDU\YGKIG IGVTQHHGP YGTFGP. WGKVGTJKP DGUVGJV FKG ORVKQP 
FGP ATDGKVU\GKVDGFCTH CWEJ FKHHGTGP\KGTV PCEJ XGTUEJKGFGPGP ATDGKVUIGDKGVGP CWU\WYGKUGP.
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ArDeitswissenschaftliche Betrachtungen zur MilchXiehhaltung unter 
BerÒcksichtigung Xon ZeitDedarf, ArDeitsRroduktiXit·t und �Delastung
9orM�economics Cspects of dCir[ fCrming tCMing into CccoWnt YorMing�
time reSWirements� YorM prodWctiXit[ Cnd YorM NoCd

MATTHIAS SCHICK

AITQUEQRG FAT T·PKMQP, EKFIGPÌUUKUEJG FQTUEJWPIUCPUVCNV HÒT AITCTYKTVUEJCHV WPF LCPFVGEJPKM, 
CH-8356 EVVGPJCWUGP
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<WsCmmenfCssWng

Die Tätigkeiten in der Innenwirtschaft bestimmen den Arbeitszeitbedarf und auch die Arbeits-
belastung für verschiedene Milchproduktionssysteme wesentlich. Dabei sind die Verfah-
rensabläufe beim Melken und Füttern von grösster Bedeutung. Hinzu kommt zukünftig der 
steigende Anteil an Managementtätigkeiten, die zu erledigen sind. 

Milchproduktionssysteme mit Bestandesgrössen zwischen �0 und 1000 Milchkühen 
erfordern einen Gesamtarbeitszeitbedarf zwischen �0 und ca. �0 AKh je Kuh und Jahr. Die 
Arbeitsproduktivität liegt dabei in einem Bereich zwischen �� und mehr als 1�0 kg ECM/
AKh. 

Der Anteil der körperlich belastenden Arbeitszeit steigt mit zunehmender Bestandesgrösse 
auf bis zu 3� � der täglichen Gesamtarbeitszeit an.

SWmmCr[

Working time requirements and work load in different dairy production systems primarily 
depend on the tasks to be carried out in the stable. Thereby, technical procedures in milking 
and feeding are of major importance. In addition to this, the future increase in management 
tasks must also be taken into consideration.

Milk production systems involving herd sizes of between �0 and 100 dairy cows require 
a total working time of between �0 and approx. �0 MPh per cow and year. Thereby, work 
productivity varies between �� and over 1�0 kg ECM/MPh.

The proportion of physically strenuous working time increases with growing herd sizes to 
up to 3� � of the total working time.
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1 Einleitung und Methodik 

ATDGKVUYKTVUEJCHVNKEJG GTWPFFCVGP HÒT FKG XGTUEJKGFGPUVGP ATDGKVUXGTHCJTGP 
\. B. MGNMGP, 
FÒVVGTP, MKUVGP, SQPFGTCTDGKVGP� NKGIGP KP FQTO XQP ATDGKVU\GKVOGUUWPIGP CWH FGT ATDGKVU-
GNGOGPVUVWHG XQT. DKG CWH LGFGU ATDGKVUGNGOGPV GKPYKTMGPFGP EKPHNWUUITÌUUGP 
\. B. WGIN·P-
IG, MKNEJOGPIG, FWVVGTOCUUG� YGTFGP Y·JTGPF WPF PCEJ FGP ZGKVOGUUWPIGP GTHCUUV. DCU 
UVCVKUVKUEJ CWUIGYGTVGVG DCVGPOCVGTKCN YKTF KP FQTO XQP CDIGUKEJGTVGP PNCP\GKVYGTVGP WPF 
-HWPMVKQPGP CWHDGTGKVGV WPF HÒT YGKVGTIGJGPFG BGTGEJPWPIGP KP EKP\GNOQFWNGP CDIGNGIV. 
EKP GKPHCEJGU HKNHUOKVVGN \WT \GKVYKTVUEJCHVNKEJGP APCN[UG XQP ATDGKVUXGTHCJTGP KP FGT IPPGP-
YKTVUEJCHV MCPP OKV FGO MQFGNNMCNMWNCVKQPUU[UVGO PROOF \WT VGTHÒIWPI IGUVGNNV YGTFGP 

SCHICK, 2001�. 

KÌTRGTJCNVWPIGP YGTFGP GDGPHCNNU CWH FGT SVWHG ATDGKVUGNGOGPV GTHCUUV. DKG IGY·JNVG 
MGVJQFG N·UUV FKG ETHCUUWPI XQP XKGT RÒEMGPRQUKVKQPGP, FTGK ATOJCNVWPIGP WPF UKGDGP BGKP-
JCNVWPIGP \W. IO MQFGNNMCNMWNCVKQPUU[UVGO YKTF LGFG KÌTRGTJCNVWPI GKPGT MCUUPCJOGPMNCUUG 

MKL� \WIGQTFPGV. DCXQP CWUIGJGPF GTHQNIV GKPG GKPFGWVKIG AWUUCIG \WO HCPFNWPIUDGFCTH. 
FÒT FCU IGUCOVG ATDGKVUXGTHCJTGP N·UUV UKEJ FCTCWU GKP FKOGPUKQPUNQUGT BGNCUVWPIUKPFGZ 
L� 
GTOKVVGNP. DKGUGT YKTF FWTEJ FKG GGYKEJVWPI FGT TGNCVKXGP APVGKNG FGT GKP\GNPGP MCUUPCJ-
OGPMNCUUGP CO GGUCOVXGTHCJTGP GTTGEJPGV 
PINZKE 1999�. DWTEJ FGP EKPDG\WI FGT GZCMV 
XQP HCPF DGYGIVGP MCUUGP GPVUVGJV GKP BGNCUVWPIUKPFGZ 
LO� OKV XGTDGUUGTVGT SWCNKVCVKXGT 
AWUUCIGMTCHV 
SCHICK W. RIEGEL 2003�. 

ZWT SWCPVKVCVKXGP VGTINGKEJDCTMGKV XQP ATDGKVU- WPF PTQFWMVKQPUXGTHCJTGP - WPF CWEJ HÒT 
YGKVGTIGJGPFG DGVTKGDUYKTVUEJCHVNKEJG BGVTCEJVWPIGP ä MCPP FKG MÌTRGTNKEJG ATDGKVUDGNCUVWPI 
GDGPHCNNU KP SVWPFGP RTQ TCI CWUIGFTÒEMV YGTFGP. DCDGK YKTF RTQ ATDGKVUXGTHCJTGP FKG ZGKV 
U·OVNKEJGT ATDGKVUGNGOGPVG, FKG FGP MKL 2ä4 \WIGQTFPGV UKPF, UWOOKGTV. UO \WU·V\NKEJ FKG 
XQP HCPF DGYGIVG MCUUG \W DGTÒEMUKEJVKIGP, YKTF FKG SWOOG FGT ATDGKVU\GKV CNNGT ATDGKVUG-
NGOGPVG FGU VGTHCJTGPU OKV MKL 2ä4, DGK FGPGP GKPG MCUUG XQP  2 MI DGYGIV YKTF, IGDKN-
FGV. AWU DGKFGP SWOOGP WPF FGT GGUCOV\GKV HÒT FCU KPVGTGUUKGTGPFG ATDGKVUXGTHCJTGP NCUUGP 
UKEJ PWP FKG ëBGNCUVGPFGP ATDGKVUMTCHVUVWPFGPé 
BAKJ� RTQ TCI DGTGEJPGP. EDGPHCNNU YKTF GTUV 
JKGTFWTEJ FKG BGYGTVWPI XQP ORVKOKGTWPIUOCUUPCJOGP JKPUKEJVNKEJ KJTGU GTIQPQOKUEJGP, 
CTDGKVUYKTVUEJCHVNKEJGP WPF DGVTKGDUYKTVUEJCHVNKEJGP ETHQNIU GTOÌINKEJV.

GNGKEJWPI 1� BGNCUVGPFG ATDGKVUMTCHVUVWPFGP RTQ TCI
Strenuous manpower hours per day

BAKJ � GK ö Σ AZK 
 GKM ö Σ AZKM

AZ = Arbeitszeitbedarf je Arbeitsverfahren
AZK = Arbeitszeitbedarf je Arbeitsverfahren mit MKL 2, MKL 3 und MKL 4
AZKM =  Arbeitszeitbedarf je Arbeitsverfahren mit MKL 2, MKL 3 und MKL 4 

und Masse >= 2 kg
GK = Gewichtung Körperstellung ohne Masse
GKM = Gewichtung Körperstellung mit Masse

2 ArDeitszeitDedarf

FÒT FGP CTDGKVUYKTVUEJCHNKEJGP VGTINGKEJ FGT XGTUEJKGFGPGP PTQFWMVKQPUU[UVGOG YWTFGP FTGK 
BGUVCPFGUITÌUUGP OKV 40, 120 WPF 1000 MKNEJMÒJGP CWUIGY·JNV 
UKGJG ADD. 1 WPF TCD. 1�. 
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DKG BGUVCPFGUITÌUUGP OKV 40 WPF 120 MKNEJMÒJGP UKPF CNU FCOKNKGPDGVTKGDG QJPG APIGUVGNN-
VG IGHÒJTV. DKG BGVTKGDG OKV 1000 MKNEJMÒJGP YGTFGP CNU BGVTKGDG OKV LQJPCTDGKVUMT·HVGP 
IGHÒJTV. EU YKTF FGWVNKEJ, FCUU FGT APDKPFGUVCNN WPCDJ·PIKI XQP FGT BGUVCPFGUITÌUUG KOOGT 
FGP JÌEJUVGP ATDGKVU\GKVDGFCTH XGTWTUCEJV. ANNG LCWHUVCNNU[UVGOG GTHQTFGTP YGPKIGT ATDGKV. 
DKG PTQFWMVKQPUU[UVGOG OKV WGKFG KO SQOOGT WPF KQPUGTXKGTWPIUHWVVGT KO WKPVGT XGTWT-
UCEJGP OGJT ATDGKV CNU FKGLGPKIGP OKV GCP\LCJTGUUKNCIG.

ADD. 1� ATDGKVU\GKVDGFCTH HÒT XGTUEJKGFGPG PTQFWMVKQPUU[UVGOG KP FGT MKNEJXKGJJCNVWPI
Working-time requirements of different milk production systems

EU YKTF XGTFGWVNKEJV, FCUU FGT EKPURCTWPIUGHHGMV CP ATDGKVU\GKV LG KWJ WPF JCJT DGK GKPGT 
BGUVCPFGUXGT·PFGTWPI XQP 40 CWH 120 KÒJG KP FKGUGP S[UVGOGP \YKUEJGP 14 WPF 17 AKJ 
D\Y. 19ä20 � DGVT·IV. BGK GKPGT YGKVGTGP AWUFGJPWPI CWH 1000 KÒJG XGTTKPIGTV UKEJ FKG 
OÌINKEJG EKPURCTWPI CWH 4ä5 AKJ LG KWJ WPF JCJT D\Y. 7ä10 �. DCU EKPURCTWPIURQVGP\KCN 
KUV XQTYKGIGPF CWH FGP RCVKQPCNKUKGTWPIUITCF WPF FKG XGTDGUUGTVG AWUNCUVWPI FGT ATDGKVUMT·HVG 
DGK FGP MGNMCTDGKVGP \WTÒEM\WHÒJTGP. DKGUGT \WU·V\NKEJG EKPURCTWPIUGHHGMV KUV CNNGTFKPIU PWT 
DGK QRVKOCNGT APQTFPWPI FGT SVCNNIGD·WFG OKV MWT\GP WGIGP HÒT CNNG BGVGKNKIVGP 
MGNMRGTUQ-
PCN, KÒJG WPF TTGKDRGTUQPCN� TGCNKUKGTDCT. 

TCD. 1� ETN·WVGTWPIGP \W FGP WPVGTUWEJVGP PTQFWMVKQPUU[UVGOGP
Description of the production systems investigated

Anbindestall_7000_W
Anbindestall mit Kurzstand, Rohrmelkanlage, 7000 kg Jahresmilch, 
Hochsilo und Rundballen, Weideentfernung 100 m

Laufstall_7000_W
Laufstall mit Tiefboxen, Fischgrätenmelkstand, 7000 kg Jahresmilch, 
Hochsilo und Rundballen, Weideentfernung 100 m

Laufstall_8000_S
Laufstall mit Hochboxen, Fischgrätenmelkstand mit Servicearm, 8000 kg 
Jahresmilch, Flachsilo, Ganzjahressilage, Fräsmischwagen

Laufstall_10000_S
Laufstall mit Hochboxen, Fischgrätenmelkstand mit Servicearm und 
Anrüstautomat, 10000 kg Jahresmilch, Ganzjahressilage, Flachsilo, 
Fräsmischwagen
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3 ArDeitsRroduktiXit·t

DKG ATDGKVURTQFWMVKXKV·V FGU GGUCOVU[UVGOU MKNEJXKGJJCNVWPI GTIKDV UKEJ CWU FGO 3WQVKGP-
VGP FGT IGUCOVGP PTQFWMVKQPUOGPIG 
MI ECM =ECM � EPGTIKGMQTTKIKGTVG MKNEJOGPIG?� WPF 
GKPIGUGV\VGT GGUCOVCTDGKVU\GKV 
AKJ� HÒT IPPGPYKTVUEJCHV, AWUUGPYKTVUEJCHV WPF MCPCIGOGPV. 
IP FGT IPPGPYKTVUEJCHV HKPFGV FKG JWPIXKGJCWH\WEJV MGKPG BGTÒEMUKEJVKIWPI DGK FGT BGTGEJ-
PWPI FGT ATDGKVURTQFWMVKXKV·V. 

DWTEJ FKG AWHVGKNWPI FGT CPHCNNGPFGP RÒUV- WPF RGKPKIWPIUV·VKIMGKVGP CWH OGJT MKNEJMÒ-
JG, WPF FGP GTJGDNKEJGP RCVKQPCNKUKGTWPIUGHHGMV N·UUV UKEJ FKG ATDGKVURTQFWMVKXKV·V DGK CNNGP 
PTQFWMVKQPUU[UVGO XQP 75 MI ECM�AKJ DGK 40 MKNEJMÒJGP CWH OGJT CNU 190 MI ECM�AKJ 
DGK 1000 MKNEJMÒJGP UVGKIGTP 
UKGJG ADD. 2�. DKGU KUV OGJT CNU GKPG VGTFQRRGNWPI. DWTEJ 
FGP EKPUCV\ GKPGT UEJNCIMT·HVKIGP LQJPWPVGTPGJOGTOGEJCPKUKGTWPI WPF FKG AWUNCIGTWPI 
GKP\GNPGT ATDGKVU- WPF ICP\GT PTQFWMVKQPUXGTHCJTGP 
\. B. GÒNNG CWUDTKPIGP, KNCWGPRHNGIG, 
SVCNNTGKPKIWPI, FWVVGTMQPUGTXKGTWPI� N·UUV UKEJ FKG ATDGKVURTQFWMVKXKV·V YGKVGT GTJÌJGP. DKG 
AWUNCIGTWPI FGT JWPIXKGJCWH\WEJV KP CNNGP PTQFWMVKQPUU[UVGOGP VT·IV GDGPHCNNU YGUGPVNKEJ \W 
GKPGT JQJGP ATDGKVURTQFWMVKXKV·V, WPCDJ·PIKI XQP FGT BGUVCPFGUITÌUUG, DGK.

ETYCTVWPIUIGO·UU JCV FCU PTQFWMVKQPUU[UVGO APDKPFGUVCNN OKV FGO JÌEJUVGP ATDGKVU\GKV-
DGFCTH FKG PKGFTKIUVG ATDGKVURTQFWMVKXKV·V. DKG PTQFWMVKQPUU[UVGOG OKV IGTKPIGP IPVGPUKV·VGP KP 
FGT IPPGPYKTVUEJCHV GTTGKEJGP PWT FCPP ATDGKVURTQFWMVKXKV·VGP XQP OGJT CNU 120 MI ECM�AKJ, 
YGPP HÒT FKG AWUUGPYKTVUEJCHV GKP JQJGT MGEJCPKUKGTWPIUITCF OKV XKGN LQJPWPVGTPGJOGTGKP-
UCV\ CPIGPQOOGP YKTF. ETHQNIV FKG SQOOGTHÒVVGTWPI CNU MQODKPKGTVG FÒVVGTWPI KP FQTO XQP 
GTCU WPF WGKFG, QFGT CWEJ SKNCIG WPF WGKFG, UQ JCV FKGU GDGPHCNNU GKPGP PGICVKXGP EKPHNWUU 
CWH FKG ATDGKVURTQFWMVKXKV·V. PTQFWMVKQPUU[UVGOG OKV JQJGP MKNEJNGKUVWPIGP WPF GCP\LCJTGU-
UKNCIG GTTGKEJGP DGK CNNGP BGUVCPFGUITÌUUGP FKG JÌEJUVGP ATDGKVURTQFWMVKXKV·VGP. 

ADD. 2� DKG ATDGKVURTQFWMVKXKV·V PKOOV GTYCTVWPIUIGO·UU OKV \WPGJOGPFGT BGUVCPFGUITÌUUG \W
As expected, work productivity increases with growing herd size
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4 ArDeitsDelastung

DGT ATDGKVU\GKVDGFCTH HÒT CNNG V·INKEJGP ATDGKVGP 
QJPG MCPCIGOGPV WPF FWVVGTDCW� UVGKIV OKV 
\WPGJOGPFGT BGUVCPFGUITÌUUG XQP 6 AKJ DGK 40 KÒJGP CWH ÒDGT 50 AKJ DGK 1000 KÒJGP LG 
BGUVCPF WPF TCI 
UKGJG ADD. 1�. GNGKEJ\GKVKI UVGKIV FGT APVGKN CP T·VKIMGKVGP OKV FGWVNKEJGT 
MÌTRGTNKEJGT BGNCUVWPI DGK UEJYCEJGT MGEJCPKUKGTWPI DGKO MGNMGP WPF FÒVVGTP XQP 28 CWH 
33 � CP 
UKGJG ADD. 3�. BGK UGJT IWVGT MGEJCPKUKGTWPI UVGKIV FGT APVGKN CP MÌTRGTNKEJ DGNCU-
VGPFGP ATDGKVGP XQP 16 CWH 30 �. DKGU DGFGWVGV, FCUU FWTEJ FKG BGUVCPFGUITÌUUGPFGITGUUKQP 
WPF FKG GKPIGUGV\VGP XGTHCJTGPUVGEJPKUEJGP HKNHUOKVVGN 
FWVVGTOKUEJYCIGP, MGNMUVCPF OKV 
MGNMCTO� FGT MGJTCPVGKN CP MÌTRGTNKEJGT BGNCUVWPIU\GKV PKEJV CWHIGHCPIGP YGTFGP MCPP. 

DGT VGTINGKEJ FGT XGTUEJKGFGPGP PTQFWMVKQPUU[UVGOG KO BGTGKEJ FGT MKNEJXKGJJCNVWPI 
\GKIV CWH, FCUU FGT APDKPFGUVCNN, VTQV\ UGJT IWVGT VGEJPKUEJGT AWUIGUVCNVWPI 
KWT\UVCPF OKV GKV-
VGTTQUV, ADUCWICPNCIG, ADPCJOGCWVQOCV�, FCU S[UVGO OKV FGT JÌEJUVGP BGNCUVWPI KUV. EDGP-
HCNNU KUV FCU UGJT KPVGPUKXG LCWHUVCNNJCNVWPIUU[UVGO DGK UGJT ITQUUGP BGUV·PFGP, GCP\LCJTGU-
UKNCIG WPF UGJT JQJGP MKNEJNGKUVWPIGP DG\ÒINKEJ FGT MÌTRGTNKEJGP ATDGKVUDGNCUVWPI CNU TGNCVKX 
WPIÒPUVKI CP\WUGJGP. GÒPUVKIGT NKGIGP DG\ÒINKEJ FGT ATDGKVUDGNCUVWPI OKVVGNITQUUG BGUV·PFG 
OKV XGTHCJTGPUVGEJPKUEJ QRVKOCNGT AWUUVCVVWPI 
BQZGPNCWHUVCNN, HQEJDQZGP, FKUEJIT·VGP-
OGNMUVCPF OKV SGTXKEGCTO, FWVVGTOKUEJYCIGP WPF OGEJCPKUKGTVGU FWVVGTPCEJUEJKGDGP�.

ADD. 3� DKG MÌTRGTNKEJG ATDGKVUDGNCUVWPI N·UUV UKEJ FWTEJ XGTHCJTGPUVGEJPKUEJG ORVKOKGTWPIGP DGK ITQUUGP 
WPF UGJT ITQUUGP BGUV·PFGP PWT DGFKPIV TGFW\KGTGP
In large or very large herds, physical work load can only be reduced partly by optimising technical 
processes

5 Schlussfolgerungen

ZWT BGUVKOOWPI FGU ATDGKVU\GKVDGFCTHGU WPF FGT VGTTKPIGTWPI FGT ATDGKVUDGNCUVWPI UKPF FKG 
VGTHCJTGPUCDN·WHG DGKO MGNMGP WPF FÒVVGTP XQP ITÌUUVGT BGFGWVWPI. HKP\W MQOOV \WMÒPHVKI 
FGT UVGKIGPFG APVGKN CP \W GTNGFKIGPFGP MCPCIGOGPVV·VKIMGKVGP. 
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DKG ATDGKVURTQFWMVKXKV·V GKPGU GGUCOVU[UVGOU MCPP FWTEJ XGTHCJTGPUVGEJPKUEJG, WPF QTIC-
PKUCVQTKUEJG MCUUPCJOGP XGTDGUUGTV YGTFGP. DKG XGTHCJTGPUVGEJPKUEJG ORVKOKGTWPI YKTMV 
ÒDGT FKG \WPGJOGPFG MGEJCPKUKGTWPI XQP ATDGKVUCDN·WHGP DKG QTICPKUCVQTKUEJG ORVKOKG-
TWPI YKTMV ÒDGT GKPG TCVKQPGNNGTG ATDGKVUIGUVCNVWPI OKV GKPGT XGTDGUUGTVGP ATDGKVUQTICPKUCVKQP 
WPF ZGKVRNCPWPI. 
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Anwendung auf die Milcherzeugung wachsender BetrieDe
/odern /CnCgementstrCtegies for SWCNit[ CssWrCnce Cnd tJeir 
CppNicCtion on groYing dCiries

DANIEL HERD, HERMANN SEUFERT

IPUVKVWV HÒT LCPFVGEJPKM, JWUVWU LKGDKI UPKXGTUKV·V GKG­GP, GWVHNGKUEJUVTC­G 3, D-35390 GKG­GP

SchlÒsselwÌrter� Management, 3ualit·tssicherung, 3ualit·tsmanagement MilchRroduktion, Melkroutine
-e[Yords� /CnCgement� SWCNit[ CssWrCnce� SWCNit[ mCnCgement� miNMprodWction� miNMingroWtine

<WsCmmenfCssWng

Das Qualitätsmanagement einer Milchviehanlage ist eine bedeutende Voraussetzung, um 
der heute geforderten Prozessqualität zu genügen. QM-Milch (integriertes Qualitätssiche-
rungssystem Milch) ist für Milchviehbetriebe nur der Anfang, denn in Zukunft werden 
Dokumentationen zur vollständigen Rückverfolgbarkeit der Produktion wichtiger für das 
Überleben von Betrieben sein. Doch kann die Rückverfolgbarkeit mit Zwang zur lückenlosen 
Dokumentation nur eingehalten werden, wenn dadurch die Milchproduktion effizienter und 
produktiver wird. Einsparpotenziale sind auf fast jedem Betrieb vorhanden und können auch 
durch ein Qualitätsmanagementsystem aufgedeckt werden. Zum Management gehören auch 
die Beschreibung des Arbeitsplatzes und die Festlegung der Arbeitsroutinen. Anhand einer 
Melkroutine wird der Melkablauf vordefiniert und Abweichungen im Produktionsprozess 
durch die Mitarbeiter vorgebeugt.

SWmmCr[

Quality management for dairies is an important tool to fulfill process quality standards. 
QM-Milk (Integratet Quality Assurance System for Milk Production) is the 1st step for dairies 
towards a quality management system. The need to document a production process beyond 
the documentation of QM-Milk will become more important to sell milk in the future. A 
documentation system to trace products back can only be implemented on a dairy if work-
ing processes become more efficient. Quality management systems can make daires more 
efficient in producing their produkts. One part of dairy management is the description of 
an employeesç working place and daily routines. A milking routine can define standards to 
employee procedures and can help to find weak parts in the production process.
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1 Einleitung

UPVGT FGO CPJCNVGPFGP KQUVGPFTWEM UEJTGKVGV FGT SVTWMVWTYCPFGN KP FGT LCPFYKTVUEJCHV WPF 
DGUQPFGTU KO MKNEJUGMVQT WPCWHJCNVUCO XQTCP. DKG ZCJN CNNGT NCPFYKTVUEJCHVNKEJGP BGVTKGDG 
IKPI JKGTDGK XQP 1995 DKU 2003 WO 29,3 � \WTÒEM, INGKEJ\GKVKI UVKGI FKG FWTEJUEJPKVVNKEJG 
FN·EJGPCWUUVCVVWPI FGT BGVTKGDG WO 34,4 � KP JC LF. DKG ZCJN FGT MKNEJMÒJG KPUIGUCOV IKPI 
XQP 1995 DKU 2003 WO 16,6 � \WTÒEM WPF INGKEJ\GKVKI UVKGI FKG AP\CJN FGT IGJCNVGPGP KÒJG 
RTQ BGVTKGD. DKG MKNEJNGKUVWPI RTQ KWJ WPF JCJT KO ZGKVTCWO XQP 1995 DKU 2002 MQPPVG WO 
15,6 � IGUVGKIGTV YGTFGP 
STATISTISCHES BUNDESAMT 2004�. 

DKGUG ZCJNGP XGTFGWVNKEJGP FGP TTGPF \W ITÌ­GTGP BGVTKGDGP OKV GKPGT JÌJGTGP FN·-
EJGPCWUUVCVVWPI WPF KO BGTGKEJ FGT MKNEJRTQFWMVKQP \W ITÌ­GTGP EKPJGKVGP OKV JÌJGTGT 
LGKUVWPI.

DCU MCPCIGOGPV UVGJV KO MKVVGNRWPMV GKPGU LGFGP UPVGTPGJOGPU WPF VT·IV FKG HKPCP\KGNNG, 
UVTCVGIKUEJG WPF CNNV·INKEJG VGTCPVYQTVWPI. BGUQPFGTU KP YCEJUGPFGP MKNEJXKGJDGVTKGDGP 
GTJÌJGP UKEJ FKG APHQTFGTWPIGP CP FCU 3WCNKV·VU- WPF H[IKGPGOCPCIGOGPV. DKG GGUGNNUEJCHV 
WPF FKG PQNKVKM UKPF UGPUKDKNKUKGTV FWTEJ SMCPFCNG WPF SGWEJGPXQTH·NNG KP FGP NGV\VGP JCJTGP. 
EKPG NÒEMGPNQUG DQMWOGPVCVKQP KP FGT WGTVUEJÌRHWPIUMGVVG PKOOV CWU FKGUGO GTWPF GKPGP 
JÌJGTGP SVGNNGPYGTV GKP. DKG IGUEJCHHGPGP GGUGV\G YKG PTQFWMVJCHVWPIUIGUGV\, VO 
EG� 
178�2002, DÒPIG-VGTQTFPWPI, FWVVGTOKVVGNIGUGV\, AT\PGKOKVVGNIGUGV\, TKGTUEJWV\IGUGV\ WPF 
TKGTUGWEJGPIGUGV\ VTCIGP JKGT\W DGK. 

2 Vorgehensweise und Zielsetzung 

ZKGN FGT BGOÒJWPIGP KUV FKG ETOKVVNWPI WPF AWHUVGNNWPI FGT YKEJVKIUVGP PCTCOGVGT HÒT GKPG 
SWCNKV·VUQTKGPVKGTVG MKNEJRTQFWMVKQP. DKG IGUGV\NKEJGP RGIGNWPIGP 
MKNEJVO, MKNEJGÒVGVO� 
URKGNGP KP FGT PTCZKU \YCT GKPG YKEJVKIG RQNNG, FQEJ KO DGVTKGDNKEJGP ANNVCI UKPF CPFGTG KGPP-
\CJNGP YKEJVKIGT \WT GHHGMVKXGP PTQFWMVKQPUNGPMWPI. 

AWUIGJGPF XQP FGT IPFWUVTKG YGTFGP \W BGIKPP 3WCNKV·VUOCPCIGOGPVU[UVGOG XQTIGUVGNNV 
WPF FGTGP EVCDNKGTWPI DGUEJTKGDGP.

DKG EKPHNWUUITÌ­GP CWH FKG YKEJVKIUVGP BGVTKGDURCTCOGVGT KP FGT MKNEJRTQFWMVKQP UQNNGP 
GTOKVVGNV WPF CWH FGTGP UOUGV\WPIUOÌINKEJMGKVGP JKPIGYKGUGP YGTFGP. DCDGK UVGJV PKEJV 
CNNGKPG FCU PTQFWMV MKNEJ KO VQTFGTITWPF, UQPFGTP FGT IGUCOVG PTQFWMVKQPURTQ\GUU UQNN KP 
FKG 3WCNKV·VUUKEJGTWPI OKV GKPDG\QIGP YGTFGP. 

DKGUGT KPFWMVKXG APUCV\ UQNN APTGIWPIGP \WT 3WCNKV·VUUKEJGTWPI HÒT YCEJUGPFG MKNEJXKGJ-
DGVTKGDG IGDGP.

3 ErgeDnisse

IP FGT IPFWUVTKG JCDGP UKEJ S[UVGOG \WT 3WCNKV·VUUKEJGTWPI WPF \WO 3WCNKV·VUOCPCIGOGPV 
UEJQP KP FGP XGTICPIGPGP JCJT\GJPVGP, YKG \. B. ISO 9000�2000 HH., HACCP, IFS, T3M WPF 
GMP GVCDNKGTGP MÌPPGP. 

IP FGT LCPFYKTVUEJCHV JCDGP FCIGIGP HN·EJGPFGEMGPF PQEJ MGKPG MCPCIGOGPVU[UVGOG 
VGTDTGKVWPI IGHWPFGP. MKV FGT EKPHÒJTWPI XQP 3M, KPVGITKGTVGU 3WCNKV·VUUKEJGTWPIUU[UVGO 
MKNEJ, YKTF JKGT\W FGT WGI IGGDPGV. 3M UVGNNV GKP ëLKGHGTCPVGPCWFKVé FGT MQNMGTGKGP FCT WPF 



3UALIT�TSSICHERUNG

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 23�

MQPVTQNNKGTV FKG EKPJCNVWPI FGT YKEJVKIUVGP IGUGV\NKEJGP RCJOGPDGFKPIWPIGP KO PTQFWMVKQPU-
RTQ\GUU; GKP 3WCNKV·VUOCPCIGOGPVU[UVGO IGJV CDGT YGKV ÒDGT FKGUG APHQTFGTWPIGP JKPCWU.

DIN ISO 8402 FGHKPKGTV CNU 3WCNKV·VUOCPCIGOGPV� ëANNG T·VKIMGKVGP FGT GGUCOVHÒJTWPIU-
CWHICDG, YGNEJG FKG 3WCNKV·VURQNKVKM, ZKGNG WPF VGTCPVYQTVWPIGP HGUVNGIGP UQYKG FKGUG FWTEJ 
MKVVGN YKG 3WCNKV·VURNCPWPI, 3WCNKV·VUNGPMWPI, 3WCNKV·VUUKEJGTWPI WPF 3WCNKV·VUXGTDGUUGTWPI 
KO RCJOGP FGU 3WCNKV·VUOCPCIGOGPVU[UVGOU XGTYKTMNKEJGP.é 

3WCNKV·VUOCPCIGOGPV KUV CNUQ PKEJV GKPG AWHICDG HÒT YGPKIG SRG\KCNKUVGP CWU GKPGT SQPFGT-
CDVGKNWPI, UQPFGTP GKPG GEJVG FÒJTWPIUCWHICDG. 

DGT BGVTKGDUNGKVGT UQNNVG OKV IWVGO BGKURKGN XQTCP IGJGP WPF FKG IGVTQHHGPGP MC­PCJOGP 
OKV XQNNGT ÜDGT\GWIWPI WOUGV\GP WPF FGTGP WKEJVKIMGKV LGFGO MKVCTDGKVGT XGTFGWVNKEJGP. 

ADDKNFWPI 1 UVGNNV FKG XGTUEJKGFGP EKPHNÒUUG XQP CW­GP WPF XQP KPPGP CWH FCU 3WCNKV·VU-
OCPCIGOGPV GKPGU MKNEJXKGJDGVTKGDU FCT.

ADD. 1� EKPHNÒUUG CWH FCU BGVTKGDUOCPCIGOGPV KP FGT MKNEJRTQFWMVKQP 
Influences on Qualitymanagement for dairies

DGT BGVTKGDUNGKVGT UVGJV KO MKVVGNRWPMV FGU 3WCNKV·VUOCPCIGOGPVU WPF YKTF KP UGKPGP EPV-
UEJGKFWPIGP, XQP CW­GP FWTEJ GGUGV\G, MQNMGTGKGP, VGTDTCWEJGT, LCPFGUMQPVTQNNXGTD·PFG 
WPF BGTCVWPIUQTICPKUCVKQPGP DGGKPHNWUUV.

DKG IPPGTGP FCMVQTGP IGDGP FKG IUV-GTÌ­GP CWU UGKPGO BGVTKGD YKFGT. DKGUG GTÌ­GP DKNFGP 
DCVGP XQP MGNMOCUEJKPG, MKNEJNCIGTWPI, FÒVVGTWPI, TKGTIGUWPFJGKV, ÖMQPQOKG WPF ATDGKVU-
RTQFWMVKXKV·V. ADYGKEJWPIGP XQO SQNN MCPP FGT BGVTKGDUNGKVGT PCEJ GKPGO XQTJGT FGHKPKGTVGP 
PTQ\GUU IGIGPUVGWGTP. 

DCU H[IKGPGOCPCIGOGPV UQNNVG KP LGFGO MKNEJXKGJDGVTKGD GKP BGUVCPFVGKN FGU 3WCNKV·VU-
OCPCIGOGPVU UGKP. H[IKGPGOCPCIGOGPV YKTF HQNIGPFGTOC­GP FGHKPKGTV�

ëANNG T·VKIMGKVGP WPF MC­PCJOGP, FKG \WT VQTDGWIG XQP ETMTCPMWPIGP WPF FGU WQJNDG-
HKPFGPU FGT TKGTG FKGPGP.é 

HKGTWPVGT \·JNGP XQT CNNGO FKG MC­PCJOGP KO MGNMDGTGKEJ \WT VGTJKPFGTWPI XQP ÜDGT-
VTCIWPIGP MQPVCIKÌUGP ETTGIGTP, FKG SEJCHHWPI XQP VTQEMGPGP, UCWDGTGP WPF WPDGNCUVGVGP LKG-
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IGHN·EJGP WPF FCU FÒVVGTP XQP SWCNKVCVKX JQEJYGTVKIGO GTWPF- WPF LGKUVWPIUHWVVGT 
HAMANN, 
2000�.

DCU ZKGN GKPGU LGFGP UPVGTPGJOGPU UQNNVG GU UGKP, GKP SWCNKVCVKX JQEJYGTVKIGU PTQFWMV 
ä FKG MKNEJ ä \W QRVKOCNGP KQUVGP JGTUVGNNGP \W MÌPPGP. DKGUG ZKGNG UQNNVGP JKPUKEJVNKEJ FGT 
3WCNKV·V IGPCW FGHKPKGTV UGKP. 

3�1 Zieldefinition der EndRroduktSualit·t und der ProzessSualit·t

IP FGP WPVGTUWEJVGP MKNEJXKGJDGVTKGDGP MQPPVG MGKPG U[UVGOCVKUEJG ZKGNDKNFWPI DG\ÒINKEJ 
3WCNKV·VUMTKVGTKGP IGHWPFGP YGTFGP. FÒT GKPG MQPVTQNNKGTVG PTQ\GUUNGKVWPI KUV FKGUG DGHKPKVKQP 
CDGT WPCDFKPIDCT. 

DCU 3WCNKV·VU\KGN HÒT GKPGP MKNEJXKGJDGVTKGD JKPUKEJVNKEJ FGT MKNEJ YKTF KP TCDGNNG 1 
GTUKEJVNKEJ. 

TCD. 1� 3WCNKV·VUMTKVGTKGP FGT MKNEJ 
Criteria for Milk Quality 

Keimzahl 10.000 Keime/m

Zellzahl < 150.000 Zellen/ml

Hemmstoff keine

Fettgehalt 4,0–5,0 %

Proteingehalt > 3,2 %

Harnstoffgehalt 150–300 mg/l

Gefrierpunkt < – 0,520 °C

Temperatur bei Abholung > 4,0 °C < 6,0 °C

Staph. Aureus < 500/ml

Strep. Agalactiae < 10/0,1ml

Coliforme Keime < 100 Keime/ml

Salmonellen keine

DKG CWHIGHÒJTVGP 3WCNKV·VUMTKVGTKGP KP FGP HCWRVMGPP\CJNGP, KGKO\CJN WPF ZGNN\CJN, UKPF 
FGWVNKEJ PKGFTKIGT IGY·JNV CNU FKG IGUGV\NKEJGP RGIGNWPIGP FKGU HQTFGTP. HGTCWU\WJGDGP KUV, 
FCUU FKGUG TCDGNNG GTGP\YGTVG CPIKDV, DGK FGTGP ÜDGT- QFGT UPVGTUEJTGKVGP GKP XQTJGT IGPCW 
CWUIGCTDGKVGVGU WPF FGHKPKGTVGU BGJCPFNWPIU- QFGT VGTHCJTGPUUEJGOC CDN·WHV. SVGKIV DGKURKGNU-
YGKUG FKG KGKO\CJN ÒDGT 10.000 KGKOG�ON, YGTFGP FKG RGKPKIWPI FGT MGNMCPNCIG, FGU TCPMU 
WPF CNNG GWOOKVGKNG CWH VGTUEJNGK­GTUEJGKPWPIGP MQPVTQNNKGTV WPF FGT SGTXKEGVGEJPKMGT \W 
RCVG IG\QIGP. 

WKEJVKI KUV, FCUU DGXQT ADYGKEJWPIGP XQO SQNN CWHVTGVGP, GKP CWUIGCTDGKVGVGT MC­PCJ-
OGPMCVCNQI XQTJCPFGP KUV, WO RTQHGUUKQPGNN FGP PTQFWMVKQPURTQ\GUU NGPMGP \W MÌPPGP.

DKG DQMWOGPVCVKQP FKGUGT MC­PCJOGP KUV HÒT FGP UR·VGTGP LGTPRTQ\GUU XQP ITQ­GT 
BGFGWVWPI. TCDGNNG 2 DGUEJTGKDV FKG ZGNN\CJNGP FGT HGTFGPUCOOGNOKNEJ CNU KGPP\CJNGP \WT 
BGWTVGKNWPI FGT EWVGTIGUWPFJGKV. DKG IPVGTRTGVCVKQP FGT ZGNN\CJNGP CWU FGT HGTFGPUCOOGN-
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OKNEJ, DGUQPFGTU KP ITQ­GP HGTFGP, KUV CDGT PWT WPIGPÒIGPF, VTQV\FGO MCPP OCP FKGUGP 
WGTV OKV FGT UPVGTUVÒV\WPI XQP CPFGTGP KGPP\CJNGP \WT BGYGTVWPI WPF \WT EKPNGKVWPI XQP 
MC­PCJOGP DGPWV\GP. 

TCD. 2� ZGNNIGJCNV FGT HGTFGPUCOOGNOKNEJ CNU MQPKVQT FGT HGTFGPIGUWPFJGKV 
WOLTER GV CN., 2002�
Somatic Cell Count in Bulk Milk as an Indikator for Heard Health (WOLTER et al., 2002)

Tankmilchzellzahlen Zellen/ml Milch Kategorien der Eutergesundheit

< 125.000 gesund

126.000–250.000 verdächtig

> 250.000 krank

DCU ZKGN GKPGU BGVTKGDGU UQNNVG GU PCEJ UGKP � 125.000 ZGNNGP�ON MKNEJ KP FGT HGTFGPUCO-
OGNOKNEJ CWH\WYGKUGP 
TCDGNNG 2�. DKGUG KGPP\CJN; YKTF KP FGP OGKUVGP BGVTKGDGP PKEJV \W 
GTTGKEJGP UGKP. TTQV\FGO UQNNVG GKP GTGP\YGTV XQP � 150.000 ZGNNGP�ON MKNEJ FCU ZKGN GKPGT 
MKNEJRTQFWMVKQP FCTUVGNNGP.

4 Prozessleitung durch oRtimale ArDeitsorganisation

IP MKNEJXKGJDGVTKGDGP KUV QHVOCNU MGKPG IGINKGFGTVG ATDGKVUQTICPKUCVKQP XQTJCPFGP, YQPCEJ 
FKG ADUVKOOWPI \YKUEJGP ATDGKVUMT·HVGP UEJYKGTKI KUV. DKG HKGTCTEJKGP WPVGT FGP ATDGKVPGJ-
OGTP UKPF QHV PKEJV MNCT FGHKPKGTV, YCU \W GKPGT GTUEJYGTVGP MKVCTDGKVGTHÒJTWPI WPF OCPIGNP-
FGT MQVKXCVKQP HÒJTGP MCPP.

ADD. 2� MGNMTQWVKPG KO 28GT MGNMMCTWUUGNN
Milking Routine in a 2� Rotary Parlor
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IP MKNEJXKGJDGVTKGDGP YGTFGP DKU \W 50 � FGT ATDGKVU\GKV HÒT FCU MGNMGP XGTYGPFGV. EU 
JCV UKEJ KP FGP WPVGTUWEJVGP BGVTKGDGP IG\GKIV, FCUU, VTQV\ FGT JQJGP CTDGKVUYKTVUEJCHVNKEJGP 
BGFGWVWPI FGU MGNMGPU, MGKPG HGUVIGNGIVGP MGNMTQWVKPGP FWTEJIGHÒJTV YGTFGP, F. J. FKG 
ATDGKVUCDN·WHG DGKO MGNMGP WPVGTUEJGKFGP UKEJ XQP ATDGKVUMTCHV \W ATDGKVUMTCHV WPF FKG TGEJ-
PKM KUV PKEJV QRVKOCN CWH MGPUEJ WPF TKGT GKPIGUVGNNV.

ZWT ORVKOKGTWPI FGU MGNMXQTICPIU WPF CWEJ \WT ETNGKEJVGTWPI FGT DQMWOGPVCVKQP YKTF 
GKPG MGNMTQWVKPG 
ADDKNFWPI 2� GPVYKEMGNV, PCEJ FGT FKG ATDGKVUMT·HVG XQTIGJGP OÒUUGP. BGK 
ADYGKEJWPIGP MÌPPGP FKG MKVCTDGKVGT IGUEJWNV WPF GGIGPOC­PCJOGP GKPIGNGKVGV YGTFGP. 
BGKURKGNJCHV YKTF FKGUG MGNMTQWVKPG CP GKPGO 28GT MGNMMCTWUUGNN OKV GKPGT ATDGKVUMTCHV FCT-
IGUVGNNV.

DKG DGHKPKVKQP XQP ATDGKVUTQWVKPGP KUV GKP GHHK\KGPVGU HKNHUOKVVGN, 3WCNKV·VU\KGNG \W GTTGK-
EJGP WPF UVGNNV GKP IWVGU MCPCIGOGPVITWPFIGTÒUV, FCU UV·PFKI YGKVGTGPVYKEMGNV YGTFGP 
UQNNVG, FCT.

5 Literatur

HAMANN, J.; 2000� H[IKGPGOCPCIGOGPV \WT SKEJGTWPI FGT MKNEJDGUEJCHHGPJGKV WPCDFKPIDCT. 
MKNEJRTCZKU, 38. JI. 
4� 2000. S. 204ä207.

STATISTISCHES BUNDESAMT; 2004� LCPFYKTVUEJCHV 2003; GTUEJKGPGP KO JCPWCT 2004 XQO 
SVCVKUVKUEJGP BWPFGUCOV, WKGUDCFGP; URL� JVVR���YYY.FGUVCVKU.FG.

WOLTER, W.; KLOPPERT, B.; CASTANEDA, H. V.; ZUEJÌEM, M. 2002� DKG MCUVKVKU FGU RKPFGU, 
EKP KWTUDWEJ. SVCCVNKEJGU UPVGTUWEJWPIUCOV HGUUGP.



3UALIT�TSSICHERUNG

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 241

Modell eines integrierten Audit� � Dokumentenmanagement�S[stems 
im Rahmen der 3ualit·tssicherung in 3S�BÒndlerorganisationen
/odeN of Cn integrCted CWdit� Cnd docWment mCnCgement�s[stem in tJe 
conteZt of SWCNit[ CssWrCnce in 3S coordinCtion�orgCnisCtions

ADRIANE MACK1, STEFANIE GYMNICH1, THOMAS SCHMITZ2, BRIGITTE PETERSEN1

1 UPKXGTUKV·V BQPP, IPBH, ADV. PT·XGPVKXGU GGUWPFJGKVUOCPCIGOGPV, KCV\GPDWTIYGI 7ä9, D-53115 BQPP

2 PLATO AG, BTGKVG SVTC­G 7ä8, D-23552 LÒDGEM 

SchlÒsselwÌrter� Auditmanagement, Dokumentenmanagement, schweinefleischerzeugende Kette
-e[Yords� #WditmCnCgement� docWmentmCnCgement� pig prodWction cJCin

<WsCmmenfCssWng 

Standards und gesetzliche Regelungen fordern von den Unternehmen den Aufbau von 
kettenorientierten Qualitätsmanagementsystemen mit der Verpflichtung zur Eigenkontrolle. 
Dabei spielen Grundsätze des HACCP-Konzeptes einschließlich einer Dokumentationsver-
pflichtung der HACCP-bezogenen Maßnahmen eine entscheidende Rolle. Die Arbeit zeigt, 
wie sich mit Hilfe eines integrierten Audit- und Dokumentenmanagement-Systems, die 
überbetriebliche Koordination eines Eigenkontrollsystems in Schweinehaltenden Betrieben 
unterstützen und erleichtern lässt. Im Rahmen der Deutsch-Niederländischen Initiative GIQS 
(Grenzüberschreitende Integrierte Qualitätssicherung) wurde das integrierte softwaregestütz-
te Audit- und Dokumentenmanagement-System an Aufgaben einer QS-Bündlerorganisation 
angepasst und im Piloteinsatz erprobt. 

SWmmCr[ 

Standards and legal regulations request the development of chain-oriented quality man-
agement systems in the sense of self-control. Thereby the principles of HACCP concepts 
including a documentation obligation of the HACCP referred measures are decisive. This 
paper pointed at how the entire chain coordination with the help of an integrated audit-
and document-management-system could be supported and facilitated. In the context of the 
German-Dutch initiative GIQS (tans-border quality assurance) the integrated software-based 
audit- and document-management-system were in the functions of QS coordination-organisa-
tions adapted and than tested in the pilot chains. 
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1 Einleitung

ZW FGP HCWRVOQVKXGP HÒT FGP AWHDCW MGVVGPQTKGPVKGTVGT 3WCNKV·VUOCPCIGOGPV-S[UVGOG 

3M-S[UVGOG� XQP UPVGTPGJOGP HNGKUEJGT\GWIGPFGT KGVVGP IGJÌTGP FQTFGTWPIGP CWHITWPF 
PCVKQPCNGT QFGT KPVGTPCVKQPCNGT SVCPFCTFU WPF IGUGV\NKEJGT RGIGNWPIGP. DGT VQTUEJNCI HÒT FKG 
NGWQTFPWPI FGT RKEJVNKPKG 93�43�EWG UKGJV WPVGT CPFGTGO FGP NCEJYGKU FGT VGTRHNKEJVWPI 
\WT EKIGPMQPVTQNNG PCEJ FGP GTWPFU·V\GP FGU HC\CTF APCN[UKU CPF CTKVKECN CQPVTQN PQKPV 
KQP\GRVGU 
HACCP-KQP\GRVGU� XQT. DKGUGU NGIV FCU AWIGPOGTM CWH FKG PTQ\GUUSWCNKV·V. 
MKV GKPIGUEJNQUUGP KUV FKG VGTRHNKEJVWPI \WT DQMWOGPVCVKQP FGT HACCP-DG\QIGPGP MC­-
PCJOGP. ZWFGO HQTFGTV FGT VGTQTFPWPIUXQTUEJNCI CNNIGOGKPG H[IKGPGXQTUEJTKHVGP HÒT FKG 
PTKO·TRTQFWMVKQP WPF UQPUVKIG BGVTKGDUUV·VVGP 
STÄHLE, 2004�.

3M-S[UVGOG UQNNVGP FKG GTWPFU·V\G FGU HC\CTF APCN[UKU CPF CTKVKECN CQPVTQN PQKPV KQP-
\GRVGU 
HACCP-KQP\GRV� GKPUEJNKG­GP. HKGT\W IGJÌTV CWEJ FKG DQMWOGPVCVKQP FGT HACCP-
DG\QIGPGP MC­PCJOGP. UO FKGUGP APHQTFGTWPIGP IGTGEJV \W YGTFGP, UVGJGP FKG UPVGT-
PGJOGP FGT AITCT- WPF ETP·JTWPIUYKTVUEJCHV XQT FGT HGTCWUHQTFGTWPI, FKG WPVGTUEJKGFNKEJGP 
AWFKVUVCPFCTFU WPF NQTOGP KP GKPGO KPVGITKGTVGP MCPCIGOGPVU[UVGO WO\WUGV\GP WPF \W 
FQMWOGPVKGTGP. HGTCWUTCIGPFG ZKGNG UKPF JKGTDGK FKG SEJCHHWPI XQP TTCPURCTGP\, UEJPGNNGT 
VGTHÒIDCTMGKV WPF AMVWCNKV·V UQYKG FKG ZWYGKUWPI XQP VGTCPVYQTVNKEJMGKVGP WPF FKG FCOKV 
GKPJGTIGJGPFG RGFW\KGTWPI FGU VGTYCNVWPIUCWHYCPFU JKPUKEJVNKEJ FGT DQMWOGPVGPNGPMWPI 

MACK, 2004�. EKP IPHQTOCVKQPUCWUVCWUEJ CNNGT CP FGT PTQFWMVKQP DGVGKNKIVGP MKVINKGFGT FGT 
WGTVUEJÌRHWPIUMGVVG OWUU TGCNKUKGTV YGTFGP. DKG GHHGMVKXG UOUGV\WPI FKGUGT APHQTFGTWPIGP 
KUV PWT OKV HKNHG GKPGT IGGKIPGVGP SQHVYCTGWPVGTUVÒV\WPI TGCNKUKGTDCT.

ZKGN FGU VGTDWPFRTQLGMVGU YCT GU FCJGT, GKP VQTIGJGPUOQFGNN \W GPVYKEMGNP WPF \W 
GTRTQDGP, FCU OKV HKNHG GKPGU KPVGITKGTVGP AWFKV- WPF DQMWOGPVGPOCPCIGOGPV-S[UVGOU 3S-
BÒPFNGTQTICPKUCVKQPGP DGK FGT KQQTFKPCVKQP ÒDGTDGVTKGDNKEJGT 3M-AWHICDGP WPVGTUVÒV\V.

2 Material und Methode

IO RCJOGP GKPGT DGWVUEJ-NKGFGTN·PFKUEJGP IPKVKCVKXG GI3S 
GTGP\ÒDGTUEJTGKVGPFG IPVGITKGT-
VG 3WCNKV·VUUKEJGTWPI� YWTFG GKP OGJTUVWHKIGU KQP\GRV \WO EKPUCV\ GKPGU KPVGITKGTVGP UQHV-
YCTGIGUVÒV\VGP AWFKV- WPF DQMWOGPVGPOCPCIGOGPV-S[UVGOU KP 3S-BÒPFNGTQTICPKUCVKQPGP 
GPVYKEMGNV WPF XCNKFKGTV. ANU SQHVYCTGOQFWNG UVCPFGP FKG  PTQFWMVG AUDIT WPF XERI FGT 
FKTOC PLATO AG \WT VGTHÒIWPI. DCU VQTIGJGPUOQFGNN \WT IORNGOGPVKGTWPI  GKPGU ÒDGTDG-
VTKGDNKEJGP S[UVGOU KUV YKG HQNIV IGINKGFGTV�
 î DCTUVGNNWPI FCU DGUVGJGPFGP S[UVGOU KP FGP BGTGKEJGP AWFKV- WPF DQMWOGPVGPOC-

PCIGOGPV, 
 î SV·TMGP- WPU SEJY·EJGPCPCN[UG FGU DGUVGJGPFGP S[UVGOU,
 î DCTUVGNNWPI FGU IGRNCPVGP AWFKVOCPCIGOGPV- WPF DQMWOGPVGP-OCPCIGOGPV[UVGOU.

SQOKV YWTFGP FKG WPVGTUEJKGFNKEJGP AWFKVCTVGP WPF FKG SEJTKVVG FGU AWFKVOCPCIGOGPVU 
HGUVIGNGIV, WO CNNG AWFKVKPHQTOCVKQPGP KP GKPGT DCVGPDCPM DÒPFGNP \W MÌPPGP. DGT KGV-
VGPMQQTFKPCVQT DGFKGPV UKEJ FKGUGU UVTWMVWTKGTVGP AWHDCWU, WO CWH ÒDGTDGVTKGDNKEJGT EDGPG 
AWFKVRN·PG \W GTUVGNNGP, FKG AWFKVFWTEJHÒJTWPI \W RNCPGP UQYKG FKG MC­PCJOGPXGTHQNIWPI 
GPVNCPI FGT WGTVUEJÌRHWPIUMGVVG GKP\WNGKVGP. ANNG FCDGK GPVUVGJGPFGP DQMWOGPVG YGTFGP 
KO DQMWOGPVGPOCPCIGOGPVU[UVGO GTUVGNNV, XGTYCNVGV WPF XGTVGKNV, YGNEJGU UQOKV FKG \GPVTCNG 
DQMWOGPVGPRNCVVHQTO DKNFGV. 
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3 ErgeDnisse

DCU PTKP\KR FGU GPVYKEMGNVGP VQTIGJGPUOQFGNNU YKTF CO BGKURKGN FGT AWFKVCTV ëAWFKV KO 
NCPFYKTVUEJCHVNKEJGP BGVTKGDé P·JGT GTN·WVGTV. EKPG PTQLGMVCTDGKVUITWRRG DGUEJ·HVKIV UKEJ OKV 
FGP KP FGT 3S-BÒPFNGTQTICPKUCVKQP JCNDL·JTNKEJ XQP FGP RTQFWMVKQPUVGEJPKUEJGP BGTCVGTP 
QFGT TKGT·T\VGP FWTEJIGHÒJTVGP BGUVCPFUEJGEMU KP FGP BGVTKGDGP. DKG FCDGK XGTYGPFGVG 
BCUKUEJGEMNKUVG 
NKXGCW 1 SOP�, FKG FKG KQORNGZG 
 î IORHRTQITCOO,
 î EPFQ- WPF EMVQRCTCUKVGPDGM·ORHWPI UQYKG
 î GGUWPFJGKVU- WPF PTQFWMVKQPUUVCVWU

WOHCUUV, JCV FGP CJCTCMVGT GKPGU KPVGTPGP AWFKVU. DKG AWUYGTVWPI WPF APCN[UG FGT GTHCUU-
VGP DCVGP GTHQNIV FWTEJ GKPG DCVGPDCPM OKV AWUICDG GKPGU ZGTVKHKMCVGU OKV AORGNU[UVGO. 
TTGVGP JKGT URG\KHKUEJG PTQDNGOG 
ëTQVG AORGNé� CWH ä F. J. ëGKPG TKGTITWRRG KUV CWHH·NNKIé 
ä MQOOGP FGVCKNNKGTVG CJGEMNKUVGP 
NKXGCW 2 SOP� \WT SEJYCEJUVGNNGPCPCN[UG \WO EKPUCV\, 
FKG YKGFGTWO URG\KHKUEJG MC­PCJOGP CPUVQ­GP. DKG CJGEMNKUVGP WOHCUUGP FTCIGP \W FGP 
KQORNGZGP 
 î DKCIPQUVKM, VGTHCJTGP, TKGTIGUWPFJGKV UQYKG 
 î PTQFWMVKQPUVGEJPKM.

SKG YGTFGP FWTEJ FCU AWFKVOCPCIGOGPV-S[UVGO ÒDGT FGHKPKGTVG ZWITKHHUTGEJVG FWTEJ FKG 
KGVVGPCMVGWTG XGTYCNVGV. DCU CJGEMNKUVGPOQFGNN FKGPV FGT UTUCEJGPHQTUEJWPI WPF GTÌHHPGV 
FKG MÌINKEJMGKV \WT DWTEJHÒJTWPI GKPGT RT·XGPVKXGP WPF RTQDNGOQTKGPVKGTVGP BGTCVWPI 

ADDKNFWPI 1�. 

ADD. 1� WGTM\GWIG \WT UPVGTUVÒV\WPI FGU AWFKV- WPF RT·XGPVKXGP GGUWPFJGKVUOCPCIGOGPV
Software tools supporting auditing and “Herd Health Management”

DKG DGK FGT DWTEJHÒJTWPI FGT KPVGTPGP AWFKVU GPVUVGJGPFGP DQMWOGPVG, YKG \. B. FKG CWU-
IGHÒNNVGP BCUKUEJGEMNKUVGP YGTFGP YKGFGTWO KP FCU DQMWOGPVGPOCPCIGOGPV-S[UVGO GKPIG-
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RHNGIV WPF XGTYCNVGV. DKG IPVGITCVKQP GZVGTPGT KGVVGPCMVGWTG KP FGP PTQ\GUU FGT DQMWOGPVGP-
NGPMWPI KUV ÒDGT FGHKPKGTVG ZWITKHHUTGEJVG RGT IPVGTPGV OÌINKEJ 
ADDKNFWPI 2�.

ADD. 2� VGTMPÒRHWPI XQP AWFKV- WPF DQMWOGPVGPOCPCIGOGPVUQHVYCTG KO RCJOGP FGT KQQTFKPCVKQPU-
CWHICDGP XQP 3S-BÒPFNGTP 
Linkage of audit- and document-management-software in the context of coordination tasks of QS-coordination

4 AusDlick

DWTEJ FGP EKPUCV\ FGU AWFKV- WPF DQMWOGPVGPOCPCIGOGPV-S[UVGOU YKTF FKG UOUGV\WPI 
GKPGU EKIGPMQPVTQNNU[UVGOU GTNGKEJVGTV. DCU GPVYKEMGNVG VQTIGJGPUOQFGNN UKGJV GKPG \GPVTC-
NG DCVGPDCPM XQT, OKV FGTGP UPVGTUVÒV\WPI GKPG RTQ\GUUÒDGTITGKHGPFG ETHCUUWPI, \GPVTCNG 
DQMWOGPVCVKQP WPF AWUYGTVWPI CNNGT 3WCNKV·VUFCVGP GTTGKEJV YKTF 
PFEIFFER, 2001�. SQOKV 
MCPP KO RCJOGP FGT WGTVUEJÌRHWPIUMGVVG GKPG JÌJGTG 3WCNKV·V FWTEJ FGJNGTXGTJÒVWPI, 
ORVKOKGTWPI FGT PTQ\GUUCDN·WHG UQYKG FWTEJ OGJT EKIGPXGTCPVYQTVNKEJMGKV CWEJ CWH FGT SGKVG 
FGU LCPFYKTVU GTTGKEJV YGTFGP 
LEHNERT, 1998�. DKG KP FGT LKVGTCVWT IGHQTFGTVG AWUTKEJVWPI 
FGT BGTCVWPI CWH 3WCNKV·VUUKEJGTWPI YKTF FWTEJ FCU AWFKVOCPCIGOGPV-S[UVGO WPVGTUVÒV\V 

LEHNERT, 1994; PETERSEN, 1994�. EKP UEJPGNNGT WPF GHHK\KGPVGT IPHQTOCVKQPUCWUVCWUEJ \YKUEJGP 
FGP BGUVCPFUDGVTGWGPFGP PCTVGKGP WPF FGP PTQFWMVKQPUUVWHGP KP FGT KGVVG YKTF GTOÌINKEJV 

PETERSEN, 1999; PETERSEN, 2002�.

DWTEJ FGP EKPUCV\ FGU AWFKV- WPF DQMWOGPVGPOCPCIGOGPV-S[UVGOU YKTF FKG UOUGV\WPI 
GKPGU EKIGPMQPVTQNNU[UVGOU GTNGKEJVGTV. DCOKV FKGPGP FKG UPVGTUVÒV\WPIUYGTM\GWIG INGKEJ\GK-
VKI FGO MQPVKPWKGTNKEJGP VGTDGUUGTWPIURTQ\GUU.
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Informationsmanagement fÒr die 3ualit·tssicherung in der Futterernte 
und �konserXierung
+nformCtion mCnCgement s[stem for SWCNit[ CssWrCnce for YiNting siNCge

ANDREA WAGNER, WOLFGANG BªSCHER

IPUVKVWV HÒT LCPFVGEJPKM, UPKXGTUKV·V BQPP, NWUUCNNG 5, D-53115 BQPP

SchlÒsselwÌrter� Silage, 3ualit·tssicherung, Informationsmanagement
-e[Yords� SiNCge� SWCNit[ CssWrCnce� informCtionmCnCgement

<WsCmmenfCssWng

Im Rahmen des Silomanagements wird den Betriebsleitern zu einem Controlling bei Silage 
geraten. Dabei sollen Qualitätsanalysen, Dichte- und Temperaturmessungen zur Beurteilung 
der eigenen Konservierungsarbeit durchgeführt werden (SPIEKERS 200�). Als Ergänzung dazu 
könnte ein System zur Steuerung der Qualität in der Gesamtkette, von der Ernte bis zur 
Fütterung, eine Anpassung der Maßnahmen an die gewünschte Qualität ermöglichen. Dazu 
werden in einem Informationsmanagement-System Untersuchungsergebnisse mit verfah-
renstechnischen Maßnahmen verknüpft, die zur „qualitätsrelevanten“ Entscheidungsfindung 
genutzt werden können. 

Ziel der Untersuchung ist die Erarbeitung eines Informationsmanagement-Systems für 
die Prozesskette „Anwelksilage“, das ausgehend von der Zielgröße „Langzeitstabilität“ über 
kritische Lenkungspunkte unter Berücksichtigung der Inhaltsstoffe des Ausgangsmaterials zu 
Qualitätssichernden Maßnahmen führt. 

SWmmCr[

With the continuing tendency of farms to rely on silage throughout the year, problems with 
quality loss due to secondary fermentation have become more numerous. This problem may 
be assumed to be caused by a lack of information concerning measures of quality assurance 
to be taken during the peak period of harvest and fodder conservation. 

The aim of the present investigations is to develop an information management system for 
wilting silage. Starting from the target figure “long-term-stability”, this system is intended to 
point to measures of quality assurance by considering the material composition of the fresh 
forage and monitoring critical control points in the ensiling process. Investigations concern-
ing the influence of chopping, compaction and feed-out technique on parameters relating to 
“long-term-stability” shall make it possible to conclude from the desired feed quality on the 
technology to be used and to define the quality relevance of each step in the process of for-
age harvesting and conservation. 

Thus, farmers will in the future be able to regulate quality-relevant chains of decisions by 
means of appropriate mechanization and forage conservation.
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1 ProDlemstellung

AMVWGNNG UPVGTUWEJWPIGP KP FGT PTCZKU YGKUGP CWH \WPGJOGPFG PTQDNGOG OKV NCEJGTY·T-
OWPI XQP SKNCIGP JKP 
SPIEKERS GV CN. 2003�. AWHITWPF FGT SVGKIGTWPI FGT DWTEJUCV\NGKUVWPI 
WPF SEJNCIMTCHV XQP ETPVGOCUEJKPGP UKPF DGKO ADVTCPURQTV FGU ETPVGIWVGU YGKVGT CPYCEJ-
UGPFG MCUUGPUVTÌOG CO SKNQ \W DGY·NVKIGP, FKG GKPG UQTIH·NVKIG VGTFKEJVWPI FGU ETPVGIWVGU 
GTUEJYGTGP. DGT TTGPF KP FGT PTCZKU \WT ICP\L·JTKIGP SVCNNJCNVWPI XQP MKNEJMÒJGP XGTUV·TMV 
FCU PTQDNGO FCFWTEJ, FCUU FGT SKNQUVQEM ÒDGT GKPGP N·PIGTGP ZGKVTCWO ä CWEJ ÒDGT FGP 
SQOOGT ä IGÌHHPGV KUV WPF UQOKV FGO RKUKMQ CGTQDGT VJGTOQRJKNGT PTQ\GUUG CWUIGUGV\V KUV. 
FQNINKEJ KUV GKPG èLCPI\GKVUVCDKNKV·Vç 
HCNVDCTMGKV DGK INGKEJ DNGKDGPFGT 3WCNKV·V� FGT SKNCIGP 
GTHQTFGTNKEJ.

PTGEKUKQP FCTOKPI KO SKPPG FGT DQMWOGPVCVKQP XQP PTQFWMVKQPURTQ\GUUGP KO AEMGTDCW 
\WT ADUVKOOWPI XQP BGFCTH WPF CPIGUVTGDVGT 3WCNKV·V JCV DGTGKVU EKP\WI KP FKG RTCMVKUEJG 
LCPFYKTVUEJCHV IGJCNVGP. IO FWVVGTDCW DGTWJV FKG SKNCIGSWCNKV·V CWH FCWUV\CJNGP WPF ETHCJ-
TWPIUYGTVGP. ZWT PTQ\GUUUVGWGTWPI YGTFGP HÒT FGP BGVTKGDUNGKVGT UGKVGPU FGT ÌHHGPVNKEJGP 
BGTCVWPI OTKGPVKGTWPIUYGTVG 
SOLLWERTE� HÒT FKG TTQEMGPUWDUVCP\, FKG VJGQTGVKUEJG SEJPKVV-
N·PIG, FKG DKEJVG WPF FGP VQTUEJWD CPIGIGDGP. IPHQTOCVKQPGP ÒDGT FCU GTTGKEJVG IST WPF 
GKPG FCTCWU GXGPVWGNN GTHQTFGTNKEJG NCEJUVGWGTWPI YÒTFGP FKG MÌINKEJMGKV FGT QRGTCVKXGP 
HCPFNWPIUYGKUG KPPGTJCND FGU VGTHCJTGPU UEJQP Y·JTGPF FGT ETPVG DKGVGP 
RGIGNWPI FGU 
PTQ\GUUGU�. VQTCWUUGV\WPI HÒT GKPG UQNEJG RGIGNWPI KUV FKG KGPPVPKU FGT VGTPGV\WPI FGT MTK-
VKUEJGP LGPMWPIURWPMVG.

ZKGN FGT UPVGTUWEJWPI KUV FKG ETCTDGKVWPI GKPGU IPHQTOCVKQPUOCPCIGOGPV-S[UVGOU \WT 
RGIGNWPI FGU PTQ\GUUGU FGT APYGNMUKNCIGDGTGKVWPI, FCU CWUIGJGPF XQP FGT ZKGNITÌ­G 
ëLCPI\GKVUVCDKNKV·Vé ÒDGT MTKVKUEJG LGPMWPIURWPMVG WPVGT BGTÒEMUKEJVKIWPI FGT IPJCNVUUVQHHG 
FGU AWUICPIUOCVGTKCNU \W 3WCNKV·VUUKEJGTPFGP MC­PCJOGP 
VGTHCJTGP FGT FWVVGTGTPVG WPF 
-MQPUGTXKGTWPI� HÒJTV. 

2 Methoden

UO FGP EKPHNWUU FGT EPVUEJGKFWPI CWH FGP LGYGKNU P·EJUVGP SEJTKVV KO ETPVG- WPF KQPUGTXKG-
TWPIURTQ\GUU KP UGKPGT VGTPGV\WPI VTCPURCTGPV \W OCEJGP, YGTFGP UPVGTUWEJWPIGP \W 3WC-
NKV·VUTGNGXCPVGP EKPHNWUUHCMVQTGP FWTEJIGHÒJTV. DC\W YGTFGP EZRGTKOGPVG OKV UVCPFCTFKUKGTVGP 
EKPHNWUUITÌ­GP, GPVURTGEJGPF FGT SMCNC FGT EPVUEJGKFWPIUHKPFWPI 
PQOKPCN, \. B. SQTVG A QFGT 
B; QTFKPCN, \. B. SEJPKVVN·PIG, VGTFKEJVWPI, VQTUEJWD� CPIGNGIV. BGTGKVU XQTJCPFGPG ETIGDPKU-
UG \WO EKPHNWUU XQP MC­PCJOGP KO ETPVG- WPF KQPUGTXKGTWPIURTQ\GUU YGTFGP FGT LKVGTCVWT 
GPVPQOOGP. DWTEJ GKPGP RÒEMHNWUU CP IPHQTOCVKQPGP \W FGP GKP\GNPGP PTQ\GUUUVWHGP UQNNGP 
EPVUEJGKFWPIGP HÒT FKG P·EJUVG ETPVGRGTKQFG KP FCU F[PCOKUEJG S[UVGO CFCRVKGTV YGTFGP.

IO EPVUEJGKFWPIURTQ\GUU UVGJV FGT MTKVKUEJG LGPMWPIURWPMV èTTQEMGPUWDUVCP\IGJCNVç 

TS-GGJCNV� KP WPOKVVGNDCTGO \GKVNKEJGP ZWUCOOGPJCPI OKV FGT ZGTMNGKPGTWPI FWTEJ FKG 
FWVVGTDGTIGVGEJPKM. DGT QRVKOCNG APYGNMITCF YKTF OKV 30 DKU 40 � CPIGIGDGP, OKV FGT 
EORHGJNWPI, FCUU PWT MWT\ IGUEJPKVVGPGU QFGT IGJ·EMUGNVGU FWVVGT UKEJ IWV WPF PCEJJCNVKI 
XGTFKEJVGP N·UUV. IO FQNIGPFGP YGTFGP UPVGTUWEJWPIGP \WO EKPHNWUU FGT SEJPKVVN·PIG WPF 
FGU TS-GGJCNVU CWH FKG VGTFKEJVDCTMGKV XQP GTCU APYGNMIWV XQTIGUVGNNV. DC\W YWTFG KO MCK 
2004 CWH FGO VGTUWEJUIWV FTCPMGPHQTUV FGT UPKXGTUKV·V BQPP GKP RQVQTNCFGYCIGP OKV 33 
MGUUGTP GKPIGUGV\V. DKG MNGKPUVG VJGQTGVKUEJG SEJPKVVN·PIG 
LVJ� DGVT·IV 4,5 EO. DKG BGTIWPI 
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FGU MCVGTKCNU GTHQNIVG CP \YGK WPVGTUEJKGFNKEJGP ZGKVRWPMVGP CO TCI, LGYGKNU OKV JCNDGO WPF 
OKV ICP\GO MGUUGTUCV\, UQ FCUU KO TS-GGJCNV FGU ETPVGIWVU GKPG DKHHGTGP\ XQP 9 �-PWPMVGP 
GTTGKEJV YWTFG.

ZWT BGWTVGKNWPI FGT ZGTMNGKPGTWPI FGU APYGNMIWVGU YWTFGP 50 I FTKUEJOCUUG OKV HKNHG 
GKPGU Z·JNDTGVVU KP XGTUEJKGFGPG FTCMVKQPGP CWHIGVGKNV 
DLG PTÒHTCJOGP HÒT AWHUCOOGNRTGU-
UGP� WPF CPUEJNKG­GPF KP FKG RTQ\GPVWCNGP GGYKEJVUCPVGKNG WOIGTGEJPGV. PTQ VCTKCPVG YWT-
FGP XKGT WKGFGTJQNWPIGP FWTEJIGHÒJTV.

DKG VGTFKEJVDCTMGKV YWTFG OKV GKPGT MCVGTKCNRTÒHOCUEJKPG WPVGTUWEJV. DC\W YKTF FCU 
APYGNMIWV NQUG KP GKPGP KWPUVUVQHH\[NKPFGT OKV GKPGT HÌJG XQP 30 EO GKPIGHÒNNV WPF ÒDGT 
GKPGP SVGORGN OKV GKPGT GGUEJYKPFKIMGKV XQP 90 OO�OKP XGTFKEJVGV. DKG HÌJG FGU Z[NKPFGTU 
GPVURTKEJV FGT SEJKEJVFKEMG XQP 30 EO CWH FGO FNCEJUKNQ, FKG PCEJ FGT QHHK\KGNNGP BGTCVWPI 
KP FGT PTCZKU GORHQJNGP YKTF.

BGK FGT VGTFKEJVWPI OKV FGT MCVGTKCNRTÒHOCUEJKPG MCPP GKP OCZKOCNGT DTWEM XQP 
0,45 MPC GTTGKEJV YGTFGP. T[RKUEJG BGNCUVWPIGP KO SKNQ NKGIGP DGK 0,2 MPC. DKG KTCHV \WT 
VGTFKEJVWPI FGU MCVGTKCNU YKTF ÒDGT GKPGP KTCHVCWHPGJOGT MQPVKPWKGTNKEJ IGOGUUGP, ÒDGT 
FGP WGI CWHIG\GKEJPGV 
KTCHV-WGI-DKCITCOOG�. ZWT AWUYGTVWPI FGT UPVGTUWEJWPI YWTFGP 
DTWEM-DKEJVG-DKCITCOOG GTUVGNNV. ZWU·V\NKEJ \WT OCZKOCNGP VGTFKEJVDCTMGKV YWTFG CWEJ 
FKG RÒEMHGFGTWPI FGU MCVGTKCNU KP FKG BGVTCEJVWPI OKV GKPDG\QIGP. DC\W YWTFG PCEJ FGT 
VGTFKEJVWPI WPF GKPGT MKPWVG WCTVG\GKV FKG FÒNNJÌJG KO Z[NKPFGT IGOGUUGP. PTQ VCTKCPVG 
YWTFGP 6 WKGFGTJQNWPIGP FWTEJIGHÒJTV.

3 ErgeDnisse

DKG UPVGTUWEJWPI UVGNNV FGP VGTINGKEJ FGT FWVVGTDGTIWPI OKV LCFGYCIGP DGK JCNDGO 

LVJ � 9 EO� WPF DGK XQNNGO MGUUGTUCV\ 
LVJ � 4,5 EO� FCT. ZWT SKNKGTWPI YKTF DGKO GTCU GKPG 
SEJPKVVN·PIG XQP � 4 EO GORHQJNGP 
THAYSEN GV CN. 2002�. DKG ETIGDPKUUG \WT SEJPKVVN·PIGP-
XGTVGKNWPI \GKIGP, FCUU FKG VJGQTGVKUEJG SEJPKVVN·PIG XQP 4,5 OO  \W GKPGO MCUUGPCPVGKN XQP 
53 � KP FGT KNCUUG MNGKPGT 8 EO HÒJTV 
TCD. 1�. 

DGWVNKEJG UPVGTUEJKGFG \YKUEJGP FGP VCTKCPVGP UKPF KP FGP FTCMVKQPGP 4 ≥ Z � 8 EO WPF 
16 ≥ Z� 24 EO HGUV\WUVGNNGP.

TCD. 1� SEJPKVVN·PIGPXGTVGKNWPI DGK XQNNGO WPF JCNDGO MGUUGTUCV\ FGU LCFGYCIGPU

Massenanteil [%] 
bei theoretischer 
Schnittlänge

Halmlängen-Klassen [cm]

x < 4 4 ≥ x <8 8 ≥ x <16 16 ≥ x <24 24 ≥ x < 48 x ≥ 48

4,5 cm 6,7 46,8 34,6 8,9 3,0 0,0

9 cm 4,8 28,7 36,7 20,8 9,0 0,0

NCEJ FRICK 
2001� UQNNVG FGT APVGKN CP MWT\ IGUEJPKVVGPGO GWV 
DKU FQRRGNVG VJGQTGVKUEJG 
SEJPKVVN·PIG� OÌINKEJUV JQEJ WPF FGT APVGKN CP ëÒDGTNCPIGOé MCVGTKCN 
ÒDGT 4,5HCEJG VJG-
QTGVKUEJG SEJPKVVN·PIG� OÌINKEJUV MNGKP UGKP. MKPFGUVGPU 50 � FGU IGYQIGPGP SEJPKVVIWVGU 
UQNNGP GKPG L·PIG WPVGT FGT FTGKHCEJGP VJGQTGVKUEJGP SEJPKVVN·PIG JCDGP. BGK GKPGT VJGQTG-
VKUEJGP SEJPKVVN·PIG FGU RQVQTNCFGYCIGPU XQP 4,5 EO NKGIV FKGUG VJGQTGVKUEJG GTGP\G DGK 
13,5 EO. EKP MCUUGPCPVGKN XQP   50 � YKTF DGTGKVU KP FGP FTCMVKQPGP � 8 EO DGK ICP\GO 
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MGUUGTUCV\ GTTGKEJV. BGK JCNDGO MGUUGTUCV\ YKTF KP FGP FTCMVKQPGP �16 EO GKP MCUUGPCPVGKN 
XQP   50 � GTTGKEJV.

DCU ETIGDPKU FGT VGTFKEJVWPIUOGUUWPI XQP APYGNMIWV WPVGTUEJKGFNKEJGT SEJPKVVN·PIG 
D\Y. TS-GGJCNVU KUV KP FQTO GKPGU DTWEM-DKEJVG-DKCITCOOU KP ADD. 1 FCTIGUVGNNV. BG\QIGP 
CWH FKG FTKUEJOCUUG \GKIGP FKG ETIGDPKUUG FKG JÌEJUVG VGTFKEJVDCTMGKV HÒT FKG VCTKCPVGP OKV 
GKPGO TS-GGJCNV XQP 33 � CWH. DGT UPVGTUEJKGF \YKUEJGP FGP SEJPKVVN·PIGP 4,5 D\Y. 9 EO 
KUV FCDGK IGTKPI. BGK UOTGEJWPI CWH FKG TTQEMGPOCUUGFKEJVG 
TM-DKEJVG� GTHQNIV GKPG APINGK-
EJWPI FGT VCTKCPVGP, FC FKG XGTINGKEJUYGKUG IGTKPIGTG DKEJVG DGK JQJGO TS-GGJCNV FWTEJ 
FGP FCTCWU HQNIGPFGP IGTKPIGTGP WCUUGTIGJCNV MQORGPUKGTV YKTF.

ADD. 1� EKPHNWUU XQP TS-GGJCNV WPF SEJPKVVN·PIG CWH FKG VGTFKEJVDCTMGKV XQP GTCU-APYGNMIWV 

EKP DTWEM XQP 0,2 MPC, FGT KP FGT ÌHHGPVNKEJGP BGTCVWPI GORHQJNGP YKTF, XGTFKEJVGV FCU 
MCVGTKCN OKV GKPGO TS-GGJCNV XQP 33 � WPF GKPGT SEJPKVVN·PIG XQP 9 OO CWH 193 MITM�Ox. 
IO VGTINGKEJ FC\W YGKUV FCU MCVGTKCN OKV GKPGT SEJPKVVN·PIG XQP 4,5 OO GKPG WO 8 MITM�Ox 
JÌJGTG DKEJVG CWH.

DKG DKEJVG XQP ETPVGIWV, FCU OKV TS-GGJCNV XQP 42 � CWHIGPQOOGP, \GTMNGKPGTV WPF OKV 
GKPGO DTWEM XQP 0,2 MPC XGTFKEJVGV YWTFG, DGVT·IV HÒT DGKFG SEJPKVVN·PIGP 227 MITM�Ox.

IO APUEJNWUU CP FKG VGTFKEJVWPI OKV GKPGO DTWEM XQP 0,45 MPC YWTFG GKPG MKPWVG PCEJ 
EPVNCUVWPI FGU APYGNMIWVGU FKG RÒEMHGFGTWPI FGU MCVGTKCNU FWTEJ ADNGUGP FGU FÒNNUVCPFU 
GTOKVVGNV. DKG DKEJVG FGU ETPVGIWVU OKV GKPGO TS-GGJCNV XQP 33 � 
DWTEJUEJPKVV 237 MITM�
Ox� KO VGTINGKEJ \WO UV·TMGT CPIGYGNMVGP MCVGTKCN 
DWTEJUEJPKVV 289 MITM�Ox� WPVGTUEJGK-
FGV UKEJ WO EC. 18 � 
ADD. 2�. DKG DKEJVG PCEJ RÒEMHGFGTWPI FGU MCVGTKCNU NKGIV \YKUEJGP 
115 MITM�Ox 
33 � TS, 9 OO� WPF 130 MITM�Ox 
42 � TS, DGKFG SEJPKVVN·PIGP� 
OKVVNGTGT 
FGJNGT XQP 10 ��. EKPG GKPOCNKIG, UVCVKUEJG VGTFKEJVWPI WPF FKG PCEJHQNIGPFG RÒEMHGFGTWPI 
FGU MCVGTKCNU HÒJTGP UQOKV \WT RGFW\KGTWPI FGT DKEJVG WO 50 � DGK CNNGP VCTKCPVGP. 
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ADD. 2� EKPHNWUU XQP TS-GGJCNV WPF SEJPKVVN·PIG CWH FKG RÒEMHGFGTWPI XQP GTCU-APYGNMIWV

4 Diskussion

DKG ETIGDPKUUG FGT VGTFKEJVWPIUMWTXGP MÌPPGP CWHITWPF FGT GKPOCNKIGP, UVCVKUEJGP VGTFKEJ-
VWPIUVGEJPKM OKV FGO SVGORGN FGT MCVGTKCNRTÒHOCUEJKPG \YCT PKEJV CNU FKTGMVGT VGTINGKEJ 
\WT PTCZKU JGTCPIG\QIGP YGTFGP, FGPPQEJ UKPF FKG OCVGTKCNDGFKPIVGP UPVGTUEJKGFG KP FGT 
VGTFKEJVDCTMGKV D\Y. RÒEMHGFGTWPI WPVGTGKPCPFGT XGTINGKEJDCT. DKG RGFW\KGTWPI FGU 3-SVQHH-
S[UVGOU 
HCNOIWV, WCUUGT, LWHV� CWH GKP 2-SVQHH-S[UVGO HCNOIWV WPF WCUUGT HÒJTV \W UPVGT-
UEJKGFGP \YKUEJGP FGP SEJPKVVN·PIGP, FKG CNU IGTKPI GKP\WUVWHGP UKPF. 

BGK GKPGO JQJGP TS-GGJCNV KUV FGT SEJPKVVN·PIGPGKPHNWUU IGTKPIGT CNU DGK GKPGO PKGFTKIGTGP 
TS-GGJCNV. DKG TGPFGP\ UVGKIV OKV \WPGJOGPFGO DTWEM. EKP JQJGT TS-GGJCNV 
42 �� HÒJTV 
CWHITWPF FGU IGTKPIGTGP WCUUGTIGJCNVU WPF FGT JÌJGTGP DKEJVG FGU RQTGPHTGKGP HCNOIWVGU 

WOLF-REGETT 1989� KO VGTINGKEJ \W WCUUGT \W JÌJGTGP TTQEMGPOCUUGFKEJVGP CNU GKP IGTKP-
IGTGT TS-GGJCNV 
33 ��. 

NCEJ EORHGJNWPI FGT ÌHHGPVNKEJGP BGTCVWPI NKGIV FGT SQNN-WGTV HÒT FKG DKEJVG XQP GTCU 
APYGNMIWV DGK GKPGO TS-GGJCNV XQP 20 � DGK 160 MITM�Ox, DGK GKPGO TS-GGJCNV XQP 40 � 
GTJÌJV UKEJ FGT RKEJVYGTV CWH 240 MITM�Ox 
THAYSEN GV CN. 2002�. AWHITWPF FGT RÒEMHGFGTWPI 
FGU MCVGTKCNU PCEJ EPVNCUVWPI YKTF FKG DKEJVG WO 50 � CWH WGTVG WPVGTJCND FKGUGU SOLL
TGFW\KGTV. ÄJPNKEJG ETIGDPKUUG YWTFGP KP GKPGO H·EMUGNN·PIGPXGTUWEJ HÒT SKNQOCKU HGUVIG-
UVGNNV 
WAGNER GV CN. 2001�. DKG UPVGTUEJKGFG \YKUEJGP FGP SEJPKVVN·PIGP UKPF VGPFGP\KGNN 
CWEJ PCEJ RÒEMHGFGTWPI IGTKPIGT CNU FKG UPVGTUEJKGFG \YKUEJGP FGP TS-GGJCNVGP. MGVJQ-
FKUEJ KUV FKG ADNGUGOGVJQFG \WT ETOKVVNWPI FGT RÒEMHGFGTWPI KO FCNNG XQP GTCU 
10 �� OKV 
GKPGO JÌJGTGP FGJNGT DGJCHVGV CNU DGK SKNQOCKU 
3 ��, JKGT UKPF ORVKOKGTWPIGP GTHQTFGTNKEJ.

DKG ETIGDPKUUG UVGNNGP FKG VGTPGV\WPI FGT EKPHNWUUITÌ­GP TS-GGJCNV WPF SEJPKVVN·PIG KP 
ZWUCOOGPJCPI OKV FGT VGTFKEJVDCTMGKV JGTCWU. IPPGTJCND FGT SRCPPG FGU TS-GGJCNVU XQP 
33 DKU 42� KUV FKG EPVUEJGKFWPI HÒT GKPG SEJPKVVN·PIG XQP 4,5 EO KO VGTINGKEJ \W 9 EO XQP 
IGTKPIGO EKPHNWUU CWH FKG GT\KGNDCTG VGTFKEJVWPI. DGT APYGNMITCF FGU SEJPKVVIWVGU UEJGKPV 
KO EPVUEJGKFWPIURTQ\GUU ITÌ­GTGP EKPHNWUU CWH FKG KQPUGTXKGTWPIUH·JKIMGKV \W JCDGP CNU FKG 
SEJPKVVN·PIG D\Y. FKG ZGTMNGKPGTWPIUVGEJPKM.
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5 AusDlick

EKPG TTCPURCTGP\ XQP 3WCNKV·VUDGUVKOOGPFGP EKPHNWUUHCMVQTGP HÒT FKG SKNCIG NKGHGTV FKG DCVGP-
DCUKU HÒT FKG RGIGNWPI FGT ETPVG-, KQPUGTXKGTWPI- UQYKG EPVPCJOGRTQ\GUUG WPF UEJCHHV CWH 
BGVTKGDUNGKVGT-EDGPG FKG MÌINKEJMGKV, 3WCNKV·VUOCPCIGOGPV UEJQP DGK FGT PNCPWPI \W DGTÒEM-
UKEJVKIGP. W·JTGPF FGT ETPVG UQNN \KGNIGTKEJVGV FKG GTHQTFGTNKEJG TGEJPKM \WT FWVVGTDGTIWPI, 
FKG GPVURTGEJGPFG KQPUGTXKGTWPIUHQTO WPF VGTFKEJVWPI IGY·JNV YGTFGP. VQTCWUUGV\WPI 
FC\W KUV, FCUU FKG DGPÌVKIVG TGEJPKM FKURQPKDGN WPF, FCUU FKG MGUUWPI CP FGP LGPMWPIURWPM-
VGP Y·JTGPF FGT ETPVG VGEJPKUEJ OÌINKEJ UKPF. W·JTGPF IPHQTOCVKQPGP ÒDGT MCUUG WPF TS-
GGJCNV UEJQP Y·JTGPF FGT ETPVG GTHCUUV YGTFGP MÌPPGP, YKTF CP GKPGT APCN[UG FGU ETPVGIWVU 
CWH QTICPKUEJG IPJCNVUUVQHHG \WT\GKV IGCTDGKVGV 
HEINRICH, BERNHARDT 2000�. EDGPUQ YKEJVKI KUV 
LGFQEJ CWEJ FCU KPQY-JQY FGU BGVTKGDUNGKVGTU. DCU IPHQTOCVKQPUOCPCIGOGPV-S[UVGO FKGPV 
UQOKV CNU PNCPWPIU- WPF BGYGTVWPIUKPUVTWOGPV WPF UQNN \W GKPGT RGFW\KGTWPI FGT ATDGKVU-
DGNCUVWPI FGU UPVGTPGJOGTU HÒJTGP. DKGUGT UVGJV KP FGT ETPVGRGTKQFG WPVGT JQJGO EPVUEJGK-
FWPIUFTWEM \WO QRVKOCNGP TGEJPKMGKPUCV\, YQDGK CWH PCJG\W CNNGP EDGPGP ZWUCOOGPJ·PIG 
\WT UR·VGTGP FWVVGTSWCNKV·V DGUVGJGP.
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Freiland�Legehennenhaltung in gro­en Herden� Interaktion zwischen 
Auslaufnutzung und EZkrementmenge und �Xerteilung im Auslauf
(ree�rCnge NC[ers in NCrge fNocMs� +nterCction of Wse of tJe oWtdoor rWn 
Cnd eZcrement NoCd Cnd �spCtiCN distriDWtion

ULRIKE ELBE1, ANTJE ROSS1, GªNTER STEFFENS1, HERMAN VAN DEN WEGHE2, 
CHRISTOPH WINCKLER3

1 LCPFYKTVUEJCHVUMCOOGT WGUGT-EOU, FCEJDGTGKEJ 3.17, D-26121 ONFGPDWTI

2 FQTUEJWPIU\GPVTWO HÒT VGTGFGNWPIUYKTVUEJCHV, UPKXGTUKV·V GÌVVKPIGP, D-49377 VGEJVC

3  IPUVKVWV HÒT NWV\VKGTYKUUGPUEJCHVGP�DGRCTVOGPV HÒT NCEJJCNVKIG AITCTU[UVGOG, UPKXGTUKV·V HÒT BQFGPMWNVWT, 
A-1180 WKGP

SchlÒsselwÌrter� Legehennen, Freiland, Auslauf, Verhalten, N·hrstoffeintrag
-e[Yords� .C[ing Jens� free�rCnge� DeJCXioWr� eZcrement NoCd� nWtrient CccWmWNCtion 

<WsCmmenfCssWng

Ziel der Untersuchung war es, den Nährstoffanfall im Auslauf von Freiland-Legehennen durch 
die Erfassung sowohl der Ausscheidungen im Auslauf wie der Auslaufnutzung der Hennen 
quantifizieren zu können. Dazu wurde die Anzahl Hennen (Herdengröße: ��00 Tiere) im 
Auslauf erfasst (Digitalfotografie, Scan-sampling-Intervall 10 min, � h/d, 23 d, �–10/2003). 
Rasenschutzgitterreihen in 2, � und 1� m Entfernung vom Stall gewährleisteten die Erfassung 
der Ausscheidungen (Anzahl u. Gewicht). 

Durchschnittlich nutzten �,� � der Hennen den Auslauf, �� � davon bevorzugten den 
stallnahen Bereich (0–1� m). Insgesamt fielen rund � � der gesamten Ausscheidungen der 
Herde im Auslauf an. Der berechnete Nährstoffanfall fiel im Nahbereich sehr hoch, im 
restlichen Auslaufbereich sehr gering, im Mittel der gesamten Auslauffläche in Höhe des 
zulässigen Düngungsniveaus aus. Bodenschutzmaßnahmen im stallnahen Bereich erscheinen 
sinnvoll.

SWmmCr[

The aim of this study was to examine the excrement load in outdoor ranges due to the out-
door run use of free-range laying hens to quantify the accumulation of nutrients in the soil. 
The number of hens using the run (flock of �,�00 hens) were recorded (digital photographs� 
scan sampling interval 10 min, � hours/d, 23 d� � to 10/2003) and sward protection grids, 
positioned at different distances (2 , �, 1� m) from the barn were used to get the amount of 
excreta (number and weight of droppings). 
On average �.� � of the hens used the range out of which �� � preferred the area close to 
the barn (0–1� m). Excretion rates per hen amounted to 1.3–�.0 g � hour, thus accounting 
for a share of � � of the total excrements of the flock. The calculated amount of nitrogen in 
the soil reached a very high level in the area close to the barn, but with regard to the entire 
outdoor area only usual fertilisation level. Preventive measures to protect the soil close to 
the barn are recommended.
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1 Einleitung und Zielsetzung

ZWT ZGKV YGTFGP KP DGWVUEJNCPF 3,7 MKQ. LGIGJGPPGP 
8,6 � FGU GGUCOVDGUVCPFU� KP FTGK-
NCPFJCNVWPI IGJCNVGP 
BGVTKGDG   3.000 HGPPGP; ZMP, 2003�, FGT DWTEJUEJPKVVUDGUVCPF RTQ 
BGVTKGD NKGIV DGK 15.800 HGPPGP.

DCU AWUNCWHXGTJCNVGP XQP HGPPGP KP ITQ­GP HGTFGP WPVGTUEJGKFGV UKEJ DGMCPPVGTOC­GP 
GTJGDNKEJ XQP FGO MNGKPGT HGTFGP 
\. B. HIRT, 2001�, UQ FCUU FKG AWHGPVJCNVUJ·WHKIMGKVGP 
FGT HGPPGP KP DGUVKOOVGP AWUNCWHCDUEJPKVVGP UQYKG UVCPFQTVURG\KHKUEJG EKPHNÒUUG CWH FCU 
AWUNCWHXGTJCNVGP DGK XGTUEJKGFGPGP HGTFGPITÌ­GP GKP GGIGPUVCPF FGT XQTNKGIGPFGP UPVGT-
UWEJWPI YCTGP 
PTQLGMV ëORVKOKGTWPI FGT FTGKNCPFJCNVWPI XQP LGIGJGPPGP KP FGT PTCZKUé, 
IGHÌTFGTV FWTEJ EU WPF LCPF NKGFGTUCEJUGP�. DCTÒDGT JKPCWU DGUVGJV DGK FKGUGT HCNVWPIU-
HQTO FKG PTQDNGOCVKM GTJÌJVGT N·JTUVQHHGKPVT·IG 
N, P, K� KP FGP BQFGP WPF FCOKV GKPG 
RQVGPVKGNNG GTWPFYCUUGTIGH·JTFWPI, KPUDGUQPFGTG KP SVCNNP·JG. AWHITWPF FGT DGITGP\VGP 
AWUUCIGMTCHV XQP BQFGPCPCN[UGP 
\. B. VQTDGNCUVWPIGP, BQFGPV[RGP� YCT GU YGKVGTGU ZKGN 
FKGUGT UPVGTUWEJWPIGP, FGP VCVU·EJNKEJGP APHCNN CP EZMTGOGPVGP KO AWUNCWH \W GTHCUUGP, 
WO GKPGP ZWUCOOGPJCPI \YKUEJGP AWUNCWHXGTJCNVGP, EZMTGOGPVGP WPF N·JTUVQHHCWUVTCI 
JGTUVGNNGP \W MÌPPGP.

2 Material und Methoden

DKG WPVGTUWEJVG HGTFG 
4500 HGPPGP, LKPKG LT� YWTFG KP GKPGO SVCNNCDVGKN 
12 Z 70 O� OKV 
KQVITWDG, A-RGWVGTP, IPPGPUEJCTTCWO WPF KCNVUEJCTTCWO 
3,25 O DTGKV� PCEJ FGP RKEJVNKPKGP 
FGU ÌMQNQIKUEJGP LCPFDCWU IGJCNVGP. DGT ZWICPI \WO AWUNCWH GTHQNIVG KO KCNVUEJCTTCWO 
FWTEJ CEJV CWH FKG SVCNNDTGKVG XGTVGKNVG KNCRRGP 
± 143 Z 43 EO�, FKG XQP EC. 9 UJT DKU SQPPGP-
WPVGTICPI IGÌHHPGV YCTGP. DGT AWUNCWH YWTFG \W GKPGT SGKVG FWTEJ FKG ZWHCJTV \WO SVCNN WPF 
KP 54 O EPVHGTPWPI \WO SVCNN FWTEJ GKPGP WGI 
AD\·WPWPI� DGITGP\V. ANU YGKVGTG AWUNCWHHN·-
EJG UVCPFGP FKG FN·EJGP PGDGP WPF JKPVGT FGO SVCNN \WT VGTHÒIWPI. MC­G WPF SVTWMVWTKGTWPI 
UKPF ADDKNFWPI 1 \W GPVPGJOGP. 

DGT AWUNCWH YWTFG KP EPVHGTPWPIUCDUEJPKVVG WPVGTVGKNV 
0ä6; 6ä17; 17ä54 O�. DKG ETHCUUWPI 
FGT HGPPGP KO AWUNCWH GTHQNIVG XQP GKPGO HQEJUKV\ KP 25 O EPVHGTPWPI \WO SVCNN 
5,2 O 
HÌJG� OKVVGNU OCPWGNN GTUVGNNVGT DKIKVCNCWHPCJOGP 
SECP-UCORNKPI-IPVGTXCNN 10 OKP�. IO ZGKV-
TCWO JWNK DKU OMVQDGT 2003 YWTFGP 23 BGQDCEJVWPIUGKPJGKVGP \W LGYGKNU 5 SVWPFGP XQP 11 
DKU 16 UJT D\Y. 16 UJT DKU SQPPGPWPVGTICPI FWTEJIGHÒJTV. DKG AWUYGTVWPI FGT AWHPCJOGP 
GTHQNIVG OKV GKPGT FCHÒT URG\KGNN GPVYKEMGNVGP SQHVYCTG 
CJKEMGPEQWPV�.

FÒT FKG ETHCUUWPI FGT EZMTGOGPVG KO AWUNCWH YWTFGP UQIGPCPPVG RCUGPUEJWV\IKVVGT 

2 Z 1 O, RCJOGPJÌJG� 8 EO, MCUEJGPYGKVG 2,5 Z 2,5 EO; FC. WKGOGT, VGNDGTV� KP FTGK EPV-
HGTPWPIGP \WO SVCNN 
2, 6, 17 O� ÒDGT FKG IGUCOVG AWUNCWHDTGKVG XGTNGIV. JGYGKNU 9 GKP\GNPG 
RCUGPUEJWV\IKVVGT RTQ EPVHGTPWPI FKGPVGP FCDGK CNU PTQDGPCJOGHN·EJG 
XIN. ADD. 1�. NCEJ 
GKPGT BGQDCEJVWPIUGKPJGKV YWTFGP FKG GKP\GNPGP EZMTGOGPVJCWHGP WPVGT FGP GKVVGTP GKPIG-
UCOOGNV WPF AP\CJN WPF GGYKEJV GTHCUUV. DKG APCN[UG GTHQNIVG PCEJ VDLUFA-SVCPFCTFOG-
VJQFGP.
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ADD. 1� SVCNN WPF AWUNCWHHN·EJG FGT WPVGTUWEJVGP FTGKNCPFJCNVWPI

3 ErgeDnisse und Diskussion

3�1 Auslaufnutzung

VQP FGP KPUIGUCOV 4500 HGPPGP FGT WPVGTUWEJVGP HGTFG JKGNVGP UKEJ KO DWTEJUEJPKVV 9,8 � 

442 HGPPGP� KO AWUNCWH CWH. AWU YGKVGTGP GKIGPGP UPVGTUWEJWPIGP 
\. B. DGK 1.450 HGP-
PGP� 40 � FGT HGTFG KO AWUNCWH� UQYKG CWU FGT LKVGTCVWT KUV FCU PJ·PQOGP FGT CDPGJOGPFGP 
AWUNCWHPWV\WPI DGK \WPGJOGPFGT HGTFGPITÌ­G DGMCPPV 
\. B. HIRT, 2001�. ANU UTUCEJGP YGT-
FGP FCMVQTGP FGU SVCNNOCPCIGOGPVU 
\. B. UR·VGT ZWICPI \WO AWUNCWH, HGJNGPFGU TCIGUNKEJV 
KP FGT AWH\WEJV� UQYKG FGU SVCNNDCWU 
GTÌ­G D\Y. IPPGPCWHDCW GVE.� FKUMWVKGTV, FKG CNNGTFKPIU 
PKEJV GGIGPUVCPF FKGUGT UPVGTUWEJWPI YCTGP.

DKG VGTVGKNWPI FGT HGPPGP CWH FGT AWUNCWHHN·EJG IGUVCNVGVG UKEJ UGJT WPVGTUEJKGFNKEJ. DGT 
UVCNNPCJG BGTGKEJ XQP 0ä6 O YWTFG XQP 45 � FGT HGPPGP 
196 TKGTG CWH 387 Ow� CNU UEJWV\-
IGDGPFGT BGTGKEJ GTYCTVWPIUIGO·­ UGJT UVCTM HTGSWGPVKGTV. IO FCTCWHHQNIGPFGP ADUEJPKVV XQP 
6ä17 O JKGNVGP UKEJ FKG HGPPGP OKV 24 � 
108 TKGTG CWH 602 Ow� FGWVNKEJ YGPKIGT J·WHKI 
CWH. DGT BGTGKEJ XQP 17ä54 O YWTFG XQP 31 � FGT HGPPGP 
138 TKGTG CWH 2144 Ow� TGEJV 
UVCTM CWHIGUWEJV, FC UKEJ JKGT FKG OGKUVGP SVTWMVWTKGTWPIGP 
BÒUEJG, IGUEJNGIGNVGU GTCU, ZCWP� 
DGHCPFGP. VGTPCEJN·UUKIDCT IGTKPI HKGN FKG NWV\WPI FGT PGDGP WPF JKPVGT FGO SVCNN NKGIGPFGP 
AWUNCWHHN·EJG CWU, UQ FCUU FKGUG BGTGKEJG PKEJV KP FKG BGTGEJPWPIGP GKPIKPIGP. DKG TKGTG HTG-
SWGPVKGTVGP KP FGP NCEJOKVVCIU- WPF ADGPFUVWPFGP 
CD 16 UJT� FGP AWUNCWH NGKEJV UV·TMGT CNU 
CO VQTOKVVCI 
11,2� XU. 9,4 ��, HNÒEJVGVGP YGPKIGT J·WHKI KP FGP SVCNN, XGTJKGNVGP UKEJ CNUQ 
ëDGTGKEJUVTGWGTé 
VCT.MQGHH.� 15 � XU. 29 �� WPF GPVHGTPVGP UKEJ YGKVGT XQO SVCNN 
17ä54 O� 
3,4 � XU. 2,8 ��. DCIGIGP DNKGD FGT APVGKN HGPPGP KO UVCNNPCJGP BGTGKEJ 
0ä2 O� Y·JTGPF 
FGU TCIGUXGTNCWHGU PCJG\W MQPUVCPV.

3�2 EZkrementinhaltsstoffe und �gewicht

DGT GTHCUUVG FTKUEJMQV CWH FGP PTQDGPCJOGHN·EJGP YKGU GKPG N·JTUVQHHMQP\GPVTCVKQP DG\QIGP 
CWH FKG TTQEMGPUWDUVCP\ 
OTKIKPCNUWDUVCP\� KO MKVVGN 34,5 � TS� XQP 48,6 MI�V N; 30,5 MI�
V P2O5 WPF 17,9 MI�V K2O CWH. ADYGKEJWPIGP \W SVCPFCTFYGTVGP GTICDGP UKEJ HÒVVGTWPIU-
DGFKPIV 
ÖMQ-FWVVGT� UQYKG FWTEJ UPVGTUEJKGFG KO ETHCUUWPIUQTV D\Y. LCIGTDGFKPIWPIGP 
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N-VGTNWUVG�. DCU GGYKEJV RTQ KQVJCWHGP DGVTWI KO MKVVGN 4,7 I 
U � 1,45; P � 505�, YQDGK 
MGKPG VGTINGKEJUYGTVG \WO HCWHGPIGYKEJV KP FGT LKVGTCVWT IGHWPFGP YGTFGP MQPPVGP.

3�3 Interaktion zwischen Auslaufnutzung und EZkrementmenge Dzw� �Xerteilung

EU KUV HGUV\WUVGNNGP, FCUU FKG AP\CJN HGPPGP RTQ Ow 
BGUCV\FKEJVG� UQYKG ä KP TGNCVKX IWVGT 
ÜDGTGKPUVKOOWPI ä FKG IGHWPFGPG KQVOGPIG RTQ Ow OKV \WPGJOGPFGT EPVHGTPWPI \WO SVCNN 
FGWVNKEJ CDPCJOGP 
XIN. ADD. 2�. LGKEJVG ÜDGT- D\Y. UPVGTUEJ·V\WPIGP KO VGTJ·NVPKU XQP 
TKGT\CJN \W IGHWPFGPGO KQV NCUUGP UKEJ OKV FGO WPVGTUEJKGFNKEJGP TKGTXGTJCNVGP KP FGP GPV-
URTGEJGPFGP BGTGKEJGP UQYKG FWTEJ MGUUWPIGPCWKIMGKVGP GTMN·TGP. EKPG BGGKPHNWUUWPI FGU 
TKGTXGTJCNVGPU FWTEJ FKG APYGUGPJGKV FGT RCUGPUEJWV\IKVVGT N·­V UKEJ CWU FGT INGKEJDNGKDGP-
FGP VGTVGKNWPI PKEJV CDNGKVGP 
XIN. ADD. 2; \. B. C1ä9 \W C�.

ADD. 2� AWUNCWHPWV\WPI 
AP\CJN HGPPGP�Ow� WPF KQVOGPIG 
I�Ow�J� KP XGTUEJKGFGPGP EPVHGTPWPIGP \WO 
SVCNN 

IO MKVVGN YWTFGP 12,4 I KQV RTQ HWJP WPF SVWPFG KO AWUNCWH IGHWPFGP. LCWV LKVGTCVWTCP-
ICDGP 
W. C. BESSEI, 1998� UEJGKFGP LGIGJGPPGP 160ä180 I KQV RTQ TCI D\Y. 7,1 I KQV RTQ 
SVWPFG 
KP 24 J� CWU. DKG DKHHGTGP\ \WO VGTUWEJUYGTV MCPP UKEJ CWU XGTUEJKGFGPGP FCMVQTGP 
GTIGDGP� ZWO GKPGP UVCOOGP FKG LKVGTCVWTUVCPFCTFYGTVG CWU FGT K·HKIJCNVWPI OKV IGTKPIGTGO 
FWVVGTDGFCTH 
\. B. 115 I FWVVGT�TCI � 160 I KQV�TCI� OKV MQPXGPVKQPGNNGP FWVVGTOKVVGNP 
ÌMQ-
NQI. FWVVGT� QHV JÌJGTG RQJHCUGTIGJCNVG ä  JÌJGTG KQVOGPIGP; PÖTTER, 2003�, \WO CPFGTGP KUV 
FKG VGTVGKNWPI FGT KQVCWUUEJGKFWPI ÒDGT 24 J PKEJV MNCT DG\KHHGTDCT D\Y. HKPYGKUG URTGEJGP 
XQP GKPGO PCEJVU FGWVNKEJ IGTKPIGTGP KQVCDUCV\.

AWH BCUKU FGT GTOKVVGNVGP 12,4 I KQV GTIGDGP UKEJ DGK 10 SVWPFGP AWUNCWHFCWGT�TCI WPF 
259 AWUNCWHVCIGP�JCJT XQP FGP KO MKVVGN GTHCUUVGP 442 HGPPGP 14,2 V KQV KO AWUNCWH. IO 
VGTJ·NVPKU \WO GGUCOVMQVCPHCNN FGT HGTFG, FGT DGK 4.500 HGPPGP WPF 365 TCIGP EC. 312 V 
DGVT·IV 
189,2 I KQV�HGPPG WPF TCI DGK GTOKVVGNVGP 136 I FWVVGT�TCI�, HKGNGP UQOKV TWPF 5 � 
FGU IGUCOVGP KQVGU KO AWUNCWH CP 
DGK AWUNCWHPWV\WPI XQP 10 � FGT HGTFG�. MEIERHANS GV CN. 

1996� HCPFGP DGK GKPGT HGTFGPITÌ­G XQP 400 HGPPGP WPF EC. 60 � AWUNCWHPWV\WPI GKPGP 
APVGKN XQP 20 � FGU KPUIGUCOV RTQ TCI CWUIGUEJKGFGPGP KQVGU KO AWUNCWH YKGFGT.
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3�4 Kalkulation des N·hrstoffanfalls auf der Auslauffl·che

AWUIGJGPF XQP FGT GTOKVVGNVGP MGPIG KQV RTQ Ow WPF SVWPFG GTIKDV UKEJ HÒT FGP UVCNNPCJGP 
BGTGKEJ 
DKU \W 17 O XQO SVCNN GPVHGTPV, EC. 5,4 � FGT IGUCOVGP AWUNCWHHN·EJG, XIN. TCDGNNG 1� 
GKP UGJT JQJGT N·JTUVQHHCPHCNN. IO UVCNNHGTPGP BGTGKEJ 
EC. 82,8 � FGT IGUCOVGP AWUNCWHHN·EJG� 
KUV FCIGIGP MCWO PQEJ OKV PGPPGPUYGTVGP N·JTUVQHHGKPVT·IGP FWTEJ FKG HGPPGP \W TGEJPGP. 
BGK INGKEJO·­KIGT VGTVGKNWPI FGT HGPPGP ÒDGT FKG IGUCOVG AWUNCWHHN·EJG WPF NWV\WPI FGU 
IGUCOVGP GTCUCWHYWEJUGU YÒTFGP UKEJ N·JTUVQHHOGPIGP KP \WN·UUKIGT DÒPIWPIUJÌJG GTIG-
DGP 
172 MI�JC N, XIN. TCDGNNG 1�. IP UPVGTUWEJWPIGP XQP \. B. ZORN GV CN. 
2004�, MEIERHANS

GV CN. 
1996�, MENKE WPF PAFFRATH 
1996� YWTFGP GDGPHCNNU JQJG N·JTUVQHHCPTGKEJGTWPIGP 
ÒDGTYKGIGPF KP UVCNNPCJGP D\Y. UVCTM IGPWV\VGP AWUNCWHDGTGKEJGP HGUVIGUVGNNV.

TCD. 1� KCNMWNCVKQP FGU N-APHCNNU KP XGTUEJKGFGPGP EPVHGTPWPIUCDUEJPKVVGP \WO SVCNN

Abschnitte
Abschnitts-
fläche (m²)

Abschnitts-
anteile (%)

Exkremente5

(g/m² * h)
N-Anfall5, 6

(kg/Abschnitt)
N-Anfall5, 6

(kg/ha)
Abschnitts-
fläche (ha)

0–2 m 131 0,7 % 12,01 68 2086 0,01

2–6 m 256 1,4 % 6,02 66 1043 0,03

6–17 m 602 3,3 % 2,23 58 382 0,06

17–54 m 2.144 11,8 % 1,34 121 225 0,2

54–260 m 15.067 82,8 % – 07 07 1,5

0–260 m8 18.200 100 % – 313 172 1,8
1  Geschätzt: doppelte Menge von 2–6 m, Probenahme Entfernung zum Stall: 2 2–3 m, 3 6– 7 m, 4 17–18 m 
5  442 Hennen im Auslauf (10 % der Herde), 6 Frischkot TS-Gehalt: 34,5 %, N-Gehalt 1,68 % abzgl. 60 %

gasförmige Verluste, N-Anfall auf Fläche ohne Berücksichtigung der natürlichen N-Deposition
7 Annahme: N-Eintrag durch Hennen sehr gering, N-Bedarf der Vegetation so hoch wie N-Eintrag 
8 Annahme: Auslaufmaß: 70m (Stallänge) x 260 m (Auslauftiefe) = 1,8 ha (4m²/Henne)

4 Schlussfolgerungen

BGK FGT FTGKNCPFJCNVWPI XQP LGIGJGPPGP MQOOV GU FWTEJ FKG WPINGKEJO·­KIG VGTVGKNWPI 
FGT HGPPGP CWH GKPGO MNGKPGP APVGKN FGT AWUNCWHHN·EJG 
KPUDGUQPFGTG KO UVCNNPCJGP BGTGKEJ� 
\W JQJGO EZMTGOGPV- D\Y. N·JTUVQHHCWHMQOOGP. EU JCPFGNV UKEJ FCDGK WO GKPG RWPMVWGNNG 
BGNCUVWPI; PKEJV WO GKPG HN·EJGPJCHVG BGNCUVWPI. DKGUG AWUUCIG YKTF CWEJ KP CPFGTGP UPVGT-
UWEJWPIGP DGUV·VKIV 
ZORN GV CN., 2004�.

IP FGT XQTNKGIGPFGP UPVGTUWEJWPI YÒTFG CWEJ DGK XGTDGUUGTVGT AWUNCWHIGUVCNVWPI 
SEJWV\- 
WPF SVTWMVWTGNGOGPVG� WPF MCPCIGOGPVXGTDGUUGTWPIGP FGT NCJDGTGKEJ CWHITWPF UGKPGT 
MGJTHCEJHWPMVKQP CNU EKP- W. AWUICPIUDGTGKEJ UQYKG HCWRVUEJWV\IGDGT KOOGT UVCTM HTGSWGP-
VKGTV DNGKDGP. AWUIGJGPF XQO RWPMVWGNNGP N·JTUVQHHCPHCNN Y·TGP MC­PCJOGP \WO SEJWV\ 
FGU BQFGPU KO UVCNNPCJGP BGTGKEJ 
XIN. ELBE GV CN., 2003� UKPPXQNN, CWUIGJGPF XQP FGT GGUCOV-
HN·EJG GTIKDV UKEJ PKEJV PQVYGPFKIGTYGKUG GKP HCPFNWPIUDGFCTH.
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Ermittlung der GeruchsDelastung und �Del·stigung im Umfeld Xon 
Schweinest·llen
+nXestigCtions into tJe odoWr impCct Cnd nWisCnce in tJe Xicinit[ of pig 
fCrms

EVA GALLMANN, EBERHARD HARTUNG, THOMAS JUNGBLUTH

IPUVKVWV HÒT AITCTVGEJPKM 
440�, UPKXGTUKV·V HQJGPJGKO, D-70593 SVWVVICTV

SchlÒsselwÌrter� Geruchsimmission, Geruchsemission, GeruchsDelastung, GeruchsDel·stigung
-e[Yords� 1doWr impCct� 1doWr 'mission� odoWr nWisCnce

<WsCmmenfCssWng 

Ziel des Forschungsvorhabens ist die systematische Ermittlung der Dosis-Wirkungsbeziehungen 
zwischen Geruchsbelastung und -belästigung durch landwirtschaftliche Gerüche. Der metho-
dische Ansatz beinhaltet eine Kombination aus Rasterbegehungen, Wind- und Emissions-
messungen sowie Ausbreitungsrechnungen zur Ermittlung der Geruchsbelastung sowie die 
Durchführung von Anwohnerbelästigungsbefragungen. In diesem Beitrag wird primär auf die 
Untersuchungen in Baden-Württemberg an vier Projektstandorten mit inhaltlichem Schwer-
punkt auf den Ergebnissen der Rasterbegehungen sowie Emissionsmessungen eingegangen.

In Abhängigkeit vom Projektstandort mit unterschiedlicher Dichte und Lage von für die 
Region typischen kleineren Tierhaltungen, ergab sich eine gleichmäßige Abstufung der 
Geruchsbelastung auf den verschiedenen Beurteilungsflächen von 0 � über 10 �, 20 �, 
30 �, �0 � bis rund �0 � der Jahresstunden mit Extremwerten bis zu �0 �. Die Stichpro-
benemissionsmessungen ergaben differenziert nach Sauenhaltung, Ferkelaufzucht und Mast-
schweine mit der Literatur vergleichbare mittlere Geruchsemissionsfaktoren. Die Streuung 
der Werte betrug mindestens das zweifache des Mittelwertes.

SWmmCr[ 

A systematic investigation of the relations between odour impact and odour nuisance here 
for the case of livestock husbandry is the overall aim of the study. To cover the problem a 
comprehensive approach combining field inspections, emission measurements, dispersion 
modelling and questioning of the residents has been chosen. This paper describes in more 
detail the results on the odour impact (field grid measurements) at four project sites with 
mainly pig husbandry which are typical for south Germany in the federal state of Baden-Würt-
temberg. Further more results of spot emission measurements are described. 

Depending on the density and location of here typically smaller stables the odour impact 
varied graduated between 0 � to 10 �, 20 �, 30 �, �0 � to �0 � of the hours of a year with 
in an extreme case �0 �. The spot emission measurements resulted differentiated for sows, 
piglets and fattener in odour emission factors comparable to literature. The values scattered 
of the scale of twofold the mean value.
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1 Einleitung und ProDlemstellung 

DKG ETOKVVNWPI WPF BGYGTVWPI XQP GGTWEJUKOOKUUKQPGP DGFKPIV FWTEJ NCPFYKTVUEJCHVNKEJG 
TKGTJCNVWPI HÒJTV KOOGT YKGFGT \W KQPHNKMVGP \YKUEJGP LCPFYKTVGP, BGJÌTFGP WPF APYQJ-
PGTP. DCDGK URKGNGP WPVGTUEJKGFNKEJG EKPUEJ·V\WPIGP FGT ETJGDNKEJMGKV QFGT FGU BGN·UVK-
IWPIURQVGPVKCNU D\Y. FGT ZWOWVDCTMGKV QFGT OTVUÒDNKEJMGKV NCPFYKTVUEJCHVNKEJGT GGTÒEJG 
GKPG RQNNG. IO ZWIG FGUUGP YKTF FKUMWVKGTV, KPYKGYGKV XQTJCPFGPG RGIGNYGTMG FGP URG\KGNNGP 
GGIGDGPJGKVGP KP FGT LCPFYKTVUEJCHV IGTGEJV YGTFGP QFGT QD FKGUG WPVGT UOUV·PFGP GPVURTG-
EJGPF OQFKHK\KGTV YGTFGP UQNNVGP. 

2 Zielsetzung

ZKGN FGU FQTUEJWPIUXQTJCDGPU KUV FGUJCND FKG U[UVGOCVKUEJG ETOKVVNWPI FGT GGTWEJUDGNCUVWPI 
WPF -DGN·UVKIWPI 
DQUKU-WKTMWPIUDG\KGJWPIGP� FWTEJ NCPFYKTVUEJCHVNKEJG GGTÒEJG. IO RCJ-
OGP GKPGU VGTDWPFRTQLGMVGU FGT L·PFGT BCFGP-WÒTVVGODGTI, MGEMNGPDWTI-VQTRQOOGTP, 
NKGFGTUCEJUGP, SCEJUGP WPF NQTFTJGKP-WGUVHCNGP YGTFGP FKG WPVGTUEJKGFNKEJGP TKGTCTVGP 
RKPF, SEJYGKP WPF GGHNÒIGN DGVTCEJVGV WPF TGIKQPCNG BGUQPFGTJGKVGP QFGT UPVGTUEJKGFG 
DGTÒEMUKEJVKIV =1?. IP FKGUGO BGKVTCI YKTF RTKO·T CWH FKG UPVGTUWEJWPIGP KP BCFGP-WÒTVVGO-
DGTI OKV KPJCNVNKEJGO SEJYGTRWPMV CWH FGT GGTWEJUDGNCUVWPI GKPIGICPIGP, FKG \WP·EJUV 
FKG URG\KGNNGP BGFKPIWPIGP KP FGT DCFGP-YÒTVVGODGTIKUEJGP SEJYGKPGRTQFWMVKQP CDDKNFGP 
UQNNGP.

3 Vorgehensweise

FÒT FKG UPVGTUWEJWPIGP KP BCFGP-WÒTVVGODGTI YWTFGP XKGT OTVUEJCHVGP CWUIGUWEJV, OKV 
WPVGTUEJKGFNKEJGT N·JG WPF AP\CJN XQP XQTPGJONKEJ SEJYGKPGJCNVWPIGP \WT APYQJPGT-
UEJCHV. TCDGNNG 1 WPF TCDGNNG 2 HCUUGP FKG YKEJVKIUVGP GGIGDGPJGKVGP CP FGP CWUIGY·JNVGP 
PTQLGMVUVCPFQTVGP \WUCOOGP.

TCD. 1� KWT\DGUEJTGKDWPI FGT GGIGDGPJGKVGP KP FGP RGIKQPGP D\Y. KTGKUGP, KP FGPGP FKG XKGT PTQLGMVUVCPF-
QTVG CPIGUKGFGNV UKPF
Short description of the given facts in the regions where the four project sites are located

Region/Kreis
Projektstandort

Hohenlohekreis
Nr. 1 und Nr. 2

Ostalbkreis
Nr. 3

Enzkreis
Nr. 4

Jahresmitteltemperatur [°C] 7,8 7,4 8,6

Anzahl von Betrieben mit 
Schweinehaltung (2001) 

1721 1002 128

Durchschnittliche Anzahl von 
Tieren pro Betrieb mit Schweine-
haltung (2001)

276 Schweine
66 Sauen

80 Mastschweine

130 Schweine
62 Sauen

33 Mastschweine

61 Schweine
24 Sauen

43 Mastschweine

Quellen: Statistisches Landesamt und Ämter für Landwirtschaft (2003)
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IO LCPFGUFWTEJUEJPKVV BCFGP-WÒTVVGODGTI YWTFGP KO JCJTG 2001 RTQ BGVTKGD 121 SEJYGKPG 
D\Y. 50 SCWGP QFGT 47 MCUVUEJYGKPG IGJCNVGP. DKG RGIKQPGP HQJGPNQJG WPF OUVCND IGNVGP 
CNU V[RKUEJG VGTGFGNWPIUTGIKQPGP KP BCFGP-WÒTVVGODGTI. DKG RGIKQP EP\MTGKU JKPIGIGP KUV 
FWTEJ GKPGP UVCTMGP RÒEMICPI FGT LCPFYKTVUEJCHV D\Y. GKPGT AWUYGKVWPI XQP UV·FVKUEJGT 
SVTWMVWTGP UQYKG IPFWUVTKG WPF GGYGTDG IGRT·IV. 

TCD. 2� KWT\DGUEJTGKDWPI FGT GGIGDGPJGKVGP KP FGP OTVUEJCHVGP WPF CP FGP LGYGKNU CWUIGY·JNVGP UPVGT-
UWEJWPIUDGVTKGDGP FGT XKGT PTQLGMVUVCPFQTVG 
Short description of the given facts at the four project sites and selected pig farms 

Projektstandort
Nr. 1

Hohenlohe
Nr. 2

Hohenlohe
Nr. 3

Ostalb
Nr. 4

Enzkreis

Anzahl tierhaltende 
Betriebe ca. 

12 9 8 2

Anzahl Stall-
gebäude ca. 

10 9 35 2

Anzahl Tiere im 
Ort ca.

320 Sauen
1100 Mastschweine

18000 Puten
40 Rinder
75 Schafe
10 Pferde

440 Sauen
320 Mastschweine

20 Rinder
6 Pferde

700 Sauen
1100 Ferkel

300 
Mastschweine
180 Rinder

500 
Mastschweine
100 Rinder

Anzahl Einwohner 
ca. Gesamt:
Beurteilungsgebiet:

1000
400

2500
400

600
400

8500
400

Tierbestand des 
ausgewählten 
Untersuchungs-
betriebes ca.

140 Sauen & 
Ferkelaufzucht

120 Sauen & 
Ferkelaufzucht

200 Sauen & 
Ferkelaufzucht

500 
Mastschweine

Quellen: Ämter für Landwirtschaft, Angaben der Landwirte, eigene Erhebungen, Landratsämter

AP LGFGO PTQLGMVUVCPFQTV YKTF HQNIGPFGU UPVGTUWEJWPIURTQITCOO FWTEJIGHÒJTV, WO FGP 
DQUKU-WKTMWPIUDG\KGJWPIGP \YKUEJGP GGTWEJUDGNCUVWPI WPF -DGN·UVKIWPI U[UVGOCVKUEJ 
PCEJIGJGP \W MÌPPGP�

FÒT FKG ETOKVVNWPI FGT GGTWEJUDGNCUVWPI�
 î MKPFGUVGPU 104 RCUVGTDGIGJWPIGP ÒDGT OKPF. 12 MQPCVG PCEJ VDI 3940 =2? D\Y. 

GGTWEJUKOOKUUKQPUTKEJVNKPKG 
GIRL� =3? \WT ETHCUUWPI FGT GGTWEJUJ·WHKIMGKV OKV BGWT-
VGKNWPI FGT GGTWEJUKPVGPUKV·V WPF HGFQPKM FGT GTMCPPVGP NCPFYKTVUEJCHVNKEJGP GGTÒ-
EJG. DKG XGTUEJKGFGPGP GGTWEJUCTVGP 
\. B. TKGTCTV, SKNCIG QFGT FNÒUUKIOKUV� YGTFGP 
FKHHGTGP\KGTV GTHCUUV. 

 î FÒPH SVKEJRTQDGPOGUUWPIGP FGT GGTWEJUGOKUUKQPGP ÒDGT FCU JCJT XGTVGKNV CP LG GKPGO 
CWUIGY·JNVGP UPVGTUWEJWPIUDGVTKGD RTQ OTVUEJCHV 
XIN. TCD. 2�.

 î KQPVKPWKGTNKEJG WKPFOGUUWPIGP ÒDGT FGP IGUCOVGP MGUU\GKVTCWO \WT ETUVGNNWPI GKPGT 
UVCPFQTVURG\KHKUEJGP WKPFTKEJVWPIU- WPF -IGUEJYKPFKIMGKVUXGTVGKNWPI.

 î AWUDTGKVWPIUTGEJPWPIGP.
FÒT FKG ETOKVVNWPI FGT GGTWEJUDGN·UVKIWPI�
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 î DWTEJHÒJTWPI XQP APYQJPGT-BGN·UVKIWPIUDGHTCIWPIGP 
RGTUÌPNKEJG IPVGTXKGYU� KP 
APNGJPWPI CP VDI 3883 =4? KP FGP GTOKVVGNVGP WPVGTUEJKGFNKEJGP BGNCUVWPIU\QPGP.

DKG PTQLGMVVGKNG AWUDTGKVWPIUTGEJPWPIGP UQYKG BGN·UVKIWPIUDGHTCIWPIGP DGHKPFGP UKEJ DKU 
FTÒJUQOOGT 2005 KP BGCTDGKVWPI. DKG RCUVGTDGIGJWPIGP, EOKUUKQPU- WPF WKPFOGUUWPIGP 
YWTFGP KO OMVQDGT 2004 CDIGUEJNQUUGP, FKG GGIGPUVCPF FGT HQNIGPFGP DCTUVGNNWPI CWU-
IGY·JNVGT ETIGDPKUUG UGKP YGTFGP. DKG CDUEJNKG­GPFGP ETIGDPKUUG \W FGP DQUKU-WKTMWPIU-
DG\KGJWPIGP \YKUEJGP GGTWEJUDGNCUVWPI WPF -DGN·UVKIWPI YGTFGP KO SQOOGT 2005 \WT 
VGTHÒIWPI UVGJGP.

4 ErgeDnisse

4�1 RasterDegehungen

AP CNNGP PTQLGMVUVCPFQTVGP YCT FKG GGTWEJUCTV ëSEJYGKPé FQOKPKGTGPF WPVGT FGP TKGTJCN-
VWPIUIGTÒEJGP D\Y. NCPFYKTVUEJCHVNKEJGP GGTÒEJGP OKV GKPGO APVGKN XQP KP FGT RGIGN 60 � 
DKU 100 � CWH FGP XGTUEJKGFGPGP BGWTVGKNWPIUHN·EJGP. DKG VGTVGKNWPI FGT GGTWEJUDGNCUVWPI 
KP � FGT JCJTGUUVWPFGP CWH FKG BGWTVGKNWPIUHN·EJGP CP FGP LGYGKNKIGP PTQLGMVUVCPFQTVGP 
OKV SMK\\KGTWPI FGT LCIG XQP TKGTJCNVWPIGP WPF FGT WKPFTKEJVWPIUXGTVGKNWPI \GKIV HÒT FKG 
GGTWEJUCTV ëSEJYGKPé ADDKNFWPI 1. 
DKG ADITGP\DCTMGKV \W WPF FKG SVÌTGKPHNÒUUG XQP GGTÒEJGP CWU CPFGTGP 3WGNNGP 
\. B. 
W·UEJGTGK, MQUVGTGK, FCTDOWUVGTMCTVGPJGTUVGNNGT,� UQYKG XQP FGT FNÒUUKIOKUVCWUDTKPIWPI 
YCTGP OKV GKPGT GGTWEJUDGNCUVWPI XQP OCZKOCNGP 7 � CWH GKP\GNPGP BGWTVGKNWPIUHN·EJGP 
UGJT IGTKPI.

AP FGP PTQLGMVUVCPFQTVGP NT. 1 WPF NT. 2 \GKEJPGV UKEJ GKPG IWVG ADUVWHWPI FGT GGTWEJU-
DGNCUVWPI ÒDGT FKG BGWTVGKNWPIUHN·EJGP HÒT FKG GGTWEJUCTV ëSEJYGKPé XQP 0 � DKU 35 � D\Y. 
42 � UQYKG \WUCOOGPIGHCUUV HÒT CNNG GGTÒEJG CWU FGT TKGTJCNVWPI D\Y. LCPFYKTVUEJCHV XQP 
0 � DKU 39 � D\Y. 46 � FGT JCJTGUUVWPFGP CD. AWHITWPF FGT JQJGP DKEJVG XQP VKGTJCNVGPFGP 
BGVTKGDGP CO PTQLGMVUVCPFQTV NT. 3 
OUVCND� YWTFGP MGKPG BGWTVGKNWPIUHN·EJGP OKV IGTKPIGP 
GGTWEJUJ·WHKIMGKVGP GTOKVVGNV. EU NKGIV GKPG ADUVWHWPI FGT GGTWEJUDGNCUVWPI HÒT FKG GGTWEJU-
CTV ëSEJYGKPé XQP 17 � DKU 70 � UQYKG \WUCOOGPIGHCUUV HÒT CNNG GGTÒEJG CWU FGT TKGTJCN-
VWPI D\Y. LCPFYKTVUEJCHV XQP 21 � DKU 81 � FGT JCJTGUUVWPFGP XQT. DKG ETIGDPKUUG GPVURTG-
EJGP FGP ETYCTVWPIGP CP FKGUGP PTQLGMVUVCPFQTV, FGT DGYWUUV KP FCU PTQLGMV CWHIGPQOOGP 
YWTFG, WO DCVGP \WT BGN·UVKIWPIUTGCMVKQP CWEJ CWU GKPGO JQEJ DGNCUVGVGP GGDKGV, LGFQEJ 
OKV V[RKUEJ FÌTHNKEJGT SVTWMVWT \W GTJCNVGP. FÒT FGP PTQLGMVUVCPFQTV NT. 4 
EP\MTGKU� OKV GKPGT 
GJGT UV·FVKUEJ IGRT·IVGP WQJPUVTWMVWT WPF YGPKI LCPFYKTVUEJCHV JKPIGIGP \GKIV UKEJ YKG 
XGTOWVGV GKPG IGTKPIGTG GGTWEJUDGNCUVWPI. FÒT FKG GGTWEJUCTV ëSEJYGKPé UQYKG HÒT FKG TKGT-
JCNVWPI D\Y. LCPFYKTVUEJCHV KPUIGUCOV \GKIV UKEJ \YCT GKPG ADUVWHWPI FGT GGTWEJUDGNCUVWPI 
XQP 0 � DKU 41 � FGT JCJTGUUVWPFGP, LGFQEJ ÒDGTYKGIV FGT APVGKN FGT BGWTVGKNWPIUHN·EJGP OKV 
WGTVGP MNGKPGT 15 � FGWVNKEJ. 

BGK FGT BGWTVGKNWPI FGT IPVGPUKV·V UQYKG HGFQPKM FGT SEJYGKPGIGTÒEJG FWTEJ FKG PTQDCP-
FGP DGUVCPFGP IGTKPIG UPVGTUEJKGFG KP ADJ·PIKIMGKV XQP FGO LGYGKNKIGP PTQLGMVUVCPFQTV. 
MGJTJGKVNKEJ OKV \WUCOOGPIGHCUUV HÒT CNNG SVCPFQTVG XQP GVYC 70 � DKU 80 � FGT BGWTVGK-
NWPIGP 
P � 1115� YWTFG FGT FWTEJUEJPKVVNKEJG EKPFTWEM ëSEJYGKPé OKV UGJT UEJYCEJ DKU 
UEJYCEJ UQYKG PGWVTCN DKU NGKEJV WPCPIGPGJO DGUEJTKGDGP. DKG UVCTMGP IPVGPUKV·VUUVWHGP D\Y. 
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OGJT WPCPIGPGJOGP HGFQPKMUVWHGP YWTFGP PWT HÒT 20 � DKU 30 � FGT GGTWEJUGTGKIPKUUG 
IGPCPPV. 

ADD. 1� GGTWEJUDGNCUVWPI ëSEJYGKPé KP � FGT JCJTGUUVWPFGP CP FGP XKGT PTQLGMVUVCPFQTVGP PCEJ 117 BGIG-
JWPIGP KO MGUU\GKVTCWO 16.05.03-14.09.04 
NT. 1 WPF NT. 2� D\Y. 106�108 BGIGJWPIGP KO MGUU\GKVTCWO 
08.08.03ä26.10.04 
NT. 3 WPF NT. 4� 
Pig odour impact expressed as � of the hours of a year at the four project sites after 11� measurements in 
the period of time 1�.0�.03-1�.0�.0� (no. 1 and no. 2) respectively 10�/10� measurements in the period of 
time 0�.0�.03-2�.10.0� (no. 3 and no. �)

4�2 Emissionsmessungen

AP LG GKPGO TCI KPPGTJCND GKPGU \YGKYÌEJKIGP ZGKVTCWOGU EPFG JCPWCT�APHCPI FGDTWCT, 
MKVVG�EPFG M·T\, EPFG MCK�APHCPI JWPK, EPFG JWNK UQYKG APHCPI OMVQDGT 2004 YWTFGP EOKU-
UKQPUOGUUWPIGP CP LG GKPGO CWUIGY·JNVGP UPVGTUWEJWPIUDGVTKGD 
 OGKUV DGUVGJGPF CWU OGJ-
TGTGP CDIGUEJNQUUGPGP SV·NNGP� RTQ PTQLGMVUVCPFQTV CNU MWT\\GKVKIG SVKEJRTQDGPOGUUWPIGP KO 
SKPPG XQP MQOGPVCWHPCJOGP FWTEJIGHÒJTV. ADDKNFWPI 2 HCUUV FKG ETIGDPKUUG \WUCOOGP. 

DKG SVKEJRTQDGPOGUUWPIGP GTIGDGP HÒT FKG SCWGPJCNVWPI GKPGP IGTKPIGP OKVVNGTGP 
GGTWEJUGOKUUKQPUHCMVQT XQP 31 GE Uä1 GVä1, IGHQNIV XQP FGT MCUVUEJYGKPGJCNVWPI OKV KO 
MKVVGN 58 GE Uä1 GVä1 WPF FGT FGTMGNCWH\WEJV OKV GKPGO FGWVNKEJ JÌJGTGP MKVVGNYGTV XQP 
117 GE Uä1 GVä1. DCDGK DGVT·IV FKG SVTGWWPI FGT WGTVG OKPFGUVGPU FCU \YGKHCEJG FGU MKV-
VGNYGTVGU. ODYQJN FKG DCVGPDCUKU FGT SVKEJRTQDGPOGUUWPIGP TGEJV IGTKPI KUV, FGEMGP UKEJ 
FKG GKIGPGP ETIGDPKUUG IWV OKV FGP APICDGP \W OKVVNGTGP GGTWEJUGOKUUKQPHCMVQTGP CWU FGT 
LKVGTCVWT 
SCWGPJCNVWPI 19 DKU 22 GE Uä1 GVä1; FGTMGNCWH\WEJV 75 GE Uä1 GVä1; MCUVUEJYGKPG 
50 GE Uä1 GVä1� =5; 6?.
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ADD. 2� GGTWEJUGOKUUKQPUHCMVQTGP, FKG CPJCPF OGJTOCNKIGT 
KO NQTOCNHCNN HÒPH� SVKEJRTQDGPOGUUWPIGP CP 
XKGT UPVGTUWEJWPIUDGVTKGDGP OKV XGTUEJKGFGPGP SVCNNVGKNGP GTOKVVGNV YWTFGP
Odour emission factors resulting from several (in a normal case five) spot measurements at four pig farms 
consisting of several small stables

5 Fazit und AusDlick

DGT OGVJQFKUEJG APUCV\ GTOÌINKEJV FKG U[UVGOCVKUEJG UPVGTUWEJWPI FGT DQUKU-WKTMWPIU-
\WUCOOGPJ·PIG \YKUEJGP GGTWEJUDGNCUVWPI WPF -DGN·UVKIWPI FWTEJ NCPFYKTVUEJCHVNKEJG 
GGTÒEJG. APJCPF FKGUGT HWPFKGTVG DCVGPDCUKU MÌPPGP FKG MÌINKEJMGKVGP WPF GTGP\GP 
XGTUEJKGFGPGT MGVJQFGP \WT IOOKUUKQPUDGWTVGKNWPI GTÌTVGTV WPF WPVGT BGTÒEMUKEJVKIWPI FGT 
VGTHÒIDCTMGKV UQYKG AWUUCIGMTCHV PQVYGPFKIGT EKPICPIUFCVGP HÒT FKG GGPGJOKIWPIURTCZKU 
DGWTVGKNV YGTFGP.

6 Literatur

=1?  BOTH R. 
2004�� PTQLGMVUMK\\G� GGTWEJUDGWTVGKNWPI KP FGT LCPFYKTVUEJCHV. LCPFVGEJPKM 59 
3�, 
S. 164ä165.

=2?  VDI RKEJVNKPKG 3940 
1993�� BGUVKOOWPI FGT GGTWEJUUVQHHKOOKUUKQP FWTEJ BGIGJWPIGP. 

HTUI.� BGWVJ VGTNCI GODH, BGTNKP.

=3?  GIRL 
GGTWEJUKOOKUUKQPU-RKEJVNKPKG� 
1998�� FGUVUVGNNWPI WPF BGWTVGKNWPI XQP GGTWEJUKOOKU-
UKQPGP 
GGTWEJUKOOKUUKQPU-RKEJVNKPKG KP FGT FCUUWPI XQO 13. MCK 1998 OKV BGITÒPFWPI WPF 
AWUNGIWPIUJKPYGKUGP KP FGT FCUUWPI XQO 07. MCK 1999.

=4?  VDI RKEJVNKPKG 3883 BNCVV 1 
1997�� WKTMWPI WPF BGYGTVWPI XQP GGTÒEJGP. PU[EJQOGVTKUEJG 
ETHCUUWPI FGT GGTWEJUDGN·UVKIWPI. FTCIGDQIGPVGEJPKM. 
HTUI.� BGWVJ VGTNCI GODH, BGTNKP.

=5?  MARTINEC, M.; HCTVWPI, E.; JUNGBLUTH, T. 
1998�� DCVGP \WT GGTWEJUGOKUUKQP CWU FGT TKGT-
JCNVWPI. KTBL-ATDGKVURCRKGT 260, DCTOUVCFV. 

=6?  UBA 
2002�� BGUVG XGTHÒIDCTG TGEJPKM KP FGT IPVGPUKXVKGTJCNVWPI 
SEJYGKPG- WPF GGHNÒIGN-
JCNVWPI�. UBA-TGZVG 75�02, FQTUEJWPIUDGTKEJV 360 08 001, UOYGNVDWPFGUCOV BGTNKP, ISSN 
0722-186X.



UMWELT � RESTSTOFFE

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 265

Stand der Verfahrenstechnik und Kosten der ADluftreinigung in der 
Nutztierhaltung
StCte�of�tJe�Crt of YCste Cir pWrificCtion s[stems for CppNicCtion in 
CnimCN JWsDCndr[

EWALD GRIMM1, FELI: SCHIER2, WOLFGANG BªSCHER2, EBERHARD HARTUNG3

1 KWTCVQTKWO HÒT TGEJPKM WPF BCWYGUGP KP FGT LCPFYKTVUEJCHV G. V. 
KTBL�, D-64289 DCTOUVCFV

2 RJGKPKUEJG FTKGFTKEJ-WKNJGNOU-UPKXGTUKV·V BQPP, IPUVKVWV HÒT LCPFVGEJPKM, NW­CNNGG 5, D-53115 BQPP 

3 UPKXGTUKV·V HQJGPJGKO, IPUVKVWV HÒT AITCTVGEJPKM, GCTDGPUVT. 9, D-70599 SVWVVICTV

SchlÒsselwÌrter� ADluftreinigung, Stand der Technik, Kosten 
-e[Yords� 9Cste Cir pWrificCtion s[stems� stCte�of�tJe�Crt� costs

<WsCmmenfCssWng

Abluftreinigungsanlagen gehören nicht zum Stand der Technik der emissionsarmen Tierhal-
tung. Sie werden eingesetzt, um schädliche Umweltwirkungen zu verhindern, wenn Mindest-
abstände zu Wohnhäusern oder zum Wald nicht eingehalten werden und alle Maßnahmen 
zur Emissionsminderung ausgeschöpft sind. 

Es stehen verschiedene Verfahren zur Verfügung, die sich insbesondere im Hinblick auf 
das Reinigungsprinzip, den Einsatzbereich, das Reinigungsziel (Geruch, Ammoniak, Staub) 
und den Wirkungsgrad sowie die Kosten unterscheiden.

SWmmCr[

Waste air purification systems are not state-of-the-art of low-emission animal husbandries. 
They are applied in order to prevent harmful environmental effects, if set-back distances 
towards residential houses or forests are not kept and all measures to reduce emissions have 
been taken. Systems available differ with respect to the purification principle, the range of 
use, the cleaning objective (odour, ammonia, dust), the cleaning efficiency and the costs.
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1 Einleitung

DCU RGKPKIGP FGT SVCNNCDNWHV KUV CWHY·PFKI WPF VGWGT. IP FGT SEJYGKPGOCUV KUV OKV \WU·V\NKEJGP 
BCWMQUVGP KP HÌJG XQP 60 € HÒT FGP MCUVRNCV\ \W TGEJPGP. DCJGT YGTFGP ADNWHVTGKPKIWPIUCPNC-
IGP KP FGT RGIGN PWT FCPP GKPIGUGV\V, YGPP GKP VQTJCDGP UQPUV PKEJV IGPGJOKIWPIUH·JKI Y·TG. 

H·WHKI KUV FKG GKP\KIG ANVGTPCVKXG \WT ADNWHVTGKPKIWPI FGP PGWGP SVCNN CP GKPGO CPFGTGP 
SVCPFQTV \W DCWGP. DKG KQUVGP FGT SVCPFQTVGTUEJNKG­WPI MÌPPGP LGFQEJ FKG KQUVGP HÒT GKPG 
ADNWHVTGKPKIWPI CO CNVGP SVCPFQTV DGK YGKVGO ÒDGTUEJTGKVGP. ZWFGO UKPF XKGNGTQTVU GPVYKEM-
NWPIUH·JKIG SVCPFQTVG KO AW­GPDGTGKEJ MPCRR QFGT PKEJV OGJT XQTJCPFGP.

IP GKPKIGP XKGJFKEJVGP RGIKQPGP NKGFGTUCEJUGPU, KP FGPGP FKG BGVTKGDG UVCTM YCEJUGP, 
KUV FKG ADNWHVTGKPKIWPI KP\YKUEJGP QHV FCU GKP\KIG MKVVGN, WO XQTJCPFGPG BGVTKGDUUVCPFQTVG 
YGKVGT \W GPVYKEMGNP WPF FKG PTQFWMVKQP \W GTJÌJGP. 

IO RCJOGP GKPGU KTBL-PTQLGMVGU YWTFGP PNCPWPIUFCVGP FGT FGT\GKV CWH FGO MCTMV CPIG-
DQVGPGP APNCIGPV[RGP IGUCOOGNV WPF XGTINKEJGP UQYKG KQUVGP CDIGUEJ·V\V.

2 VerfÒgDare ADluftreinigungsXerfahren und EinsatzDereiche

IP FGT ÜDGTUKEJV TCDGNNG 1 UKPF FKG YKEJVKIUVGP CWH FGO MCTMV XGTHÒIDCTGP ADNWHVTGKPKIWPIU-
XGTHCJTGP \WUCOOGPIGUVGNNV =HAHNE GV CN., 2002?. 

DKG AWUYCJN FGU RGKPKIWPIUXGTHCJTGPU TKEJVGV UKEJ XQT CNNGO FCPCEJ, YGNEJG EOKUUKQPGP 
IGOKPFGTV YGTFGP UQNNGP WPF YGNEJG RGKPKIWPIUNGKUVWPI GTHQTFGTNKEJ KUV. IP LGFGO FCNN KUV \W 
RTÒHGP, QD CNNG UVCNNKPVGTPGP MÌINKEJMGKVGP CWUIGTGK\V UKPF, FKG EOKUUKQPGP \. B. FWTEJ ORVK-
OKGTWPI FGT FÒVVGTWPI WPF FGT SVCNNMNKOCVKUKGTWPI, \W OKPFGTP.

TCD. 1� ÜDGTUKEJV� VGTHÒIDCTG ADNWHVTGKPKIWPIUXGTHCJTGP
Available waste air purification systems

Chemischer 
Wäscher

Rieselbettreaktor 
(Biowäscher)

Biofilter
Kombinationsver-
fahren (3-stufig)

Reinigungsleistung

– Geruch – ++ ++ ++

– Ammoniak ++ + – ++

– Staub + + + ++

Einsatzbereich 
(Haltungsverfahren)

Schweine 
(Flüssigmist), 
Mastgeflügel 

(Bodenhaltung)

Schweine 
(Flüssigmist)

Schweine 
(Flüssigmist)

Schweine, Geflügel 
(Fest- oder 
Flüssigmist)

Reinigungsleistungen bei ordnungsgemäßer Auslegung und Betrieb: – ungeeignet, + mindestens 70 %, 
++ mindestens 90 % (Geruch: kein Stallgeruch in der Reinluft wahrnehmbar bzw. Reingaskonzentration 
< 300 GE/m3))

GTWPFU·V\NKEJ MÌPPGP CNNG VGTHCJTGP PWT DGK \YCPIUIGNÒHVGVGP SV·NNGP GKPIGUGV\V YGTFGP, 
YGKN FKG ADNWHV CWU FGP SV·NNGP IGUCOOGNV WPF FWTEJ FKG RGKPKIWPIUCPNCIG IGNGKVGV YGTFGP 
OWUU. HCNVWPIUXGTHCJTGP OKV HTGKGT LÒHVWPI, \. B. KKUVGPUV·NNG, NCUUGP UKEJ PKEJV OKV GKPGO 
ADNWHVHKNVGT CWUTÒUVGP. HCWRVCPYGPFWPIUDGTGKEJ KUV FCJGT FKG SEJYGKPG- WPF GGHNÒIGNJCN-
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VWPI. IP FGT RKPFGTJCNVWPI URKGNV UKG MGKPG RQNNG, FC JKGT ÒDGTYKGIGPF HTGK IGNÒHVGVG LCWHUV·NNG 
DGVTKGDGP YGTFGP WPF FCU BGN·UVKIWPIURQVGP\KCN FGT ADNWHV KO VGTINGKEJ \WT SEJYGKPG- WPF 
GGHNÒIGNJCNVWPI IGTKPI KUV. 

DCTÒDGT JKPCWU KUV \W DGCEJVGP, FCUU \YCT CNNG ADNWHVTGKPKIWPIUXGTHCJTGP KP FGT SEJYGKPG-
JCNVWPI, LGFQEJ PWT \YGK T[RGP KP FGT GGHNÒIGNJCNVWPI GKPIGUGV\V YGTFGP MÌPPGP, FC PWT FKG-
UG OKV FGT JQJGP SVCWD- WPF�QFGT FGFGTPHTCEJV KP FGT ADNWHV \WTGEJV MQOOGP. NWT FTGKUVWHKIG 
KQODKPCVKQPUXGTHCJTGP MÌPPGP DGK CNNGP HCNVWPIUXGTHCJTGP OKV FGUV- QFGT FNÒUUKIGPVOKUVWPI 
DGVTKGDGP YGTFGP 
XIN. ÜDGTUKEJV 1�.

3 Reinigungsleistungen

DKG JÌEJUVG RGKPKIWPIUNGKUVWPI DGKO GGTWEJ DKGVGP RKGUGNDGVVTGCMVQTGP, BKQHKNVGT WPF KQO-
DKPCVKQPUXGTHCJTGP 
ÜDGTUKEJV TCD. 1�. BKQHKNVGT OÒUUGP \W FKGUGO ZYGEM KOOGT CWUTGKEJGPF 
HGWEJV IGJCNVGP YGTFGP 
RQJICUDGHGWEJVWPI   95 � TGN. LWHVHGWEJVG, MCVGTKCNHGWEJVG   40 
��. CJGOKUEJG W·UEJGT UKPF \WT GGTWEJUOKPFGTWPI PKEJV \W GORHGJNGP, FC UKG KO VGTINGKEJ 
\W FGP CPFGTGP VGTHCJTGP GKPGP IGTKPIGP WKTMWPIUITCF CWHYGKUGP WPF UKEJ FWTEJ FGP S·W-
TG\WUCV\ FKG ATV FGU GGTWEJGU ·PFGTP MCPP =HAHNE, 2003?. 

EKPG FCWGTJCHV JQJG AOOQPKCMCDUEJGKFWPI UGV\V KP LGFGO FCNN FGP ZWUCV\ XQP S·WTG 
KO WCUEJYCUUGT WPF GKPG RH-RGIGNWPI XQTCWU 
RH � 5�. HKGTHÒT UKPF EJGOKUEJG W·UEJGT 
WPF FKG \YGKVG SVWHG FGT KQODKPCVKQPUXGTHCJTGP URG\KGNN CWUIGNGIV. BKQHKNVGT UKPF \WT AOOQ-
PKCMOKPFGTWPI ITWPFU·V\NKEJ WPIGGKIPGV. JG PCEJ MKNKGWDGFKPIWPI 
HGWEJV, VTQEMGP� YKTF 
AOOQPKCM KO FKNVGTOCVGTKCN WPF SWORHYCUUGT CMMWOWNKGTV, FWTEJIGNCUUGP QFGT CWEJ YKGFGT 
HTGKIGUGV\V. DCU CMMWOWNKGTVG AOOQPKCM YKTF \WO TGKN PKVTKHK\KGTV, UQ FCUU UKEJ NKVTCV WPF 
NKVTKV CPTGKEJGTP, FKG FGP DKQNQIKUEJGP GGTWEJUCDDCW JGOOGP. ZW CPFGTGP TGKNGP YKTF GU 
CNU SVKEMQZKF WPF LCEJICU YKGFGT HTGKIGUGV\V. AW­GTFGO YKTF FGT RH-WGTV KO FKNVGTOCVGTKCN 
WPF KO SWORHYCUUGT UVCTM CDIGUGPMV =HAHNE, 2003; HÜGLE WPF MANNEBECK, 1993?.

ANNG S[UVGOG UEJGKFGP SVCWD CD. DKG ADUEJGKFWPI KUV LGFQEJ WOUQ DGUUGT, LG ITÌ­GT FKG 
FÒNNMÌTRGTMQNQPPG KUV D\Y. LG OGJT RGKPKIWPIUUVWHGP JKPVGTGKPCPFGT IGUEJCNVGV UKPF 
\. B. 
3-UVWHKIG KQODKPCVKQPUXGTHCJTGP�. BKQHKNVGT OÒUUGP CWUTGKEJGPF HGWEJV IGJCNVGP YGTFGP, 
CPUQPUVGP MÌPPGP UKG CNU PCTVKMGNSWGNNG YKTMGP =HAHNE, 2003?. UO FGP AWUVTCI XQP WCUEJ-
YCUUGTVTÌRHEJGP KP FKG UOYGNV \W XGTOGKFGP, OÒUUGP W·UEJGT CO AWUNCUU OKV GKPGO TTQR-
HGPCDUEJGKFGT CWUIGUVCVVGV UGKP. 

MKV FGO SVCWD YGTFGP CWEJ FGUUGP DKQNQIKUEJG KQORQPGPVGP CDIGUEJKGFGP. ANNGTFKPIU 
MÌPPGP UKEJ ä DGFKPIV FWTEJ FKG EKIGPDKQNQIKG KPUDGUQPFGTG FGT DKQNQIKUEJGP VGTHCJTGP ä KO 
RGKPICU CWEJ KGKOG WPF EPFQVQZKPG CPTGKEJGTP, UQ FCUU FKG RGKPICUYGTVG ITÌ­GT CNU FKG 
RQJICUYGTVG UKPF. ZWFGO MCPP UKEJ FKG KGKO\WUCOOGPUGV\WPI FGT ADNWHV DGK FGT PCUUCIG 
FWTEJ FKG ADNWHVTGKPKIWPIUCPNCIG ·PFGTP, F. J. KO RGKPICU MÌPPGP KGKOURG\KGU CWHVTGVGP, FKG 
UKEJ KO RQJICU PKEJV HKPFGP =VDI-RICHTLINIE 4255, 2004; SEEDORF 2003?. IPUIGUCOV DGUVGJV \W 
FKGUGP PWPMVGP FQTUEJWPIUDGFCTH.

IP FGT PTCZKU MQOOV GU J·WHKI XQT, FCUU HÒT GKPGP SVCNN GKPG PKGFTKIGTG RGKPKIWPIUNGKUVWPI 
CWUTGKEJGPF KUV, CNU FGT HGTUVGNNGT HÒT FCU S[UVGO ICTCPVKGTV. IP FKGUGO FCNN KUV GU CWHITWPF FGT 
PKGFTKIGTGP IPXGUVKVKQPU- WPF BGVTKGDUMQUVGP YKTVUEJCHVNKEJGT, PWT GKPGP TGKN FGT ADNWHV OKV FGO 
ICTCPVKGTV JQJGP WKTMWPIUITCF \W TGKPKIGP, CNU FKG IGUCOVG ADNWHV OKV GKPGO PKGFTKIGP. 

EKPG FCWGTJCHV JQJG RGKPKIWPIUNGKUVWPI UGV\V XQTCWU, FCUU FKG APNCIG TKEJVKI FKOGPUKQPKGTV 
WPF QTFPWPIUIGO·­ DGVTKGDGP YKTF. DKGU WOHCUUV CWEJ FKG TGIGNO·­KIG ÜDGTYCEJWPI WPF 
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WCTVWPI FGT APNCIGP. HKGT KUV KPUDGUQPFGTG FGT LCPFYKTV CNU BGVTGKDGT KP FGT PHNKEJV. DKG 
HGTUVGNNGT OÒUUGP FKG VGEJPKUEJGP WPF QTICPKUCVQTKUEJGP VQTCWUUGV\WPIGP HÒT FKG QTFPWPIU-
IGO·­G FWPMVKQP UEJCHHGP 
\. B. CWVQOCVKUEJG SVGWGTWPI WPF AWH\GKEJPWPI FGT APNCIGP-
PCTCOGVGT, RGXKUKQPU- WPF WCTVWPIURNCP, SEJWNWPI�.

4 Auslegung der Anlagen

AWUIGY·JNVG PCTCOGVGT, PCEJ FGPGP FKG CPIGDQVGPGP VGTHCJTGP CWUIGNGIV YGTFGP, UKPF KP 
FGT ÜDGTUKEJV TCD. 2 \WUCOOGPIGHCUUV.

TCD. 2� ÜDGTUKEJV� AWUIGY·JNVG AWUNGIWPIU-PCTCOGVGT
Selected design-parameters

Parameter
Chemischer 

Wäscher
Rieselbettreaktor 

(Biowäscher)
Biofilter

Kombinations-
verfahren 
(3-stufig)

Luftführung Zentral zentral zentral/dezentral zentral

Bauweise
Turm/Kompakt-

bauweise
Turm/Kompakt-

bauweise
Flächenbiofilter Filterhaus

Flächenbelastung1)

[m3/(m2 h)]
5.000–7.500 1.450–7.000 250–350 1.000–1.690

Volumenbelastung1)

[m3/(m3 h)]
25.000 1.450–5.800 275–1.000 –

Strömungsgeschwindig-
keit1) [m/s]

3 0,4–2 < 0,1 < 1–1,5

Verweilzeit1) [s] 2 1–3 3,6–12 0,8–0,92)

Druckverlust1) [Pa] < 40 < 60–70 < 20–100 < 60–100

Ansäuerung/
pH-Regelung

Ja –/ja – ja

Pumpen (Anschluss-
leistung 1.000 Mast-
plätze) [kW]

3 1,2–4 0–1,5 2–3

1) Bezogen auf die maximale Luftrate; 2) Nur Filterwände.

DKG AWUNGIWPI FGT APNCIGP QTKGPVKGTV UKEJ CP FGT OCZKOCNGP SQOOGTNWHVTCVG PCEJ DIN 18910, 
FKG KP 2004 PGW IGHCUUV YWTFG =DIN 18910-1, 2004?. BKUJGT YWTFGP FKG APNCIGP \. B. DGK MCUV-
UEJYGKPGP KP FGT RGIGN CWH GKPG LWHVTCVG XQP OCZKOCN 110 O3 RTQ SVWPFG WPF TKGTRNCV\ CWUIG-
NGIV 
ëRGKP�RCWU-VGTHCJTGPé�. DCDGK OÒUUGP FKG SVCNNXGPVKNCVQTGP CWUTGKEJGPF LGKUVWPIUTGUGTXGP 
JCDGP, WO CWEJ DGK SQOOGTNWHVTCVG FGP SVTÌOWPIUYKFGTUVCPF FGT ADNWHVTGKPKIWPI \W ÒDGTYKP-
FGP. ZW FGP 30 DKU 50 PC DTWEMXGTNWUV GKPGU V[RKUEJGP SVCNNGU MQOOGP LG PCEJ VGTHCJTGP 30 DKU 
100 PC HÒT FKG ADNWHVTGKPKIWPI JKP\W. IP LGFGO FCNN UQNNVG IGRTÒHV YGTFGP, QD FKG SQOOGTNWHVTCVG 
\. B. FWTEJ ZWNWHVMÒJNWPI XGTOKPFGTV YGTFGP MCPP. JG MNGKPGT FKG SQOOGTNWHVTCVG KUV, WOUQ MNGK-
PGT MCPP FKG ADNWHVTGKPKIWPI FKOGPUKQPKGTV YGTFGP WPF WOUQ PKGFTKIGT UKPF FKG KQUVGP.
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W·UEJGT WPF KQODKPCVKQPUXGTHCJTGP UKPF KP FGT RGIGN PWT KP VGTDKPFWPI OKV GKPGT \GPVTC-
NGP ADNWHVHÒJTWPI GKPUGV\DCT. BKQHKNVGT MÌPPGP FCIGIGP CWEJ FG\GPVTCN, F. J. CDVGKNYGKUG DGVTKG-
DGP YGTFGP. ANNGTFKPIU JCDGP BKQHKNVGT FGP ITÌ­VGP FN·EJGPDGFCTH XQP CNNGP APNCIGPCTVGP 

GVYC 2ä4 MCUVUEJYGKPG RTQ O2 GTWPFHN·EJG LG PCEJ T[R�, YGKN JKGT FKG FKNVGT-FN·EJGP- WPF 
-VQNWOGPDGNCUVWPI XQP CNNGP S[UVGOGP CO PKGFTKIUVGP KUV. AO MNGKPUVGP KUV FGT FN·EJGPDG-
FCTH XQP 
BKQ-�EJGO.-�W·UEJGTP, FKG KP TWTO- QFGT KQORCMVDCWYGKUG WPVGT DCEJ CWUIGHÒJTV 
YGTFGP 
GVYC 50ä70 MCUVUEJYGKPG RTQ O2 GTWPFHN·EJG LG PCEJ T[R�. KQODKPCVKQPUXGTHCJTGP 
NKGIGP FC\YKUEJGP 
GVYC 14ä20 MCUVUEJYGKPG RTQ O2 GTWPFHN·EJG LG PCEJ T[R�. 

T[RKUEJG SVTÌOWPIUIGUEJYKPFKIMGKVGP FGT ADNWHV DGVTCIGP 0,1 
BKQHKNVGT� DKU 3 O�U 

W·UEJGT�. EPVURTGEJGPF KUV FKG VGTYGKN\GKV KP BKQHKNVGTP OKV DKU \W 12 U CO N·PIUVGP WPF KP 
FGP W·UEJGTU[UVGOGP OKV YGPKIGP SGMWPFGP CO MÒT\GUVGP.

DKG APUEJNWUUNGKUVWPIGP FGT PWORGP, FKG HÒT FGP WCUUGTWONCWH GKPIGUGV\V YGTFGP WPF 
PGDGP FGP VGPVKNCVQTGP FKG ITÌ­VGP SVTQOXGTDTCWEJGT UKPF, DGVTCIGP 1 DKU 4 MW 
SVCPFCTF-
CPNCIG OKV 1.000 MCUVRN·V\GP�. FÒT FKG ODGTHN·EJGPDGHGWEJVWPI XQP BKQHKNVGTP KUV KP FGT RGIGN 
FGT VQTFTWEM FGT HCWUYCUUGTXGTUQTIWPI CWUTGKEJGPF. DKG ADUEJN·OOWPI WPF FTKUEJYCUUGT-
\WHWJT DGK FGP GKP\GNPGP VGTHCJTGP KUV CPNCIGPURG\KHKUEJ WPF DGNCUVWPIUCDJ·PIKI.

5 Kosten

IP FGT ÜDGTUKEJV TCDGNNG 3 UKPF FKG KQUVGP FGT XGTUEJKGFGPGP VGTHCJTGP PCEJ HGTUVGNNGTCPIC-
DGP \WUCOOGPIGUVGNNV. 

TCD. 3� ÜDGTUKEJV 3� IPXGUVKVKQPU- WPF BGVTKGDUMQUVGP CO BGKURKGN FGT SEJYGKPGOCUV 
KPMN. MYSV.�
Investment and operating costs considering pig fattening as example (incl. VAT)

Chemischer 
Wäscher

Rieselbettreaktor 
(Biowäscher)

Biofilter
Kombinationsverfahren 

(3-stufig)

Investitionskosten [€] 
pro Mastplatz

39–58 52–70 23–35 45–70

Betriebskosten [€] 
pro Mastschwein

1,75–2,55 0,60–1,75 1,15–1,75 1,15–2,05

Gesamtkosten [€] 
pro Mastschwein

3,20–4,70 2,50–4,35 2,00–3,05 2,80–4,65

Berechnungsgrundlage: 1.000 Mastschweine, 2,7 Umtriebe/a, 10 Jahre Abschreibung auf Investitionen; ohne 
Zusatzkosten für Ventilatoren, Luftführung, Abwasserlagerung und -ausbringung.

DKG KQUVGPCPICDGP YGKEJGP VGKNYGKUG UVCTM XQPGKPCPFGT CD, LG PCEJFGO YGNEJGT VGEJPKUEJG 
SVCPFCTF 
KPUD. APNCIGP-AWUNGIWPI�WKTMWPIUITCF� WPF YGNEJG BGTGEJPWPIUITWPFNCIGP 
WPVGTUVGNNV YGTFGP 
\. B. SVTQO- WPF WCUUGTXGTDTCWEJ, ADUEJTGKDWPIU\GKVT·WOG� WPF KPYKG-
YGKV EKIGPNGKUVWPIGP GKPIGTGEJPGV YWTFGP. ZWU·V\NKEJG KQUVGP \WT LCIGTWPI WPF AWUDTKP-
IWPI FGU ADYCUUGTU UKPF KP FGT RGIGN PKEJV DGTÒEMUKEJVKIV.

DKG KQUVGP HÒT APNCIGP OKV GKPGO JQJGP WKTMWPIUITCF UKPF GJGT CP FGT QDGTGP GTGP\G 
FGT KQUVGPURCPPGP CPIGUKGFGNV. ZWU·V\NKEJ KUV OKV GKPGO ATDGKVUCWHYCPF HÒT KQPVTQNNG WPF 
WCTVWPI KP HÌJG XQP 20 DKU 50 J�C 
1.000 MCUVRN·V\G� CWU\WIGJGP. WGKVGTG KQUVGP KPUD. 
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\WO UODCW FGT LÒHVWPIUCPNCIG GPVUVGJGP, YGPP FKG ADNWHVTGKPKIWPI CP GKPGO DGUVGJGPFGP 
SVCNN PCEJIGTÒUVGV YKTF. AO BGKURKGN FGT SEJYGKPGOCUV DGVTCIGP FKG MGJTMQUVGP LG RTQFW\KGT-
VGU MCUVUEJYGKPGP OKPFGUVGPU 4 €.

6 ADluftreinigung ä Stand der Technik!

DGT SVCPF FGT TGEJPKM FGT GOKUUKQPUCTOGP TKGTJCNVWPI YKTF KP FGT TA LWHV 2002 =TA LUFT, 
2002? WPF FGO BVT-RGHGTGP\FQMWOGPV 
BREF� ëIPVGPUKXG RGCTKPI QH PQWNVT[ CPF PKIUé 
=EUROPEAN COMMISSION, 2002? DGUEJTKGDGP. DKG ADNWHVTGKPKIWPI IGJÌTV CWHITWPF FGT JQJGP 
KQUVGP PKEJV FC\W. DGT FWTEJUEJPKVVNKEJ GTHQNITGKEJG SEJYGKPGO·UVGT OCEJV DGK EKPUCV\ FGT 
VGTHCJTGP VGTNWUVG. 

DCIGIGP DGUEJTGKDGP FKG VDI-RKEJVNKPKGP ëBKQHKNVGTé =VDI-RICHTLINIE 3477, 2004? WPF ëBKQ-
Y·UEJGTé =VDI-RICHTLINIE 3478, 1996? FGP CNNIGOGKPGP SVCPF FGT TGEJPKM XQP ADNWHVTGKPK-
IWPIUXGTHCJTGP. DKGUG CNNIGOGKPGP APHQTFGTWPIGP YGTFGP \WMÒPHVKI HÒT FGP EKPUCV\DGTGKEJ 
TKGTJCNVWPI KO DLG-PTÒHXGTHCJTGP 
SKIPWOTGUV� HÒT ADNWHVTGKPKIWPIUCPNCIGP MQPMTGVKUKGTV. 
UO FKG YKEJVKIUVGP VGTHCJTGP KP ZWMWPHV DGUUGT JKPUKEJVNKEJ FGT KQUVGP DGYGTVGP \W MÌPPGP, 
YKTF FCU KTBL PNCPWPIUFCVGP DGTGKVUVGNNGP.

� Literatur

HAHNE, J.; SCHIRZ, SV.; SCHUMACHER, W. 
2002�� LGKVHCFGP FGU LCPFMTGKUGU CNQRRGPDWTI \WT FGUV-
UVGNNWPI FGT EKIPWPI XQP ADNWHVTGKPKIWPIUCPNCIGP KP FGT TKGTJCNVWPI \WT APYGPFWPI KP FGT 
GGPGJOKIWPIURTCZKU WPF DGK FGT ÜDGTYCEJWPI. LCPFMTGKU CNQRRGPDWTI, CNQRRGPDWTI.

HAHNE, J. 
2003�� MÌINKEJMGKVGP WPF GTGP\GP \WT MKPFGTWPI XQP AOOQPKCM-, SVCWD- WPF 
GGTWEJUGOKUUKQPGP FWTEJ ADNWHVTGKPKIWPIUXGTHCJTGP. IP� KTBL 
HTUI.�� 6. TCIWPI BCW, TGEJPKM 
WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2003, VGEJVC. DCTOUVCFV, S. 253ä259.

HÜGLE, TJ.; MANNEBECK, D. 
1993�� BKQHKNVGT ä SVQHHNKEJG UOUGV\WPIGP WPF PTQDNGOG. 
LCPFVGEJPKM 11, S. 569ä571.

VDI-RICHTLINIE 4255 BN.1 
EPVYWTH� 
2004�� èBKQCGTQUQNGç- EOKUUKQPUSWGNNGP WPF -OKPFGTWPIU-
OC­PCJOGP. BGWTVJ-VGTNCI, BGTNKP.

SEEDORF, J. 
2003�� BGWTVGKNWPI XQP SV·WDGP WPF KGKOGP. KTBL-VQTVTCIUVCIWPI ëAMVWGNNG TGEJV-
NKEJG RCJOGPDGFKPIWPIGP HÒT FKG TKGTJCNVWPIé, HCPPQXGT, MCK 2003.

DIN 18910-1 
2004�� W·TOGUEJWV\ IGUEJNQUUGPGT SV·NNG ä W·TOGF·OOWPI WPF LÒHVWPI ä 
TGKN 1� PNCPWPIU- WPF BGTGEJPWPIUITWPFNCIGP HÒT IGUEJNQUUGPG \YCPIUDGNÒHVGVG SV·NNG. 
BGWVJ-VGTNCI, BGTNKP.

TA LUFT 
2002�� ETUVG ANNIGOGKPG VGTYCNVWPIUXQTUEJTKHV \WO BWPFGU-IOOKUUKQPUUEJWV\IGUGV\ 

TGEJPKUEJG APNGKVWPI \WT RGKPJCNVWPI FGT LWHV� XQO 24. JWNK 2002, GMBN. 2002, HGHV 25ä29, 
S. 511ä605.

EUROPEAN COMMISSION 
2002�� RGHGTGPEG DQEWOGPV QP BGUV AXCKNCDNG TGEJPKSWGU HQT IPVGPUKXG 
RGCTKPI QH PQWNVT[ CPF PKIU 
11.02�, SGXKNNG 
JVVR���GKRRED.LTE.GU�EIK-DKP�NQECVGOT!KNHADTGHA1102.
RFH�.

VDI-RICHTLINIE 3477 
2004�� BKQNQIKUEJG ADICUTGKPKIWPI ä BKQHKNVGT. BGWVJ-VGTNCI, BGTNKP.

VDI-RICHTLINIE 3478 
1996�� BKQNQIKUEJG ADICUTGKPKIWPI ä BKQY·UEJGT WPF RKGUGNDGVVTGCMVQTGP. 
BGWVJ-VGTNCI, BGTNKP.



UMWELT � RESTSTOFFE

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 2�1

AmmoniakaDscheidung Dei ADluftw·schern
#mmoniC sepCrCtion Ct YCste gCs scrWDDers

JOCHEN HAHNE, WILFRIED ASENDORF, KLAUS�DIETER VORLOP

IPUVKVWV HÒT TGEJPQNQIKG WPF BKQU[UVGOVGEJPKM, BWPFGUHQTUEJWPIUCPUVCNV HÒT LCPFYKTVUEJCHV 
FAL�, 
BWPFGUCNNGG 50, D-38116 BTCWPUEJYGKI

SchlÒsselwÌrter� ADluftw·scher, Ammoniak, SRurengase, Lachgas, Schweinehaltung
-e[Yords� 9Cste gCs scrWDDer� CmmoniC� trCce gCses� nitroWs oZide� pigger[

<WsCmmenfCssWng 

Mit einem zweistufigen Abluftwäscher wurden Versuche zur Ammoniakabscheidung aus 
Stallabluft mit und ohne pH-Wertregelung durchgeführt. Konstant hohe Ammoniakabschei-
degrade von durchschnittlich ��,� � wurden bei NH3-N-Volumenbelastungen von �3� g/(mx 
Füllkörper | d) mit pH-Regelung erzielt (Stufe 1: pH � 3,3� Stufe 2: pH � 1,3). Ohne pH-Rege-
lung und trotz erheblich geringerer Volumenbelastung lagen die Ammoniakabscheidegrade 
mit �1,3 bzw. ��,3 � deutlich niedriger. Bei der Abluftwäsche unter sauren Bedingungen 
wurden praktisch keine sekundären Spurengase gebildet. Der Umfang der Lachgasbildung 
bei der ungeregelten Abluftwäsche bewegte sich zwischen 3,� und �,� � des Ammoniak-
N-Eintrages und zeigte einen klaren Zusammenhang mit der im Waschwasser gebildeten 
Nitrit-Menge. Zur Sicherstellung der Funktionsfähigkeit ungeregelter Abluftwäscher muss im 
Gegensatz zu geregelten Systemen mit einer 20-fachen Abschlämmrate gefahren werden.

SWmmCr[

Tests for ammonia reduction from stable waste air were carried out in a two-stage waste gas 
scrubber with and without pH control. At a NH3-N volume load of �3� g/(mx filling bodies |  
d) a constant high ammonia reduction of ��.� � was achieved in average with a pH control 
(stage 1: pH � 3.3� stage 2: pH � 1.3). Without a pH control the ammonia reduction was 
clearly lower with �1.3 and ��.3 � in spite of significant lower volume loads. Secondary 
trace gases were nearly not produced at the waste gas scrubbing under acidic conditions. The 
extent of nitrous oxide production at the uncontrolled waste gas scrubbing varied between 
3.� and �.� � of the NH3-N input and showed a evident correlation with the nitrite amount 
in the washing water. For securing the efficiency of uncontrolled waste gas scrubbers a 20 
fold blowdown is required in comparison to controlled systems. 
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1 Ziele 

APNCIGP \WT SEJYGKPGJCNVWPI MÌPPGP GTJGDNKEJG AOOQPKCMHTCEJVGP GOKVVKGTGP. JG PCEJ 
HCNVWPIUXGTHCJTGP YGTFGP HÒT MCUVUEJYGKPG AOOQPKCMGOKUUKQPUHCMVQTGP \YKUEJGP 2,4 WPF 
4,9 MI LG TKGTRNCV\ WPF JCJT CPIGIGDGP. WGTFGP PWP HÒT DGUVKOOVG SVCPFQTVG EOKUUKQPU-
OKPFGTWPIGP HÒT AOOQPKCM XGTNCPIV WPF UVCNNKPVGTPG PQVGP\KCNG UKPF DGTGKVU CWUIGUEJÌRHV, 
DKGVGV FKG ADNWHVTGKPKIWPI MÌINKEJMGKVGP, FKG EOKUUKQPGP FGWVNKEJ \W UGPMGP. DGT UOHCPI 
FKGUGT EOKUUKQPUOKPFGTWPIGP KUV LGFQEJ PCEJ YKG XQT UVTKVVKI. DKGU IKNV CWEJ HÒT FKG FTCIG, 
YGNEJG SGMWPF·TGOKUUKQPGP GPVUVGJGP WPF YGNEJGP UOHCPI UKG JCDGP. ZKGN FGT ATDGKVGP 
KUV GU FCJGT, CPJCPF XQP NCPIHTKUVKIGP VGTUWEJGP OKV GPVURTGEJGPFGP N-BKNCP\KGTWPIGP FKG 
AOOQPKCMCDUEJGKFGITCFG WPF FGP UOHCPI FGT SGMWPF·TGOKUUKQPGP \W DGUVKOOGP.

2 Material und Methoden

ADD. 1� ZYGKUVWHKIGT ADNWHVY·UEJGT \WT RGKPKIWPI XQP SVCNNCDNWHV
Two-stage waste air scrubber for cleaning of stable waste air 

ZWT RGKPKIWPI XQP ADNWHV CWU MQPXGPVKQPGNNGP MCUVUEJYGKPGUV·NNGP 
ZYCPIUDGNÒHVWPI PCEJ 
DIN 18910, VQNNURCNVGP� YWTFG GKP \YGKUVWHKIGT ADNWHVY·UEJGT GKPIGUGV\V 
ADD. 1�. DGT KO 
GGIGPUVTQO DGVTKGDGPG ADNWHVY·UEJGT DGUVGJV CWU 2 WCUEJMTGKUN·WHGP OKV FÒNNMÌTRGTUEJÒV-
VWPIGP XQP LG 0,8 O L·PIG WPF 0,6 O DWTEJOGUUGT. DKG URG\KHKUEJG ODGTHN·EJG FGT JQJN-
MWIGNHÌTOKIGP FÒNNMÌTRGT DGVT·IV 98 Ow�Ox. DKG WCUEJYCUUGTXGTVGKNWPI GTHQNIV ÒDGT GKPGP 
DTGJURTGPIGT 
SVWHG 1�, D\Y. OKV GKPGT SRKTCNFÒUG 
SVWHG 2�. DCU WCUEJYCUUGTXQNWOGP DGVT·IV 
560 LKVGT LG WCUEJUVWHG. DGT FÒNNUVCPF FGT WCUEJXQTNCIGP YKTF IGOGUUGP WPF ÒDGT GKPG 
CWVQOCVKUEJ CTDGKVGPFG FTKUEJYCUUGTGKPURGKUWPI MQPUVCPV IGJCNVGP. DKG BGTKGUGNWPIUFKEJVG 
DGKFGT SVWHGP KUV XCTKCDGN \YKUEJGP 1 WPF 14 Ox�
Ow | J�. DGT ADNWHVY·UEJGT MCPP OKV WPF 
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QJPG RH-WGTVTGIGNWPI DGVTKGDGP YGTFGP. BGK RH-IGTGIGNVGO BGVTKGD GTHQNIV FKG ZWFQUKGTWPI 
XQP MQP\GPVTKGTVGT SEJYGHGNU·WTG KP FKG WCUEJUVWHG 2 DKU \WT ETTGKEJWPI GKPGU GKPIGUVGNNVGP 
RH-SQNNYGTVGU. ÜDGT GKPG TGIGNDCTG PWORG P 3 YKTF FKGUG UVCTM XGTFÒPPVG SEJYGHGNU·WTG-
NÌUWPI KP FKG WCUEJUVWHG 1 IGRWORV, DKU CWEJ KP FKGUGT SVWHG FGT SQNNYGTV GTTGKEJV YKTF. BGK 
OCZKOCNGO FÒNNUVCPF YKTF FKG PWORG P 3 CDIGUEJCNVGV. IO WPIGTGIGNVGP BGVTKGD YGTFGP 
DGKFG WCUEJUVWHGP IGVTGPPV QJPG FKG PWORG P 3 IGHCJTGP.

DKG VGTUWEJUDGFKPIWPIGP FGT FTGK FWTEJIGHÒJTVGP VGTUWEJG UKPF KP TCD. 1 \WUCOOGPIG-
HCUUV. ANNG VGTUWEJG YWTFGP ÒDGT GKPGP CWUTGKEJGPF NCPIGP ZGKVTCWO FWTEJIGHÒJTV, WO FCU 
BGVTKGDUXGTJCNVGP FGT ADNWHVY·UEJG UKEJGT DGWTVGKNGP \W MÌPPGP. DKGU DGVTKHHV KPUDGUQPFGTG 
OÌINKEJG VGTUVQRHWPIGP FGT DÒUGP UQYKG ADNCIGTWPIGP CWH FGP TTQRHGPCDUEJGKFGTP. BGK 
VGTUWEJ 1 YWTFG OKV CPIGU·WGTVGO WCUUGT IGCTDGKVGV, YQDGK FGT RH-WGTV FGU WCUEJYCUUGTU 
OKV 96 �KIGT SEJYGHGNU·WTG KO MKVVGN CWH 3,3 
SVWHG 1�, D\Y. 1,3 
SVWHG 2� IGJCNVGP YWTFG. 
DKG SVKEMUVQHHHTCEJVGP DGK FKGUGO VGTUWEJ YCTGP OKV FWTEJUEJPKVVNKEJ 217 I�F IGIGPÒDGT 
55 I�F 
VGTUWEJ 2� WPF 68 I�F 
VGTUWEJ 3� UGJT JQEJ. BGK FGP VGTUWEJGP 2 WPF 3 YWTFG CWH 
GKPG RH-WGTVTGIGNWPI XGT\KEJVGV, FC XKGNG ADNWHVY·UEJGT KP FGT PTCZKU WPIGTGIGNV DGVTKGDGP 
YGTFGP. AWH GKPG ADUEJN·OOWPI XQP WCUEJYCUUGT YWTFG GDGPHCNNU XGT\KEJVGV, WO FKG FWTEJ 
FKG SVKEMUVQHHCMMWOWNCVKQP CWHVTGVGPFGP EHHGMVG PCEJYGKUGP \W MÌPPGP.    

TCD. 1� VGTUWEJUDGFKPIWPIGP DGK FGT \YGKUVWHKIGP ADNWHVY·UEJG 
MKVVGNYGTVG KP KNCOOGTP�
Test conditions at the two-stage waste gas scrubbing (mean values in brackets)

Versuchsnummer 
test number

1 2 3

Versuchsdauer 
test period [d]

182 409 154

pH – Regelung
pH control 

Ja
Yes

Nein
No

Nein
No

NH3, Rohgas 
NH3, raw gas [ppm]

4,2–19,5 
(11,7)

0,8–13,6
(6,8)

0,8–10,7 
(5,2)

NH3-N-Fracht 
NH3-N load [g/d]

81–374
(217)

0–110
(55)

11–120 
(68)

Volumenbelastung 
volume load [m³/m3·h]

2663–2816
(2743)

765–1218
(1189)

695–2297
(1962)

Oberflächenbelastung
surface load [m³/m²·h]

4261–4505
(4389)

1224–1949
(1903)

1112 –3675
(3140)

NH3-N-Volumenbelastung 
NH3-N volume load [g/m³·d]

162–748 
(434)

0–220 
(110)

22–240 
(136)

Gasgeschwindigkeit 
gas velocity [m/s]

1,18–1,25
(1,22)

0,34–0,54
 (0,53)

0,31–1,02 
(0,87)

Verweilzeit FK 
retention time FB [s]

1,3–1,4
(1,3)

3,0–4,7
(3,0)

1,6–5,2
(1,8)

FK: Füllkörper, FB: filling bodies
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3 ErgeDnisse 

DGT VGTUWEJ 1 OKV RH-RGIGNWPI DGKFGT WCUEJUVWHGP 
S 1 � 3,3; S 2 � 1,5� GTICD DGK OKVVNG-
TGP NH3-N-VQNWOGPDGNCUVWPIGP XQP 434 I�
Ox|F� OKV FWTEJUEJPKVVNKEJ 97,5 � MQPUVCPV JQJG 
ADUEJGKFGITCFG HÒT AOOQPKCM 
ADD. 2�. DWTEJ GKPGP AWUHCNN FGT S·WTGFQUKGTWPI KP FGT ZGKV 
XQO 107 DKU 109 VGTUWEJUVCI UCPM FGT FKGUGT MWT\HTKUVKI WPVGT 80 �. BGK FGP VGTUWEJGP 2 WPF 
3 OKV V·INKEJGP NH3-N-FTCEJVGP XQP 110 D\Y. 136 I�
Ox | F�, DGK FGPGP CWH GKPG RH-RGIG-
NWPI XGT\KEJVGV YWTFG, UEJYCPMVGP FKG NH3-ADUEJGKFGITCFG DGVT·EJVNKEJ. SKG DGYGIVGP UKEJ 
KO FCTIGUVGNNVGP ZGKVTCWO \YKUEJGP ä 20 WPF 87 �. BGK NCWHGPFGT NKVTKHKMCVKQP KO VGTUWEJ 2 
NCI FGT OKVVNGTG AOOQPKCM-ADUEJGKFGITCF DGK 61,3 �, Y·JTGPF FKGUGT DGK IGJGOOVGT NKVTK-
HKMCVKQP PWT 45,3 � DGVTWI 
VGTUWEJ 3�. DKG SEJYCPMWPIGP FGU AOOQPKCM-ADUEJGKFGITCFGU 
UKPF KO YGUGPVNKEJGP CWH FKG UKEJ DGK FGT ADNWHVY·UEJG GKPUVGNNGPFGP, UGJT WPVGTUEJKGFNKEJGP 
RH-WGTVG WPF FKG SEJYCPMWPIGP FGT AOOQPKCMHTCEJV KP FGT RQJNWHV \WTÒEM\WHÒJTGP.

ADD. 2� AOOQPKCMCDUEJGKFGITCFG DGK FGT \YGKUVWHKIGP ADNWHVY·UEJG OKV WPF QJPG RH-RGIGNWPI
Ammonia reduction at the two-stage waste gas scrubbing with and without pH control

DKG SVKEMQZKFRTQFWMVKQP YCT DGK CNNGP FTGK VGTUWEJGP OKV YGPKIGT CNU 1 �, DG\QIGP CWH 
FGP NH3-N-EKPVTCI, XGTPCEJN·UUKIDCT, YQDGK FKG JÌEJUVGP EOKUUKQPGP DGK VGTUWEJ 3 HGUV-
IGUVGNNV YWTFGP. DGOIGIGPÒDGT VTCVGP DGK FGT LCEJICUDKNFWPI GTJGDNKEJG DKHHGTGP\GP CWH 

TCD. 2�. W·JTGPF DGK FGT UCWTGP ADNWHVY·UEJG RTCMVKUEJ MGKP LCEJICU IGDKNFGV YWTFG, MCO 
GU DGK FGP WPIGTGIGNVGP VGTUWEJGP \W FGWVNKEJGP SGMWPF·TGOKUUKQPGP. BG\QIGP CWH FGP 
NH3-N-EKPVTCI NCIGP UKG DGK 3,5 
VGTUWEJ 2� D\Y. 7,5 � 
VGTUWEJ 3�. DKG LCEJICUDKNFWPI 
\GKIV GKPGP FGWVNKEJGP, PCJG\W NKPGCTGP ZWUCOOGPJCPI OKV FGT KO WCUEJYCUUGT IGDKNFGVGP 
NKVTKV-N-MGPIG WPF UVGKIV OKV FKGUGT CP 
ADD. 3�. 



UMWELT � RESTSTOFFE

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 2�5

ADD. 3� LCEJICURTQFWMVKQP KP ADJ·PIKIMGKV XQP FGT NKVTKVOGPIG KO WCUEJYCUUGT
Nitrous oxide production against nitrite amount in the washing liquid

TCD. 2� ETIGDPKUUG FGT \YGKUVWHKIGP ADNWHVY·UEJG 
MKVVGNYGTVG KP KNCOOGTP�
Results of the two-stage waste gas scrubbing (mean values in brackets)

Versuchsnummer
test number

1 2 3

pH-Wert
pH value

S 1: 2,5–8,5 (3,3) 
S 2: 0,8–8,0 (1,3)

S 1: 6,7–8,4 (7,4)
S 2: 5,8–8,7 (6,9)

S 1: 6,7–8,4 (7,3)
S 2: 5,8–8,7 (7,1)

NH3-Abscheidung [%]
NH3 separation eff. [%]

77,5–99,9 (97,5) – 43,3–88,9 (61,3) – 10,3–85,5 (45,3)

NOx-N-Produktion [%]* 
NOx-N production [%]* 

0,35 0,08 0,49

N2O-N-Produktion [%]*
N2O-N production [%]* 

0,06 3,5 7,5

Ammonium-N [%]*
Ammonia-N [%]*

97,5 21,0 25,4

Nitrit-N [%]*
Nitrite-N [%]* 

0 5,7 16,3

Nitrat-N [%]*
Nitrate-N [%]*

0 16,3 2,4

S 1: Stufe 1, stage 1; S 2: Stufe 2, stage 2
[%]*= [%] vom NH3-N-Eintrag; [%]*= [%] of NH3-N input 

DGT DGK FGT RH-IGTGIGNVGP ADNWHVY·UEJG CDIGVTGPPVG AOOQPKCM YKTF RTCMVKUEJ CWUUEJNKG­-
NKEJ CNU AOOQPKWOUCN\ CWHMQP\GPVTKGTV. BGK EKPUCV\ XQP SEJYGHGNU·WTG GPVUVGJV JKGTDGK 
AOOQPKWOUWNHCV, FCU DKU \WT S·VVKIWPIUITGP\G KO WCUEJYCUUGT CPIGTGKEJGTV YKTF. BGK FGT 
WPIGTGIGNVGP ADNWHVY·UEJG YGTFGP PGDGP AOOQPKWOUCN\GP NKVTKVG WPF NKVTCVG IGDKNFGV. 
DKGUG MÌPPGP CWEJ PWT KP IGTKPIGO UOHCPI CWHMQP\GPVTKGTV YGTFGP, FC FKG NKVTKHKMCPVGP 
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FWTEJ HTGKGU AOOQPKCM WPF UCNRGVTKIG S·WTG DGTGKVU DGK IGTKPIGP KQP\GPVTCVKQPGP IGJGOOV 
YGTFGP. BGK FGT RH-IGTGIGNVGP ADNWHVY·UEJG HCNNGP LG MCUVRNCV\ WPF JCJT \YKUEJGP 30 WPF 
40 LKVGT WCUEJYCUUGT KO JCJT CP. AWHITWPF FGT JQJGP EORHKPFNKEJMGKV FGT NKVTKHKMCPVGP 
OÒUUGP DGK FGT WPIGTGIGNVGP ADNWHVY·UEJG LG MCUVRNCV\ WPF JCJT EC. 800 LKVGT WCUEJYCUUGT 
CDIGUEJN·OOV YGTFGP. DKGUG JQJGP ADUEJN·OOTCVGP GTIGDGP UKEJ CWU FGP URG\KHKUEJGP 
EOKUUKQPUHCMVQTGP 
SEJYGKPGOCUVRNCV\� 3 MI NH3 QFGT 2,47 MI NH3-N KO JCJT� WPF FGP 
HGOOITGP\GP HÒT FKG NKVTKHKMCPVGP. DKG VGTUWEJG 2 WPF 3 JCDGP IG\GKIV, FCUU FKG NKVTKHKMCP-
VGP DGK RH 7 GVYC DGK 1500 OI�N NO2-N IGJGOOV YGTFGP 
TCD. 3�. DCU VGTJ·NVPKU \YKUEJGP 
TGFW\KGTVGO WPF QZKFKGTVGP SVKEMUVQHH DGVTWI DGK NCWHGPFGT NKVKHKMCVKQP GVYC 1 � 1. DGOPCEJ 
Y·TGP OCZKOCN 3000 OI�N CNU VQNGTCDNG N-KQP\GPVTCVKQP KO WCUEJYCUUGT DGK GKPGO RH-WGTV 
WO 7 CP\WUGV\GP. ZWT ADUEJN·OOWPI XQP 2,47 MI NH3-N UKPF FGO\WHQNIG 823 N WCUEJYCU-
UGT OKV GKPGT OCZKOCNGP N-KQP\GPVTCVKQP XQP 3000 OI�N GTHQTFGTNKEJ.

TCD. 3� MKVVNGTG NKVTKVDKNFWPIUTCVG KP ADJ·PIKIMGKV XQP FGT OKVVNGTGP NKVTKV-N-KQP\GPVTCVKQP KO WCUEJYCUUGT
Mean nitrite production rate against mean nitrite concentration in the washing liquid

NO2-N [mg/kg] Nitritbildungsrate [mg/kg d] / nitrite production rate [mg/kg · d] 

0–100 2

100–500 24

500–1000 29

1000–1500 32

> 1500 0

DCU CDIGUEJN·OOVG WCUUGT UQNNVG UKPPXQNN XGTYGTVGV WPF PKEJV MQUVGPRHNKEJVKI KP FGP ADYCU-
UGTMCPCN CDIGNGKVGV YGTFGP. BGK ADNGKVWPI KP FKG GÒNNGITWDG WPF GKPGT 6-OQPCVKIGP LCIGTFCW-
GT OÒUUVG FCU SRGKEJGTXQNWOGP WO GVYC 50 � GTJÌJV YGTFGP. DKG UVCTMG GÒNNGXGTFÒPPWPI 
HÒJTV \W GKPGO GTJÌJVGP ATDGKVU- WPF MCUEJKPGPCWHYCPF. DCTÒDGT JKPCWU YÒTFGP EC. 50 � 
FGU CWU FGT ADNWHV CDIGVTGPPVGP WPF KO WCUEJYCUUGT IGDWPFGPGP SVKEMUVQHHU DGK FGT GÒNNG-
NCIGTWPI ÒDGT FKG DGPKVTKHKMCVKQP YKGFGT XGTNQTGP IGJGP WPF YGKVGTG SGMWPF·TGOKUUKQPGP 
XGTWTUCEJGP.

DGT EKPUCV\ XQP ADNWHVY·UEJGTP WPF RKGUGNDGVVCPNCIGP \WT AOOQPKCMCDUEJGKFWPI KUV 
QJPG RH-WGTVTGIGNWPI CPIGUKEJVU FGT JQJGP WPF PQVYGPFKIGP ADUEJN·OOTCVGP PKEJV 
GORHGJNGPUYGTV. 
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Ammonia emissions in organic Rig Rroduction 
&ie #mmoniCMemissionen in der ÌMoNogiscJen ScJYeineJCNtWng

SONJA G� IVANOVA�PENEVA1, 2, ANDR� J� A� AARNINK1

1  WCIGPKPIGP UPKXGTUKV[ CPF TGUGCTEJ EGPVGT, AITQVGEJPQNQI[ CPF FQQF IPPQXCVKQPU, P.O. BQZ 17, 
6700 AA WCIGPKPIGP, TJG NGVJGTNCPFU, 

2  AITKEWNVWTCN IPUVKVWVG, 3 SKOGQP VGNKMK DNXF., 9700 SJWOGP, BWNICTKC 

Ke[words� Ammonia emission, fattening Rigs, Rregnant sows
ScJNÒsseNYÌrter� #mmoniCMemission� /CstscJYeine� 6rCgende SCWen

SWmmCr[

Within this project ammonia emissions from outside yards for fattening pigs with live weight 
�� kg and �0 kg and pregnant sows on three commercial organic pig farms was quantified. 
Ammonia emission of the air during 2 periods – spring-summer and autumn-winter was 
measured directly by a special chamber. In fatteners the effect of farm on ammonia emis-
sion per m2 and per pig was highly significant (P � 0.001). Ammonia emission in farm 1, 
2 and 3 was 12.1, 2.� and 2.� g.day–1m–2. Period had a significant influence on ammonia 
emission per unit area (P � 0.01). A highly significant effect of location and degree of foul-
ing on ammonia emissions per m2 was found (P � 0.001). In pregnant sows effect of farm, 
effect of period and effect of location were not statistically significant. Only the effect of 
degree of fouling was highly significant (P � 0.001). Ammonia emission was 3.�, 1.2 and 2.� 
g.day–1m–2 on farm 1, 2 and 3, resp. From the experiments the following was concluded: 
ammonia emissions between organic pig farms vary considerably.  Manure removal system 
and design of pen and outside yard seem to be main factors related to ammonia emission.

<WsCmmenfCssWng 

In diesem Projekt wurden die Ammoniakemissionen von Außenhaltungen für Mastschweine 
mit �� kg und mit �0 kg Lebendgewicht und tragende Sauen quantifiziert. Diese Unter-
suchung wurde auf drei kommerziellen ökologischen Schweinebetrieben ausgeführt. Die 
Ammoniakemissionen in die Luft wurden direkt durch eine Spezialkammer gemessen in zwei 
Perioden durchgeführt: im Frühling/Sommer und im Herbst/Winter. Bei den Masttieren war 
der Einfluss des Betriebes auf die Ammoniakemissionen pro mw und pro Schwein hochsignifi-
kant (P � 0,001). Die Mastperiode hatte signifikanten Einfluss auf die Ammoniakemissionen 
pro Flächeneinheit (P � 0,01). Es wurde ein hochsignifikanter Einfluss des Ortes und Maß an 
Verschmutzung auf die Ammoniakemissionen pro mw gefunden (P � 0,001). Bei tragenden 
Sauen war der Einfluss des Betriebes, der Jahresperiode und des Ortes nicht statistisch signifi-
kant. Nur der Einfluss von Maß an Verschmutzung war hochsignifikant (P � 0,001). Ammo-
niakemissionen von gepflasterten Außenbereichen auf ökologischen Schweinebetrieben sind 
sehr stark verschieden. Ein gutes Entmistungssystem (mit Spaltenboden oder Dungräumgerät) 
und ein fachgerechter Entwurf der Buchten können die Ammoniakemissionen vermindern.     
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1 Introduction

OTICPKE HCTOKPI KU EQPUKFGTGF GPXKTQPOGPVCNN[ DGPGHKEKCN FWG VQ DCP QH CTVKHKEKCN HGTVKNK\GTU 
CPF RGUVKEKFGU CPF D[ ETGCVKPI C OKPGTCN E[ENG KP CITKEWNVWTCN RTQFWEVKQP. HQYGXGT, UEKGPVKHKE 
GXKFGPEG QH VJG GPXKTQPOGPVCN KORCEV QH QTICPKE HCTOKPI KU UECTEG. FTQO C TGUGCTEJ, ECTTKGF 
QWV KP DGPOCTM, KV KU EQPENWFGF VJCV QTICPKE RKI RTQFWEVKQP JCU C NQYGT N-GHHKEKGPE[ CPF C 
JKIJGT N-UWTRNWU RGT MI OGCV VJCP EQPXGPVKQPCN RKI RTQFWEVKQP 
DALGGARD GV CN., 1998�. IP 
VJCV EQPPGEVKQP QWVUKFG [CTFU CPF KPUKFG RGPU YKVJ UVTCY HQT RKIU CPF UQYU OKIJV IKXG EQP-
UKFGTCDNG NQUUGU QH N CU GOKVVGF COOQPKC VQ VJG CKT. TJG CKO QH VJKU RTQLGEV YCU VQ FGHKPG 
COOQPKC GOKUUKQPU HTQO HCVVGPKPI RKIU CPF RTGIPCPV UQYU KP QTICPKE HCTOU. 

2 Material and methods

TJKU UVWF[ YCU ECTTKGF QWV QP VJTGG EQOOGTEKCN QTICPKE RKI HCTOU KP FKHHGTGPV NQECVKQPU KP TJG 
NGVJGTNCPFU. TYQ ECVGIQTKGU QH HCVVGPKPI RKIU YGTG KPXQNXGF KP VJG UVWF[ ä YKVJ NKXG YGKIJV 45 
MI CPF 80 MI. TJG GZRGTKOGPV YCU ECTTKGF QWV KP 2003 FWTKPI 2 RGTKQFU ä URTKPI-UWOOGT CPF 
CWVWOP-YKPVGT, KP VYQ RGPU RGT HCTO, QPG RGP RGT NKXG YGKIJV ITQWR. TJGTG YGTG VJTGG FKHHGT-
GPV YC[U QH ENGCPKPI VJG HNQQT QH VJG QWVUKFG [CTFU KP HCVVGPGTU. IP HCTO 1 OCPWTG YCU TGOQXGF 
D[ JCPF ECT, YKVJ HTGSWGPE[ GXGT[ VYQ YGGMU. IP HCTO 2 C RCTV QH VJG HNQQT YCU UNCVVGF, UKVWCVGF 
QP DQVJ UKFGU QH VJG [CTF. TJG UQNKF RCTV QH VJG [CTF YCU ENGCPGF HTQO OCPWTG YGGMN[ FWTKPI 
VJG YKPVGT CPF URTKPI CPF GXGT[ QPG QT VYQ FC[U FWTKPI UWOOGT CPF CWVWOP. IP HCTO 3 VJGTG 
YCU C UETCRGT HQT FCKN[ ENGCPKPI QH OCPWTG UKVWCVGF QP VJG QWVGTOQUV RCTV QH VJG QWVUKFG [CTF. 
OWVUKFG [CTFU QH UQYU KP CNN HCTOU YGTG ENGCPGF YGGMN[ D[ JCPF CPF C UOCNN VTCEVQT. 

2�1 Ammonia concentration of the air

AOOQPKC EQPEGPVTCVKQP YCU OGCUWTGF WUKPI C URGEKCN EJCODGT 
AARNINK GV CN., 2002� 
EQPUVTWEVGF QH UVGGN YCNNU. TYQ XGPVKNCVQTU RTQXKFGF CKTHNQY VJTQWIJ VJG OGCUWTKPI UGEVKQP. 
AOOQPKC EQPEGPVTCVKQP QH KPEQOKPI CPF QWVIQKPI CKT YCU FGVGTOKPGF YKVJ COOQPKC CDUQTR-
VKQP VWDGU 
KKVCSCYC, JCRCP�. AKTHNQY YCU CRRTQZKOCVGN[ 0.22 O.Uä1 CDQXG GOKVVKPI UWTHCEG. 
AOOQPKC GOKUUKQPU YKVJ VJKU EJCODGT YGTG OGCUWTGF KPUKFG VJG DWKNFKPI CPF QP QWVUKFG 
RCXGF [CTF QH HCVVGPGTU CPF RTGIPCPV UQYU. MGCUWTKPI RQKPVU YGTG TCPFQON[ EJQUGP YKVJKP 
HQWNGF CPF ENGCP CTGCU KP VJG RGP. FQWNGF CTGCU YGTG FGHKPGF CU CTGCU YGVVGF YKVJ WTKPG.

2�2 Statistical anal[ses

AOOQPKC GOKUUKQP YCU ECNEWNCVGF HTQO VJG COOQPKC EQPEGPVTCVKQPU QH VJG QWVIQKPI CPF 
KPEQOKPI CKT CPF HTQO VJG XGPVKNCVKQP TCVG. DCVC YGTG CPCN[UGF KP C HCEVQTKCN OQFGN WUKPI 
TGUVTKEVGF OCZKOWO NKMGNKJQQF OGVJQF 
REML� QH GGPUVCV ä RGNGCUG 7.1. FKZGF GHHGEVU YGTG 
VGUVGF D[ VJG CJK-USWCTG RTQDCDKNKV[ VGUV, WUKPI VJG HQNNQYKPI OQFGN� 

YKLM � z 
 FK 
 WL 
 PM 
 
F.W�KL 
 
F.P�KM 
 
W.P�LM 
 GKLM,  
YJGTG� YKLM KU NH3 GOKUUKQP RGT O2 QT RGT RKI; z KU VJG QXGTCNN OGCP; F KU GHHGEV QH HCTO; W 

KU GHHGEV QH YGKIJV; P KU GHHGEV QH RGTKQF, KLM CTG NGXGNU QH HKZGF GHHGEVU, GKLM KU GTTQT. 
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FKTUV UVCVKUVKECN CPCN[UKU YCU FQPG HQT FGVGTOKPKPI OCKP GHHGEVU CPF VJGKT KPVGTCEVKQP GHHGEVU 
QP COOQPKC GOKUUKQP RGT O2 CPF RGT RKI. CQPUGSWGPVN[, VJG GHHGEV QH NQECVKQP 
KPFQQT�QWV-
FQQT� YCU CFFGF VQ VJKU OQFGN. FKPCNN[, VJG GHHGEV QH FGITGG QH HQWNKPI QH CTGC QP COOQPKC 
GOKUUKQP YCU FGVGTOKPGF. FQT UQYU VJG ECNEWNCVKQPU YGTG FQPG KP VJG UCOG YC[; VJG QPN[ QPG 
FKHHGTGPEG KU GZENWUKQP VJG GHHGEV QH NKXG YGKIJV. 

3 Results

3�1 Ammonia emission from outside [ards of fattening Rigs

AOOQPKC GOKUUKQPU RGT O2 CTG RTGUGPVGF KP VCDNG 1. CNGCT FKHHGTGPEGU YGTG HQWPF DGVYGGP 
FKHHGTGPV HCTOU 
P � 0.001�. FCTO 1 KU FKUVKPIWKUJGF HTQO HCTOU 2 CPF 3 YKVJ C XGT[ JKIJ NGXGN 
QH COOQPKC GOKUUKQP, RCTVKEWNCTN[ KP HKTUV RGTKQF, KP DQVJ 45 CPF 80 MI HCVVGPGTU. TJG RGPU 
QH HCVVGPGTU YKVJ YGKIJV 45 MI JCF C JKIJGT COOQPKC GOKUUKQP, VJCP HCVVGPGTU YKVJ YGKIJV 
80 MI, DWV VJG FKHHGTGPEG YCU PQV DKI CPF PQV UVCVKUVKECNN[ UKIPKHKECPV. PGTKQF JCF C UKIPKHKECPV 
KPHNWGPEG QP COOQPKC GOKUUKQP RGT WPKV CTGC 
P � 0.01�. TJG UKIPKHKECPV KPVGTCEVKQP GHHGEV 
DGVYGGP HCTO CPF RGTKQF UJQYU VJCV KP VJG VYQ UVWFKGF RGTKQFU 
GPF QH ARTKN VKNN JWPG 2003 
CPF GPF QH SGRVGODGT ä GPF QH OEVQDGT 2003� DGVYGGP HCTOU FKHHGTGPEGU KP COOQPKC GOKU-
UKQP QH HCVVGPGTU YGTG FKHHGTGPV.

TCD. 1� EHHGEV QH HCTO, YGKIJV CPF RGTKQF QP COOQPKC GOKUUKQP RGT O2 QH HCVVGPKPI RKIU

Farm Weight Period
NH3 emissions

g.day–1.m–2

Overall effects
Factor P value S.E.D.

1.

45 kg
1 19.3

Farm P < 0.001 1.4
2 7.3

80 kg
1 16.5

Weight n.s.
1.1

2 5.3

2.1)

45 kg
1 3.3

Period P < 0.01 1.1
2 2.5

80 kg
1 3.6

Farm.weight n.s. 2.0
2 1.8

3.

45 kg
1 0.2

Farm.period P < 0.001 2.0
2 6.7

80 kg
1 2.5

Weight.period n.s. 1.6
2 2.2

1) Emission from manure pit not included

IP VJG UGEQPF OQFGN VJG GHHGEV QH NQECVKQP YCU CFFGF CU C UQWTEG QH XCTKCPEG. EOKUUKQPU KPUKFG 
VJG DWKNFKPI CTG NGUU VJCP QP QWVUKFG [CTFU KP CNN HCTOU, CDQWV VYQ VKOGU KP HCTO 1 CPF 2. IP HCTO 
3, YJGTG CNOQUV PQ WTKPCVKQPU CPF FGHGECVKQPU YGTG QDUGTXGF KPUKFG VJG DWKNFKPI, CNOQUV CNN 
COOQPKC GOKUUKQPU QH HCVVGPKPI RKIU ECOG HTQO QWVUKFG [CTF. TJGTG YGTG FKHHGTGPEGU DGVYGGP 
GOKUUKQPU KP QPG CPF VJG UCOG NQECVKQP DGVYGGP HCTOU. IP HCTO 1 COOQPKC GOKUUKQPU KPUKFG 
YGTG JKIJGT, EQORCTKPI YKVJ HCTO 2 CPF 3 CU YGNN CU COOQPKC GOKUUKQPU QWVUKFG.
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TCD. 2� PTGFKEVGF OGCPU QH COOQPKC GOKUUKQPU KPUKFG CPF QWVUKFG VJG DWKNFKPI QH HCVVGPKPI RKIU

Farm

Inside the building1) On outside yard1)

g.day–1m–2 g.pig–1day–1 g.day–1m–2 g.pig–1day–1

Farm 1 7.7a 8.0a 17.6a 14.5a

Farm 2 1.9b 2.0b 3.6b 3.5b

Farm 3 0b 0.4b 5.0b 4.7b
1) Means within a column without a common superscript letter differ significantly (P < 0.05).

IP VJG VJKTF OQFGN VJG FGITGG QH HQWNKPI QH CTGC YCU CFFGF CPF VJKU GHHGEV YCU JKIJN[ UKIPKHK-
ECPV 
P � 0.001�. IPVGTCEVKQP GHHGEV DGVYGGP NQECVKQP CPF HQWNGF CTGC UJQYGF VJCV COOQPKC 
GOKUUKQPU HTQO ENGCP CTGCU 
KPUKFG ä 1.9 I.FC[ä1Oä2 CPF QWVUKFG ä 2.7 I.FC[ä1Oä2� YGTG OWEJ 
NGUU VJCP HTQO HQWNGF CTGC KP CNN HCTOU. IV KU KPVGTGUVKPI VJCV KPUKFG HQWNGF CTGC JCU C ITGCVGT 
XCNWG ä 13.3 I.FC[ä1Oä2 VJCP HTQO QWVUKFG [CTF ä 11.4 I.FC[ä1Oä2. 

3�2 Ammonia emission from outside [ards of Rregnant sows

AOOQPKC GOKUUKQPU QH DWKNFKPI QH RTGIPCPV UQYU CTG RTGUGPVGF KP VCDNG 3. TJGTG YCU C NQV QH 
XCTKCVKQP KP COOQPKC GOKUUKQPU QH UQYU DGVYGGP FKHHGTGPV HCTOU UKOKNCT CU QH HCVVGPKPI RKIU, 
DWV PQV UVCVKUVKECNN[ UKIPKHKECPV. AOOQPKC GOKUUKQP KP HCTO 1 YCU JKIJGT VJCP KP HCTOU 2 CPF 
3. FCTO 2 KU FKUVKPIWKUJGF HTQO QVJGT VYQ HCTOU YKVJ GOKUUKQPU VJCV YGTG UOCNNGUV CPF CNOQUV 
GSWCN KP VJG VYQ VKOGU QH OGCUWTGOGPVU. ANVJQWIJ VJG GHHGEV QH RGTKQF JCF PQ UKIPKHKECPV 
KPHNWGPEG QP COOQPKC GOKUUKQP, HTQO VJG TGUWNVU KP VJG VCDNGU KV KU UGGP VJCV VJGTG YGTG DKI FKH-
HGTGPEGU DGVYGGP VJG VYQ RGTKQFU. FCTO 1 KU URGEKHKGF YKVJ JKIJGUV GOKUUKQP, DWV VJKU KU XCNKF 
QPN[ HQT VJG UGEQPF RGTKQF QH OGCUWTGOGPVU. IP VJG UCOG HCTO COOQPKC GOKUUKQP, OGCUWTGF 
HKTUV VKOG, YCU SWKVG NQY. 

TCD. 3� EHHGEV QH HCTO CPF RGTKQF QP COOQPKC GOKUUKQP RGT O2 CPF RGT RKI RNCEG RGT [GCT QH RTGIPCPV UQYU

Farm Period
Effects 

g.day–1.m–2 P value S.E.D.

1.1)
1 1.0

Farm n.s. 2.3
2 6.7

2.1)
1 1.2

Period  n.s. 1.9
2 1.2

3.
1 2.6

Farm. period n.s. 2.4
2 2.8

1) Emission from manure pit under the slatted floor not included.

TJG GHHGEV QH NQECVKQP KP RTGIPCPV UQYU KP VJG UGEQPF OQFGN YCU PQV UKIPKHKECPV. AU FKUVKP-
IWKUJGF HTQO HCVVGPKPI RKIU, KP UQYU COOQPKC GOKUUKQPU KPFQQT YGTG JKIJGT VJCP QWVFQQT 

TCDNG 4�. OPN[ KP HCTO 2 VJG UCOG VTGPF NKMG KP HCVVGPGTU GZKUVGF, DWV KP VJKU HCTO GOKUUKQPU 
YGTG OWEJ NGUU VJCP KP QVJGT VYQ HCTOU. IP HCTO 1 GOKUUKQPU KPUKFG VJG DWKNFKPI YGTG XGT[ 
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JKIJ, EQORCTGF YKVJ GOKUUKQPU HTQO QWVUKFG [CTF. IP VJKU HCTO GOKUUKQPU HQTO QWVUKFG [CTF 
YGTG VJTGGHQNF NQYGT VJCP KP QVJGT VYQ HCTOU.

IP VJG VJKTF OQFGN GHHGEV QH FGITGG QH HQWNKPI QH CTGC YCU CFFGF CU C UQWTEG QH XCTKCPEG 
QH COOQPKC GOKUUKQPU. OPN[ VJG GHHGEV QH HQWNGF QT PQV HQWNGF CTGCU YCU JKIJN[ UKIPKHKECPV 

P � 0.001�. LKMG KP HCVVGPGTU, COOQPKC GOKUUKQPU HTQO ENGCP CTGC YGTG OWEJ NGUU VJCP HTQO 
HQWNGF CTGC CPF KPUKFG RQNNWVGF CTGC JCU C ITGCVGT XCNWG VJCP HTQO QWVUKFG [CTF, DWV VJGUG 
XCNWGU CTG UOCNNGT VJCP KP HCVVGPKPI RKIU. 

TCD. 4� PTGFKEVGF OGCPU QH COOQPKC GOKUUKQPU KPUKFG CPF QWVUKFG VJG DWKNFKPI QH RTGIPCPV UQYU

Farm

Inside the building1) On outside yard1)

g.day–1m–2 g.pig–1day–1 g.day–1m–2 g.pig–1day–1

Farm 1 7.4 19.1 0.6 1.3

Farm 2 0.6 1.6 1.8 5.5

Farm 3 4.0 8.5 1.8 5.4
1) Means within a column without a common superscript letter differ significantly (P < 0.05).

4 Discussion

4�1 Ammonia emission from outside [ards of fattening Rigs 

IP QWT UVWF[ VJG GHHGEV QH HCTO QP COOQPKC GOKUUKQPU KU JKIJN[ UKIPKHKECPV KP HCVVGPKPI RKIU. 
TJG OCKP TGCUQP HQT FKHHGTGPEGU DGVYGGP HCTOU UGGOU VQ DG VJG UVTQPI KPHNWGPEG QH OCPWTG 
OCPCIGOGPV. MWEJ JKIJGT COOQPKC GOKUUKQPU YGTG OGCUWTGF KP HCTO 1, YJGTG OCPWTG KU 
OCPWCNN[ TGOQXGF GXGT[ VYQ YGGMU, EQORCTKPI YKVJ HCTO 2 CPF 3 
TCDNG 1, 2�. TJG SWCPVKV[ 
QH OCPWTG CV VJKU HCTO, EQNNGEVGF FWTKPI NQPI VKOG, YCU NCTIG CPF YCU URTGCF CNN QXGT VJG [CTF, 
HQTOKPI C FGGR NC[GT QH OCPWTG. RGIWNCT CFFKVKQP QH HTGUJ WTKPG HTQO WTKPCVKQPU QH RKIU, EQO-
KPI CV CP[ VKOG QH VJG FC[ CPF IGVVKPI KP VQWEJ YKVJ VJKU OCPWTG, KU RTQDCDN[ TGURQPUKDNG HQT 
OWEJ DKIIGT TCVG QH COOQPKC XQNCVKNKUCVKQP. TJG NQYGT NH3 GOKUUKQPU, OGCUWTGF CV HCTO 2 
CPF HCTO 3, YCU RTQDCDN[ FWG VQ FKHHGTGPV YC[U QH ENGCPKPI CPF TGIWNCTN[ TGOQXKPI QH OCPWTG. 
MISSELBROOK GV CN. 
1998�, CNUQ HQWPF VJCV VJG OQUV KPHNWGPEKPI COOQPKC GOKUUKQP RCTCOGVGTU 
CTG VJG COQWPV QH WTKPG CPF HCGEGU FGRQUKVGF QP VJG [CTFU, WTGCUG CEVKXKV[ CPF VJG GHHKEKGPE[ 
QH TGOQXCN QH WTKPG CPF HCGEGU. FTGSWGPE[ CPF GHHKEKGPE[ QH [CTF ENGCPKPI OKIJV DG CFFKVKQPCN 
HCEVQTU KORQTVCPV HQT GOKUUKQPU HTQO QWVFQQT [CTF CTGCU 
MONTENY CPF ERISMAN, 1998�.

TJG UKIPKHKECPV QH GHHGEV QH RGTKQF 
TCDNG 1� EQWNF DG GZRNCKPGF D[ FKHHGTGPEG KP VGORGTC-
VWTGU FWTKPI VJG OGCUWTGOGPVU KP VJG VYQ RGTKQFU. HKIJGT VGORGTCVWTGU FWTKPI VJG HKTUV RGTKQF 

GPF QH ARTKNäJWPG 2003 ä OGCP 16.5 uC�, EQORCTKPI YKVJ UGEQPF 
GPF QH SGRVGODGT-OEVQ-
DGT 2003 ä OGCP 11.9 uC�, YGTG OGCUWTGF CPF VJG[ OKIJV JCXG KPHNWGPEGF VJG COQWPV QH 
COOQPKC GOKVVGF. 

AOOQPKC GOKUUKQPU KPFQQT CPF QWVFQQT YGTG FKHHGTGPV, YKVJ JKIJN[ UKIPKHKECPV FKHHGTGPEG 

P � 0.001�. TJG[ YGTG UOCNNGT KPUKFG, DGECWUG QH NKOKVGF PWODGT QH WTKPCVKQPU CPF FGHGEC-
VKQPU KPUKFG VJG RGP ECWUKPI C UOCNNGT RQNNWVGF CTGC. PKIçU PCVWTCN DGJCXKQWT KU, YJGP VJG[ JCXG 
EJQKEG, VQ UGRCTCVG N[KPI CPF FWPIKPI RNCEG 
AARNINK GV CN., 1996, VAN PUTTEN, 2000�. IP OQUV 
ECUGU RKIU JCF C RTGHGTGPEG VQ GZETGVG QP QWVUKFG [CTF CPF VQ MGGR KPUKFG N[KPI CTGC ENGCP. 
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WKVJKP VJKU TGUGCTEJ, JKIJN[ UKIPKHKECPV GHHGEV QH FGITGG QH HQWNKPI YKVJ WTKPG CTGC QP COOQ-
PKC GOKUUKQP KP HCVVGPKPI RKIU CU YGNN CU KP RTGIPCPV UQYU YCU HQWPF. TJKU QDUGTXCVKQP KU KP 
U[PEJTQP[ YKVJ VJG VJGQT[, VJCV C NKPGCT TGNCVKQPUJKR DGVYGGP VJG CTGC QH COOQPKC UQWTEG 
CPF VJG COOQPKC GOKUUKQP KU GZRGEVGF 
ELZING GV CN., 1992�. FWTVJGTOQTG, CTGC KPUKFG VJG 
DWKNFKPI, RQNNWVGF YKVJ WTKPG CPF HCGEGU ECWUGF JKIJGT GOKUUKQPU RGT O2, VJCP C HQWNGF RCXGF 
[CTF. IP QTICPKE RKI RTQFWEVKQP C NQV QH UVTCY KU WUGF KPUKFG VJG DWKNFKPI. SVTCY RTQDCDN[ IKXGU 
C NCTIGT GOKVVKPI CTGC VJCP C RCXGF [CTF. MQTGQXGT VJG VGORGTCVWTG KPUKFG YCU JKIJGT VJCP 
VJG VGORGTCVWTG QWVUKFG CPF CU VJGQT[, CPF TGUGCTEJ UJQYU 
AARNINK GV CN., 1998; ELZING CPF 
MONTENY, 1997�, VGORGTCVWTG KU CP KORQTVCPV HCEVQT KPHNWGPEKPI NH3 GOKUUKQP.

4�2 Ammonia emission from outside [ards of Rregnant sows

AU C YJQNG VJG GHHGEV QH HCTO, GHHGEV QH RGTKQF CPF GHHGEV QH NQECVKQP KP RTGIPCPV UQYU YCU PQV 
UVCVKUVKECNN[ UKIPKHKECPV, RTQDCDN[ DGECWUG QH VJG UOCNNGT PWODGT QH FCVC UGV KP UQYU VJCP KP 
HCVVGPGTU CPF UOCNN PWODGT QH XCTKCDNGU KP VJG OQFGNU.

ANVJQWIJ HCTO JCF PQ UKIPKHKECPV GHHGEV QP COOQPKC GOKUUKQPU, KV KU ENGCT, VJCV VJGTG CTG C 
NQV QH FKHHGTGPEGU DGVYGGP HCTOU. OPG QH VJG TGCUQPU KU NKPMGF YKVJ VJG FKHHGTGPV EQPUVTWEVKQP 
QH QWVUKFG [CTF. IP HCTO 1, KP EQPVTCUV VQ QVJGT VYQ HCTOU, VJG QWVUKFG [CTF QH RTGIPCPV UQYU 
KU YKVJQWV C TQQH. IV KU RTQXGF HTQO QDUGTXCVKQPU QH VJG DGJCXKQWT VJCV KP VJKU HCTO UQYU CXQKF 
TCKP CPF KOOGFKCVGN[ YGPV KPUKFG CHVGT VJG TCKP UVCTVGF. SQYU HQWNGF NCITG HNQQT CTGC KPUKFG 
YKVJ WTKPG CPF HCGEGU CPF VJKU KU EQPVTKDWVGF VQ JKIJ COOQPKC GOKUUKQPU. IP VJG UCOG HCTO 
DQVJ QH VJG OGCUWTGOGPVU QH GOKUUKQP HTQO QWVUKFG [CTF YGTG XGT[ UOCNN. TJKU OC[ DG ECWUGF 
D[ VJG QRGP HTQO GXGT[ UKFG CTGC QH VJG [CTF. OP VJG QVJGT VYQ HCTOU QWVUKFG [CTFU HQT UQYU 
YGTG EQXGTGF CPF COOQPKC GOKUUKQPU YGTG 3 VKOGU JKIJGT 
TCDNG 4�.

IP RTGIPCPV UQYU HTGSWGPE[ QH OCPWTG TGOQXCN YCU PQV C HCEVQT, KPHNWGPEKPI GOKUUKQPU, 
NKMG KP HCVVGPGTU. TJG NQYGUV GOKUUKQPU YGTG OGCUWTGF KP HCTO 2, YJGTG, GZEGRV QH VJG RTQRGT 
FGUKIP, VJG YJQNG U[UVGO YCU FKHHGTGPV ä UQYU JCF C RCXGF [CTF, C UCPF[ [CTF CPF C NQPI 
UCPF[ TQCF VQ VJG RCFFQEM CXCKNCDNG. TJKU YCU VJG TGCUQP YJ[ HCGEGU CPF WTKPG YGTG OQTG 
URTGCF KP VJG YJQNG U[UVGO, CPF TGNCVKXGN[ NKVVNG YGTG RTQFWEGF KPUKFG VJG DWKNFKPI CPF QP 
QWVUKFG [CTF CPF VJGTGD[ ECWUGF NQYGT GOKUUKQPU. 

5 Conclusion

AOOQPKC GOKUUKQPU HTQO RCXGF QWVUKFG [CTFU CPF DWKNFKPIU KP QTICPKE RKI HCTOU CTG XGT[ 
XCTKCDNG DGVYGGP HCTOU. A IQQF OCPWTG TGOQXCN U[UVGO 
UNCVU QT UETCRGT� CPF RTQRGT FGUKIP 
QH DWKNFKPIU ECP TGFWEG COOQPKC GOKUUKQPU. GQQF OCPCIGOGPV QP VJG HCTO ECP EQPVTKDWVG 
KP TGFWEVKQP QH COOQPKC GOKUUKQPU CU YGNN.

6 References

TJG RGHGTGPEG NKUV KU CXCKNCDNG KP TGSWGUV XKC VJG CWVJQT� SQPKC.IXCPQXC"YWT.PN 
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PlasmaRh[sikalisches Verfahren zur Emissionsminderung in der 
Nutztierhaltung
0on�6JermCN�PNCsmC tecJniSWe for mitigCting emissions in CnimCN 
JWsDCndr[ 

RALF KOSCH1, A:EL DECKER2, HERMAN VAN DEN WEGHE1

1  FQTUEJWPIU- WPF SVWFKGP\GPVTWO HÒT VGTGFGNWPIUYKTVUEJCHV, GGQTI-AWIWUV-UPKXGTUKV·V GÌVVKPIGP, 
UPKXGTUKV·VUUVT. 7, D-49377 VGEJVC

2 FKTOC UNVTCKCV PNCUOCVGEJPKM AG, MCZ-RQVJ-SVT. 1, D-76571 GCIIGPCW

SchlÒsselwÌrter� Nicht�thermisches�Plasma, Emissionen, Ammoniak 
-e[Yords� 0on 6JermCN�PNCsmC� emission� CmmoniC

<WsCmmenfCssWng

Plasmaphysikalische Verfahren haben in industriellen Abluftreinigungsverfahren zunehmend 
an Bedeutung gewonnen. In dem Beitrag wird ein Verfahren mit einem Nicht-Thermischen-
Plasma (NTP) hinsichtlich der Abbauwirkung von Ammoniak vorgestellt. Bei der Plasmagene-
se im NTP-Reaktor entstehen eine Vielzahl von Radikalen und Ionen mit kurzer Lebensdauer, 
wie beispielsweise Ozon. Vorwiegend sind es diese Produkte, die eine chemische Reaktion 
mit dem Ammoniak eingehen. In ersten Untersuchungen an einer im Schweinemaststall 
installierten NTP-Abluftreinigungsanlage konnte eine Reduktion der Ammoniak-Konzentra-
tion von 1� � festgestellt werden. Die chemischen Abbauprodukte des Ammoniaks sind 
u. a. nitrogene Verbindungen die mit den Methoden der Gasanalytik in dieser Untersuchung 
noch nicht vollständig erfasst werden. Die aufgewendete Energie für den Ammoniak-Abbau 
ist aber noch erheblich, so dass die Effizienz der NTP-Abluftreinigung durch die Kombination 
mit anderen Verfahren verbessert werden soll. Zum einen sollen somit die hohen Restozon-
gehalte vernichtet werden und zum anderen die Umsetzungsraten durch die Vergrößerung 
der Reaktionsoberfläche erhöht werden.

SWmmCr[

The use of Non-Thermal-Plasma techniques provides an innovative application for the treat-
ment of exhaust air. This article focuses on the reduction of ammonia by a NTP-reactor. An 
important product of the NTP-reactor is ozone and in addition to it a variety of chemical 
radicals with short lifetimes. These radicals are considerably responsible for the chemical 
reaction with ammonia and the chemical reaction with ammonia result to compounds whose 
are not detectable with the FTIR-Analyzer in this research. However, first investigations in 
a fattening pig house show a reduction 1� � of ammonia by air treatment with the NTP 
reactor. The NTP-technique should be combined with other procedures both, to destroy the 
ozone and arise the reaction rate.
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1 Einleitung

NKEJV TJGTOKUEJG PNCUOGP 
NTP� JCDGP KP \CJNTGKEJGP KPFWUVTKGNNGP APYGPFWPIGP CP 
BGFGWVWPI IGYQPPGP WPF IGNVGP CNU KPPQXCVKXG VGTHCJTGP. DWTEJ FKG APTGIWPI XQP GCUGP 
\W GKPGO GGOKUEJ CWU MWT\NGDKIGP RCFKMCNGP WPF IQPGP, OKV UVCTM QZKFKGTGPFGP EKIGP-
UEJCHVGP, MÌPPGP SEJCFICUG WPF GGTÒEJG CWU FGT ADNWHV DGUGKVKIV YGTFGP. IP XGTUEJKGFGPGP 
UPVGTUWEJWPIGP YWTFG PCEJIGYKGUGP, FCUU OKV GKPGO NTP PGDGP FGT APYGPFWPI \WT 
GGTWEJUTGFW\KGTWPI CWEJ AOOQPKCM CDIGDCWV YGTFGP MCPP 
ZHANG, R. GV CN, 1996; WANG, 
Y. CPF GOODRICH, R., 2003, RICE, R. G., 2003�, YQOKV GKPG APYGPFWPI KP FGT TKGTJCNVWPI \WT 
EOKUUKQPUOKPFGTWPI OÌINKEJ GTUEJGKPV.

ZKGN FGU NCWHGPFGP FQTUEJWPIURTQLGMVGU KUV GU, FKG VGTYGPFWPI GKPGU NTP-VGTHCJTGPU HÒT 
FKG SVCNNCDNWHVDGJCPFNWPI \W WPVGTUWEJGP WPF DCUKGTGPF CWH FKG IGYQPPGPGP ETMGPPVPKUUG 
GKPG PKNQVCPNCIG \WT ADNWHVTGKPKIWPI \W GPVYKEMGNP.

2 Material und Methoden

ZWT ET\GWIWPI GKPGU NKEJV VJGTOKUEJGP PNCUOCU 
NTP� YKTF KP FGO CMVWGNNGP FQTUEJWPIU-
RTQLGMV GKP NTP-RGCMVQT 
FC. UNVTCKCV, GCIIGPCW� OKV FKGNGMVTKUEJ DGJKPFGTVGT EPVNCFWPI 
GKPIGUGV\V. AP \YGK ENGMVTQFGP YKTF GKP UVCTMGU GNGMVTKUEJGU FGNF CPIGNGIV. ZYKUEJGP FGP 
ENGMVTQFGP DGHKPFGV UKEJ GKP DKGNGMVTKMWO, YGNEJGU GKPG FWPMGP- WPF BQIGPGPVNCFWPI XGTJKP-
FGTV. BGKO APNGIGP GKPGT JQJGP SRCPPWPI 
  1 MV� YKTF FKG EPVNCFWPI FKGNGMVKUEJ DGJKPFGTV 
WPF FKG FGP EPVNCFWPIUTCWO FWTEJUVTÌOGPFG LWHV YKTF KP FGP AIITGICV\WUVCPF FGU PNCUOCU 
XGTUGV\V 
ADDKNFWPI 1�. 

DGT NTP-PNCVVGPTGCMVQT DGUVGJV CWU OGJTGTGP DCWINGKEJGP MQFWNGP FKG ÒDGTGKPCPFGT 
CPIGQTFPGV UKPF. DGT RGCMVKQPUTCWO \YKUEJGP FGP PNCVVGP JCV GKP VQNWOGP XQP 470 ON. 
DWTEJ FKG ORVKOKGTWPI FGT NTP-APNCIG UQNN FKG EHHK\KGP\ FGT APNCIG FWTEJ MQFKHK\KGTWPI FGT 
RGCMVQTCTEJKVGMVWT QFGT FGT ZWNWHVMQPFKVKQPKGTWPI XGTDGUUGTV YGTFGP. 

ADD. 1� SEJGOCVKUEJ SMK\\G GKPGU MQFWNU FGU NTP-RGCMVQTU OKV FKGNGMVTKUEJ DGJKPFGTVGT EPVNCFWPI

DKG KO EPVNCFWPIUTCWO CDNCWHGPFGP EJGOKUEJGP RGCMVKQPGP UKPF UGJT MQORNGZ. DWTEJ FKG 
SRCPPWPI YGTFGP ENGMVTQPGP CPIGTGIV, FKG KPHQNIG GKPGT LCYKPGPGPVNCFWPI \W GKPGT IQPKUKG-
TWPI FGU GCUIGOKUEJGU HÒJTGP. CJCTCMVGTKUVKUEJ HÒT GKP NKEJV-TJGTOKUEJGU-PNCUOC KUV, FCUU 
KO GGIGPUCV\ \WO VJGTOKUEJGP PNCUOC PWT ENGMVTQPGP CPIGTGIV YGTFGP, Y·JTGPF FKG IQPGP 
WPDGGKPHNWUUV DNGKDGP. BGK FGP ENGMVTQPGPUVQ­RTQ\GUUGP YKTF OKV UVGKIGPFGT APTGIWPIUGPGT-
IKG \YKUEJGP RQVCVKQPUCPTGIWPI, SEJYKPIWPIUCPTGIWPI, GNGMVTQPKUEJG APTGIWPI, DKUUQ\KCVK-
QP WPF IQPKUCVKQP WPVGTUEJKGFGP. 

DKTGMVG ADDCWRTQ\GUUG KP FQTO XQP ENGMVTQPGPUVÌ­GP OKV AOOQPKCM JCDGP KO NTP PWT 
GKPG IGTKPIG BGFGWVWPI YGKN FKGUG GCUG PWT KO RRO BGTGKEJ CWHVTGVGP WPF GKP AWHGKPCPFGT-
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VTGHHGP PWT WPYCJTUEJGKPNKEJ KUV 
HONGBIN, 2001�. VKGNOGJT YKTF FKG FWTEJ ENGMVTQPGPUVÌ­G 
GKPIGVTCIGPG EPGTIKG XQP FGP YGKV UV·TMGT XGTVTGVGPFGP NGWVTCNICUGP YKG SVKEMUVQHH 
70 �� 
WPF SCWGTUVQHH 
21 �� CWHIGPQOOGP. DKG IGOKVVGNVGP ENGMVTQPGPGPGTIKGP NKGIGP DGK GKPGO 
FKGNGMVTKUEJ DGJKPFGTVGP BCTTKGTGPTGCMVQT \YKUEJGP 1-10GV. EKP GTQ­VGKN FGT EPGTIKG YKTF 
GPVURTGEJGPF FGT TCDGNNG 1 KP GNGMVTQPKUEJGT APTGIWPI WPF DKUUQ\KCVKQP WOIGUGV\V. EKPG 
IQPKUCVKQP GTHQNIV DGK SCWGTUVQHH DGK 12GV WPF DGK SVKEMUVQHH DGK 15,6GV. BGTGKVU DGK 10,4GV 
YKTF H2S KQPKUKGTV, UQ FCUU FGT ADDCW \W H2 WPF S UKEJ GKPHCEJ TGCNKUKGTGP N·UUV. 

TCD. 1� ENGMVTQPGPUVQ­RTQ\GUUG WPF GTHQTFGTNKEJG APTGIWPIUGPGTIKGP KO NTP-RGCMVQT 
XGT·PFGTV WPF GTI·P\V 
PCEJ RÒEMCWH, 2002�

Anregungsstufe Elektronenstoßprozess
Anregungsenergie [eV]

Sauerstoffspezies Stickstoffspezies

Schwingungsanregung AB(vib1) + e– → AB(vib2) +e– 0,19 0,29

Elektronische Anregung AB + e– → AB* +e– 0,98–6,12 6,23–11,88

Dissoziation AB + e– → A + B +e– 5,16 9,79

Ionisation AB + e– → AB+ + 2e– 12,06 15,60

IO FCNNG XQP SCWGTUVQHH YKTF OKV FGT GKPIGVTCIGPGP EPGTIKG ÒDGT GKPG FTGK KQORQPGPVGP 
RGCMVKQP DGTGKVU DGK 6ä9 GV GKPG BKNFWPI XQP O\QP GT\KGNV. 

O2 
 G → G 
 O 
3P� 
 O 
3P� 
1�
O2 
 G → G 
 O 
3P� 
 O 
1D� 
2�

O 
 O2 
 M  → O3 
 M 
3�
YQDGK M FGT FTKVVG RGCMVKQPURCTVPGT OKV M � O2, O, O3 KUV. LWHVDÒTVKIGT SVKEMUVQHH MCPP KP 
APYGUGPJGKV XQP SCWGTUVQHH QZKFKGTV YGTFGP, UQ FCUU PGDGP FGT APTGIWPI \WO OQNGMWNCTGP 
SVKEMUVQHH CWEJ WPGTYÒPUEJVG GCUG  YKG  NO, NO2 WPF N2O GPVUVGJGP.

N2 
 G
10 GV� → N 
 N 
4�
N 
 O2 → NO 
 O 
5�
N 
 NO → N2 
O 
6�

N2 
A�
 O2 → N2O 
 O 
7�
N2 
A�
 O2 → N2 
2O 
8�

AWEJ HTGKG RCFKMCNG MÌPPGP IGDKNFGV YGTFGP WPF UVGJGP HÒT YGKVGTG RGCMVKQPGP \WT VGTHÒ-
IWPI. 

H2O 
 G
5,1 GV� → H 
 OH 
9�
NO 
 G
6,5 GV� → N 
 O 
10�

O 
 H2O → 2OH  
11�
OH 
 NO2 → HNO3  
12�

DKG Q.C. RGCMVKQPURTQ\GUUG UVGNNGP FKG GTWPFNCIG HÒT FKG NTP-ADNWHVDGJCPFNWPI FCT. DTGK 
PTQ\GUUG MQOOGP DGKO SEJCFUVQHHCDDCW KO NTP \WO TTCIGP MQOOGP. IO GTUVGP PTQ\GUU 
MQOOV GU \WT QDGP DGUEJTKGDGPGP RGCMVKQP \YKUEJGP FGP NGWVTCNICUOQNGMÒNGP NG 
O2, 
N2, H2O�, KP FGTGP HQNIG CPIGTGIVG SRG\KGU GPVUVGJGP, FKG KP GTUVGT LKPKG RCFKMCNG 
R� DKNFGP. 
DKG GPVUVCPFGPGP RCFKMCNG TGCIKGTGP OKV FGO SEJCFUVQHH 
S� QFGT YGTFGP KP RGCMVKQPGP OKV 
CPFGTGP GCUDGUVCPFVGKNGP 
RCFKMCNH·PIGTP, RF� XGTDTCWEJV.

G
 
 NG → R 
 NG  
PTQ\GUU I�
S 
 R → PTQFWMVG 
PTQ\GUU II�
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RF 
 R → PTQFWMVG 
PTQ\GUU III�
FÒT FKG RGCMVKQPGP OKV AOOQPKCM MQOOGP OGJTGTG RGCMVKQPGP KP BGVTCEJV FKG RCTCNNGN 
CDNCWHGP MÌPPGP. FÒT FGP FKTGMVGP AOOQPKCM-ADDCW FWTEJ GKPG IQPKUKGTWPI 
GNGKEJWPI 
13� KUV, FKG \WT VGTHÒIWPI UVGJGPFG EPGTIKG \W IGTKPI, UQ FCUU CPFGTG RGCMVKQPGP \W VTCIGP 
MQOOGP.

2NH3 → N2 
 3H2 
13�
DKG FKTGMVG RGCMVKQP FWTEJ ENGMVTQPGPUVÌ­G JCV CWU Q.I. GTÒPFGP XGTOWVNKEJ GDGPHCNNU PWT 
GKPG IGTKPIG BGFGWVWPI 

NH3 
 G
4,8 GV� →  NH2 
 H 
14�
NH2 
 G
12 GV� →  NH 
 H2 
15�

EKP YGUGPVNKEJGT TGKN FGT UOUGV\WPIURTQ\GUUG HKPFGV KO RCJOGP FGU PTQ\GUUGU II UVCVV. DKG 
DGK FGT PNCUOCIGPGUG GPVUVGJGPFGP NGDGPRTQFWMVG NOZ WPF SOZ TGCIKGTGP OKV NH3 WPF 
H2S. DWTEJ GKPG RGCMVKQP KP APYGUGPJGKV XQP OH RCFKMCNGP 
GNGKEJWPI 9 WPF 11� WPF NO 

GNGKEJWPI 5� GTHQNIV ÒDGT FCU ZYKUEJGPRTQFWMV SCNRGVGTU·WTG AOOQPKWOPKVTCVQFGT AOOQ-
PKWOUWNHCV. 

2NH3 
 HNO3 → NH4NO3 
16�
2NH3 
 H2SO4 → 2
NH4�2SO4 
17�

AOOQPKCM MCPP CDGT CWEJ MCPP CDGT CWEJ FKTGMV FWTEJ O\QP \W QZKFKGTV YGTFGP 
GNGKEJWPI 
18�. WKG FKG MCUUGPUVTÌOG \YKUEJGP FGP PTQFWMVGP N2, NH2, NH4NO3, 
NH4�2SO4, H2NO3

XGTVGKNV UKPF, KUV FGT\GKV PQEJ WPIGMN·TV. 
2NH3 
 4O3 → NH4NO3 
 4O2 
 H2O 
18�

DCU NTP-ADNWHVTGKPKIWPIUU[UVGO HÒT FKG ADNWHVTGKPKIWPI YKTF CO FQTUEJWPIU\GPVTWO HÒT VGT-
GFGNWPIUYKTVUEJCHV FGT GGQTI-AWIWUV-UPKXGTUKV·V KO MC­UVCD GKPGU MCUVUEJYGKPGUUVCNNGU OKV 
10 MCUVRN·V\GP GPVYKEMGNV. DGT VGTUWEJUUVCNN YKTF OKV GKPGO VGPVKNCVQTOQFWN OKV MGUUXGPVK-
NCVQT WPF DTQUUGNMNCRRG 
FC. FCPEQO, NL� DGNÒHVGV. LWHV CWU FGO ADNWHVXQNWOGPUVTQO YKTF OKV 
GKPGO RCFKCNNÒHVGT FWTEJ FGP NTP-RGCMVQT IGNGKVGV WPF CPUEJNKG­GPF FGO ADNWHVUVTQO YKGFGT 
\WIGHÒJTV. DKG VGTYGPFWPI GKPGU RCFKCNNÒHVGTU KUV PQVYGPFKI, WO FKG BKNFWPI UGMWPF·TGT 
SEJCFICUG YKG LCEJICU WPF SVKEMQZ[FG FWTEJ GKPG JQJG SVTÌOWPIUIGUEJYKPFKIMGKV \W XGT-
OGKFGP. FÒT FKG GCUCPCN[VKM 
NH3, NO, NO2, N2O, CO2, CH4, O3� YKTF GKP FTIR-SRGMVTQOG-
VGT 
TJGTOQNKEQNGV� OKV GKPGO MGJTRWPMVRTQDGPPGJOGT GKPIGUGV\V. DKG VGPVKNCPUVGWGTWPI 
FGT PTQDGPPCJOGRWPMVG WPF FKG DCVGPGTHCUUWPI YKTF OKV FGO PTQITCOO ASR FGT FC. PGWU 
S[UVGOU FWTEJIGHÒJTV. 

ADD. 2� SEJGOCVKUEJG SMK\\G FGT ADNWHVTGKPKIWPIUCPNCIG OKV NTP-RGCMVQT 
NKEJV VJGTOKUEJGU PNCUOC� WPF 
FGP MGUURWPMVGP 
MP� HÒT FKG GCUCPCN[UG KP GKPGO VGTUWEJUUVCNN OKV 10 SEJYGKPGOCUVRN·V\GP
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3 ErgeDnisse 

DKG KP FGT TCDGNNG 2 FCTIGUVGNNVGP DCVGP UKPF GTUVG ETIGDPKUUG FGT NTP-ADNWHVTGKPKIWPIUCPNC-
IG. DKG MGUUTGKJGP YWTFGP CP WPVGTUEJKGFNKEJGP TCIGP FWTEJIGHÒJTV, UQ FCUU FGT WKTMWPIU-
ITCF FGT NH3-RGFWMVKQP CWH FKG DGTGEJPGVG NH3-FTCEJV DG\QIGP YWTFG. UPCDJ·PIKI XQP 
FGT CO NTP-RGCMVQT CPIGNGIVGP LGKUVWPI YWTFG FKG AOOQPKCM-KQP\GPVTCVKQP KP FGT SVCNNNWHV 

6,6 D\Y. 7,1 RRO� WO 18 � TGFW\KGTV. DKG L·PIG FGT RGCMVKQPUUVTGEMG JCVVG GKPGP EKPHNWUU 
CWH FGP WKTMWPIUITCF. DKG O\QP-KQP\GPVTCVKQP KUV CWEJ CO MP3 OKV 97 D\Y. 238 OI�Ox 
UGJT JQEJ, UQ FCUU FCU ADNWHVTGKPKIWPIUXGTHCJTGP OKV GKPGO RGUVQ\QPXGTPKEJVGT DGVTKGDGP 
YGTFGP UQNNVG. 

DKG XQP SVKEMQZ[F-KQP\GPVTCVKQPGP UKPF KP DGKFGP LGKUVWPIUUVWHGP CO MP2 XGTINKEJGP OKV 
MP1 WPF MP2 NGKEJV GTJÌJV. AP FGP LCEJICUMQP\GPVTCVKQPGP KUV CPJCPF FGU DCVGPOCVGTKCNU 
PQEJ MGKP IGTKEJVGVGT EHHGMV CD\WNGUGP. EKPG ETJÌJWPI FGT N2O-KQP\GPVTCVKQP FWTEJ FKG 
NTP-BGJCPFNWPI KUV LGFQEJ PKEJV \W GTMGPPGP. ADNCIGTWPIGP XQP AOOQPKWOPKVTCV GPVURTG-
EJGPF FGT GNGKEJWPIGP 15,16 WPF 17 YWTFGP CWHITWPF FGU MWT\GP VGTUWEJKPVGTXCNNU PKEJV 
XQTIGHWPFGP.

TCD. 2� EKPHNWUU FGT NTP-ADNWHVDGJCPFNWPI GKP GKPGO SEJYGKPGOCUVUVCNN 
10 MCUVRN·V\G�CWH FKG PKVTQIGPGP 
GCUXGTDKPFWPIGP WPF FGO WKTMWPIUITCF FGT NH3-RGFWMVKQP 
WG� KP ADJ·PIKIMGKV XQP FGT NTP-LGKUVWPI 

1250 W, 2500 W� WPF FGT RGCMVKQPUUVTGEMG 
MP1, RQJICU; MP1�RGKPICU PCEJ 2 O, MP2 � RGKPICU PCEJ 
5 O�  

NTP MP Luftvol. Strom O3 N2O NOX NH3

[W] [m³/h] [mg/m³] [mg/m³] [mg/m³] [mg/m³] WG*

1250

1 818 0 1,41 0,98 6,60

2 818 99 0,95 3,82 6,17 6 %

3 818 97 1,65 1,88 5,39 18 %

2500

1 645 8 2,12 0,35 7,11

2 651 238 0,12 1,79 6,54 7 %

3 645 238 0 0,47 5,84 18 %

* der Wirkungsgrad bezieht sich auf die berechneten NH3-Frachten.

4 Diskussion

DKG RGFWMVKQPUNGKUVWPI DG\ÒINKEJ FGU AOOQPKCMU KUV KP FGT WPVGTUWEJVGP NTP-APNCIG WPVGT 
FGO AURGMV FGT GKPIGUGV\VGP EPGTIKG \WO FGT\GKVKIGP SVCPF FGT EPVYKEMNWPI PQEJ IGTKPI. ANU 
IPFKMCVQT HÒT FKG IPVGPUKV·V FGT PNCUOC ET\GWIWPI MCPP O\QP JGTCPIG\QIGP YGTFGP. WKTF FKG 
NH3-RGFWMVKQP CWH FKG GT\GWIVG MGPIG O\QP DG\QIGP, MCPP CWU FGO ETIGDPKUUGP HQNIGPFG 
BG\KGJWPI HQTOWNKGTV YGTFGP�

NH3 =OI? � 0,009 Z O3 =OI? 
19�
APJCPF XQP \WXQT FWTEJIGHÒJTVGP LCDQTXGTUWEJGP 
KQUEJ, 2004� YWTFG GKPG FQRRGNV UQ 
JQJG ADDCWTCVG GTYCTVGV. DKGU MCPP KP FGO ITÌ­GTGP LÒHVWPIUSWGTUEJPKVV DGITÒPFGV UGKP, 
FGT \WT FQNIG JCV, FCUU GKP NTP-RCFKMCN WPF GKP AOOQPKCM-MQNGMÒN YGPKIGT YCJTUEJGKPNKEJ 
CWHGKPCPFGT VTGHHGP. DGUJCND UQNNVG FKG NTP-ADNWHVTGKPKIWPI OKV CPFGTGP VGTHCJTGP MQODK-
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PKGTV YGTFGP, WO \WO GKPGP FKG JQJGP RGUVQ\QPIGJCNVG \W XGTPKEJVGP WPF \WO CPFGTGP FKG 
UOUGV\WPIUTCVGP FWTEJ GKPG ETJÌJWPI FGT RGCMVKQPUHN·EJG \W XGTITÌ­GTP. 

DKG GTJÌJVG SVKEMQZ[F-KQP\GPVTCVKQP CO MP2 DGUV·VKIV FKG H[RQVJGUG, FCUU SVKEMQZ[F 
GKP PTQFWMV FGT PNCUOCIGPGUG KUV WPF PCEJ RGCMVKQP \W HNO3 GKP RGCMVKQPURCTVPGT HÒT FCU 
AOOQPKCM FCTUVGNNV. 

EKPG ITQ­G UPUKEJGTJGKV NKGIV FGT\GKV PQEJ KP FGT ETHCUUWPI FGT PKVTQIGPGP NGDGPRTQFWMVG 
YKG AOOQPKWOPKVTCV. DKGU MCPP, GDGPUQ YGPKI YKG SCNRGVGT, PKEJV OKV FGT FTIR-SRGMVTQUMQ-
RKG GTHCUUV YGTFGP, UQ FCUU \WU·V\NKEJG CPCN[VKUEJG MGVJQFGP GTCTDGKVGV YGTFGP OÒUUGP.
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Die Aufgabe der Landwirte ist es, die Bevölkerung täglich mit frischen und gesunden Nah-
rungsmitteln zu versorgen. Bei der Produktion von Fleisch werden an die Tierhalter höchste 
Anforderungen in punkto Produktqualität gestellt. Neben der Zucht und der Fütterung spie-
len dabei die Haltungsbedingungen eine bedeutende Rolle. Sie beeinflussen nachhaltig die 
Tiergesundheit. Das gilt besonders für das Stallklima. Mit Hilfe computergestützter Simula-
tionsverfahren ist es möglich, die Planung raumlufttechnischer Anlagen so zu optimieren, 
dass eine hohe Tiergesundheit gewährleistet werden kann. Das gelingt u. a. dadurch, dass die 
stallinternen Emissionen, z. B. an Ammoniak, reduziert werden. Ob dann im Nachgang noch 
ein Biofilter zum Einsatz kommen muss, wird sich zeigen. Nach wie vor ist es die Aufgabe 
der Tierproduktion, Nahrungsmittel auf gesunde Art und Weise herzustellen.

SWmmCr[ 

Task of the farmers is to provide people with fresh and healthy food. Greatest demands with 
respect to product quality are expected from animal producers. Besides breeding and feeding, 
husbandry conditions play an important role. They persistently influence animal welfare. In 
particular, this applies to stable climate. With the help of computer based simulation tech-
niques it is possible to optimize the planning of air ventilation systems in such a way that 
a high standard of animal welfare can be guaranteed. This is caused by a reduction of the 
emission of e. g., ammonia within the animal house. Whether an exhaust air biofilter must 
be brought into operation will turn out. Nevertheless it is the duty of animal production to 
generate food in a healthy manner.
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1 Die Rekonstruktion einer Schweinemastanlage mit 2���� TierRl·tzen 

1�1 HaltungsDedingungen 

BGK FGO UPVGTUWEJWPIUQDLGMV JCPFGNV GU UKEJ WO GKPG SEJYGKPGOCUVCPNCIG OKV 8.000 TKGT-
RN·V\GP. AWHICDG KUV GU, GKPG SVCNNGKPJGKV OKV 2.000 TKGTRN·V\GP UQ WO\WIGUVCNVGP, FCUU FKG 
FQTFGTWPIGP \WO SVCPF FGT DGUVGP XGTHÒIDCTGP TGEJPKM XGTYKTMNKEJV YGTFGP. DKG AWHUVCNNWPI 
FGT TKGTG 
ADDKNFWPI 1� GTHQNIV KP J[IKGPKUEJ UGRCTCV CDIGVTGPPVGP ADVGKNGP OKV LGYGKNU 240 
TKGTRN·V\GP. DGT KQPVTQNN- WPF VGTUQTIWPIUICPI XGTN·WHV OKVVKI KO SVCNN WPF UGRCTCV IGVTGPPV 
\W FGP GKP\GNPGP ADVGKNGP, YGNEJG DGKFUGKVKI MCOOCTVKI CPIGQTFPGV UKPF. IP FGP ADVGKNGP 

8 SVÒEM� DGHKPFGP UKEJ 240 TKGTRN·V\G. JG HCNVWPIUGKPJGKV 
BWEJV� YGTFGP 24 TKGTG IGJCN-
VGP. DKG TKGTG UKPF CWH GKPGP XQNNRGTHQTKGTVGP SEJNKV\DQFGP CWHIGUVCNNV. DKG HCNVWPIUGKPJGKV 
YKTF XQP IGUEJNQUUGPGP KWPUVUVQHHY·PFGP 
0,9 O JQEJ� DGITGP\V. IP CNNGP SVCNNCDVGKNGP KUV 
GKPG RQJTGPVOKUVWPI KO UQI. BCFGYCPPGPRTKP\KR KPUVCNNKGTV. DKG TKGHG FGT FNÒUUKIOKUVMCP·NG 
DGVT·IV 0,7 O.

ADD. 1� GTWPFTKUU FGT \W WPVGTUWEJGPFGP SVCNNGKPJGKV 
WILKE, 2004� =L·PIGPOC­G KP EO CPIGIGDGP?
Plan of the stable unit to be examined (WILKE, 200�). =Measures of length are given in cm?

DKG BTGKVG FGU \GPVTCNGP OKVVKIGP VGTUQTIWPIUICPIGU IGJV \W LCUVGP FGT QDGTGP SVCNNCDVGKNG, 
UQ FCUU KPUIGUCOV \YKUEJGP FTGK SVCNNCDVGKNV[RGP \W WPVGTUEJGKFGP KUV� GKPGO UQNEJGP T[R OKV 
FTGK FWVVGTI·PIGP DGK GKPGT BTGKVG XQP 11,47 O, GKPGO UQNEJGP OKV 9,20 O BTGKVG WPF UEJNKG­-
NKEJ GKPGO UQNEJGP OKV PWT GKPGO FWVVGTICPI. DKG SVCNNJÌJG DGN·WHV UKEJ CWH 2,50 O.

DKG XGTHÒIDCTG FN·EJG RTQ TKGT DGVT·IV 0,8 Ow�TKGTRNCV\. SQPUVKIG EKPTKEJVWPIGP WPF ETHQT-
FGTPKUUG GPVURTGEJGP FGP APHQTFGTWPIGP FGT RKEJVNKPKG 2001�88�EG FGU RATES 
2001� XQO 
23.10.2001 \WT ÄPFGTWPI FGT RKEJVNKPKG 91�630�EWG ÒDGT MKPFGUVCPHQTFGTWPIGP HÒT FGP 
SEJWV\ XQP SEJYGKPGP D\Y. FGT RKEJVNKPKG 2001�93�EG FGT KOMMISSION 
2001�.
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1�2 Raumlufttechnische 
RLT� Anlage 

DKG RGMQPUVTWMVKQP FGT TCWONWHVVGEJPKUEJG APNCIG UVGNNV \YGKHGNUHTGK FGP SEJYGTRWPMV GKPGT 
LGFGP SCPKGTWPI FCT. DC GU UKEJ JKGT WO GKP MQORNGZGU S[UVGO JCPFGNV, UQNNVGP D\Y. OÒUUGP 
CNNG TGKNMQORQPGPVGP 
ZW-, ADNWHVHÒJTWPI, SVGWGTWPI WPF RGIGNWPI� CDUQNWV CWHGKPCPFGT 
CDIGUVKOOV UGKP. KNGKPUVG UPUVKOOKIMGKVGP KO ZWUCOOGPURKGN FGT S[UVGOMQORQPGPVGP 
HÒJTGP KP FGP OGKUVGP F·NNGP \W FWPMVKQPUUVÌTWPIGP KP FGP APNCIGP D\Y. XGTTKPIGTP KJTGP 
WKTMWPIUITCF GTJGDNKEJ. DKGUG ëUPGDGPJGKVGPé YKTMGP UKEJ UR·VGT MCWUCN CWH FKG TKGTIGUWPF-
JGKV CWU. 

EU UVGNNV UKEJ PWP FKG FTCIG, YCTWO GU MGKPG PCVGPVNÌUWPI HÒT FKGUG PTQDNGOCVKM IKDV. DKG 
APVYQTV NKGIV KP FGT VKGN\CJN FGT ·W­GTGP EKPHNÒUUG, FKG CWH FCU S[UVGO 
SVCNN� YKTMGP. DKG 
SVTÌOWPIUXGTJ·NVPKUUG KP FGP GKP\GNPGP S[UVGOGP 
SVCNNGKPJGKVGP� MÌPPGP FGTCTV WPVGTUEJKGF-
NKEJ UGKP, FCUU GU XQTMQOOGP MCPP, FCUU FCU ETHQNIUMQP\GRV A DGKURKGNUYGKUG KP FGT TKGTJCN-
VWPIUCPNCIG B \W XÌNNKI CPFGTGP ETIGDPKUUGP 
WKTMWPIUITCFGP� HÒJTV. IP \WMWPHVUQTKGPVKGTVGP 
GTQ­DGVTKGDGP FGT TKGTJCNVWPI HÒJTGP FKGUG FGJNGPVUEJGKFWPIGP PKEJV UGNVGP KPU HKPCP\KGNNG 
DGUCUVGT. ANNGKP FCTCWU GTIKDV UKEJ FKG NQVYGPFKIMGKV FGT ëADUKEJGTWPIé FGT IPXGUVKVKQPUOC­-
PCJOG FWTEJ EQORWVGTIGUVÒV\VG SKOWNCVKQPGP KO EKP\GNHCNN. 

2 Planungsstadium 

IP GKPGT GTUVGP SVCNNMQP\GRVKQP YKTF KP FGT SKOWNCVKQP KP LGFGO SVCNNCDVGKN WPVGT FGP FWVVGT-
ICPI GKP KCPCN XGTNGIV, ÒDGT FGP FTKUEJNWHV KP FGP SVCNN GKPVTGVGP MCPP. DCOKV FCU IGUEJKGJV 
YKTF CP FGT AW­GPYCPF LGFGU SVCNNCDVGKNU GKP DGEMGPMCPCN KPUVCNNKGTV. DKGUGT YGKUV UVKTPUGKVKI 
GKPGP UEJOCNGP L·PIUUEJNKV\ CWH. IP FGP DGEMGPMCPCN OÒPFGP FKG SEJ·EJVG XQP ADNWHVXGPVK-
NCVQTGP. DWTEJ KJT BGVTGKDGP YKTF SVCNNNWHV ÒDGT FGP L·PIUUEJPKVV CDIGUQIGP. FTKUEJNWHV UVTÌOV 
XQP CW­GP ÒDGT FKG BQFGPMCP·NG KP FGP SVCNNTCWO.

IP ADDKNFWPI 2 KUV FKGUG SKVWCVKQP UEJGOCVKUEJ FCTIGUVGNNV. VQTXGTUWEJG, KRAUSE WPF 
LINKE 
2004�, NCUUGP DGK TÒTICPIÌHHPWPIGP GKP ADUCWIGP QDGTJCND FGT ADUCWIÌHHPWPI CWH FGT 
AW­GPUGKVG DGK DGKFUGKVKIGT LWHV\WHÒJTWPI CNU IÒPUVKI, F. J. GOKUUKQPUOKPFGTPF, KO HKPDNKEM 
CWH FKG \W GTYCTVGPFGP AOOQPKCMGOKUUKQPGP GTUEJGKPGP.

DCU CPIGFCEJVG DGKFUGKVKIG U[OOGVTKUEJG APUCWIGP XQP AW­GPNWHV ÒDGT FKG BQFGPMCP·-
NG GTYGKUV UKEJ KPUQHGTP CNU RTQDNGOCVKUEJ, CNU FCU APUCWIGP CWH FGT UVCNNKPPGTGP SGKVG XQP 
FGP DTWEMXGTJ·NVPKUUGP FGT CP FGP ZGPVTCNICPI CPIGUEJNQUUGPGP SVCNNCDVGKNG CDJ·PIKI KUV. 
UO FKGUG ADJ·PIKIMGKV CWU\WUEJNKG­GP, YKTF FGT ZGPVTCNICPI CWU FGO LÒHVWPIUMQP\GRV 
IGPQOOGP. DKG ÖHHPWPIGP CWH FGT SVCNNKPPGPUGKVG YGTFGP PWPOGJT FWTEJ RQJTNGKVWPIGP 
IGY·JTNGKUVGV, FKG FWTEJ FKG CPITGP\GPFGP ADVGKNG \WT LGYGKNKIGP AW­GPYCPF IGHÒJTV YGTFGP 

ADDKNFWPI 2�.

SKOWNCVKQPUVGEJPKUEJ YKTF FGT BGVTKGD DGK SQOOGTNWHVTCVG WPF DGK WKPVGTNWHVTCVG GTHCUUV. 
DCU SVTÌOWPIUIGUEJGJGP YKTF FQOKPCPV FWTEJ FKG IORWNUUVTÌOWPI ÒDGT FKG BQFGPMCP·NG 
IGRT·IV. BGK FGT BGWTVGKNWPI FGT SVTÌOWPIUHGNFGT YKTF FCTCWH IGCEJVGV, FCUU \WO GKPGP CNNG 
SVCNNCDVGKNG FWTEJUVTÌOV YGTFGP, \WO CPFGTGP FKG AOOQPKCMMQP\GPVTCVKQPUXGTVGKNWPI KO 
BQFGPDGTGKEJ OÌINKEJUV PKGFTKI IGJCNVGP YKTF.
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ADD. 2� PGTURGMVKXKUEJG ëIN·UGTPGé APUKEJV GKPGU SVCNNCDVGKNU OKV APUCWIMCP·NGP HÒT FTKUEJNWHV WPVGT FNWT WPF 
FGEMGPUGKVKIGT ADUCWIWPI. DKG ZWNWHV IGNCPIV XQP XQTPG 
GGD·WFGKPPGTGU� WPF XQP JKPVGP 
AW­GPYCPF� 
ÒDGT FKG BQFGPMCP·NG KP FCU SVCNNCDVGKN. BGK FGT APUCWIWPI CWH FGT IPPGPUGKVG KUV OCP XQO ZGPVTCNMCPCN 
NKP-
MG DCTUVGNNWPI� CWH GKPG UGRCTCVG APUCWIWPI 
TGEJVG DCTUVGNNWPI� ÒDGTIGICPIGP
Perspective „transparent“ view of a stable unit with channels to suck in fresh air under floor and channels 
at the ceiling for sucking out. The air flows into the stable unit from front (interior of the stable) and from 
behind (outer wall). The sucking in of air from the interior with help of a central channel was changed to 
such one with separate channels (right side)

ADD. 3� DKG SVTÌOWPIUXGMVQTGP KP GKPGT HÌJG XQP 1,1 O ÒDGT BQFGP \GKIGP HÒT FKG BWEJVGP YKTDGNCTVKIG 
BGYGIWPIGP, FKG \WO OKVVNGTGP BQFGPMCPCN U[OOGVTKUEJ XGTNCWHGP. DGT TGEJVG AWUUEJPKVV N·UUV GTMGPPGP, 
YKG FKG LWHVOCUUGP OKVVKI CWHGKPCPFGTRTCNNGP WPF PCEJ QDGP WOIGNGPMV YGTFGP
The flow vectors in the height of 1.1 m above ground show whirls in the boxes symmetrical to the middle 
underfloor channel. The right detail shows how the air masses collide and turn upwards



UMWELT � RESTSTOFFE

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 2�3

3 Realisierung

EPVURTGEJGPF FGP SKOWNCVKQPUGTIGDPKUUGP YKTF FKG RLT-APNCIG YKG HQNIV KPUVCNNKGTV 
ADDKN-
FWPI 4�. DKG BGNÒHVWPI FGT SVCNNGKPJGKVGP GTHQNIV KO UPVGTFTWEMXGTHCJTGP. DKG ZWNWHV YKTF CWU 
FGO DCEJTCWO CPIGUCWIV WPF DGKFUGKVKI ÒDGT KCP·NG WPVGT FNWT KP FKG ADVGKNG IGHÒJTV. DCDGK 
YKTF FCTCWH IGCEJVGV, FCUU CNNG 6 ZWNWHVMCP·NG 
LG ADVGKN� DCWUGKVKI XÌNNKI KFGPVKUEJ UKPF. SQOKV 
KUV CPP·JTGPF IGY·JTNGKUVGV, FCUU FKG ZWNWHV KP INGKEJGT GGUEJYKPFKIMGKV KP FKG ADVGKNG GKPH·NNV 
D\Y. FKGUG ä XQP FGT TGEJVGP D\Y. FGT NKPMGP SGKVG MQOOGPF ä KP FGT MKVVG FGT ADVGKNG CWH-
GKPCPFGT VTKHHV 
ADDKNFWPI 3�. DKG ZWNWHV UVTÌOV FCPCEJ XQO VGTUQTIWPIUICPI MQOOGPF ÒDGT 
FKG BWEJVGPY·PFG KP FKG GKP\GNPGP HCNVWPIUGKPJGKVGP 
BWEJVGP�.

DKG ADNWHV YKTF ÒDGT KCP·NG 
0,8 O Z 1,2 O� OKVVGNU \YGKGT VGPVKNCVQTGP CDIGUCWIV. DKG 
INGKEJO·­KIGP ÖHHPWPIUUEJNKV\G KO KCPCN VTCIGP \WT INGKEJO·­KIGP ADUCWIWPI FGT ADNWHV 
DGK. UO FGP DTWEM DGK YGEJUGNPFGP VQNWOGPUVTÌOGP 
RGIGNITÌ­G KUV FKG TGORGTCVWT� 
CPP·JGTPF INGKEJ \W JCNVGP, YKTF FGT 3WGTUEJPKVV FGT ADNWHVUEJNKV\G FTGJ\CJNCDJ·PIKI ÒDGT 
SVGNNOQVQTGP XCTKKGTV. DCU IGUCOVG APNCIGPU[UVGO YKTF XQNNCWVQOCVKUEJ ÒDGT FKG TGORGTCVWT 

KPPGP WPF CW­GP� IGUVGWGTV.

EKP YGKVGTGT UPVGTUWEJWPIUIGIGPUVCPF KUV FKG SWCUKMQPVKPWKGTNKEJG ETOKVVNWPI FGT EOKU-
UKQPUMQP\GPVTCVKQP 
NH3� KP FGP GKP\GNPGP BWEJVGP D\Y. FGT EOKUUKQPUOCUUGPUVTQO KO 
ADNWHVMCPCN. AWHITWPF DCWVGEJPKUEJGT \GKVNKEJGT VGTUEJKGDWPIGP NKGIGP FKGUG ETIGDPKUUG \WO 
BGTKEJVUVGTOKP PQEJ PKEJV XQT. VQTWPVGTUWEJWPIGP CP GKPGT CPP·JGTPF RTKP\KRKGNN XGTINGKEJ-
DCTGP APNCIG KP TJÒTKPIGP 
SEJYGKPGOCUV� GTICDGP FWTEJUEJPKVVNKEJG AOOQPKCMGOKUUKQPU-
MQP\GPVTCVKQPGP KO TKGTDGTGKEJ XQP 4 DKU 10 RRO 
MGUURGTKQFG JWNK 2004�.

ADD. 4� SEJGOCVKUEJG DCTUVGNNWPI FGT RLT-APNCIG JKPUKEJVNKEJ FGT ZWNWHVMCP·NG. 
WILKE 2004�
Scheme of the air ventilation system with respect to the incoming air channels. (WILKE 200�)

4 Zusammenfassende Wertung

DKG SKOWNCVKQPUVGEJPKM GTNCWDV GU, XQT FGT BCWYKTMNKEJMGKV DGUVKOOVG SKVWCVKQPGP \W GTHCUUGP. 
DCDGK JCV UKEJ IG\GKIV, FCUU PQEJ Y·JTGPF FGT BCWWOUGV\WPI OKV PNCP·PFGTWPIGP \W TGEJ-
PGP KUV, YKG \. B. DGK FGT ETOKVVNWPI FGT ADOC­G HÒT FGP ADUCWIMCPCN CP FGT SVCNNFGEMG.
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EU KUV FKG FNGZKDKNKV·V KP FGT SKOWNCVKQP, MQPMTGV GGQOGVTKGP GKP\WDKPFGP, YKG UKG XQT OTV 
CWHVTGVGP. IP FGO JKGT IG\GKIVGP BGKURKGN KUV MGKP NGWUVCNN GTTKEJVGV, UQPFGTP GKP ANVUVCNN UCPKGTV 
YQTFGP. FÒT FKG SKOWNCVKQPGP YKTF FCU PTQITCOOU[UVGO COMET XGTYGPFGV.

ADD. 5� 3WGT- WPF L·PIUUEJPKVV FGT RLT-APNCIG OKV BNKEM CWH FKG RGCNKUKGTWPI FGT ADUCWIMCP·NG 
WILKE 2004�
Cross- and length-section of the air ventilation system with view on the realization of the channels for 
sucking out. (WILKE 200�)

5 Literatur 

RICHTLINIE 2001�88�EG FGU RATES 
2001�� RKEJVNKPKG 2001�88�EG FGU RATES XQO 23.10.2001 \WT 
ÄPFGTWPI FGT RKEJVNKPKG 91�630�EWG ÒDGT MKPFGUVCPHQTFGTWPIGP HÒT FGP SEJWV\ XQP SEJYGKPGP 

ATVKMGN 1�; AOVUDNCVV FGT EGL 316�1 DKU 316�4 XQO 01.12.01.

RICHTLINIE 2001�93�EG FGT KOMMISSION 
2001�� RKEJVNKPKG 2001�93�EG FGT KOMMISSION XQO 
23.10.2001 \WT ÄPFGTWPI FGT RKEJVNKPKG 91�630�EWG ÒDGT MKPFGUVCPHQTFGTWPIGP HÒT FGP SEJWV\ 
XQP SEJYGKPGP 
ATVKMGN 1�; AOVUDNCVV FGT EGL 316�36 DKU 316�38 XQO 01.12.01.

KRAUSE, K.-H.; LINKE, S. 
2004�� AKTDQTPG UWDUVCPEGU KP CPKOCN JQWUGU ä C RTQDNGO HQT JWOCP CPF 
CPKOCN YGNHCTG � RTGNKOKPCT[ CDUVTCEV. IP� TGEJPQNQIKUEJ IPUVKVWWV 
GFU� AIEPI 2004 CQPHGTGPEG 
EPIKPGGTKPI VJG FWVWTG � SGRVGODGT 12ä16, 2004, LGWXGP, BGNIKWO ; DQQM QH CDUVTCEVU ; RCTV 2. 
LGWXGP � TGEJPQNQIKUEJ IPUVKVWWV, RR 546-547.

WILKE, H.-J. 
2004�� EPVYWTHURNCPWPI FGT TCWONWHVVGEJPKUEJGP APNCIG FGT BSK SEJYGKPGOCUV 
GODH UTNGDGP� TJÒTKPIGP, EPVYWTHURNCPWPI ULN 10-10, RÒFKIGTUJCIGP.



UMWELT � RESTSTOFFE

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 2�5

Theoretical eXaluation of ammonia scruDDers for goXernmental 
aRRroXal
6JeoretiscJe 'XCNWCtion Xon #mmoniCM�9·scJern fÒr die stCCtNicJe 
)eneJmigWng

ROLAND W� MELSE, HANS C� WILLERS

WCIGPKPIGP UR, AITQVGEJPQNQI[ � FQQF IPPQXCVKQPU 
A�F�, PO BQZ 17, NL-6700 AA WCIGPKPIGP

Ke[words� Ammonia remoXal, scruDDer, animal husDandr[
ScJNÒsseNYÌrter� #mmoniCM 'ntfernWng� 9·scJer� 8ieJJCNtWng

SWmmCr[

In the Netherlands, about 200 biological and acid scrubbers are in operation for reduction of 
ammonia emission from animal houses. The procedure for governmental approval of market 
introduction of a new scrubber system consists of a theoretical evaluation of the scrubber 
design if NH3 removal ≤ �0 � (usually a bioscrubber), and of a measuring program if NH3

removal ≥ �0 � (usually an acid scrubber with �0–�� � removal). However, the theoreti-
cal evaluation appears to have shortcomings due to the poor quality or absence of required 
input parameters, which may lead to oversized scrubbers resulting in high investment and 
operational costs. This can only be overcome by conducting a measuring program. It might 
be more cost-effective to replace the currently required theoretical evaluation by an experi-
mental and monitoring program. This would probably lead to smaller scrubber size. Sufficient 
ammonia removal under field conditions can be guaranteed through a maintenance and 
inspection program that has to be carried out anyway to check if the scrubber is properly 
operated.

<WsCmmenfCssWng

In den Niederlanden sind rund 200 Biowäscher und Säurewäscher im Einsatz um die Ammoni-
ak Emission von Ställen zu reduzieren. Das Genehmigungsverfahren für die Markteinführung 
eines neuen Wäschersystems besteht aus einer theoretischen Evaluation des Wäscherkon-
zeptes, wenn die NH3 Entfernung ≤ �0 � beträgt (normalerweise ein Biowäscher), und aus 
einem Messprogramm, wenn die NH3 Entfernung ≥ �0 � beträgt (normalerweise ein Säure-
wäscher mit �0–�� � NH3 Entfernung). Allerdings ist die theoretische Evaluation aufgrund 
der schlechten Qualität oder den Mangel an bestimmten Inputparametern eingeschränkt, 
was eine Überdimensionierung des Wäschers zur Folge hat mit daran verbundenen hohen 
Investitions- und Gebrauchskosten. Es ist wahrscheinlich kostensparender um die momentan 
notwendige theoretische Evaluation durch ein experimentelles Untersuchungsprogramm 
zu ersetzen. Das würde voraussichtlich zu kleineren Wäschergrößen führen. Gleichzeitig 
kann eine ausreichende Ammoniak Entfernung unter Praxisbedingungen durch regelmäßige 
Instandhaltung und ein Wartungsprogramm, welches zur Kontrolle des Wäschers sowieso 
ausgeführt werden muss, garantiert werden.



2�6 BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI

VORTR�GE

1 Introduction

IP VJG NGVJGTNCPFU, KPVGPUKXG NKXGUVQEM HCTOGTU CTG QDNKIGF VQ KORNGOGPV NQY-GOKUUKQP JQWU-
KPI U[UVGOU KP QTFGT VQ TGFWEG COOQPKC GOKUUKQPU. BGHQTG HKGNF KORNGOGPVCVKQP, GCEJ U[UVGO 
JCU VQ DG CEMPQYNGFIGF D[ VJG MKPKUVT[ QH SRCVKCN PNCPPKPI, HQWUKPI CPF VJG EPXKTQPOGPV 

VROM�. AHVGT CEMPQYNGFIGOGPV, C U[UVGO KU KPENWFGF KP CP QHHKEKCN NKUV QH CRRTQXGF U[UVGOU, 
ECNNGF VJG RAV NKUV 
éRGIGNKPI AOOQPKCM GP VGGJQWFGTKLê� 
VROM, 2002�. TJKU NKUV KPENWFGU 
VTGCVOGPV VGEJPKSWGU HQT GZJCWUV CKT QH OGEJCPKECNN[ XGPVKNCVGF CPKOCN JQWUGU, K. G. DKQNQIKECN 
UETWDDGTU 
QT� DKQVTKEMNKPI HKNVGTU� CPF CEKF UETWDDGTU. PTGUGPVN[, CRRTQZKOCVGN[ 45 DKQNQIKECN 
CPF 160 EJGOKECN UETWDDGTU CTG KP QRGTCVKQP HQT COOQPKC TGOQXCN KP DWVEJ NKXGUVQEM HCTO-
KPI.

BQVJ DKQNQIKECN CPF CEKF UETWDDGTU EQPUKUV QH C TGCEVQT VJCV KU HKNNGF YKVJ RCEMKPI OCVGTKCN. 
WCVGT KU URTC[GF QP VQR QH VJG RCEMGF DGF CPF RCTVN[ TGEKTEWNCVGF. APQVJGT RCTV KU FKUEJCTIGF 
CPF TGRNCEGF D[ HTGUJ YCVGT. AKT EQPVCOKPCVGF YKVJ COOQPKC KU HQTEGF VJTQWIJ VJG HKNVGT DGF 
TGUWNVKPI KP KPVGPUKXG EQPVCEV DGVYGGP CKT CPF YCVGT GPCDNKPI COOQPKC VTCPUHGT HTQO ICU VQ 
NKSWKF RJCUG.

IP C DKQNQIKECN UETWDDGT, COOQPKC VTCPUHGT HTQO ICU VQ NKSWKF RJCUG KU HQNNQYGF D[ OKETQ-
DKCN QZKFCVKQP VQ PKVTKVG CPF PKVTCVG 
PKVTKHKECVKQP�. IV KU CUUWOGF VJCV VJG OCZKOWO COOQPKC 
TGOQXCN ECRCEKV[ QH DKQNQIKECN UETWDDGTU KU 70 � CV TGCUQPCDNG YCVGT FKUEJCTIG TCVGU DGECWUG 
VJG ECRCEKV[ KU TGUVTKEVGF D[ VJG DKQEJGOKECN GSWKNKDTKC QH PKVTKHKECVKQP. IP CP CEKF UETWDDGT, 
COOQPKC KU ECRVWTGF D[ VJG CEKF, HQTOKPI CP COOQPKWO UCNV. OPN[ UWNRJWTKE CEKF KU CNNQYGF 
HQT VJKU RWTRQUG KP VJG NGVJGTNCPFU. A OKPKOWO YCVGT FKUEJCTIG TCVG KU TGSWKTGF VQ RTGXGPV 
RTGEKRKVCVKQP QH COOQPKWO UWNRJCVG. IP C YGNN-FGUKIPGF EJGOKECN UETWDDGT QRGTCVKPI CV C 
UWHHKEKGPVN[ NQY RH, COOQPKC TGOQXCN RGTEGPVCIGU QH 95 � QT JKIJGT ECP DG CEJKGXGF. AP 
CPCN[UKU QH VJG UVCVG-QH-VJG-CTV QH DKQNQIKECN CPF CEKF UETWDDGTU KU IKXGP KP SCHOLTENS 
1996� 
CPF MELSE � WILLERS 
2004�.

2 ARRroXal Rrocedures

2�1 Biological scruDDers

IH C OCPWHCEVWTGT YCPVU VQ KPVTQFWEG C PGY V[RG QH CKT UETWDDGT VQ VJG DWVEJ OCTMGV, VJGTG 
CTG UGXGTCN TQWVGU VQ IQXGTPOGPVCN CRRTQXCN. IH VJG COOQPKC TGOQXCN QH VJG PGY CKT UETWDDGT 
KU NQYGT VJCP QT GSWCN VQ 70 �, CU KU WUWCNN[ VJG ECUG HQT C DKQNQIKECN UETWDDGT, VJG EWTTGPV 
RTQVQEQN TGSWKTGU C VJGQTGVKECN GXCNWCVKQP QH VJG CKT UETWDDGT FGUKIP, CUUWOKPI VJCV VJG U[U-
VGO FGUKIP KU UKOKNCT VQ CKT UETWDDGTU VJCV JCXG CTG CNTGCF[ DGGP KORNGOGPVGF CPF VGUVGF KP 
HKGNF. TJG GXCNWCVKQP KU ECTTKGF QWV D[ CP KPFGRGPFGPV TGUGCTEJ KPUVKVWVG CPF TGRQTVGF VQ VJG 
OCPWHCEVWTGT. TJG RTKPEKRNGU QH VJG VJGQTGVKECN GXCNWCVKQP CTG FGUETKDGF KP VJKU RCRGT. IH VJG 
GXCNWCVKQP UVWF[ RTQXGU VJG PGY U[UVGO VJGQTGVKECNN[ OGGVU VJG CUUGTVGF COOQPKC TGOQXCN 
RGTEGPVCIG, VJG U[UVGO KU WUWCNN[ KPENWFGF KP VJG PGZV RWDNKECVKQP QH VJG RAV NKUV.

TJG TGCUQP HQT KORNGOGPVKPI C VJGQTGVKECN GXCNWCVKQP RTQEGFWTG YCU VJCV KV KU NGUU GZRGPUKXG 
VJCP CP GNCDQTCVG OQPKVQTKPI RTQITCO, VJWU HCEKNKVCVKPI OCTMGV KPVTQFWEVKQP QH PGY UETWDDGT 
FGUKIPU D[ DQVJ GZKUVKPI CPF PGY OCPWHCEVWTGTU. HQYGXGT, YJGP C OCPWHCEVWTGT ENCKOU CP 
COOQPKC TGOQXCN RGTEGPVCIG HQT C DKQNQIKECN UETWDDGT QH QXGT 70 �, C VJGQTGVKECN GXCNWCVKQP 
KU PQV EQPUKFGTGF UWHHKEKGPV CPF CFFKVKQPCN OGCUWTGOGPVU CTG PGEGUUCT[ 
UGG DGNQY�.
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2�2 Acid scruDDers

A VJGQTGVKECN GXCNWCVKQP KU PQV UWHHKEKGPV CPF KV KU EQORWNUQT[ VQ ECTT[ QWV C OQPKVQTKPI RTQ-
ITCO KH VJG CUUGTVGF COOQPKC TGOQXCN QH VJG PGY U[UVGO KU ITGCVGT VJCP 70 �, G. I. 90 � QT 
95 �. TJKU KU WUWCNN[ VJG ECUG HQT CEKF UETWDDGTU. TJG RTQVQEQN HQT VJKU OQPKVQTKPI RTQITCO, 
HQTOGTN[ MPQYP CU VJG DWVEJ éGTQGP LCDGNê OGCUWTGOGPVU, TGSWKTGU UGOK-EQPVKPWQWU COOQ-
PKC TGOQXCN OGCUWTGOGPVU CTG ECTTKGF QWV FWTKPI VYQ TQWPFU CV QPG HCTO. FQT HCVVGPKPI RKIU 
VJKU OGCPU VYQ OGCUWTGOGPV RGTKQFU HQWT OQPVJU GCEJ, QPG KP YKPVGT- CPF QPG KP UWOOGT-
VKOG.

CWTTGPVN[, C PGY RTQVQEQN HQT CFOKVVCPEG QH PGY U[UVGOU VQ VJG RAV NKUV KU KP RTGRCTCVKQP 
VJCV KU GZRGEVGF VQ DG OCFG GHHGEVKXG KP 2005. TJG PGY RTQVQEQN YKNN RTQDCDN[ TGFWEG VJG 
OGCUWTGOGPV GHHQTVU HQT CRRTQXCN QH JKIJ COOQPKC TGOQXCN U[UVGOU.

3 Theoretical eXaluation

3�1 Design Rarameters

IP QTFGT VQ ECTT[ QWV C VJGQTGVKECN GXCNWCVKQP, VJG EQPEGTPKPI OCPWHCEVWTGT QH VJG UETWDDGT 
U[UVGO PGGFU VQ UWRRN[ CNN CXCKNCDNG KPHQTOCVKQP QP VJG FGUKIP CPF EJCTCEVGTKUVKEU QH VJG UETWD-
DGT. TJKU KPHQTOCVKQP KU UWOOCTKUGF KP TCDNG 1.

TJG COOQPKC NQCF QH VJG UETWDDGT KU ECNEWNCVGF HTQO VJG PWODGT QH CPKOCNU CPF VJG COOQ-
PKC GOKUUKQP TCVGU VJCV CTG UVCVGF KP VJG RAV 
VROM, 2002� HQT EQPXGPVKQPCN JQWUKPI U[UVGOU 
YKVJQWV NQY-GOKUUKQP OGCUWTGU. AU CP GZCORNG, UQOG QH VJGUG HKIWTGU HTQO VJG EWTTGPV RAV 
CTG OGPVKQPGF KP TCDNG 2 HQT RKI CPF RQWNVT[ URGEKGU.

3�2 Mass transfer

TJG VJGQTGVKECN GXCNWCVKQP KU DCUGF QP VJGQTGVKECN CPF GZRGTKOGPVCN FGTKXGF TGNCVKQPU TGICTF-
KPI OCUU VTCPUHGT KP RCEMGF EQNWOPU. TJG OCKP RCTV KU CP GUVKOCVKQP QH VJG theoretical scruD�
Der size D[ ECNEWNCVKPI VJG HGKIJV QH TTCPUHGT UPKV 
HTU� CPF VJG NWODGT QH TTCPUHGT UPKVU 

NTU� CV C MPQYP DCUCN CTGC 
A��

TJGQTGVKECN UETWDDGT UK\G =O3? � HTU =O? Z NTU =ä? Z A =O2?

HTU KU C OGCUWTG QH VJG GHHKEKGPE[ QH OCUU VTCPUHGT KP VJG U[UVGO CPF KU ECNEWNCVGF HTQO VJG 
RCEMKPI EJCTCEVGTKUVKEU, KPENWFKPI URGEKHKE CTGC 
O2�O3�, RCEMKPI HCEVQT 
O3�O3�, URJGTKEKV[, CPF 
HTQO VJG EQGHHKEKGPVU HQT FKUUQEKCVKQP, FKHHWUKQP CPF RCTVKVKQP QH COOQPKC. NTU KU C OGCUWTG 
HQT VJG TGOQXCN RGTEGPVCIG VJCV KU CKOGF CV; HQT 70 � TGOQXCN, NTU KU 1.2 CPF HQT 95 �, NTU 
KU 3. FKPCNN[, VJG TCVGU QH VJG ICU CPF NKSWKF HNQY FGVGTOKPG KH EQPFKVKQPU CTG UWKVCDNG HQT VJG 
TGSWKTGF COOQPKC TGOQXCN. TJGUG EQPFKVKQPU ECP DG GZRTGUUGF CU VJG YGVVKPI HTCEVKQP QH VJG 
RCEMKPI CPF VJG RGTEGPVCIG QH HNQQFKPI. ANN QH VJGUG ECNEWNCVKQPU CTG FGUETKDGF KP GPIKPGGTKPI 
JCPFDQQMU, UWEJ CU SINNOT 
1999�.
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TQ EQTTGEV HQT PQP-KFGCN EKTEWOUVCPEGU CPF XCTKCVKQPU KP CKT HNQY CPF COOQPKC EQPEGPVTC-
VKQP, VJG GUVKOCVGF TGSWKTGF EQNWOP JGKIJV KU WUWCNN[ OWNVKRNKGF YKVJ C safet[ margin QH 1.5 VQ 
2 VQ DG UWTG VJCV VJG KPVGPFGF COOQPKC TGOQXCN YKNN CNUQ DG CEJKGXGF KP C HKGNF CRRNKECVKQP�

 AEVWCN UETWDDGT UK\G =O3? � TJGQTGVKECN UETWDDGT UK\G =O3? Z SCHGV[ OCTIKP =ä?

TCD. 1� IPHQTOCVKQP TGSWKTGF HQT VJGQTGVKECN GXCNWCVKQP QH CEKF QT DKQNQIKECN UETWDDGT

* Functional description of scrubbing system

including general design criteria such as: intended ammonia removal (%), what air is to be 
treated? (pigs, poultry), flow directions: counter-current? cross-current?

* Scrubbing section

– maximum air flow (m3/h)
– water recirculation flow (m3/h), water discharge flow (m3/h)
– distribution of water (technical design, type of spray nozzles, specification etc.)
–  packing material: brand name, type, characteristics such as specific surface area and packing 

factor (m2/m3), HTU value (m), sphericity (–), bed porosity (–), pressure drop etc.
– packing section: volume (m3), cross sectional surface (m2), height (m) etc.
– volume of recirculation water reservoir

* Dust and suspended materials

–  which precautions have been taken to prevent clogging of the packing? is dust removed from 
the air before entering the packing?

– how often the packing material needs to be cleaned?
– can accumulated matter be removed from the recirculation reservoir? 

* Specific info for biological scrubbers:

If a separate biological section exists, separate from the scrubbing section:
– maximum ammonia removal capacity of system (g NH3/m2/uur)
– specific surface of packing material of biological section(s) (m2/m3)
– volume of biological section(s) (m3)
– water flow through biological section (m3/uur)
– temperature range of operation (winter, summer, measures to be taken)

* Specific info for acid scrubbers

– what acid is used?
– dosing system: technical description, control system, setpoints 
– pH and EC measurements: can readings be checked? calibration?
– how can freezing of acid supply be prevented?

* Miscellaneous

– detailed description of all monitoring and controlling systems that are used for operation
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TCD. 2� EZCORNG QH COOQPKC GOKUUKQP PWODGTU HQT UQOG RKI CPF RQWNVT[ URGEKGU 
VROM, 2002�

Animal species (code)
Emission

(kg NH3/animal place/year)

Dry and pregnant sows (D 1.3.13) 4.2

Farrowing sows (incl. piglets until weaning) (D 1.2.16) 8.3

Weaned piglets (D 1.1.15.1) 0.6

Growing-finishing pigs (D 3.4.1) 2.5

Rearing pullets (battery housing) (E 1.10) 0.045

Layer breeders (battery housing) (E 2.13) 0.100

Broilers (E 5.6) 0.080

4 Discussion

TJG RTQEGFWTG QH WUKPI C VJGQTGVKECN GXCNWCVKQP KP QTFGT VQ UKORNKH[ VJG RTQEGUU QH IQXGTPOGP-
VCN CRRTQXCN, JCU VJTGG OCLQT UJQTVEQOKPIU.

FQT OCP[ EQOOQP random Rackings, G. I. PCNN TKPIU, RCUEJKI TKPIU GVE., EJCTCEVGTKUVKEU 
JCXG DGGP GZRGTKOGPVCNN[ FGVGTOKPGF KP VJG RCUV. BCUGF QP VJGUG Racking characteristics
VJG HTU XCNWG ECP DG ECNEWNCVGF CU FGUETKDGF CDQXG. HQYGXGT, OCP[ UETWDDGT OCPWHCEVWT-
GTU FGUKIP UETWDDGTU YKVJ UVTWEVWTGF RCEMKPIU DGECWUG KP IGPGTCN structured Rackings JCXG 
C NQYGT RTGUUWTG FTQR CPF C JKIJGT OCUU VTCPUHGT GHHKEKGPE[. TJKU TGUWNVU KP C NQYGT HTU CPF 
VJWU C UOCNNGT UETWDDGT UK\G. UPHQTVWPCVGN[, VJG EJCTCEVGTKUVKEU QH OCP[ QH VJGUG UVTWEVWTGF 
RCEMKPIU CTG PQV MPQYP. WJGVJGT C VJGQTGVKECN ECNEWNCVKQP QH HTU ECP DG OCFG KP UWEJ 
ECUGU, FGRGPFU QP VJG COQWPV CPF SWCNKV[ QH VJG CFFKVKQPCN KPHQTOCVKQP VJCV KU IKXGP D[ VJG 
CRRNKECPV, G.I. NCD GZRGTKGPEGU, OGCUWTGOGPVU GVE. CPF QP VJG FKHHGTGPEGU DGVYGGP VJG FGUKIP 
QH VJG PGY UETWDDGT EQORCTGF VQ VJG FGUKIP QH UETWDDGTU VJCV JCXG CNTGCF[ DGGP CRRTQXGF 
CPF VGUVGF KP VJG HKGNF.

TJG UGEQPF UJQTVEQOKPI KU VJG NCEM QH C UQWPF VJGQTGVKECN DCUKU HQT VJG XCNWG QH VJG CRRNKGF 
safet[ margin. UUWCNN[ PQ OGCUWTGOGPVU CTG CXCKNCDNG VQ UWRRQTV VJKU XCNWG. HQYGXGT, VJG 
CRRNKECVKQP QH VJG UCHGV[ OCTIKP FGVGTOKPGU VJG TGSWKTGF UETWDDGT UK\G VQ C NCTIG GZVGPV CPF 
VJWU UWDUVCPVKCNN[ KPHNWGPEGU KPXGUVOGPV CPF QRGTCVKQPCN EQUVU.

FKPCNN[, VJG CURGEV QH Ded clogging CPF FWUV TGOQXCN ECPPQV DG UWHHKEKGPVN[ CUUGUUGF KP C 
VJGQTGVKECN UVWF[, DGECWUG QH VJG NCTIG XCTKCVKQP KP FWUV GOKUUKQPU DGVYGGP CPKOCN JQWUGU. 
TJGTGHQTG, VJKU CURGEV KU PQV KPENWFGF KP VJG VJGQTGVKECN GXCNWCVKQP CPF VJG OCPWHCEVWTGT QH VJG 
UETWDDGT KU JGNF TGURQPUKDNG HQT VCMKPI UWHHKEKGPV OGCUWTGU VQ RTGXGPV CEEWOWNCVKQP QH UQNKFU 
KP VJG U[UVGO. IP QWT QRKPKQP, VJG RCEMKPI QH C YGNN FGUKIPGF UETWDDGT UJQWNF PQV JCXG VQ DG 
ENGCPGF OQTG VJCP VYKEG C [GCT VQ RTGXGPV ENQIIKPI.

TQ QXGTEQOG VJG UJQTVEQOKPIU QH VJG VJGQTGVKECN GXCNWCVKQP, KV KU PGEGUUCT[ VQ KORTQXG 
VJG SWCNKV[ QH VJG KPRWV RCTCOGVGTU. TJG EJCTCEVGTKUVKEU QH C PGY RCEMKPI OCVGTKCN ECP DG 
FGVGTOKPGF KP C NCDQTCVQT[-UECNG UGVWR WUKPI U[PVJGUK\GF CKT. A XCNKF XCNWG HQT C UCHGV[ OCT-
IKP, JQYGXGT, ECP QPN[ DG FGVGTOKPGF D[ NQPI VGTO OGCUWTGOGPVU QH C HWNN UECNG UETWDDGT 
CRRNKECVKQP WPFGT HKGNF EQPFKVKQPU.
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FWTVJGTOQTG, GXGP YGNN FGUKIPGF CPF CRRTQXGF U[UVGOU, KV PGGFU VQ DG QRGTCVGF RTQRGTN[ 
VQ IWCTCPVGG UWHHKEKGPV COOQPKC TGOQXCN. MCNHWPEVKQP QH UETWDDGTU KP VJG HKGNF OC[ QEEWT, 
G. I. FWG VQ ENQIIKPI CPF VWPPGNNKPI, KPJKDKVKQP D[ JKIJ COOQPKC CPF PKVTKVG EQPEGPVTCVKQPU 

DKQNQIKECN UETWDDGT�, CPF KPUWHHKEKGPV CEKF UWRRN[ 
CEKF UETWDDGT�. TJGTGHQTG, KV KU PGEGUUCT[ 
VJCV VJG QRGTCVKQP QH C UETWDDGT U[UVGO KU GODGFFGF KP C UGTXKEG CPF OCKPVGPCPEG EQPVTCEV 
CPF VJCV, CV NGCUV QP C [GCTN[ DCUKU, KPURGEVKQP KU ECTTKGF QWV D[ CP KPFGRGPFGPV CWVJQTKV[ 

UGG STICHTING GROEN LABEL, 1999, 2000�. TJG OCKPVGPCPEG EQPVTCEV CPF VJG KPURGEVKQP XKUKVU 
KORN[ COOQPKC TGOQXCN OGCUWTGOGPVU, UCORNKPI CPF CPCN[UKU QH VJG FTCKP YCVGT, CPF KPURGE-
VKQP QH RTQEGUU EQPVTQN RCTCOGVGTU. ANVJQWIJ OCKPVGPCPEG EQPVTCEVU CPF [GCTN[ KPURGEVKQPU HQT 
CKT UETWDDGTU CTG OCPFCVQT[ KP VJG NGVJGTNCPFU, QHVGP VJG[ CTG PQV KORNGOGPVGF GPFCPIGTKPI 
VJG UWEEGUU QH COOQPKC TGOQXCN D[ CKT UETWDDKPI.

5 Conclusion

TJG VJGQTGVKECN GXCNWCVKQP QH UETWDDGT FGUKIP, YJKEJ KU WUGF HQT CRRTQXCN D[ DWVEJ CWVJQTK-
VKGU, JCU UQOG UJQTVEQOKPIU VJCV UVKNN PGEGUUKVCVG VQ EQPFWEV C OGCUWTKPI RTQITCO. TJKU RTQ-
ITCO EQPUKUVU QH NCDQTCVQT[ GZRGTKOGPVU CPF NQPI-VGTO COOQPKC TGOQXCN OGCUWTGOGPVU HQT 
VJG CRRTQXCN RTQEGFWTG, CPF QH OQPKVQTKPI COOQPKC TGOQXCN QH VJG UETWDDGT FWTKPI HKGNF 
QRGTCVKQP.

IV OKIJV DG OQTG EQUV-GHHGEVKXG VQ TGRNCEG VJG EWTTGPVN[ TGSWKTGF VJGQTGVKECN GXCNWCVKQP D[ 
CP GZRGTKOGPVCN CPF OQPKVQTKPI RTQITCO. TJG WUG QH C UCHGV[ OCTIKP VJCV OC[ YTQPIHWNN[ NGCF 
VQ QXGTUK\GF UETWDDGTU CPF JKIJ KPXGUVOGPV CPF QRGTCVKQPCN EQUVU ECP VJWU DG CXQKFGF. SWH-
HKEKGPV COOQPKC TGOQXCN WPFGT HKGNF EQPFKVKQPU UJQWNF DG IWCTCPVGGF VJTQWIJ OCKPVGPCPEG 
CPF KPURGEVKQP.
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Die vorliegenden Forschungsarbeiten haben den praxistauglichen Einsatz von Ureaseinhi-
bitoren zur Minderung der Freisetzung von NH3 aus der Rinderhaltung zum Ziel. Für die 
unterschiedlichen Fragestellungen werden drei unterschiedliche Methoden entwickelt und 
angewandt: das Behälter-Wasserbad-Messsystem (BeWaSys) dient zur Untersuchung der 
Dosis-Wirkungsbeziehungen von Ureaseinhibitoren im Labor, mit dem Schnelltest erfolgt 
die Bestimmung der Ureaseaktivität auf Bodenoberflächen und mit dem Windtunnel-Was-
serbad-Messsystem (WiWaSys) wird die Wirkung von Ureaseinhibitoren unter stallähnlichen 
Verhältnissen zunächst im Labor untersucht.

In den Untersuchungen mit dem BeWaSys wurden Dosis-Wirkungsbeziehungen von Ure-
aseinhibitoren in Abhängigkeit von der Temperatur festgestellt. Der Schnelltest zeigte nur 
eine geringe Abhängigkeit der Ureaseaktivität von den Bodenbelägen, ein Zusammenhang 
zwischen dem Grad der Verschmutzung und der Ureaseaktivität konnte nicht nachgewiesen 
werden. Das WiWaSys ist einsatzfähig, um unterschiedliche Applikationsstrategien unter 
stallähnlichen Bedingungen zu testen.

SWmmCr[

The aim of the present research project is to test the efficiency of urease inhibitors to reduce 
ammonia emission from dairy barns. Therefore three different measuring methods are used: 
a standardised slurry emission monitoring lab to study the dose-effect correlation of several 
inhibitors under laboratory conditions, a standardised test procedure to determine the urease 
activity on different floor types and with different fouling intensities under practical condi-
tions, a wind tunnel to test the efficiency of inhibitors depending on different application 
strategies under laboratory but similar conditions like in a dairy barn.

So far the laboratory results showed different temperature related dose-efficiency relations 
for several inhibitors. Only slight differences occurred regarding the urease activity of differ-
ent flooring materials and no distinct correlation between the fouling intensity of the floors 
under research and the urease activity could be found. The wind tunnel system is validated, 
so different application strategies can be tested. 
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1 Einleitung und Zielsetzung

IP FGT LCPFYKTVUEJCHV YKTF FGT SVCNNDGTGKEJ CNU GKPG YGUGPVNKEJG NH3-EOKUUKQPUSWGNNG GTCEJVGV 

HARTUNG, 2001 WPF GALLMANN, 2003�. DGT ITÌ­VG APVGKN FCTCP YKTF FGT RKPFGTJCNVWPI \WIG-
TGEJPGV 
ASMAN, 1992�, YGUYGIGP UKEJ KP FKGUGO BGTGKEJ MKPFGTWPIUUVTCVGIKGP DGUQPFGTU 
GHHGMVKX CWUYKTMGP. DKG XQTNKGIGPFGP FQTUEJWPIUCTDGKVGP JCDGP FGP RTCZKUVCWINKEJGP EKPUCV\ 
XQP UTGCUGKPJKDKVQTGP \WT MKPFGTWPI FGT FTGKUGV\WPI XQP NH3 CWU FGT RKPFGTJCNVWPI \WO 
ZKGN. 

2 Material und Methode

UO FKG WKTMUCOMGKV XQP UTGCUGKPJKDKVQTGP \WT MKPFGTWPI FGT NH3-EOKUUKQPGP \W WPVGT-
UWEJGP, YGTFGP HÒT FKG WPVGTUEJKGFNKEJGP FTCIGUVGNNWPIGP FTGK WPVGTUEJKGFNKEJG MGVJQFGP 
GPVYKEMGNV WPF CPIGYCPFV�
 î FCU BGJ·NVGT-WCUUGTDCF-MGUUU[UVGO 
BGWCS[U� \WT UPVGTUWEJWPI FGT DQUKU-WKTMWPIU-

DG\KGJWPIGP XQP UTGCUGKPJKDKVQTGP KO LCDQT;
 î FGT SEJPGNNVGUV \WT BGUVKOOWPI FGT UTGCUGCMVKXKV·V CWH BQFGPQDGTHN·EJGP KO LCDQT 

WPF KP FGT PTCZKU;
 î FCU WKPFVWPPGN-WCUUGTDCF-MGUUU[UVGO 
WKWCS[U� \WT UPVGTUWEJWPI FGT WKTMWPI 

XQP UTGCUGKPJKDKVQTGP WPVGT UVCNN·JPNKEJGP VGTJ·NVPKUUGP KO LCDQT WPF KP FGT PTCZKU.

2�1 Beh·lter�WasserDad�Messs[stem 
BeWaS[s�

DCU BGWCS[U DGUVGJV CWU GKPGO WCUUGTDCF OKV OCZ. 28 MGUUDGJ·NVGTP 
5 N-GNCUHNCUEJGP�, 
FKG PCEJ FGO PTKP\KR FGT F[PCOKUEJGP KCOOGT CTDGKVGP. DKG FNÒUUKIOKUVVGORGTCVWT MCPP 
OKVVGNU FGU WCUUGTDCFGU GPVURTGEJGPF FGP UVCNNÒDNKEJGP BGFKPIWPIGP \YKUEJGP 5 uC WPF 
25 uC MQPUVCPV GKPIGUVGNNV YGTFGP. JG VGTUWEJUFWTEJICPI YGTFGP OGJTGTG, TCPFQOKUKGTV 
XGTVGKNVG WKGFGTJQNWPIGP FGT WPDGJCPFGNVGP WPF FGT OKV UTGCUGKPJKDKVQTGP DGJCPFGNVGP 
VCTKCPVGP CPIGUGV\V. FÒT FKG UPVGTUWEJWPIGP YKTF JQOQIGPKUKGTVGT FNÒUUKIOKUV XQP MKNEJMÒ-
JGP WPF U[PVJGVKUEJGT HCTPUVQHH XGTYGPFGV. DKG ZWICDG FGT WPVGTUEJKGFNKEJ MQP\GPVTKGTVGP 
UTGCUGKPJKDKVQTNÌUWPI 
LG 100 ON� GTHQNIV GKPOCNKI \W BGIKPP FGU VGTUWEJGU, CPUEJNKG­GPF 
YKTF XKGTOCN HCTPUVQHHNÌUWPI 
20 I�N� KO ADUVCPF XQP 24 J \WIGIGDGP. ZWT KQP\GPVTCVKQPU-
DGUVKOOWPI XQP NH3, CO2 WPF CH4 KP FGT ADNWHV FGU LGYGKNKIGP MGUUDGJ·NVGTU YKTF LGYGKNU 
GKP URG\KHKUEJGU GCUCPCN[UGIGT·V 
NDIR� IGPWV\V. UO \WU·V\NKEJ HÒT LGFGP MGUUDGJ·NVGT GKPG 
UGRCTCVG SVKEMUVQHH-BKNCP\ FWTEJHÒJTGP \W MÌPPGP, YKTF XQT WPF PCEJ LGFGO VGTUWEJ FGT 
FNÒUUKIOKUV CWUIGYQIGP WPF UGKPG ZWUCOOGPUGV\WPI CPCN[UKGTV.

2�2 Schnelltest

DGT SEJPGNNVGUV \WT BGUVKOOWPI FGT UTGCUGCMVKXKV·V FKGPV FC\W, \WO GKPGP FKG UTGCUGCMVKXKV·V 
UQYQJN WPVGT PTCZKUDGFKPIWPIGP CNU CWEJ CWH FGP KO WKWCS[U \W XGTYGPFGPFGP VGTUWEJU-
DQFGPRNCVVGP \W DGUVKOOGP 
KCR.2.3�. 
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ZWO CPFGTGP YWTFGP FKG HÒT FKG VGTUWEJG KO WKWCS[U DGPÌVKIVGP VGTUWEJUDQFGPRNCVVGP 
WPVGT MQPVTQNNKGTVGP BGFKPIWPIGP XQTMQPFKVKQPKGTV. DKG MGUUWPI FGT UTGCUGCMVKXKV·V GTHQNIVG 
KP APNGJPWPI CP FKG XQP BRAAM WPF SWIERSTRA 
1999�, BRAAM GV CN. 
1997C� WPF BRAAM GV CN. 

1997D� GPVYKEMGNVG SEJPGNNVGUVOGVJQFG. DCDGK YKTF GKP PVC-RQJT, FCU \WT BGUEJYGTWPI 
XQP GKPGO BGVQPTKPI WOIGDGP KUV, UGPMTGEJV CWH FKG \W OGUUGPFG ODGTHN·EJG IGUVGNNV. NCEJ 
ZWICDG XQP HCTPUVQHHNÌUWPI GTHQNIV FKG BGUVKOOWPI FGU KP 30 OKP IGDKNFGVGP NH4


. DKG 
NH4


-BGUVKOOWPI GTHQNIV OKV FGO AOOQPKWOMÒXGVVGPVGUV PCEJ DT. LCPIG OKV GKPGO PJQVQ-
OGVGT LASAs 10. DCU KP 30 OKP IGDKNFGVG AOOQPKWO UVGNNV FGP MC­UVCD HÒT FKG AMVKXKV·V FGT 
UTGCUGDCMVGTKGP KP FGT LÌUWPI D\Y. CWH FGT LGYGKNKIGP BQFGPQDGTHN·EJG FCT.

2�3 Windtunnel�WasserDad�Messs[stem 
WiWaS[s�

FÒT FKG UPVGTUWEJWPI FGT WKTMWPI XQP UTGCUGKPJKDKVQTGP WPVGT UVCNN·JPNKEJGP VGTJ·NVPKUUGP 
YWTFG GKP WKPFVWPPGN-WCUUGTDCF-MGUUU[UVGO 
WKWCS[U� KO LCDQTOC­UVCD 
L � 3,65 O, 
B � 0,70 O, H � 1,55 O� GPVYKEMGNV. MKV FKGUGO MÌPPGP FGHKPKGTVG SVTÌOWPIU- WPF TGO-
RGTCVWTDGFKPIWPIGP UQYQJN ÒDGT GKPUVGNNDCTG ÜDGTUVTÌOWPIUDGFKPIWPIGP CNU CWEJ ÒDGT 
GKPG TGORGTKGTWPI XQP FNÒUUKIOKUVMCPCN WPF ODGTHN·EJGP TGRTQFW\KGTDCT GKPIGUVGNNV YGTFGP. 
DWTEJ FGP OQFWNCTGP AWHDCW FGU S[UVGOU DGUVGJV FKG MÌINKEJMGKV SVCNNU[UVGOG OKV SRCNVGP-
DQFGP WPF FNÒUUKIOKUVMCPCN UQYKG OKV RNCPDGHGUVKIVGP BQFGP DGK WPVGTUEJKGFNKEJGP FÒNNUV·P-
FGP FGU FNÒUUKIOKUVMCPCNU TGCNKV·VUPCJ PCEJ\WDKNFGP WPF \W UKOWNKGTGP. BGK FGP JKGTHÒT \W 
XGTYGPFGPFGP VGTUWEJUDQFGPRNCVVGP JCPFGNV GU UKEJ WO RTCZKUÒDNKEJG FW­DQFGPUGIOGPVG 

0,4 Z 0,65 O� CWU BGVQP, GWUUCURJCNV WPF GWOOK 
XIN. KCR. 2.2�. 

3 Erste ErgeDnisse

DKG OKV FGP FTGK MGVJQFGP GT\KGNVGP GTUVGP ETIGDPKUUG YGTFGP KO HQNIGPFGO PCEJGKPCPFGT 
GKP\GNP FCTIGUVGNNV. 

3�1 Beh·lter�WasserDad�Messs[stem 
BeWaS[s�

DKG RGFWMVKQPUYKTMWPI FGT WPVGTUWEJVGP UTGCUGKPJKDKVQTGP YCT UQYQJN XQP KJTGT KQP\GPV-
TCVKQP 
DQUKU� CNU CWEJ XQP FGT SWDUVTCVVGORGTCVWT CDJ·PIKI 
ADD. 1�. DKG JÌEJUVG RGFWMVKQP 

97 �� GTTGKEJVG FGT UTGCUGKPJKDKVQT D DGK GKPGT SWDUVTCVVGORGTCVWT XQP 15 uC WPF GKPGT 
KQP\GPVTCVKQP FGU UTGCUGKPJKDKVQTU XQP 0,2 � XQP NIGU. BGK GKPGT SWDUVTCVVGORGTCVWT XQP 
25 uC \GKIVG UKEJ, FCUU FKG RGFWMVKQPUYKTMWPI FGU IPJKDKVQTU D XQT CNNGO KO BGTGKEJ PKGFTK-
IGT KQP\GPVTCVKQPGP UVCTM PCEJNKG­. DGT UTGCUGKPJKDKVQT C GTTGKEJVG GKPG OCZKOCNG RGFWMVKQP 
XQP 72 � DGK GKPGT TGORGTCVWT XQP 5 uC WPF GKPGT KQP\GPVTCVKQP FGU UTGCUGKPJKDKVQTU XQP 
0,2 � XQP NIGU. DKG RGFWMVKQPUYGTVG HÒT FGP UTGCUGKPJKDKVQT C NCIGP DGK INGKEJGT KQP\GPVTC-
VKQP FGT UTGCUGKPJKDKVQTGP HCUV KOOGT WPVGTJCND FGT WGTVG FGU IPJKDKVQTU D, F. J. DGK INGKEJGT 
KQP\GPVTCVKQP GTTGKEJVG FGT UTGCUGKPJKDKVQT D GKPG JÌJGTG RGFWMVKQP CNU C. 
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ADD. 1� RGFWMVKQP XQP AOOQPKCM KP ADJ·PIKIMGKV XQP FGT SWDUVTCVVGORGTCVWT WPF FGT KQP\GPVTCVKQP FGU 
IPJKDKVQTU
Reduction of ammonia subject to slurry temperature and urease inhibitor concentration

PCTCNNGN \W FGP DGTGKVU DGUEJTKGDGPGP VGTUWEJGP YWTFG RTQ SWDUVTCVVGORGTCVWT 
5, 15 WPF 
25 uC� LG 1 LCPI\GKVXGTUWEJ ÒDGT GKPGP ZGKVTCWO XQP 3 WQEJGP FWTEJIGHÒJTV. IP ADDKNFWPI 
2 KUV DGKURKGNJCHV FGT \GKVNKEJG VGTNCWH FGT AOOQPKCM-KQP\GPVTCVKQPGP FGT XGTUEJKGFGPGP 
BGJCPFNWPIUXCTKCPVGP DGK GKPGT SWDUVTCVVGORGTCVWT XQP 15 uC FCTIGUVGNNV. 

ADD. 2� VGTUWEJ \WT WKTMWPI XQP UTGCUGKPJKDKVQTGP DGK GKPGT SWDUVTCVVGORGTCVWT XQP 15 uC
Effectiveness of urease inhibitors of 1� uC slurry temperature

DGT BGJCPFNWPI A YWTFG MGKP UTGCUGKPJKDKVQT WPF MGKP HCTPUVQHH \WIGUGV\V 
NWNNXCTKCPVG�. 
SKG \GKIV FKG PCVÒTNKEJG FTGKUGV\WPI XQP NH3 CWU FGO FNÒUUKIOKUV. BGK FGT BGJCPFNWPI B 
YWTFG CWH FGO WPDGJCPFGNVGP FNÒUUKIOKUV HCTPUVQHH \WIGIGDGP WO FKG OCZKOCNG FTGKUGV\WPI 
XQP NH3 PCEJ ZWICDG XQP HCTPUVQHHNÌUWPI \W GTHCUUGP. WKG DGK BGJCPFNWPI B GTMGPPDCT, 
UVKGI FKG KQP\GPVTCVKQP XQP NH3 UQHQTV PCEJ FGT HCTPUVQHHCWHICDG CP. DWTEJ ZWICDG FGU 
UTGCUGKPJKDKVQTU C MQPPVG FKG FTGKUGV\WPI XQP NH3 KO VGTINGKEJ \W BGJCPFNWPI B LGFQEJ 
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PWT GVYCU IGJGOOV YGTFGP 
EC. 3 TCIG�. DGT UTGCUGKPJKDKVQTU D JGOOVG FKG FTGKUGV\WPI XQP 
NH3 FGWVNKEJ ÒDGT EC. 11 TCIG. EKPG ÜDGTUKEJV ÒDGT FKG WKTMFCWGT FGT UTGCUGKPJKDKVQTGP DGK 
XGTUEJKGFGPGP SWDUVTCVVGORGTCVWTGP IKDV TCDGNNG 1.

TCD. 1� ZGKVFCWGT FGT UTGCUGKPJKDKVQTYKTMWPI DGK GKPGT DQUKGTWPI XQP 0,2 � XQP NIGU 
15 WPF 25 uC� D\Y. 
0,1 � XQP NIGU 
5 uC� WPF DGK WPVGTUEJKGFNKEJGP FNÒUUKIOKUVVGORGTCVWTGP
Duration of urease inhibitor effect with a dosing of 0.2 � of Nges (1� and 2� uC) or 0.1 � of Nges (� uC) and 
at different temperature in the slurry

Substrattemperatur Behandlung C Behandlung D

5 °C 7 Tage kein Anstieg

15 °C 3 Tage 11 Tage

25 °C 1–2 Tage 5 Tage

3�2  Schnelltest

MKV FGO SEJPGNNVGUV YWTFG FKG UTGCUGCMVKXKV·V CWH WPVGTUEJKGFNKEJGP BQFGPDGN·IGP DGUVKOOV. 
ADDKNFWPI 3 HCUUV FKG UTGCUGCMVKXKV·VUGTIGDPKUUG PCEJ MCVGTKCNITWRRGP IGDNQEMV \WUCOOGP. 

ADD. 3� ETIGDPKUUG FGT UTGCUGCMVKXKV·VUWPVGTUWEJWPIGP \WUCOOGPIGHCUUV HÒT WPVGTUEJKGFNKEJG BQFGPOCVGTKC-
NKGP WPF VGTUWEJU- WPF PTCZKUDGN·IG 
ZGKVTCWO 02.08.ä08.09.2004�
Urease activity of different floaring materials for laboratory and practical conditions 
(duration 02.0�.–0�.0�.200�)

BGK FGP VGTUWEJUDQFGPDGN·IGP NKGIGP FKG UTGCUGCMVKXKV·VUYGTVG HÒT GWOOK CO PKGFTKIUVGP, 
DGK GNCU CNU GKPHCEJ \W TGKPKIGPFG ODGTHN·EJG \GKIV UKEJ MGKPG AMVKXKV·V. UPVGT PTCZKUDGFKP-
IWPIGP NKGIV FKG UTGCUGCMVKXKV·V GVYCU JÌJGT CNU CWH FGP VGTUWEJUDQFGPDGN·IGP, YQDGK FGT 
BGVQP 
BGVQP SVCNN� KP FGT PTCZKU UGKV N·PIGTGT ZGKV PKEJV MQPVKPWKGTNKEJ XGTUEJOWV\V YWTFG.

IP IPVGPUKV·VUXGTUWEJGP YWTFGP FKG VGTUWEJUDQFGPRNCVVGP WPVGT TGRTQFW\KGTDCTGP BGFKP-
IWPIGP WPVGTUEJKGFNKEJ UVCTM XGTUEJOWV\V. DCDGK MQPPVGP MGKPG GKPFGWVKIGP ZWUCOOGPJ·PIG 
\YKUEJGP FGT IPVGPUKV·V FGT VGTUEJOWV\WPI WPF FGT UTGCUGCMVKXKV·V HGUVIGUVGNNV YGTFGP.
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3�3 Windtunnel�WasserDad�Messs[stem 
WiWaS[s�

DKG VGTUWEJG \WO AWHDCW WPF \WT VCNKFKGTWPI FGU WKWCS[U JCDGP IG\GKIV, FCUU FGT SRCN-
VGPDQFGP WPF FNÒUUKIOKUVMCPCN YKG WPVGT SVCNNDGFKPIWPIGP KP FGT PTCZKU XQP FGT LWHV FWTEJ-
UVTÌOV YGTFGP. EU NCUUGP UKEJ KO WKWCS[U IGPCW, MQPUVCPV WPF TGRTQFW\KGTDCT SVTÌOWPIU-
IGUEJYKPFKIMGKVGP XQP EC. 0,1 DKU 1,0 O�U GKPUVGNNGP, F. J. FCU MGUUU[UVGO KUV GKPUCV\H·JKI, WO 
WPVGTUEJKGFNKEJG ARRNKMCVKQPUUVTCVGIKGP XQP UTGCUGKPJKDKVQTGP \W VGUVGP.

4 AusDlick

IO VGTNCWH FGU PTQLGMVGU UQNNGP PQEJ 
 î YGKVGTG VGTUWEJG \WT DQUKU-WKTMWPIUDG\KGJWPI XQP UTGCUGKPJKDKVQTGP OKV FGO 

BGWCS[U FWTEJIGHÒJTV YGTFGP,
 î FKG WTGCUGCMVKXKV·VUCDJ·PIKIG AOOQPKWODKNFWPI RTQ FN·EJGPGKPJGKV 
O2� WPF FKG 

AOOQPKCMHTGKUGV\WPI RTQ O2 FWTEJ VGTINGKEJUXGTUWEJG OKV FGO SEJPGNNVGUV WPF FGO 
WKWCS[U DGUVKOOV YGTFGP UQYKG

 î FWTEJ LCDQTXGTUWEJG OKV FGO WKWCS[U FKG ÜDGTVTCIDCTMGKV FGT ETIGDPKUUG XQO 
BGWCS[U \WT VGORGTCVWTCDJ·PIKIGP DQUKU-WKTMWPIUDG\KGJWPI KP ADJ·PIKIMGKV XQP 
ARRNKMCVKQPUFQUKU WPF -HTGSWGP\ UQYKG FGT UTGCUGKPJKDKVQTYKTMFCWGT HÒT UVCNN·JPNKEJG 
BGFKPIWPIGP ÒDGTRTÒHV YGTFGP.

IO APUEJNWUU FCTCP YKTF FKG ARRNKMCVKQPUVGEJPKM HÒT FGP PTCZKUGKPUCV\ QRVKOKGTV WPF FKGPV 
UQOKV \WT EPVYKEMNWPI GKPGT VGORGTCVWTCDJ·PIKIGP WPF \GKVIGUVGWGTVGP UQYKG RTCZKUVCWI-
NKEJGP ARRNKMCVKQPUVGEJPKM \WO EKPUCV\ XQP UTGCUGKPJKDKVQTGP KP NWV\VKGTUV·NNGP.
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Die Technische Anleitung zur Reinhaltung der Luft setzt in ihrer Fassung aus dem Jahr 2002 
erstmals Grenzwerte für die Emissionen und Immissionen luftfremder Stoffe wie Staubparti-
kel aus Tierställen fest. Zur Gewährung rechtlicher Sicherheit bei der Standortfindung und 
-sicherung dienen Modellrechnungen der Immissionsprognose. Eine korrekte Modellierung 
der Staubausbreitung erfordert Kenntnisse über die Zusammensetzung der freigesetzten Stäu-
be, ihre physikalischen Eigenschaften sowie die Partikelquellstärke.

Am Institut für Landtechnik der Universität Bonn werden in Zusammenarbeit mit dem 
Physikalischen Institut die Eigenschaften von Stäuben verschiedener Tierarten untersucht. 
Dazu gehört neben Masse, Dichte und Form der Partikel die Sedimentationsgeschwindigkeit. 
Zur Quellstärkenbestimmung werden verschiedene Verfahren bei zwangsgelüfteten und frei 
gelüfteten Ställen eingesetzt.

SWmmCr[ 

The current version of the Technical Rules for Air Pollution, published in 2002, is the first 
to define critical values for dust emissions and immissions that apply to livestock houses. 
Theoretical models for predictions of immissions grant legal coverage for the localization of 
livestock houses. An accurate modelling of airborne particles demands information about the 
particle configuration, the physical properties and source strength. 

The physical properties of particles from different animal species are analysed at the 
Institute for Agricultural Engineering in cooperation with the Institute of Physics at Bonn Uni-
versity. The research includes particle mass, density and shape as well as the sedimentation 
velocity. The determination of source strengths covers different methods for mechanically 
forced and naturally ventilated livestock houses.
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1 Einleitung

AWU SVCNNCPNCIGP YGTFGP BKQCGTQUQNHTCEJVGP 
SVCWD WPF MKMTQQTICPKUOGP� GOKVVKGTV, FGTGP 
AWUYKTMWPIGP CWH MGPUEJ WPF TKGT DKUNCPI PWT KP APU·V\GP WPVGTUWEJV YQTFGP UKPF. DKG 
PGWG TGEJPKUEJG APNGKVWPI \WT RGKPJCNVWPI FGT LWHV 
TA-LUFT, 2002� UGV\V GTUVOCNU GTGP\-
YGTVG HÒT FKG EOKUUKQPGP WPF IOOKUUKQPGP NWHVHTGOFGT SVQHHG CWU TKGTUV·NNGP. ZWT GGY·JTWPI 
TGEJVNKEJGT SKEJGTJGKV DGK FGT SVCPFQTVHKPFWPI WPF -UKEJGTWPI FKGPGP MQFGNNTGEJPWPIGP FGT 
IOOKUUKQPURTQIPQUG. IPUDGUQPFGTG \WT ÜDGTRTÒHWPI FGT EKPJCNVWPI XQP GTGP\YGTVGP DGK 
GGTWEJUKOOKUUKQPGP YGTFGP TQWVKPGO·­KI AWUDTGKVWPIUOQFGNNG XGTYGPFGV.

DKG ATDGKVUITWRRG ëPCTVKMGNGOKUUKQPGPé FGU IPUVKVWVU HÒT LCPFVGEJPKM FGT UPKXGTUKV·V BQPP 
KUV TGKN FGU LGJTUVWJNU HÒT VGTHCJTGPUVGEJPKM FGT TKGTKUEJGP ET\GWIWPI. SKG DGCTDGKVGV W. C. FGP 
TJGOGPDGTGKEJ FGT AWUDTGKVWPI XQP GCUGP WPF SV·WDGP CWU SVCNNCPNCIGP, WO CWEJ FTCIGP 
FGT SVCWDDGNCUVWPIGP \W MN·TGP. UPVGT CPFGTGO YKTF GKP EQORWVGTIGUVÒV\VGU MQFGNN \WT 
AWUDTGKVWPIUOQFGNNKGTWPI XQP PCTVKMGNP GTUVGNNV.

2 AusDreitungsmodellierung

DCU MQFGNN NCSV3D 
NCXKGT SVQMGU KP 3 DKOGPUKQPGP� YWTFG CO IPUVKVWV HÒT LCPFVGEJPKM KP 
GPIGT ZWUCOOGPCTDGKV OKV FGO IPUVKVWV HÒT CPIGYCPFVG MCVJGOCVKM WPF FGO PJ[UKMCNKUEJGP 
IPUVKVWV UQYGKV OQFKHK\KGTV, FCUU GU HÒT FKG EOKUUKQPU- WPF IOOKUUKQPURTQIPQUG CWU NCPFYKTV-
UEJCHVNKEJGP 3WGNNGP GKPUGV\DCT KUV.

DKG BGTGEJPWPI GTHQNIV \GKVCDJ·PIKI, UQFCUU KQP\GPVTCVKQPUHNWMVWCVKQPGP, YKG UKG \WT 
BGUVKOOWPI FGT GGTWEJUDGN·UVKIWPI YKEJVKI UKPF, FKTGMV DGTGEJPGV YGTFGP MÌPPGP. IP 
TTCEGTICUXGTUWEJGP OKV SEJYGHGNJGZCHNWQTKF 
SF6� YWTFG FKG FCHÒT CWUTGKEJGPFG ARRTQZKOC-
VKQPUIÒVG PCEJIGYKGUGP 
WALLENFANG GV CN., 2000�.

DKG AWUDTGKVWPI FGT NWHVHTGOFGP SVQHHG YKG \. B. SVCWD YKTF FCDGK OKV XKTVWGNNGP PCTVKMGNP 
FWTEJIGHÒJTV, FKG KP FGT LWHVUVTÌOWPI HTGKIGUGV\V YGTFGP. DKGUGU VGTHCJTGP GTNCWDV GU, RJ[UK-
MCNKUEJG SVQHHGKIGPUEJCHVGP GKPHCEJ \W UKOWNKGTGP. NCSV3D YWTFG FCJKPIGJGPF OQFKHK\KGTV, 
FCUU GU OÌINKEJ KUV, SVQHHHTCMVKQPGP IGVTGPPV PCEJ KJTGO SGFKOGPVCVKQPUXGTJCNVGP \W UKOWNKG-
TGP 
ADDKNFWPI 1�. 

ADD. 1� AWUDTGKVWPIUUKOWNCVKQP XGTUEJKGFGPGT PCTVKMGNHTCMVKQPGP OKV NCSV3D

DCU APJCHVGP CP ODGTHN·EJGP MCPP GDGPUQ UKOWNKGTV YGTFGP, YKG FKG DWTEJUVTÌOWPI XQP 
FWTEJN·UUKIGP HKPFGTPKUUGP YKG HGEMGP QFGT B·WOGP. DKG MQFGNNKGTWPI XQP PCTVKMGNP CNU 
ëPKEJV NWHV·JPNKEJGT SVQHHé WPVGTUEJGKFGV NCSV3D XQP CPFGTGP MQFGNNGP. IPUDGUQPFGTG KO 
NCJDGTGKEJ XQP SVCNNCPNCIGP KUV GKPG RT·\KUGTG BGUVKOOWPI FGT \W GTYCTVGPFGP SVCWD- WPF 
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KGKOKOOKUUKQP OÌINKEJ. AWEJ MCPP FKG WKTMUCOMGKV XQP GOKUUKQPUOKPFGTPFGP MC­PCJOGP 
KO VQTCWU GTOKVVGNV YGTFGP, WO BGN·UVKIWPIGP XQP APYQJPGTP WPF GKPG KGKOÒDGTVTCIWPI 
XQP SVCNN \W SVCNN \W OKPKOKGTGP.

UO GKPG MQTTGMVG MQFGNNKGTWPI FGT SVCWDCWUDTGKVWPI XQTPGJOGP \W MÌPPGP, KUV FKG EKP-
VGKNWPI FGT PCTVKMGN KP XGTUEJKGFGPG GTÌ­GPHTCMVKQPGP PQVYGPFKI. DC\W HGJNGP DGNCUVDCTG 
DCVGP, FKG \WT AWUDTGKVWPIUUKOWNCVKQP PQVYGPFKI UKPF.

3 Zusammensetzung Xon St·uDen und Rh[sikalische Eigenschaften

ZWT BGUVKOOWPI FGT SVCWD\WUCOOGPUGV\WPI IKDV GU GKPG ITQ­G BCPFDTGKVG XQP VGTHCJTGP, 
FKG JKGT KO GKP\GNPGP PKEJV GTN·WVGTV YGTFGP MÌPPGP. DKG UPVGTUWEJWPIGP FGT ATDGKVUITWRRG 
FGU IPUVKVWVU HÒT LCPFVGEJPKM FGEMGP FKG PKEJV DGNGDVGP BGUVCPFVGKNG FGU SVCWDU UQYKG GKPGP 
TGKN FGT DGNGDVGP BGUVCPFVGKNG YKG SEJKOOGNRKN\G.

DKG UPVGTUWEJWPIGP D\IN. FGT ZWUCOOGPUGV\WPI FGT WPDGNGDVGP BGUVCPFVGKNG YGTFGP KP 
FGT RGIGN OKV GKPGO AGTQUQNURGMVTQOGVGT FGT FKTOC GRIMM AGTQUQNVGEJPKM GODH, AKPTKPI, 
UQYKG OKV GKPGO CEJVUVWHKIGP APFGTUGP-SCOONGT FGT FKTOC SEJCGHGT TGEJPQNQIKG, LCPIGP, 
FWTEJIGHÒJTV.

ADD. 2� SVCWD\WUCOOGPUGV\WPI KP V[RKUEJGP LGIGJGPPGPUV·NNGP OKV K·HKI- WPF VQNKGTGPJCNVWPI

DKG SVCWD\WUCOOGPUGV\WPI GKPGT TKGTCTV \. B. LGIGJGPPG XCTKKGTV DGK XGTUEJKGFGPGP HCN-
VWPIUXGTHCJTGP UQ UVCTM, FCUU \WT MQTTGMVGP AWUDTGKVWPIUOQFGNNKGTWPI PCEJ FGP HCNVWPIUXGT-
HCJTGP WPVGTUEJKGFGP YGTFGP OWUU 
ADDKNFWPI 2�.

DGT\GKV YKTF GKPG MGVJQFG \WT GORKTKUEJGP BGUVKOOWPI FGT RJ[UKMCNKUEJGP EKIGPUEJCHVGP 
XQP PCTVKMGNP 
GTÌ­G, MCUUG, DKEJVG� WPF FGTGP SGFKOGPVCVKQPUIGUEJYKPFKIMGKV GPVYKEMGNV. 
IP GKPGT KCOOGT YGTFGP SVCWDRCTVKMGN XGTYKTDGNV WPF KP GKPGP SGFKOGPVCVKQPU\[NKPFGT HTGK-
IGUGV\V; FQTV UKPMGP UKG \W BQFGP. MKV GKPGO AGTQUQNURGMVTQOGVGT YKTF FKG PCTVKMGNCP\CJN 
PCEJ GTÌ­G HTCMVKQPKGTV DGUVKOOV. GTÌ­GTG PCTVKMGN GTTGKEJGP FGP BQFGP FGU SGFKOGPVCVKQPU-
\[NKPFGTU KP FGT RGIGN XQT MNGKPGTGP PCTVKMGNP. DKGU KUV LGFQEJ UVCTM CDJ·PIKI XQP FGT DKEJVG 
WPF FGT FQTO FGT PCTVKMGN. DCJGT MCPP PGDGP FGT SGFKOGPVCVKQPUIGUEJYKPFKIMGKV CWH FKG 
PCTVKMGNGKIGPUEJCHVGP IGUEJNQUUGP YGTFGP.
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NGDGP FKGUGT KPFKTGMVGP BGUVKOOWPIUOGVJQFG YGTFGP FKG SVCWDRCTVKMGN PCEJ FTCMVKQPKG-
TWPI KO APFGTUGP-SCOONGT OKMTQUMQRKUEJ CWH KJTG FQTO WPVGTUWEJV. DCFWTEJ MÌPPGP FKG 
ETIGDPKUUG CWU FGP VGTUWEJGP OKV FGO SGFKOGPVCVKQPU\[NKPFGT GTI·P\V YGTFGP.

DKG SVCWD\WUCOOGPUGV\WPI KUV UVCTM XQP MNKOCVKUEJGP PCTCOGVGTP CDJ·PIKI. MGUUWPIGP 
KP GKPGO VQNKGTGPUVCNN HÒT LGIGJGPPGP \GKIVGP ÄPFGTWPIGP FGT ZWUCOOGPUGV\WPI DGK WPVGT-
UEJKGFNKEJGP LWHVHGWEJVKIMGKVGP, KPUDGUQPFGTG DGK MNGKPGP PCTVKMGNHTCMVKQPGP. KNGKPG PCTVKMGN 
UEJGKPGP DGK JQJGT LWHVHGWEJVKIMGKV \W XGTMNGDGP WPF YGTFGP FCJGT ITÌ­GTGP PCTVKMGNHTCM-
VKQPGP \WIGQTFPGV.

4 3uellst·rkenDestimmung

TKGTCTV- WPF HCNVWPIUXGTHCJTGP-URG\KHKUEJG 3WGNNUV·TMGP NKGHGTP JQJG GGPCWKIMGKVGP KP 
AWUDTGKVWPIUTGEJPWPIGP. DKG 3WGNNUV·TMGPDGUVKOOWPI UGV\V \YGK ITWPFNGIGPFG KGPPVPKU-
UG XQTCWU� FGT CWU FGO SVCNN GOKVVKGTVG LWHVXQNWOGPUVTQO UQYKG FKG SVCWDMQP\GPVTCVKQP KP 
ADJ·PIKIMGKV FGT PCTVKMGNITÌ­G OÒUUGP DGMCPPV UGKP. BGK FGP HCNVWPIUXGTHCJTGP UKPF \YCPIU-
IGNÒHVGVG SV·NNG WPF HTGK IGNÒHVGVG SV·NNG ITWPFU·V\NKEJ \W WPVGTUEJGKFGP.

BGK ZYCPIUGPVNÒHVGVGP SV·NNGP KUV \WO GKPGP FGT VQNWOGPUVTQO KP FGP ADNWHVUEJ·EJVGP 
\. B. OKV HKNHG XQP MGUUXGPVKNCVQTGP \W GTOKVVGNP. ZWO CPFGTGP OWUU FKG PCTVKMGNMQP\GPVTCVK-
QP KO ADNWHVUEJCEJV KUQMKPGVKUEJ IGOGUUGP YGTFGP 
VDI 2066�. EKP GNGKEJUGV\GP FGT IPPGP-
TCWOMQP\GPVTCVKQP OKV FGT ADNWHVMQP\GPVTCVKQP KUV PKEJV UCEJIGTGEJV 
SCHMITT GV CN, 2004�.

ADD. 3� PCTVKMGNSWGNNUV·TMG DGK LGIGJGPPGP KP K·HKI- WPF VQNKGTGPJCNVWPI

FÒT LGIGJGPPGP KP K·HKI- WPF VQNKGTGPJCNVWPI YWTFG GKPG 3WGNNUV·TMGPDGUVKOOWPI DGK 
\YCPIUGPVNÒHVGVGP SV·NNGP FWTEJIGHÒJTV. ADDKNFWPI 3 \GKIV FKG HTGKIGUGV\VG ZCJN XQP PCTVKMGNP 
RTQ TKGT DGK XQNNGT LÒHVWPIUKPVGPUKV·V FGT LGYGKNKIGP APNCIG. IO K·HKIUVCNN DGHCPFGP UKEJ \WT 
ZGKV FGT PTQDGPPCJOG EC. 39.600 TKGTG, KO VQNKGTGPUVCNN EC. 11.100 TKGTG CWH IGJ·EMUGNVGO 
SVTQJ.

FTGK IGNÒHVGVG SV·NNG DKNFGP FWTEJ FKG YKPFKPFW\KGTVG LÒHVWPI FKHHWUG EOKUUKQPUSWGNNGP. 
EKPG VQNWOGPUVTQODGUVKOOWPI OKV MGUUXGPVKNCVQTGP KUV PKEJV OÌINKEJ. ZWT\GKV HKPFGP 
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MGUUWPIGP FGU IPUVKVWVU HÒT LCPFVGEJPKM FGT UPKXGTUKV·V BQPP KP GKPGO PWVGPUVCNN UVCVV, FGT 
FWTEJ GKPG 3WGTNÒHVWPI OKV \WU·V\NKEJGT FKTUVNÒHVWPI IGMGPP\GKEJPGV KUV. DKG VQNWOGPUVTQO-
DGUVKOOWPI GTHQNIV KPFKTGMV PCEJ FGT ADMNKPIOGVJQFG OKV HKNHG FGT SF6-TTCEGTICUVGEJPKM. 
DKG SVCWDMQP\GPVTCVKQP KP FGT ADNWHV YKTF RJQVQOGVTKUEJ GTOKVVGNV. NGDGP FGT ETJGDWPI FGT 
EOKUUKQPUFCVGP YGTFGP EKPHNWUUITÌ­GP YKG AW­GPMNKOC WPF PTQFWMVKQPUDGFKPIWPIGP UQYKG 
LCJTGU- WPF VCIGU\GKVNKEJG FNWMVWCVKQPUITÌ­GP GTHCUUV. 
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Untersuchung und Bewertung Xon StauD, EndotoZin, Ammoniak und 
Keimen in ausgew·hlten Stalls[stemen mit ÒDerwiegend freier LÒftung
'ZCminCtion Cnd XCNidCtion of dWst� endotoZine� CmmoniC Cnd germs in 
seNected stCDNes YitJ predominCnt nCtWrCNN[ XentiNCtion

FRIEDHELM SCHNEIDER1, STEFAN NESER1, BERNHARD HAIDN1, ANDREAS GRONAUER1, 
RUDOLF SCHIERL2, ULRICH EGGER3

1  IPUVKVWV HÒT LCPFVGEJPKM, BCWYGUGP WPF UOYGNVVGEJPKM FGT BC[GTKUEJGP LCPFGUCPUVCNV HÒT LCPFYKTVUEJCHV, 
VÌVVKPIGT SVT. 36, D-85354 FTGKUKPI

2  IPUVKVWV WPF PQNKMNKPKM HÒT ATDGKVU- WPF UOYGNVOGFK\KP FGT LWFYKI-MCZKOKNKCPU-UPKXGTUKV·V MÒPEJGP, 
ZKGOUUGPUVT. 1, D-80336 MÒPEJGP

3  LCPF- WPF HQTUVYKTVUEJCHVNKEJG BGTWHUIGPQUUGPUEJCHV 
LBG� NKGFGTDC[GTP�ODGTRHCN\ WPF SEJYCDGP, 
TWPPGNUVTCUUG 29, D-86156 AWIUDWTI

SchlÒsselwÌrter� StauD, EndotoZine, Ammoniak, Keime, Emissionen
-e[Yords� &Wst� 'ndotoZine� #mmioniC� )erms� 'missions

<WsCmmenfCssWng

Emissionen aus Tierhaltungssystemen mit freier Lüftung sind bisher nicht ausreichend unter-
sucht. Ziel der Untersuchung ist die Kombination von zeitlich hochaufgelösten Dauermessun-
gen und standardisierten, ereignisbezogenen Kurzmessungen. So werden die Fragestellungen 
der Arbeitsmedizin und Tierhygiene mit Aspekten der Umweltwirkung verknüpft. Im Sommer 
ç0� sowie Winter und Frühjahr 200�/ç0� werden 13 Ställe in Bayern untersucht. Erfasst wer-
den Tagesgänge von Ammoniak, Staub (PM100, PM10, PM�), Partikelanzahlkonzentration 
und Stallklimaparametern, sowie parallel dazu Endotoxine und luftgetragene Keime. Erste 
Ergebnisse der 2�-Stunden-Tagesgangmessungen in 10 Betrieben zeigt Tabelle 1, Tabelle 2 
stellt Ergebnisse der Kurzzeitmessungen dar.

SWmmCr[

Emissions from animal husbandry systems with free ventilation are not sufficiently examined. 
The purpose of the investigation is the combination of temporally high-resolved continuous 
measurements and standardized, event-referred short measurements. Thus the questions of 
the occupational medicine and animal hygiene are linked with aspects of the environmental 
effect. In summer ç0�, winter and spring 200�/ç0� 13 stables are examined. Diurnal variations 
of ammonia, dust (PM100, PM10, PM�), concentration of particles and stable climate param-
eters, as well as endotoxine and airborne germs are measured. Table 1 and table 2 show first 
results of the 2�-hours-measurement in 10 different farms.



314 BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI

VORTR�GE

1 Einleitung

FÒT FKG HCNVWPI XQP RKPFGTP, SEJYGKPGP WPF GGHNÒIGN GZKUVKGTGP OKVVNGTYGKNG GKPG VKGN-
\CJN OQFGTPGT SVCNNU[UVGOG OKV HTGKGT LÒHVWPI, FKG GOKUUKQPUVGEJPKUEJ UEJNGEJV QFGT ICT 
PKEJV WPVGTUWEJV UKPF. SGNDUV HÒT GVCDNKGTVG SVCNNU[UVGOG, YKG UKG \. B. DGK GRIMM GV CN. 
2002� 
DGUEJTKGDGP UKPF, HGJNGP DGNCUVDCTG EOKUUKQPUYGTVG.

ZKGN FGT UPVGTUWEJWPI KUV FKG ETHCUUWPI WPF BGYGTVWPI XQP EOKUUKQPGP KP OQFGTPGP 
RKPFGT-, SEJYGKPG- WPF GGHNÒIGNUVCNNWPIGP CWU SKEJV FGT ATDGKVUOGFK\KP, TKGTIGUWPFJGKV WPF 
UOYGNVYKTMWPI. EKP YGKVGTGU ZKGN KUV FGT VGTINGKEJ WPVGTUEJKGFNKEJGT SCOOGN- WPF MGUUOG-
VJQFGP DGK FGT EOKUUKQPUOGUUWPI XQP SVCWD WPF SEJCFICUGP.

2 Material und Methoden

UPVGTUWEJV YGTFGP 13 CWUIGY·JNVG SV·NNG KP BC[GTP OKV ÒDGTYKGIGPF HTGKGT LÒHVWPI. DKG 
BGVTKGDG UKPF YKG HQNIV WPVGTVGKNV� 4 MCUVUEJGKPG 
MS�, 4 MKNEJXKGJ 
MV�, 3 LGIGJGPPGP 
LH�, 
1 MCUVRWVGP 
MP� WPF 1 MCUVDWNNGP 
MB�. MKV GKPGT AWHNÌUWPI XQP 60 SGMWPFGP YGTFGP 
\GKVINGKEJ FKG TCIGUI·PIG XQP AOOQPKCM, GKPCVGODCTGT, VJQTCMCNGT WPF CNXGQNGPI·PIKIGT 
SVCWDHTCMVKQP, PCTVKMGNCP\CJNMQP\GPVTCVKQP UQYKG FKG SVCNNMNKOCRCTCOGVGT TGORGTCVWT, LWHV-
HGWEJVKIMGKV WPF WKPFIGUEJYKPFKIMGKV GTHCUUV. EKPIGDWPFGP KP FKGUG 24-SVWPFGPOGUUWPI, 
UKPF PCTCNNGNOGUUWPIGP FGT SVCWDMQP\GPVTCVKQP 
ITCXKOGVTKUEJ, RGTUQPGPIGVTCIGP WPF UVCVKQ-
P·T� WPF FKG UPVGTUWEJWPIGP XQP EPFQVQZKPGP WPF NWHVIGVTCIGPGP KGKOGP. DKG MGUUMCORC-
IPGP GTHQNIGP KO SQOOGT 2004 UQYKG WKPVGT WPF FTÒJLCJT 2004�2005.

ZWO RGFCMVKQPUUEJNWUU NCIGP FKG ETIGDPKUUG FGT SQOOGTOGUUMCORCIPG XQP 10 BGVTKG-
DGP XQT. DKGU UKPF� 1� LH, MQDKNUVCNN, 2� LH, WCTOTCWO OKV KPVGITKGTVGO SEJCTTTCWO WPF 
AW­GPDGTGKEJ, 3� LH, WCTOTCWO QJPG SEJCTTTCWO WPF CPITGP\GPFGO KCNVUEJCTTTCWO, 4� 
MP, AW­GPMNKOCUVCNN RWPFJQN\, MQFGNN WGKJGPUVGRJCP, FKG WPVGTUWEJVGP SEJYGKPG- WPF 
RKPFGTUV·NNG UKPF MNCUUKUEJG AW­GPMNKOCUV·NNG.

2�1 24�Stundenmessung kontinuierlich

FÒT FKG 24-SVWPFGP-TCIGUICPIOGUUWPI YWTFG GKPG VTCPURQTVCDNG, VJGTOQUVCVKUKGTVG MGUUDQZ 
GPVYKEMGNV, FKG GKP AOOQPKCMOGUUIGT·V, SVCWDOGUUIGT·V WPF GKP SVTGWNKEJVRJQVQOGVGT DGKP-
JCNVGV. JGFGU GGT·V XGTHÒIV ÒDGT GKPG CPIGRCUUVG PTQDGPCJOGUQPFG OKV OÌINKEJUV MWT\GP 
WPXGTYKPMGNVGP PTQDGPNWHVYGIGP. SVTQOXGTUQTIWPI, PWORGP WPF DCVGPNQIIGTU[UVGOG UKPF 
KP FKG MGUUDQZ KPVGITKGTV. DKG MGUUYGTVG YGTFGP U[PEJTQP OKV GKPGT ZGKVCWHNÌUWPI XQP GKPGT 
MKPWVG IGNQIIV.

DKG MGUUWPI FGT AOOQPKCMMQP\GPVTCVKQP GTHQNIVG RJQVQCMWUVKUEJ OKV GKPGO GGT·V FGT 
FKTOC RRO-MGUUVGEJPKM, CJKGOKPI, MQFGNN MAC 2040. DKG PTQDGPNWHV YKTF ÒDGT GKPGP 
PTFE-FKNVGT FGT FKTOC SEJNGKEJGT WPF SEJÒNN, MQFGNN RG\KUV 30 OKV 5 zO-PQTGPYGKVG CPIGUCWIV 
WPF IGNCPIV CPUEJNKG­GPF FKTGMV ÒDGT GKPGP EC. 15EO NCPIGP SEJNCWEJ KP FKG MGUU\GNNG. DKG 
MGUUIGPCWKIMGKV NKGIV DGK v 5 � KP GKPGO MGUUDGTGKEJ \YKUEJGP 0,5 WPF 100 RRO. DCU 
GGT·V XGTHÒIV ÒDGT GKPG WCUUGTFCORHMQTTGMVWT.

FÒT FKG MQPVKPWKGTNKEJG MGUUWPI FGT SVCWDMQP\GPVTCVKQP YWTFG GKP FTGKUVWHKIGT XKTVWGNNGT 
IORCMVQT FGT FKTOC HWPF, WGV\NCT, MQFGNN RGURKEQP TM XGTYGPFGV. EU YGTFGP UKOWNVCP 
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FKG GKPCVGODCTG 
PM 100�, VJQTCMCNG 
PM 10� WPF CNXGQNGPI·PIKIG 
PM 4� SVCWDHTCMVKQP 
IGUCOOGNV, DGK GKPGO GGUCOVRTQDGPNWHVUVTQO XQP 3,11 N�OKP. ZWU·V\NKEJ YKTF FKG D[PCOKM 
FGT PCTVKMGNCDUEJGKFWPI LGFGT GTÌ­GPHTCMVKQP UVTGWNKEJVRJQVQOGVTKUEJ GTHCUUV. DKG PCTVKMGNCD-
UEJGKFWPI GTHQNIV CPCNQI \W FGP CPFGTGP SVCWDOGUUWPIGP CWH HNWQTMQJNGPUVQHHDGUEJKEJVGVGP 
BQTUKNKMCVINCUHCUGTHKNVGTP 
37 OO, FKDGTHKNO , FKTOC PCNN�. DKG GTCXKOGVTKG YWTFG XQP FGT LBG 
BCFGP-WÒTVVGODGTI FWTEJIGHÒJTV. DKG DCWGT FGT SCOONWPI DGVTWI LGYGKNU OKPFGUVGPU 24 
SVWPFGP.

DCU HÒT FKG MGUUWPI FGT PCTVKMGNMQP\GPVTCVKQP XGTYGPFGVG SVTGWNKEJVRJQVQOGVGT FGT FKTOC 
GTKOO, AKPTKPI, MQFGN 1.108 KUV GKP 2,5 MI NGKEJVGU, UGJT JCPFNKEJGU GGT·V 
24 EO Z 12 EO 
Z 6 EO�. EU DGUKV\V CNU LKEJVSWGNNG GKPG HCNDNGKVGT-LCUGTFKQFG, OKV GKPGT WGNNGPN·PIG XQP 
780 PO WPF FGVGMVKGTV FCU SVTGWNKEJV WPVGT GKPGO WKPMGN XQP 90u. DKG SKIPCNJÌJG YKTF KP 
15 KCP·NG MNCUUKHK\KGTV. DKG WPVGTGP KCPCNITGP\GP D\Y. FKG GPVURTGEJGPFGP QRVKUEJGP LCVGZ-
ÄSWKXCNGPVFWTEJOGUUGT D50 
KP zO� NKGIGP DGK 0,3 ä 0,4 ä 0,5 ä 0,65 ä 0,8 ä 1,0 ä 1,6 ä 2,0 
ä 3,0 ä 4,0 ä 5,0 ä 7,5 ä 10 ä 15 WPF 20. SKG IGNVGP HÒT GKPGP Z·JNYKTMWPIUITCF XQP 50 � OKV 
OQPQFKURGTUGO PQN[UV[TGP-LCVGZ-AGTQUQN. DCU GGT·V CTDGKVGV OKV GKPGO PTQDGPXQNWOGPUVTQO 
XQP 1,2 N�OKP v 5 �. SKOWNVCP \W FGT PCTVKMGNOGUUWPI YGTFGP OKV GZVGTPGP SGPUQTGP 
FKTOC 
GTKOO, MQFGNN 1.154� LWHVVGORGTCVWT, LWHVHGWEJVG WPF LWHVIGUEJYKPFKIMGKV GTHCUUV.

2�2 EreignisDezogene Messungen, diskontinuierlich

DKG BGUVKOOWPI FGT KQP\GPVTCVKQPGP FGT GKPCVGODCTGP WPF CNXGQNGPI·PIKIGP SVCWDHTCMVK-
QPGP GTHQNIVGP ITCXKOGVTKUEJ. S·OVNKEJG W·IWPIGP FGT WPDGRTQDVGP WPF DGRTQDVGP FKNVGT 
YWTFGP GDGPHCNNU XQP FGT LBG BCFGP-WÒTVVGODGTI FWTEJIGHÒJTV. DKG SVCWDHTCMVKQPGP 
YWTFGP CWH HNWQTMQJNGPUVQHH DGUEJKEJVGVGP BQTUKNKMCVINCUHCUGTHKNVGT 
37 OO, FKDGTHKNO, FKTOC 
PCNN� CDIGUEJKGFGP. DKGUG FKNVGT CDUQTDKGTGP MGKPG LWHVHGWEJVKIMGKV, YCU FKG ITCXKOGVTKUEJG 
AWUYGTVWPI GTJGDNKEJ XGTDGUUGTV. DKG APUCWIMÌRHG HÒT GKPCVGODCTGP SVCWD 
E-FTCMVKQP� YWT-
FGP OKV 3,5 N�OKP WPF FKGLGPKIGP HÒT FKG CNXGQNGPI·PIKIG FTCMVKQP 
A-FTCMVKQP� OKV 2,0 N�OKP 
LWHVFWTEJUCV\ DGVTKGDGP. FÒT FKG RGTUQPGPDG\QIGPGP MGUUWPIGP YCTGP FKG APUCWIMÌRHG CWH 
MWPFJÌJG FGT VGTUKEJGTVGP 
PWORGP CO GÒTVGN�, HÒT FKG UVCVKQP·TGP MGUUWPIGP OKVVGP KO 
SVCNN 
HÌJG EC. 1,5 O� CPIGDTCEJV. EU YWTFG FCDGK FCTCWH IGCEJVGV, FCUU FKG MGUUCPQTFPWPI 
PKEJV KP WPOKVVGNDCTGT N·JG XQP LÒHVWPIUÌHHPWPIGP UVCPF. WGPP OÌINKEJ, YWTFG KOOGT GKP 
AWHUVGNNWPIUQTV KO SVCNNICPI IGY·JNV. DKG DCWGT FGT MGUUWPI NCI DGK FGP UVCVKQP·TGP MGU-
UWPIGP DGK 8 SVWPFGP WPF HÒT FKG RGTUQPGPIGVTCIGPGP MGUUWPIGP LG PCEJ AWHGPVJCNVU\GKV KO 
SVCNN \YKUEJGP 4 MKPWVGP WPF OCZKOCN 5 SVWPFGP 18 MKPWVGP.

DKG SVCWDUCOONWPI HÒT FKG EPFQVQZKPDGUVKOOWPI GTHQNIVG CWH DKPFGOKVVGNHTGKGP FKNVGTP 

37 OO, MCEJGTG[-NCIGN, 85�90 BF� HÒT FKG SVCWDHTCMVKQPGP FGT E- WPF A-FTCMVKQP CPCNQI 
FGT QDGP DGUEJTKGDGPGP BGFKPIWPIGP. EKPG EZRQUKVKQP HCPF ÒDGT FKG DCWGT XQP 8 SVWPFGP 
Y·JTGPF FGT RWJGRJCUG KP FGT NCEJV UVCVV. EKPG \YGKVG EZRQUKVKQP GTHQNIVG VCIUÒDGT ÒDGT FKG 
DCWGT XQP GKPGT SVWPFG Y·JTGPF GKPGT FÒVVGTWPIURJCUG.

ZGKVINGKEJ \W FGP SVCWDUCOONWPIGP YWTFGP OKVVGNU GKPGU VTCIDCTGP GCUOGUUIGT·VGU FGT 
FKTOC DT·IGT, MQFGNN MWNVKYCTP FKG KQP\GPVTCVKQPGP XQP CO2, O2, CH4, NH3 WPF H2S 
GTHCUUV.

DKG EPFQVQZKPDGUVKOOWPI GTHQNIV IGO·­ BIA-ATDGKVUOCRRG 9450 
D\Y. CEN 14031�. 
DC\W YGTFGP FKG FKNVGT KP GKP 3WCT\INCU IGIGDGP WPF FKG EPFQVQZKPG OKV LAL-WCUUGT 
7 ON� 
WPVGT SEJÒVVGNP 
1,5 J� GZVTCJKGTV. APUEJNKG­GPF \GPVTKHWIKGTV OCP FKG EZVTCMVG HÒT 3 OKP DGK 
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3000 U�OKP. NCEJ GPVURTGEJGPFGT VGTFÒPPWPI 
LG PCEJ GTYCTVGVGT KQP\GPVTCVKQP 1�1, 1�10, 
1�100� WPF AWHVTCI CWH FKG MKMTQVKVGTRNCVVG GTHQNIV FKG BGUVKOOWPI OKVVGNU LKOWNWU-AOÌDQ-
\[VGP-L[UCV 
LAL�. EU YKTF GKP MKPGVKUEJGT FCTDVGUV 
CCODTGZ, BKQ SEKGPEG, LQV 3L3000� XGT-
YGPFGV. 3WCPVKHK\KGTV YKTF OKV GKPGT LGYGKNU HTKUEJ GTUVGNNVGP EKEJMWTXG 
50�5�0,5�0,05�0,005 
EU�ON� WPF FCU ETIGDPKU CWH FGP IGUCOVGP FKNVGT DG\QIGP 
EU�FKNVGT�. AWU FKGUGP DCVGP MCPP 
DGK DGMCPPVGO LWHVFWTEJUCV\ 
Ox� FKG EPFQVQZKP KQP\GPVTCVKQP KP FGT LWHV 
EU�Ox� DGTGEJ-
PGV YGTFGP. ZWT 3WCNKV·VUUKEJGTWPI YKTF LGFGT PTQDG GKP EPFQVQZKP-SVCPFCTF \WIGUGV\V, FGT 
\YKUEJGP 50 � WPF 200 � YKGFGTIGHWPFGP YGTFGP OWUU. LKGIGP PTQDGP CW­GTJCND FKGUGU 
BGTGKEJGU, YKTF YGKVGT XGTFÒPPV. ZWU·V\NKEJ YKTF DGK LGFGT SGTKG GKP NCDQTKPVGTPGT KQPVTQNN-
UVCPFCTF OKVIGHÒJTV.

DKG PTQDGPCJOG HÒT FKG BGUVKOOWPI FGT NWHVIGVTCIGPGP KGKOG 
BCMVGTKGP, SEJKOOGN WPF 
HGHGP� GTHQNIVG VCIUÒDGT. DCU DGRTQDVG LWHVXQNWOGP DGVTWI 20 LKVGT. DKG AICTRNCVVGP 
2 Z 
CCUQCICT WPF 2 Z SCDQWTCWFCICT� YWTFGP IGMÒJNV IGNCIGTV WPF VTCPURQTVKGTV WPF DGK WPVGT-
UEJKGFNKEJGP TGORGTCVWTGP KPMWDKGTV. DKG CWUIG\·JNVGP MQNQPKGDKNFGPFGP EKPJGKVGP 
KBE� 
YGTFGP CWH FCU DGCWHUEJNCIVG PTQDGPNWHVXQNWOGP WOIGTGEJPGV.

3 ErgeDnisse und Diskussion

NCEJHQNIGPF UKPF GKPKIG CWUIGY·JNVG ETIGDPKUUG FGT MQPVKPWKGTNKEJGP 24-SVWPFGP-MGUUWPIGP 

TCDGNNG 1� WPF FGT GTGKIPKUDG\QIGPGP MGUUWPIGP 
TCDGNNG 2� CWHIGHÒJTV.

3�1 24�Stundenmessungen, kontinuierlich

DKG KP TCDGNNG 1 FCTIGUVGNNVGP SVCWDOCUUGPMQP\GPVTCVKQPGP NKGIGP GTYCTVWPIUIGO·­ DGK FGP 
GGHNÒIGN WPF SEJYGKPGDGVTKGDGP CO JÌEJUVGP, XCTKKGTGP CDGT LG PCEJ HCNVWPIUXGTHCJTGP 
UVCTM, \. B. PM 10 DGK FGP GGHNÒIGNDGVTKGDGP XQP 0,11 OI�Ox DKU 1,43 OI�Ox. DKG KP FGP RKP-
FGTUV·NNGP IGOGUUGPGP SVCWDOCUUGPMQP\GPVTCVKQPGP UKPF WO GTÌ­GPQTFPWPIGP PKGFTKIGT. 
UPVGTUEJKGFG \YKUEJGP FGP RKPFGTDGVTKGDGP WPVGTGKPCPFGT UKPF OCTIKPCN.

ÄJPNKEJGU N·UUV UKEJ HÒT FKG AOOQPKCMMQP\GPVTCVKQPGP UCIGP, YGPPINGKEJ FKG KQP\GPVTC-
VKQPGP KP CNNGP BGVTKGDGP OKV WGTVGP \YKUEJGP 1,6 RRO WPF 8,2 RRO XGTINGKEJUYGKUG IGTKPI 
UKPF. DKG D[PCOKM FGT AOOQPKCMMQP\GPVTCVKQP KUV DGK FGP RKPFGTUV·NNGP WPF FGO MNGKPGP 
OQDKNGP LGIGJGPPGUVCNN 1� LH TGNCVKX ITQ­.

DKG PCTVKMGNCP\CJNMQP\GPVTCVKQPGP NKGHGTP IPHQTOCVKQPGP ÒDGT FKG HQOQIGPKV·V FGT LWHV-
OCUUG Y·JTGPF FGT MGUUGRKUQFG 
\. B. . σK 0,3 zO � D � 1 zO� WPF ÒDGT FKG FTGKUGV\WPI 
XQP PCTVKMGNP. LGV\VGTG MÌPPGP OGKUV CWH PTQ\GUUG FGT FÒVVGTWPI, TKGTCMVKXKV·V WPF SVCNNCTDGK-
VGP \WTÒEMIGHÒJTV YGTFGP. DKG KQP\GPVTCVKQPGP XQP SVCWD WPF PCTVKMGNCP\CJN 
0,3 zO � D 
� 1 zO� UVKOOGP HÒT FKG GKP\GNPGP BGVTKGDG IWV ÒDGTGKP.

IP FGP CNNGTOGKUVGP F·NNGP KUV FKG D[PCOKM DGK FGP KQP\GPVTCVKQPGP ITQ­GT PCTVKMGN GTJGD-
NKEJ JÌJGT CNU DGK FGP PCTVKMGNP OKV DWTEJOGUUGTP D � 1 zO, YCU UKEJ KP FGP SVCPFCDYGK-
EJWPIGP YKFGTURKGIGNV. DKG CWHH·NNKIUVGP UPVGTUEJKGFG \GKIGP UKEJ KP FGT VGKNYGKUG UGJT IWVGP 
DWTEJNÒHVWPI FGT RKPFGTUV·NNG. DKG IGOGUUGPGP WKPFIGUEJYKPFKIMGKVGP NKGHGTP CNNGTFKPIU 
MGKPG IPHQTOCVKQPGP ÒDGT XGTVKMCNGP LWHVCWUVCWUEJ.
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TCD. 1� ETIGDPKUUG FGT 24-SVWPFGP-TCIGUICPIOGUUWPIGP KP 10 BGVTKGDGP Y·JTGPF FGP SQOOGTOQPCVGP. 
DCTIGUVGNNV KUV FKG MCUUGPMQP\GPVTCVKQP FGT GKPCVGODCTGP, VJQTCMCNGP WPF CNXGQNGPI·PIKIGP SVCWDHTCMVKQP, 
FKG OKVVNGTG AOOQPKCMMQP\GPVTCVKQP 
OKV SVCPFCTFCDYGKEJWPI�, FKG OKVVNGTG PCTVKMGNMQP\GPVTCVKQP D � 1 zO 
WPF D   1 zO 
OKV SVCPFCTFCDYGKEJWPI�, UQYKG LWHVVGORGTCVWT, LWHVHGWEJVKIMGKV WPF WKPFIGUEJYKPFKIMGKV 

LGYGKNU IGOKVVGNV ÒDGT 24 SVWPFGP�

Staub NH3 Partikelkonzentration Stallklima

PM 
100 

PM 
10 

PM 4 CNH3 sNH3

0,3 µm < D 
< 1 µm

1 µm < D 
< 20 µm

T rF v
Ni σi Ni σi

mg/m³ mg/m³ mg/m³ ppm ppm cm–3 cm–3 cm–3 cm–3 °C % m/s

Geflügel 1) LH 0,20 0,11 0,02 5,8 4,4 29,5 9,4 2,2 2,6 18,4 70 < 0,1

2) LH 3,33 1,43 0,66 7,7 2,4 88,2 22,4 48,5 37,0 22,4 62 < 0,1

3) LH 0,98 0,39 0,11 5,1 1,5 114,9 31,0 18,0 14,8 24,4 62 < 0,1

4) MP 0,82 0,52 0,16 k.A. k.A. 85,2 16,7 10,3 12,9 25,1 51 < 0,1

Schwein 1) MS 0,50 0,21 0,04 8,2 1,8 25,0 12,9 2,8 1,6 24,1 53 < 0,1

2) MS 2,06 0,77 0,12 4,7 2,2 101,5 30,4 10,6 9,3 25,6 53 0,11

Rind 1) MB 0,11 0,01 0,01 2,3 0,8 88,9 31,4 0,8 1,3 19,5 77 < 0,1

2) MV 0,08 0,04 0,02 1,8 0,8 71,5 33,9 0,8 1,2 22,3 73 < 0,1

3) MV 0,11 0,05 0,02 1,6 1,2 168,3 113,9 0,8 0,8 22,6 70 0,63

4) MV n.b. n.b. n.b. 2,0 1,2 124,4 34,2 0,4 0,2 23,5 71 0,19

n.b. = Filter nicht auswertbar, Pumpe lief zu lange
k.A. = Gerät defekt

3�2 EreignisDezogene Messungen, diskontinuierlich

DKG GTGKIPKUDG\QIGPGP MGUUWPIGP \GKIGP GKPG IWVG ÜDGTGKPUVKOOWPI \YKUEJGP FGP FTGK 
IGOGUUGPGP PCTCOGVGTP SVCWDOCUUG, EPFQVQZKP WPF NWHVIGVTCIGPG KGKOG. BGK CNNGP HCNVWPIU-
HQTOGP UKPF FKG BGVTKGDG OKV FGP JÌEJUVGP VCIUÒDGT IGOGUUGPGP EPFQVQZKPIGJCNVGP 2� LH, 
2� MS WPF 1� MB, CWEJ FKGLGPKIGP, FKG FKG ITÌ­VGP BCMVGTKGP\CJNGP WPF UVCVKQP·T IGOGUUG-
PGP SVCWDMQP\GPVTCVKQPGP CWHYGKUGP. DKG RGTUQPGPIGVTCIGPGP SVCWDMQP\GPVTCVKQPGP UKPF 
RNCWUKDGN, FC UKG KP FGT RGIGN ÒDGT FGP UVCVKQP·T IGOGUUGPGP WGTVGP NKGIGP. ANNGTFKPIU OWUU 
DGTÒEMUKEJVKIV YGTFGP, FCUU FKG DGK FGT MGUUGRKUQFG \W GTWPFG NKGIGPFGP AWHGPVJCNVU\GKVGP 
KO SVCNN UGJT WPVGTUEJKGFNKEJ YCTGP. IPVGTGUUCPVG AWHH·NNKIMGKVGP \GKIGP FKG EPFQVQZKPOGUUWP-
IGP FGT A-FTCMVKQP PCEJVU Y·JTGPF FGT RWJGRJCUG KP \YGK FGT XKGT GGHNÒIGNUV·NNG 
1� LH WPF 
4� MP�, FC FKGUG \WO TGKN FGWVNKEJ ÒDGT FGP VCIUÒDGT IGOGUUGPGP WGTVGP NKGIGP. GNGKEJGU 
IKNV HÒT FKG EPFQVQZKPIGJCNVG FGT E-FTCMVKQP DGK 2� MS, 3� MV WPF 4� MV.

GTCXKOGVTKUEJ PKEJV CWUYGTVDCTG IGTKPIG A-FTCMVKQPGP UKPF DGK FGP PGTUQPGP IGVTCIGPGP 
MGUUWPIGP \WO GKPGP CWH FKG UGJT MWT\GP AWHGPVJCNVU\GKVGP KO SVCNN 1� LH, 3� LH, 1� MS CDGT 
CWEJ CWH IGTKPIG SVCWDMQP\GPVTCVKQPGP, \. B. 4� MV, \WTÒEM\WHÒJTGP.
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TCD. 2� ETIGDPKUUG FGT KWT\\GKVOGUUWPIGP KP 10 BGVTKGDGP Y·JTGPF FGT SQOOGTOQPCVG. DCTIGUVGNNV KUV FKG 
MCUUGPMQP\GPVTCVKQP FGT GKPCVGODCTGP WPF CNXGQNGPI·PIKIGP SVCWDHTCMVKQP 
UVCVKQP·T WPF RGTUQPGPIGVTC-
IGP�, FKG EPFQVQZKPMQP\GPVTCVKQPGP 
Y·JTGP FGT FÒVVGTWPI WPF PCEJVU� UQYKG KQP\GPVTCVKQPGP NWHVIGVTCIGPGT 
KGKOG

Staub Endotoxin Luftkeime

stationär
Personen
 getragen

Fütterung
tagsüber

Ruhephase
nachts

Bakterien
Schim-

mel
Hefen

Fraktion E A E A. E A E A

mg/m³ mg/m³ mg/m³ mg/m³ EU/m³ EU/m³ EU/m³ EU/m³ KBE/m³ KBE/m³ KBE/m³

Geflügel 1) LH 0,24 0,02 0,21 n.b. 107 2 43 39 2.100 2.100 <50

2) LH 7,22 0,50 6,53 0,82 16.058 469 7.018 142 >33.000 900 200

3) LH 1,83 0,14 5,31 n.b. 3.731 455 889 30 17.900 14.400 <100

4) MP 1,66 0,17 3,57 1,43 1.773 94 467 152 33.000 10.300 200

Schwein 1) MS 0,43 0,03 0,92 n.b. 228 9 111 12 9.300 800 600

2) MS 2,72 0,13 7,03 0,48 1.932 26 4.873 19 >33.000 4.200 600

Rind 1) MB 0,35 0,02 1,67 n.b. 689 31 600 29 >11.000 133 400

2) MV 0,07 0,03 0,31 0,09 66 35 18 3 2.700 850 <50

3) MV 0,11 0,02 0,66 0,13 7 8 36 4 8.950 10.900 50

4) MV 0,07 n.b. 0,31 n.b. 48 19 55 11 4.650 400 950

n.b. = nicht bestimmbar, da < 0,02 mg halbe Nachweisgrenze.

4 Schlussfolgerungen

EKPG KQODKPCVKQP XQP \GKVNKEJ JQEJCWHIGNÌUVGP DCWGTOGUUWPIGP WPF UVCPFCTFKUKGTVGP, GTGKI-
PKUDG\QIGPGP KWT\OGUUWPIGP DKGVGV FKG MÌINKEJMGKV, DKUJGT QHVOCNU IGVTGPPV WPVGTUWEJVG 
FTCIGUVGNNWPIGP FGT ATDGKVUOGFK\KP WPF TKGTJ[IKGPG OKV AURGMVGP FGT UOYGNVYKTMWPI \W 
XGTMPÒRHGP. WKEJVKI JKGT\W Y·TG CNNGTFKPIU FKG ETHCUUWPI QFGT ADUEJ·V\WPI FGT LWHVYGEJ-
UGNTCVG, WO XQP IGOGUUGPGP KQP\GPVTCVKQPGP CWH EOKUUKQPUTCVGP UEJNKG­GP \W MÌPPGP. DKGU 
UVGNNV CDGT DGUQPFGTU DGK FGP KP FKGUGO PTQLGMV WPVGTUWEJVGP SVCNNV[RGP OGUUVGEJPKUEJ GKP 
PTQDNGO FCT 
BREHME 2000�.
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-e[Yords� SWcMNer coY JWsDCndr[� cCNXing� sensor DCsed CnimCN monitoring

<WsCmmenfCssWng 

Grundlage für ein funktionierendes Herdenmanagement in extensiven Haltungsverfahren sind 
hochwertige Informationen besonders in den wichtigen Abschnitten des Produktionsprozes-
ses. In der Mutterkuhhaltung können sensor- und rechnergestützte Systeme den Informations-
gewinn in sensiblen und wirtschaftlich entscheidenden Bereichen wie in Abkalbezeiträumen 
und Deckperioden oder bei gesundheitlichen Problemlagen erweitern.

Mit Hilfe der messbaren Parameter Standortverhalten, Bewegungsaktivität, Wasseraufnah-
me und Gewichtsentwicklung sollen innerhalb der Untersuchungen Verhalten und Verhal-
tensänderungen von Mutterkühen im Abkalbezeitraum erfasst und bewertet werden. Anhand 
erster Auswertungen von Abkalbungen lassen sich Veränderungen im Standortverhalten und 
der Bewegungsaktivität im unmittelbaren Geburtszeitraum nachvollziehen. Die Variationen 
sind jedoch innerhalb der Parameter erheblich und treten tierindividuell verschieden auf.

SWmmCr[

High grade information in important segments of the production process are the basis for a 
working management in extensive livestock farming systems. Because of this in suckler cow 
husbandry special attention is being paid to the periods of time of oestrus, calving and pos-
sible illness. There is the possibility to enhance the benefit of information with sensor- and 
computer based systems.

The using of measurable parameters like animal activity and spatial pasture utilization in 
order to gather and evaluate data of behaviour and changes of behaviour in the period of 
calving is the aim of investigations. The changing in spatial pasture utilization and animal 
activity near the time of calving, first results had been shown. However there are a huge vari-
ation in data of both parameters between suckler cows in the livestock.
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1 Ziele und AufgaDenstellungen

SGPUQT- WPF TGEJPGTIGUVÒV\VG S[UVGOG MÌPPGP GKPGP BGKVTCI NGKUVGP, JQEJYGTVKIG IPHQTOCVKQ-
PGP ÒDGT FCU VGTJCNVGP XQP MWVVGTMÒJGP KP YKEJVKIGP ADUEJPKVVGP FGU PTQFWMVKQPURTQ\GUUGU, 
YKG ADMCNDG- WPF DGEMRGTKQFG QFGT DGK IGUWPFJGKVNKEJGP PTQDNGONCIGP \W NKGHGTP. ZKGN FGT 
UPVGTUWEJWPIGP KUV GU, FKG OGUUDCTGP VGTJCNVGPURCTCOGVGT SVCPFQTVXGTJCNVGP 
FN·EJGPPWV-
\WPI�, BGYGIWPIUCMVKXKV·V, WCUUGTCWHPCJOG WPF GGYKEJVUGPVYKEMNWPI DGK MWVVGTMÒJGP \W 
DGYGTVGP. ETUVG TGKNCWUYGTVWPIGP DG\ÒINKEJ FGU SVCPFQTVXGTJCNVGPU WPF FGT FN·EJGPPWV\WPI 
UQNNGP \GKIGP, OKV YGNEJGT SKEJGTJGKV UKEJ VGTJCNVGP WPF VGTJCNVGPU·PFGTWPIGP XQP MWV-
VGTMÒJGP DGK EKPVTKVV GKPGU ETGKIPKUUGU YKG \. B. GKPGT ADMCNDWPI OKV QDLGMVKX OGUUDCTGP KTKVGT-
KGP GTHCUUGP WPF \WQTFPGP NCUUGP. FQNIGPFG FTCIGUVGNNWPIGP IKNV GU IGPCWGT \W CPCN[UKGTGP�
 1. WGNEJGP EKPHNWUU JCV FCU ETGKIPKU ëADMCNDWPIé CWH FCU VGTJCNVGP FGT TKGTG DG\ÒINKEJ 

KJTGT BGYGIWPIUCMVKXKV·V WPF FGU SVCPFQTVXGTJCNVGPU! 
 2. IP YGNEJGO AWUOC­ YGKEJGP MWVVGTMÒJG KO VGTJCNVGP MWT\ XQT, Y·JTGPF WPF PCEJ 

FGT GGDWTV FGU KCNDGU XQP ëIGYQJPVGPé TCIGUTJ[VJOGP CD! 
 3.  SKPF CWHVTGVGPFG VGTJCNVGPU·PFGTWPIGP OKV FGP QDLGMVKX OGUUDCTGP PCTCOGVGTP BGYG-

IWPIUCMVKXKV·V WPF SVCPFQTVXGTJCNVGP QJPG \WU·V\NKEJGP BGQDCEJVWPIUCWHYCPF PCEJ-
YGKUDCT! 

EU YGTFGP GTUVG ETIGDPKUUG \W FGP SEJYGTRWPMVGP SVCPFQTVXGTJCNVGP 
FN·EJGPPWV\WPI� WPF 
BGYGIWPIUCMVKXKV·V FCTIGUVGNNV.

2 Material und Methode

DKG DCVGPGTHCUUWPI HCPF KP GKPGT MWVVGTMWJJGTFG OKV TKGTGP FGT RCUUGP GGNDXKGJ, FNGEMXKGJ 
WPF UEMGTO·TEMGT UVCVV.

FÒT FKG BGUVKOOWPI FGU StandortXerhaltens YWTFG \WGTUV FKG WGKFGHN·EJG XGTOGUUGP, 
KO APUEJNWUU IGGKIPGVG BGQDCEJVWPIUUVCPFQTVG CWUIGY·JNV WPF FGTGP KQQTFKPCVGP OKV GPS 

GNQDCN PQUKVKQPKPI S[UVGO� DGUVKOOV. MKV HKNHG GKPGU FGTPINCUGU XQO T[R LEICA GEOVID 
7�42 BDA MQPPVGP ÒDGT FKG ETOKVVNWPI XQP DKUVCP\ WPF WKPMGN XQO BGQDCEJVWPIURWPMV \WT 
CPXKUKGTVGP MWVVGTMWJ FKG KQQTFKPCVGP FGT TKGTUVCPFQTVG DGTGEJPGV YGTFGP. FÒT GKPG IGPCWG 
APCN[UG FGU SVCPFQTVXGTJCNVGPU HCPFGP DKUJGT FKG JGPTKEJ TWTPGT HQOGTCPIG FWPMVKQP WPF FKG 
BKNFWPI XQP MKPKOWO CQPXGZ PQN[IQPGP OKV FGT CQORWVGTUQHVYCTG ATEVKGY APYGPFWPI. 
DKG JGPTKEJ TWTPGT HQOGTCPIG FWPMVKQP YWTFG HÒT FKG WKNFVKGTHQTUEJWPI GPVYKEMGNV WPF 
UVGNNV DGK BGTÒEMUKEJVKIWPI XQP 95 � CNNGT MGUURWPMVG FCU ëSVTGKHIGDKGVé GKPGU TKGTGU KP O2

FCT, QJPG GTGP\GP YKG UO\·WPWPIGP \W DGTÒEMUKEJVKIGP. BGK FGT BKNFWPI XQP MKPKOWO 
CQPXGZ PQN[IQPGP IKNV FKG FN·EJG KPPGTJCND FGT ·W­GTGP MGUURWPMVG CNU FWTEJ FKG TKGTG 
IGPWV\VG FN·EJG.

DKG ETOKVVNWPI FGT BewegungsaktiXit·t GTHQNIVG ÒDGT FGP EKPUCV\ XQP SRGKEJGT-TGNGOGVTKG-
LQIIGT 
STL� - PGFQOGVGTP GPVYKEMGNV WPF JGTIGUVGNNV FWTEJ FCU IPIGPKGWTDÒTQ HQN\. DKG PGFQ-
OGVGT GTHCUUVGP PGDGP FGP BGKPDGYGIWPIGP CWEJ FKG LKGIG\GKVGP WPF LKGIGRQUKVKQPGP FGT 
TKGTG. ZWU·V\NKEJ YWTFGP 5-OKPÒVKIG ZGKVKPVGTXCNNG MQPHKIWTKGTV, UQ FCUU UKEJ FKG MGUUYGTVG 
FGT UJT\GKV \WQTFPGP NKG­GP. 
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TCD. 1� BGKURKGN HÒT FKG GTHCUUVGP DCVGP FGT BGYGIWPIUCMVKXKV·V GKPGT MWVVGTMWJ CWU FGO VGTUWEJ 
Example for gathered data of the animal activity of a suckler cow

Datum/Uhrzeit Schritte Seitenlage in Takten Bauchlage in Takten

21.03.03 15:05 97 0 0

21.03.03 15:10 46 0 10

21.03.03 15:15 0 0 20

21.03.03 15:20 1 0 20

1 Takt = 15 Sekunden

IPPGTJCND FGU IGY·JNVGP 5-OKPÒVKIGP IPVGTXCNNU URGKEJGTVG FCU PGFQOGVGT FKG AP\CJN FGT 
SEJTKVVG WPF SGKVGP- WPF BCWEJNCIG KP TCMVGP. JGFGT TCMV GPVURTKEJV JKGTDGK 15 SGMWPFGP, UQ 
FCUU UKEJ CWU FGT MWNVKRNKMCVKQP XQP TCMVCP\CJN WPF 15 U FKG LKGIG\GKV KP SGMWPFGP HÒT FCU 
GKPIGUVGNNVG IPVGTXCNN GTIKDV.

ZWT EXCNWKGTWPI FGT MGUUYGTVG HCPFGP RCTCNNGN \WT DCVGPGTHCUUWPI TierDeoDachtungen
UVCVV. IO ADUVCPF XQP 15 MKPWVGP YWTFG FCU TKGTXGTJCNVGP RTQVQMQNNCTKUEJ FQMWOGPVKGTV.

FÒT GKPG GTUVG Auswertung FGU SVCPFQTVXGTJCNVGPU 
FN·EJGPPWV\WPI� WPF FGT BGYGIWPI-
UCMVKXKV·V UVCPF FKG BKNFWPI XQP MKVVGNYGTVGP WPF FKG BGVTCEJVWPI FGT SVCPFCTFCDYGKEJWPI 
KO VQTFGTITWPF. DGU YGKVGTGP YWTFG \WT ETOKVVNWPI GKPGT IGGKIPGVGP AWUYGTVWPIUDCUKU 
DG\ÒINKEJ FGU SVCPFQTVXGTJCNVGPU GKP MGVJQFGPXGTINGKEJ \YKUEJGP FGT JGPTKEJ TWTPGT HQOGT-
CPIG FWPMVKQP WPF FGT APYGPFWPI XQP MKPKOWO CQPXGZ PQN[IQPGP XQTIGPQOOGP. 

3 Ausgew·hlte ErgeDnisse 

DKG JKGT FCTIGUVGNNVGP ETIGDPKUUG DG\KGJGP UKEJ CWH HÒPH ADMCNDWPIGP, FKG JKPUKEJVNKEJ FGU 
SVCPFQTVXGTJCNVGPU WPF FGT BGYGIWPIUCMVKXKV·V DGTGKVU CWHIGCTDGKVGV YWTFGP WPF CWUYGTVDCT 
UKPF. 

3�1 StandortXerhalten

DGT MGVJQFGPXGTINGKEJ HÒT FCU SVCPFQTVXGTJCNVGP GTICD DGK CNNGP ADMCNDWPIGP GKPG ITQ­G 
VCTKCVKQP KP FGT FN·EJGPPWV\WPI, YGNEJG UKEJ KPPGTJCND FGT TKGTITWRRG CDGT CWEJ LG EKP\GN-
VKGT WPF TCI QHHGPDCTVG. DKG HQOGTCPIG FWPMVKQP WPF FKG BKNFWPI FGT MKPKOWO CQPXGZ 
PQN[IQPG \GKIGP FGP INGKEJGP VGTNCWH, FQEJ YKG CWU ADDKNFWPI 1 GTUKEJVNKEJ KUV, UKPF FKG 
SEJYCPMWPIGP FGT HQOGTCPIGU YGUGPVNKEJ FGWVNKEJGT CWUIGRT·IV UKPF CNU FKG FGT MKPKOWO 
CQPXGZ PQN[IQPG. IO GGIGPUCV\ \WT HQOGTCPIG FWPMVKQP GTIGDGP UKEJ FKG IGTKPIGTGP 
ADYGKEJWPIGP DGK FGT PQN[IQPOGVJQFG FWTEJ FKG CWUUEJNKG­NKEJG BGTÒEMUKEJVKIWPI FGT 
FN·EJG, FKG KPPGTJCND FGT ·W­GTUVGP OKVGKPCPFGT XGTDWPFGPGP MGUURWPMVG NKGIV. 
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ADD. 1� VGTINGKEJ FGT JGPTKEJ TWTPGT HQOGTCPIGU WPF FGT MKPKOWO CQPXGZ PQN[IQPG HÒT XQTOKVVCIU WPF 
PCEJOKVVCIU KO VGTNCWHG XQP 8 TCIGP
Jenrich Turner Homeranges and Minimum Convex Polygons for eihgt days a.m. and p.m. by comparison

SQOKV GTYGKUV UKEJ FKG BKNFWPI XQP MKPKOWO CQPXGZ PQN[IQPGP, KO VGTINGKEJ, CNU IGGKIPG-
VGTGT OGVJQFKUEJGT APUCV\ \WT BGYGTVWPI FGU SVCPFQTVXGTJCNVGPU, TGRT·UGPVKGTV FWTEJ FKG 
FN·EJGPPWV\WPI. DKG HQNIGPFGP ETIGDPKUUG DG\KGJGP UKEJ GDGPHCNNU CWH MKPKOWO CQPXGZ 
PQN[IQPG.

BGK FGP HÒPH CWUIGYGTVGVGP ADMCNDWPIGP MCPP GKPG EKPUEJT·PMWPI FGU AMVKQPUTCFKWU 
FGT KÒJG KP FGP SVWPFGP PCEJ FGT KCNDWPI HGUVIGUVGNNV YGTFGP. IJTG FN·EJGPPWV\WPI NKGIV 
KP FKGUGT ZGKV DGK 66 O2, 159 O2, 310 O2, 510 O2 WPF 1700 O2, Y·JTGPF FGT MKPKOCNYGTV 
\WT UGNDGP TCIGU\GKV CP FGP TCIGP C. R. LGYGKNU 5616 O2, 1599 O2, 1336 O2, 5040 O2 WPF 
9101 O2 DGVT·IV.  

ADD. 2� MKVVGNYGTVG FGT MKPKOWO CQPXGZ PQN[IQPG XQP HÒPH MWVVGTMÒJGP KO IGDWTVUPCJGP ZGKVTCWO 
Average of the Minimum Convex Polygons of five suckler cows in the time of calving

DKG MKVVGNYGTVG FGT CQPXGZ PQN[IQPG KP FGP TCIGP 4ä1 C. R. WPF 1ä3 R. R. KO VGTINGKEJ \W 
FGP MKVVGNYGTVGP FGU ADMCNDGVCIGU KP ADDKNFWPI 2 DGUV·VKIGP FGP TTGPF \WT EKPUEJT·PMWPI 
FGU BGYGIWPIUTCFKWU WPOKVVGNDCT PCEJ FGT ADMCNDWPI. DKG SVCPFCTFCDYGKEJWPI CP FGP 
GKP\GNPGP TCIGP KUV CNU ·W­GTUV JQEJ GKP\WUVWHGP.
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3�2 BewegungsaktiXit·t

DKG BGYGIWPIUCMVKXKV·V N·UUV UKEJ CPJCPF FGT SEJTKVVCP\CJN WPF FGT LKGIG\GKVGP DGYGTVGP. 
IP ADDKNFWPI 3 YWTFG CPJCPF XQP MKVVGNYGTVGP FKG SEJTKVVJ·WHKIMGKV XQP HÒPH MWVVGTMÒJGP 

KP GKPGO ZGKVTCWO XQP 12 J XQT FGT GGDWTV DKU 12 J PCEJ FGT GGDWTV, XGTINKEJGP OKV FGP 
·SWKXCNGPVGP TCIGU\GKVT·WOGP CO 3. TCI C. R. WPF CO 2. TCI R. R. DKG SEJTKVVCP\CJN XQP XKGT 
SVWPFGP YWTFG \W GKPGO WGTV \WUCOOGPIGHCUUV. 

DGT PWPMV 0 J OCTMKGTV FGP ZGKVTCWO XQP XKGT SVWPFGP KP FGT FKG ADMCNDWPI UVCVVHCPF D\Y. 
FGP VGTINGKEJU\GKVTCWO CO 3. TCI C. R. WPF CO 2. TCI R. R. 

ADD. 3� MKVVGNYGTVG FGT SEJTKVVJ·WHKIMGKV XQP HÒPH MWVVGTMÒJGP CO 3. TCI C. R., CO KCNDGVCI WPF CO 2. TCI 
R. R.
Average of the Step activity of five suckler cows at the third day a. p., at the day of calving and at the second 
day p. p.

DGT KWTXGPXGTNCWH CO KCNDWPIUVCI DGUEJTGKDV FGP APUVKGI FGT SEJTKVVCMVKXKV·V KP FGP SVWPFGP 
XQT FGT KCNDWPI XGTINKEJGP OKV FGO 3. TCI C. R. WPF FGO 2. TCI R. R. IO GGIGPUCV\ FC\W 
UKPMV FKG SEJTKVVCP\CJN PCEJ FGT GGDWTV CO KCNDGVCI UKEJVDCT CD. FÒT FKG VGTINGKEJU\GKVT·WOG 
KUV FKGUG TGPFGP\ PKEJV GTMGPPDCT. DCU ADUKPMGP FGT SEJTKVV\CJN FKTGMV PCEJ FGT ADMCNDWPI 
FGEMV UKEJ OKV FGT ETMGPPVPKU CWU FGO SVCPFQTVXGTJCNVGP, YQPCEJ FKG MWVVGTMÒJG KJTGP 
BGYGIWPIUTCFKWU HÒT GKPKIG SVWPFGP PCEJ FGT ADMCNDWPI GKPUEJT·PMGP. DCU AWUOC­ FGT 
SVCPFCTFCDYGKEJWPI IGUVCNVGV UKEJ HÒT FKG TCIG WPF FKG GKP\GNPGP ZGKVCDUEJPKVVG UGJT WPVGT-
UEJKGFNKEJ, YCU ·JPNKEJ FGO SVCPFQTVXGTJCNVGP, CWH ITQ­G UPVGTUEJKGFG KO VKGTKPFKXKFWGNNGP 
VGTJCNVGP \WTÒEM\WHÒJTGP KUV. DC FKG TKGTG \W XGTUEJKGFGPGP TCIGU\GKVGP MCNDVGP, NKGIV GKPG 
YGKVGTG UTUCEJG HÒT FKG SEJYCPMWPIGP KP FGP WGTVGP KP FGT NKEJVDGTÒEMUKEJVWPI FGU TCIGU-
CDUEJPKVVGU KP FGT FKG KCNDWPI UVCVVHCPF. 

DKG APCN[UGP FGT LKGIG\GKVGP GTICD HQNIGPFG ETIGDPKUUG. ADDKNFWPI 4 \GKIV KO DWTEJ-
UEJPKVV INGKEJDNGKDGPF PKGFTKIG LKGIG\GKVGP KP FGP SVWPFGP XQT FGT GGDWTV FGU KCNDGU. DKG 
LKGIG\GKVGP CO 3. TCI C. R. GTYGKUGP UKEJ JKPIGIGP CNU UGJT XCTKCDGN. DKG MKVVGNYGTVG CO 2. 
TCI R. R. XGTJCNVGP UKEJ IGPCW GPVIGIGPIGUGV\V \WO KCNDGVCI, UQ FCUU LGFGT FGT FTGK ZGKVT·WOG 
GKPG CPFGTG VGTVGKNWPI FGT WGTVG CWHYGKUV. ZWFGO KUV CWEJ JKGT FCU AWUOC­ FGT SVCPFCTFC-
DYGKEJWPIGP CNU JQEJ \W DGYGTVGP, YCU YKGFGTWO OKV FGP UGJT FKHHGTGP\KGTVGP EKP\GNVKGTY-
GTVG \W DGITÒPFGP KUV.
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ADD. 4� MKVVGNYGTVG FGT LKGIG\GKV XQP HÒPH MWVVGTMÒJGP CO 3. TCI C. R., CO KCNDGVCI WPF CO 2. TCI R. R.
AXGTCIG QH VJG NC[KPI VKOG QH HKXG UWEMNGT EQYU CV VJG VJKTF FC[ C. R., CV VJG FC[ QH ECNXKPI CPF CV VJG UGEQPF 
FC[ R. R.

4 Schlussfolgerungen

MKV FGP UPVGTUWEJWPIGP FGT PCTCOGVGT SVCPFQTVXGTJCNVGP WPF BGYGIWPIUCMVKXKV·V MQPPVGP 
FWTEJ UGPUQT- WPF TGEJPGTIGUVÒV\VG DCVGPGTHCUUWPI ITQ­G VKGTKPFKXKFWGNNG UPVGTUEJKGFG KO 
IGDWTVUPCJGP ZGKVTCWO GTOKVVGNV YGTFGP. AWH FGT GTWPFNCIG XQP MKVVGNYGTVGP WPF SVCPFCTFC-
DYGKEJWPIGP YWTFGP GTJGDNKEJG DKHHGTGP\GP KO VGTJCNVGP \YKUEJGP FGP GKP\GNPGP TKGTGP 
CWHIG\GKIV. 

DKG AWUUCIGP FGT LKVGTCVWT \WO VGTJCNVGP XQP RKPFGTP KO IGDWTVUPCJGP ZGKVTCWO DGUV·VK-
IGP UKEJ VGPFGP\KGNN FWTEJ FKG CWUIGYGTVGVGP MGUUWPIGP. SQ URKGIGNV UKEJ FKG \W DGQDCEJ-
VGPFG UPTWJG FGT TKGTG XQT FGT KCNDWPI KP FGP GTJÌJVGP MGUUYGTVGP FGT SEJTKVVCP\CJN 
YKGFGT. EDGPUQ KUV GTMGPPDCT, FCUU FKG LKGIG\GKVGP KP FGP SVWPFGP XQT FGT KCNDWPI UKPMGP. 
AWEJ FKG DGQDCEJVGVG EKPUEJT·PMWPI FGU AMVKQPUTCFKWU FGT MWVVGTMWJ KUV CWU FGP DCVGP \WO 
SVCPFQTVXGTJCNVGP PCEJXQNN\KGJDCT.

DKG YGKVGTGP AWUYGTVWPIGP MQP\GPVTKGTGP UKEJ CWH FKG BGYGTVWPIGP FGT RGCMVKQPGP FGU 
GKP\GNPGP TKGTGU.
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<WsCmmenfCssWng

Die lückenlose Rückverfolgbarkeit von Tieren kann einen wichtigen Beitrag zur Lebensmittel-
sicherheit leisten. Mit der Transpondertechnologie ist es möglich, den Lebenslauf des Tieres 
vom Erzeugerbetrieb bis hin zur Ladentheke zu verfolgen. Im EU-Projekt EID + DNA Tracing 
wurden drei Injektionsorte für Transponder bei �00 Schweinen unter Berücksichtigung des 
Applikationssalters, der Transpondergröße, der Verlustrate und der Entnahme im Schlacht-
haus untersucht. Aufgrund der geringen Verlustrate und der guten Wiederfindbarkeit im 
Schlachthaus wurde für die praktische Umsetzung an 2000 Schweinen nur die Bauchhöhle 
als Injektionssort ausgewählt. Insgesamt sind 0,2 � der Tiere aufgrund von Komplikationen 
bei der Transponderapplikation verendet und 1,� � der Transponder gingen im Laufe der 
Lebenszeit verloren. Die Wiederfindungsrate der Transponder im Schlachthaus betrug mehr 
als �� �. Für den breiten Praxiseinsatz sind jedoch weitere Optimierungen notwendig.

SWmmCr[ 

Traceability of animals can make an important contribution for the security of food. Through 
the transponder technology it is possible to trace animals from the origin farm to the sales 
counter. In the EU-project EID + DNA tracing three different injections spots were examined 
concerning age of application, transponder size, losses and the recovery in the slaughter-
house. Because of good results in readability, only few losses and an easy recovery in the 
slaughterhouse the intraperitoneal injection was chosen for the implementation phase as 
injection spot to be tested on 2000 animals. A total of 0,2 � of the animals died due to 
complications during injection and 1,� � of the transponder were lost during live time. The 
recovery rate of the transponder in the slaughterhouse was higher than �� �. However for a 
widespread application in practice, the system needs to be optimized. 
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1 Einleitung und Zielsetzung

NCEJ \CJNTGKEJGP SMCPFCNGP KO LGDGPUOKVVGNDGTGKEJ YGTFGP FKG FQTFGTWPIGP FGT KQPUW-
OGPVGP PCEJ UKEJGTGP NCJTWPIUOKVVGNP KOOGT NCWVGT. DWTEJ GKPG NÒEMGPNQUG RÒEMXGTHQNIWPI 
GPVUVGJV FKG MÌINKEJMGKV, HGJNGTJCHVG D\Y. IGUWPFJGKVUUEJ·FNKEJG PTQFWMVG CWU FGT NCJTWPIU-
OKVVGNMGVVG \W GPVPGJOGP, YQFWTEJ GKP GPVUEJGKFGPFGT BGKVTCI \WT LGDGPUOKVVGNUKEJGTJGKV 
IGNGKUVGV YKTF. DCU IKNV HÒT FKG FWVVGTOKVVGNKPFWUVTKG IGPCWUQ YKG HÒT FKG LGDGPUOKVVGNRTQFWM-
VKQP. IO BGTGKEJ FGT FNGKUEJRTQFWMVKQP DGFGWVGV FKGU, FCUU LGFGU TKGT VKGTKPFKXKFWGNN IGMGPP-
\GKEJPGV YGTFGP OWUU, WO KP F·NNGP XQP KTCPMJGKVGP WPF SGWEJGP, FGP UTURTWPI HGUVUVGNNGP 
WPF GPVURTGEJGPF TGCIKGTGP \W MÌPPGP. NCEJ EKPHÒJTWPI FGT HIT-DCVGPDCPM HÒT SEJYGKPG 
YWTFG FKG XGTDKPFNKEJG KGPP\GKEJPWPI OKV XKUWGNNGP OJTOCTMGP DGK SEJYGKPGP XGTRHNKEJ-
VGPF GKPIGHÒJTV. DKG XKUWGNNGP OJTOCTMGP DKGVGP CDGT MGKPGTNGK MÌINKEJMGKV \WT CWVQOCVK-
UKGTVGP DCVGPGTHCUUWPI. GNQDCNGU ZKGN KP FGO EU PTQLGMV 
UKGJG =4?� KUV GU, FKG GNGMVTQPKUEJG 
KGPP\GKEJPWPI XQP SEJYGKPGP OKV KPLK\KGTDCTGP TTCPURQPFGTP \W WPVGTUWEJGP. IP GKPGO 
VQTXGTUWEJ 
UKGJG =1?, =5?� YWTFGP FTGK XGTUEJKGFGPG TTCPURQPFGTITÌ­GP DGK 400 FGTMGN CP 
FTGK XGTUEJKGFGPGP IPLGMVKQPUQTVGP GKPIGUGV\V. ANU ETIGDPKU FKGUGT ATDGKV YWTFG FKG IPLGMVKQP 
KP FGT BCWEJJÌJNG CNU DGUVG IPLGMVKQPUOGVJQFG DGYGTVGV WPF GKPG TTCPURQPFGTITÌ­G XQP 
32 OO CNU RTCMVKMCDGN GKPIGUVWHV. 

ZKGN FGT XQTNKGIGPFGP UPVGTUWEJWPI YCT GU, FKG ETMGPPVPKUUG FGT VQTRJCUG CP 2000 TKGTGP 
KP FGT PTCZKU \W VGUVGP. ZWU·V\NKEJ YWTFG GKPG DNA-PTQDG HÒT GKPG YGKVGT IFGPVKV·V FGT TKGTG 
\W GTJCNVGP; FCTCWH YKTF LGFQEJ KP FKGUGP BGKVTCI PKEJV GKPIGICPIGP. 

2 Material und Methode 

IP FGT IORNGOGPVKGTWPI FGU PTQLGMVU YWTFG FGP TKGTGP GKP 32 Z 3,85 OO TTCPURQPFGT 
HDX, 
ANNHNGZ EWTQRG S.A KP UVGTKNGT EKPYGIXGTRCEMWPI� KP FKG BCWEJJÌJNG KPLK\KGTV. DCU XGTYGPFGVG 
PTQFWMV GPVURTKEJV FGP ISO SVCPFCTFU 11784 WPF 11785 HÒT GNGMVTQPKUEJG TKGTMGPP\GKEJ-
PWPI WPF YWTFG OKV FGO ARRNKMCVKQPUIGT·V XQP HÒVJGT CRRNK\KGTV. DCU PTQLGMV YWTFG KP 
ZWUCOOGPCTDGKV OKV FGO IPUVKVWV HÒT TKGTJCNVWPI WPF TKGTUEJWV\ KP GTWD WPF \YGK VGT-
UWEJUDGVTKGDGP FGT LCPFGUCPUVCNV HÒT LCPFYKTVUEJCHV 
LHL� KP KCTQNKPGPHGNF WPF BCWOCPPUJQH 
UQYKG FGT EKFIGPÌUUKUEJGP FQTUEJWPIUCPUVCNV KP T·PKMQP 
SEJYGK\� WPVGT PTCZKUDGFKPIWPIGP 
FWTEJIGHÒJTV. CC. 1000 TKGTG YWTFGP CWH FGP VGTUWEJUDGVTKGDGP FGT LHL IGJCNVGP WPF KO 
VGTUWEJUUEJNCEJVJCWU KP GTWD IGUEJNCEJVGV, EC. 500 TKGTG YWTFGP CWH FGO VGTUWEJUDGVTKGD 
FGT EKFIGPÌUUKUEJGP FQTUEJWPIUCPUVCNV IGJCNVGP WPF KO MQOOGT\KGNNGP SEJNCEJVJQH FGT 
MKECTPC GTWRRG IGUEJNCEJVGV. 500 TKGTG YWTFGP CWH GKPGO RTCMVKUEJGP FGTMGNGT\GWIGTDGVTKGD 
IGMGPP\GKEJPGV, CWH GKPGO RTCMVKUEJGP MCUVDGVTKGD CWHIG\QIGP WPF KP GKPGO MQOOGT\KGNNGP 
SEJNCEJVJQH FGT SÒFHNGKUEJ GTWRRG IGUEJNCEJVGV. DKG KGPP\GKEJPWPIGP YWTFGP PCEJGKPCP-
FGT KP GTWRRGP XQP 100 DKU 200 TKGTGP KO ZGKVTCWO XQP AWIWUV ç03 DKU MCK ç04 FWTEJIGHÒJTV. 
DKG FGTMGN YWTFGP KP FGT 3.ä4. LGDGPUYQEJG OKV EC. 3ä5 MI IGMGPP\GKEJPGV. DKG IPLGMVKQP 
YWTFG CO NGKEJV IGUVTGEMVGP FGTMGN \YKUEJGP MGFKCP- WPF ZKV\GPNKPKG ECWFCN FGU NCDGNU CWH 
HÌJG FGU XKGTVGP DKU HÒPHVGP ZKV\GPRCCTGU KP FKG BCWEJJÌJNG 
KPVTCRGTKVQPGCN� FWTEJIGHÒJTV. 
BGK 82 � FGT TKGTG GTHQNIVG FKG IPLGMVKQP CO J·PIGPFGP TKGT, 18 � YWTFGP KP GKPGT NKGIGPFGP 
PQUKVKQP PCEJ CCLC 
UKGJG =3?� IGMGPP\GKEJPGV. 



RECHNERGESTªTZTE SYSTEME

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 32�

IP FGP XQTNKGIGPFGP VGTUWEJGP YWTFG DGK EC. 200 TKGTGP FKG IPLGMVKQPUUVGNNG PCEJ FGT 
KGPP\GKEJPWPI OKV T·VQYKGTHCTDG CPIGH·TDV, WO DGK GKPGO GXGPVWGNN CWHVTGVGPFGP BTWEJ, FGP 
OTV FGT IPLGMVKQP \W NQMCNKUKGTGP. 

DKG TGIGNO·­KIGP LGUGMQPVTQNNGP YWTFGP DGK FGT KGPP\GKEJPWPI, GKPGP TCI FCPCEJ WPF 
DGK LGFGO OTVUYGEJUGN QFGT UOUVCNNWPI 
25ä30 MI� FWTEJIGHÒJTV. 

FÒT FKG VQTQTVMQPVTQNNGP YWTFGP HCPFNGUGIGT·VG 
T[R ISOMAX III FGT FKTOC DCVCOCTU SA 
WPF T[R GGUTGCFGT 2S ISO FGT FKTOC GGUKORGZ� XGTYGPFGV UQYKG UVCVKQP·TG LGUGIGT·VG 
T[R 
DSE 500V2 FGT FKTOC AITKFGPV�, FKG OKV GNGMVTQPKUEJGP WCCIGP MQODKPKGTV YCTGP. FÒT FKG 
EKPICPIUMQPVTQNNG KO SEJNCEJVJCWU GTWD YWTFG GKP UVCVKQP·TGT LGUGT 
T[R ASR 454 FGT FKTOC 
AITKFGPV� GKPIGUGV\V.

BGK FGT SEJNCEJVWPI YWTFGP FKG VGTUWEJUVKGTG PCEJ FGT BGV·WDWPI, XQT FGO BTÒJVWPPGN, 
XQT FGT EPVPCJOG FGU TTCPURQPFGTU WPF XQT FGO ADVTCPURQTV KPU KÒJNJCWU MQPVTQNNKGTV. DGT 
TTCPURQPFGT YWTFG CP FGT SVCVKQP GPVPQOOGP, YQ FKG OTICPG WPF FCU DCTORCMGV XQO 
SEJNCEJVMÌTRGT IGVTGPPV YGTFGP. 

DKG MGUUWPIGP FGU ZGKVDGFCTHU HÒT FKG EPVPCJOG FGU TTCPURQPFGTU, XQO ÖHHPGP FGT 
SEJNCEJVJ·NHVG DKU \WT VCVU·EJNKEJGP EPVPCJOG, YWTFG OKV GKPGT SVQRRWJT FWTEJIGHÒJTV.

BGK TKGTGP, FKG \GKVPCJ \WT ARRNKMCVKQP XGTGPFGVGP, QFGT FKG AWHH·NNKIMGKVGP \GKIVGP, YWTFG 
GKPG RCVJQNQIKUEJGP UPVGTUWEJWPI FWTEJIGHÒJTV. 

3 ErgeDnisse und Diskussion

IPUIGUCOV YWTFGP 2050 TKGTG CWH FGP XGTUEJKGFGPGP BGVTKGDGP IGMGPP\GKEJPGV. DCXQP IKP-
IGP 9,1 � FGT GTWRRG CD, YGKN UKG CWU DGVTKGDUYKTVUEJCHVNKEJGP GTÒPFGP CPFGTU XGTOCTMVGV 
YWTFGP QFGT XGTGPFGVGP. DKG ZCJN FGT XGTGPFGVGP TKGTG CWH FGP XGTUEJKGFGPGP BGVTKGDGP 
UEJYCPMVG WO 6ä7 �, YCU KO VGTINGKEJ \WO DWTEJUEJPKVV 
4 �, UKGJG =2?� GJGT KO JÌJGTGP 
BGTGKEJ GKP\WQTFPGP KUV. NWT TWPF 1 � FGT ADI·PIG, QFGT 0,2 � FGT IGUCOVGP TKGT\CJN 
YCTGP OKV FGO TTCPURQPFGT KP ZWUCOOGPJCPI \W DTKPIGP. VQP FGP CDIGICPIGPGP TKGTGP 
YWTFGP 2,9 � RCVJQNQIKUEJ WPVGTUWEJV, WO FKG TQFGUWTUCEJG GKPFGWVKI HGUVUVGNNGP \W MÌPPGP. 
WKG KP TCDGNNG 1 FCTIGUVGNNV, UVCTDGP \YGK TKGTG CP GKPG DCMVGTKGNNGP IPHGMVKQP, WPOKVVGNDCT 
PCEJ FGT IPLGMVKQP FGU TTCPURQPFGTU. BGK XKGT TKGTGP HÒJTVG FKG YCJTUEJGKPNKEJ \W VKGHG IPLGM-
VKQP FGU TTCPURQPFGTU WPOKVVGNDCT \WO TQF, YQDGK KP \YGK F·NNGP FKG BCWEJCQTVC RGTHQTKGTV 
YWTFG, KO FTKVVGP FCNN FGT DCTO XGTNGV\V WPF KO XKGTVGP FCNN FCU TKGT CWHITWPF GKPGT BNQEMCFG 
KP FGT HCTPTÌJTG FWTEJ FGP TTCPURQPFGT XGTGPFGVG. DTGK TKGTG XGTGPFGVGP CP GKPGT PGTKVQ-
PKVKU, FKTGMV PCEJ FGT ARRNKMCVKQP. BGK PGWP TKGTGP HÒJTVGP BTÒEJG \WO ADICPI, YQDGK \YGK 
TKGTG CWH GTWPF FGU BTWEJU XQT\GKVKI IGUEJNCEJVGV YWTFGP. DKG TGUVNKEJGP UKGDGP TKGTG XGT-
GPFGVGP \GKVPCJ \WT ARRNKMCVKQP. BGK CNNGP YWTFG GKP KPMCT\GTKGTVGT BTWEJ CNU TQFGUWTUCEJG 
HGUVIGUVGNNV. ZYGK TKGTG YWTFGP GWVJCPCUKGTV, WO FKG TKGTG GKPGT RCVJQNQIKUEJGP UPVGTUWEJWPI 
WPVGT\KGJGP \W MÌPPGP. EU KUV HGUV\WJCNVGP, FCUU UKEJ GKPKIG BTÒEJG KP FGT N·JG FGT IPLGM-
VKQPUUVGNNG DGHCPFGP, YCU FWTEJ FKG CPIGH·TDVG IPLGMVKQPUUVGNNG UKEJVDCT YCT, QD LGFQEJ GKP 
ZWUCOOGPJCPI DGUVGJV, UQNNVG P·JGT WPVGTUWEJV YGTFGP.
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TCD. 1� TKGTXGTNWUVG
Animal losses

IPUIGUCOV IKPIGP, YKG KP TCDGNNG 2 DGUEJTKGDGP, 32 TTCPURQPFGT KP FGT TKGTITWRRG XGTNQTGP, 
YQDGK \YGK TKGTG FGP TTCPURQPFGT \YGK MCN XGTNQTGP JCDGP. DKG J·WHKIUVGP VGTNWUVG VTCVGP 
FKTGMV PCEJ FGT KGPP\GKEJPWPI CO TCI 1 CWH WPF FCPP YKGFGT DGK FGT UOUVCNNWPI DGK EC. 
25ä30 MI. AWHH·NNKI UKPF FKG XKGNGP NCEJMGPP\GKEJPWPIGP KP TKGTITWRRG D, FKG KO LKGIGP 
IGMGPP\GKEJPGV YWTFG. DKGU NGIV FKG VGTOWVWPI PCJG, FCUU FGT TTCPURQPFGT DGK GKPGT \W 
YGPKI VKGHGP IPLGMVKQP CWU FGT IPLGMVKQPUUVGNNG CWUIGVTGVGP KUV. BGK YGKVGTGP 14 TTCPURQPFGTP 
YWTFG FGT VGTNWUV MWT\ XQT QFGT PCEJ FGT UOUVCNNWPI DGQDCEJVGV. DC CDGT CWEJ DGQDCEJVGV 
YWTFG, FCUU TTCPURQPFGT KP FKG HCTPDNCUG QFGT KP FGP DCTO CDIGNGIV YWTFGP WPF FKGU PKEJV 
\WO TQF HÒJTVG, KUV GKP TTCPURQPFGTXGTNWUV \W GKPGO UR·VGTGP ZGKVRWPMV FGPMDCT. BGK FGT 
SEJNCEJVWPI YWTFGP 0,7 � FGT TTCPURQPFGT CWU FGT HCTPDNCUG QFGT -TÌJTG GPVPQOOGP WPF 
1,2 � FGT TKGTG JCDGP FGP TTCPURQPFGT \W GKPGO UR·VGTGP ZGKVRWPMV XGTNQTGP, YCU FCTCWH 
UEJNKG­GP N·UUV, FCUU FGT TTCPURQPFGT CWU FGT HCTPDNCUG CDIGICPIGP KUV.

DGP ZGKVDGFCTH FGT TTCPURQPFGTGPVPCJOG KO SEJNCEJVJCWU GTWD, UVGNNV ADDKNFWPI 1 FCT. 
FÒT FKG EPVPCJOG FGT TTCPURQPFGT WPF FKG ZGKVOGUUWPI XQP 534 TKGTGP YCT GKPG PGTUQP XGT-
CPVYQTVNKEJ. 50 � FGT TTCPURQPFGT MQPPVGP KP GKPGT ZGKVURCPPG XQP 12 DKU 32 U GPVPQOOGP 
YGTFGP. DGT DGTGEJPGVG MKVVGNYGTV DGVTWI 30 U. IPUIGUCOV YWTFGP 65 AWUTGK­GT GTOKVVGNV, FKG 
UKEJ FCOKV GTMN·TGP NCUUGP, FCUU FGT TTCPURQPFGT IGUWEJV YGTFGP OWUUVG, YGPP GT PKEJV CWU 
FGO DCTOPGV\ GPVPQOOGP YGTFGP MQPPVG. 

DKG EPVPCJOG FGU TTCPURQPFGTU KO SEJNCEJVJCWU UVGNNVG MGKP PTQDNGO FCT WPF MQPPVG CWEJ 
DGK SEJNCEJVIGUEJYKPFKIMGKVGP XQP 200 TKGTGP RTQ SVWPFGP FWTEJ GKPG \WU·V\NKEJG PGTUQP 
DGYGTMUVGNNKIV YGTFGP. VQP 1840 TTCPURQPFGTP YWTFG FGT GTQ­VGKN 
78 �� CWU FGO ITQ­GP 
DCTOPGV\ 
UOGPVWO OCLWU� GPVPQOOGP. DGT TTCPURQPFGT YCT FQTV KP GKPGT GGYGDGMCRUGN 
CO DCTOPGV\ HKZKGTV. BGK 13 � FGT TTCPURQPFGT YCT FKGUG FKZKGTWPI PKEJV IGIGDGP, FGUJCND 
HKGN GT DGK FGT EPVPCJOG FGU DCTORCMGVGU JGTCWU WPF OWUUVG IGUWEJV YGTFGP. DKGUG F·NNG 
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UKPF CNU MTKVKUEJ \W DGWTVGKNGP, FC FCU DCTORCMGV WPF YGKVGT ADUEJPKVVG YKG FNQOGPHGVV WPVGT-
UWEJV YGTFGP OÒUUGP. 

TCD. 2� TTCPURQPFGTXGTNWUVG
Transponder losses

ADD. 1� ZGKVDGFCTH TTCPURQPFGTGPVPCJOG
Time need transponder recovery 

IP GKPKIGP F·NNGP YWTFG FGT TTCPURQPFGT CWEJ CP WPIGYÌJPNKEJGP SVGNNGP IGHWPFGP. 0,6 � 
YWTFGP KP FGT HCTPTÌJTG WPF -DNCUG, 0,1 � KO FGVVIGYGDG FGU LQPIKUUKOWU FQTUK WPF 0,3 � 
WPVGT FGT HCWV IGHWPFGP. 1,6 � FGT TTCPURQPFGT IKPIGP KO SEJNCEJVJCWU XGTNQTGP, LGFQEJ 
MQPPVG CWUIGUEJNQUUGP YGTFGP, FCUU PQEJ GKP TTCPURQPFGT CP FGT SEJNCEJVJ·NHVG XGTDNKGD. 
BGK 0,2 � FGT F·NNG MQPPVG MGKP TTCPURQPFGT GPVPQOOGP WPF MGKPG KQPVTQNNG FWTEJIGHÒJTV 
YGTFGP. UO VTCPURQPFGTHTGKG SEJNCEJVJ·NHVGP \W ICTCPVKGTGP WPF FKG GGHCJT CWU\WUEJNKG­GP, 
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FCUU TTCPURQPFGT KP FKG NCJTWPIUMGVVG IGNCPIGP, KUV FCJGT ZWUCV\RGTUQPCN HÒT KQPVTQNNGP PQV-
YGPFKI. IPUIGUCOV YWTFG OGJT CNU 98 � FGT TTCPURQPFGT KO SEJNCEJVJCWU YKGFGTIGHWPFGP.

4 Schlussfolgerungen

DKG MGVJQFG SEJYGKPG OKVVGNU TTCPURQPFGT KP FGT BCWEJJÌJNG \W MGPP\GKEJPGP KUV KPU-
IGUCOV FWTEJHÒJTDCT. EKPG GTHCJTGPG PGTUQP HÒT FKG KGPP\GKEJPWPI, KUV LGFQEJ WPDGFKPIV 
GTHQTFGTNKEJ. FÒT GKPG HCEJIGO·­G IPLGMVKQP UKPF \YGK PGTUQPGP GTHQTFGTNKEJ, GKPG PGTUQP 
\WO FKZKGTGP WPF GKPG YGKVGTG HÒT FKG KGPP\GKEJPWPI. IPUIGUCOV GTYKGU UKEJ FGT EKPUCV\ FGU 
32 OO ITQ­GP TTCPURQPFGTU CNU RTCMVKMCDGN, GT MQPPVG KP CNNGP MCPCIGOGPVUVWHGP IWV IGNG-
UGP YGTFGP. BGUQPFGTU DGK CWUIGYCEJUGPGP TKGTGP WPF HÒT FKG LGUWPI KO SEJNCEJVJCWU UKPF 
ITÌ­GTG LGUGFKUVCP\GP GTHQTFGTNKEJ, FKG OKV FGO 32 OO TTCPURQPFGT \W GTGKEJGP UKPF. FÒT 
FGP DTGKVGP PTCZKUGKPUCV\ UKPF YGKVGTG UPVGTUWEJWPIGP PQVYGPFKI, WO FKG IPLGMVKQPUOGVJQFG 
\W XGTDGUUGTP, FKG \YCT IGTKPIGP, CDGT FQEJ XQTJCPFGPGP TKGTXGTNWUVG CWU\WUEJNKG­GP WPF 
FKG EPVPCJOG KO SEJNCEJVJQH \W QRVKOKGTGP.
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Elektronische Registrierungss[steme zur Erfassung der Legeleistung 
und Xon Verhaltensmustern Dei Legehennen in artgerechter GruRRen�
haltung
'Nectronic s[stems to record DeJCXioWr pCtterns Cnd NC[ing perform�
Cnce of indiXidWCN NC[ing Jens in CNternCtiXe groWp JoWsing s[stems

STEFAN THURNER, GEORG WENDL, STEPHAN B¤CK

IPUVKVWV HÒT LCPFVGEJPKM, BCWYGUGP WPF UOYGNVVGEJPKM FGT BC[GTKUEJGP LCPFGUCPUVCNV HÒT LCPFYKTVUEJCHV, D-
85354 FTGKUKPI

SchlÒsselwÌrter� RFID, TransRonder, Legeleistung, Verhaltensmuster, GruRRenhaltungss[stem, Legehennen
-e[Yords� 4(+&� trCnsponder� NC[ing performCnce� DeJCXioWr pCtterns� groWp JoWsing s[stems� NC[ing Jens

<WsCmmenfCssWng

Für die automatische Erfassung des Auslaufverhaltens, des Legeverhaltens und der Legeleis-
tung von Hennen wurden ein elektronisches Schlupfloch und das sogenannte „Weihenste-
phaner Muldennest“ entwickelt. Mit dem elektronischen Schlupfloch wurde eine hohe Iden-
tifizierungssicherheit (  �� �) der Hennen erreicht. Auswertungen zum Auslaufverhalten 
der Legehennen über eine Legeperiode zeigten große Unterschiede. Im Mittel korrelierte die 
durchschnittliche Aufenthaltsdauer pro Henne im Kaltscharrraum gut (r � 0,��) mit dem Ver-
lauf der mittleren Tagestemperatur und schwankte zwischen 2 und � h/d. Mit dem entwickel-
ten Einzelnest konnten mehr als �� � der Eier registriert werden und eine Doppelbelegung 
des Nests in 100 � bzw. ��,2 � der Fälle verhindert werden. Über �� � der registrierten 
Eier konnten eindeutig einer Henne zugeordnet werden.

SWmmCr[

For the automatic registration of the ranging behaviour, the laying behaviour and the laying 
performance of hens an electronic pop hole and the so-called “Weihenstephaner Funnel-
Nest-Box” have been developed. The electronic pop hole achieved a high identification 
reliability (  �� �) of the hens. The evaluation of the ranging behaviour of the laying hens 
for one laying period showed enormous differences. On average the staying time of the hens 
in the winter garden correlates well (r � 0.��) with the average day temperature and varies 
between 2 and � h/d. More than �� � of the eggs could be automatically registered with 
the developed single nest box and a double nest occupation could be avoided in 100 � 
respectively ��,2 �. of the cases. More than �� � of the registered eggs could be explicitly 
related to one hen.
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1 Einleitung und Zielsetzung

DCU GWTQRCYGKVG VGTDQV FGT JGTMÌOONKEJGP K·HKIJCNVWPI GTHQTFGTV FKG EPVYKEMNWPI XQP 
PGWGP HCNVWPIUU[UVGOGP HÒT GKPG CTVIGTGEJVG LGIGJGPPGPJCNVWPI. ZWT GTHQNITGKEJGP EKGTRTQ-
FWMVKQP OÒUUGP FKG LGIGJGPPGP KP FGP PGWGP HCNVWPIUU[UVGOGP KJT LGKUVWPIURQVGP\KCN XQNN 
CWUUEJÌRHGP MÌPPGP. DKG DKUJGTKIGP HGPPGPNKPKGP, FKG ÒDGT JCJT\GJPVG GPVURTGEJGPF FGP 
APHQTFGTWPIGP FGT K·HKIJCNVWPI UGNGMVKGTV YWTFGP, \GKIGP KP GTWRRGPJCNVWPIUU[UVGOGP WPGT-
YÒPUEJVG VGTJCNVGPUYGKUGP, FKG \W SEJ·FGP CP FGP TKGTGP WPF \W YKTVUEJCHVNKEJGP EKPDW­GP 
HÒJTGP MÌPPGP 
PREISINGER, 1998�. ZWT ZÒEJVWPI PGWGT HGPPGPNKPKGP KUV GU PÌVKI, QDLGMVKXG 
ETJGDWPIGP \W FGP GGPQV[R-UOYGNV-IPVGTCMVKQPGP FWTEJ\WHÒJTGP. DKGU GTHQTFGTV CWVQOCVK-
UEJG S[UVGOG \WT DCVGPGTHCUUWPI. ZKGNUGV\WPI KUV GU FCJGT, OKV HKNHG FGT RFID-TGEJPQNQIKG 
FKG LGIGNGKUVWPI WPF XGTUEJKGFGPG VGTJCNVGPUOWUVGT XQP LGIGJGPPGP KP GTWRRGPJCNVWPIU-
U[UVGOGP ä GKP\GNVKGTDG\QIGP WPF CWVQOCVKUEJ ä \W GTHCUUGP.

2 Material und Methode

DKG CWVQOCVKUEJG DCVGPGTHCUUWPI DCUKGTV CWH XGTUEJKGFGPGP RCUUKXGP RFID-S[UVGOGP. FÒT 
FCU GNGMVTQPKUEJG SEJNWRHNQEJ YWTFG GKP UVCVKQP·TGT LGUGT FGT FKTOC AITKFGPV GODH 
T[R 
DSE 500� KP KQODKPCVKQP OKV \YGK DWTEJICPIUCPVGPPGP WPF GNCU-TTCPURQPFGTP 
12 OO, 
131 MH\, FDX, SQM[OCV�, GKPIGNGIV KP FNÒIGNOCTMGP 
RQZCPID, WQPFGTBCPF� XGTYGPFGV. 
IO GPVYKEMGNVGP WGKJGPUVGRJCPGT MWNFGPPGUV YWTFG GKP UVCVKQP·TGT LGUGT 
MGJTHCEJMC-
PCN-LGUGT� KP KQODKPCVKQP OKV GKPGT BQFGPCPVGPPG WPF YCJNYGKUG KP FW­TKPIGP 
RQZCPID, 
LGIBCPF, CPIGRCUUV� GKPIGNGIVG WGFIG-TTCPURQPFGT 
WTP� 
12 OO, 134,2 MH\, HDX, TGZCU-
IPUVTWOGPVU� QFGT GNCU-TTCPURQPFGT 
GTP� 
23 OO, 134,2 MH\, HDX, TGZCU-IPUVTWOGPVU� 
GKPIGUGV\V.

DKG UPVGTUWEJWPIGP \WO AWUNCWHXGTJCNVGP YWTFGP KP SVCNNCDVGKNGP HÒT LG 750 LGIGJGPPGP 
OKV KCNVUEJCTTTCWO WPF XKGT GNGMVTQPKUEJGP SEJNWRHNÌEJGTP LG ADVGKN FWTEJIGHÒJTV. DGVCKNU 
\WO AWHDCW FGT GNGMVTQPKUEJGP SEJNWRHNÌEJGT YWTFGP DGK WENDL WPF KLINDTWORTH 
2000� 
XQTIGUVGNNV. DKG BGQDCEJVWPIGP \WT ETOKVVNWPI FGT IFGPVKHK\KGTWPIUUKEJGTJGKV YWTFGP CP \YGK 
HGTFGP FGT HGTMWPHV LQJOCPP TTCFKVKQP 
HGTFG LT 8 WPF LT 10� UQYKG CP GKPGT HGTFG FGT 
HGTMWPHV LQJOCPP SKNXGT 
HGTFG LS 8� FWTEJIGHÒJTV. DCVGP \WO AWUNCWHXGTJCNVGP ÒDGT GKPG 
IGUCOVG LGIGRGTKQFG YWTFGP XQP FGT HGTFG LT 10 GTHCUUV WPF CWUIGYGTVGV.

DCU LGIGXGTJCNVGP WPF FKG LGKUVWPIURCTCOGVGT YWTFGP OKV FGO WGKJGPUVGRJCPGT MWN-
FGPPGUV 
ADD. 1� KP VGTUWEJUCDVGKNGP HÒT 30 LGIGJGPPGP OKV XKGT EKP\GNPGUVGTP GTHCUUV. DCU 
WGKJGPUVGRJCPGT MWNFGPPGUV KUV GKPG WGKVGTGPVYKEMNWPI FGU MCTKGPUGGT AWVQNGUVU 
MARX

GV CN., 2002� WPF XGTHÒIV ÒDGT UGEJU FCPIICDGNP, GKPGP NGUVDQFGP KP MWNFGPHQTO, GKPG EK-
WKRRG WPF GKPG EK-SCOOGNTKPPG. DWTEJ FKG FCPIICDGNP YGTFGP FKG LGIGJGPPGP XGTGKP\GNV 
WPF FCU NGUV DGK BGNGIWPI XGTTKGIGNV. DGT MWNFGPDQFGP, FGT CWEJ \WT VGTTKGIGNWPI FKGPV, 
TKEJVGV FKG HGPPGP FWTEJ UGKPG MWNFGPHQTO KO NGUV CWU, KFGPVKHK\KGTV OKV FGT KPVGITKGTVGP 
BQFGPCPVGPPG FKG HGPPGP WPF IGY·JTNGKUVGV GKP UKEJGTGU ADTQNNGP FGT EKGT. MKV FGT EK- WKR-
RG YGTFGP FKG IGNGIVGP EKGT TGIKUVTKGTV WPF MÌPPGP CPJCPF KJTGT RGKJGPHQNIG KP FGT EK-SCO-
OGNTKPPG FGT LGYGKNKIGP HGPPG \WIGQTFPGV YGTFGP. DKG UPVGTUWEJWPIGP YWTFGP CP \YGK 
HGTFGP FGT HGTMWPHV LQJOCPP TTCFKVKQP FWTEJIGHÒJTV, DGK HGTFG 1.1 
20 WTP WPF 10 GTP� 
FKGPVGP FTGK FGFGTUEJCNVGT CNU EK-SGPUQT, DGK HGTFG 3.0 
30 WTP� GKPG EK-WKRRG.
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EKPG ÜDGTRTÒHWPI FGT IFGPVKHK\KGTWPIUUKEJGTJGKV GTHQNIVG DGK DGKFGP S[UVGOGP CPJCPF XQP 
VGTINGKEJGP \YKUEJGP VKFGQCWHPCJOGP WPF FGP TGIKUVTKGTVGP DCVGP, DGKO GNGMVTQPKUEJGP 
SEJNWRHNQEJ \WU·V\NKEJ FWTEJ SVKEJRTQDGPVGUVU. DKG XGTYGPFGVG VKFGQVGEJPKM WPF FKG VQT-
IGJGPUYGKUG DGK FGP SVKEJRTQDGPVGUVU YGTFGP DGK THURNER WPF WENDL 
2005� GTN·WVGTV. MKV 
FGTUGNDGP VKFGQVGEJPKM YWTFGP DGKO WGKJGPUVGRJCPGT MWNFGPPGUV V·INKEJ XQP 4�30 UJT DKU 
11�30 UJT AWHPCJOGP XQP FGP XKGT NGUVKPPGPT·WOGP WPF FGT EK-SCOOGNTKPPG FWTEJIGHÒJTV 
WPF DG\ÒINKEJ DQRRGNDGNGIWPI FGT NGUVGT, EK-ADNCIG\GKVRWPMV WPF RGIKUVTKGTWPIU\GKVRWPMV 
FGT EKGT CO EK-SGPUQT CWUIGYGTVGV.

ADD. 1�  SEJGOC\GKEJPWPI FGU WGKJGPUVGRJCPGT MWNFGPPGUVU
Sketch of the Weihenstephaner Funnel-Nest-Box

3 ErgeDnisse

DKG AWUYGTVWPI XQP VKFGQCWH\GKEJPWPIGP FGT HGTFG LT 10 CP 3 TCIGP OKV OGJT CNU 16.000 
DWTEJI·PIGP CO GNGMVTQPKUEJGP SEJNWRHNQEJ GTICD KO MKVVGN GKPG IFGPVKHK\KGTWPIUUKEJGTJGKV 
XQP 97,2 � 
ADD. 2� FWPMNG S·WNGP�. ZWU·V\NKEJ YWTFGP CP 6 TCIGP YGPKIGT CTDGKVUCWHYGP-
FKIG VQTQTVMQPVTQNNGP FWTEJIGHÒJTV WPF KPUIGUCOV OGJT CNU 4.000 DWTEJI·PIG CWUIGYGTVGV. 
PTKP\KRKGNN MQPPVG OKV GKPGT OKVVNGTGP IFGPVKHK\KGTWPIUUKEJGTJGKV XQP 97,4 � FCU ETIGDPKU FGT 
VKFGQCWUYGTVWPI DGUV·VKIV YGTFGP, YGPPINGKEJ FKG EKP\GNYGTVG FGT KQPVTQNNGP \YKUEJGP 
94,3 � DKU 99,6 � UEJYCPMVGP 
ADD. 2� JGNNG S·WNGP�.

DCU AWUNCWHXGTJCNVGP FGT HGTFG LT 10 YWTFG ÒDGT GKPG IGUCOVG LGIGRGTKQFG 
341 TCIG� 
CWHIG\GKEJPGV. FÒT FKG AWUYGTVWPI YWTFGP PWT HGPPGP 
726 TKGTG�, FKG ÒDGT FKG IGUCOVG ZGKV 
KP FGT HGTFG YCTGP, DGTÒEMUKEJVKIV. EU \GKIVG UKEJ, FCUU V·INKEJ OCZKOCN 50 � FGT HGTFG KO 
AWUNCWH YCTGP. VQP CNNGP HGPPGP JCDGP GVYC GKP DTKVVGN FGP AWUNCWH Y·JTGPF FGT IGUCOVGP 
LGIGRGTKQFG PKG DGVTGVGP, GKP DTKVVGN WPTGIGNO·­KI WPF GKP DTKVVGN OGJT QFGT YGPKIGT TGIGN-
O·­KI. 
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ADD. 2�  IFGPVKHK\KGTWPIUUKEJGTJGKV CO GNGMVTQPKUEJGP SEJNWRHNQEJ
Identification reliabiltiy at the electronic pop hole

ADD. 3�  MKVVNGTG TCIGUVGORGTCVWT, OKVVNGTG VGTYGKNFCWGT CNNGT HGPPGP KO KCNVUEJCTTTCWO WPF VGTNCWH FGT 
AWUNCWHPWV\WPI DGKURKGNJCHV FCTIGUVGNNV HÒT FTGK HGPPGP
Average temperature per day, average staying time of all hens in the winter garden and gradient of the 
utilisation of the winter garden exemplarily shown for three hens
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FÒT FKG AWUYGTVWPI FGT AWHGPVJCNVUFCWGT KO KCNVUEJCTTTCWO YWTFGP EKP\GNCWHGPVJCNVG XQP 
ÒDGT 10 SVWPFGP 
0,4 � FGT F·NNG� PKEJV DGTÒEMUKEJVKIV, FC CPIGPQOOGP YKTF, FCUU KP FKGUGP 
F·NNGP GKP IFGPVKHK\KGTWPIUHGJNGT XQTIGNGIGP JCDGP OWUU. DKG OKVVNGTG VGTYGKNFCWGT FGT HGP-
PGP RTQ TCI KO KCNVUEJCTTTCWO 
ADD. 3� GTTGKEJVG UEJQP EC. 4 WQEJGP PCEJ FGT EKPUVCNNWPI 
OGJT CNU 4 SVWPFGP WPF EPFG JWNK GKPGP MCZKOCNYGTV XQP TWPF 8 SVWPFGP. 

ÜDGT FKG IGUCOVG LGIGRGTKQFG DGVTCEJVGV, MQTTGNKGTVG FKG OKVVNGTG VGTYGKNFCWGT FGT HGP-
PGP RTQ TCI KO KCNVUEJCTTTCWO UGJT IWV OKV FGT OKVVNGTGP TCIGUVGORGTCVWT 
T � 0,75�. DKG KP 
ADDKNFWPI 3 DGKURKGNJCHV FCTIGUVGNNVGP HGPPGP 
HGPPG 1 DKU 3� \GKIGP FKG ITQ­GP KPFKXKFWGN-
NGP UPVGTUEJKGFG KP FGT NWV\WPI FGU KCNVUEJCTTTCWOU.

BGKO WGKJGPUVGRJCPGT MWNFGPPGUV MQPPVG GKPG DQRRGNDGNGIWPI Y·JTGPF FGT EKCDNCIG 
WPF EKP-NKEJV-ADTQNNGP FGT EKGT DGK HGTFG 1.1 ICP\ XGTJKPFGTV YGTFGP, DGK HGTFG 3.0 TQNNVGP 
CNNG EKGT CD, CNNGTFKPIU YCTGP DGK 2,1 � FGT CWUIGYGTVGVGP LGIGXQTI·PIG \YGK HGPPGP KO 
NGUV. BGKFGU JCV \WT FQNIG, FCUU FCU EK PKEJV GKPFGWVKI GKPGT HGPPG \WIGQTFPGV YGTFGP MCPP. 
BGK FGP EK-SGPUQTGP MQPPVGP FKG FGFGTUEJCNVGT 7 � FGT EKGT PKEJV TGIKUVTKGTGP, FC UKG CWHITWPF 
FGT JQJGP ADTQNNIGUEJYKPFKIMGKV ÒDGT QFGT PGDGP FGP FGFGTUEJCNVGTP XQTDGKIGTQNNV UKPF. DKG 
EK-WKRRG MQPPVG FCIGIGP 99,7 � FGT IGNGIVGP EKGT TGIKUVTKGTGP. VQP FGP HGPPGP OKV WTP 
YWTFGP 85 � D\Y. 91 � FGT EKGT INGKEJ\GKVKI, F. J. \WT INGKEJGP SGMWPFG, OKV FGT TTCPURQP-
FGTPWOOGT 
TPNT.� TGIKUVTKGTV, DGK FGP GTP YCTGP GU OGJT CNU 99 � FGT EKGT. WGPP DKU \W 
60 SGMWPFGP XQT FGO EK-SKIPCN PCEJ GKPGT TPNT. IGUWEJV YWTFG, UQ YCT GU OÌINKEJ, DGK FGP 
WTP 99,0 � D\Y. 99,7 � FGT EKGT GKPGT HGPPG \W\WQTFPGP, DGK FGP GTP YCTGP GU 100 �.

4 Diskussion

MÜLLER GV CN. 
2001� XGTYGPFGVGP \WT UPVGTUWEJWPI FGU AWUNCWHXGTJCNVGPU GKP ·JPNKEJGU S[U-
VGO WPF IGJGP XQP GKPGT FWTEJUEJPKVVNKEJGP IFGPVKHK\KGTWPIUUKEJGTJGKV XQP OGJT CNU 99,8 � 
CWU. EKPG ·JPNKEJ JQJG IFGPVKHK\KGTWPIUUKEJGTJGKV YWTFG DGK HTÒJGTGP UPVGTUWEJWPIGP \WO 
GNGMVTQPKUEJGP SEJNWRHNQEJ GTTGKEJV 
WENDL WPF KLINDTWORTH, 2000�. ANNGTFKPIU YWTFG KP 
DGKFGP UPVGTUWEJWPIGP FKG IFGPVKHK\KGTWPIUUKEJGTJGKV PWT OKV FGP CWVQOCVKUEJ TGIKUVTKGTVGP 
DCVGP TGEJPGTKUEJ GTOKVVGNV. DKG AWUYGTVWPI XQP VKFGQCWH\GKEJPWPIGP \GKIV GKPG GVYCU 
JÌJGTG FGJNGTSWQVG, FC CWEJ OGJTGTG WPTGIKUVTKGTVG OTVUYGEJUGN GTMCPPV YGTFGP. ZWFGO KUV 
DGK GKPGT ITÌ­GTGP HGTFG 
750 TKGTG� FCXQP CWU\WIGJGP, FCUU FKG PCUUCIGIGUEJYKPFKIMGKV KO 
SEJNWRHNQEJ JÌJGT UGKP MCPP WPF FCJGT GKPKIG IFGPVKHK\KGTWPIUHGJNGT CWHVTGVGP MÌPPGP.

MÜLLER GV CN. 
2001� MQPPVGP DGK KJTGP UPVGTUWEJWPIGP DGK FGT HGTMWPHV LQJOCPP TTCFK-
VKQP HGUVUVGNNGP, FCUU 10 � D\Y. 42 � FGT HGPPGP FGP AWUNCWH PKEJV PWV\VGP; FGT KP FKGUGT 
UPVGTUWEJWPI GTOKVVGNVG APVGKN XQP 31� FGT HGPPGP DGUV·VKIV FKGUG BGQDCEJVWPI. DGT APVGKN 
FGT HGPPGP KO AWUNCWH YWTFG DGK HARLANDER-MATAUSCHEK GV CN. 
2001� HÒT FKG HGTMWPHV IUC-
BTQYP OKV 25 �ä40 � CPIGIGDGP, CNUQ FGWVNKEJ PKGFTKIGT CNU KP FGP GKIGPGP UPVGTUWEJWP-
IGP 
� 50 ��. EKPGP EKPHNWUU FGT JCJTGU\GKV WPF FCOKV FGT TCIGUVGORGTCVWT CWH FKG V·INKEJG 
AWHGPVJCNVUFCWGT FGT HGPPGP KO AWUNCWH MQPPVGP CWEJ STAMP DAWKINS GV CN. 
2003� CPCNQI 
DGK MCUVVKGTGP DGQDCEJVGP. 

DCU PTQDNGO XQP PKEJV CDIGTQNNVGP EKGTP, FCU DGK MARX GV CN. 
2002� DGQDCEJVGV YWTFG WPF 
DGK BUREL GV CN. 
2002� DGK CEJV PTQ\GPV FGT EKGT CWHIGVTGVGP KUV, MQPPVG OKV FGO WGKJGPUVG-
RJCPGT MWNFGPPGUV YGKVIGJGPF IGNÌUV YGTFGP. MARX GV CN. MQPPVGP OKV FGO WTP WPF GKPGT 
CPFGTGP LGUGGKPJGKV 96 � FGT EKGT GKPGT TPNT. \WQTFPGP, DGKO WGKJGPUVGRJCPGT MWNFGPPGUV 
YCTGP GU OKV FGO WTP OGJT CNU 99 � FGT EKGT, YGPP OCZKOCN 60 SGMWPFGP XQT FGO EK-
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SKIPCN PCEJ GKPGT TPNT. IGUWEJV YWTFG. MKV FGO ITÌ­GTGP GTP MQPPVG \W CNNGP EKGTP GKPG 
TPNT. IGHWPFGP YGTFGP.

5 Fazit und AusDlick

DCU GNGMVTQPKUEJG SEJNWRHNQEJ MCPP CNU CWUIGTGKHVGU S[UVGO HÒT UPVGTUWEJWPIGP \WO AWUNCWH-
XGTJCNVGP DGVTCEJVGV YGTFGP. EKP KTKVKMRWPMV DNGKDV FGT TGNCVKX GPIG SEJNWRH, FGT GXGPVWGNN \W 
BGGKPHNWUUWPIGP FGU AWUNCWHXGTJCNVGPU HÒJTGP MCPP. IP YGKVGTHÒJTGPFGP UPVGTUWEJWPIGP UQNN 
GKP S[UVGO OKV CNVGTPCVKXGT LGUGVGEJPKM WPF DTGKVGTGO SEJNWRH IGVGUVGV YGTFGP. 

DKG ETIGDPKUUG \WO WGKJGPUVGRJCPGT MWNFGPPGUV YWTFGP KP MNGKPGTGP VGTUWEJUJGTFGP 
GTOKVVGNV WPF UKPF UGJT XKGNXGTURTGEJGPF. DGOP·EJUV YKTF FCU MWNFGPPGUV KP GKPGT ITÌ­GTGP 
HGTFG OKV 300 LGIGJGPPGP IGVGUVGV.
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Smart LiXestock Farming mit IndiXidual Digital Assistants
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Further trends in livestock farming will comprise smart rather than precise interactions with 
our farm animals. From an economical point of view the requirements will involve modern 
technologies like robotics, artificial intelligence, sensors, learning machines, and data or 
knowledge bases. This development is aimed at all farm species but initially an implementa-
tion is supposed to be done for dairy cows due to their higher individual value. The core of 
Smart Livestock Farming is a system what we can called IDA, which consists of an animal 
tracking system, sensors and the possibility to store, analyse, and transfer data. An IDA will 
be attached to the body of each animal and is connected to a remote PC. This server can 
link the animals with modern technologies like robots, guiding systems, learning machines, 
etc. The collected data will be analysed with respect to behaviour, health, emotional, and 
hormonal status. Aim is to improve animal welfare and productivity with a parallel support 
of the herd manager. 

<WsCmmenfCssWng

Die zukünftige Entwicklung in der Tierhaltung wird vielmehr im intelligenten als präzisen 
Umgang mit unseren landwirtschaftlichen Nutztieren liegen. Diesen neuen Anforderungen 
können wir aus ökonomischer Sicht nur mit Hilfe moderner Technologien, wie dem Einsatz 
von Robotern, Künstlicher Intelligenz, Sensoren, Lernsystemen und Daten- oder Wissensban-
ken, gerecht werden. Grundsätzlich gilt dies für alle landwirtschaftlichen Nutztierarten, aller-
dings wird, aufgrund des höheren Wertes des Einzeltieres, solch ein System voraussichtlich 
zunächst im Milchviehbereich eingesetzt. Das Kernstück beim Smart Livestock Farming ist 
das IDA-System. Dieses System besteht aus einem Tracking System für Tiere, Sensoren und 
der Möglichkeit Daten zu speichern, zu analysieren und an einen zentralen PC weiterzuge-
ben. Es kann am Körper des Tieres angebracht und mit dem zentralen PC verbunden werden. 
Dieser zentrale PC ist dann in der Lage die Tiere mit moderner Technik, wie zum Beispiel mit 
Robotern, Führungs- und Lernsystemen zu verbinden. Die gesammelten Daten können hin-
sichtlich des Tierverhaltens, der Tiergesundheit, des emotionalen und hormonellen Zustands 
der Tiere ausgewertet werden. Ziel ist es das Wohlbefinden der Tiere und deren Produktivität 
zu verbessern, bei gleichzeitiger Unterstützung des Herdenmanagers. 
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1 Introduction 

IP OQFGTP JWUDCPFT[ U[UVGOU YG CNTGCF[ WUG PTGEKUKQP LKXGUVQEM FCTOKPI 
PLF�. FQT KPUVCPEG 
KP AWVQOCVKE MKNMKPI S[UVGOU 
AMS�. HQYGXGT, RTCEVKECN GZRGTKGPEGU YKVJ CPKOCNU JCXG 
TGXGCNGF VJCV KV KU KPUWHHKEKGPV VQ LWUV DG RTGEKUG. WG PGGF E[DGTPGVKE JWUDCPFT[ U[UVGOU, 
YJKEJ RTQXKFG KPVGTCEVKQP DGVYGGP URGEKCN GSWKROGPV CPF CPKOCNU. TGEJPQNQI[ JCU VQ TGCEV 
VQ VJG FGOCPFU QH VJG KPFKXKFWCNU. TJGTGHQTG KV KU PGEGUUCT[ VQ TGCEJ C UWHHKEKGPV CPF TGNKCDNG 
CPKOCN YGNHCTG UVCPFCTF D[ CTVKHKEKCN KPVGNNKIGPEG. AU C EQPUGSWGPEG YG PGGF SOCTV LKXGUVQEM 
FCTOKPI 
SLF� TCVJGT VJCP PLF. SLF ECP DG FGHKPGF CU C FQOCKP QH CITKEWNVWTCN JWUDCPFT[ 
U[UVGOU, YJKEJ WUGU C PGVYQTM QH VGEJPQNQIKGU NKMG TQDQVKEU, CTVKHKEKCN KPVGNNKIGPEG, UGPUQTU, 
NGCTPKPI OCEJKPGU, CPF FCVC QT MPQYNGFIG DCUGU, EQPUKFGTKPI PQV QPN[ GEQPQOKE CPF GEQ-
NQIKE CURGEVU DWV CNUQ KP C DCNCPEGF YC[ GVJKECN KUUWGU. IP QTFGT VQ HWNHKN VJKU VCUM KP XCTKQWU 
GPXKTQPOGPVU, KPFQQTU QT QWVFQQTU, VJG FGOCPFU QH VJG KPFKXKFWCNU JCXG VQ DG UVWFKGF. 

2 Different Strategies

IP RTKPEKRNG, CPKOCN EQPVTQN YKVJ FCVC EQNNGEVKQP HQT SLF ECP HQNNQY VJTGG UVTCVGIKGU�
 î TJG CPKOCN OQPKVQTKPI KU OCPCIGF HTQO C TGOQVG U[UVGO
 î TJG CPKOCN OQPKVQTKPI KU OCPCIGF D[ C UKPING KPVGNNKIGPV U[UVGO CVVCEJGF VQ GCEJ KPFK-

XKFWCN 
 î TJG VCUMU CTG URNKV D[ WUG QH C FGXKEG YJCV YG ECP ECNN CP IPFKXKFWCN DKIKVCN AUUKUVCPV 


IDA� VJCV JCU FKTGEV EQPVCEV VQ VJG KPFKXKFWCNU DWV KU CFFKVKQPCNN[ EQPPGEVGF VQ C TGOQVG 
U[UVGO, OQPKVQTKPI TGNCVGF KPFKXKFWCNU. 

IP VJG HKTUV UVTCVGI[ C TGOQVG U[UVGO TGEGKXGU CNN FCVC HTQO GCEJ KPFKXKFWCN HQT HWTVJGT 
RTQEGUUKPI CPF CPCN[UKU. TJG GORNQ[GF PC VJGTGHQTG PGGFU VTGOGPFQWU ECNEWNCVKPI ECRCEKV[. 
MQTGQXGT, C U[UVGO GTTQT YQWNF KPJKDKV VJG FCVC TGEQTFKPI HQT VJG GPVKTG JGTF. 

TJG UGEQPF RQUUKDKNKV[ KU DCUGF QP C OWNVKVWFG QH UOCNN WPKVU, YJKEJ CTG PQV FGRGPFGPV QP 
GCEJ QVJGT. TJGTGHQTG C UGPUKDNG PGVYQTM DGVYGGP VJG WPKVU KU XGT[ EQORNGZ UKPEG IWKFKPI 
VGEJPQNQIKGU TGN[ WRQP FCVC QH QVJGT JGTF OCVGU. 

TJG VJKTF YC[ QH KORNGOGPVCVKQP CNNQYU VQ EQNNGEV KPFKXKFWCN FCVC XKC CP IDA, VJCV UVC[U KP 
FKTGEV EQPVCEV VQ CP CPKOCN. WG ECP UVQTG FCVC HQT CP CFGSWCVG RGTKQF QH VKOG, LWUV KP ECUG QH 
C U[UVGO HCKNWTG QH VJG TGOQVG U[UVGO. SQOG CPCN[UKU ECP DG FQPG QP UKVG QH GCEJ KPFKXKFWCN. 
MQTGQXGT VJGTG KU CP KPVGTCEVKQP DGVYGGP VJG U[UVGO CVVCEJGF VQ VJG CPKOCN CPF VJG TGOQVG 
PC. TJG OCKP FCVC UVQTCIG CPF CPCN[UKU KU FQPG QP VJG PC. FWTVJGT VGEJPQNQIKGU ECP DG NKPMGF 
CPF WUGF HQT QT D[ VJG CPKOCN. TJKU KORNGOGPVCVKQP KU VJG OQUV RTQDCDNG CPF UGPUKDNG CPF KU 
CFFTGUUGF KP VJG HQNNQYKPI RCTCITCRJU. 

3 Aims of IDAs

TJG DCUKE RTKPEKRNGU QH CP IDA CTG UKOKNCT VQ OQFGTP PDAU 
PGTUQPCN DKIKVCN AUUKUVCPV� HQT 
JWOCPU. TJKU CPCNQI[ KU TGCUQP HQT VJG PQOGPENCVWTG QH VJG U[UVGO FGUETKDGF JGTG. TJG RWT-
RQUG QH IDAU KU VQ OQPKVQT, EQPVTQN CPF IWKFG CPKOCNU. TJG IDA VTCPUHGTU VJG TGNGXCPV FCVC VQ 
C UGTXGT VJCV UVC[U KP EQPVCEV YKVJ IWKFKPI VGEJPQNQIKGU, NGCTPKPI OCEJKPGU, OKNMKPI TQDQVU, 
GVE. TJGTGHQTG, KV YKNN DG CP GUUGPVKCN RCTV QH SLF. SWEJ CP IDA ECP DG C UOCNN WUGHWN FGXKEG, 



RECHNERGESTªTZTE SYSTEME

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 33�

PQV QPN[ VQ EQNNGEV CNN KORQTVCPV FCVC CUUQEKCVGF YKVJ VJG CPKOCN, DWV CNUQ VQ IKXG UQOG JGNRHWN 
KPUVTWEVKQPU CV VJG TKIJV VKOG CPF KP VJG TKIJV RNCEG, G. I. VQ XKUKV VJG AMS. AEQWUVKE, XKUWCN QT 
VCEVKNG UKIPCNU ECP DG IKXGP.

TJG U[UVGO UJCNN EQNNGEV FCVC HTQO FKHHGTGPV UGPUQTU, YJKEJ CTG KPVGITCVGF KP VJG IDA. OPN[ 
VJG TGUWNVU JCXG VQ DG UGPF VQ VJG EGPVTCN YQTMUVCVKQP. IVU EQTG EQORTKUGU CP CPKOCN VTCEMKPI 
U[UVGO. IV ECP KPFWEG CEVKQPU QH TQDQVU QT QVJGT VGEJPQNQIKGU VQ VJG CPKOCN. WG MPQY VJG RQUK-
VKQPU QH KPFKXKFWCNU CPF RTQDCDN[ YJCV VJG[ CTG FQKPI. TJG CESWKUKVKQP QH VJTGG-FKOGPUKQPCN 
RQUKVKQP UGPUKPI QXGT VKOG GPCDNGU WU VQ FGTKXG KPHQTOCVKQP CDQWV VJG DGJCXKQWT. TJKU KU C MG[ 
KPHQTOCVKQP HQT VJG CUUGUUOGPV QH JGCNVJ EQPFKVKQP, NGCTPKPI DGJCXKQWT, RNCEG KP VJG JKGTCTEJ[, 
QGUVTWU, RGTKPCVCN RGTKQF, GVE. OVJGT UGPUQTU ECP DG WUGF VQ EQORNGVG VJG XKGY. ARRTQCEJGU VQ 
KORTQXG JGCNVJ ECTG CTG PQV QPN[ KPVGTGUVKPI HQT NKXGUVQEM HCTOKPI. PICARD CPF DU 
2002� RTG-
UGPVGF C U[UVGO YJKEJ éUGGMU VQ HCEKNKVCVG UVTGUU FCVC EQNNGEVKQP YKVJ CP G[G VQYCTFU KORTQXKPI 
JGCNVJ CPF JGCNVJECTG ï TJG PGY CRRTQCEJ VQ FCVC RTQEGUUKPI CPF KPVGTHCEG WUCDKNKV[ HGGF-
DCEM JCU VJG RQVGPVKCN VQ GXQNXG KPVQ C U[UVGO VJCV HWPEVKQPU CU CP CEEWTCVG CPF KPHQTOCVKXG 
JGCNVJ CKF VQ CNN WUGTU.ê TJG U[UVGO RTGUGPVGF D[ PICARD CPF DU EQORTKUGU VYQ UGPUQTU CPF 
C EGNN RJQPG COQPI QVJGT VJKPIU. 

TJGQTGVKECNN[ KV KU RQUUKDNG VQ WUG IDAU HQT GXGT[ URGEKGU QH HCTO CPKOCNU DWV VJGTG CTG VYQ 
KORQTVCPV RCTCOGVGTU, YJKEJ JCXG VQ DG EQPUKFGTGF. A OCLQT KUUWG KU VJG UK\G QH VJG IDA 
EQORCTGF VQ VJG CPKOCN. IV YKNN DG GCUKGT VQ RTQFWEG UWEJ C U[UVGO HQT NCTIGT CPKOCNU DGHQTG 
UVCTVKPI VQ OKPKCVWTKUG KV. APQVJGT KORQTVCPV CURGEV KU VJG GEQPQOKECN HGCUKDKNKV[. TJGTG KU C 
UVTQPI EQTTGNCVKQP DGVYGGP UK\G QH CP CPKOCN, KVU XCNWG CPF VJG YKNNKPIPGUU VQ VTGCV KV CU CP 
KPFKXKFWCN. 

TJG SWGUVKQP QH RQUKVKQPKPI VJG IDA FGRGPFU QP UGPUQTU WUGF CPF KVU UK\G CPF YGKIJV. IV KU 
CRRTQRTKCVG VQ NQECVG VJG VTCEMKPI U[UVGO CTQWPF VJG PGEM. TJGTGHQTG VJG IDA KU CVVCEJGF VQ C 
EQNNCT CU FKURNC[GF KP HKIWTG 1. TJKU HKIWTG UJQYU UGPUQT CKFGF OQPKVQTKPI QH DTGGFKPI UQYU CU 
CP GZCORNG, FWG VQ KVU DTQCF CRRNKECVKQP. NQVG VJCV VJG UGPUQTU FQ PQV PGEGUUCTKN[ JCXG VQ DG 
DWKNF KP QPG HTCOG DWV ECP DG CVVCEJGF VQ FKHHGTGPV RNCEGU QP VJG DQF[ KPUVGCF. 

SQOG XGT[ KPVGTGUVKPI SWGUVKQPU VJCV CTKUG KP TGURGEV QH VJG DGJCXKQWT KP HTQPV QH GNGEVTQPKE 
UQY HGGFKPI U[UVGO CTG�
 î DQ UQYU JCXG NQPI SWGWKPI VKOGU!
 î HCU VJG DGJCXKQWT EJCPIGF FWTKPI VJG NCUV FC[U!
 î DQ HKIJVU QEEWT KP HTQPV QH VJG GPVT[!

IH VJGTG KU C EJCPIG KP DGJCXKQWT KV OKIJV JCXG UCPKVCT[ QT JQTOQPCN TGCUQPU. BQVJ ECWUGU 
CTG QH OCLQT KPVGTGUV VQ VJG JGTF OCPCIGTU. TJGUG DCUKE SWGUVKQPU FQ PQV EJCPIG OWEJ HQT 
FKHHGTGPV URGEKGU. TJG[ ECP FGEKFG D[ VJGOUGNXGU, DWV YG JCXG VQ JGNR VJGO KP VJKU FGEKUKQP 
OCMKPI, DGECWUG VJGKT KPUVKPEVU JCU VQ DG VTKIIGTGF, CV VJG TKIJV VKOG YKVJ CFGSWCVG UKIPCNU. 

TJG RTCEVKECN WUG QH AMS KP HCTOU UVCTVGF CDQWV 10 [GCTU CIQ. TGEJPKECN RTQDNGOU NKMG VGCV 
EWR CVVCEJOGPV JCF VQ DG UQNXGF HKTUV. TJGUG FC[U, U[UVGO FGUKIPGTU JCXG VQ HQEWU OQTG CPF 
OQTG QP CPKOCN DGJCXKQWT. IP HTGG EQY VTCHHKE VJGTG CTG UQOG QDUVCENGU KP OQVKXCVKPI VJG EQYU 
VQ IQ VQ VJG AMS XQNWPVCTKN[.
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FKI. 1� SGPUQT CKFGF OQPKVQTKPI QH DTGGFKPI UQYU VCMGP CU CP GZCORNG

AVVTCEVKQP JCU VQ DG VTKIIGTGF D[ HQQF YJKEJ KU PGXGTVJGNGUU XGT[ WPURGEKHKE. UPFGT PCVWTCN 
EQPFKVKQPU VJG RTQEGUU QH OKNMKPI KU KPKVKCVGF D[ VJG ECNH CPF PQV D[ VJG EQY. IP UQ HCT EQYU 
ECP PQV MPQY VJG DGUV VKOG HQT OKNMKPI, CPF KV KU FKHHKEWNV HQT VJGO VQ HKPF QWV VJGKT QRVKOKUGF 
OKNMKPI KPVGTXCN HQT JKIJGUV OKNM [KGNF. EZRGTKOGPVU QH RABOLD 
1985� JCXG CNTGCF[ UJQYP VJCV 
OKNMKPI KU PQV CP CEVKXKV[ EQYU FQ NKMG XGT[ OWEJ. MQTGQXGT VJG[ CXQKF VJG OKNMKPI DQZ KH VJG 
WFFGTU GZEGGF C URGEKCN NGXGN QH RTGUUWTG 
PRESCOTT GV CN., 1998�. TJG OQVKXCVKQP WUGF OQUV 
QHVGP KU VJG EQPEGPVTCVG IKXGP KP AMS, DWV VJGTG KU PQ EQTTGNCVKQP QH CRRGVKVG CPF VJG QRVKOCN 
VKOG HQT OKNMKPI. FTQO CP GXQNWVKQPCT[ RQKPV QH XKGY EQYU RTQFWEG OKNM QPN[ YJGP KP EQPVCEV 
YKVJ C ECNH RTQXKFKPI KV TGVCKPU VJKU EQPVCEV. A UOCTV IDA YQWNF DG CDNG VQ NGCF VJG EQY VQ VJG 
AMS D[ EQPUKFGTKPI CP QRVKOKUGF OKNMKPI KPVGTXCN. 

FKI. 2� MQDKNG MKNMKPI RQDQVU
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TJG RTQDNGO QH EQY OQVKXCVKQP KP CP AMS YCU TGFWEGF KP TGEGPV [GCTU D[ HQTEGF EQY VTCH-
HKE. WKVJKP UWEJ U[UVGOU EQYU CTG EQPUVTKEVGF D[ DCTPU. ARCTV HTQO VJCV CP QRVKOKUGF OKNMKPI 
KPVGTXCN ECPPQV DG CEJKGXGF D[ HQTEGF EQY VTCHHKE CPF CU C TGUWNV VJG EQYU LWUV XKUKV VJG OKNMKPI 
DQZ OQTG QHVGP. A DGVVGT UQNWVKQP HQT VJKU RTQDNGO KP VGTOU QH OQVKXCVKQP CPF QRVKOKUCVKQP 
D[ IDAU GODGFFGF KP SLF YQWNF DG OWEJ OQTG CRRTGEKCVGF. IP VJG PGCT HWVWTG KV KU HWTVJGT 
EQPEGKXCDNG VJCV EQYU YKNN DG OKNMGF D[ OQDKNG OKNMKPI TQDQVU 
HKI. 2�. 

TJG RTQDNGO QH EQY OQVKXCVKQP YKNN VJGP DG PGINKIKDNG DWV C OKNMKPI TQDQV OWUV MPQY VJG 
EWTTGPV NQECVKQP QH GCEJ EQY. ECEJ EQY OWUV DG VTCEMGF CPF VJG OKNMKPI KPVGTXCNU JCXG VQ 
DG CUUGUUGF. TJG HKZCVKQP HQT VJG OKNMKPI RTQEGFWTG ECP DG CTTCPIGF FWTKPI HGGF KPVCMG. TJG 
OQDKNG TQDQV ECP TWP KP FKHHGTGPV QRGTCVKQPCN OQFGU NKMG IWKFKPI, OKNMKPI, CPF VTCKPKPI. 

EZKUVKPI VGEJPQNQIKGU VQ ETGCVG CP IDA
PQUUKDN[ VJG FGXGNQROGPV QH CP IDA UQWPFU C NKVVNG HWVWTKUVKE HQT UQOG RGQRNG DWV VGEJPQNQ-

IKGU CNTGCF[ GZKUV VJCV RQKPV CV VJG TKIJV FKTGEVKQP. OPG GZCORNG KU VJG UVQTCIG-VGNGOGVT[-U[UVGO 
ETHOSYSs. TJKU U[UVGO EQPUKUVU QH VJTGG OCKP EQORQPGPVU 
FCVC TGEQTFGT, NKPM UVCVKQP, CPF 
EQORWVGT�. IPVGITCVGF UGPUQTU UVQTG FCVC CDQWV VJG JGCF RQUKVKQP CPF VJG OQXGOGPV. TJG 
U[UVGO KU VCTIGVGF QP VJG GXCNWCVKQP QH NKXKPI EQPFKVKQPU, DGJCXKQWT CPF KPVGTPCN UVCVG QH HTGG-
TCPIKPI CPKOCNU 
G. I. SCHEIBE GV CN.; 1999�. TJG GPJCPEGF S[UVGO KU EQODKPGF YKVJ GPS 
IMF 
VGEJPQNQI[ GODH, FTCPMHWTV�OFGT�. SKPEG GPS ECPPQV DG WUGF KPFQQTU YG JCXG VQ WVKNKUG 
QVJGT VTCEMKPI VGEJPQNQIKGU NKMG UWB 
UNVTC WKFG BCPF� QT LPM 
LQECN PQUKVKQP MGCUWTGOGPV 
TGEJPQNQI[�. 

IV KU HGCUKDNG VQ EQODKPG UGPUQTU VJCV UKOWNVCPGQWUN[ OGCUWTG JGCTV TCVG, GNGEVTQ FGTOCN 
CEVKXKV[, GNGEVTQPKE PQUGU, GVE. CNVJQWIJ VJQUG UGPUQTU CTG PQV [GV HWNN[ FGXGNQRGF HQT NQPI 
VGTO UVWFKGU. TJG OCLQT KUUWG KU VQ GXCNWCVG VJG EQPFKVKQP QH C EQY D[ VJG OWNVKXCTKCVG VKOG 
UGTKGU QDVCKPGF HTQO CNN VJQUG UGPUQTU. TJKU KU VJG QPN[ YC[ VQ KORTQXG CPKOCN YGNHCTG CPF 
RTQFWEVKXKV[ UKPEG VJG EQPFKVKQP QH C EQORNGZ U[UVGO NKMG CP CPKOCN ECPPQV DG CUUGUUGF D[ 
LWUV QPG UGPUQT. 

OXGT VJG RCUV [GCTU KPVGTGUVKPI CRRTQCEJGU EQWNF DG QDUGTXGF KP QVJGT TGUGCTEJ HKGNFU VQ 
KORTQXG VJG KPVGTCEVKQP DGVYGGP VGEJPQNQI[ CPF KPFKXKFWCN. TJGUG CRRTQCEJGU ECP DG UWO-
OCTKUGF D[ VJG VGTO éCHHGEVKXG EQORWVKPIê. éAHHGEVKXG CQORWVKPI KU EQORWVKPI VJCV TGNCVGU 
VQ, CTKUGU HTQO, QT FGNKDGTCVGN[ KPHNWGPEGU GOQVKQPUê 
M.I.T. MGFKC LCD�. PICARD GV CN. 
2001� 
KPXGUVKICVGF VJG SWGUVKQP YJGVJGT éC YGCTCDNG EQORWVGTê EQWNF éDG FGUKIPGF VQ TGEQIPK\G C 
RGTUQPçU GOQVKQP QXGT CP GZVGPFGF RGTKQF QH VKOG!ê TJG[ WUGF HQWT UMKP-UWTHCEG UGPUQTU 
GNGE-
VTQO[QITCO, UMKP EQPFWEVCPEG, DNQQF XQNWOG RWNUG, CPF TGURKTCVKQP�, HTGUJN[ OQWPVGF KP VJG 
UCOG YC[ GCEJ FC[, HQT NQPI VGTO OQPKVQTKPI. SWEJ RCTCOGVGTU EQWNF CNUQ DG KPVGTGUVKPI HQT 
CPKOCNU. IH VJG GOQVKQPCN UVCVG QH VJG CPKOCN KU MPQYP KVU EQPVTQN CPF VTCKPKPI KU UWRGTKQT. TJKU 
KU VJG DCUKU VQ IGV CP QRVKOWO QT GXGP OCZKOWO KP RGTHQTOCPEG HQT GCEJ KPFKXKFWCN EQY. IP 
CITKEWNVWTG VJG CRRNKECVKQP QH UWEJ U[UVGOU CNYC[U UVCTVU D[ FKUEWUUKPI VJG GEQPQOKECN RQKPV. 
CGTVCKPN[ VJKU KU C U[UVGO YJKEJ KU D[ PQ OGCPU HWNN[ FGXGNQRGF CPF TGCF[ HQT WUG KP VJG PGCT 
HWVWTG. BWV YG JCXG VQ DTKPI VQ OKPF VJCV PCU CPF C ITQYKPI PWODGT QH UGPUQTU CTG CNTGCF[ 
RCTV QH QWT NKXGU. éIV KU GCU[ VQ HKPF 40 OKETQRTQEGUUQTU KP C OKFFNG ENCUU JQOG KP VJG U.S.A. 
VQFC[.ê 
WEISER CPF BROWN, 1996�. TJG VYQ CWVJQTU HQTGECUV C PGY GTC ECNNGF éWDKSWKVQWU 
EQORWVKPIê 
UC�, YJKEJ OGCPU éNQVU QH EQORWVGTU UJCTKPI GCEJ QH WU. SQOG QH VJGUG EQORWV-
GTU YKNN DG VJG JWPFTGFU YG OC[ CEEGUU KP VJG EQWTUG QH C HGY OKPWVGU QH IPVGTPGV DTQYUKPI.

OVJGTU YKNN DG KODGFFGF KP YCNNU, EJCKTU, ENQVJKPI, NKIJV UYKVEJGU, ECTU ä KP GXGT[VJKPI. 
UC KU HWPFCOGPVCNN[ EJCTCEVGTK\GF D[ VJG EQPPGEVKQP QH VJKPIU KP VJG YQTNF YKVJ EQORWVC-
VKQP ï WJGP QWT YQTNF KU HKNNGF YKVJ KPVGTEQPPGEVGF, KODGFFGF EQORWVGTU, ECNO VGEJPQNQI[ 
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YKNN RNC[ C EGPVTCN TQNG KP C OQTG JWOCPN[ GORQYGTGF VYGPV[-HKTUV EGPVWT[.ê IH UWEJ UEGPCTKQU 
EQOG VTWG, KV KU KPGXKVCDNG VJG[ YKNN GPVGT QWT DCTPU. 

5 Conclusions 

SLF YQWNF DG CDNG VQ ETGCVG CP GPXKTQPOGPV KP YJKEJ CPKOCNU ECP IGV HGGF-DCEM KPHQTOCVKQP 
G.I. CDQWV VJG DGUV VKOG QH OKNMKPI QT VJG DGUV NQECVKQP HQT N[KPI. TJG FCVC CDQWV KPVGTCEVKQPU 
YKVJ JGTF OCVGU, URGGF QH YCNMKPI, HGGFKPI RGTKQFU, GVE. JCU VQ DG UCXGF KP C FCVCDCUG CPF 
HKNVGTGF HQT C URGEKCN MPQYNGFIGDCUG VJCV ECP DG WUGF D[ CP KPHGTGPEG OCEJKPG KP CP GZRGTV 
U[UVGO. TJG IDA EQWNF CEV QP VJG QPG JCPF CU C FCVC ICVJGTKPI U[UVGO CPF QP VJG QVJGT JCPF 
CU C U[UVGO VJCV EQWNF IKXG FKTGEVN[ UQOG KPUVTWEVKQPU. IP C OQDKNG OKNMKPI TQDQV U[UVGO, G. I. 
KV OC[ IKXG UQOG UWRRQTV KP NGCTPKPI VQ HKPF CPF WUG VJG OKNMKPI DQZ KP QRVKOCN KPVGTXCNU. TJG 
IDA JCU VQ NGCTP HTQO VJG EQY, CPF VJG EQY JCU VQ HQNNQY KVU UOCTV IWKFCPEG. 
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Methanerzeugung aus Getreide, Wiesengras und SonnenDlumen� 
Einfluss des ErntezeitRunktes und der VorDehandlung 
/etJCne prodWction from cereCNs� grCss Cnd sWnfNoYers� 'ffect of 
JCrXesting time Cnd pre�treCtment on tJe metJCne [ieNd 

THOMAS AMON, VITALIY KRYVORUCHKO, VITOMIR BODIROZA, BARBARA AMON

DGRCTVOGPV QH SWUVCKPCDNG AITKEWNVWTCN S[UVGOU, DKXKUKQP QH AITKEWNVWTCN EPIKPGGTKPI, UPKXGTUKV[ QH NCVWTCN 
RGUQWTEGU CPF ARRNKGF LKHG SEKGPEGU, PGVGT-JQTFCP SVTC­G 82, A-1190 WKGP 

SchlÒsselwÌrter� Biogaserzeugung, EnergieRflanzen, Getreide, Wiesengras, SonnenDlumen
-e[Yords� $iogCs prodWction� CnCeroDic digestion� energ[ crops� cereCNs� grCssNCnd� sWnfNoYers

<WsCmmenfCssWng 

Die Biogaserzeugung ist eine Schlüsseltechnologie zur nachhaltigen Nutzung agrarischer 
Biomasse. Der Biogasertrag pro Hektar ist ein entscheidender Faktor für die Wirtschaftlich-
keit. Sortenwahl, Entwicklungsstadium der Pflanzen, Konservierung und Vorbehandlung 
beeinflussen den Methanertrag. Bei Getreide wurden folgende Erträge gemessen: �.�1� und 
�.002 Nm3 CH� ¥ ha–1 (Weizen), 3.3�0 Nm3 CH� ¥ ha–1 (Roggen) und 3.10� und 3.210 Nm3

CH� ¥ ha–1 (Triticale). Mit fortschreitender Vegetationsentwicklung nahmen die spezifischen 
Methanausbeuten ab, während der Trockenmasseertrag zunahm. Für hohe Methanerträ-
ge ist bei frühreifen Getreidearten die Ernte ab dem Vegetationsstadium „�hrenschieben“ 
empfehlenswert. Bei spätreifen Getreidearten liegt der optimale Erntetermin später, im Sta-
dium „Teigreife“. Um die Silierfähigkeit zu erhalten, sollte die Biomasse nicht mehr als �� � 
TM enthalten. Der Voraufschluss der Silagen von Sonnenblumen und Wiesengras mit Dampf, 
Mikrowellen oder Säuren erhöht die Methanausbeute. 

SWmmCr[ 

Biogas production is of major importance for a sustainable use of agrarian biomass as renew-
able energy source. Economic biogas production depends on high biogas yields. Key factors 
for a maximum biogas yield are species and variety of energy crops, time of harvesting, mode 
of conservation and pre-treatment of biomass prior to the digestion process. The following 
methane yields were measured: �,�1� Nm3 CH� ¥ ha–1, and �,002 m3 CH� ¥ ha–1 (wheat),  
3,3�0 Nm3 CH� ¥ ha–1 (rye), and 3,10� Nm3 CH� ¥ ha–1, and 3,210 Nm3 CH� ¥ ha–1

(triticale). Specific methane yield declined in course of the vegetation period, whereas total 
biomass yield increased. With early ripening cereals, high methane yields per hectare can 
be achieved through harvesting at the vegetation stage ear emergence. Late ripening cereals 
should be harvested later, at the vegetation stage wax ripeness. However, dry matter content 
of biomass should not exceed �� � to allow silaging. Pre-treatment of sun flower and grass 
silages by steam, micro wave or acidification increased methane yields. 
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1 EinfÒhrung

DGT BKQICUGTVTCI YKTF XQO N·JTUVQHHIGJCNV FGT G·TTQJUVQHHG DGGKPHNWUUV. AWH FGUUGP 3WCNKV·V 
YKTMGP KP XGTUEJKGFGPGP PJCUGP GPVNCPI FGT ET\GWIWPIU- WPF NWV\WPIUMGVVG \CJNTGKEJG EKP-
HNÒUUG 
ADDKNFWPI 1�.

ADD. 1� EKPHNÒUUG CWH FKG 3WCNKV·V FGT PHNCP\GPDKQOCUUG, FGU G·TTQJUVQHHGU WPF FGU G·TIWVGU DGK FGT NWV\WPI 
XQP EPGTIKGRHNCP\GP KP FGT BKQICUGT\GWIWPIUMGVVG 
Influences on the quality of  biomass, raw materials for anaerobic digestion and digestate when using energy 
crops along  the biogas production chain

DKG 3WCNKV·V XQP EPGTIKGRHNCP\GP \WT BKQICUPWV\WPI YKTF DGTGKVU CWH FGO FGNF 
PJCUG I� 
IGRT·IV. NGDGP SVCPFQTVHCMVQTGP DGUVKOOGP XQT CNNGO RHNCP\GPDCWNKEJG MC­PCJOGP WPF 
EKPHNÒUUG, YKG SQTVGPYCJN, KWNVWTHÒJTWPI WPF FKG RGKHGGPVYKEMNWPI FGT PHNCP\GP \WO ZGKV-
RWPMV FGT ETPVG, FGP GGJCNV WPF FKG VGTHÒIDCTMGKV XQP SWDUVCP\GP KP FGP PHNCP\GP, CWU FGPGP 
MGVJCP IGDKNFGV YGTFGP MCPP.

2 Ziele

BGK FGT BKQICUGT\GWIWPI CWU WGK\GP, TTKVKECNG WPF RQIIGP YGTFGP MGVJCPJGMVCTGTVT·IG WPF 
FCU QRVKOCNG RGKHGUVCFKWO HÒT FKG ETPVG FGT BGUV·PFG DGK XGTUEJKGFGPGP SQTVGPV[RGP GTOKV-
VGNV. DC\W YGTFGP KO VGTNCWHG FGT VGIGVCVKQP FCU URG\KHKUEJG MGVJCPDKNFWPIUXGTOÌIGP FGT 
G·TTQJUVQHHG WPF FGT BKQOCUUGGTVTCI FGT BGUV·PFG XQP LGYGKNU \YGK XGTUEJKGFGPGP SQTVGP \W 
LG HÒPH XGTUEJKGFGPGP EPVYKEMNWPIUUVCFKGP FGT BGUV·PFG WPVGTUWEJV.

DKG MGVJCPCWUDGWVG CWU G·TTQJUVQHHGP MCPP FWTEJ CGNNWNQUG-LKIPKP-KQORNGZG XGTOKPFGTV 
UGKP. DKG WKTMWPI XGTUEJKGFGPGT VGTHCJTGP FGT VQTDGJCPFNWPI CWH FKG URG\KHKUEJG MGVJC-
PCWUDGWVG YKTF FGUJCND WPVGTUWEJV. SQPPGPDNWOGP, WKGUGPITCU, WGK\GP WPF TTKVKECNG YWT-
FGP OKV DCORH, MKMTQYGNNGP WPF S·WTG \WO VQTCWHUEJNWUU FGT RQJHCUGTHTCMVKQP DGJCPFGNV.



BIOGAS

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 345

3 Material und Methode

DKG VGTUWEJG WOHCUUGP ETVTCIUOGUUWPIGP KP SQTVGPXGTUWEJGP, UQYKG SVQHH- WPF EPGTIKG-
YGEJUGNOGUUWPIGP FGT CPCGTQDGP VGTI·TWPI XGTUEJKGFGPGT EPGTIKGRHNCP\GP. ANU EKPHNÒUUG 
YWTFGP FGT N·JTUVQHHIGJCNV FGT G·TTQJUVQHHG WPF FKG ATV FGT VQTDGJCPFNWPI WPVGTUWEJV. DKG 
UPVGTUWEJWPIGP YWTFGP OKV WGK\GP, TTKVKECNG, RQIIGP, WKGUGPITCU WPF SQPPGPDNWOGP 
FWTEJIGHÒJTV. DKG ETPVG FGT BGUV·PFG GTHQNIVG KO VGTNCWHG FGT VGIGVCVKQP \W LGYGKNU HÒPH 
XGTUEJKGFGPGP CWHGKPCPFGTHQNIGPFGP ETPVG\GKVRWPMVGP DGIKPPGPF OKV HTÒJGT VGIGVCVKQPUGPV-
YKEMNWPI DKU \WT VQNNTGKHG FGT PHNCP\GP 
ADDKNFWPI 2�.

IP LGFGO RGKHGUVCFKWO FGT BGUV·PFG YWTFGP BKQOCUUGGTVT·IG GTOKVVGNV. DKG IGYQPPGPGP 
PTQDGP YWTFGP \GTMNGKPGTV, CWHDGTGKVGV WPF GKPUKNKGTV. DCU URG\KHKUEJG MGVJCPDKNFWPIUXGTOÌ-
IGP FGT G·TTQJUVQHHG YWTFG PCEJ DIN-38414 DGUVKOOV. AWU FGP ETIGDPKUUGP FGT ETVTCIUOGU-
UWPIGP FGT PHNCP\GPDGUV·PFG WPF FGT URG\KHKUEJGP MGVJCPDKNFWPI FGT G·TTQJUVQHHG YWTFG 
FGT MGVJCPJGMVCTGTVTCI KO VGTNCWHG FGT VGIGVCVKQPUGPVYKEMNWPI DGTGEJPGV. DGT QRVKOCNG 
ETPVG\GKVRWPMV KUV FCPP GTTGKEJV, YGPP FGT MGVJCPJGMVCTGTVTCI OCZKOCN WPF FKG BKQOCUUG 
UKNKGTH·JKI KUV. 

DGT EKPHNWUU FGT VQTDGJCPFNWPI CWH FKG URG\KHKUEJG GCUCWUDGWVG YWTFG DGK FGT VGTI·TWPI 
XQP SQPPGPDNWOGP WPF WKGUGPITCU WPVGTUWEJV. FQNIGPFG VQTDGJCPFNWPIUOC­PCJOGP YWT-
FGP LGYGKNU IGRTÒHV�
 î DCORHDGJCPFNWPI� DTWEM 0,4ä0,8 DCT, TGORGTCVWT 109ä116 uC, EKPYKTMFCWGT 

1 SVWPFG.
 î MKMTQYGNNGPDGJCPFNWPI� ZW 90 I PTQDGPOCVGTKCN YWTFGP 200 I WCUUGT \WIGIGDGP 

WPF 15 MKPWVGP NCPI DGK GKPGT LGKUVWPI XQP 560 WCVV DGJCPFGNV.
 î S·WTGDGJCPFNWPI� MKV ZKVTQPGPU·WTG 
C6H8O7� M � 192,13 I�OQN; DQUKGTWPI� 60 I XQP 

20 �KIGT ZKVTQPGPU·WTG \W 30 I PTQDGPHTKUEJOCUUG. EKPYKTMFCWGT 24 SVWPFGP.

ADD. 2� WKPVGTYGK\GPDGUVCPF 
SQTVG� CCRQ� \WO LGYGKNKIGP ETPVG\GKVRWPMV. SVCPFQTV� LQKOGTUFQTH, 
NKGFGTÌUVGTTGKEJ
Winter wheat (variety Capo) grown at Loimersdorf / Upper Austria at different stages of vegetation
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4 ErgeDnisse

MGVJCPJGMVCTGTVT·IG WPF QRVKOCNGU RGKHGUVCFKWO. ADDKNFWPI 3 \GKIV DGKURKGNJCHV FKG EPV-
YKEMNWPI FGT MGVJCPJGMVCTGTVT·IG =NN CH4 ö JCä1? XQP RQIIGP 
BGUMWF�, TTKVKECNG 
TTGORNKP, 
TCNGPVTQ� WPF XQP WGK\GP 
CCRQ, LGXGPFKU� UQYKG FKG URG\KHKUEJGP MGVJCPGTVT·IG =NN CH4 ö 

MI QTS�ä1? FGT G·TTQJUVQHHG KO VGIGVCVKQPUXGTNCWH.

ADD. 3� SRG\KHKUEJGT  MGVJCP- WPF MGVJCPJGMVCTGTVTCI XQP RQIIGP, TTKVKECNG WPF WGK\GP KO VGIGVCVKQPUXGT-
NCWH. SVCPFQTV� LQKOGTUFQTH, NKGFGTÌUVGTTGKEJ 
Specific methane yield and methane yield per hectare from rye, triticale and wheat in course of the vegetati-
on period

WKG CWU ADDKNFWPI 2 \W GTMGPPGP KUV, YCTGP FKG URG\KHKUEJGP MGVJCPGTVT·IG FGT G·TTQJUVQHHG 
KP FGP VGIGVCVKQPUUVCFKGP ëÄJTGPUEJKGDGPé 
ECA 57ä59� DKU ëMKNEJTGKHGé 
ECA 74ä75� CO 
JÌEJUVGP. DGT TM-GGJCNV FGT G·TTQJUVQHHG NCI \YKUEJGP 22 WPF 34 �. IO YGKVGTGP VGTNCWH 
FGT VGIGVCVKQP PCJOGP FKG URG\KHKUEJGP MGVJCPGTVT·IG FGT G·TTQJUVQHHG KO ANNIGOGKPGP CD. 
AD FGP VGIGVCVKQPUUVCFKWO ëTGKITGKHGé 
ECA 84ä85� JCVVGP FKG G·TTQJUVQHHG K. F. R. GKPGP 
TTQEMGPOCUUGIGJCNV XQP OGJT CNU 35ä40 �. BGK BKQOCUUG OKV OGJT CNU 40 � TM PKOOV FKG 
SKNKGTDCTMGKV CD. 

BGK RQIIGP WPF TTKVKECNG YWTFGP OCZKOCNG MGVJCPJGMVCTGTVT·IG UEJQP CD FGP EPV-
YKEMNWPIUUVCFKGP ëÄJTGPUEJKGDGPé 
ECA 57ä59� D\Y. ëMKNEJTGKHGé 
ECA 74ä75� GTTGKEJV. 
DCU ETVTCIPKXGCW XQP RQIIGP WPF TTKVKECNG YCT ·JPNKEJ JQEJ. TTKVKECNG FGT SQTVG TTGORNKP 
GTTGKEJVG FGP OCZKOCNGP MGVJCPJGMVCTGTVTCI XQP 3.581 NN CH4 ö JCä1 EPFG JWPK KO SVCFKWO 
FGT ëMKNEJTGKHGé 
ECA 74ä75�, Y·JTGPF CWH FGOUGNDGP SVCPFQTV FKG SQTVG TCNGPVTQ FGP 
OCZKOCNGP MGVJCPJGMVCTGTVTCI 3.686 NN CH4öJCä1 UEJQP APHCPI JWPK KO VGIGVCVKQPUUVCFKWO 
ëÄJTGPUEJKGDGPé 
ECA 57ä59� GTTGKEJVG.

RQIIGP WPF TTKVKECNG GTTGKEJVGP OCZKOCNG MGVJCPJGMVCTGTVT·IG HTÒJGT KP FGT VGIGVCVKQP 
CNU WGK\GP. WGK\GP GTTGKEJVG JÌEJUVG MGVJCPJGMVCTGTVT·IG GTUV IGIGP EPFG FGT VGIGVCVK-
QP. JG PCEJ SQTVG YWTFGP \YKUEJGP 4.002 WPF 4.415 NO3 CH4 ö JCä1 GT\KGNV. BGKO WGK\GP 
\GKIVG FKG SQTVG CCRQ KO VGTINGKEJ \WT SQTVG LGXGPFKU KP FGT JWIGPFGPVYKEMNWPI PKGFTKIGTG 
BKQOCUUG\WY·EJUG. MKV BGIKPP FGT IGPGTCVKXGP PJCUG FGT BGUV·PFG DKNFGVG FKG SQTVG CCRQ 
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FGWVNKEJ OGJT BKQOCUUG CNU FKG SQTVG LGXGPFKU. EPVURTGEJGPF YCTGP VGTNCWH WPF HÌJG FGT 
BKQOCUUG- WPF MGVJCPJGMVCTGTVT·IG FGT DGKFGP WGK\GPUQTVGP WPVGTUEJKGFNKEJ CWUIGRT·IV.

Behandlung der Biomasse. TCDGNNG 1 \GKIV FGP URG\KHKUEJGP BKQICU- WPF MGVJCPGTVTCI 
OKV MKVVGNYGTV 
χt�, AP\CJN FGT WKGFGTJQNWPIGP 
P� WPF FGT SVCPFCTFCDYGKEJWPI FGU MKV-
VGNYGTVGU 
v U� DGK FGT VGTI·TWPI XQP WPDGJCPFGNVGP SQPPGPDNWOGP WPF WKGUGPITCU KO 
VGTINGKEJ \W FGP OKV DCORH, MKMTQYGNNGP WPF ZKVTQPGPU·WTG XQTDGJCPFGNVGP G·TTQJUVQHHGP. 
BGK SQPPGPDNWOGP HÒJTVGP DCORH- WPF MKMTQYGNNGPDGJCPFNWPI FGT G·TTQJUVQHHUKNCIG \W 
GKPGT FGWVNKEJGP SVGKIGTWPI FGU URG\KHKUEJGP MGVJCPGTVTCIGU WO 65ä82 � KO VGTINGKEJ \WO 
WPDGJCPFGNVGP G·TTQJUVQHH. DWTEJ FKG S·WTGDGJCPFNWPI YWTFG GKP MGJTGTVTCI XQP 16 � 
GTTGKEJV. VGTHCJTGP FGT DCORH- WPF MKMTQYGNNGPDGJCPFNWPI HÒJTVGP CWEJ DGK WKGUGPITCU \W 
SVGKIGTWPIGP FGU URG\KHKUEJGP MGVJCPGTVTCIGU WO 23 � D\Y. 29 � KO VGTINGKEJ \W WPDG-
JCPFGNVGO WKGUGPITCU. 

TCD. 1� SRG\KHKUEJGT BKQICU- WPF MGVJCPGTVTCI OKV MKVVGNYGTV 
χt� WPF SVCPFCTFCDYGKEJWPI 
v U� WPF TGNCVKXG 
ÄPFGTWPI FGU ETVTCIGU XQP SQPPGPDNWOGP WPF WKGUGPITCU DGK WPVGTUEJKGFNKEJGT VQTDGJCPFNWPI OKV DCORH, 
MKMTQYGNNGP WPF S·WTG. 
AP\CJN FGT WKGFGTJQNWPIGP � 3�
Specific biogas and methane yield from sun flowers and grass and influence of pre-treatment

Variante
Spez. Biogasertrag Spez. Methanertrag

[Nl Biogas ∙ (kg oTS)–1] [Nl CH4 ∙ (kg oTS)–1]

χt ± s % χt ± s %

Sonnenblumen  unbehandelt 439 21 100 243 10 100

Sonnenblumen dampfbehandelt 649 19 148 402 9 165

Sonnenblumen mikrowellenbehandelt 709 26 162 443 12 182

Sonnenblumen säurebehandelt 476 31 108 281 15 116

Wiesengras unbehandelt 577 13 100 309 9 100

Wiesengras dampfbehandelt 682 50 118 380 28 123

Wiesengras mikrowellenbehandelt 737 45 128 399 26 129

Wiesengras säurebehandelt 504 46 87 282 10 91

5 Schlussfolgerungen

WGK\GP, TTKVKECNG WPF RQIIGP UKPF HÒT FKG BKQICUGT\GWIWPI IWV IGGKIPGV. TTKVKECNG WPF 
RQIIGP UKPF CWH GTWPF KJTGU JQJGP BKQOCUUGDKNFWPIUXGTOÌIGPU KP TGNCVKX HTÒJGP EPVYKEM-
NWPIUUVCFKGP DGUQPFGTU IWV CNU VQTHTÒEJVG, \. B. XQT MCKU QFGT HÒT FGP ZYKUEJGPHTWEJVCPDCW 
IGGKIPGV. 

UO JQJG MGVJCPGTVT·IG DGK IWVGT SKNKGTH·JKIMGKV FGT G·TTQJUVQHHG \W GTTGKEJGP, KUV DGK 
HTÒJTGKHGP GGVTGKFGCTVGP, YKG \. B. TTKVKECNG WPF RQIIGP, FKG ETPVG CD FGO VGIGVCVKQPUUVCFKWO 
ëÄJTGPUEJKGDGPé 
ECA 57ä59� GORHGJNGPUYGTV. BGK UR·VTGKHGP GGVTGKFGCTVGP, YKG \. B. WKP-
VGTYGK\GP, NKGIV FGT QRVKOCNG ETPVGVGTOKP UR·VGT KP FGT VGIGVCVKQP, YGPP FKG BGUV·PFG FCU 
SVCFKWO TGKITGKHG 
ECA 84ä85� GTTGKEJV JCDGP. UO FKG SKNKGTH·JKIMGKV FGT G·TTQJUVQHHG \W 
GTJCNVGP UQNNVG FKG BKQOCUUG PKEJV OGJT CNU 45 � TM KP FGT FM GPVJCNVGP.
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DGT VQTCWHUEJNWUU XQP G·TTQJUVQHHGP OKV DCORH, MKMTQYGNNGP QFGT S·WTGP YKTMV UKEJ XQT 
CNNGO DGK FGT NWV\WPI XQP TQJHCUGTTGKEJGP G·TTQJUVQHHGP DGUQPFGTU RQUKVKX CWH FKG MGVJCP-
CWUDGWVG CWU. 

Danksagung

DKG UPVGTUWEJWPIGP YGTFGP KO RCJOGP FGT PTQITCOONKPKG ëEPGTIKGU[UVGOG FGT ZWMWPHVé, 
GKPGT IPKVKCVKXG FGU BWPFGUOKPKUVGTKWOU HÒT VGTMGJT, IPPQXCVKQP WPF TGEJPQNQIKG 
BMVIT�, 
FWTEJIGHÒJTV. BGVGKNKIV UKPF� RCKHHGKUGP WCTG AWUVTKC AG, PKQPGGT SCCVGP GGU.ODH. PCTP-
FQTH 
AWUVTKC�, IPFWUVTKG-PTQFWMVKQPU- WPF WOYGNVVGEJPKUEJGU SGTXKEG 
IPUS�, GE JGPDCEJGT, 
SEJOCEM BKQICU, NCYCTQU- BKQGPGTIKG WPF RQJUVQHH.
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Ermittlung der Gasertr·ge unterschiedlicher Cofermente in 
landwirtschaftlichen Biogasanlagen 
/onitoring DiogCs [ieNds for different inpWt mCteriCNs on fCrm DiogCs 
pNCnts

WALDEMAR GRUBER

LCPFYKTVUEJCHVUMCOOGT NQTFTJGKP-WGUVHCNGP, EPFGPKEJGT ANNGG 60, D-53115 BQPP

SchlÒsselwÌrter� Biogasanlage, Biogas, Landwirtschaft, Coferment, GÒlle
-e[Yords� $iogCs pNCnt� fCrm� inpWt mCteriCN� co�ferment� NiSWid mCnWre

<WsCmmenfCssWng

Die Landwirtschaftskammer Nordrhein-Westfalen hat in den vergangenen Jahren drei Biogas-
großanlagen auf eigenen Lehr- und Versuchsanstalten in Betrieb genommen. Darüber hinaus 
wurden im Rahmen von Monitoringprojekten Biogasanlagen auf landwirtschaftlichen Betrie-
ben betreut. Ziel aller Aktivitäten ist es, weitgehend abgesichertes Datenmaterial hinsichtlich 
der wesentlichen Planungsparameter für Biogasanlagen zu erarbeiten. Hierbei spielen die 
spezifischen Gasausbeuten unterschiedlicher Inputmaterialien und der Energiegehalt des 
Biogases eine wesentliche Rolle.

Bei den Versuchen werden die Gutströme mit induktiven Durchflussmessern für die flüssi-
gen Substrate und mit Waagen für die Feststoffe ermittelt. Die Gülle wird auf Nährstoff- und 
Trockensubstanzgehalt hin untersucht. Die Kofermente unterzieht man der Weender Futter-
analyse. Über den Untersuchungszeitraum werden aus dem Fermenter Proben gezogen und 
auf Fettsäuremuster und pH-Wert untersucht. Über die Versuchszeiträume erfolgen durch 
ein stationäres Messgerät Gasanalysen auf die Methan-, Schwefel- und Sauerstoffgehalte im 
Biogas.

SWmmCr[

The Nordrhein-Westfalen chamber of agriculture set in operation three biogas plants last 
years which were meant to be surveyed for several years. Besides, agricultural inputs of 
biogas plants on farms were monitored. Operating costs, quantity and quality of biogas 
dependent on different input materials were investigated. Three kinds of input materials 
were tested: fragments of sugar beets, maize silage and waste of cabbage. Recorded data 
were compared with results of laboratory trials and calculated results in order to survey the 
fermentation process.

Calculated biogas amounts and measurements of biogas quantity on large-scale-plants 
showed rather small differences. When agricultural co-ferments were used contents of CH�

lay below �� �. Once, the fermentation process in the digester had adapted to co-ferments, 
quantity of biogas production increased. In order to achieve an easy way to the print proce-
dures we like to put the following format service to your disposal. In the following you will 
find the complete set of necessary format information for text, tables and figures etc.
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1 Untersuchungen auf landwirtschaftlichen Biogasanlagen

IO HGTDUV 2002 WPF 2003 YWTFGP VGTUWEJUTGKJGP OKV RÒDGPDTWEJUVÒEMGP, FKG CNU ADHCNN-
RTQFWMV DGK FGT ZWEMGTJGTUVGNNWPI ÒDGT FKG IGUCOVG KCORCIPG CPHCNNGP, FWTEJIGHÒJTV. DKG 
RÒDGPDTWEJUVÒEMG YKGUGP GKPGP FWTEJUEJPKVVNKEJGP TTQEMGPUWDUVCP\IGJCNV XQP 16,30 � CWH. 
IO MKVVGN YWTFG 2002 V·INKEJ GKPG FTKUEJOCUUG XQP 6,039 V KP FGP FGTOGPVGT GKPIGDTCEJV, FKG 
FWTEJUEJPKVVNKEJ \WIGIGDGPG GÒNNGOGPIG DGVTWI 6,75 O3�F. DKG BGUEJKEMWPI FGU FGTOGPVGTU 
OKV HGUVGP KQUWDUVTCVGP IGUEJKGJV ÒDGT GKPGP FGUVUVQHHFQUKGTGT, FGT FKG ZWHWJT KP 6 TGKNOGP-
IGP�F XQTPKOOV. 

IP ADD. 1 KUV FKG BGHÒNNWPI ÒDGT FGP VGTUWEJU\GKVTCWO FCTIGUVGNNV, YGKVGTJKP FKG V·INKEJG 
GCURTQFWMVKQP WPF FKG GT\GWIVG GNGMVTKUEJG EPGTIKG CDIGVTCIGP.

ADD. 1� GÒNNGHGTOGPVCVKQP KP BKQICUCPNCIGP OKV RÒDGPDTWEJUVÒEMGP CNU KQHGTOGPV

GTWPFU·V\NKEJ KUV KP FGT NCPFYKTVUEJCHVNKEJG PTCZKU HGUV\WUVGNNGP, FCUU ÒDGT GKPGP N·PIGTGP 
ZGKVTCWO PWT UGJT UEJYGT GKP MQPVKPWKGTNKEJGT MCUUGPUVTQO FWTEJ\WJCNVGP KUV, FC CWH GTWPF 
VGEJPKUEJGT D\Y. QTICPKUCVQTKUEJGT PTQDNGOG FKG MCUUGP\WHWJT IGTCFG FGT KQUWDUVTCVG 
SEJYCPMWPIGP WPVGTNKGIV. 

ÜDGT FKG VGTUWEJURJCUG YWTFG GKP FWTEJUEJPKVVNKEJGT GCUGTVTCI XQP 597 O3 GTOKVVGNV. 
HKGTDGK YKTF CWUFTÒEMNKEJ FCTCWH JKPIGYKGUGP, FCUU GU UKEJ WO NQTOICU JCPFGNV, YCU DGFGW-
VGV, FCUU GKPG RÒEMTGEJPWPI CWH NQTODGFKPIWPIGP 
TGORGTCVWT 0 uC, DTWEM 1013,25 JPC� 
GTHQNIVG. 

DKGU KUV OÌINKEJ, FC CWH FGT APNCIG FKG AW­GPVGORGTCVWT, FGT LWHVFTWEM UQYKG FKG TGO-
RGTCVWT FGU BKQICUGU MQPVKPWKGTNKEJ IGOGUUGP WPF CWHIG\GKEJPGV YKTF. FÒT FKG RÒDGPDTWEJ-
UVÒEMG YWTFG GKP GCUGTVTCI XQP 90,92O3�V FM DGK GKPGO MGVJCPIGJCNV FGU GGUCOVUWDUVTCVGU 
GÒNNG WPF RÒDGPDTWEJUVÒEMG XQP 51,8 � HGUVIGUVGNNV.

ADD. 2 \GKIV FGP GGJCNV CP CH4, O2 WPF H2S KO BKQICU Y·JTGPF FGU UPVGTUWEJWPIU\GKV-
TCWOGU. DGWVNKEJ KUV \W GTMGPPGP, FCUU UKEJ FGT MGVJCPIGJCNV CWH GKPGO NKXGCW WO 52 � 
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GKPRGPFGNVG WPF NGKEJVGP SEJYCPMWPIGP WPVGTNKGIV. GTÌ­GTG MGPIGP CP H2S KO BKQICU UKPF 
DGK FGT VGTYGPFWPI XQP RÒDGPDTWEJUVÒEMGP PKEJV \W OGUUGP. 

ADD. 2� GCUGTVTCI DGK GÒNNGHGTOGPVCVKQP OKV RÒDGPDTWEJUVÒEMGP CNU KQHGTOGPV

DGT EKIGPXGTDTCWEJ FGT APNCIG CP SVTQO NCI DGK 154 KW RTQ TCI WPF OCEJV UQOKV 11,1 � 
FGT GT\GWIVGP V·INKEJGP SVTQOOGPIG CWU. UO FKG FGTOGPVGTVGORGTCVWT CWH TWPF 39 uC \W 
JCNVGP, YWTFGP V·INKEJ FWTEJUEJPKVVNKEJ 379 KWJ CP W·TOGGPGTIKG DGPÌVKIV, YCU GKPGO 
URG\KHKUEJGP W·TOGDGFCTH�OxFCWNTCWO XQP 0,65 KWJ�F GPVURTKEJV 
FWTEJUEJPKVVNKEJG FGT-
OGPVGTVGORGTCVWT 39,5 uC, FWTEJUEJPKVVNKEJG AW­GPVGORGTCVWT 7,78 uC�.

WGKVGTG VGTUWEJG YWTFGP W. C. OKV FGP KQHGTOGPVGP MCKU, WGK­MQJNUEJ·NCDH·N-
NGP, GTÒPTQIIGPUKNCIG
CNU ZYKUEJGPHTWEJV� WPF MCKU-TTGVOKUVIGOGPIGP WPF MCKU-PTGUU-
UEJPKV\GNIGOGPIGP WPVGTPQOOGP. 

DKG URG\KHKUEJGP GCUGTVT·IG FGT IGPCPPVGP SVQHHG UKPF KP PCEJHQNIGPFGT TCDGNNG CWHIG-
HÒJTV WPF YGTFGP FQTV RTQIPQUVK\KGTVGP WGTVGP 
KP VLK-BGTCVWPIUGORHGJNWPIGP 2002 PCEJ� 
RUTZMOSER WPF SPANN, 2002; BASERGA, 1998� IGIGPÒDGT IGUVGNNV. WKG TCD. 1 CWUYGKUV, NKGIGP 
FKG IGOGUUGPGP WGTVG PWT WPYGUGPVNKEJ ÒDGT D\Y. WPVGT FGP DGTGEJPGVGP WGTVGP HÒT FKG 
GCUOGPIG WPF -SWCNKV·V. 

SQOKV DNGKDV HGUV\WJCNVGP, FCU PTQIPQUGOQFGNN, YQTCWH UKEJ FKG OHHK\KCNDGTCVGT FGT LCPF-
YKTVUEJCHVUMCOOGTP WPF LCPFYKTVUEJCHVU·OVGT KP DGWVUEJNCPF IGGKPKIV JCDGP, KUV, \WOKPFGUV 
HÒT FKG WPVGTUWEJVGP SVQHHG, OKV JKPTGKEJGPFGT GGPCWKIMGKV HÒT NCPFYKTVUEJCHVNKEJG APNCIGP 
CP\WYGPFGP.
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TCD. 1� GCUGTVT·IG WPF GCUSWCNKV·VGP WPVGTUEJKGFNKEJGT KQHGTOGPVG

Gemessen Berechnet

Rübenbruchstücke 
TM 16,30 % o.TM 91,06 %

Gasmenge 97,50 95,50 m³

Methangehalt 51,80 % 51,00 %

Mais 
TM 37,40 % o.TM 95,60 %

Gasmenge 202,60 m³ 222,70 m³

Methangehalt 53,97 % 52,10 %

Weißkohlschälabfälle 
TM 12,50 % o.TM 87,99 %

Gasmenge 88,15 m³ 83,70 m³

Methangehalt 54,17 % 55,20 %

Grünroggensilage 
TM 20,50 % o.TM 88,10 %

Gasmenge 127,26 m³ 109,20 m³

Methangehalt 53,20 % 52,50 %

Mais/Pressschnitzel 
TM 32,40 % o.TM 96,00 %

Gasmenge 237,97 m³ 191,10 m³

Methangehalt 51,40 % 51,70 %

Mais/Tretmist 
TM 31,40 % o.TM 92,59 %

Gasmenge 175,45 m³ 175,50 m³

Methangehalt 51,60 % 52,50 %

2 Vergleich mit LaDoruntersuchungen

IP ZWUCOOGPCTDGKV OKV FGO ATB-BQTPKO 
DT. BGTPF LKPMG, DKRN. BKQEJGO. HCPPGNQTG SEJGN-
NG AITCTVGEJPKM BQTPKO, BKQXGTHCJTGPUVGEJPKM� YWTFGP FQTV KP LCDQTXGTUWEJGP FKG GCUGTVT·IG 
W. C. XQP RÒDGPDTWEJUVÒEMGP GTOKVVGNV. 

DKG KQHGTOGPVG YWTFGP KP BCVEJ-VGTUWEJGP DGK 35 uC ÒDGT FGP ZGKVTCWO XQP 35 TCIGP 
XGTIQTGP. 

UO FGP EKPHNWUU FGU DGKO G·TVGUV XGTYGPFGVGP IORHUEJNCOOGU CWH FGP GCUGTVTCI GKP-
UEJ·V\GP \W MÌPPGP, MCOGP IORHUEJN·OOG CWU FGO ATB WPF APNCIGPCDNCWH CWU FGT BKQICU-
CPNCIG 
BGA�, FKG CWEJ RÒDGPDTWEJUVÒEMG XGTCTDGKVGVG, \WO EKPUCV\. 

DKG ETIGDPKUUG UKPF KP ADD. 3 FCTIGUVGNNV. 
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ADD. 3� EKPHNWUU FGU DGKO G·TVGUV XGTYGPFGVGP IORHUEJNCOOGU CWH FGP GCUGTVTCI

DKG NKPMG S·WNG UVGNNV FKG MGUUYGTVG FGT MGVJCPCWUDGWVG KP N�MI Q. TS FCT, FKG KP FGT NCPF-
YKTVUEJCHVNKEJGP BKQICUCPNCIG FGT LCPFYKTVUEJCHVUMCOOGT RJGKPNCPF HCWU RKUYKEM GTOKVVGNV 
YWTFGP. 

DKG MGVJCPCWUDGWVGP WPVGTUEJGKFGP UKEJ PWT WPYGUGPVNKEJ XQP FGP DGTGEJPGVGP WGTVGP 

TGEJVG S·WNG�.

IPVGTGUUCPV KUV FCU ETIGDPKU FGT LCDQTXGTUWEJG OKV FGP DGKFGP XGTYGPFGVGP IORHUEJN·O-
OGP. DGT ATB-IORHUEJNCOO UGV\V \YCT FCU CPIGDQVGPG SWDUVTCV CWU FGP RÒDGPDTWEJUVÒEMGP 
YGUGPVNKEJ UEJPGNNGT WO CNU FGT BGA APNCIGPCDNCWH. NCEJ 35 TCIGP KUV LGFQEJ FKG MGVJCP-
CWUDGWVG DGK FGO IORHUEJNCOO CWU FGT APNCIG 
BGA APNCIGPCDNCWH� WO GVYC 22 � JÌJGTG 
CNU OKV FGO ATB-IORHUEJNCOO. 

EKPG OÌINKEJG ETMN·TWPI PCEJ LINKE WPF SCHELLE JKGTHÒT KUV, FCUU GT ATB-IORHUEJNCOO KO 
GGIGPUCV\ \WO APNCIGPCDNCWH PQEJ PKEJV CP FKGUGU SWDUVTCV CFCRVKGTV YCT.
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MethanertragsRotenzial Xerschiedener nachwachsender Rohstoffe in 
LaDorfermentern und deren ªDertragDarkeit auf die PraZis
/etJCne [ieNd of XCrioWs energ[ crops ä tests Ct NCDorCtor[ scCNe Cnd 
trCnsferCDiNit[ to fWNN�scCNe CppNicCtion

FELIPE KAISER, MARKUS SCHLATTMANN, ANDREAS GRONAUER

BC[GTKUEJG LCPFGUCPUVCNV HÒT LCPFYKTVUEJCHV, IPUVKVWV HÒT LCPFVGEJPKM, BCWYGUGP WPF UOYGNVVGEJPKM, 
AO SVCWFGPICTVGP 3, D-85354 FTGKUKPI

SchlÒsselwÌrter� Biogas, Methanertrag, GrÒnland, Mais, nachwachsende Rohstoffe
-e[Yords� $iogCs� metJCn [ieNd� grCssNCnd� mCi\e� energ[ crops

<WsCmmenfCssWng

Die Rentabilität einer Biogasanlage hängt unter anderem vom Methanertrag aus den einge-
setzten Substraten ab. Laborversuche im Batchtest ermitteln die maximal erreichbaren Erträ-
ge. Auf die organische Trockenmasse (oTM) bezogene Methanerträge aus Grünlandaufwuchs 
schwankten zwischen 21�–�3� L Methan (kg oTM)–1. Erträge aus verschiedenen Maissorten 
(2�0–3�0 L Methan kg oTM–1) zeigen, dass für verschiedene Saat- und Erntetermine sorten-
spezifische Optima bestehen. Die Untersuchungen zur Übertragbarkeit der Laborversuche 
(Batch-Betrieb) auf Praxisverhältnisse im Durchflussbetrieb ergaben, dass sich die oTM-spezi-
fischen Methanerträge je nach Fermentertyp bei gleicher hydraulischer Verweilzeit (32 d) um 
1� bis zu 2� � reduzieren. Die verfahrenstechnische Gestaltung (Verweilzeit des Substrates 
im geschlossenen System) einer Praxisanlage entscheidet somit welche Anteile der Methan-
bildungspotenziale energetisch verwertet werden können.

SWmmCr[

In whether a biogas plant operates cost-effectively is among other things dependent on 
the methane yield of the input materials. Batch-tests in laboratory digesters are suitable to 
determine maximum methane production from different feedstocks. Specific methane yields 
of grass ranged between 21� and �3� L CH� � (kg VS)–1. Optimal methane yields of various 
maize breeds varied with dates of sowing and harvest (2�0–3�0 L CH� � (kg VS)–1). Specific 
methane yields of the investigated substrates in full-scale, continuously operated digesters 
were 1� to 2� per cent lower compared to the data from laboratory batch-tests. The design of 
a full-scale biogas plant, particularly with respect to the residence time of the substrate, thus 
determines which share of the theoretical methane yield of the input materials can be used. 
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1 Einleitung und Zielsetzung

ANU BCUKUUWDUVTCV \WT BKQICUGT\GWIWPI YKTF KP FGT RGIGN FGT DGK FGT TKGTJCNVWPI CWH FGP 
BGVTKGDGP CPHCNNGPFG WKTVUEJCHVUFÒPIGT KP FQTO XQP FNÒUUKIOKUV 
GÒNNG� QFGT FGUVOKUV GKPIG-
UGV\V. AWHITWPF FGUUGP TGNCVKX IGTKPIGP GCUDKNFWPIURQVGP\KCNU KUV GU LGFQEJ UKPPXQNN, \WU·V\-
NKEJ CPFGTG, GPGTIGVKUEJ JQEJYGTVKIGTG SVQHHG IGOGKPUCO OKV FGO BCUKUUWDUVTCV GÒNNG \W XGT-
I·TGP. IP FGP NGV\VGP JCJTGP YWTFGP \WPGJOGPF UQIGPCPPVG ëNCEJYCEJUGPFG RQJUVQHHGé 

NCWCRQ� CNU IPRWVOCVGTKCN GKPIGUGV\V. DGUJCND YGTFGP KP GKPGO NCWHGPFGP FQTUEJWPIURTQ-
LGMV XGTUEJKGFGPG ATVGP D\Y. SQTVGP XQP NCWCRQ IGRTÒHV, WO FKG GTWPFNCIGP HÒT GKP EDV 
IGUVÒV\VGU EZRGTVGPU[UVGO HÒT NCPFYKTVUEJCHVNKEJG BKQICUCPNCIGP \W UEJCHHGP. DKGUG GTWPFNC-
IGP WOHCUUGP APICDGP ÒDGT CNNG TGNGXCPVGP PHNCP\GPKPJCNVUUVQHHG WPF FGTGP ADDCWMKPGVKM KP 
GKPGT BKQICUCPNCIG UQYKG F[PCOKUEJ GTHCUUVG DCVGP \WO GCUGTVTCI WPF FGT GCU\WUCOOGP-
UGV\WPI. DKG FKTGMVG ÜDGTVTCIDCTMGKV XQP ETIGDPKUUGP CWU MQPVTQNNKGTDCTGP LCDQT-BCVEJ-VGTUW-
EJGP WPVGT QRVKOCNGP BGFKPIWPIGP CWH SWCUKMQPVKPWKGTNKEJ DGUEJKEMVG APNCIGP KO PTCZKUOC­-
UVCD GTUEJGKPV HTCINKEJ, FC UKEJ PTQ\GUUMKPGVKM WPF VGTHCJTGPUHÒJTWPI FGWVNKEJ WPVGTUEJGKFGP. 
EU UQNNGP UQOKV KO RCJOGP GKPGU YGKVGTGP PTQLGMVGU XGTUEJKGFGPG FGTOGPVGTV[RGP RCTCNNGN OKV 
FGP INGKEJGP SWDUVTCVGP DGVTKGDGP YGTFGP. DKG UQ IGYQPPGP DCVGP DG\ÒINKEJ GCUDKNFWPI, 
GCUSWCNKV·V WPF EJGOKUEJGT PCTCOGVGT UQNNGP RÒEMUEJNÒUUG \WNCUUGP, KPYKGHGTP UKEJ RGCMVQT-
ITÌ­G WPF FÒVVGTWPIUTGIKOG CWH FKG GCUDKNFWPI CWUYKTMGP.

2 Material und Methode

2�1 Versuchsfermenter zur Methanermittlung

UO FKG PTQ\GUUMKPGVKM FGU CPCGTQDGP ADDCWU WPF FKG RQVGP\KGNNGP GCUGTVT·IG FGT VGTUWEJU-
XCTKCPVGP \W RTÒHGP, YWTFGP BCVEJ-VGTUWEJG FWTEJIGHÒJTV. DKG LCDQTHGTOGPVGTCPNCIG DGUVGJV 
CWU 5 KNKOCUEJT·PMGP OKV TGIGNDCTGT TGORGTCVWT. JGFGT KNKOCUEJTCPM GPVJ·NV 14 GNCUTGCMVQTGP 

V � 2 L�, FKG LGYGKNU CP GKPGP GKIGPGP GCU\·JNGT 
MKNNKICUEQWPVGTs� CPIGUEJNQUUGP UKPF. DKG 
GCURTQFWMVKQP YKTF ÒDGT MKNNKICUEQWPVGTs CWVQOCVKUEJ MQPVKPWKGTNKEJ GTHCUUV. VQO GCU\·JNGT 
YGTFGP FKG GCUOGPIGP FGT WKGFGTJQNWPIGP 
P � 5� KP GKPGO GCUUCEM \WUCOOGPIGHÒJTV WPF 
\YKUEJGPIGURGKEJGTV, WO XQP FQTV OCPWGNN FGT GCUCPCN[UG \WIGHÒJTV \W YGTFGP. ANNG TGNGXCP-
VGP DCVGP YGTFGP KP GKPGT AEEGUU-DCVGPDCPM IGURGKEJGTV. ZWT UPVGTUWEJWPI FGT ÜDGTVTCIDCTMGKV 
YWTFGP PGDGP FGP QDGP DGUEJTKGDGPGP 2 L-FGTOGPVGTP UGEJU 36 L-TGEJPKMWOUHGTOGPVGT CWU 
GNCU 
DWTEJHNWUUDGVTKGD� WPF FTGK YGKVGTG 36 L-FGTOGPVGT CWU EFGNUVCJN 
BCVEJ-BGVTKGD� UQYKG GKP 
3500 L-PKNQVHGTOGPVGT OKV FGO INGKEJGP SWDUVTCV DGUEJKEMV. DKG 36 L-TGEJPKMWOUHGTOGPVGT YGT-
FGP ÒDGT GKPG DQRRGNYCPF OKV \KTMWNKGTGPFGO WCUUGT DGJGK\V WPF UKPF OKV GKPGO NCPIUCOFTG-
JGPFGP GCDGNTÒJTYGTM CWUIGUVCVVGV. IP FGO OKV GKPGT KPPGPNKGIGPFGP HGK\UEJNCPIG DGJGK\VGP 
3500 L-PKNQVHGTOGPVGT DGHKPFGV UKEJ GKP GPVURTGEJGPF UMCNKGTVGU RÒJTYGTM OKV INGKEJGT UOHCPIU-
IGUEJYKPFKIMGKV. DKG DCVGP YGTFGP CWH UVÒPFNKEJGT BCUKU KP GKPGT AEEGUU-DCVGPDCPM IGURGKEJGTV 
WPF FWTEJ NQTOKGTWPI CWH SVCPFCTFDGFKPIWPIGP KP XGTINGKEJDCTG GTÌ­GP IGDTCEJV.

2�2 SuDstrate 

DKG DGRTQDVGP FN·EJGP FGT GTÒPNCPFXCTKCPVGP DGHKPFGP UKEJ CO LGJT- WPF VGTUWEJUIWV SRK-
VCNJQH KP KGORVGP 
ANNI·WGT ANRGPXQTNCPF�, KO RCWO PCUUCW 
BC[GTKUEJGT WCNF� WPF KO RCWO 
SVGKPCEJ 
VQTYCNF FGU BC[. WCNFGU� 
TCDGNNG 1�.
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TCD. 1� GTÒPNCPFXCTKCPVGP

Kennzeichen Standort Schnitte
pro Jahr Düngungsart N-Düngung

(kg ha–1) / (m3ha–1)**
G1 Allgäuer 5 mineralisch 300
G2 Alpenvorland 5 mineralisch 200
G3 4 mineralisch 300
G4 4 mineralisch 200
G5 4 mineralisch 120
G6 Allgäuer 4 Gülle 4 x 20
G7 Alpenvorland 4 ohne ohne
G8 3 Gülle 3 x 20
G9 Bayerischer 5 Gülle 3 x 20
G10 Wald 4 Gülle 3 x 20
G11 3 Gülle 2 x 25
G12 Vorwald des Bay. Waldes 3 ohne ohne
*) bei mineralischer Düngung; **) bei Düngung mit Gülle

DKG FTGK WPVGTUWEJVGP MCKUUQTVGP YWTFGP CP  \YGK XGTUEJKGFGPGP TGTOKPGP 
ARTKN WPF MCK� 
IGU·V WPF \W XKGT XGTUEJKGFGPGP TGTOKPGP IGGTPVGV. DKG MCKUUQTVGP UVCOOGP CWU FGP VGT-
UWEJURCT\GNNGP FGU IPZ KP FTGKUKPI WPF UOIGDWPI.

2�3 Berechnungsgrundlagen

DKG MGVJCPGTVT·IG FGT VGTUWEJG YWTFGP CWH VTQEMGPGU NQTO-GCU 
273,15 K WPF 1013,25 
JPC� WOIGTGEJPGV.

3 ErgeDnisse

3�1 Methanertr·ge Xon GrÒnland

ADD. 1� MGVJCPGTVTCI 
FGT GTÒPNCPFXCTKCPVGP 
DG\QIGP CWH FKG QTICPK-
UEJG TTQEMGPOCUUG

DKG GTÒPNCPFXCTKCPVGP GTICDGP MKVVGNYGTVG FGT MGVJCPGTVT·IG CWU FTKUEJOCVGTKCN XQP 282 DKU 
\W 438 L MGVJCP MI QTMä1. DKG PTQDGP CWU SKNCIGP \GKIVGP GKPGP SEJYCPMWPIUDGTGKEJ XQP 
219 DKU 436 L MGVJCP MI QTMä1 WPF FKG PTQDGP CWU HGW GKPGP SEJYCPMWPIUDGTGKEJ XQP 250 
DKU 310 L MGVJCP MI QTMä1 
ADDKNFWPI 1�.



35� BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI

VORTR�GE

DC FKG SKNKGTWPI CWEJ GKPG VQTI·TWPI FGU SWDUVTCVGU FCTUVGNNV, UQNNVG FCU SKNKGTIWV YGIGP 
FGP XGTHÒIDCTGP QTICPKUEJGP S·WTGP GKPGP JÌJGTGP MGVJCPGTVTCI CNU FKG FTKUEJRTQDG CWHYGK-
UGP. DGO UVGJGP CDGT FKG SKNKGTXGTNWUVG GPVIGIGP, FKG CWEJ \W GKPGO PKGFTKIGTGP MGVJCPGT-
VTCI HÒJTGP MÌPPGP. DKG UPVGTUEJKGFG FGT MGVJCPGTVT·IG \YKUEJGP FTKUEJRTQDGP WPF SKNCIGP 
YGTFGP FCJGT GTUV OKV FGP ETIGDPKUUGP FGT IPJCNVUUVQHHCPCN[UGP, FKG PQEJ PKEJV \WT VGTHÒIWPI 
UVGJGP, GTMN·TDCT UGKP.

3�2 Methanertr·ge Xerschiedener Maissorten

DKG MKVVGNYGTVG FGT ETVT·IG CWU FGP SKNCIGP FGT IGVGUVGVGP MCKUUQTVGP \GKIVGP GKPGP SEJYCP-
MWPIUDGTGKEJ XQP 250 DKU 360 L MGVJCP MI QTMä1. DKG MGVJCPGTVT·IG UKPF XQP FGT VGTFCW-
NKEJMGKV FGT IPJCNVUVQHHG CDJ·PIKI WPF FKG VGTFCWNKEJMGKV MQTTGNKGTV OKV FGO TS-GGJCNV FGT 
GCP\RHNCP\G WPF FGU KQNDGPU. WKG KP ADDKNFWPI 2 GTMGPPDCT KUV, JCDGP FKG XGTUEJKGFGPGP 
SQTVGP, WPCDJ·PIKI XQO SCCVVGTOKP, HÒT OCZKOCNG MGVJCPGTVT·IG KO KQNDGP XGTUEJKGFGPG 
QRVKOCNG TS-GGJCNVG. BGK FGT SQTVG GCXQVV \GKIVG UKEJ GKP QRVKOCNGT TS-GGJCNV KO KQNDGP \YK-
UEJGP 54 WPF 61 �, DGK FGT SQTVG H[DTKFG 89 \YKUEJGP 28 WPF 48 � WPF DGK FGT SQTVG KXA 
\YKUEJGP 45 WPF 56 � 
ADDKNFWPI 2�.

3�3 Biogas�G·rtests in Xerschiedenen Fermentert[Ren 

ADD. 2� MGVJCPGTVTCI FGT 
MCKUUQTVGP DG\QIGP CWH FKG 
QTICPKUEJG TTQEMGPOCU-
UG 
ZKHHGTP KP FGP S·WNGP 
DG\GKEJPGP FGP TS-GGJCNV 
XQP KQNDGP�

TCD. 2� CJGOKUEJG PCTCOGVGT DGK FGT BCVEJ-VGTI·TWPI XQP ëSB-G·TTGUVé KP 2L- WPF 36L-FGTOGPVGTP 

SCHLATTMANN GV CN., 2004B�

Startsubstrat
(SB-Gärrest)

36 L
(n = 3, t = 40 d)

2 L
(n = 5, t = 40 d)

t = 0 d Mittel Stdabw Mittel Stdabw
TS [g kg–1] 40,1 27,4 0,6 27,1 0,8
oTS [g kg–1] 32,6 19,4 1,0 18,7 1,2
CSB [g O2 kg–1] 54,6 30,7 0,3 31,1 0,6
Rohprotein [g kg–1] 7,05 5,55 0,02 5,73 0,23
Rohfaser [g kg–1] 6,10 2,25 0,09 2,23 0,23
Rohfett [g kg–1] 0,91 0,69 0,01 0,67 0,08

BGK FGT DWTEJHÒJTWPI GKPGU PCTCNNGNXGTUWEJGU KO BCVEJ-VGTHCJTGP OKV 2L-FGTOGPVGT WPF 
36L-FGTOGPVGT DGK INGKEJDNGKDGPFGO SWDUVTCV MQPPVG DGK GKPGT 40-V·IKIGP BCVEJ- VGTI·TWPI 
XQP UVCPFCTFKUKGTVGO BCUKUUWDUVTCV 
ëSB-G·TTGUVé� KP FGP MNGKPGTGP FGTOGPVGTP GKP JÌJGTGT 
MGVJCPGTVTCI DGQDCEJVGV YGTFGP CNU KP FGP 36 L-FGTOGPVGT-VGTINGKEJUXCTKCPVGP. EKPG WKG-
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FGTJQNWPI FGU VGTUWEJU OKV PTCZKUHGTOGPVGT-G·TTGUV 
ëPF-ÜDGTNCWHé� MQPPVG FKGUG GTJÌJVG 
AWUDGWVG LGFQEJ PKEJV DGUV·VKIGP. 
ADDKNFWPI 3�. EKPG ·JPNKEJG ADDCWNGKUVWPI, VTQV\ IGTKPIHÒ-
IKI WPVGTUEJKGFNKEJGT MGVJCPDKNFWPI KP FGP DGKFGP XGTUEJKGFGPGP FGTOGPVGTITÌ­GP, URKGIGNP 
FKG KP TCDGNNG 2 CPIGIGDGPGP SWDUVTCVCPCN[UGP DGK FGT VGTI·TWPI XQP ëSB-G·TTGUVé YKGFGT. 

ADD. 3� VGTINGKEJ FGT 
MGVJCPGTVT·IG PCEJ 40-V·IKIGT 
BCVEJ-VGTI·TWPI KP 2 L-FGT-
OGPVGTP WPF 36 L-
FGTOGPVGTP

WKTF PTCZKUHGTOGPVGTUWDUVTCV 
VQTITWDGPOKUEJWPI CWU G·TTGUV, FGVVGP WPF MCKU� KP GKPGO 36 L-
BGJ·NVGT KO BCVEJ-VGTHCJTGP IGVGUVGV, GTIKDV UKEJ GKPG V[RKUEJG MGVJCPDKNFWPIUMWTXG 
ADDKNFWPI 
4�, FKG KP GKPGO RQVGP\KGNNGP GCUGTVTCI XQP 400 L MGVJCP MI QTMä1 TGUWNVKGTV. AWHHCNNGPF KUV FGT 
UVCTMG ADHCNN FGT GCUDKNFWPIUTCVG CD FGO HÒPHVGP TCI, FC MGKP YGKVGTGU SWDUVTCV OGJT JKP\WIG-
HÒVVGTV YKTF. DC LGFQEJ UEJYGT CDDCWDCTG RHNCP\NKEJG GGTÒUVUWDUVCP\GP KO SWDUVTCV XQTJCPFGP 
UKPF 
MCKUCPVGKNG� KUV PQEJ DKU ÒDGT FGP 30VGP TCI GKPG GCUDKNFWPI \W DGQDCEJVGP. VGTINGKEJGPF 
FC\W YWTFG FGT SWCUK-MQPVKPWKGTNKEJG BGVTKGD GKPGU 36L-FGTOGPVGTU WPVGTUWEJV 
ADDKNFWPI 5�. 

DKG V·INKEJGP BGUEJKEMWPIGP HÒJTGP \W FGWVNKEJ GTMGPPDCTGP GCUGTVTCIUUEJYCPMWPIGP. 
DC PKEJV DGMCPPV KUV, CWU YGNEJGT FGT XQTCPIGICPIGPGP FÒVVGTWPIGP FCU CMVWGNN RTQFW\KGTVG 
GCU UVCOOV, KUV GKPG ZWQTFPWPI FGU RTQFW\KGTVGP GCUGU KUV KP FKGUGO FCNN UEJYKGTKIGT CNU 
KO BCVEJ-BGVTKGD. EKPG AWUUCIG ÒDGT FKG FWTEJUEJPKVVNKEJG GCURTQFWMVKQP KUV GTUV PCEJ EC. 
30 TCIGP UVGCF[-UVCVG-BGVTKGD UKPPXQNN, FKG UKEJ KP FKGUGO FCNN DGK GVYC 330 L MGVJCP MI 
QTMä1 GKPRGPFGNV WPF FGWVNKEJ PKGFTKIGT CWUH·NNV CNU KO BCVEJ-BGVTKGD. BGK FGT VGTI·TWPI FGU 
INGKEJGP SWDUVTCVGU KP FGP 3500 L-FGTOGPVGT DGK V·INKEJGT BGUEJKEMWPI GTIKDV UKEJ GKP FWTEJ-
UEJPKVVNKEJGT GCUGTVTCI, FGT UKEJ DGK 290 L MGVJCP MI QTMä1 UVCDKNKUKGTV 
ADDKNFWPI 6�.

ADD. 4� SRG\KHKUEJGT GCUHNWUU WPF GCUGTVTCI DGK 
FGT VGTI·TWPI XQP PTCZKUHGTOGPVGTUWDUVTCV 
36 L-
FGTOGPVGT, BCVEJ-VGTHCJTGP�, 
SCHLATTMANN GV CN., 
2004A�

ADD. 5� GCUHNWUU WPF FWTEJUEJPKVVNKEJGT 
URG\KHKUEJGT GCUGTVTCI DGK FGT VGTI·TWPI XQP 
PTCZKUHGTOGPVGTUWDUVTCV 
36 L-FGTOGPVGT, V·INKEJG 
FÒVVGTWPI�, 
SCHLATTMANN GV CN., 2000A�

AWU FGP DKUJGTKIGP ETIGDPKUUGP MÌPPGP HQNIGPFG SEJNWUUHQNIGTWPIGP IG\QIGP YGTFGP�
 î BGYKTVUEJCHVWPIUKPVGPUKV·V WPF SVCPFQTVHCMVQTGP JCVVGP GKPGP FGWVNKEJGP EKPHNWUU CWH 

FCU MGVJCPGTVTCIURQVGP\KCN FGU AWHYWEJUGU XQP DCWGTITÒPNCPF, FCU HÒT FKG WPVGTUWEJ-
VGP SVCPFQTVG \YKUEJGP 219 WPF 438 L MGVJCP MI QTMä1 NCI.
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VORTR�GE

 î FÒT GKPGP OÌINKEJUV JQJGP MGVJCPGTVTCI CWU MCKU KUV FKG ET\KGNWPI FGU QRVKOCNGP TTQ-
EMGPOCUUGGTVTCIU FGT LGYGKNKIGP SQTVG GPVUEJGKFGPF, FGT YKGFGTWO XQO ETPVGVGTOKP 
CDJ·PIV.

 î ZYKUEJGP BCVEJ-VGTI·TWPI KP 2L-FGTOGPVGTP WPF 36L-FGTOGPVGTP DGUVGJGP MGKPG UKI-
PKHKMCPVGP UPVGTUEJKGFG. DKG CWHVTGVGPFGP MGJTGTVT·IG MÌPPVGP DGK BGVTCEJVWPI FGU 
WKGFGTJQNWPIUXGTUWEJGU KO RCJOGP ÒDNKEJGT SEJYCPMWPIUDTGKVGP DGK FGT BGVTCEJ-
VWPI XQP DKQNQIKUEJGP PTQ\GUUGP NKGIGP.

 î DGWVNKEJG UPVGTUEJKGFG \GKEJPGP UKEJ LGFQEJ \YKUEJGP DWTEJHNWUU- WPF BCVEJDGVTKGD 
CD. IO DWTEJHNWUUDGVTKGD VTGVGP MKPFGTGTVT·IG CWHITWPF XQP JGOOGPFGP OKMTQDKQNQIK-
UEJGP EKPHNÒUUGP UQYKG FGT EPVPCJOG XQP PKEJV XQNNUV·PFKI CWUIGHCWNVGO MCVGTKCN CWH.

 î WGKVGTG MKPFGTGTVT·IG MÌPPGP UKEJ DGK FGT VGTI·TWPI KP GTQ­HGTOGPVGTP CWHITWPF 
XGTHCJTGPUVGEJPKUEJGT WPF DGVTKGDUVGEJPKUEJGT BGFKPIWPIGP GTIGDGP, FKG WPVGT IWV 
MQPVTQNNKGTDCTGP LCDQTDGFKPIWPIGP PKEJV CWHVTGVGP. 

ADD. 6� GCUHNWUU WPF FWTEJ-
UEJPKVVNKEJGT URG\KHKUEJGT GCU-
GTVTCI DGK FGT VGTI·TWPI XQP 
PTCZKUHGTOGPVGTUWDUVTCV 
3500 
L-FGTOGPVGT, V·INKEJG FÒVVGTWPI�, 

SCHLATTMANN GV CN., 2004A�

4 Weiteres Vorgehen

IO YGKVGTGP PTQLGMVXGTNCWH YGTFGP OKV FGP ETIGDPKUUGP FGT IPJCNVUUVQHHCPCN[UGP 
FWVVGTOKV-
VGNCPCN[UGP� KQTTGNCVKQPGP \YKUEJGP FGP GTOKVVGNVGP MGVJCPGTVT·IGP WPF FGP GPVURTGEJGP-
FGP IPJCNVUUVQHHGP FGT SWDUVTCVG IGDKNFGV, WO GKP EDV-EZRGTVGPU[UVGO \W RTQITCOOKGTGP, FCU 
MKUEJTCVKQPGP HÒT BKQICUCPNCIGP QRVKOKGTGP MCPP.

IO RCJOGP YGKVGTGT SWDUVTCVVGUVU OKV EJCTCMVGTKUVKUEJGP IPRWVOCVGTKCNKGP 
MCKUUKNCIG WPF 
GTCUUKNCIG� UQNNGP FKG DKUJGTKIGP ETIGDPKUUG DG\ÒINKEJ FGU EKPHNWUUGU XQP FGTOGPVGTV[R CNU 
CWEJ FGU VGTI·TWPIUXGTHCJTGPU 
BCVEJ QFGT DWTEJHNWUU� YGKVGT XCNKFKGTV YGTFGP, WO CWH BCUKU 
OGJTGTGT WKGFGTJQNWPIGP IGUKEJGTVG AWUUCIGP VTGHHGP \W MÌPPGP.
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Feststofffermentation landwirtschaftlicher SuDstrate im Batch�BetrieD
SoNid�pJCse digestion of CgricWNtWrCN sWDstrCtes in DCtcJ processes

SIGRID KUSCH, HANS OECHSNER

LCPFGUCPUVCNV HÒT LCPFYKTVUEJCHVNKEJGU MCUEJKPGP- WPF BCWYGUGP, UPKXGTUKV·V HQJGPJGKO, D-70593 SVWVVICTV

SchlÒsselwÌrter� Feststofffermentation, Trockenfermentation, Biogas, PerkolationsRrozess, GrÒnschnitt, 
Rinderfestmist
-e[Yords� SoNid�pJCse digestion� DiogCs� percoNCtion process� green cWt� dCir[ mCnWre

<WsCmmenfCssWng

Unterschiedliche landwirtschaftliche Substrate wie Grünschnitt, Rinderfestmist und Pferde-
mist haben sich als grundsätzlich geeignet zur Vergärung in Feststofffermentern erwiesen. 
Bisher konnten die in Laborversuchen ermittelten Methanerträge an der im Rahmen des 
Projektes untersuchten Praxisanlage nicht erreicht werden, wobei bei der Anlage weitere 
Ansätze zur Optimierung erkannt wurden.

Zur Beurteilung einzelner Substrate ist neben dem biochemisch nutzbaren Energiegehalt 
die Struktur des Materials ein entscheidendes Kriterium. Anders als bei der Flüssigvergärung 
benötigt die Feststoffvergärung im Perkolationsbetrieb für eine hohe Biogasausbeute einen 
ausreichenden Strukturanteil. Substrate, die zur Verklumpung neigen sind als Monosubstrate 
ungeeignet. Hier ist die Zugabe von strukturgebenden Materialien zwingend erforderlich, 
wobei sich bisher Grünschnitt und Stroh als geeignet erwiesen haben. Das Methanpotenzial 
kann im Perkolationsverfahren ähnlich gut ausgeschöpft werden wie bei gefluteten Verfahren. 
Ergebnisse sind grundsätzlich substratspezifisch zu betrachten. So muss für jedes Substrat und 
jede Materialmischung der erforderliche Anteil an Altmaterial gesondert ermittelt werden.

SWmmCr[

Different agricultural substrates (green cut, dairy and horse manure) have proven to be 
digestible in solid-phase fermentation systems. Methane yields determined in laboratory 
experiments could not yet be achieved in the large scale plant.

Methanogenic biodegradation in percolated solid-phase digesters not only depends on 
the energy content and the theoretical microbiological degradability of the substrate but also 
on the structure of the material. Addition of appropriate material is necessary if the substrate 
itself is poor in structure. In percolated and in flooded laboratory test reactors similar metha-
ne yields were achieved.
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VORTR�GE

1 Einleitung

IP FGT LCPFYKTVUEJCHV KUV DKUJGT FKG FNÒUUKIXGTI·TWPI OKV GÒNNG CNU BCUKUUWDUVTCV I·PIKIG 
PTCZKU. HKGTDGK KUV FKG ZWICDG XQP FGUVUVQHHGP DGITGP\V, DGK JQJGP GGJCNVGP CP TTQEMGPUWD-
UVCP\ 
TS� VTGVGP XQT CNNGO DGK FGT EKP- WPF AWUVTCIUVGEJPKM UQYKG FGP RÒJTGKPTKEJVWPIGP 
PTQDNGOG CWH. SRG\KGNNG FGUVUVQHHXGTI·TWPIUCPNCIGP UKPF KP FGT LCPFYKTVUEJCHV DKUJGT UGNVGP. 
ETHCJTWPIGP CWU FGT VGTYGTVWPI XQP MQOOWPCNGO BKQCDHCNN UKPF YGPKI ÒDGTVTCIDCT, FC 
BKQCDHCNNXGTI·TWPIUCPNCIGP DKU CWH YGPKIG AWUPCJOGP DWTEJHNWUUCPNCIGP OKV CWHY·PFKIGP 
EKPTKEJVWPIGP \WO SWCUK MQPVKPWKGTNKEJGP EKP- WPF AWUVTCIGP UQYKG \WO DWTEJOKUEJGP 
FGU G·TIWVGU UKPF. HQJG IPXGUVKVKQPUMQUVGP UQYKG GKPG UV·PFKIG PTQ\GUUMQPVTQNNG UKPF HÒT 
GKPGP UKEJGTGP BGVTKGD GTHQTFGTNKEJ. FÒT FCU FG\GPVTCNG APHQTFGTWPIURTQHKN FGT LCPFYKTVUEJCHV 
GTUEJGKPV FKG FKUMQPVKPWKGTNKEJG PTQ\GUUIGUVCNVWPI 
BCVEJ-BGVTKGD� XQTVGKNJCHVGT, FC FKG APNC-
IGP RTGKUYGTVGT UKPF WPF UKEJ FKG HNGZKDNGTG BGVTKGDUHÒJTWPI DGUUGT KP FGP NCPFYKTVUEJCHVNKEJGP 
BGVTKGDUCNNVCI GKPRCUUV. DKG APNCIGPVGEJPKM KUV TQDWUV, CWHY·PFKIG MKUEJ-, BGUEJKEMWPIU- WPF 
AWUVTCIUGKPTKEJVWPIGP UKPF PKEJV GTHQTFGTNKEJ. ZWO BGHÒNNGP WPF EPVNGGTGP FGT FGTOGPVGT 
MCPP J·WHKI CWH FGO HQH XQTJCPFGPG TGEJPKM 
FTQPV-, RCFNCFGT� IGPWV\V YGTFGP. 

DKG VGTI·TWPI DGK JQJGP TS-GGJCNVGP KP URG\KGNNGP FGUVUVQHHHGTOGPVGTP YKTF J·WHKI CNU TTQ-
EMGPHGTOGPVCVKQP DG\GKEJPGV. DKGUGT BGITKHH KUV KTTGHÒJTGPF, FC HÒT GKPG WPIGJGOOVG AMVKXKV·V 
FGT DGK FGT BKQICURTQFWMVKQP DGVGKNKIVGP MKMTQQTICPKUOGP UVGVU GKP IGYKUUGT WCUUGTIGJCNV, 
KP FGT RGIGN OKPF. 60 GGY.-�, GTHQTFGTNKEJ KUV. NCEJHQNIGPF YGTFGP JKGT FCJGT FKG BGITKHHG 
FGUVUVQHHHGTOGPVGT WPF FGUVUVQHHXGTI·TWPI XGTYGPFGV.

2 Zielsetzung

DCU FQTUEJWPIURTQLGMV KO AWHVTCI FGU MKPKUVGTKWOU HÒT ETP·JTWPI WPF L·PFNKEJGP RCWO 
BCFGP-WÒTVVGODGTI UQNN FC\W DGKVTCIGP, FCU PQVGP\KCN FGT FKUMQPVKPWKGTNKEJGP FGUVUVQHHHGT-
OGPVCVKQP URG\KGNN HÒT FGP NCPFYKTVUEJCHVNKEJGP BGTGKEJ DGUUGT GKPUEJ·V\GP \W MÌPPGP. HKGT-
\W YGTFGP KO LCDQTOC­UVCD VGTUWEJG OKV WPVGTUEJKGFNKEJGP SWDUVTCVGP FWTEJIGHÒJTV WPF 
GKPG NCPFYKTVUEJCHVNKEJG PTCZKUCPNCIG YKUUGPUEJCHVNKEJ DGINGKVGV. DKG KQODKPCVKQP XQP LCDQT- 
WPF PTCZKUWPVGTUWEJWPIGP UQNN \WO GKPGP ITWPFU·V\NKEJG FTCIGUVGNNWPIGP DGK FGT VGTI·TWPI 
GKP\GNPGT SWDUVTCVG MN·TGP WPF \WO CPFGTGP FWTEJ FKG IFGPVKHKMCVKQP XQP ORVKOKGTWPIURQ-
VGP\KCNGP IGGKIPGVG XGTHCJTGPUVGEJPKUEJG GTWPF- WPF RCPFDGFKPIWPIGP GTOKVVGNP, WO KP FGT 
PTCZKU GKPG JQJG BKQICUCWUDGWVG WPF GKPGP \WXGTN·UUKIGP APNCIGPDGVTKGD \W IGY·JTNGKUVGP.

3 Methode

FÒT Untersuchungen im LaDorma­staD YWTFG GKP FGUVUVQHHXGTI·TWPIUNCDQT OKV 10 TGUV\GNNGP 
CWHIGDCWV. ADDKNFWPI 1 \GKIV UEJGOCVKUEJ FGP AWHDCW GKPGU RGCMVQTU. DGT NWV\KPJCNV FGT 
EFGNUVCJNHGTOGPVGT DGVT·IV GVYC 50 LKVGT. DKG TGORGTKGTWPI FGU VGTUWEJUIWVGU GTHQNIV OKVVGNU 
WCTOYCUUGT, FCU FKG DQRRGNYCPF FGT BGJ·NVGT FWTEJUVTÌOV. AW­GPY·PFG, BGJ·NVGTDÌFGP 
WPF TGNGXCPVG SEJN·WEJG UKPF Y·TOGIGF·OOV. IO BGJ·NVGT NKGIV FGT FGUVUVQHH CWH GKPGO LQEJ-
DNGEJDQFGP CWH.

DWTEJUKEMGTPFGU PTQ\GUUYCUUGT YKTF KO PWORGPUWORH CWHIGHCPIGP WPF OKVVGNU GKPGT 
PWORG KP FGHKPKGTVGP ZGKVCDUEJPKVVGP ÒDGT GKPGP XKGTCTOKIGP VGTVGKNGT CO RGCMVQTFGEMGN 
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XGTTKGUGNV. DCU BKQICU YKTF KP CNWOKPKWODGUEJKEJVGVGP GCUDGWVGNP CWU PTFE�PE CWHIGHCPIGP 
WPF SWCNKVCVKX WPF SWCPVKVCVKX CPCN[UKGTV. GCUOGPIGP YGTFGP CWH NQTODGFKPIWPIGP 
0 uC, 
1,013 DCT� DG\QIGP WPF KP NQTONKVGTP 
LN� CPIGIGDGP. ZWT BGWTVGKNWPI FGT KO IPPGTGP FGT 
FGTOGPVGT JGTTUEJGPFGP BGFKPIWPIGP YKTF FCU TG\KTMWNKGTVG PTQ\GUUYCUUGT DGRTQDV. VQT 
LGFGT PTQDGPPCJOG YKTF FCU PTQ\GUUYCUUGT HÒT FKG DCWGT XQP 15 OKP TG\KTMWNKGTV, WO GKPGP 
KQP\GPVTCVKQPUCWUINGKEJ \YKUEJGP HTGKGO SKEMGTYCUUGT WPF HCHVYCUUGT \W GTTGKEJGP. EKP 
BGNÒHVWPIUCPUEJNWUU GTOÌINKEJV GU, CWEJ CGTQDG PJCUGP \W WPVGTUWEJGP.

ADD. 1� LCDQTTGCMVQT \WT FGUVUVQHHHGTOGPVCVKQP
Laboratory-scale solid-phase digester

DKG WPVGTUWEJVG PraZisanlage DGHKPFGV UKEJ CWH GKPGO NCPFYKTVUEJCHVNKEJGP BGVTKGD WPF YWT-
FG JCWRVU·EJNKEJ \WT VGTI·TWPI XQP GTÒPUEJPKVV CWU MQOOWPCNGT SCOONWPI GTTKEJVGV. DGT 
GTÒPUEJPKVV JCV GKPGP JQJGP APVGKN CP SVTCWEJ- WPF HGEMGPUEJPKVV WPF KUV HÒT FKG VGTI·TWPI 
KP FGT FNÒUUKIHGTOGPVCVKQP WPIGGKIPGV. DKG FGUVUVQHHXGTI·TWPIUCPNCIG DGUVGJV CWU XKGT DGTKGUGN-
VGP BQZGPHGTOGPVGTP OKV GKPGO GGUCOVXQNWOGP XQP LGYGKNU 130 O3, XQP FGPGP GVYC 100 O3

VCVU·EJNKEJ PWV\DCT UKPF. DGT W·TOGGKPVTCI KP FKG G·TMCOOGTP YKTF FWTEJ GKPG FW­DQFGP-
JGK\WPI DGYGTMUVGNNKIV. DCU PTQ\GUUYCUUGT CNNGT XKGT FGTOGPVGT YKTF KP GKPGO DGJGK\VGP PGT-
MQNCVVCPM CWHIGHCPIGP WPF GTPGWV \WT BGTKGUGNWPI FGT FGUVUVQHHUEJÒVVWPI GKPIGUGV\V. EKP- WPF 
AWUVTCI FGT FGUVUVQHHG GTHQNIGP OKVVGNU GKPGU RCFNCFGTU. VQT FGT VGTI·TWPI YKTF FCU SWDUVTCV 
OKV DGTGKVU CWUIGHCWNVGO MCVGTKCN IGOKUEJV, KPFGO CWH FGT KQORQUVRNCVVG GKPG GPVURTGEJGPFG 
MKGVG CWHIGUGV\V WPF OKV GKPGO KQORQUVYGPFGT FWTEJOKUEJV YKTF. AWHDCW WPF BGVTKGDUYGK-
UG FGT APNCIG UKPF DGUEJTKGDGP KP KUSCH � OECHSNER 
2004�.
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4 ErgeDnisse

NCEJHQNIGPF YGTFGP ETIGDPKUUG CWU LCDQTWPVGTUWEJWPIGP OKV XGTUEJKGFGPGP SWDUVTCVGP 
FCTIGUVGNNV.

4�1 Verg·rung Xon GrÒnschnitt aus kommunaler Sammlung

DGT KP FKGUGO VGTUWEJ GKPIGUGV\VG IGJ·EMUGNVG GTÒPUEJPKVV UVCOOVG XQP FGT PTCZKUCPNCIG CWU 
GKPGO SCOOGN\GKVTCWO XQP EPFG MCK DKU APHCPI JWNK. DGT TS-GGJCNV DGVTWI 46,3 GGY.-� 
WPF FGT QTS-GGJCNV 28,6 GGY.-� CDUQNWV 
DG\QIGP CWH FKG FTKUEJOCUUG�, D\Y. 61,7 GGY.-�
TGNCVKX 
DG\QIGP CWH TS�. DCU KO VGTUWEJ XGTYGPFGVG ANVOCVGTKCN 
TS� 35,3 GGY.-�, QTS 
CDUQNWV� 14,3 GGY.-�, QTS TGNCVKX� 40,5 GGY.-�� GPVUVCOOVG GKPGO XQTJGTIGJGPFGP LCDQT-
XGTUWEJ WPF DGUVCPF CWU XGTIQTGPGO GTÒPUEJPKVV, \.T. CWEJ CWU XGTIQTGPGT GTÒPUEJPKVV�RKP-
FGTHGUVOKUV-MKUEJWPI. ANU PTQ\GUUYCUUGT YWTFG FKG 1�1 OKV LGKVWPIUYCUUGT XGTFÒPPVG FNÒU-
UKIRJCUG CWU FGO XQTCPIGICPIGPGP LCDQTXGTUWEJ XGTYGPFGV. DCU PTQ\GUUYCUUGT JCVVG GKPGP 
RH-WGTV XQP 8,28, GKPGP NH4-N-GGJCNV XQP 473 OI�L UQYKG GKPGP CDUQNWVGP QTS-GGJCNV XQP 
0,41 GGY.-�, NGKEJVHNÒEJVKIG FGVVU·WTGP YCTGP PKEJV PCEJYGKUDCT. 

IP \YGK TGUV\GNNGP YWTFG HTKUEJGT GTÒPUEJPKVV RGTMQNKGTV. IP \YGK YGKVGTGP ZGNNGP YCT 
GTÒPUEJPKVV UQ YGKV OKV PTQ\GUUYCUUGT CWHIGHÒNNV, FCUU GKPG XQNNUV·PFKIG FNWVWPI CWHVTCV. EKPG 
MKUEJWPI CWU GTÒPUEJPKVV WPF ANVOCVGTKCN KO VGTJ·NVPKU 75�25 VQN.-� YWTFG KP \YGK FGT-
OGPVGTP RGTMQNKGTV. IP \YGK PCTCNNGNGP YWTFG TGKPGU ANVOCVGTKCN XGTIQTGP. BGK GKPGT IGHNWVGVGP 
ZGNNG YWTFG FKG FNÒUUKIRJCUG PKEJV TG\KTMWNKGTV, DGK FGP ÒDTKIGP TGUV\GNNGP YWTFG \YGKOCN 
V·INKEJ HÒT LGYGKNU 15 OKP WOIGRWORV. DKG G·TVGORGTCVWT FGT FGTOGPVGT YWTFG DGK 35 uC 
IGJCNVGP. DKG NQTOOGVJCPGTVT·IG FGT VGTUWEJUHGTOGPVGT UQYKG FKG EPVYKEMNWPI FGT RH-WGT-
VG UKPF KP ADDKNFWPI 2 FCTIGUVGNNV.

RGKPGT GTÒPUEJPKVV ÒDGTU·WGTVG KO PGTMQNCVKQPUXGTHCJTGP Y·JTGPF FGP GTUVGP \YGK 
WQEJGP WPF \GKIVG GKPG GPVURTGEJGPF IGJGOOVG MGVJCPRTQFWMVKQP. EKPG FNWVWPI FGT TGUV-
\GNNGP YKTMVG UKEJ RQUKVKX CWU, YQDGK QJPG PTQ\GUUYCUUGTTG\KTMWNCVKQP FKG GCURTQFWMVKQP \W 
BGIKPP NGKEJV IGJGOOV YCT. NCEJ 6 WQEJGP GTTGKEJVGP LGFQEJ DGKFG TGUV\GNNGP OKV 90,6 
D\Y. 90,4 LN CH4�MI QTS GKPGP UGJT ·JPNKEJGP NQTOOGVJCPGTVTCI. UPVGT BGTÒEMUKEJVKIWPI 
GKPGU IGTKPIGP GCUCPVGKNU, FGT FGT OKV FGO PTQ\GUUYCUUGT GKPIGDTCEJVGP OTICPKM GPVUVCOOV, 
GTDTCEJVG FGT GTÒPUEJPKVV KO EKPUVCWXGTHCJTGP GKPGP OKVVNGTGP MGVJCPGTVTCI XQP 90,2 LN CH4�
MI QTS. 

IP FGT MKUEJWPI OKV ANVOCVGTKCN UVGNNVG UKEJ GKPG UEJPGNNG GCURTQFWMVKQP GKP. DGT 
MGVJCPGTVTCI FGT MKUEJWPI NCI PCEJ 6 WQEJGP DGK 72,5 D\Y. 73,3 LN CH4�MI QTS. DGT 
GCUGTVTCI FGT MKUEJWPI 
GIGU� UGV\V UKEJ CWU FGP UKEJ ÒDGTNCIGTPFGP GCUGTVT·IGP FGT FTGK 
EKP\GNMQORQPGPVGP GTÒPUEJPKVV 
GGTWGP�, ANVOCVGTKCN 
GANV� WPF PTQ\GUUYCUUGT 
GPW� \WUCO-
OGP� GIGU � GGTWGP
GANV
GPW =LN CH4?. UPVGT FGT APPCJOG, FCUU UKEJ FKG QTS-DG\QIGPGP 
MGVJCPGTVT·IG FGU ANVOCVGTKCNU 
IANV� WPF FGU PTQ\GUUYCUUGTU 
IPW� KP FGT MKUEJWPI PKEJV 
·PFGTP, N·UUV UKEJ WPVGT BGTÒEMUKEJVKIWPI FGT \WIGJÌTKIGP MCUUGP CP QTS KO VGTUWEJUCPUCV\ 

OQTS =MI QTS?� FGTLGPKIG QTS-DG\QIGPG MGVJCPGTVTCI DGUVKOOGP, FGP FKG KQORQPGPVG GTÒP-
UEJPKVV KP FGT MKUEJWPI NKGHGTV�

IGTWGP � 
IIGUOQTS,IGU-IANVOQTS,ANV-IPWOQTS,PW��OQTS,GTWGP =LN CH4�MI QTS?
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ADD. 2� NQTOOGVJCPGTVT·IG WPF RH-WGTVG DGK VGTI·TWPI XQP GTÒPUEJPKVV KP XGTUEJKGFGPGP VCTKCPVGP
Norm methane yields and pH values during digestion of green cut in different experimental set-ups

DGT MGVJCPGTVTCI FGU TGKPGP ANVOCVGTKCNU NCI DGK 27,1 LN CH4�MI QTS. DCOKV GTIKDV UKEJ 
TGEJPGTKUEJ HÒT FKG KQORQPGPVG GTÒPUEJPKVV KP FGT MKUEJWPI OKV ANVOCVGTKCN GKP OKVVNGTGT 
MGVJCPGTVTCI XQP 88,3 LN CH4�MI QTS 
87,8 D\Y. 88,9 LN CH4�MI QTS KP FGP EKP\GN\GNNGP� 
WPF FCOKV GKP FGO IGHNWVGVGP VGTHCJTGP IWV GPVURTGEJGPFGU ETIGDPKU.

SQOKV N·UUV UKEJ FCU MGVJCPRQVGP\KCN FGU GTÒPUEJPKVVU KO PGTMQNCVKQPUXGTHCJTGP ·JPNKEJ 
IWV CWUUEJÌRHGP YKG KO IGHNWVGVGP VGTHCJTGP. DKGU DGFGWVGV, FCUU FKG VGTI·TWPI QRVKOKGTV KUV, 
YGPP FKG WCUUGTJCNVGMCRC\KV·V FGU GTÒPUEJPKVVU IGTCFG ÒDGTUEJTKVVGP KUV, CNUQ HTGKGU SKEMGT-
YCUUGT CWHVTKVV. EKP JÌJGTGT FNÒUUKIMGKVUÒDGTUEJWUU GT\KGNV DGK FKGUGO MCVGTKCN MGKPG JÌJGTGP 
GCUCWUDGWVGP, MCPP CDGT GKPGT VGTU·WGTWPI GPVIGIGPYKTMGP WPF FKG NQVYGPFKIMGKV FGT 
ZWICDG XQP ANVOCVGTKCN XGTTKPIGTP D\Y. GTÒDTKIGP. BGK UPVGTUWEJWPIGP OKV PHGTFGOKUV OKV 
JQJGO SVTQJCPVGKN KP IGHNWVGVGP UQYKG RGTMQNKGTVGP LCDQTHGTOGPVGTP YWTFGP INGKEJG ZWUCO-
OGPJ·PIG GTOKVVGNV.

DCU HÒT FGP GTÒPUEJPKVV GTOKVVGNVG PQVGP\KCN XQP 90 LN CH4�MI QTS GPVURTKEJV 55,5 LN CH4�
MI TS D\Y. 25,7 LN CH4�MI FTKUEJOCVGTKCN. BGK GKPGO SEJÒVVIGYKEJV XQP 0,6 V�O3 JCV CNUQ 
GTÒPUEJPKVV GKP PQVGP\KCN XQP GVYC 15,4 O3

N CH4�O
3 FTKUEJOCVGTKCN. 

ZWO VGTINGKEJ� PHGTFGOKUV OKV JQJGO SVTQJCPVGKN, HÒT FGP KP FGT FGUVUVQHHXGTI·TWPI DGK 
GKIGPGP UPVGTUWEJWPIGP GKP MGVJCPRQVGP\KCN WO 170 LN CH4�MI QTS GTOKVVGNV YWTFG, GPV-
J·NV CWHITWPF FGT IGTKPIGP SEJÒVVFKEJVG GKP XQNWOGPDG\QIGPGU PQVGP\KCN WO 11,5 O3

N CH4�
O3 FTKUEJOCVGTKCN.
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4�2 Rinderfestmist ohne und mit Strukturmaterial

RKPFGTHGUVOKUV 
TS 20,5 GGY.-�, QTS�FTKUEJOCV. 16,7 GGY.-�, QTS�TS 81,5 GGY.-�� YWTFG 
KO LCDQTXGTUWEJ CNU MQPQUWDUVTCV WPF KP KQODKPCVKQP OKV GTÒPUEJPKVV XQP FGT PTCZKUCPNCIG 
XGTIQTGP. ANNG TGUV\GNNGP YWTFGP RGTMQNKGTV. IP MQPQXGTI·TWPI GT\KGNVG FGT RKPFGTHGUVOKUV KP 
6 WQEJGP GKPGP MGVJCPGTVTCI XQP 111 LN CH4�MI QTS, YQDGK FKG MGVJCPRTQFWMVKQPUTCVG \W 
FKGUGO ZGKVRWPMV OKV 1,7 LN CH4�
MI QTS � F� PQEJ XGTINGKEJUYGKUG JQEJ YCT. BKQEJGOKUEJG 
HGOOHCMVQTGP YWTFGP PKEJV KFGPVKHK\KGTV, FGT RH-WGTV NCI WO 7,6, NH4-N ÒDGTUVKGI WGTVG 
WO 1000 OI�L PKEJV, FGVVU·WTGP YWTFGP TCUEJ CDIGDCWV WPF FKG SCN\IGJCNVG NCIGP KO PQT-
OCNGP BGTGKEJ 
LF � 22,5 OS�EO�. IP FGT MKUEJWPI RKPFGTOKUV OKV GTÒPUEJPKVV WPXGTIQTGP 
UQYKG GTÒPUEJPKVV XGTIQTGP KO VGTJ·NVPKU 50�25�25 VQN.-� DGVTWI FGT CWU FGT KQORQPGPVG 
RKPFGTOKUV UVCOOGPFG ETVTCI 164 LN CH4�MI QTS. IP MKUEJWPI OKV GTÒPUEJPKVV WPXGTIQTGP 

50�50 VQN.-�� NKGHGTVG FGT RKPFGTOKUV GKPGP ·JPNKEJ JQJGP BGKVTCI XQP 169 LN CH4�MI QTS. 

DKG ZWICDG XQP UVTWMVWTTGKEJGO MCVGTKCN UVGKIGTVG CNUQ FKG GCUCWUDGWVG XQP RKPFGTHGUV-
OKUV WO EC. 55 LN CH4�MI QTS D\Y. WO EC. 50 � KP 6 WQEJGP, YQDGK GU WPGTJGDNKEJ YCT, 
QD GU UKEJ FCDGK WO HTKUEJGU QFGT DGTGKVU XGTIQTGPGU MCVGTKCN JCPFGNVG. FGUVGU IORHOCVGTKCN KUV 
CNUQ DGK FGT VGTI·TWPI XQP RKPFGTHGUVOKUV PKEJV GTHQTFGTNKEJ, FKG ZWICDG XQP UVTWMVWTTGKEJGO 
MCVGTKCN VT·IV JKPIGIGP \W GKPGT FGWVNKEJGP MGVJCPGTVTCIUUVGKIGTWPI DGK. DKG RQUKVKXGP AWU-
YKTMWPIGP XQP SVTWMVWTOCVGTKCN YWTFGP CWEJ DGK FGT VGTI·TWPI XQP PHGTFGOKUV HGUVIGUVGNNV. 
W·JTGPF PHGTFGOKUV OKV JQJGO SVTQJCPVGKN GKPG UGJT IWVG VGTI·TDCTMGKV KO PGTMQNCVKQPUDG-
VTKGD \GKIVG, YCT GKP JQJGT KQVCPVGKN RTQDNGOCVKUEJ. HKGTDGK UVGNNVG UKEJ MGKPG INGKEJO·­KIG 
DWTEJHGWEJVWPI FGU MCVGTKCNU GKP, DGKO AWUDCW YCTGP PKEJV HGWEJVGIGU·VVKIVG BGTGKEJG 
QHHGPUKEJVNKEJ.

5 Schlussfolgerungen und AusDlick

IP LCDQTXGTUWEJGP JCDGP UKEJ SWDUVTCVG YKG GTÒPUEJPKVV, RKPFGTHGUVOKUV WPF PHGTFGOKUV CNU 
ITWPFU·V\NKEJ IGGKIPGV HÒT GKPG VGTI·TWPI KP UEJÒVVH·JKIGT FQTO GTYKGUGP. DKG DKUJGTKIGP 
UPVGTUWEJWPIGP DGNGIGP, FCUU DGK FKGUGT TGEJPQNQIKG CWH GKPG QRVKOCNG VQTDGTGKVWPI FGU 
G·TIWVGU KO HKPDNKEM CWH IORHOGPIG WPF SVTWMVWTCPVGKN DGUQPFGTU IGCEJVGV YGTFGP OWUU. 
IO LCDQT GTOKVVGNVG MGVJCPCWUDGWVGP MQPPVGP DKUJGT DGK FGO KO RCJOGP FGU PTQLGMVGU 
WPVGTUWEJVGP PTCZKUDGVTKGD PKEJV GTTGKEJV YGTFGP. DKG MGVJCPCWUDGWVGP KP FGT PTCZKU NKGIGP 
\WT\GKV DGK GVYC 2�3 FGT LCDQTCWUDGWVGP, YQDGK ORVKOKGTWPIURQVGP\KCNG KP FGT PTCZKU KFGP-
VKHK\KGTV YWTFGP.

AWHITWPF FGT JQJGP EPGTIKGFKEJVG KO FGTOGPVGT UQYKG FGO FQOKPCPVGP EKPHNWUU FGT MCVG-
TKCNGKIGPUEJCHVGP OÒUUGP VGTUWEJUGTIGDPKUUG UGJT UWDUVTCVURG\KHKUEJ DGYGTVGV YGTFGP. BGK 
FGP JKGT FCTIGUVGNNVGP VGTUWEJGP YWTFGP SWDUVTCVG OKV TGNCVKX IGTKPIGT DKEJVG CP CDDCWDCTGP 
IPJCNVUUVQHHGP WPVGTUWEJV. IP PCEJHQNIGPFGP VGTUWEJUFWTEJN·WHGP UVGJGP NCEJYCEJUGPFG 
RQJUVQHHG KO MKVVGNRWPMV.
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Der Vario�Line Modulstall ä ein leistungsf·higes KomRlettstalls[stem 
fÒr die Schweinemast und Schweinezucht 
6Je 8Crio�.ine modWNCr stCDNe ä Cn effectiXe tWrnMe[�s[stem for 
fCttening Cnd Dreeding pigs

HANS�JªRGEN JESS

AEQ DWTQHCTO GODH, PQUVHCEJ 320, D-24755 RGPFUDWTI

SchlÒsselwÌrter� Bauwesen, GeD·udes[steme, Baukonstruktionen, StallDau, KomRlettstall, ModulDauweise, 
Schweinemast, Schweinezucht, Erdw·rmetauscher
-e[Yords� $WiNding constrWctions� tWrnMe[ stCDNe� modWNCr DWiNdings� fCtting� Dreeding� eCrtJ JeCt 
eZcJCnger

<WsCmmenfCssWng 

Bei dem Vario-Line Modulstall stellt eine hochgradige Typisierung der vorgefertigten Modul-
güllewannen, der Stallwände und der Dachkonstruktionen ein hohes Maß an Bauvorbe-
reitung und Montage in den Werkhallen des Herstellers sicher. Das vermeidet Fehler in 
einzelnen Gewerken und an den Gewerk-Schnittstellen. Die Planung und die Kalkulation 
wird dadurch vereinfacht. Vergleichsstatiken reduzieren den Aufwand im Genehmigungs-
verfahren. Die industrielle Fertigung führt zu Degressionseffekten. Betriebserforderliche 
Kundenanpassungen hinsichtlich Produktionsrichtung und -kapazität sind durch die Varia-
tion der Moduleinrichtung und die Veränderung der Modulzahl pro Stall möglich. Durch 
kurze bauseitige Montagezeiten der Bauelemente wird witterungsunabhängiger gebaut. Der 
modulare Charakter des Stalles ermöglicht die Demontage des Stalles und den Neuaufbau 
an anderer Stelle. Das erleichtert Finanzierungsplanungen. Durch die Nutzung der Fundam-
entzwischenräume unter den Modulgüllewannen ist die Integration eines Erdwärmetauschers 
sehr kostengünstig möglich.

SWmmCr[

A high degree of standardization of the prefabricated slurry cellars, the wall elements and the 
roof construction ensures a high level of preparation and mounting in the production halls of 
the supplier. This avoids mistakes within and trouble between different stable parts. Also the 
planning and the calculation is more simple then. Compareable statical calculations reduce 
the efforts for the permission formalities. The industrial production leads to effects of degres-
sion. Farm individual customer wishes concerning type and capacity of production can be 
realized by variation of the equipment and the numbers of modules per section. For reason 
of short mounting time there is a lower dependence on the weather. The modular charac-
ter of this stable makes demounting and remounting at another place possible. This makes 
financing discussions easier. By using the area between the foundations under the modules 
the integration of an earth heat exchanger is very cost extensive.
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1 Einleitung

UO FKG WPVGTUEJKGFNKEJUVGP APHQTFGTWPIGP, FKG CP GGD·WFG HÒT FKG SEJYGKPGJCNVWPI IGUVGNNV 
YGTFGP, GTHÒNNGP \W MÌPPGP, OWUU GU KP HKPUKEJV CWH GGD·WFGDTGKVG, KCPCNVKGHG, RCWOJÌJG, 
DCEJPGKIWPI WPF -GKPFGEMWPI, AW­GPHCUUCFG, LÒHVWPIUU[UVGO WPF EKPTKEJVWPI UGJT XCTKCDGN 
UGKP. BGK FGO PGWGP VCTKQ-LKPG MQFWNUVCNNU[UVGO UKPF FKGUG APHQTFGTWPIGP DGK INGKEJ\GKVKI 
JÌEJUVOÌINKEJGT T[RKUKGTWPI GTHÒNNV. DKG KGTPKFGG DCUKGTV CWH UGKPGO OQFWNCTGP AWHDCW. EKPG 
JQEJITCFKIG SVCPFCTFKUKGTWPI XQP XQTIGHGTVKIVGP GÒNNGYCPPGP WPVGTUEJKGFNKEJGT L·PIG WPF 
TKGHG UQYKG WPVGTUEJKGFNKEJGP ITQ­HQTOCVKIGP OCUUKXGP WCPFGNGOGPVGP UVGNNV GKP JQJGU MC­ 
CP BCWXQTDGTGKVWPI WPF MQPVCIG KP FGP WGTMJCNNGP FGU HGTUVGNNGTU UKEJGT. 

DKG BGUQPFGTJGKV FGT RCVGPVKGTVGP MQFWNDCWYGKUG GTOÌINKEJV DGKPCJG MQUVGPPGWVTCN FKG 
IPVGITCVKQP FGU ETFY·TOGVCWUEJGTU ORVK-KNKOC WPVGT FGO SVCNN. DKG CPGTMCPPV RQUKVKXG WKT-
MWPI XQP ETFY·TOGVCWUEJGTP KUV DKUNCPI J·WHKI CP FGP DCWCTVDGFKPIV JQJGP IPXGUVKVKQPUMQU-
VGP IGUEJGKVGTV.

2 Die Kernelemente ä industrielle Serienfertigung und doch XariaDel

2�1 Die Module

UO FGP WPVGTUEJKGFNKEJGP APHQTFGTWPIGP FGT HCNVWPIU- WPF FÒVVGTWPIUVGEJPQNQIKGP 
INGKEJUCO IGTGEJV \W YGTFGP, YWTFGP HÒT FKG SEJYGKPGRTQFWMVKQP 6 WPVGTUEJKGFNKEJ NCPIG 
GÒNNGMCPCNYCPPGP KP \YGK WPVGTUEJKGFNKEJGP TKGHGP CNU ëGTWPFDCWUVGKPGé GPVYKEMGNV. DKGUG 
GTWPFDCWUVGKPG ä FKG MQFWNG ä UKPF FKG MNGKPUVGP EKPJGKVGP GKPGU VCTKQ-LKPG MQFWNUVCNNGU 
OKV L·PIGP XQP 9 O DKU 14 O DGK GKPGT BTGKVG XQP LGYGKNU 3 O WPF GKPGT NKEJVGP TKGHG XQP 
50 EO QFGT 75 EO 
UKGJG ADDKNFWPI 1�. DKG GÒNNGYCPPGP YGTFGP OQPQNKVJKUEJ CWU B45-
WU-BGVQP IGIQUUGP.

ADD. 1� DKG VCTKCPVGP FGT MQFWNG XQP 9 DKU 14 O WPF FCU U-ENGOGPV KO ZGPVTCNICPI
The different types of modules from � m to 1� m and the central walkway U-element 
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2�2 Die W·nde

DKG W·PFG FGU VCTKQ-LKPG SVCNNGU 
2,6 O QFGT 2,9 O JQEJ� YGTFGP CWEJ KO BGVQPHGTVKIVGKN-
YGTM CWU B-45-WU-BGVQP JGTIGUVGNNV. DKG WCPFN·PIG TKEJVGV UKEJ PCEJ FGT GTÌ­G FGT ADVGKNG, 
UKG DGVT·IV KP SVCNNN·PIUTKEJVWPI KOOGT GKP VKGNHCEJGU XQP 3 O. DKG VTCWHGPUGKVKIGP AW­GP-
Y·PFG YGTFGP CNU SCPFYKEJY·PFG CWUIGHÒJTV, FKG FWTEJ FKG KPVGITKGTVG W·TOGF·OOWPI GKP 
M-WGTV XQP 0,35 W�O2�K GTTGKEJGP. SKG MÌPPGP CW­GPUGKVKI OKV HQN\UVTWMVWT, PWV\UVTWMVWT, 
WCUEJDGVQPQDGTHN·EJG, KNKPMGTUVTWMVWT QFGT OKV SVCJNUCPFYKEJGNGOGPVGP KP WWPUEJHCTDG 
CPIGDQVGP YGTFGP.

EKPG BGUQPFGTJGKV FGU VCTKQ-LKPG SVCNNGU UVGNNV FCU DKGIGUVGKHG U-ENGOGPV KO ZGPVTCNICPI 
FCT. EU YKTF CNU GKP TGKN CP FKG BCWUVGNNG IGNKGHGTV WPF DGKPJCNVGV FKG DGKFGP IPPGPY·PFG \YK-
UEJGP ZGPVTCNICPI WPF ADVGKN UQYKG FKG ZGPVTCNICPIDQFGPRNCVVG 
ADDKNFWPI 1�.

DKG VTCWHGPUGKVKIGP W·PFG YGTFGP OKV WCPFUEJWJGP CWUIGUVCVVGV, FKG CWH FGT BCWUVGNNG 
GKPG UEJPGNNG WPF UKEJGTG MQPVCIG QJPG SRTKG­G GTOÌINKEJGP. DGT EKPUCV\ XQP VTCWHGPUGKVK-
IGP BGVQPUVÒV\GP-VQTNCIGP GTOÌINKEJV ITQ­G R·WOG, FKG PKEJV FWTEJ CWUUVGKHGPFG 3WGTY·P-
FG WPVGTDTQEJGP YGTFGP OÒUUGP.

IP FGP AW­GPY·PFGP UKPF UEJQP KO BGVQPHGTVKIVGKNYGTM DTGJMKRR-TJGTO\CTIGPHGPUVGT 
KPVGITKGTV, FGTGP LKEJVGKPVTKVVUHN·EJG KOOGT 3 � FGT \WMÒPHVKIGP ADVGKNHN·EJG DGVT·IV.

3 Die Bauweise

IP FGP HÒT FGP ORVK-KNKOC SVCNN GTHQTFGTNKEJGP SVTGKHGPHWPFCOGPVGP YGTFGP Y·JTGPF FGU 
BGVQPKGTGPU LWHVFWTEJVTKVVUÌHHPWPIGP GKPIGDCWV. DKG FWPFCOGPVG TCIGP 10 DKU 15 EO CWU FGO 
BCWITWPF JGTCWU, UQ FCUU FKG ZWNWHV WPVGT FGP GÒNNGYCPPGP LG PCEJ AWUTKEJVWPI FGU SVCNNGU 
XQP FGT TTCWHGPUGKVG QFGT CWEJ XQP FGT GKGDGNUGKVG FWTEJ FKG LWHVFWTEJVTKVVUÌHHPWPIGP KP FGP 
BGTGKEJ WPVGT FGO ZGPVTCNICPI UVTÌOGP MCPP.

DKG GÒNNGYCPPG, YKTF OKV FGO AWVQMTCP CWH FKG SVTGKHGPHWPFCOGPVG IGUVGNNV. DKG SVTGKHGP-
HWPFCOGPVG WPF FKG UPVGTUGKVG FGT MQFWNIÒNNGYCPPG DKNFGP FGP ETFY·TOGVCWUEJGTMCPCN. 
DGT KTCP UVGNNV PQEJ CO INGKEJGP TCI CWEJ FKG WCPFGNGOGPVG WPF FKG MKVVGNICPI-U-ENGOGP-
VG. DWTEJ FKG WCPFUEJWJXGTDKPFWPI UKPF CNNG W·PFG UEJPGNN WPF UQHQTV DGNCUVDCT OKVGKPCP-
FGT XGTDWPFGP.

IO ZYKUEJGPTCWO FGT MKVVGNHWPFCOGPVG YKTF FKG UKEJVDCTG WPF LGFGT\GKV \WI·PINKEJG 
GÒNNGXGTTQJTWPI WPVGTIGDTCEJV. IP FGO ORVK-KNKOC SVCNN UVTÌOV JKGT CWEJ FKG ZWNWHV XQP DGK-
FGP SVCNNUGKVGP \WUCOOGP. 

DKG DCEJDKPFGT YGTFGP OKV GKPGO OQDKNGP KTCP CWH FKG WCPFGNGOGPVG IGUVGNNV. DGT INGK-
EJG KTCP JGDV FKG CWH MC­ CPIGNKGHGTVGP DCEJGNGOGPVG CWH FCU DCEJ. BGKO WCTOFCEJ MCPP 
FGT IGUCOVG DCEJTCWO CNU ZWNWHVMCPCN IGPWV\V YGTFGP.

JG PCEJ AWHUVCNNWPIU- WPF FÒVVGTWPIUNÌUWPI YGTFGP FWTEJ FKG APGKPCPFGTTGKJWPI OGJTGTGT 
MQFWNG WPVGTUEJKGFNKEJG BWEJVGP- WPF GTWRRGPITÌ­GP TGCNKUKGTDCT. 

DWTEJ GKP JQJGU MC­ CP SVCPFCTFKUKGTWPI UGPMV OCP FKG KQUVGP WPF IGY·JTNGKUVGV DGKO 
SVCNNDCW FWTEJ FKG XQTIGHGTVKIVGP MQFWNG MÒT\GUVG BCW\GKVGP. DWTEJ FKG MWT\G MQPVCIG\GKV 
CWH FGT BCWUVGNNG YKTF YKVVGTWPIUWPCDJ·PIKIGT IGDCWV.
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4 Das ORti�Klima PrinziR

W·JTGPF FGT VGTYGKNFCWGT FGT LWHV KP FGO ZYKUEJGPTCWO XQP GÒNNGYCPPG WPF ETFTGKEJ 
YKTF FKGUG KO WKPVGT CPIGY·TOV WPF DGK SQOOGTDGVTKGD GKP KÒJNGHHGMV GTTGKEJV 
ADDKNFWPI 
2�. DKG WKPVGTNWHVTCVG MCPP DGK FKGUGO S[UVGO \W 100 � WPVGT FGO SVCNN CPIGUCWIV YGTFGP, 
DGK FGT SQOOGTNWHVTCVG UKPF LG PCEJ SVCNNN·PIG EC. 60 � OÌINKEJ. DKG HÒT FGP LCPFYKTV GPV-
UVGJGPFGP KQUVGP KP HÌJG XQP EC. 4 €�O2 SVCNNITWPFHN·EJG TGUWNVKGTGP CWU FGO GTJÌJVGP 
ATDGKVUCWHYCPF DGK FGT ETUVGNNWPI FGT SVTGKHGPHWPFCOGPVG WPF FGT LWHVGKPVTKVVUÌHHPWPIGP.

ADD. 2� DCU W·TOGVCWUEJRTKP\KR KO VCTKQ-LKPG ORVK-KNKOC MQFWNUVCNN KO SQOOGTDGVTKGD 
NKPMU� WPF KO 
WKPVGTDGVTKGD 
TGEJVU�
The heat exchange principle of Vario-Line Opt-Klima in summer (left side) and winter (right side) 

UOHCPITGKEJG UPVGTUWEJWPIGP XQP MOTHES 
1973, PCEJ TIEDEMANN, 1991� \GKIGP, FCUU FKG 
VGORGTCVWTCDJ·PIKIGP WCEJUVWOUFGRTGUUKQPGP DGK SEJYGKPGP CDJ·PIKI XQP FGT LGDGPFOCU-
UG FGT TKGTG UKPF. SEJYGTGTG TKGTG UKPF M·NVGVQNGTCPVGT, NGKEJVGTG TKGTG UKPF Y·TOGVQNGTCPVGT. 

DCU KTBL 
1991� GORHKGJNV 11,25 O NCPIG RQJTG DN 200 CNU ETFY·TOGVCWUEJGTTQJTG \W 
XGTYGPFGP. EKP RQJT FKGUGT L·PIG YKTF HÒT 5 MCUVRN·V\G IGTGEJPGV. DCU GPVURTKEJV GKPGT ETF-
Y·TOGVCWUEJGTQDGTHN·EJG XQP 1,4 O2 LG MCUVRNCV\.

DKGUG GTWPFNCIGP UKPF KP FGT BCWCWUHÒJTWPI FGU VCTKQ-LKPG ORVK-KNKOC SVCNNGU DGTÒEM-
UKEJVKIV. ETUVG PTCZKUGTHCJTWPIGP OKV FGO KO FTÒJLCJT 2004 KP BGVTKGD IGPQOOGPGP 1000GT 
VCTKQ-LKPG MCUVUVCNN OKV ORVK-KNKOC XQP LWFYKI WÒJTGT \GKIGP, FCUU CWEJ KP GKPGT N·PIGT 
CPFCWGTPFGP HKV\GRGTKQFG, YKG UKG KO JWNK WPF AWIWUV 2004 CWHIGVTGVGP KUV, FKG KÒJNNGKUVWPI 
FGU ETFY·TOGVCWUEJGTU CPJCNVGPF JQEJ YCT. 

ZKVCV LWFYKI WÒJTGT� ëIO VGTINGKEJ \WO CNVGP SVCNN, FGT LC \KGONKEJ KFGPVKUEJ KUV 
APOGT-
MWPI FGU AWVQTGP� OKV FGO PGWGP VCTKQ-LKPG MQFWNUVCNN KP DG\WI CWH PTQFWMVKQPUTKEJVWPI 
WPF ADVGKNITÌ­G�, DNQ­ JCV FGT MGKPGP ETFY·TOGVCWUEJGT, UQPFGTP GKPG ICP\ PQTOCNG ZWNÒH-
VWPI, JCV OCP PWP FGP UPVGTUEJKGF IGUGJGP. BGK FGP JQJGP TGORGTCVWTGP LGV\V KO SQOOGT 
OKV 30 DKU 34 uC LWHVVGORGTCVWT, JCDGP YKT KP FGO CNVGP SVCNN DGK INGKEJGT ADVGKNITÌ­G UQ EC. 
34 uC KO ADVGKN WPF KP FGO PGWGP SVCNN CWEJ DGK INGKEJGP TKGTIGYKEJVGP JCDGP YKT UQ EC. 
30 uC.é

4�1 Wirtschaftliche GesichtsRunkte des Erdw·rmetauschers ORti�Klima

NCEJ UPVGTUWEJWPIGP MOTHES 
1973, PCEJ TIEDEMANN, 1991� GTIKDV UKEJ HÒT MCUVUEJYGKPG 
OKV GKPGO OKVVNGTGP GGYKEJV XQP 70 MI HÒT GKPG CPIGPQOOGPG TGORGTCVWTCDMÒJNWPI WO 
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3 K XQP 30 uC CWH 27 uC GKPG SVGKIGTWPI FGT TCIGU\WPCJOGP WO 150 I�F. FÒT FKG HQNIGPFG 
BGYGTVWPI YKTF XQP GKPGO TCIGU\WPCJOG-EHHGMV KP HÌJG XQP 100 I�F CWUIGICPIGP. EU YKTF 
PWT FGT FWTEJ FKG JÌJGTGP TCIGU\WPCJOGP IGURCTVG ETJCNVWPIUDGFCTH KP APUCV\ IGDTCEJV. 
ETJÌJVG ETJCNVWPIUDGFCTHG \WO AWUINGKEJ FGT KÌTRGTVGORGTCVWTGP 
HKV\JGEJGNP� DNGKDGP 
WPDGTÒEMUKEJVKIV. DGT EHHGMV YKTF RTQ TCI FKGUGT WKTMWPI GTOKVVGNV. 

TCD. 1� DGT EHHGMV FGT KÒJNWPI FWTEJ FGP ETFY·TOGVCWUEJGT CWH FKG FWVVGTMQUVGPGKPURCTWPI KP ADJ·PIKIMGKV 
XQP FGT DCWGT FGT KÒJNHWPMVKQP 
The effect of number of earth heat exchanger cooling days on feed cost savings 

SMAG 
[kg]

SMEG 
[kg]

Mastdauer 
MD 1 ohne 

Wärme-
tausch [d]

Tage mit 
Kühl-

bedarf[d]

Mastdauer 
MD 2 mit 
Wärme-

tausch [d]

Differenz 
MD 1 zu 
MD 2 [d]

Futterein-
sparung an 

Differenztagen 
[kg]

monetäre 
Bewertung 
der Futter-
einsparung 

[€]

25 110 113,3 20 110,7 2,7 2,6 0,59

25 110 113,3 40 108,0 5,3 5,2 1,19

25 110 113,3 60 105,3 8,0 7,7 1,78

25 110 113,3 80 102,7 10,7 10,3 2,37

25 110 113,3 100 100,0 13,3 12,9 2,97

Annahmen: Standardtageszunahmen: 750 g/d, Standardmastanfangsgewicht SMAG: 25 kg, Standardmas-
tendgewicht SMEG: 110 kg, angenommene Erhöhung der Tageszunahmen durch Erdwärmetauscher an Tagen 
mit Kühlbedarf: 100 g/d, Erhaltungsbedarf für durchschnittlich 70 kg schwere Mastschweine je Tag: 11,6 MJ 
ME/d, Futterkosten für Futter mit 12 MJ ME/kg: 23,– €/100kg.

TCD. 2� DGT EHHGMV FGT HGK\WPI FWTEJ FGP ETFY·TOGVCWUEJGT CWH FKG HGK\MQUVGPGKPURCTWPI KP ADJ·PIKIMGKV 
XQP FGT DCWGT FGT HGK\HWPMVKQP
The effect of number of earth heat exchanger heating days on heating cost savings

WOF [m2]
HLM2 
[W/m2]

Tage mit 
Heizbedarf [d]

Heizenergie an 
Tagen mit Heiz-
bedarf [kWh]

Heizenergie-
kosten aus Gas 

[€/kWh]
Heizenergieeinsparung 

je Mastschwein [€]

1,6 75 20 36,0 0,03 1,1

1,6 75 40 72,0 0,03 2,2

1,6 75 60 108,0 0,03 3,2

1,6 75 80 144,0 0,03 4,3

1,6 75 100 180,0 0,03 5,4

Annahmen: Wärmetauscheroberfläche je Mastschwein WOF: 1,6 m2, Heizleistung je m2 Wärmetauscherober-
fläche HLM2: 75 W/m2, Tage mit Heizbedarf: Tage mit Temperaturen unter – 4°C

DKG YKPVGTNKEJG HGK\NGKUVWPI GKPGU ëVKGHé XGTNGIVGP ETFY·TOGVCWUEJGTU DGVT·IV \YKUEJGP 50 
WPF 150 W�O2 ODGTHN·EJG 
TIEDEMANN, 1991�. FÒT FKG HQNIGPFG BGYGTVWPI YKTF OKV GKPGT 
HGK\NGKUVWPI XQP 75 W�O2 ODGTHN·EJG IGTGEJPGV. DKG W·TOGVCWUEJGTQDGTHN·EJG DGVT·IV DGK 
FGO ORVK-KNKOC SVCNN EC. 1,6 O2 LG MCUVUEJYGKP. DGT DGYGTVGVG HGK\GHHGMV KO WKPVGT YKTF 
YKG FGT DGYGTVGVG KÒJNGHHGMV LG TCI GTOKVVGNV.



3�2 BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI

VORTR�GE

TCD. 3� DKG SWOOG XQP HGK\- WPF FWVVGTGKPURCTWPI OKV \WPGJOGPFGT AP\CJN CP TCIGP OKV HGK\- D\Y. KÒJN-
DGFCTH
The effect of number of heating and cooling days on cost savings 

Tage mit Heizbedarf [d]
0 20 40 60 80 100

Ta
ge

 m
it 

Kü
hl

be
da

rf 
[d

]

0 0,00 € 1,08 € 2,16 € 3,24 € 4,32 € 5,40 €

20 0,59 € 1,67 € 2,75 € 3,83 € 4,91 € 5,99 €

40 1,19 € 2,27 € 3,35 € 4,43 € 5,51 € 6,59 €

60 1,78 € 2,86 € 3,94 € 5,02 € 6,10 € 7,18 €

80 2,38 € 3,46 € 4,54 € 5,62 € 6,70 € 7,78 €

100 2,97 € 4,05 € 5,13 € 6,21 € 7,29 € 8,37 €

DWTEJ FKG IPXGUVKVKQPUMQUVGP HÒT FKG FWPFCOGPVCPRCUUWPIGP HÒT FGP ORVK-KNKOC SVCNN KP 
HÌJG XQP 4,ä € LG O2 SVCNNITWPFHN·EJG MÌPPGP FKG JCJTGUHGUVMQUVGP GTOKVVGNV YGTFGP. FÒT FKG 
NCWHGPFGP KQUVGP, FKG FWTEJ ORVK-KNKOC GPVUVGJGP, YKTF HÒT FKG JÌJGTG VGPVKNCVQTGPNGKUVWPI 
CWH GTWPF FGT IGTKPIHÒIKI JÌJGTGP DTWEMFKHHGTGP\ YKG KO KTBL ATDGKVUDNCVV 1086 
1991� 
RCWUEJCN OKV 10� JÌJGTGP KQUVGP IGTGEJPGV. APPCJOGP� 
 î IPXGUVKVKQPUMQUVGP ORVK-KNKOC� 4,ä €�O2 SVCNNITWPFHN·EJG
 î SVCNNITWPFHN·EJG LG MCUVRNCV\� 1 O2

 î ADUEJTGKDWPIUFCWGT� 15 JCJTG
 î VGT\KPUWPI FGU GKPIGUGV\VGP KCRKVCNU� 7 �
 î ADUEJTGKDWPI� 4,ä € � 15 JCJTG � 0,27 €�MCUVRNCV\
 î VGT\KPUWPI� 4,ä € � 2 � 7 � � 0,14 €�MCUVRNCV\
 î BGVTKGDUMQUVGP 
RCWUEJCN HÒT JÌJGTG LÒHVGTNGKUVWPI��  0,30 €�MCUVRNCV\
 î JCJTGUMQUVGP� �,�1 €�MastRlatz

WGPP GU PWT KÒJNDGFCTH I·DG, YÒTFG UKEJ CD L·JTNKEJ 24 TCIGP NGKUVWPIUUVGKIGTPFGT 
KÒJNYKTMWPI FGU ORVK-KNKOC SVCNNGU WPVGT FGP IGVTQHHGPGP APPCJOGP FKG IPXGUVKVKQP TGEJ-
PGP. WGPP GU PWT HGK\DGFCTH I·DG, YÒTFG UKEJ CD L·JTNKEJ 14 TCIGP JGK\MQUVGPURCTGPFGT 
HGK\YKTMWPI FGU ORVK-KNKOC SVCNNGU WPVGT FGP IGVTQHHGPGP APPCJOGP FKG IPXGUVKVKQP TGEJPGP. 
EKPG ZWPCJOG FGT ëWCTOVCIGé WPF ëKCNVVCIGé JKGTÒDGT JKPCWU XGTDGUUGTV FKG YKTVUEJCHVNKEJG 
SKVWCVKQP. 

DWTEJ INGKEJO·­KIG TGORGTCVWTGP UQNN KP FGT EDGTJCNVWPI FKG SRGTOCSWCNKV·V YGUGPVNKEJ 
XGTDGUUGTV WPF KP FGT SCWGPJCNVWPI FKG RGUQTRVKQP FGT FÌVGP KO DGEM\GPVTWO XGTTKPIGTV 
YGTFGP. DCPP KUV GKP JÌJGTGT YKTVUEJCHVNKEJGT APUCV\ HÒT FKG KÒJNWPI IGTCFG KP FKGUGP HCN-
VWPIUCDUEJPKVVGP IGIGDGP 
DLG MGTMDNCVV 332, 2003�. 

DCU GGUCOVMQP\GRV, DGIKPPGPF DGK FGT GÒNNGYCPPG DKU \W FGO CDIGYCPFGNVGP ETFY·T-
OGVCWUEJGT KUV GKP\KICTVKI KP FKGUGT FQTO.
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IntensiXtierhaltung und Umweltschutz� Ein komDiniertes Verfahren zur 
FlÒssigmist� und ADluftDehandlung
+ntensiXe CnimCN JWsDCndr[ Cnd enXironmentCN protection� 
# comDinCtion of NiSWid mCnWre processing Cnd eZJCWst Cir cNeCning

MARCUS KIUNTKE1, KLAUS FAHLBUSCH1, HERMANN VAN DEN WEGHE2

1 WEDA DCOOCPP � WGUVGTMCOR GODH, D-49424 LWVVGP

2 FQTUEJWPIU\GPVTWO HÒT VGTGFGNWPIUYKTVUEJCHV, UPKXGTUKV·V GÌVVKPIGP, D-49377 VGEJVC

SchlÒsselwÌrter� Mastschweine, GÒlleXerarDeitung, Luftw·scher
-e[Yords� (Cttening pigs� mCnWre processing� CirscrWDDer

<WsCmmenfCssWng

Ziel des Verfahrens ist eine weitgehende Reduzierung negativer Umwelteinflüsse, insbeson-
dere durch Schadgase in der Abluft von Viehhaltungsanlagen und die übermäßige Anwen-
dung von Gülle als Wirtschaftdünger. Das Verfahren ECOWEL und wurde von der Firma 
WEDA entwickelt. Die frische Gülle wird separiert. Die Feststoff-Fraktion wird anschließend 
granuliert und weiter getrocknet. Der überschüssige Stickstoff in der Dünnfraktion der Gülle 
wird nitrifiziert und denitrifiziert. Die Fraktion wird anschließend einer Druckfiltrationsanla-
ge zugeführt und danach zur Deckung des Wasserbedarfs eines Bio-Luftwäschers verwendet. 
Es kommen zwei neue Fest-Flüssig-Trennapparate zum Einsatz: ein weiterentwickelter Press-
schneckenseparator und eine Druckfiltrationsanlage, das sogenannte Tower-Filter.

SWmmCr[

A goal of the process is the large reduction of negative environmental influences in particular 
by noxious gases in the exhaust air of animal husbandry plants and the excessive application 
of liquid manure. The process has the name ECOWEL and was developed by the company 
WEDA. The fresh liquid manure from the stable is separated. The solid fraction is afterwards 
granulated and continued to dry. The surplus nitrogen in the liquid fraction of the liquid 
manure is nitrified and denitrified. The liquid fraction is supplied afterwards to a pressure 
filtration plant. The filtrate is then supplied for the covering of the water requirement of a 
bio air washer. Two new solid-liquid separators are used: a further developed screw press 
separator and a pressure filtration plant, the so-called Tower filter.
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1 Einleitung und Zielsetzung

ÜDGTIGQTFPGVGU ZKGN FKGUGU VGTHCJTGPU KUV FKG YGKVIGJGPFG RGFW\KGTWPI XQP PGICVKXGP 
UOYGNVDGGKPHNWUUWPIGP FWTEJ FKG KPVGPUKXG VKGJJCNVWPI. DKGU UKPF KO YGUGPVNKEJGP WOYGNV-
UEJ·FKIGPFG EKPHNÒUUG FWTEJ SEJCFICUG KP FGT ADNWHV XQP VKGJJCNVWPIUCPNCIGP WPF UQNEJG, 
FKG CWH FKG LCIGTWPI WPF APYGPFWPI FGT GÒNNG \WTÒEM\WHÒJTGP UKPF. DCDGK YKTF GKP FG\GP-
VTCNGU KQP\GRV XGTHQNIV, FCU \WFGO OQFWNCT CWHIGDCWV KUV WPF FGO\WHQNIG IGPCW CP FKG 
KPFKXKFWGNNGP ETHQTFGTPKUUG FGU BGVTKGDGU CPIGRCUUV YGTFGP MCPP. AW­GTFGO KUV FGT APDCW 
QFGT AWUDCW CP DGUVGJGPFG SVCNNCPNCIGP OÌINKEJ. ZKGNITWRRG FKGUGT TGEJPQNQIKG UKPF KPUDG-
UQPFGTG SEJYGKPGOCUV-BGVTKGDG OKV GKPGT GTÌ­GPQTFPWPI XQP OGJT CNU 2000 TKGTRN·V\GP. 
ZKGNG FGU VGTHCJTGPU UKPF
 î FKG HGTUVGNNWPI GKPGU VTCPURQTVYÒTFKIGP DÒPIGTU KP FQTO XQP FGUVUVQHH-GTCPWNCV,
 î FKG VQNWOGP-RGFW\KGTWPI FGT GÒNNG-DÒPPHTCMVKQP WPF FKG 
 î RGFW\KGTWPI FGT AOOQPKCM-, SVCWD- WPF GGTWEJUGOKUUKQPGP CWU FGO SVCNNDGTGKEJ.

DCU VGTHCJTGP JCV FGP NCOGP ECOWEL WPF YWTFG XQP FGT FKTOC WEDA GPVYKEMGNV. 
DKG YKUUGPUEJCHVNKEJG BGVTGWWPI FGU PKNQVRTQLGMVGU GTHQNIV FWTEJ FCU FQTUEJWPIU\GPVTWO HÒT 
VGTGFGNWPIUYKTVUEJCHV KP VGEJVC. DCU S[UVGO DGHKPFGV UKEJ FGT\GKV KP FGT ETRTQDWPIURJCUG KP 
GKPGO RTCZKUTGNGXCPVGP MC­UVCD.

2 Material und Methoden

DKG HTKUEJG GÒNNG CWU FGO SVCNN YKTF \WP·EJUV GPVURTGEJGPF FGO TCIGUCPHCNN GKPGO PTGUU-
UEJPGEMGPUGRCTCVQT \WIGHÒJTV. DKG FGUVUVQHH-FTCMVKQP CWU FGT SGRCTKGTWPI, YKTF CPUEJNKG­GPF 
ITCPWNKGTV WPF KP FKGUGT FQTO GKPGO OGJTUVÌEMKIGP BCPFVTQEMPGT \WIGHÒJTV. DCU GTCPWNCV 
YKTF KP FGO TTQEMPGT CWH GKPGP TTQEMGPUWDUVCP\IGJCNV XQP ÒDGT 80 � IGVTQEMPGV. DKG 
GGYKEJVUTGFW\KGTWPI FGT PGNNGVU IGIGPÒDGT FGT GÒNNG DGVT·IV GVYC 90 DKU 95 �, YQFWTEJ 
GTJGDNKEJG TTCPURQTVXQTVGKNG GT\KGNV YGTFGP. DKG DÒPPHTCMVKQP CWU FGT SGRCTKGTWPI YKTF 
FGO BKQTGCMVQT \WIGHÒJTV. DWTEJ NKVTKHKMCVKQP WPF DGPKVTKHKMCVKQP YKTF FGT ÒDGTUEJÒUUKIG 
SVKEMUVQHH KO FQTO XQP N2 
ICUHÌTOKI� CP FKG UOIGDWPI CDIGIGDGP. DKG DKQNQIKUEJG VGTCT-
DGKVWPI GTHQNIV KP GKPGO SGSWGPVKCN BCVEJ RGCMVQT 
SBR�. MKV FGO SBR-VGTHCJTGP YKTF GKPG 
RGFW\KGTWPI FGT GGUCOV-SVKEMUVQHH FTCEJV KP FGT GÒNNG-DÒPPHTCMVKQP WO OKPFGUVGPU 90 � 
GTTGKEJV. AW­GTFGO YGTFGP GGTWEJUVQHHG YKG \. B. HNÒEJVKIG FGVVU·WTGP XQNNUV·PFKI CDIGDCWV. 
DGT ADNCWH CWU FGT BKQNQIKG KUV FGOPCEJ PCJG\W IGTWEJNQU WPF UVKEMUVQHHCTO. AWHITWPF FGU 
IGTKPIGP AOOQPKWO-GGJCNVGU 
� 50 OI�N� WPF FGT ADYGUGPJGKV IGTWEJUKPVGPUKXGT SVQHHGP, 
MCPP FKG FNÒUUKIMGKV OKV LWHV KP KQPVCMV IGDTCEJV YGTFGP QJPG FCU PGPPGPUYGTVG, \WU·V\NKEJG 
EOKUUKQPGP CWHVTGVGP.

DGT ADNCWH CWU FGO SBR YKTF GKPGT DTWEMHKNVTCVKQPUCPNCIG \WIGHÒJTV. DCU FKNVTCV KUV 
RTCMVKUEJ HTGK XQP FGUVUVQHHGP 
SS-ADUEJGKFWPI   99,8 �� WPF YKTF GKPGO BKQ-LWHVY·UEJGT 
\WIGHÒJTV. DKG ITQ­G KQPVCMVHN·EJG FGU RKGUGNDGVVGU OCEJV GU OÌINKEJ, AOOQPKCM WPF 
IGTWEJUKPVGPUKXG SVQHHG KP ITQ­GT MGPIG CWU FGT LWHV KP FKG FNÒUUKIMGKV \W ÒDGTHÒJTGP. DGT 
WCUUGTDGFCTH FGU BKQ-LWHVY·UEJGTU UQNN YGKVIGJGPF OKV FGO ADNCWH CWU FGO BKQTGCMVQT D\Y. 
FGT FKNVTCVKQP IGFGEMV YGTFGP. UO FCU VGTFWPUVWPIURQVGPVKCN XQNN CWUUEJÌRHGP \W MÌPPGP 
KUV GKP FKNVTCVURGKEJGT XQTIGUGJGP. EKP TGKN FGT WCUEJHNÒUUKIMGKV YKTF CNU SEJNCOO CDIG\QIGP 
WPF FGO EPFNCIGT \WIGHÒJTV.
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ADD. 1� SEJGOC FGU ECOWEL-FCTOU[UVGOU

ADD. 2� BGKURKGN OKV BKQICUCPNCIG WPF MÌINKEJMGKVGP FGT FGUVUVQHHMQPFKVKQPKGTWPI

AWUIGJGPF XQP FKGUGO GTWPFUEJGOC UKPF \CJNTGKEJG VCTKCPVGP OÌINKEJ, FKG UKEJ FWTEJ FKG 
EKPDG\KGJWPI GKPGT BKQICUCPNCIG GTIGDGP. WKG KP ADD. 2 IG\GKIV, MCPP KO EKP\GNHCNN CWEJ 
GKPG KQPFKVKQPKGTWPI FGT FGUVUVQHHG FWTEJ TTQEMPWPI, H[IKGPKUKGTWPI QFGT KQORQUVKGTWPI 
GTHQTFGTNKEJ UGKP. AWEJ FKG ADNWHVTGKPKIWPI UVGNNV GKPG ORVKQP FCT, CWH FKG KO EKP\GNHCNN XGT-
\KEJVGV YGTFGP MCPP. EKPG SEJNÒUUGNRQUKVKQP KP FGP JKGT XQTIGUVGNNVGP VGTHCJTGPUXCTKCPVGP 
PKOOV FKG FGUV-FNÒUUKI-TTGPPWPI XQP GÒNNG D\Y. G·TUWDUVTCVGP GKP. ZWT ETHÒNNWPI FGT DGUQP-
FGTGP APHQTFGTWPIGP KO NCPFYKTVUEJCHVNKEJGP BGTGKEJ OWUUVGP URG\KGNNG MCUEJKPGP D\Y. 
ARRCTCVG GPVYKEMGNV YGTFGP. DCTCWU JGTXQTIGICPIGP UKPF DKUJGT GKP YGKVGTGPVYKEMGNVGT 
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PTGUUUEJPGEMGP-SGRCTCVQT WPF GKPG DTWEMHKNVTCVKQPUCPNCIG, FCU UQIGPCPPVG TQYGT-FKNVGT. DKG 
UPVGTUEJKGFG NKGIGP KPUDGUQPFGTG KP FGP GTTGKEJDCTGP ADUEJGKFGITCFGP WPF FGP FCOKV XGT-
DWPFGPGP BGVTKGDUMQUVGP, YQFWTEJ UKEJ WPVGTUEJKGFNKEJG EKPUCV\DGTGKEJG HÒT DGKFG ARRCTCVG 
GTIGDGP.

3 ErgeDnisse der Voruntersuchungen

PressschneckenseRarator� DKG GÒNNG D\Y. FCU G·TUWDUVTCV YKTF FGO SGRCTCVQT QJPG ZWUCV\-
UVQHHG \WIGHÒJTV. DKG TTGPPWPI KP GKPG HGUVG WPF GKPG HNÒUUKIG FTCMVKQP GTHQNIV \YGKUVWHKI� IP 
FGT GTUVGP SVWHG YKTF FGT ITÌ­VG TGKN FGT FNÒUUKIMGKV FWTEJ GKP SRCNVGPUKGD OKV GKPGT SRCNVGP-
YGKVG XQP 0,35 DKU 0,7 OO CDIGVTGPPV. APUEJNKG­GPF GTHQNIV GKPG NCEJGPVY·UUGTWPI FGT 
HGUVGP FTCMVKQP OKV HKNHG GKPGU LQEJUKGDGU. DGT GGIGPFTWEM CWH FGP FGUVUVQHHRHTQRHGP YKTF OKV 
GKPGO DTWEMNWHV\[NKPFGTU CWHIGDTCEJV, FGT CWH GKPGP MGIGNHÌTOKIGP VGTUEJNWUU YKTMV. 

TCD. 1� PTGUUUEJPGEMGPUGRCTCVQT, VGTVGKNWPI CWH HGUVG WPF HNÒUUKIG FTCMVKQP 
��

Gülle Feste Fraktion Flüssige Fraktion

Masse 9 91

Trockenmasse 50 50

Gesamt-Stickstoff 16 84

Phosphat (P2O5) 38 62

Vergorene Gülle Feste Fraktion Flüssige Fraktion

Masse 12 88

Trockenmasse 60 40

Gesamt-Stickstoff 21 79

Phosphat (P2O5) 52 48

DGT SGRCTCVQT YWTFG OKV GÒNNG WPF XGTIQTGPGT GÒNNG QJPG CQ-SWDUVTCVG IGVGUVGV. DKG IGOKV-
VGNVGP SGRCTCVKQPUGTIGDPKUUG UKPF KP TCDGNNG 1 CWHIGHÒJTV. DCU \WIGHÒJTVG MCVGTKCN YWTFG \W 
9�12 � 
GÒNNG�XGTIQTGPG GÒNNG� KP GKPG HGUVG FTCMVKQP WPF \W 91�88 � KP GKPG HNÒUUKIG FTCMVKQP 
UGRCTKGTV. DKG TTQEMGPOCUUGIGJCNVG FGT FGUVUVQHHHTCMVKQP YCTGP OKV 39�29 � TGEJV WPVGTUEJKGF-
NKEJ. EKPG DGUQPFGTU IWVG ADUEJGKFGNGKUVWPI \GKIVG FGT SGRCTCVQT DG\ÒINKEJ FGT TTQEMGPOCUUG 
OKV 50�60 � 
GÒNNG�XGTIQTGPG GÒNNG� WPF HÒT PJQURJCV 38�52 � 
GÒNNG�XGTIQTGPG GÒNNG�. 
BG\ÒINKEJ GGUCOV-SVKEMUVQHH YWTFGP NGFKINKEJ ADUEJGKFGITCFG XQP 16�21 � IGOGUUGP, YCU 
CWH FGP JQJGP APVGKN CP IGNÌUVGP SVKEMUVQHHXGTDKPFWPIGP KP FQTO XQP AOOQPKWO \WTÒEM\W-
HÒJTGP KUV. IPUIGUCOV YCTGP FKG ADUEJGKFGGTIGDPKUUG HÒT FCU XGTIQTGPG MCVGTKCN GVYCU DGUUGT 
CNU DGK WPXGTIQTGPGT GÒNNG.
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TCD. 2� TQYGT-FKNVGT, VGTVGKNWPI CWH HGUVG WPF HNÒUUKIG FTCMVKQP 
��, TIMMERMAN 
2004�

Feste Fraktion Flüssige Fraktion

Masse 30 70

Trockenmasse 88 12

Organische Masse 95 5

Stickstoff 51 49

Ammonium-N 34 66

Organischer-N 95 5

Phosphat (P2O5) 99 1

Kalium (K2O) 31 69

Natrium (Na2O) 29 71

Magnesium (MgO) 84 16

Tower�Filter� CJCTIGP FGT GÒNNG YGTFGP XQO GÒNNGNCIGT KP FGP APOKUEJVCPM IGRWORV. 
NCEJ FGO AWHTÒJTGP YGTFGP KQCIWNCVKQPU- WPF FNQEMWPIUOKVVGN JKP\WIGHÒIV WPF PCEJ FGT 
NGV\VGP ZWICDG YKTF FGT BGJ·NVGT GTPGWV IGTÒJTV. DKG MKUEJWPI YKTF KP MNGKPGP CJCTIGP KP 
FCU TQYGT-FKNVGT IGRWORV WPF CPUEJNKG­GPF KP GKPG HGUVG WPF GKPG HNÒUUKIG FTCMVKQP IGVTGPPV. 
DCU PTKP\KR FGT SGRCTCVKQP DCUKGTV CWH FGT DTWEMHKNVTCVKQP. DKG HNÒUUKIG FTCMVKQP YKTF KP GKPGP 
LCIGTVCPM IGRWORV WPF FKG HGUVG FTCMVKQP YKTF OKV GKPGT AWUVTCIUUEJPGEMG QFGT GKPGO FÌT-
FGTDCPF YGIIGHÌTFGTV.

ADD. 3� DTWEMHKNVTCVKQPUCPNCIG TQYGT-FKNVGT

IO RCJOGP GKPGU DCWGTXGTUWEJU ÒDGT XKGT TCIG YWTFG FCU TQYGT-FKNVGT OKV HGTOGPVKGTVGT 
GÒNNG IGVGUVGV. IPUIGUCOV YWTFGP 22.345 LKVGT GÒNNG UGRCTKGTV. DKG HQNIGPFGP SVQHHG YWTFGP KP 
CJCTIGP OKVGKPCPFGT XGTOKUEJV� 300 MI GÒNNG OKV 5,62 MI EKUGPUWNHCV, 12,5 MI PQN[OGTNÌUWPI 
WPF 0,05 ON EPVUEJ·WOWPIUOKVVGN. DKG KCRC\KV·V FGU FKNVGTU NCI Y·JTGPF FGU XKGTV·IKIGP VGT-
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UWEJGU DGK GVYC 12 O3 RTQ TCI. DKG SGRCTCVKQPUGTIGDPKUUG UKPF KP TCDGNNG 2 CWHIGHÒJTV. DKG 
\WIGHÒJTVG GÒNNG YWTFG \W 30 � KP GKPG HGUVG FTCMVKQP WPF \W 70 � KP GKPG HNÒUUKIG FTCMVKQP 
UGRCTKGTV. NCJG\W FKG IGUCOVG QTICPKUEJG MCUUG, FGT QTICPKUEJG SVKEMUVQHH, FCU PJQURJCV WPF 
FGT ITÌ­VG TGKN FGU MCIPGUKWOU IGNCPIVG KP FKG HGUVG FTCMVKQP. DKG FKNVTCVKQP JCV MGKPG AWUYKT-
MWPI CWH FKG KQP\GPVTCVKQPGP XQP AOOQPKWO-SVKEMUVQHH, KCNKWO WPF NCVTKWO KP FGT HGUVGP 
WPF FGT HNÒUUKIGP PJCUG. DKG HNÒUUKIG FTCMVKQP DGUVGJV PCJG\W CWUUEJNKG­NKEJ CWU IGNÌUVGP 
BGUVCPFVGKNGP OKV GKPGT KQP\GPVTCVKQP XQP YGPKIGT CNU 1 � CP QTICPKUEJGP SWDUVCP\GP. DKG 
IPXGUVKVKQPUMQUVGP YWTFGP OKV 1,69 € RGT TQPPG GÒNNG WPF FKG BGVTKGDUMQUVGP OKV 3,49 € RGT 
TQPPG GÒNNG XGTCPUEJNCIV.

4 AusDlick

DKG APNCIG DGHKPFGV UKEJ \WO ZGKVRWPMV FGT ETUVGNNWPI FKGUGU BGTKEJVGU KP FGT BCWRJCUG. MKV 
GTUVGP ETIGDPKUUGP \WT LGKUVWPI FGT ADNWHVTGKPKIWPIUCPNCIG, FGU SBR WPF FGT TTQEMPWPIUNKPKG 
KUV CD MKVVG 2005 \W TGEJPGP. EKPG \WXGTN·UUKIG KQUVGPCDUEJ·V\WPI HÒT FCU IGUCOVG S[UVGO 
KUV \WO IGIGPY·TVKIGP ZGKVRWPMV PQEJ PKEJV OÌINKEJ. DKG HGTUVGNNWPI GKPGU VTCPURQTVYÒT-
FKIGP DÒPIGT-GTCPWNCVGU OKV GKPGT RGUVHGWEJVG XQP YGPKIGT CNU 20 � KUV OKV XGTVTGVDCTGO 
AWHYCPF GTTGKEJDCT. DKG DKQNQIKUEJG P- WPF N-RGFW\KGTWPI KP GÒNNG KUV GKP KP \CJNTGKEJGP 
APYGPFWPIGP GTRTQDVGU VGTHCJTGP. DKG CPIGUVTGDVGP ADDCWITCFG UKPF FWTEJ PTCZKUWPVGTUW-
EJWPIGP DGNGIV, \. B. FERNANDES 
1994�, WILLERS GV CN. 
1996�. DCU RKGUGNDGVVXGTHCJTGP YKTF 
UGKV XKGNGP JCJTGP KO BGTGKEJ FGT ADNWHVTGKPKIWPI CP VKGJUV·NNGP GKPIGUGV\V. FÒT AOOQPKCM 
YGTFGP DGK IGGKIPGVGT AWUNGIWPI FCWGTJCHV EOKUUKQPUOKPFGTWPIUITCFG QDGTJCND XQP 50 � 
GTTGKEJV. BGK FGP GGTWEJUGOKUUKQPGP UEJYCPMGP FKG MKPFGTWPIUITCFG LGFQEJ GTJGDNKEJ KP 
GKPGO BGTGKEJ \YKUEJGP 23 WPF 91 �, KIUNTKE 
2001�. DKG DKOGPUKQPKGTWPI GTHQNIVG KP 
APNGJPWPI CP ETHCJTWPIUYGTVG OKV DGUVGJGPFGP APNCIGP WPF CPGTMCPPVGP RGIGNYGTMGP, \. B. 
VDI-RKEJVNKPKG 3478.
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Production of meat and XegetaDles in a staDle�greenhouse s[mDiosis 
s[stem� The Deginning of a green reXolution!
ProdWMtion Xon (NeiscJ Wnd )emÒse in S[mDiose� &er $eginn einer 
grÒnen 4eXoNWtion!

AAD VAN DER WIJNGAART

VCP FGT WKLPICCTVæU EPIKPGGTKPI SGTXKEGU, KCRGNUVTCCV 40, NL-4841 GJ PTKPUGPDGGM

Ke[words� Animal farming, green farming, enXironment, closed s[stem, reduction of energ[, greenhouse 
gasses, economic imRroXements 
ScJNÒsseNYÌrter� 8ieJ� )rÒnNCnd� gemiscJte .CndYirtscJCft� )eY·cJsJ·Wser� 7mYeNt� 4edW\ierWng� 
'nergie� 6reiDJCWsgCse� ÌMonomiscJe 8erDesserWng

SWmmCr[

Agricultural production creates many problems like air-, soil and groundwater pollution and 
heat and CO2 emissions causing global warming. Many problems are caused by specialisa-
tion. Fifty years ago it was much simpler. People had their own pig, chickens and a vegetable 
garden. Kitchen waste went to the animals, manure was used to feed the plants. There were 
no rests at all� With the increase of population more food was needed, in consequence some 
people became responsible for the food production. This was the beginning of specialisation 
and the beginning of current problems. The mixed farmyards became out of interest and food 
industrialisation began. By reintroducing the “mixed farmyard” at a “high tech” level of the 
year 2000+ many problems are solved even improving the balance between human beings, 
animals/greens and the environment. The signal is: more profit for the farmer in a symbiosis. 
Is this the beginning of a green revolution?

<WsCmmenfCssWng

Die landwirtschaftliche Produktion verursacht viele Probleme wie Luft-, Boden- und Grund-
wasserverschmutzung, Wärme- und CO2-Abgabe bewirken globale Erwärmung. Häufig ist 
Spezialisierung die Ursache. Vor �0 Jahre hatte jeder sein Schwein, Hühner und einen Gemü-
segarten. Küchenabfälle landeten bei den Tieren, der Mist wurde als Dünger genutzt. Es gab 
keine Abfälle� Mit der Bevölkerungszunahme verlor diese gemischte Bewirtschaftung an 
Bedeutung, die Nahrungsproduktion wurde industrialisiert. Mit dieser Spezialsierung began-
nen die Probleme. Auf dem technischen Niveau des Jahres 2000+ zurück zum „Gemischten 
Bauernhof“ könnte viele Probleme lösen und die Balance zwischen Mensch und der Umwelt 
wiederherstellen. Das Motto heißt: Mehr Profit für den Landwirt mittels Symbiose. Ist dies der 
Beginn einer grünen Revolution?
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1 Introduction

BGKPI C HCTOGT KU C XGT[ QNF RTQHGUUKQP. IP HQTOGT FC[U VJG HCTOGTU JCF C RKGEG QH NCPF HQT VJGKT 
QYP CPF NCVGT HQT VJGKT HCOKN[ CPF PGKIJDQWTJQQFU. NQYCFC[U YKVJ CNN VJG [GCT TQWPF CXCKN-
CDKNKVKGU QH URGEKHKE HQQF, RTQFWEVKQP KU HQT VJG INQDCN OCTMGV. FCTOGTU PGGF VQ EQORGVG YKVJ 
NQY YCIG EQWPVTKGU NKMG BTC\KN, ATIGPVKPC, PQNCPF, MQTQEEQ GVE. TJG YGUVGTP EQWPVTKGU OWUV 
KPETGCUG VJG UECNG QH QRGTCVKQP, TGFWEG QXGTJGCFU CPF GZVTC EQUVU KH VJG[ YCPV VQ EQORGVG YKVJ 
VJG NQY YCIG EQWPVTKGU. IP VJG EWTTGPV GEQPQOKECN OQFGN VJG RTQDNGOU HQT VJG GPXKTQPOGPV 
CTG KPETGCUKPI VQQ�

2 DescriRtion of the RroDlem and goal

PTQFWEVKQP QH OGCV CPF XGIGVCDNGU DGEQOGU OQTG KPVGPUKXGN[. APKOCNU NKMG RKIU CTG JGNF KP 
EQPEGPVTCVGF RNCEGU CPF KP C JWIG XQNWOG. APKOCNU CTG NKXKPI KP DWKNFKPIU QP ITKFU CDQXG 
oRen sewers YJGTG VJG[ KPJCNG COOQPKC CPF QVJGT RQKUQPQWU ICUUGU. DWG VQ VJKU UKVWC-
VKQP OQUV QH VJG CPKOCNU CTG IGVVKPI UKEM NKMG KNNPGUUGU QP NWPIU CPF NKXGT. IP QTFGT VQ TGFWEG 
VJG EQPEGPVTCVKQP QH COOQPKC, VJG CKT KP VJG UVCDNG KU DGKPI TGRNCEGF OCP[ VKOGU RGT JQWT 

60 O3�RKI�J� TGUWNVKPI KP C FTCWIJV KPUKFG VJG UVCDNG. BGUKFGU VJG CKT RQNNWVKQP, YJKEJ KU DGKPI 
PQVKEGF D[ VJG KPJCDKVCPVU, VJGTG KU VJG inXisiDle Rollution D[ 
DQF[� JGCV CPF CO2, YJKEJ KU 
ECWUKPI INQDCN YCTOKPI. BGUKFGU VJG CKT RQNNWVKQP KV ECP DG PQVKEGF VJCV OCPWTG KU ECWUKPI UQKN 
RQNNWVKQP D[ EQPEGPVTCVKPI RJQURJQTQWU KP VJG UQKN CPF ITQWPF YCVGT RQNNWVKQP D[ KPETGCUKPI 
PKVTCVG EQPEGPVTCVKQP. TJG NCVGT UKVWCVKQP KU ECWUGF D[ URTGCFKPI OCPWTG QXGT VJG CETGU HQT 
HGTVKNKUCVKQP. IP RTKPEKRNG VJG UVCDNG KU RTQFWEKPI RKI OGCV DWV CNUQ TGUV YCVGT QH OCPWTG CPF 
EQPFGPUCVKQP HTQO DTGCVJKPI DWV CNUQ OKPGTCNU 
HCGEGU� CPF JGCVGPGTI[ EQODKPGF YKVJ CO2. 
BGUKFGU VJG GPQTOQWU NQUUGU QP XCNWCDNG TGUV RTQFWEVU VJKU V[RG QH KPFWUVT[ KU PQV XGT[ RTQHKV-
CDNG. OPN[ 2 � QH VJG VWTPQXGT KU KPEQOG HQT VJG HCTOGT 
DCUGF QP 5.000 OGCV RKI RNCEGU�. 

GTQYKPI XGIGVCDNGU KP ITGGPJQWUGU KU CP CEEGRVGF QRGTCVKQP DWV CNUQ VJGTG CTG OCP[ 
RTQDNGOU VQ PQVKEG. TJG HKTUV QPG KU VJG GPQTOQWU SWCPVKV[ QH EQPUWORVKQP QH PCVWTCN ICU. TJKU 
UGEVQT KU EQPHTQPVGF YKVJ GPQTOQWU éWPUGGPê RTQDNGOU NKMG CO2 CPF JGCV GOKUUKQP ECWUKPI 
INQDCN YCTOKPI. AV VJG UCOG VKOG VJGTG CTG GOKUUKQPU VQ YCVGT. TJG VQVCN GHHKEKGPE[ KU OQFGUV. 
PTQHKV HQT VJG HCTOGT KU 3,5 � QH VJG VQVCN VWTP QXGT.

TJG IQCN YKNN DG VQ TGE[ENG CU OCP[ TGUV RTQFWEVU QH VJG OGCV RTQFWEVKQP RTQEGUU CPF VTCPU-
HQTO KV VQ DG WUGF KP C ITGGPJQWUG. TJQUG TGUV RTQFWEVU CTG YCVGT, OKPGTCNU, CO2 CPF JGCV. 
AV VJG UCOG VKOG KV KU PGEGUUCT[ VQ KPETGCUG VJG KPEQOG QH DQVJ HCTOGTU 
RKI HCTOGT CPF ITGGP 
ITQYGT�. TJKU KU VJG éDKTVJê QH VJG OKZGF HCTO[CTF CEEQTFKPI VQ JKIJ VGEJPQNQIKECN UVCPFCTFU 
QH VJG [GCT 2000
.

3 What will De the solution!

FTQO VJG FKIWTG YG NGCTP VJCV RKIU 
CPKOCNU KP IGPGTCN� EQPUWOG HQQF YJKEJ KU DKQOCUU. FQT 
DTGCVJKPI VJG[ KPJCNG QZ[IGP QWV QH VJG CKT. B[ EQPUWOKPI VJKU HQQF VJG[ RTQFWEG éDQF[ê 
JGCV CPF CTG TGNGCUKPI CO2 D[ DTGCVJKPI QWV. AU PQV CNN VJG HQQF KU VTCPUHGTTGF KPVQ OGCV, 
VJG[ RTQFWEG 
WTKPG�YCVGT CPF 
OCPWTG�OKPGTCNU. FKIWTG 1 UJQYU VJCV RNCPVU PGGF CO2 HQT 
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HGTVKNKUCVKQP, PGGF JGCV HQT VJG ITQYKPI RTQEGUU CPF CNUQ PGGF YCVGT CPF OKPGTCNU. PNCPVU CTG 
TGNGCUKPI QZ[IGP. 

FKI. 1� PTKPEKRNG QH UVCDNG-ITGGPJQWUG U[ODKQUKU
Das Prinzip einer stabilen Gewächshaus-Symbiose

3�1 What do we see!

TJGTG KU CP GZCEV DCNCPEG KP VJG PGGFU CPF UWRRNKGU QH VJG CPKOCN CPF RNCPV. IP QVJGT YQTFU; 
GZCEV VJG YCUVG QH VJG QPG KU VJG HQQF HQT VJG QVJGT. SGG JGTG VJG RGTHGEV PCVWTCN YQTMKPI 
E[ENG. EXGT[ KVGO KU TG-WUGF KP VJG E[ENG. TJKU KU VJG MG[ VQ KORTQXG VJG YJQNG E[ENG. IP VJKU 
QRVKQP, YJKEJ YG ECNN éW.E.S.-U[ODKQUGUê VJG YCUVG JCU C XCNWG TCVJGT VJCP KV EQUV OQPG[ VQ 
IGV TKF QHH. 

3�2 What can we do with aDoXe mentioned information! 

IP VJG DGIKPPKPI YG JCXG UCKF VJCV KPETGCUG KP UECNG QH KPFKXKFWCN RKI HCTO CPF KPFKXKFWCN 
ITGGPJQWUG YKNN ECWUG RTQDNGOU YJKEJ CTG GXGP JKIJGT VJCP KP UOCNNGT RTQFWEVKQP RNCPVU. 
TJG GPXKTQPOGPVCN RTQDNGOU CTG KPETGCUKPI YKVJ VJG UK\G QH VJG RTQFWEVKQP RNCPV. CCP YG 
EQORGVG YKVJ VJG HCT CYC[ RTQFWEVKQP EQWPVTKGU NKMG BTC\KN�ATIGPVKPC CPF QVJGT NQY NCDQWT 
EQUV EQWPVTKGU! TJG CPUYGT KU éYESê, DWV YG JCXG VQ UVQR VJKPMKPI KP PQYCFC[U EQPXGPVKQPCN 
UQNWVKQPU. OPG KORQTVCPV OGUUCIG KU VJCV PQYCFC[U VJG RKI HCTO KU GCTPKPI QPN[ 2 � YJKNG VJG 
ITGGPJQWUG QPN[ GCTPU 3,5 � QH JKU VQVCN VWTP QXGT, YJGP RTQFWEKPI KPFKXKFWCNN[� 
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3�3 What will De causing the “green reXolutionê! 

HKUVQT[ UJQYU WU VJCV TGXQNWVKQP NGCXGU VJG QNF UKVWCVKQP DGJKPF CPF VJG RCUV KU HKPKUJGF. TJG 
ITGGP TGXQNWVKQP TGSWKTGU CP QRGP OKPF HQT PGY FGXGNQROGPVU CPF CFQRVKQP QH PGY RTKPEK-
RNGU. HGTG KU QWT UQNWVKQP UJQYGF, KP C VGEJPKECN UEJGOG. 

FKI. 2� TGEJPKECN UEJGOG QH UVCDNG-ITGGPJQWUG U[ODKQUKU
TGEJPKUEJGU SEJGOC GKPGT UVCDKNGP GGY·EJUJCWU-S[ODKQUG

TJKU U[ODKQUKU EQPUKUVU QH VYQ KORQTVCPV QRGTCVKQP K.G. C ENQUGF UVCDNG CPF C ENQUGF ITGGP-
JQWUG. IP VJG ENQUGF UVCDNG HTGUJ CKT KU UWEVKQPGF HTQO VJG CVOQURJGTG CPF KU EQPFKVKQPGF KP CP 
CKT ENGCPKPI UGEVKQP. TJG XQNWOG QH CKT PGGFGF HQT DTGCVJKPI KU TGFWEGF HTQO 60 VQ 5 O3�RKI�J. 
TJKU UQNWVKQP TGFWEGU VJG FTCWIJV VJTQWIJ VJG UVCDNG. TJGTG CTG RTQXKUKQPU VQ CDQTV VJG éDQF[ê 
JGCV CU YGNN CU VQ RTGXGPV COOQPKC HQTOCVKQP KPUKFG VJG UVCDNG. TJKU KU ETGCVGF D[ KPUVCNNKPI 
C OCPWTG UGRCTCVKQP DGNV. IP VJG ENQUGF ITGGPJQWUG VJG VGORGTCVWTG KU JQNF CV 18ä25 =uC?. 
WJGP VJG QWVUKFG VGORGTCVWTG KU NQY, UVQTGF JGCV KP ITQWPF NQECVGF YCVGT DCUKPU KU TGNGCUGF. 
AV VJG UCOG VKOG VJG DTGCVJKPI RKI CKT, KPENWFKPI CO2 KU TGNGCUGF VQ VJG ITGGPJQWUG CV JKIJGT 
EQPEGPVTCVKQPU. WJGP VJG ITGGPJQWUG JCU 1.000 RRO QH CO2, VJG VQOCVQGU CTG ITQYKPI HCUVGT 
CPF VJGTG KU OQTG [KGNFU 
20 � OQTG�. IP VJG RKI UVCDNG VJG ENKOCVG KU HTGG HTQO UVTGUU CPF VJKU 
YKNN TGUWNV KP 10 � OQTG OGCV YKVJ 8 � NGUU HQQF. TJKU KU C VTGOGPFQWU DTCMG VJTQWIJ KP VJG 
RTQFWEVKQP RTQEGUU CPF YKNN NKHV VJG VQVCN GHHKEKGPE[ QH VJG W.E.S. U[ODKQUGU TGUWNVKPI KP CP 
KPETGCUG KP RTQFWEVKQP CV NQYGT EQUVU. APKOCN JGCNVJ KU OWEJ DGVVGT CPF TGLGEVU CTG TGFWEGF 
CPF CNUQ VJG EQUVU HQT OGFKECVKQP. BGUKFGU VJG KORTQXGOGPV KP RTQFWEVKQP KV KU CNUQ RQUUKDNG 
VQ TG-WUG VJG UGRCTCVGF OCPWTG CPF YCVGT XQNWOG. UTKPG YCVGT KU VTGCVGF VQ DGEQOG HGTVKNK\GT 
HQT VJG ITGGPJQWUG YJKNG UQNKFU CTG VTGCVGF KP C EQORCEV DKQICU HGTOGPVGT. TJG DKQICU ECP 
DG WUGF KP C DKQICU EQPXGTUKQP U[UVGO VQ ETGCVG GNGEVTKEKV[ CPF JGCV. WKVJ CFFKVKQPCN PCVWTCN 
ICU VJG VQVCN GPGTI[-PGGF YKNN DG EQXGTGF. FQT EQQNKPI RWTRQUGU VJG EQNF QH VJG PKIJV KU UVQTGF 
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KP EQNF DWHHGT YJKEJ EQQNKPI YKNN DG WUGF HQT VJG ITGGPJQWUG CPF VJG UVCDNG. WJGP VJGTG CTG 
WPDCNCPEGU KP VJG GPGTI[ U[UVGO C JGCV RWOR YKNN DG CEVKXCVGF. 

WJCV YKNN VJKU PGY RTQEGUU QH RTQFWEVKQP DTKPI WU 
DCUGF QP 5000 RKI RNCEGU CPF 2,9 JC 
ITGGPJQWUG� XGTUWU VJG KPFKXKFWCN UVCDNG CPF ITGGPJQWUG!
 î Biomass� the total Xolume of Diomass waste has Deen reduced with 41 ��
 î Water�  the total reduction of water needs is reduced with 53 ��
 î Minerals� the total reduction on minerals is 53 � lower�
 î Energ[� the total amount of energ[ reSuired for the total s[mDioses is 51 � lower�
 î CO2� we haXe reduced the CO2 Rroduction with 3� ��

3�4 What will Dring the “W�E�S� s[mDiosesê in the economic field!

IP VJKU EQPEGRV VJG QNF UVCDNGU ECPPQV DG WUGF. A ENQUGF PGY UVCDNG KU PGGFGF. IP UWEJ UVCDNG 
10 � OQTG OGCV KU RTQFWEGF YKVJ 8 � NGUU HQQF. IP VJG ITGGPJQWUG 20 � OQTG VQOCVQGU CTG 
ITQYKPI YKVJ NQYGT GPGTI[ PGGFU CPF TGFWEGF EQUVU HQT CO2 RTQFWEVKQP. WG JCXG OCFG C  
ECNEWNCVKQP HQT DQVJ RTQFWEVKQP UQWTEGU KPFKXKFWCNN[ CU YGNN CU VJG RTQFWEVKQP KP C U[ODKQUGU, 
UJQYP KP TCD. 1. 

TCD. 1� CCNEWNCVKQP QH HCTOGT KPEQOG CPF EQUV TGFWEVKQP
Einkommen und Kostenreduktion

4 EnXironmental Denefits

BGUKFGU VJG GEQPQOKECN DGPGHKVU YG JCXG TGCEJGF C TGFWEVKQP KP CO2. TQ KPFKECVG VJG KORCEV 
QH UWEJ TGFWEVKQP YG JCXG ECNEWNCVGF VJCV 14 OKNNKQP RKIU KP VJG NGVJGTNCPFU YKNN TGFWEG VJG 
CO2 RTQFWEVKQP YKVJ 5,�31,6�� tons Rer [ear, KH VJG[ CNN CTG EQPPGEVGF VQ ITGGPJQWUGU. TJG 
XQNWOG QH CO2 KU EQORCTCDNG YKVJ VJG GZJCWUV QH 2,2 million QH ECTU FTKXKPI 15,000 MO RGT 
[GCT EQPUWOKPI RGVTQN 1�10. TJKU TGFWEVKQP YKNN DG QDVCKPGF each [GCT CICKP.
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5 Discussion 

TJG W.E.S. U[ODKQUGU KU C HKTUV UVGR VQ VJKPM KP C PGY CPF UQRJKUVKECVGF RTQFWEVKQP EQPEGRVU. 
TJKU EQPEGRV UQNXGU OCP[ RTQDNGOU CV VJG UCOG VKOG CPF YKNN DTKPI GPQTOQWU DGPGHKVU YJKNG 
RTQFWEKPI OGCV CPF XGIGVCDNGU. SWEJ C RTQFWEVKQP EGNN EQWNF DG ETGCVGF CV VJG QWVUKFG QH 
EKVKGU QT XKNNCIGU. TJG CFXCPVCIG KU VJCV CNYC[U HTGUJ RTQFWEVU CTG CXCKNCDNG YJKNG VJG PGGF QH 
RTQFWEVKQP URCEG KU NKOKVGF. TJG U[UVGO FQGU PQV JCXG VJG DCF QFQWT NKMG YKVJ RTGUGPV UVCDNGU. 
IP HCEV, VJGTG KU PQ DCF odour CV CNN. 

FKI. 3� éCKTENGU QH LKHGê

TJG U[ODKQUKU EQWNF DG C HKTUV UVGR KP C VQVCN PGY KPVGITCVGF NKXKPI EQPEGRV YJGTG NKXKPI, YQTM-
KPI, HQQF RTQFWEVKQP KU KPVGITCVGF KP VJG UQEKGV[. TJKU KU VJG WES “Circles of Lifeê EQPEGRV.

TJG WES éCKTENGU QH LKHGê EQODKPGU VJG TGUV UVTGCOU QH VJG RTQFWEVKQP RTQEGUUGU YKVJ VJG 
TGUVU QH VJG EKVK\GPU. WCVGT YKNN DG TGHKPGF CPF TGWUGF CU FTKPMKPI YCVGT, YJKNG VJG QTICPKE 
OCVGTKCNU CTG DGKPI VTCPUHQTOGF KPVQ DKQICU CPF GPGTI[. TJQUG TGUQWTEGU CTG WUGF DQVJ D[ VJG 
EKVK\GPU CPF VJG RTQFWEVKQP NQECVKQP. NQVJKPI IGVU NQUV. 

6 Recommendation 

WG YQWNF NKMG VQ UVCTV VQ DWKNF C RTQVQV[RG U[ODKQUGU U[UVGO CU CP KPKVKCN UGV WR HQT 500 RKIU 
EQODKPGF YKVJ 3.000 O2 ITGGPJQWUG. SWEJ C UGV WR YKNN DTKPI VJG PGEGUUCT[ VGEJPKECN CPF 
RTQFWEVKQP FCVC VQ DG CDNG VQ UECNG WR VJG RTQEGUU CHVGT VJG VGUV RJCUG. TJG U[ODKQUGU JCU 
OCP[ éHCEGUê CPF KP C NCVGT UVCIG QVJGT EQODKPCVKQPU ECP DG CFFGF VQ VJG DCUKE U[ODKQUGU 
EQPEGRV NKMG OWUJTQQOU, HKUJ RTQFWEVKQP, GVE.



GEB�UDEPLANUNG � STANDORT

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 3�5

Buildings for sheeR farming� Towards a sustainaDle t[Rological s[stem 
for Sardinia, Ital[ 
$CWten fÒr die ScJCfJCNtWng� *in \W einem t[poNogiscJen S[stem 
trCgDCr fÒr SCrdinien

STEFANO DE MONTIS, ANDREA DE MONTIS, MARIO BARRA
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ScJNÒsseNYÌrter� <ootecJniscJe -onstrWMtionen� ScJCfe� 7mYeNt

SWmmCr[

The aim of this paper is to present a typological housing system for sheep farming based on 
the following four main building types: intensive (1100 sheep� semi-intensive (�00 sheep)� 
“marginal” (300 sheep) for economies which are lagging behind� and „protected“ (1�0–200 
sheep) for natural parks and reserves. The last two types are suitable for environments where 
extensive farming may be a starting strategy for encouraging resettlement processes.

<WsCmmenfCssWng

Ziel der vorliegenden Abhandlung ist die Illustration eines typologischen Bausystems für die 
Schafhaltung, welches grundsätzlich in vier Basistypen unterteilt ist. Diese Typen sollen als 
Bezugspunkte für die bauliche und betriebliche Neuorganisation in vier Interventionsgebie-
ten dienen: Bau-Typ für die Intensiv- und Semiintensivhaltung vorgesehen für Ebenen und 
leicht hügelige Gebiete geeignet für Unternehmen und eine vernünftige Einführung, wie im 
Falle der technologischen Neuerungen (für �00 und �00 Stück Vieh)� Übergangs-Bau-Typ 
für die Semiextensivhaltung vorgesehen für Randgebiete, charakterisiert durch Weide- und 
Ackerbauwirtschaft (für 300 Stück Vieh)� Minimal-Bau-Typ für die Haltung in geschützten 
Gebieten wie Parkanlagen oder Naturschutzgebieten (1�0–200 Stück Vieh).
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1 Introduction

RGEGPVN[ VJGTG JCXG DGGP OCP[ UVWFKGU QP VJG FGUKIP QH NGUU KPVGPUKXG UVTWEVWTGU HQT NKXGUVQEM 
KP IGPGTCN, CPF UJGGR KP RCTVKEWNCT 
DE MONTIS, 1983, 1996 CPF 1997; DE MONTIS, S. CPF 
BARRA, 1997�. RGUGCTEJ, TGRQTVU CPF EQPVTKDWVKQPU CDQWV VJG URTGCF QH KORQTVCPV FKUGCUGU 

G. I. DNWG VQPIWG� JCXG ENGCTN[ FGOQPUVTCVGF VJCV QPG QH VJG OCKP ECWUGU KU VJG VTGPF VQYCTFU 
KPETGCUKPI VJG UVQEMKPI TCVG.

IPPQXCVKXG UVTCVGIKGU UJQWNF DG VCKNQTGF VQ VJG ECRCEKV[ QH RCTVKEWNCT NQECN RTQFWEVKXG CPF 
EWNVWTCN GPXKTQPOGPVU VQ NGCTP CPF ITCUR VJG QRRQTVWPKVKGU EQPPGEVGF YKVJ, KP RCTVKEWNCT, 
KORTQXKPI VJG EQPHKPGOGPV U[UVGOU KP OQFGTP UJGGR HCTOU CPF, KP IGPGTCN, TCVKQPCNK\KPI VJGKT 
OCPCIGOGPV U[UVGOU. 

TJWU KP CTGCU VJCV CTG NCIIKPI DGJKPF QT KP RTQVGEVGF PCVWTCN CTGCU, KV KU QHVGP DGVVGT VQ 
KPVTQFWEG PGY DWKNFKPI V[RGU CPF HCTOKPI RCVVGTPU ITCFWCNN[, CPF VQ CFQRV VGEJPKSWGU YJKEJ 
HKV KP YKVJ NQECN CVVKVWFGU VQYCTFU TGEGKXKPI CPF GNCDQTCVKPI PGY VGEJPKECN CPF QTICPK\CVKQPCN 
EQPEGRVU. 

TJG CKO QH VJKU RCRGT KU VQ RTGUGPV C V[RQNQIKECN JQWUKPI U[UVGO HQT UJGGR HCTOKPI DCUGF 
QP HQWT OCKP DWKNFKPI V[RGU, YKVJ C XKGY VQ UQNWVKQPU HQT GZVGPUKXG HCTOKPI. TJG EQPVGPVU QH 
VJKU RCRGT CTG FKUEWUUGF CU HQNNQYU. IP RCTV A, VJG QTICPK\CVKQP CPF VJG JGCNVJ CPF DKQ-UCHGV[ 
CURGEVU CTG TGHGTTGF VQ VJG RTQRQUCN QH GUUGPVKCN UVCPFCTF FKOGPUKQPU, YJKEJ UJQWNF IWKFG 
VJG RTQLGEV QH GZVGPUKXG UJGGR HCTOKPI DWKNFKPIU. IP RCTV B, C HQWT V[RG DCUGF DWKFKNPI U[UVGO 
KU KNNWUVTCVGF CU KV KU FGTKXGF HTQO VJG TGSWKTGOGPVU GPNKIJVGPGF KP RCTV A. IP VJG EQPENWUKQP, 
HKPCN TGOCTMU CTG U[PVJGVK\GF QP HWVWTG FGXGNQROGPV QH GZVGPUKXG UJGGR HCTOKPI KP SCTFKPKCP 
RTQVGEVGF CTGCU. 

2 Part A ä From the organization to the standard dimensions

2�1 Organisation of animal raising

TJG HWPFCOGPVCN QRGTCVKQPU QH C OQFGTP NKXGUVQEM HCTO CTG DGEQOKPI KPETGCUKPIN[ UKOKNCT HQT 
CNN URGEKGU. 

TQFC[ CPKOCN HGGF KU KPETGCUKPIN[ JCTXGUVGF HQTCIG MGRV KP UKNQU QT DCTPU, QT FKTGEV ITC\KPI 
D[ VJG HNQEMU QH HGPEGF CTGCU QH RCUVWTG. TJGUG CTGCU CTG QHVGP UWD-FKXKFGF CPF VJG TQVCVKQPCN 
ITC\KPI U[UVGO KU WUGF, YJKEJ CNNQYU VJG RCUVWTG VQ TGIGPGTCVG. 

TJG TGUVKPI \QPG KU PQTOCNN[ RGTOCPGPV UVTCY DGFFKPI, CU CV VJG OQOGPV UNCVVGF HNQQTKPI 
KU KORTCEVKECN, DQVJ DGECWUG QH VJG SWCPVKV[ QH GZETGOGPV CPF DGECWUG VJKU V[RG QH HNQQTKPI KU 
WPUWKVCDNG HQT UJGGR FWG VQ VJG UOCNN UK\G QH VJGKT JQQXGU.

TJG OKNMKPI VCMGU RNCEG KP URGEKCNN[ GSWKRRGF UVCNNU YJKEJ EQPHQTO VQ EC DKTGEVKXG 92�46, 
YJKEJ YCU TCRKFN[ EQORNKGF YKVJ KP SCTFKPKC. TJKU FKTGEVKXG GPCDNGF KPPQXCVKXG VGEJPKSWGU VQ 
DG KPVTQFWEGF OQTG GHHKEKGPVN[, CU KV EQXGTGF PQV QPN[ VJG QRVKOCN EQPFKVKQPU HQT J[IKGPG CPF 
OKNM SWCNKV[, DWV CNUQ VJG GPXKTQPOGPV KP YJKEJ VJG CPKOCNU UJQWNF DG JQWUGF. 
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2�2 Health and Bio�safet[ asRects

TJG J[IKGPG CPF JGCNVJ EQPFKVKQPU KPUKFG VJG DWKNFKPI GPXKTQPOGPV CTG QH ITGCV KPVGTGUV, CPF 
PQV QPN[ KP VJG OKNMKPI CPF OKNM EQNNGEVKQP CTGCU DWV CNUQ CNN VJG CTGCU YJGTG VJG CPKOCNU TGUV 
CPF CTG MGRV. IP TGEGPV [GCTU JWPFTGFU QH VJQWUCPFU QH JGCF QH UJGGR JCXG DGGP UNCWIJVGTGF 
DGECWUG QH NQECNKUGF QWVDTGCMU QH éDNWG VQPIWGê KP FKHHGTGPV \QPGU QH SCTFKPKC. 

OPG TGCUQP HQT VJG GRKFGOKE URTGCF QH VJG FKUGCUG KU VJG RTGUGPEG QH UVCIPCPV RQQNU QH 
YCVGT, YJKEJ RTQXKFG DTGGFKPI ITQWPFU HQT VJG KPUGEVU YJKEJ URTGCF VJG FKUGCUG. APQVJGT KU 
VJG QXGT-EQPEGPVTCVKQP QH UJGGR KP WPJ[IKGPKE DWKNFKPIU YJKEJ FQ PQV JCXG CFGSWCVG URCEGU 
VQ VTGCV VJG FKUGCUG. TJGUG CTG PQV ENGCPGF CU HTGSWGPVN[ CU VJG[ UJQWNF DG CPF VJG UVTCY 
DGFFKPI KU EJCPIGF KPHTGSWGPVN[, KH CV CNN. TJKU KU CEEGPVWCVGF D[ NKOKVGF WUG QH UVTCY CPF, KP 
IGPGTCN, VJG RQQT SWCNKV[ QH OCPCIGOGPV QH VJG CPKOCNU. TJGUG RTGECTKQWU UKVWCVKQPU QHVGP 
ETGCVG WPHCXQWTCDNG GPXKTQPOGPVCN EQPFKVKQPU, KPENWFKPI GZEGUUKXG TGNCVKXG JWOKFKV[ CPF 
VGORGTCVWTG. TQ EQWPVGTCEV VJG CDQXG, VYQ KORQTVCPV HCEVQTU JCXG DGGP KPVTQFWEGF KPVQ VJG 
FGUKIPU HQT PGY DWKNFKPIU� 
 î TJG URCEG RGT JGCF JCU DGGP ITGCVN[ KPETGCUGF;
 î EPXKTQPOGPVCN RTQVGEVKQP KPUVTWOGPVU JCXG DGGP KPVTQFWEGF, YKVJ OQFWNCT HKPG OGUJ 

HKNVGTU KPUKFG VJG YKPFQY CPF FQQT QRGPKPIU. TJG YKPFQYU CPF FQQTU QRGP QWVYCTFU 
CPF KP VJKU YC[ KPUGEVU ECPPQV GPVGT KH VJGUG CTG NGHV QRGP FWTKPI VJG PQEVWTPCN TGUVKPI 
RGTKQF YJGP VJG UJGGR CTG MGRV KPUKFG. 

2�3 Essential Standard dimensions

TJG HQNNQYKPI CTG VJG GUUGPVKCN UVCPFCTF FKOGPUKQPU PGEGUUCT[ VQ OGGV DKQ-UCHGV[ CPF JGCNVJ 
TGSWKTGOGPVU� 
 î TJG UJGGR RGPU UJQWNF RTQXKFG C OKPKOWO QH DGVYGGP 1.00 CPF 1.2 USWCTG OGVTGU QH 

UWTHCEG URCEG RGT JGCF QH UJGGR;
 î TJG HGGFKPI VTQWIJU, YJKEJ OC[ CNUQ DG CEEGUUKDNG HTQO VYQ UKFGU, UJQWNF RTQXKFG 0.33 

OGVTGU QH CEEGUU RGT JGCF QH UJGGR. 
 î IP VJG \QPG YJGTG VJG UJGGR YCKV VQ DG OKNMGF VJGTG UJQWNF DG 0.30 USWCTG OGVTGU QH 

UWTHCEG URCEG RGT JGCF QH UJGGR, DGCTKPI QP OKPF VJCV VJG OCZKOWO EQPEGPVTCVKQP KU 
QPN[ OQOGPVCT[ CPF QEEWTU UQNGN[ CV VJG UVCTV QH OKNMKPI. 

3 Part B ä SustainaDilit[ and eZtensiXe sheeR farming Duildings

3�1 T[Res of Buildings

TJG GUUGPVKCN DWKNFKPI WPKVU KP VJG RTQLGEV CTG CU HQNNQYU� C� VJG UVCNNU HQT VJG CPKOCNU, D� VJG 
DCTP QT HGGF UVQTG, E� VJG OKNMKPI RCTNQWT.

AIITGICVKPI UKPING OQFWNCT WPKVU YJGP RNCPPKPI CPF DWKNFKPI VJG UJGGR HCTO CNNQYU QPG 
VQ TGUQNXG VJG RTQDNGOU QH YJCV V[RG VQ WUG. IP VJKU YC[ VJG CTGC QH RCFFQEM, YJKEJ KPENWFGU 
CTGCU HQT HGGFKPI VJG CPKOCNU CPF QVJGT CPEKNNCT[ UGTXKEGU, ECP CNUQ DG FGHKPGF. 

IP FGVCKN VJG EQORNGZ QH DWKNFKPIU EQPUKUVU QH UJGGR RGPU, C DCTP, C OKNMKPI RCTNQWT CPF C 
YGNN GSWKRRGF RCFFQEM. TJG UJGGR RGP KU C UKPING YGNN-NKV JCPICT-V[RG DWKNFKPI YJKEJ KU GKVJGT 
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ENQUGF QT ECP DG ENQUGF QP VJTGG UKFGU, CPF YKVJ C EQPVKPWQWU EQPETGVG HNQQT EQXGTGF KP UVTCY; 
VJG DCTP KU QH VJG UCOG V[RG CU VJG UJGGR RGPU CPF OWUV DG JKIJ GPQWIJ VQ CNNQY QRVKOCN XGP-
VKNCVKQP EQPFKVKQPU HQT VJG HGGF CPF CNUQ VQ GPCDNG OCEJKPGU VQ DG WUGF VQ UVQTG CPF VTCPURQTV 
VJG HGGF ; VJG OKNMKPI RCTNQWT KU QTICPKUGF KPVQ VJTGG UGRCTCVG \QPGU� VJG YCKVKPI CTGC, YJKEJ 
KU NCTIG GPQWIJ VQ JQNF VJG YJQNG HNQEM, VJG OKNMKPI CTGC, VJG CTGC HQT OKNM EQNNGEVKQP CPF 
QVJGT UGTXKEGU; VJG RCFFQEM, YJKEJ KU UWTTQWPFGF D[ VJG RTGXKQWUN[ OGPVKQPGF DWKNFKPIU, CPF 
KU GSWKRRGF YKVJ TQQHGF HGGFKPI VTQWIJU YJKEJ ECP DG CEEGUUGF HTQO DQVJ UKFGU.

TJG FKOGPUKQPU OGGV VJG URGEKHKE UVCPFCTFU GUVCDNKUJGF HQT VJG OKPKOWO UWTHCEG CTGC RGT 
JGCF QH UJGGR. ANN VJG DWKNFKPIU WUG VJG UCOG PQTOU, HQNNQYKPI VJG OQFWNG M Z M. TJG V[RGU 
QH DWKNFKPIU ECP DG CFCRVGF HQT 4 FKHHGTGPV V[RGU QH HCTOKPI� KPVGPUKXG CPF UGOK-KPVGPUKXG HQT 
900 CPF 600 UJGGR, éOCTIKPCNê HQT 300 UJGGR CPF éRTQVGEVGFê HQT 200 UJGGR. 

BGNQY VJGTG KU C UWOOCT[ QH VJG HCTO DWKNFKPI QTICPKUCVKQP, VJG HNQQT URCEG CPF EGTVCKP 
RNCPPKPI CPF EQPUVTWEVKQP CURGEVU HQT VJG 4 V[RGU QH HCTO. 

3�2 Building la[out 

BWKNFKPIU HQT 900 UJGGR, VJG OQUV EQOOQP HQTO QH EQOOGTEKCN HCTO QTICPKUCVKQP, EQPUKUV QH 
2 UJGGR RGPU, C HGGF DCTP, C OKNMKPI RCTNQWT CPF C RCFFQEM GSWKRRGF YKVJ 5 NKPGCT FQWDNG-
UKFGF HGGFKPI VTQWIJU. TJG DWKNFKPIU HQTO C ENQUGF EQORCEV EQWTV[CTF� VJG DCTP CPF OKNMKPI 
RCTNQWT HQTO VJG UJQTV UKFGU QH VJG TGEVCPING, YJKNG VJG UJGGR RGPU, KP VYQ KFGPVKECN DWKNFKPIU, 
HQTO VJG NQPIGT UKFGU. TJG RCFFQEM KU GPENQUGF KPUKFG VJG TGEVCPING CPF JQWUGU VJG HGGFKPI 
VTQWIJU, UQOG QH YJKEJ CTG TQQHGF. 

FKI. 1� BWKNFKPIU HQT éOCTIKPCNê HCTOU 
300 UJGGR�
Bau-Typ für Randgebiete für 300 Stück Vieh
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BWKNFKPIU HQT 600 UJGGR, KPETGCUKPIN[ WUGF QP VJG KUNCPF, CTG C FGXGNQROGPV QH VJG U[UVGO 
FGUETKDGF CDQXG GZEGRV VJCV QPN[ QPG JCPIGT-V[RG DWKNFKPI KU WUGF HQT VJG UJGGR RGPU CPF 
PQV VYQ, CPF UQ QPG UKFG QH VJG HCTO-RNCPV KU PQV GPENQUGF. TJG HQWTVJ UKFG EQPUKUVU QH C 1.50 
OGVTG JKIJ YCNN. TJG UJGGR RGPU HQTO VJG NQPIGT UKFG CPF VJG DCTP CPF OKNMKPI RCTNQWT VJG 
VYQ UJQTVGT QPGU. TJG HQWT UKFGU FGVGTOKPG VJG CTGC QH VJG RCFFQEM, QPEG CICKP GSWKRRGF YKVJ 
5 NKPGCT FQWDNG- UKFGF HGGFKPI VTQWIJU.

PNCPVU HQT 300 UJGGR, YJKEJ OC[ DG NQECVGF KP RGTKRJGTCN OCTIKPCN CTGCU, 
FKIWTG 1� EQPUKUV 
QH C EQORNGZ QH HCTO DWKNFKPIU, YJKEJ GPENQUG VJTGG UKFGU QH VJG CTGC. TJG UJGGR RGPU CPF 
VJG DCTP HQTO VYQ UKFGU QH VJG TGEVCPING YJKNG VJG OKNMKPI RCTNQWT HQTOU VJG VJKTF, UJQTVGT, 
UKFG. TJG RCFFQEM NKGU DGVYGGP VJG VYQ NQPIGT DWKNFKPIU CPF KU GSWKRRGF YKVJ VYQ EQXGTGF 
NKPGCT FQWDNG- UKFGF HGGFKPI VTQWIJU. TJG HQWTVJ UKFG EQPUKUVU QH C 1.50 OGVTG JKIJ YCNN. TJG 
UK\G QH 300 JGCF QH UJGGR KU VJG OKPKOWO VJTGUJQNF PGEGUUCT[ VQ RC[ QHH VJG ECRKVCN KPXGUVGF 
KP DWKNFKPIU. TJG HQWT UKFGU FGVGTOKPG VJG CTGC QH VJG RCFFQEM, QPEG CICKP GSWKRRGF YKVJ 2 
NKPGCT FQWDNG- UKFGF HGGFKPI VTQWIJU.

FKI. 2� MKPKOCN V[RGU QH UVCPFCTFKUGF DWKNFKPIU HQT RTQVGEVGF CTGCU YKVJ 200 UJGGR. TJG VYQ RNCPU UJQY 
FKHHGTGPV EQPHKIWTCVKQPU QH VYQ DCUKE OQFWNCT WPKVU� éLê UJCRG CPF QRRQUKVG
Typologische „Minimal“-Standard-Einheit für geschützte Gebiete für 200 Stück Vieh. Die drei Schemen 
nehmen auf unterschiedliche Weise zwei modulare Basis-Einheiten, ausgerichtet: in „L“-Form, auf und 
gegenübergestellt

IP VJG ECUG QH DWKNFKPIU HQT 200 JGCF QH UJGGR, YJKEJ ECP DG NQECVGF KP RTQVGEVGF CTGCU, VJG 
UQNWVKQPU RTQRQUGF KP FKIWTG 2 EQPUKUV QH FKHHGTGPV EQODKPCVKQPU QH VYQ V[RGU QH DWKNFKPIU. IP 
VJG HKTUV VJGTG CTG VJG UJGGR RGPU, VJG DTGGFKPI CTGC, CPF VJG CTGC HQT VJG NCODU. IP VJG QVJGT 
CTG VJG YCKVKPI CTGC, VJG OKNMKPI RCTNQWT CPF KVU TGNCVGF CTGCU, CPF VJG DCTP YKVJ C OWNVK-WUG 
CPPGZ.

4 Protected areas and Duildings for sheeR rearing in Sardinia� 
Concluding remarks

TJKU RCRGT KPXGUVKICVGU C V[RQNQI[ U[UVGO CFCRVGF VQ VJG NQECN SCTFKPKCP EQPVGZV. 
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IV KU ENGCT VJCV VJGTG KU C PGGF HQT éNKIJVê RNCPU YJKEJ CTG CNUQ EQORCVKDNG YKVJ VJQUG UKVW-
CVKQPU YJGTG GUVCDNKUJKPI OCVWTG CPF UGNH-UWUVCKPKPI UJGGR TGCTKPI KU FKHHKEWNV. FQT XCTKQWU 
TGCUQPU, KPENWFKPI JKUVQTKECN QPGU, KP RCTVKEWNCTN[ NCIIKPI OCTIKPCN CTGCU, QT KP RTQVGEVGF CTGCU, 
UOCNN UECNG DWKNFKPIU CTG OQUV UWKVCDNG DQVJ GEQPQOKECNN[ CPF, CDQXG CNN, KP VGTOU QH VJGKT 
XKUWCN EQORCVKDKNKV[ YKVJ VJG UWTTQWPFKPI EQWPVT[UKFG. 

PCTVKEWNCT OGPVKQP UJQWNF DG OCFG QH VJG EQTTGEV OCPCIGOGPV QH RTQVGEVGF CTGCU. TJKU 
JCU QHVGP DGGP OGPVKQPGF KP VJKU RCRGT CU KP SCTFKPKC KV KU C TGNGXCPV QDLGEVKXG CPF KU RCTV QH 
VJG IGPGTCN HTCOGYQTM FGUKIPGF VQ RTQVGEV VJG GPXKTQPOGPV CPF EWNVWTG QH RCTVKEWNCT GPXKTQP-
OGPVU. 

IP VJKU EQPVGZV VJG XCNKF FGUKTG VQ OCPCIG, EQPUGTXG CPF IKXG CFFGF XCNWG VQ VJG TGUQWTEGU 
QH VJG NQECN GEQU[UVGO OWUV PQV JQYGXGT DG UQ TCFKECN CU VQ RTGXGPV VJG FGXGNQROGPV QH 
RTQFWEVKXG HCTOKPI CEVKXKVKGU. TJWU VJG V[RGU QH DWKNFKPIU UWIIGUVGF CTG VJQUG, YJKEJ CTG OQUV 
UGPUKVKXG VQ VJG PGGFU QH VJG RTQVGEVGF GPXKTQPOGPVU. TJG MG[ UVTQPI RQKPV QH VJGUG DWKNFKPIU 
KU, KP RTCEVKEG VJG PWODGT QH UJGGR VJCV VJG[ EQPVCKP 
150�200 JGCF�. TJKU KU ENGCTN[ CKOGF CV 
VJG RTQFWEVKQP QH NQECN V[RKECN HQQF RTQFWEVU, CPF JCTOQPKUKPI VJGO YKVJ VJG UWTTQWPFKPI 
EQWPVT[UKFG. TJWU VJG OCVGTKCNU CFQRVGF CTG QTICPKE, UWEJ CU YQQF, DTKEM QT EWV UVQPG, CPF 
VJG DWKNFKPIU CTG RCKPVGF KP RCUVGN QT VGTTCEQVVC EQNQWTU, FGRGPFKPI QP VJG NQECN VTCFKVKQPU KP 
VJG RCTVKEWNCT CTGC. 

TJG GEQPQOKE XKCDKNKV[ QH UWEJ DWKNFKPIU, KH GPEQWTCIGF D[ IQXGTPOGPV KPUVKVWVKQPU CPF 
QHHKEKCNU, EQWNF YKVJQWV FQWDV GPEQWTCIG RTQFWEVKXG TGUGVVNGOGPV QH VJG RCTMU CPF TGUGTXGU, 
CPF CNUQ UVKOWNCVG YKFGT FKHHWUKQP QH MPQYNGFIG CDQWV VJG NQECN RTQFWEVU, YJKEJ CV RTGUGPV 
CTG QHVGP QPN[ MPQYP CDQWV D[ NQECN TGUKFGPVU. TJKU EQWNF HQTO RCTV QH CP KPVGITCVGF OCTMGVKPI 
UVTCVGI[ HQT VQWTKUO CPF NQECN TGUQWTEGU. 

5 References

DE MONTIS, S. 1983. EFKHKEK RGT NçCNNGXCOGPVQ QXKPQ, EFCITKEQNG, BQNQIPC.

DE MONTIS, S. 1996. RGPQXCVKQP CPF TGWUG QH VTCFKVKQPCN CITKEWNVWTCN DWKNFKPIU CU RTCEVKECN QDLGE-
VKXGU YKVJKP C YKFGT EQPVGZV QH NCPF WUG� TWTCN DWKNFKPIU CPF NCPFUECRG. PTQEGGFKPIU QH VJG IPVGT-
PCVKQPCN SGOKPCT QH VJG UGEQPF VGEJPKECN UGEVKQP QH C.I.G.R. NGY WUGU HQT QNF TWTCN DWKNFKPIU KP 
VJG EQPVGZV QH NCPFUECRG RNCPPKPI, PKCEGP\C, 20-21 IKWIPQ, XQN. 2, 477ä485.

DE MONTIS, S. 1997. LC RKCPKHKEC\KQPG VGTTKVQTKCNG GF KN TGEWRGTQ FGINK GFKHKEK TWTCNK. GGPKQ TWTCNG 
Pu 1, EFCITKEQNG, BQNQIPC.

DE MONTIS, S.; BCTTC, M. 1997. LC DKTGVVKXC EQOWPKVCTKC 92�46 G INK GFKHKEK FK OWPIKVWTC RGT QXKPK 
KP SCTFGIPC. GGPKQ RWTCNG Pu 5, 21ä33, EFCITKEQNG, BQNQIPC. 



GEB�UDEPLANUNG � STANDORT

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 3�1

Folienhallen fÒr landwirtschaftliche BetrieDsgeD·ude
PNCstic Nined JCNNs for fCrm DWiNdings

JªRGEN GARTUNG

IPUVKVWV HÒT BGVTKGDUVGEJPKM WPF BCWHQTUEJWPI, BWPFGUHQTUEJWPIUCPUVCNV HÒT LCPFYKTVUEJCHV 
FAL�, 
BWPFGUCNNGG 50, D-38116 BTCWPUEJYGKI

SchlÒsselwÌrter� Folienhalle, TeZtiles Bauwerk, Tragwerk aus Stahlrohren
-e[Yords� PNCstic Nined JCNN� DWiNding YitJ teZtiNe� steeN frCme tWDes

<WsCmmenfCssWng

Im früheren Institut für landwirtschaftliche Bauforschung der FAL wurden bereits seit den �0 
er Jahren Folienhallen auf ihre Tauglichkeit als Stallgebäude untersucht. Nachdem nunmehr 
die Akzeptanz der Landwirte bezüglich neuartiger Materialien und Formen für Wirtschafts-
gebäude in Deutschland zugenommen hat, wie die Verkaufszahlen der Hersteller in belegen, 
wurde die Arbeit zur Weiterentwicklung von Stallgebäudesystemen in textiler Bauweise 
wieder aufgenommen. 

Erste Ergebnisse zeigen, dass bei Neubauten von Rinder- und Milchkuhställen die Folien-
hallen im Vergleich mit herkömmlichen Gebäudehüllen nach wie vor die kostengünstigsten 
Lösungen sind. Je nach Konzeption kann der Investitionsbedarf beim Kostenblock „Stall“ bis 
zu einem Drittel geringer sein. 

Bei Leistungsversuchen mit Milchkühen wurden bezüglich Milchleistung und Futterver-
brauch keine Unterschiede festgestellt. Das Stallklima ist bei offenen Seitenwänden in Folien-
hallen vergleichbar mit Außenklimaställen in konventioneller Bauweise.

SWmmCr[

The former Institute for Farm Building Research of the Federal Agricultural Research Centre 
(FAL) started with investigations on the usefulness of plastic lined halls for farm buildings 
already in the �0ies. After nowadays the acceptance of new materials and shapes of buildings 
by the German farmers has increased, as figures of the producers prove, the research on the 
improvement of textile farm building systems was restarted.

First results show, that new buildings for the keeping of cattle and milking cows made of 
plastic materials in comparison to common buildings still are the cheaper solutions. Accord-
ing to the concept the investment requirements for the cost block “stable” can become up to 
one third cheaper, in comparison.

Tests concerning the animal output of milking cows regarding the amount of milk and the 
fodder consumption did not show any differences. The climatic conditions in a plastic lined 
hall with open side walls can be compared to outdoor climate housing for dairy cattle.
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1 ProDlemstellung 

SKPMGPFG ET\GWIGTRTGKUG HÒT NCPFYKTVUEJCHVNKEJG PTQFWMVG \YKPIGP CWEJ DGK JQJGP LGKUVWP-
IGP \W MQUVGPIÒPUVKIGP PTQFWMVKQPUXGTHCJTGP. VQT FGT EPVUEJGKFWPI HÒT NCPIHTKUVKIG IPXGUVK-
VKQPGP KP GGD·WFG WPF DCWNKEJG APNCIGP UKPF WKTVUEJCHVNKEJMGKVUDGTGEJPWPIGP XQP ITQ­GT 
BGFGWVWPI. BGK FGT AWUYCJN CWU OGJTGTGP IPXGUVKVKQPUOÌINKEJMGKVGP KUV \W GPVUEJGKFGP, 
YGNEJGU FKG XQTVGKNJCHVGUVG KUV. IO HKPDNKEM CWH OÌINKEJUV IGTKPIG GGD·WFGMQUVGP UKPF CNNG 
EKPURCTWPIUOÌINKEJMGKVGP CWU\WUEJÌRHGP. DC\W \·JNGP KPUDGUQPFGTG QRVKOCNG KQPUVTWMVKQ-
PGP WPF TCVKQPGNNG BCWXGTHCJTGP. FÒT FKG FGWVUEJGP BGVTKGDG DGUVGJV FCU PTQDNGO \WU·V\NKEJ 
FCTKP, FCUU FKG BCWMQUVGP XGTINGKEJUYGKUG JÌJGT UKPF CNU KP FGP NCEJDCTN·PFGTP.

2 AufgaDenstellung

NGW WPF WGKVGTGPVYKEMNWPI XQP BGVTKGDUIGD·WFGU[UVGOGP. RGFW\KGTWPI FGT BCWMQUVGP CWH 
FCU PQVYGPFKIG MC­ FWTEJ NWV\WPI PGWGT BCWUVQHHG, BCWMQPUVTWMVKQPGP WPF HGTUVGNNWPIU-
XGTHCJTGP.

3 Methode

VGTINGKEJUFCVGP XQP JGTMÌOONKEJGP BGVTKGDUIGD·WFGU[UVGOGP JCV FCU IPUVKVWV UEJQP UGKV 
JCJTGP GTCTDGKVGV. FÒT ÒDGT 100 GGD·WFGOQFGNNG UVGJGP BCWMQUVGPMGPPYGTVG \WT VGTHÒIWPI. 
SKG YWTFGP PCEJ FGO BCWMQUVGP-VGTDWPFU[UVGO FGU IPUVKVWVU HÒT BGVTKGDUVGEJPKM WPF BCWHQT-
UEJWPI GTCTDGKVGV WPF CWHDGTGKVGV. IP FKGUGO S[UVGO YGTFGP FTGK XGTUEJKGFGPG MGVJQFGP WPF 
GNKGFGTWPIUU[UVGOG \WUCOOGPIGHÒJTV. 
 î KQUVGPDNQEMOGVJQFG HÒT KQUVGPUEJ·V\WPIGP WPF VGTINGKEJG CNVGTPCVKXGT LÌUWPIGP KP 

FGT VQTGPVYWTHURJCUG
 î GGD·WFG-ENGOGPVOGVJQFG HÒT KQUVGPUEJ·V\WPIGP WPF KQUVGPDGTGEJPWPIGP KP FGT 

EPVYWTHURJCUG
 î LGKUVWPIUDGUEJTGKDWPIGP WPF KQUVGPCPUEJN·IG KP FGT AWUHÒJTWPIURJCUG.

DKG BCWMQUVGPFCVGP YGTFGP CWU IGDCWVGP WPF CDIGTGEJPGVGP BCWXQTJCDGP CDIGNGKVGV WPF 
PCEJ KQUVGPDNÌEMGP WPF GGD·WFGGNGOGPVGP CWHDGTGKVGV. 

SQYQJN FKG AWHDGTGKVWPI XQP BCWMQUVGPFCVGP HÒT VGZVKNG BCWYGTMG, CNU CWEJ FGTGP BGYGT-
VWPI WPF VGTINGKEJ OKV KGPPYGTVGP JGTMÌOONKEJ GTTKEJVGVGT NGWDCWVGP, GTHQNIV PCEJ FGO 
BCWMQUVGP-VGTDWPF-S[UVGO.

4 Stand der Entwicklung

GGOCWGTVG GGD·WFG DKGVGP \YCT IWVGP SEJWV\ WPF JCNVGP NCPIG, KP XKGNGP F·NNGP GTHÒNNGP CDGT 
GKPHCEJGTG BCWVGP FGP INGKEJGP ZYGEM WPF UKPF YGUGPVNKEJ MQUVGPIÒPUVKIGT JGT\WUVGNNGP. 
ÜDGTCNN FQTV, YQ GU PWT WO WKVVGTWPIUUEJWV\ IGJV, YKG DGK HGW- WPF SVTQJNCIGTP, MCUEJKPGP- 
WPF GGT·VGWPVGTUV·PFGP CDGT CWEJ DGK SVCNNCPNCIGP HÒT RKPFGT WPF SEJCHG UKPF MCUUKXDCWVGP 
PKEJV GTHQTFGTNKEJ. LGKEJVDCWVGP CWU HQN\- QFGT SVCJNVTCIYGTMGP OKV GKPHCEJGP BGFCEJWPIGP 
WPF AW­GPYCPFDGMNGKFWPIGP JCDGP  UKEJ FGUJCND KP FGP NGV\VGP JCJTGP FWTEJIGUGV\V.
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DCU ëTGZVKNG BCWGPé JCV UKEJ CPFGTGP BGTGKEJGP FGU BCWYGUGPU CNU ANVGTPCVKXG \W MQP-
XGPVKQPGNNG BCWYGTMGP OKV UVCTTGP MCVGTKCNKGP N·PIUV DGY·JTV. BGUQPFGTU KO SRQTV- WPF FTGK-
\GKVDGTGKEJ 
TTKDÒPGPÒDGTFCEJWPIGP, MGUUGDCWVGP� IKDV GU \CJNTGKEJG BGKURKGNG, DGK FGPGP 
KTGCVKXKV·V WPF ÄUVJGVKM OKV GKPGO TGUUQWTEGPUEJQPGPFGP MCVGTKCNGKPUCV\, MWT\GP BCW\GKVGP, 
JQJGT LGDGPUFCWGT WPF PKGFTKIGP KQUVGP XGTDWPFGP UKPF 
ATDGKVUMTGKU TGZVKNG ATEJKVGMVWT, 
2003; RUDORF-WITRIN, 2004�. 

AWEJ HÒT NCPFYKTVUEJCHVNKEJG NWV\WPIGP NKGIGP NCPIL·JTKIG ETHCJTWPIGP XQT. ZWT ÜDGT-
FCEJWPI XQP TWPFGP GÒNNG-HQEJDGJ·NVGTP OKV W·PFGP CWU SVCJN QFGT SVCJNDGVQP YWTFGP 
SRG\KCNOCVGTKCNKGP GPVYKEMGNV. ANU DCEJOGODTCPG YGTFGP UKG CP GKPGO MKVVGNOCUV DGHGUVKIV 
WPF \W FGP SGKVGPY·PFGP JKP CDIGURCPPV. DCFWTEJ YGTFGP PKEJV PWT SEJPGG WPF RGIGP 
CDIGHÒJTV, UQPFGTP CWEJ AOOQPKCM- WPF GGTWEJUGOKUUKQPGP GTJGDNKEJ IGOKPFGTV.

IO PTKP\KR MÌPPVGP FKG DGY·JTVGP HQEJUKNQF·EJGT CWEJ HÒT FKG ÜDGTFCEJWPI XQP SVCNNIG-
D·WFGP GKPIGUGV\V YGTFGP. WÒTFG OCP UVCVV FGU ÒDNKEJGP SCVVGNFCEJGU ÒDGT GKPGT TGEJVGEMK-
IGP SVCNNHN·EJG GKPG TWPFG SVCNNHQTO OKV GKPGO \GPVTCNGP MCUVGP KP FGT MKVVG Y·JNGP, MÌPPVGP 
FKG KP FGT TCWGP NCPFYKTVUEJCHVNKEJGP PTCZKU DGTGKVU DGY·JTVGP MGODTCPF·EJGT QJPG ITQ­G 
VGT·PFGTWPIGP UQHQTV GKPIGUGV\V YGTFGP. DGT\GKV IKDV GU XGTUEJKGFGPG IFGGP, FCU PTKP\KR FGU 
TWPFGP SVCNNGU YGKVGT \W GPVYKEMGNP 
GARTUNG, 2003�.

GGTCFG DGK AW­GPMNKOCUV·NNGP YKTF J·WHKI CWH HGUVG SGKVGPY·PFG XGT\KEJVGV, YGKN CW­GP-
MNKOCPCJG VGTJ·NVPKUUG CWEJ KO GGD·WFG CPIGUVTGDV YGTFGP. SVCVVFGUUGP YGTFGP FKG SGKVGP-
HN·EJGP CWU WKPFPGV\GP QFGT WKPFUEJWV\RNCPGP CWU KWPUVUVQHH JGTIGUVGNNV. KQODKPCVKQPGP 
UQNEJGT WCPFCWUHÒJTWPIGP GTIGDGP KP VGTDKPFWPI OKV ÜDGTFCEJWPIGP CWU VGZVKNDGURCPPVGP 
SVCJNTQJTGP UGJT GKPHCEJG GGD·WFGJÒNNGP. AWEJ CWH FGO FGWVUEJGP MCTMV YGTFGP FGTCTVKIG 
KQPUVTWMVKQPGP LGV\V \WPGJOGPF CPIGDQVGP.

5 DurchfÒhrung der ArDeiten und erste ErgeDnisse

ZWT DWTEJHÒJTWPI XQP VGTUWEJGP KO PTCZKUOC­UVCD UVGJV FGT FAL GKPG VGTUWEJUUVCVKQP \WT 
VGTHÒIWPI. EKP TGKN FCXQP KUV FKG LGKEJVDCW-VGTUWEJU- WPF VGTINGKEJUCPNCIG. BGTGKVU XQT ÒDGT 
30 JCJTGP YWTFG FCOKV DGIQPPGP, FQNKGPJCNNGP CWH KJTG TCWINKEJMGKV HÒT FKG TKGTJCNVWPI \W 
WPVGTUWEJGP 
ADD. 1�. EU \GKIVG UKEJ, FCUU RKPFGT UGJT IWV KP RWPFDQIGPJCNNGP OKV FQNKGPDG-
URCPPWPI IGJCNVGP YGTFGP MÌPPGP. NCEJFGO PWPOGJT FKG AM\GRVCP\ FGT LCPFYKTVG DG\ÒI-
NKEJ PGWCTVKIGT MCVGTKCNKGP WPF FQTOGP HÒT WKTVUEJCHVUIGD·WFG \WIGPQOOGP JCV, YWTFGP 
FKG ATDGKVGP KO IPUVKVWV YKGFGT CWHIGPQOOGP. ZKGN KUV GU, MQORNGVVG SVCNNIGD·WFGU[UVGOG \W 
GTCTDGKVGP WPF UKG KPUDGUQPFGTG DG\ÒINKEJ FGT BCWMQUVGP \W WPVGTUWEJGP WPF OKV JGTMÌOO-
NKEJGP VGTHCJTGP \W XGTINGKEJGP.

LGKUVWPIUXGTUWEJG OKV KÒJGP, FKG KO WGEJUGN KP GKPGO MQPXGPVKQPGNNGP SVCNN OKV W·TOG-
F·OOWPI WPF GKPGO WPIGF·OOVGP FQNKGPUVCNN IGJCNVGP YWTFGP, \GKIVGP YGFGT DG\ÒINKEJ 
FGT MKNEJNGKUVWPI, PQEJ FGU FWVVGTXGTDTCWEJU DGUQPFGTG UPVGTUEJKGFG. WCJNXGTUWEJG \YK-
UEJGP FKGUGP SV·NNGP GTICDGP, FCUU FKG TKGTG WPCDJ·PIKI XQP FGT LWHVVGORGTCVWT XQT CNNGO 
PCEJ FGT BGJCINKEJMGKV FGT LKGIGHN·EJGP CWUY·JNGP. AWEJ DGK FTQUV YWTFGP FKG LKGIGDQZGP 
KO PKEJV IGF·OOVGP FQNKGPUVCNN FGO Y·TOGTGP VGTINGKEJUUVCNN XQTIG\QIGP, YGPP KJPGP JKGT 
DGUUGTG LKGIGOCVTCV\GP CPIGDQVGP YWTFGP. 

DKG TGORGTCVWTGP KP GKPGO FQNKGPUVCNN WPVGTUEJGKFGP UKEJ KO WKPVGT PKEJV XQP FGPGP KP 
CPFGTGP PKEJV IGF·OOVGP SV·NNGP. SQ UKPF CWEJ JKGT DGJGK\DCTG TT·PMGDGEMGP VQTCWUUGV-
\WPI HÒT GKPGP TGKDWPIUNQUGP BGVTKGD. SV·TMGT CNU DGK CPFGTGP SVCNNDCWVGP VTKVV CNNGTFKPIU DGK 
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IGUEJNQUUGPGP HCNNGP TCWYCUUGT, DKU JKP \WO RCWTGKH CP FGT IPPGPUGKVG FGT FQNKG CWH. DCU 
DGFGWVGV HÒT FCU BCWYGTM LGFQEJ UQ NCPIG MGKPGP NCEJVGKN, YKG FCU WCUUGT HTGK CP FGT FQNKG 
PCEJ WPVGP CDNCWHGP MCPP.

ADD. 1� FQNKGPJCNNG CNU LKGIGDQZGPNCWHUVCNN KP FGT FAL-VGTUWEJUUVCVKQP

BGK JQJGT SQPPGPGKPUVTCJNWPI KP FGP SQOOGTOQPCVGP MCPP GU XQT CNNGO DGK FWPMNGT FQNKG, 
DGK FGT FKG RGHNGZKQPUH·JKIMGKV UEJNGEJVGT CNU DGK JGNNGO MCVGTKCN KUV, \WT AWHJGK\WPI WPVGT FGT 
FQNKG MQOOGP. AO GKPHCEJUVGP WPF YKTMUCOUVGP N·UUV UKEJ FGT TGORGTCVWTGTJÌJWPI WPF FGO 
TCWYCUUGTCPHCNN OKV GKPGT IWVGP DWTEJNÒHVWPI DGIGIPGP. DC\W UKPF QHHGPG, QFGT PWT FWTEJ 
WKPFPGV\G XGTUGJGPG FN·EJGP KP FGP L·PIUY·PFGP UQYKG GKP EPVNÒHVWPIUUEJNKV\, CO JÌEJU-
VGP PWPMV FGU RWPFDQIGPU, ÒDGT FKG IGUCOVG SVCNNN·PIG CPIGQTFPGV, XQTVGKNJCHV 
PIOTROWSKI, 
1974; ACHILLES WPF VIEDT, 1976�. 

ADGT CWEJ GKPG UOITÒPWPI WPF GKPG KPVGTXCNNO·­KIG WCUUGTDGURTÒJWPI FGU SVCNNU WPF 
UGKPGT UOIGDWPI MÌPPGP FCU SVCNNMNKOC GTJGDNKEJ XGTDGUUGTP. 

KQUVGPXGTINGKEJG \GKIGP, FCUU IO VGTJ·NVPKU \W CPFGTGP WPVGTUWEJVGP BCWNÌUWPIGP, FKG 
FQNKGPJCNNG HÒT GKPG SVCNNCPNCIG FKG MQUVGPIÒPUVKIUVG GGD·WFGJÒNNG KUV. DGT AWHDCW MCPP KP 
YGPKIGP TCIGP GTHQNIGP. EKIGPNGKUVWPIGP UKPF DGK IGTKPIGT BCWJÌJG WPF FGT NGKEJVGP BCWVGKNG 
RTQDNGONQU OÌINKEJ. 

IP ADDKNFWPI 2 KUV FKG PNCPWPIUUVWFKG HÒT GKPG MKNEJXKGJCPNCIG FCTIGUVGNNV. AWUIGJGPF XQP 
GKIGPGP ETHCJTWPIGP ÒDGT LKGIGJCNNGP OKV \YGK BQZGPTGKJGP, RNCPDGHGUVKIVGP LCWHI·PIGP, 
SEJKGDGTGPVOKUVWPI WPF AW­GPHÒVVGTWPI, YWTFG FCU S[UVGO YGKVGTGPVYKEMGNV. BGK APQTFPWPI 
FGU MGNM\GPVTWOU KP GKPGO UGRCTCVGP GGD·WFG CW­GTJCND FGU FWPMVKQPUDGTGKEJGU ëSVCNNé, 
MÌPPVG FKG APNCIG CWEJ HÒT YCEJUGPFG BGVTKGDG KPVGTGUUCPV UGKP. IO GTUVGP BCWCDUEJPKVV 
NKG­GP UKEJ 60 QFGT 120 KWJRN·V\G UEJCHHGP. SR·VGT Y·TG GKPG ETYGKVGTWPI CWH FKG FQRRGNVG 
TKGT\CJN NGKEJV OÌINKEJ. AWEJ FKG PCEJVT·INKEJG ÜDGTFCEJWPI FGU FWVVGTVKUEJGU MÌPPVG QJPG 
PTQDNGOG CWUIGHÒJTV YGTFGP. 
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DKG XQTIGUVGNNVG GGD·WFGCPQTFPWPI GPVURTKEJV PKEJV PWT FGT HTÒJGTGP LGKEJVDCWCPNCIG 
FGT FAL, FKG UKEJ KP FKGUGT FQTO DGY·JTV JCV, UQPFGTP YKTF \WPGJOGPF CWEJ DGK NGWDCWVGP 
XQP MKNEJMWJ- WPF JWPIXKGJUV·NNGP KP JGTMÌOONKEJGT BCWYGKUG CWU KQUVGPITÒPFGP IGY·JNV.

ADD. 2� FQNKGPUV·NNG� PNCPWPIUUVWFKG HÒT GKPG MKNEJXKGJCPNCIG OKV 2 Z 60 LKGIGDQZGP WPF SEJKGDGTGPVOKUVWPI

DKG KP ADDKNFWPI 2 FCTIGUVGNNVG LKGIGDQZGP-LCWHUVCNNCPNCIG OKV OKVVKIGO FWVVGTVKUEJ MÌPPVG 
CDGT CWEJ KP MQPXGPVKQPGNNGT BCWYGKUG OKV HQN\- QFGT SVCJNTCJOGPVTCIYGTM WPF FCUGT\G-
OGPVRNCVVGP CWH GKPGO SCVVGNFCEJ JGTIGUVGNNV YGTFGP. DGT IPXGUVKVKQPUDGFCTH HÒT GKPGP FGTCTVK-
IGP SVCPFCTF-NGWDCW OKV 2 Z 2 LKGIGDQZGPTGKJGP WPF FNÒUUKIGPVOKUVWPI FWTEJ GÒNNGMCP·NG 
WPVGT RGTHQTKGTVGP BGVQPDÌFGP FGT LCWHHN·EJGP, GÒNNG-AW­GPDGJ·NVGT  WPF GPVURTGEJGPFGT 
MGNMVGEJPKM DGVT·IV 4000 EWTQ�KWJRNCV\. 

DKG FCTIGUVGNNVG LÌUWPI OKV \YGK FQNKGPJCNNGP YÒTFG DGK ·W­GTUV URCTUCOGT MGNMVGEJPKM 
PWT 3000 EWTQ�KWJRNCV\ GTHQTFGTP. DCU ETIGDPKU KUV KP ADD. 3 FCTIGUVGNNV. DGT KQUVGPDNQEM� 
SVCNNé KUV DGK FGT FQNKGPNÌUWPI WO EC. 1�3 IÒPUVKIGT. BGVTCEJVGV OCP FKG GGD·WFGJÒNNG CNNGKP, 
QJPG BGTÒEMUKEJVKIWPI FGU SVCNNDQFGPU WPF FGT SVCNNGKPTKEJVWPI, FKG GDGPHCNNU \WO KQUVGP-
DNQEM ëSVCNNé IGJÌTGP, KUV FGT UPVGTUEJKGF PQEJ FGWVNKEJGT. 

DC FQNKGPJCNNGP OKVVNGTYGKNG CDGT CWEJ HÒT UGJT XKGN ITÌ­GTG GGD·WFGDTGKVGP CPIGDQVGP 
YGTFGP, MÌPPVG FGT QDGP IG\GKIVG SVCNNITWPFTKUU CWEJ ICP\ ÒDGTFCEJV YGTFGP. HKGTHÒT UKPF 
HCNNGPU[UVGOG OKV GKVVGTVT·IGTP KP RWPFDQIGP- QFGT SCVVGNFCEJHQTO CNU TTCIYGTM IGGKIPGV, 
DGK FGPGP FKG L·PIUY·PFG UGPMTGEJV CWUIGHÒJTV YGTFGP. DKG TTCWHGPJÌJG DGVT·IV FCPP YKG 
DGK MQPXGPVKQPGNNGP SVCNNDCWVGP 4 DKU 5 MGVGT. DKG SGKVGPY·PFG DNGKDGP KO NQTOCNHCNN QHHGP 
WPF MÌPPGP PWT DGK GZVTGOGP WKVVGTWPIUDGFKPIWPIGP FWTEJ JCNQWUKGP IGUEJNQUUGP YGTFGP.
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LGKEJVDCWVGP CWU FQNKGP ÒDGTURCPPVGP SVCJNTQJTGP GTHÒNNGP FKG FQTFGTWPIGP DG\QIGP CWH 
GKPG YKTVUEJCHVNKEJG GGD·WFGJÒNNG UGJT IWV. DCU DGVTKHHV UQYQJN FGP IPXGUVKVKQPUDGFCTH DGK 
NGWDCWVGP CNU CWEJ FKG BGVTKGDU CPIGRCUUVG NWV\WPIUFCWGT.

ADD. 3� IPXGUVKVKQPUDFCTH HÒT MKNEJXKGJUV·NNG KP EWTQ�KWJRNCV\

FQNKGPJCNNGP NCUUGP UKEJ DGK XGT·PFGTVGP APURTÒEJGP, DGKURKGNUYGKUG CP FGP BGVTKGDUUVCPF-
QTV QFGT FKG NWV\HN·EJG NGKEJV XGTUGV\GP, XGTN·PIGTP QFGT XGTMÒT\GP. DGPMDCT KUV CWEJ FGT 
WKGFGTXGTMCWH GKPGT PKEJV OGJT DGPÌVKIVGP QFGT PKEJV OGJT CWUTGKEJGPF ITQ­GP HCNNG. AWEJ 
FKG ÜDGTNGIWPI ëNGCUGP UVCVV MCWHGPé QFGT PWT ÒDGT GKPGP DGUVKOOVGP ZGKVTCWO OKGVGP, YKTF 
\WMÒPHVKI DGK DGVTKGDUYKTVUEJCHVNKEJGP EPVUEJGKFWPIGP GKPG RQNNG URKGNGP.
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Landwirtschaftliche Bauten gestalten und beeinflussen unsere Umwelt. Dies ist insbesondere 
bei Standorten ausserhalb von Siedlungen in der freien Landschaft der Fall. Hier wirken die 
landwirtschaftlichen Bauten in einem hohen Mass auf das Landschaftsbild ein.

Um dem Wunsch nach Kostensenkung gerecht zu werden, hat sich die Bauweise in der 
Landwirtschaft verändert. Untypische Materialien und Farben finden ihre Verwendung, auf 
den Rat eines qualifizierten Planers wird zum Teil ganz verzichtet. Dies führt dazu, dass sich 
die Bauten mitunter nur schwierig in die Landschaft einpassen lassen.

Mit dem Projekt BAULA sollen die veränderten Rahmenbedingungen aufgezeigt und 
Grundthesen für die gestalterische Einordnung von landwirtschaftlichen Bauten in der 
Landschaft formuliert werden. Anhand der  gebauten Beispielen werden die gestalterischen 
Forderungen formuliert.

SWmmCr[

Agricultural buildings form and influence our environment, in particular in open country, 
away from built-up areas. Here agricultural buildings have a major impact on the land-
scape. 

The general trend to cut costs has brought about a change in the construction technique 
of agricultural buildings. Atypical materials and colours are used, in some cases a qualified 
planner is not consulted. As a result, the buildings are sometimes difficult to integrate into 
the landscape. 

The BAULA project has been designed to highlight the changed framework conditions and 
formulate fundamental principles for the integration of agricultural buildings into the country-
side. The design requirements are formulated on the basis of examples built.
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1 ProDlemstellung

LCPFYKTVUEJCHVNKEJG BCWVGP CWUUGTJCND FGT BCW\QPG D\Y. KP FGT LCPFYKTVUEJCHVU\QPG UKPF 
BGUVCPFVGKN FGT LCPFUEJCHV. DWTEJ KJT VQTJCPFGPUGKP DGGKPHNWUUGP UKG FKG LCPFUEJCHV WPF 
RT·IGP FCU LCPFUEJCHVUDKNF. ÄNVGTG BCWVGP VTCIGP CNU ZGWIPKU XGTICPIGPGT LGDGPU- WPF BCW-
HQTOGP \WT BKNFWPI FGT KWNVWTNCPFUEJCHV DGK. AP KJPGP UKPF FKG DCWVGEJPKUEJGP MÌINKEJMGK-
VGP KJTGT EPVUVGJWPIU\GKV CD\WNGUGP. IP FGT WCJN XQP BCWOCVGTKCNGP DGUEJT·PMVG OCP UKEJ 
CWHITWPF JQJGT TTCPURQTVMQUVGP CWH FCU, YCU CO OTV XQT\WHKPFGP YCT� HQN\ WPF SVGKP. DKG 
BCWVGP YWTFGP OKV WPF PKEJV IGIGP FKG NCVWT GTUVGNNV.

DCU BCWGP KO N·PFNKEJGP RCWO JCV UKEJ KP FGP NGV\VGP JCJTGP GKPGO WCPFGN WPVGT\QIGP. 
DKG BCWVGP FGT JGWVKIGP ZGKV YGTFGP QHVOCNU QJPG DGUQPFGTG RÒEMUKEJV CWH KJTG UOIGDWPI 
GTUVGNNV, YCU FGT BGVTCEJVGT CNU UVÌTGPF GORHKPFGP MCPP 
ADD. 1�. EU KUV \W GTYCTVGP, FCUU UKEJ 
FKGUGT KQPHNKMV KP ZWMWPHV PQEJ XGTUV·TMV� DGT KQUVGPFTWEM DGKO BCWGP Y·EJUV, FKG GGD·WFG-
MÌTRGT YGTFGP KPHQNIG FGU SVTWMVWTYCPFGNU XQNWOKPÌUGT WPF FGT APURTWEJ FGT GGUGNNUEJCHV 
CP GKPG IGRHNGIVG LCPFUEJCHV UVGKIV. 

DCU BCWGP KP FGT LCPFUEJCHV J·PIV XQP XGTUEJKGFGPGP EKPHNÒUUGP CD, IPVGTGUUGP WPVGT-
UEJKGFNKEJGT AMVGWTG YKTMGP CWH FCU BCWXQTJCDGP GKP. DKG APNKGIGP FGT TGEJVNKEJGP SGKVG, FGT 
BGVTKGDUYKTVUEJCHV WPF FGT ÄUVJGVKM UKPF KP EKPMNCPI \W DTKPIGP.

MKV FGO PTQLGMV BAULA YGTFGP ÜDGTNGIWPIGP CPIGUVGNNV, YKG CWH FKG EKPQTFPWPI WPF 
GGUVCNVWPI XQP ÖMQPQOKGDCWVGP KP FGT LCPFUEJCHV RQUKVKX GKPIGYKTMV YGTFGP MCPP. 

DCU PTQLGMV YKTF KO RCJOGP FGU IPVGTTGI-III-A-PTQITCOOGU IGHÌTFGTV. BGVGKNKIV UKPF FGT 
KCPVQP ZÒTKEJ OKV FGO AOV HÒT RCWOQTFPWPI WPF VGTOGUUWPI, FCU RGIKGTWPIURT·UKFKWO 
TÒDKPIGP, FKG BC[TKUEJG LCPFGUCPUVCNV HÒT LCPFYKTVUEJCHV WPF FKG LCPFYKTVUEJCHVUMCOOGT 
VQTCTNDGTI. DKG PTQLGMVMQQTFKPCVKQP QDNKGIV FGT CITQUEQRG FAT T·PKMQP KP FGT SEJYGK\.

ADD. 1� TQPPGPDCW CNU ÖMQPQOKGIGD·WFG
Barrel-vaulted roof structure as agricultural building

2 Heutiges BauXerhalten

DKG BCWCWHICDGP JGWVKIGT ZGKV OÒUUGP CPFGTG APHQTFGTWPIGP GTHÒNNGP CNU KO NGV\VGP JCJT-
JWPFGTV. UPVGT CPFGTGP UKPF FKGU TGEJVNKEJG BGNCPIG KO RCJOGP FGT RCWORNCPWPI WPF 
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FGU UOYGNVTGEJVGU, PGWG HWPMVKQPGNNGP BGFÒTHPKUUG FGT OQFGTPGP LCPFYKTVUEJCHV WPF FKG 
DGITGP\VGP HKPCP\KGNNGP MÌINKEJMGKVGP.

BGK BCWXQTJCDGP CWUUGTJCND FGT BCW\QPG D\Y. KP FGT LCPFYKTVUEJCHVU\QPG UKPF FKG FQTFG-
TWPIGP FGT RCWORNCPWPI PCEJ GKPGT IWVGP EKPQTFPWPI XQP SKGFNWPIGP, BCWVGP WPF APNCIGP 
KP FGT LCPFUEJCHV \W DGTÒEMUKEJVKIGP. WKG PCEJ FGP VQTUVGNNWPIGP FGT GGUGV\GUIGDGT FKG 
DGHTKGFKIGPFG GGUCOVYKTMWPI JGTIGUVGNNV YGTFGP MCPP, YWTFG KP FGP GGUGV\GUVGZVGP PKEJV 
CWUHQTOWNKGTV. SQ HWUUV FKG ·UVJGVKUEJG BGWTVGKNWPI FGT BCWXQTJCDGP PKEJV CWH CNNIGOGKP 
IÒNVKIGP WPF PCEJXQNN\KGJDCTGP KTKVGTKGP. EU NKGIV KO ETOGUUGPUURKGNTCWO FGT DGYKNNKIGPFGP 
BGJÌTFG, QD UKG FWTEJ AWHNCIGP JKPUKEJVNKEJ MCVGTKCNYCJN, DKOGPUKQP WPF SVCPFQTV CWH FKG 
VQTJCDGP KP FGT LCPFUEJCHV GKPYKTMGP OÌEJVG.

DC FCU HÒT GKPGP NGWDCW \WT VGTHÒIWPI UVGJGPFG BWFIGV FGU LCPFYKTVU IGTKPIGT IGYQT-
FGP KUV, XGTUWEJV  FKGUGT CNNG MÌINKEJMGKVGP \WT KQUVGPGKPURCTWPI CWU\WPWV\GP. DKGU ·WUUGTV  
UKEJ WPVGT CPFGTGO KP FGT WCJN IÒPUVKIGTGT BCWOCVGTKCNKGP WPF FGO VGT\KEJV CWH GKPGP 
SWCNKHK\KGTVGP PNCPGT. VQT CNNGO NGV\VGTGU JCV YGKVTGKEJGPFG KQPUGSWGP\GP. EU DGUVGJV FKG 
GGHCJT, FCUU FKG FTCIG PCEJ FGT GGUVCNVWPI WPF EKPRCUUWPI FGT BCWVGP KP FKG LCPFUEJCHV ICT 
PKEJV QFGT PKEJV OKV JKPTGKEJGPFGT SQTIHCNV DGJCPFGNV YKTF. EU YGTFGP NCPFUEJCHVUWPV[RKUEJG 
BNGEJG WPF FCTDGP XGTYGPFGV, FKG BCWMÌTRGT VTGVGP UGNVGP KP BG\KGJWPI \W GKPCPFGT, SVKN-
OGTMOCNG FGT UOIGDWPI YGTFGP PKEJV CWHIGITKHHGP. DKGUGT UOICPI OKV BCWVGP N·UUV UKG CNU 
FTGOFMÌTRGT KP FGT LCPFUEJCHV YKTMGP 
ADD. 2�. BGK FGT WCJN FGT MCVGTKCNKGP YKTF QHV ÒDGT-
UGJGP, FCUU PKEJV PWT FKG APUEJCHHWPIUMQUVGP KPU GGYKEJV HCNNGP, UQPFGTP FKG IPUVCPFJCNVWPI 
WPF ETPGWGTWPI KP GKPG RGPVCDKNKV·VUTGEJPWPI OKV GKP\WDG\KGJGP UKPF. L·PIGTHTKUVKI MCPP GKPG 
\W YGPKI WOHCUUGPF FWTEJFCEJVG PNCPWPI UQICT \W MGJTMQUVGP HÒJTGP, \WO BGKURKGN KPHQNIG 
WPDGHTKGFKIGPFGT KPVGTPGT ADN·WHG WPF FGT FCTCWU TGUWNVKGTGPFGP V·INKEJGP MGJTCTDGKV. 

ADD. 2� DKG BCWMÌTRGT FGU HQHGU UKPF WPVGTUEJKGFNKEJ CWUHQTOWNKGTV WPF OKV XGTUEJKGFGPGP MCVGTKCNKGP WPF 
FCTDGP XGTUGJGP. DCU FWVVGTNCIGT KP FQTO XQP SKNQDCNNGP KUV PKEJV KP FGT HQHCPNCIG KPVGITKGTV
The various building elements are formulated differently and made of different materials and colours. 
The forage store in form of silage bales is not integrated in the farm

3 Einordnung in die Landschaft

BCWGP KP FGT LCPFUEJCHV KUV GKP UEJYKGTKIGU VQTJCDGP, DGK FGO XKGNG APURTÒEJG WPVGTGKPCP-
FGT CDIGYQIGP WPF CDIGUVKOOV YGTFGP OÒUUGP. 
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FÒT GKPG VKGN\CJN XQP LCPFUEJCHVGP FGU PTQLGMVIGDKGVGU IKNV, FCUU UKG UKEJ FWTEJ GKPG ÌMQ-
NQIKUEJG VKGNHCNV, GKP\KICTVKIG FQTOCVKQPGP WPF KWNVWTNCPFUEJCHV CWU\GKEJPGP. SKG FGEMGP FCU 
SRGMVTWO XQO IWV DGYKTVUEJCHVGVGP FNCEJNCPF DKU \WT WPYKTVNKEJGP HQEJIGDKTIUTGIKQP CD. 

DKG NWV\WPI FGT LCPFUEJCHVGP KUV XKGNUGKVKI, UKG FKGPGP FGO LGDGPUGTYGTD, FGT ETJQNWPI, 
FGT EPVURCPPWPI, FGP URQTVNKEJGP AMVKXKV·VGP WPF OGJT. DCDGK YÒPUEJV UKEJ LGFGT NWV\GT, 
FCUU FKG XQP KJO DGUWEJVG LCPFUEJCHV OÌINKEJUV UGKPGP APURTÒEJGP IGTGEJV YKTF. DKGU HQT-
FGTV GKPGP DGJWVUCOGP UOICPI, FC \GTUVÌTVG LCPFUEJCHVGP PWT WPVGT JQJGO AWHYCPF YKGFGT 
JGT\WUVGNNGP UKPF. 

EU KUV \W DGFGPMGP, FCUU FGT LCPFYKTV FWTEJ FGP KCWH GKPGU GTWPFUVÒEMGU \YCT FCU NWV-
\WPIUTGEJV CP FKGUGO BQFGP GTYKTDV, UGKP PTKXKNGI \WO BCWGP CWUUGTJCND FGT BCW\QPG D\Y. 
KP FGT FTGKHN·EJG CWEJ GKPG VGTCPVYQTVWPI HÒT GKPG LCPFUEJCHV DGKPJCNVGV. DGP LCPFYKTVGP KUV 
\W XGTCPUEJCWNKEJGP, FCUU FKG AWUYKTMWPIGP WPF BGGKPVT·EJVKIWPIGP DCWNKEJGT VGT·PFGTWP-
IGP CWH KJTGO BQFGP ÒDGT FKG GTWPFUVÒEMUITGP\G JKPCWU YKTMGP. DCU GKIGPG GTWPFUVÒEM KUV 
CNU TGKN GKPGU GCP\GP WPF PKEJV KUQNKGTV \W DGVTCEJVGP. EU KUV KP UGKPG UOIGDWPI GKPIGDGVVGV.

4 Grundthesen fÒr die gestalterische Einordnung

DKG FQTFGTWPI PCEJ IWVGT EKPQTFPWPI N·UUV UKEJ UEJYGT KP PCTCITCRJGP HCUUGP. EKPJGKVNKEJG 
BGUVKOOWPIGP MÌPPGP FGT NCPFUEJCHVNKEJGP VKGNHCNV WPF FGP LGYGKNKIGP DGVTKGDNKEJGP RCJ-
OGPDGFKPIWPIGP MCWO IGTGEJV YGTFGP.  

PTQDNGOG VTGVGP \WO BGKURKGN CWH, YGPP GKP DGUVKOOVGU MCVGTKCN MCVGIQTKUEJ WPF UVCPFCTF-
O·UUKI HÒT CNNG AWUUGPHCUUCFGP IGHQTFGTV YKTF, FKGUGU CDGT KO DGUQPFGTGP EKP\GNHCNN CP UEJQP 
DGUVGJGPFGP GGD·WFGP MGKPG VGTYGPFWPI HCPF.  

IO FQNIGPFGP UQNNGP FGUJCND GKPKIG TGNCVKX CNNIGOGKPG GTWPFVJGUGP HÒT GKPG DGUUGTG EKP-
RCUUWPI XQP BCWXQTJCDGP KP KJTG UOIGDWPI CWHIGUVGNNV YGTFGP�
 î GTWPFXQTCWUUGV\WPI \WT FKPFWPI FGT TKEJVKIGP EKPQTFPWPI KUV FKG AWUGKPCPFGTUGV\WPI 

OKV FGO DGVTQHHGPGP OTV WPF FGP GGIGDGPJGKVGP, YKG UKG XQT\WHKPFGP UKPF. WKTF GKP 
PGWGU GGD·WFG KP GKPG LCPFUEJCHV GKPIGHÒIV, KUV UGKPG DKOGPUKQP FGO MCUUUVCD FGT 
LCPFUEJCHV CP\WRCUUGP. IP MNGKPUVTWMVWTKGTVG RGIKQPGP RCUUGP UKEJ MNGKPGTG GGD·WFG 
DGUUGT GKP, ITQUUG GGD·WFG UVÌTGP FKG MCUUUV·DNKEJMGKV CO OTV. IP ITQUU\ÒIKIGP GGDKG-
VGP MÌPPGP CWEJ ITQUUG VQNWOGP IWV GKPIGHÒIV YGTFGP.

 î BGK FGT SVCPFQTVYCJN KUV TCWODKNFGPFGT BGYWEJU IGIGPÒDGT GKPGT FTGKHN·EJG XQT\W\KG-
JGP. DGT XQTJCPFGPG GGN·PFGXGTNCWH UQNN FWTEJ FKG \WU·V\NKEJGP BCWMÌTRGT CWHIGPQO-
OGP WPF XGTUV·TMV YGTFGP. DKG SEJCHHWPI GKPGU PGWGP GGN·PFGXGTNCWHU FWTEJ HTGKGU 
PNCV\KGTGP GKPGU GGD·WFGU DGFGWVGV GKPGP GTJGDNKEJGP EKPITKHH KP FCU WTURTÒPINKEJG 
LCPFUEJCHVUDKNF WPF KUV FCJGT \W XGTOGKFGP. DGT GGN·PFGXGTNCWH MCPP UKEJ KP FGT 
DCEJHQTO YKGFGTHKPFGP. AP GKPGO SVCPFQTV OKV BGTIGP KO HKPVGTITWPF RCUUGP UKEJ 
SCVVGNF·EJGT IWV GKP. IP QHHGPGP LCPFUEJCHVGP KUV GKP FNCEJFCEJ GKP IGGKIPGVGU MKVVGN, 
WO FKG OHHGPJGKV WPF FGP HNCEJGP HQTK\QPV PQEJOCNU \W DGVQPGP.

 î WKTF GKP GGD·WFG KP GKPGT DGUVGJGPFGP GGD·WFGITWRRG GTUVGNNV, UKPF FKG GGUVCN-
VWPIU- WPF SVKNOGTMOCNG FGU BGUVCPFGU CWH\WPGJOGP WPF WO\WUGV\GP. DKG GGD·WFG 
WPVGTGKPCPFGT UQNNGP KP GKPGT BG\KGJWPI \WGKPCPFGT CPIGQTFPGV YGTFGP. DGT SEJCHHWPI 
UKPPXQNNGT ZYKUEJGPT·WOG KUV BGCEJVWPI \W UEJGPMGP. DKG GGD·WFGHQTO WPF -RTQRQT-
VKQP JCV UKEJ FGP XQTJCPFGPGP GGD·WFGP CP\WRCUUGP, GDGPUQ KUV KJTG AWUTKEJVWPI FGP 
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QTVUÒDNKEJGP GGRHNQIGPJGKVGP CP\WINGKEJGP. HKGTWPVGT HCNNGP GDGPUQ FKG DCEJHQTO, 
ODGTHN·EJGP, FCTDGP WPF MCVGTKCNKGP. 

WGTFGP FKGUGP VQTUEJN·IGP BGCEJVWPI IGUEJGPMV, UQNNVGP MKUUITKHHG YGKVIGJGPF XGT-
OKGFGP YGTFGP MÌPPGP. DKG DGUEJTKGDGPGP VQTUEJN·IG NCUUGP SRKGNTCWO HÒT KTGCVKXKV·V DGK 
INGKEJ\GKVKIGT SGPUKDKNKUKGTWPI CWH FKG LCPFUEJCHV.

5 ArDeiten mit BeisRielen

UO FGP LCPFYKTVGP \W XGTCPUEJCWNKEJGP, YCU NCPFUEJCHVUXGTVT·INKEJGU BCWGP KUV, UKPF FKG 
VQTUEJN·IG CPJCPF IGDCWVGT BGKURKGNG KP FGP RGIKQPGP \W GTN·WVGTP. EKPG BGKURKGNUCOONWPI 
UQNN XQTDKNFJCHVG LÌUWPIGP CWH\GKIGP, YKG FKG UEJYKGTKIG AWHICDG FGT EKPDGVVWPI KP FGT LCPF-
UEJCHV DGY·NVKIV YGTFGP MCPP. DKGUG BGKURKGNG YGTFGP JKPUKEJVNKEJ XGTUEJKGFGPGT MGTMOCNG 
WPF BGUQPFGTJGKVGP CWUIGY·JNV. OJPG FKG CTDGKVUVGEJPKUEJGP ADN·WHG \W ÒDGTIGJGP, NKGIV 
FCU HCWRVCWIGPOGTM DGK FGT AWUYCJN KO UOICPI OKV FGT LCPFUEJCHV, F. J. FKG ATV WPF WGK-
UG, YKG GKP BG\WI \W KJT JGTIGUVGNNV YWTFG. 

ADD. 3� NGWG ÖMQPQOKGIGD·WFG KP CQPU, SVTCUUGPCPUKEJV WPF RÒEMCPUKEJV, GR. DCU PQVYGPFKIG RCWO-
XQNWOGP YWTFG CWH \YGK GGD·WFG CWHIGVGKNV. DKG PGWGP GGD·WFG RCUUGP UKEJ OKV KJTGT DKOGPUKQP CP FKG 
FGT DGUVGJGPFGP GGD·WFG CP
NGY TWTCN DWKNFKPIU KP CQPU, CCPVQP QH GTKUQPU, UVTGGV XKGY CPF DCEM XKGY. TJG TGSWKTGF DWKNFKPI XQNWOG KU 
TGCNKUGF KP VYQ DWKNFKPIU. TJG FKOGPUKQPU QH VJG PGY DWKNFKPIU CTG CFCRVGF VQ VJG UK\G QH VJG GZKUVKPI 
DWKNFKPIU

IP ADDKNFWPI 3 UKPF \YGK PGWG ÖMQPQOKGDCWVGP \W UGJGP, FKG UKEJ KP FCU OTVU- WPF LCPF-
UEJCHVUDKNF GKPRCUUGP. IJTG FKTUVTKEJVWPI XGTN·WHV YKG DGK FGP DGUVGJGPFGP GGD·WFG UGPMTGEJV 
\WO HCPI. DKG GGD·WFGXQNWOGVTKG YGKUV ·JPNKEJG PTQRQTVKQPGP CWH YKG FGT BGUVCPF. ANU 
DCEJHQTO YWTFG FCU QTVUÒDNKEJG HNCEJIGPGKIVG SCVVGNFCEJ XGTYGPFGV, FKG FCUUCFG KUV OKV HQN\ 
XGTUEJCNV. DGPPQEJ WPVGTUEJGKFGP UKEJ FKG PGWGP XQP FGP CNVGP GGD·WFGP. DKG NKGIGPFG 
HQN\XGTUEJCNWPI DGUVGJV CWU UEJT·I CWHGKPCPFGT IGUVGNNVGP HQN\NCVVGP. DKG TTCIUVTWMVWT \GKEJ-
PGV UKEJ CP FGT AWUUGPHCUUCFG CD, BCWOUV·OOG ÒDGTPGJOGP FKG FWPMVKQP FGT SVÒV\GP.

AWH FGP GTUVGP BNKEM VTGVGP FKG GGD·WFG PKEJV KP FGP VQTFGTITWPF. BGK P·JGTGO BGVTCEJVGP 
YGTFGP FKG HGKPGP UPVGTUEJKGFG UKEJVDCT WPF NCUUGP FKG GGD·WFG CNU GKIGPUV·PFKIG ATEJKVGM-
VWT PCJG FGO ANVDGUVCPF YKTMGP.

ADDKNFWPI 4 \GKIV GKPGP PGWGP SVCNN, FGT FWTEJ GKPG IGUEJKEMVG WCJN FGT DCEJHQTO WPF 
-PGKIWPI \WTÒEMJCNVGPF YKTMV. DKG B·WOG KO HKPVGTITWPF ÒDGTTCIGP FCU GGD·WFG WPF NCUUGP 
GU MNGKPGT GTUEJGKPGP.
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ADD. 4� NGWGT HQH KP LGKODCEJ, ZH. TTQV\ FGT ITQUUGP GGD·WFGMWDCVWT HÒIV UKEJ FGT SVCNN IWV KP FKG LCPF-
UEJCHV GKP
New farm in Leimbach, Canton of Zurich. Despite its large cubature, the stable is well integrated into the 
landscape

MKVWPVGT UKPF GU GPVYWTHNKEJG KNGKPKIMGKVGP, FKG HÒT GKPG IWVG QFGT UEJNGEJVG EKPRCUUWPI FGT 
NCPFYKTVUEJCHVNKEJGP GGD·WFG UQTIGP. DC FKG AWUYKTMWPIGP CDGT GTJGDNKEJ UGKP MÌPPGP, 
KUV FGT UQTIH·NVKIG UOICPI OKV FGT LCPFUEJCHV WPCDFKPIDCT. DKGUGO YKTF KO GTUVGP SEJTKVV 
FWTEJ FKG LCPFYKTVG WPF FKG PNCPWPIUDGVGKNKIVGP OKV FGT AWUGKPCPFGTUGV\WPI FGT VQTUEJN·IG 
RGEJPWPI IGVTCIGP.

FÒT GKP TGKDWPIUNQUGU GGNKPIGP FGU BCWXQTJCDGPU GORHKGJNV UKEJ UGKVGPU FGT BCWJGTTUEJCHV 
GKP HTÒJ\GKVKIGU IPXQNXKGTGP FGT DGYKNNKIGPFGP BGJÌTFGP KP FGP PNCPWPIUCDNCWH, FC AWHNCIGP 
KP FGT BCWIGPGJOKIWPI OKV JÌJGTGP KQUVGP XGTDWPFGP UGKP MÌPPGP. DGT BGK\WI GKPGU SWCNK-
HK\KGTVGP PNCPGTU KUV KP XKGNGTNGK HKPUKEJV XQTVGKNJCHV� IP FGT PNCPWPIURJCUG KUV GU UKPPXQNN, GKPG 
ETYGKVGTWPI FGU GGD·WFGU DGK FGT AWUYCJN FGU UVCVKUEJGP S[UVGOU WPF FGT BCWOCVGTKCNKGP 
KP FKG ÜDGTNGIWPIGP OKV GKP\WDG\KGJGP. VGT·PFGTWPIGP KP FGP TKGTJCNVWPIUTKEJVNKPKGP GTHQT-
FGTP OKVWPVGT UODCWOCUUPCJOGP, FKG FCU GGD·WFG GTOÌINKEJGP UQNNVG.

ZWFGO YGTFGP FKG XQO LCPFYKTV XGTCPUEJNCIVGP EKIGPNGKUVWPIGP \WT RGFW\KGTWPI FGT 
BCWMQUVGP HCEJNKEJ DGWTVGKNV. DGT LCPFYKTV MCPP UKEJ Y·JTGPF FGT BCWRJCUG DGK FGT AWU-
HÒJTWPI UGKPGT EKIGPNGKUVWPIGP DGTCVGP NCUUGP. AWEJ GTOÌINKEJV FGT PNCPGT FGO LCPFYKTV 
FKG KQP\GPVTCVKQP CWH UGKPG GKIGPVNKEJG ATDGKV, FC GT FKG KQQTFKPCVKQP FGT BCWDGVGKNKIVGP 
ÒDGTPKOOV.
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<WsCmmenfCssWng

In einem Verbundprojekt werden 3� „Pilotbetriebe für beispielhafte, artgerechte Tierhaltung 
in Bayern“ wissenschaftlich begleitet. Alle Betriebe werden ausführlich dokumentiert. Erfasst 
werden betriebliche Rahmenbedingungen, gesamte Stallgebäude, Haltungssysteme und -ver-
fahren sowie Arbeits- und Betriebswirtschaft.

In einem zweiten Schwerpunkt werden spezielle Fragestellungen zu Tierhaltung und Tier-
schutz, zu den Belastungen für Arbeitspersonen durch die Stallluft und zu Emissionen und 
Immissionen behandelt.

SWmmCr[

In a cooperative project 3� „Bavarian pilot farms for exemplary and adequate animal hus-
bandry“ are researched. All farms are documented concerning operational basic conditions, 
architecture, housing systems, working conditions and economics. 

Also attention is given to special questions like animal husbandry and animal welfare, 
burden for agricultural workers caused by stable air and environmental impacts.
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1 Einleitung und Zielsetzung

IP BC[GTP GPVHCNNGP 72 � FGT VGTMCWHUGTNÌUG CWH FKG VKGTKUEJG PTQFWMVKQP WPF KP 77 � CNNGT 
BGVTKGDG UKPF TKGTG CWH FGP BGVTKGDGP CP\WVTGHHGP. DKG TKGTJCNVWPI KUV FCOKV YGUGPVNKEJGU 
RÒEMITCV FGT D·WGTNKEJGP LCPFYKTVUEJCHV. SKG KUV CWEJ BCUKU GKPGU DGFGWVGPFGP VGTCTDGKVWPIU-
IGYGTDGU KP BC[GTP WPF PKEJV \WNGV\V WPGPVDGJTNKEJ HÒT FKG ETJCNVWPI FGT KWNVWTNCPFUEJCHV.

MKV FGT NGWQTICPKUCVKQP FGT DC[GTKUEJGP AITCTHQTUEJWPI KP FGP IPUVKVWVGP FGT BC[GTKUEJGP 
LCPFGUCPUVCNV HÒT LCPFYKTVUEJCHV KUV GKP IPUVTWOGPVCTKWO IGIGDGP, CMVWGNNG HCNVWPIUU[UVGOG 
VTQV\ KJTGT KQORNGZKV·V JKPUKEJVNKEJ XKGNGT EKPHNWUURCTCOGVGT \W WPVGTUWEJGP, APHQTFGTWPIGP 
\W FGHKPKGTGP WPF YGUGPVNKEJG ETMGPPVPKUUG HÒT GKPG CTVIGTGEJVG TKGTJCNVWPI CD\WNGKVGP. DKGU 
UQNN KP FGO XQO DC[GTKUEJGP SVCCVUOKPKUVGTKWO HÒT LCPFYKTVUEJCHV WPF FQTUVGP HKPCP\KGTVGP 
VGTDWPFRTQLGMV \WT CTVIGTGEJVGP, WOYGNVXGTVT·INKEJGP WPF YGVVDGYGTDUH·JKIGP TKGTJCNVWPIU-
XGTHCJTGP KP FGP JCJTGP 2003 DKU 2005 WOIGUGV\V YGTFGP. IO RCJOGP FKGUGU VGTDWPFRTQLGM-
VGU PKOOV FCU TGKNRTQLGMV D FKG ëYKUUGPUEJCHVNKEJG BGVTGWWPI FGT DC[GTKUEJGP PKNQVXQTJCDGP 
HÒT CTVIGTGEJVG TKGTJCNVWPIé FGP ITÌ­VGP RCWO GKP. DKGUGU PTQLGMV UQNN KO FQNIGPFGP P·JGT 
XQTIGUVGNNV YGTFGP.

2 ProLektÒDersicht

2�1 ProLektteilnehmer

AP FGO FQTUEJWPIUXQTJCDGP PGJOGP HQNIGPFG IPUVKVWVG FGT BC[GTKUEJGP LCPFGUCPUVCNV HÒT 
LCPFYKTVUEJCHV VGKN�
 î IPUVKVWV HÒT LCPFVGEJPKM, BCWYGUGP WPF UOYGNVVGEJPKM 
ILT� ä KQQTFKPCVKQP
 î IPUVKVWV HÒT TKGTJCNVWPI WPF TKGTUEJWV\ 
ITH�
 î IPUVKVWV HÒT N·PFNKEJG SVTWMVWTGPVYKEMNWPI, BGVTKGDUYKTVUEJCHV WPF AITCTKPHQTOCVKM 
ILB�
 î IPUVKVWV HÒT TKGTGTP·JTWPI WPF FWVVGTYKTVUEJCHV 
ILE�

IP FCU PTQLGMV KUV GDGPHCNNU FGT LGJTUVWJN HÒT PNCPGP WPF BCWGP KO L·PFNKEJGP RCWO FGT 
TU-MÒPEJGP KPVGITKGTV.

2�2 BetrieDe

IP GKPGT ÌHHGPVNKEJGP AWUUEJTGKDWPI YWTFGP BGVTKGDG CWHIGHQTFGTV, CO PTQITCOO ëPKNQVDGVTKG-
DG HÒT DGKURKGNJCHVG CTVIGTGEJVG TKGTJCNVWPIé VGKN\WPGJOGP. FQNIGPFG KTKVGTKGP YCTGP DGK FGT 
AWUYCJN OC­IGDNKEJ�
 î SVGNNWPIPCJOGP FGT LCPFYKTVUEJCHVU·OVGT WPF BCWDGTCVGT�
  ä  EKIPWPI FGU BGVTKGDGU JKPUKEJVNKEJ CTVIGTGEJVGT TKGTJCNVWPI, DCWNKEJG GGUVCNVWPI, 

EPVYKEMNWPIUOÌINKEJMGKVGP 
DCWHCEJNKEJG SVGNNWPIPCJOG \WT CTVIGTGEJVGP TKGTJCN-
VWPI�

  ä  EKIPWPI FGU BGVTKGDUNGKVGTU JKPUKEJVNKEJ DWTEJHÒJTWPI WPF PT·UGPVCVKQP FGU PKNQVXQT-
JCDGPU

  ä ANNIGOGKPGT BGVTKGDU\WUVCPF \WO ZGKVRWPMV FGT APVTCIUVGNNWPI
  ä WKTVUEJCHVNKEJMGKV FGT IGRNCPVGP MC­PCJOG
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 î BGTÒEMUKEJVKIWPI DCWVGEJPKUEJGT KTKVGTKGP 
\. B. VGTYGPFWPI DGUQPFGTGT MCVGTKCNKGP 
WPF BCWYGKUGP 
GTÒPFCEJ��

 î ÜDGT\GWIGPFGU GGUCOVMQP\GRV HÒT FGP BGVTKGD WPF FCU SVCNNIGD·WFG
 î ZWQTFPWPI FGU BGVTKGDGU JKPUKEJVNKEJ TKGTCTV WPF RGIKQP

VQP GKPGO FCEJDGKTCV YWTFGP KPUIGUCOV 36 BGVTKGDG CNU ëPKNQVDGVTKGDG HÒT DGKURKGNJCHVG 
CTVIGTGEJVG TKGTJCNVWPIé CWUIGY·JNV. ZYGK BGVTKGDG JCDG KJTG TGKNPCJOG YKGFGT \WTÒEMIG-
\QIGP. VQP FGP XGTDNGKDGPFGP 34 BGVTKGDGP GPVHCNNGP 18 CWH FGP BGTGKEJ FGT MKNEJXKGJ-�
RKPFGTJCNVWPI, 12 CWH FKG SEJYGKPGJCNVWPI WPF 4 CWH FKG GGHNÒIGNJCNVWPI. MKV 12 BGVTKG-
DGP YKTVUEJCHVGV GKP DTKVVGN PCEJ FGP KTKVGTKGP FGU ÌMQNQIKUEJGP LCPFDCWU. DKG T·WONKEJG 
VGTVGKNWPI FGT BGVTKGDG KP BC[GTP WPF FKG ZWQTFPWPI PCEJ RGIKGTWPIUDG\KTMGP KUV KP ADD. 1 
FCTIGUVGNNV.

ADD. 1� VGTVGKNWPI FGT PKNQVDGVTKGDG PCEJ LCIG WPF TKGTCTVGP
Spreading of the pilot farms with regional and species variations

3 TeilRroLekte

3�1 Dokumentation der PilotDetrieDe

ZKGN FGT DQMWOGPVCVKQP KUV FKG GTWPFFCVGPGTJGDWPI \WT BGUEJTGKDWPI FGT DGVTKGDNKEJGP 
RCJOGPDGFKPIWPIGP UQYKG FKG \GKEJPGTKUEJG DQMWOGPVCVKQP WPF APCN[UG FGT TGCNKUKGTVGP 
BCWXQTJCDGP. DKGUG DCVGP FKGPGP FGT IPHQTOCVKQP HÒT FKG LCPFYKTVUEJCHVU·OVGT WPF FKG 
BCWDGTCVWPI, CNU DCVGPRQQN HÒT FKG ÖHHGPVNKEJMGKVUCTDGKV WPF CNU RCJOGP HÒT FKG GKP\GNPGP 
FQTUEJWPIUUEJYGTRWPMVG KPPGTJCND FGU PTQLGMVGU. DKG KPUVKVWVUÒDGTITGKHGPFG BGCTDGKVWPI 
FGU DQMWOGPVCVKQPUVGKNU GTHQNIV FWTEJ FKG VGTYGPFWPI GKPGU IGOGKPUCOGP DGUMVQR-PWDNK-
UJKPI-PTQITCOOU. NCEJHQNIGPFG TJGOGP YGTFGP HÒT CNNG PKNQVDGVTKGDG KP FGT DQMWOGPVCVKQP 
DGJCPFGNV.
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BetrieDliche RahmenDedingungen 
DGCTDGKVGV XQO ILT�
NGDGP FGT SVCPFQTVDGUEJTGKDWPI WPF FGT FCMVQTCWUUVCVVWPI YGTFGP EPVUEJGKFWPIUITÒPFG 
WPF ETYGKVGTWPIUOÌINKEJMGKVGP FCTIGNGIV.

GeD·udezuordnung und �Deziehungen 
DGCTDGKVGV XQP TUM�
AWUIGY·JNVG BGVTKGDG YGTFGP WPVGT UV·FVGDCWNKEJGP, MQPUVTWMVKXGP WPF HWPMVKQPCNGP 
GGUKEJVURWPMVGP DGVTCEJVGV. GGIGPUVCPF FGT APCN[UGP UKPF PGDGP GTWPFTKUU WPF LCIGRNCP 
FKG FN·EJGPPWV\WPI, BCWRJCUGP, GGD·WFGSWGTUEJPKVVG, AW­GPCPNCIGP UQYKG FKG BG\KGJWP-
IGP \YKUEJGP FGP GGD·WFGP 
\. B. VGTMGJTUUVTÌOG�.

StallgeD·udeausfÒhrung 
DGCTDGKVGV XQO ILT�
DKG SVCPFCTFFQMWOGPVCVKQP KP CNNGP BGVTKGDGP DGKPJCNVGV FKG ETUVGNNWPI XQP GTWPFTKUU WPF 
SEJPKVV\GKEJPWPIGP KO MC­UVCD 1�100 WPF 1�500, FKG DCTUVGNNWPI FGU SVCNNMQP\GRVGU OKV FGT 
GGD·WFGMQPUVTWMVKQP UQYKG GKPG CWUHÒJTNKEJG DQMWOGPVCVKQP KP BKNFGTP. DCTÒDGT JKPCWU 
YGTFGP XQP 10 BGVTKGDGP CNNG GGD·WFGGNGOGPVG 
TTCIYGTM, BQFGPRNCVVG, W·PFG, DGEMG 
WUY.� DGUEJTKGDGP UQYKG \YGK- WPF FTGKFKOGPUKQPCNG APUKEJVGP GTUVGNNV.

HaltungsXerfahren und dessen Tiergerechtheit 
DGCTDGKVGV XQO ILT WPF ITH�
TKGTWOVTKGD, MCPCIGOGPV WPF FWPMVKQPUDGTGKEJG WPF FWPMVKQPUCDN·WHG YGTFGP KP BGUEJTGK-
DWPIGP, ZGKEJPWPIGP WPF BKNFGTP FCTIGUVGNNV. DKG FWPMVKQPUDGTGKEJG LCWHGP, FTGUUGP, LKGIGP 
YGTFGP \YGKOCN 
WKPVGT WPF SQOOGT� JKPUKEJVNKEJ FGT TKGTIGTGEJVJGKV DGYGTVGV. DCDGK 
MQOOGP URG\KGNN GPVYKEMGNVG BGYGTVWPIUDÌIGP \WO EKPUCV\, FKG UKEJ CP DGTGKVU DGMCPPVGP 
TGI-BGYGTVWPIGP WPF CJGEMNKUVGP QTKGPVKGTGP. DKG FWPMVKQPUDGTGKEJG YGTFGP OKV 
 
RQUKVKXG 
BGWTVGKNWPI�, v 
ÄPFGTWPIGP YGTFGP GORHQJNGP� WPF ä 
ÄPFGTWPIGP UKPF FTKPIGPF GTHQTFGT-
NKEJ� DGYGTVGV. ZWU·V\NKEJ YKTF GKP TGKN FGT HGTFG GKPGT IGPCWGP BGWTVGKNWPI FGU IPVGIWOGPVU 
JKPUKEJVNKEJ VGTNGV\WPIGP WPF VGTUEJOWV\WPIGP WPVGT\QIGP.

ArDeitswirtschaft 
DGCTDGKVGV XQO ILT�
ATDGKVU\GKVGTJGDWPIGP HKPFGP KP CNNGP BGVTKGDGP FWTEJ AWH\GKEJPWPIGP FGT LCPFYKTVG KP 
ATDGKVU\GKVVCIGDÒEJGTP UVCVV. DCTKP YKTF FCU IGUCOVG PTQFWMVKQPUXGTHCJTGP GTHCUUV. 
\. B. HÒT 
FKG MKNEJXKGJJCNVWPI KP 8 ATDGKVUXQTI·PIGP WPF 38 ATDGKVUVGKNXQTI·PIGP�. T·INKEJ UKPF XQO 
LCPFYKTV ÒDGT OGJTGTG DWTEJI·PIG D\Y. JCJTGU\GKVGP FKG CWHIGYGPFGVGP ATDGKVU\GKVGP KP 
FCU DGTGKVIGUVGNNVG FQTOWNCT GKP\WVTCIGP.

AWUHÒJTNKEJG MGUUWPIGP FGT ATDGKVUDGFKPIWPIGP YGTFGP KP ZWUCOOGPCTDGKV OKV FGT 
LCPFYKTVUEJCHVNKEJGP BGTWHUIGPQUUGPUEJCHV KP 13 CWUIGY·JNVGP BGVTKGDGP FWTEJIGHÒJTV. 
DCDGK YGTFGP PGDGP FGP TGORGTCVWTGP WPF SEJCFICUMQP\GPVTCVKQPGP FGT SVCWD-, EPFQ-
VQZKP- WPF KGKOIGJCNV FGT SVCNNNWHV DGUVKOOV. 
SKGJG BGKVTCI XQP SCHNEIDER GV CN. KP FKGUGO 
TCIWPIUDCPF�.

BetrieDswirtschaft 
DGCTDGKVGV XQO ILB�
BGK CNNGP PKNQVDGVTKGDGP YGTFGP FKG PQVYGPFKIGP DCVGP \WT ETUVGNNWPI FGT BGVTKGDU\YGKICD-
TGEJPWPI GKPUEJNKG­NKEJ FC\WIGJÌTKIGT PCVWTCNGT ETI·P\WPIUFCVGP GTJQDGP. DCDGK YKTF CWH 
HQNIGPFG DCVGPSWGNNGP \WTÒEMIGITKHHGP� DCVGP CWU FGT BWEJHÒJTWPI WPF FGO JCJTGUCDUEJNWUU, 
TKGTDGUV·PFG 
HIT-DCVGP�, ETIGDPKUUG FGT LGKUVWPIURTÒHWPI 
LKV-DCVGP�, RTQFWMVKQPUVGEJPK-
UEJG AWH\GKEJPWPIGP 
HGTFGPRNCPGT�, EKP- WPF VGTMCWHUCDTGEJPWPIGP UQYKG GTI·P\GPFG 
APICDGP FGU BGVTKGDUNGKVGTU. DKGUG FGVCKNNKGTVG ETHCUUWPI FGT LGKUVWPIGP WPF KQUVGP GTHQNIV KP 
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FGP PKNQVDGVTKGDGP GTUVOCNU HÒT FKG PGTKQFG 
WKTVUEJCHVULCJT�, KP FGT FKG SVCNNCPNCIG ICP\L·JTKI 
IGPWV\V YWTFG.

3�2 Ausgew·hlte ForschungsschwerRunkte

IP CWUIGY·JNVGP BGVTKGDGP YGTFGP URG\KGNNG FTCIGUVGNNWPIGP WPVGTUWEJV.

Untersuchungen zur Liegefl·chengestaltung Dei Fressern und MastDullen 
DGCTDGKVGV 
XQO ITH�
IP GKPGO MCUVDWNNGPDGVTKGD YGTFGP TKGTG KP ADVGKNGP OKV WPF QJPG GWOOKCWHNCIG FGT 
LKGIGHN·EJGP JKPUKEJVNKEJ AMVKXKV·V WPF LCJOJGKVGP XGTINKEJGP. DCU VGTJCNVGP YKTF OKVVGNU 
VKFGQVGEJPKM, PGFQOGVGT WPF GCPICPCN[UGP DGUVKOOV.

Untersuchungen zur Beleuchtungsdauer und Beleuchtungsintensit·t Dei MilchkÒhen 

DGCTDGKVGV XQO ITH�
IP MKNEJXKGJUV·NNGP YKTF FKG VGTVGKNWPI FGT BGNGWEJVWPIUKPVGPUKV·V WPF -FCWGT KO SVCNN IGOGU-
UGP, WO FCTCWU FGTGP EKPHNWUU CWH FCU VGTJCNVGP FGT TKGTG 
LCWH-, SVGJ- LKGIGCMVKXKV·V WPF 
-RQUKVKQP YGTFGP ÒDGT URG\KGNNG PGFQOGVGT GTHCUUV� \W DGUVKOOGP. ANU BGNGWEJVWPIUMÌTRGT 
FKGPGP 3WGEMUKNDGT-HQEJFTWEMNCORGP. MGUUWPIGP YGTFGP CP 12 SVGNNGP KO SVCNN FWTEJ-
IGHÒJTV. NGDGP FGP VCTKCPVGP XQP LCPIVCI 
KO SQOOGT� WPF KWT\VCI 
KO WKPVGT�, YKTF FKG 
BGNGWEJVWPIUKPVGPUKV·V KP 4 SVWHGP 
5, 20, 40, 160 LWZ� XGT·PFGTV.

Tier� FressRlatz�Verh·ltnis Dei Mastschweinen in KleingruRRen im Au­enklimastall 
und FlÒssigfÒtterung am Kurztrog mit Sensor 
DGCTDGKVGV XQO ITH�
ZKGN FKGUGT UPVGTUWEJWPI KUV GU, FCU QRVKOCNG TKGT�FTGUURNCV\-VGTJ·NVPKU DGK FNÒUUKIHÒVVGTWPI 
XQP MCUVUEJYGKPGP CP GKPGO KWT\VTQI OKV SGPUQT WPVGT FGP BGFKPIWPIGP GKPGT KNGKPITWR-
RG 
12 TKGTG�BWEJV� KO AW­GPMNKOCUVCNN 
T[R ëPKI PQTV Ié� \W GTOKVVGNP. ANU KTKVGTKGP YGTFGP 
MCUV- WPF SEJNCEJVNGKUVWPIGP UQYKG FCU FWVVGTCWHPCJOG- WPF SQ\KCNXGTJCNVGP JGTCPIG\QIGP. 
EU UQNNGP CWEJ FKG AWUYKTMWPIGP WPVGTUEJKGFNKEJGT TTQIN·PIGP CWH FKG TTQI- WPF BWEJVGPJ[-
IKGPG GTOKVVGNV YGTFGP.

ZuluftkÒhlung in Schweinest·llen durch den Einsatz Wasser durchflossener W·rme�
leitRrofile 
DGCTDGKVGV XQO ITH�
IP FKGUGO VGTUWEJ UQNN FKG WKTMWPI XQP WCUUGT FWTEJHNQUUGPGP W·TOGNGKVRTQHKNGP \WT KÒJ-
NWPI FGT SVCNNNWHVVGORGTCVWT KP GKPGO SEJYGKPGDGUVCPF DGUVKOOV YGTFGP. 

DKG W·TOGNGKVRTQHKNG DGHKPFGP UKEJ KO ZGPVTCNICPI, KP EC. 2,50 O HÌJG. DKG ZWNWHV VTKVV 
ÒDGT GKPG CP FGT NQTFUGKVG, QDGTJCND FGT W·TOGNGKVRTQHKNG IGNGIGPG ÖHHPWPI FKTGMV KP FGP 
ZGPVTCNICPI GKP WPF IGNCPIV WPVGTJCND FGT W·TOGNGKVRTQHKNG ÒDGT ÖHHPWPIGP KP FKG PQTGPMC-
P·NG FGT GKP\GNPGP ADVGKNG. ANU KTKVGTKGP YGTFGP FKG KÒJNNGKUVWPI FGU S[UVGOU UQYKG TGORG-
TCVWT WPF TGNCVKXG LWHVHGWEJVG XQP SVCNN- WPF ZWNWHV GTJQDGP.

Untersuchungen zur ORtimierung des Stallklimas in Au­enklimast·llen fÒr Rinder� 
und Schweinest·lle 
DGCTDGKVGV XQO ILT�
MKV HKNHG XQP KGPPYGTVGP \WT LKGIGDQZGPDGNGIWPI, FGU SVCNNMNKOCU 
TGORGTCVWT, LWHVHGWEJVG, 
LWHVDGYGIWPI� WPF OGVGQTQNQIKUEJGT DCVGP UQNNGP UKPPXQNNG APJCNVUYGTVG \WT SVGWGTWPI XQP 
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WCPFXGTUEJNWUUU[UVGOGP WPF UPVGTUVÒV\WPIUNÒHVWPIGP IGHWPFGP YGTFGP. DCU LKGIGXGTJCN-
VGP YKTF ÒDGT GKP S[UVGO OKV UNVTCUEJCNNUGPUQTGP CWVQOCVKUKGTV CWHIG\GKEJPGV. LWHVDGYGIWPI 
WPF TGORGTCVWTGP YGTFGP CP 15 SVGNNGP KO SVCNN GTHCUUV 
UKGJG BGKVTCI XQP GUTERMANN GV. CN. 
KP FKGUGO TCIWPIUDCPF�.

Bewertung Xon Lauffl·chen fÒr Rinder 
DGCTDGKVGV XQO ILT�
IO VQTFGTITWPF FKGUGU TGKNRTQLGMVGU UVGJV FKG BGUVKOOWPI FGT MCVGTKCNGKIGPUEJCHVGP XQP 
LCWHHN·EJGP 
TTKVVUKEJGTJGKV WPF RWVUEJHGUVKIMGKV, EDGPJGKV, ODGTHN·EJGPTGNKGH�, DKGUG KGPP-
ITÌ­GP YGTFGP OKV GKPGO IG\QIGPGP GGT·V \WT GNGKVTGKDWPIUOGUUWPI UQYKG GKPGO HÒT FKGUG 
AWHICDG CPIGRCUUVGP 3D-LCUGTUECPPGT GTOKVVGNV. FGTPGT YKTF IGOGKPUCO OKV FGO LCPFGUMW-
TCVQTKWO HÒT VGTGFNWPI 
LKV� FKG BGFGWVWPI XGTUEJKGFGPGT LCWHHN·EJGP KP FGP DC[GTKUEJGP 
MKNEJXKGJNCWHUV·NNGP GTOKVVGNV. HKGT\W HKPFGV GKPG FTCIGDQIGPGTJGDWPI KP ÒDGT 6000 BGVTKG-
DGP UVCVV. NGDGP ETIGDPKUUGP \W FGP LCWHHN·EJGP UQNNGP CWEJ IPHQTOCVKQPGP ÒDGT ATV WPF 
H·WHKIMGKV FGT KNCWGPRHNGIG WPF \W FGP KQUVGP FGT KNCWGPIGUWPFJGKV IGHWPFGP YGTFGP.

Bewertung der Emissionen und Immissionen 
DGCTDGKVGV XQO ILT�
ZKGN FGU VQTJCDGPU KUV GKPG WOHCUUGPFG WPF DGNCUVDCTG 3WCPVKHK\KGTWPI FGT EOKUUKQPGP XQP 
AOOQPKCM, MGVJCP, LCEJICU, KQJNGPFKQZKF, GGTWEJ WPF SVCWD UQYKG FKG 3WCPVKHK\KGTWPI 
FGT IOOKUUKQPGP XQP AOOQPKCM, GGTWEJ WPF SVCWD 
PM10� HÒT WPVGTUEJKGFNKEJG TKGTCTVGP 
WPF HCNVWPIUU[UVGOG.

IPVGPUKXG LCPI\GKVOGUUMCORCIPGP YGTFGP CP LG GKPGO RKPFGTOCUV-, \YGK MKNEJXKGJ- WPF 
GKPGO SEJYGKPGOCUVDGVTKGD FWTEJIGHÒJTV. FÒT FKG EOKUUKQPUOGUUWPIGP FGT GCUMQP\GPVTC-
VKQPGP MQOOV GKP MWNVK-GCUCPCN[UGIGT·V OKV RJQVQCMWUVKUEJGO MGUURTKP\KR \WO EKPUCV\. 
GGTWEJUUVQHHMQP\GPVTCVKQPGP YGTFGP FWTEJ F[PCOKUEJG ONHCMVQOGVTKG SWCPVKHK\KGTV. DKG 
SVCWDMQP\GPVTCVKQPGP KP FGP SV·NNGP YGTFGP OKV GKPGO SVCWDUCOOGN- WPF -OGUUIGT·V HÒT 
FTGK PCTVKMGNOCUUGPHTCMVKQPGP DGUVKOOV. FÒT FKG BGTGEJPWPI FGT EOKUUKQPUTCVGP YGTFGP 
VQNWOGPUVTÌOG CDIGUEJ·V\V, FCU SVCNNMNKOC UQYKG DGINGKVGPF OGVGQTQNQIKUEJG PCTCOGVGT YKG 
WKPFTKEJVWPI WPF -IGUEJYKPFKIMGKV, LWHVVGORGTCVWT, LWHVHGWEJVG, GNQDCNUVTCJNWPI WPF NKG-
FGTUEJNCI GTHCUUV. DKG DCVGPU·V\G FGT EOKUUKQPU- WPF IOOKUUKQPUOGUUWPIGP UQNNGP \WT WGKVGT-
XGTCTDGKVWPI WPF VCNKFKGTWPI CNU EKPICPIURCTCOGVGT KP WPVGTUEJKGFNKEJG MQFGNNG GKPHNKG­GP.
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Gro­gruRRenhaltung in der Schweinemast ä Untersuchungen zur 
Tiergerechtheit und zum Umweltschutz
-eeping of fCttening pigs in NCrge groWps ä inXestigCtion regCrding 
CnimCN YeNfCre Cnd enXironmentCN protection

HANS�JOACHIM MªLLER1, FRITZ�WILHELM VENZLAFF2

1 IPUVKVWV HÒT AITCTVGEJPKM BQTPKO, MCZ-E[VJ-ANNGG 100, D-14469 PQVUFCO

2 LCPFGUCOV HÒT VGTDTCWEJGTUEJWV\ WPF LCPFYKTVUEJCHV, DQTHUVTC­G 1, OT RWJNUFQTH, D-14513 TGNVQY

SchlÒsselwÌrter� Schweinemast, Tiergerechtheit, Ammoniakemission
-e[Yords� (Cttening pigs� CnimCN YeNfCre� CmmoniC emission

<WsCmmenfCssWng

In den vergangenen Jahren sind sowohl in Deutschland als auch international die Fragen 
des Tierschutzes und des Umweltschutzes immer mehr in das öffentliche Interesse gerückt. 
Nicht zuletzt dadurch sind neue gesetzliche Regelungen auf den Gebieten Tier und Umwelt 
entstanden. Dies erfordert die Weiterentwicklung von Haltungssystemen, Stallgebäuden und 
Lüftungssystemen.

In einer Versuchsstation wurden zwei unterschiedliche Stallabteile untersucht. Der Unter-
schied zwischen beiden Räumen bestand in der Gruppengröße der Mastschweine. Tier-
parameter wie die Tiermasse wurden registriert und der Ammoniak-Emissionsstrom wurde 
gemessen. In beiden Messperioden (Herbst 2003 und Sommer 200�) waren die Ammonia-
kemissionen in der Großgruppe etwas höher als in der Normalgruppe. In Bezug auf Tierge-
sundheit und Tierleistung existiert nur ein geringer nichtsignifikanter Unterschied zwischen 
den beiden Gruppen.

SWmmCr[

In the last years not only in Germany but also international the questions of animal welfare 
and environmental protection are more and more moved into the public interest. Not least 
thereby new legal regulations are established on the fields of animal husbandry and environ-
mental. As a result further development of keeping systems, livestock buildings and ventila-
tion systems is needed.

In a test station two rooms for fattening pigs were investigated. The difference between the 
two rooms was the size of the groups of fattening pigs. The animal parameters like animal 
mass were registered and the ammonia emission stream was measured. In both measuring 
periods (autumn 2003 an summer 200�) the ammonia emission rates was a little higher in 
the large group than in the normal group. Regarding animal health and performance exist a 
nonsignificant small difference.
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1 Einleitung

IP WPUGTGT GGUGNNUEJCHV KUV GKP YCEJUGPFGU IPVGTGUUG CP FGP PTQFWMVKQPUOGVJQFGP HÒT FKG 
ET\GWIWPI XQP LGDGPUOKVVGNP \W XGT\GKEJPGP. DKG FTCIGP FGT BGXÌNMGTWPI UKPF IGTKEJVGV CWH 
FKG GGDKGVG FGT TKGTIGUWPFJGKV WPF FGT HCNVWPIUDGFKPIWPIGP, FGT PTQFWMVSWCNKV·V UQYKG FGT 
BGGKPHNWUUWPI FGT UOYGNV FWTEJ FKG TKGTJCNVWPI. DKG FCOKV KO ZWUCOOGPJCPI UVGJGPFGP 
PGWGP IGUGV\NKEJGP RGIGNWPIGP GTHQTFGTP FKG UPVGTUWEJWPI WPF EPVYKEMNWPI VKGTIGTGEJVGT 
WPF WOYGNVXGTVT·INKEJGT HCNVWPIUU[UVGOG. IP FKGUGO ZWUCOOGPJCPI IGJV FKG EPVYKEMNWPI 
FGT GKPUVTGWNQUGP MCUVUEJYGKPGJCNVWPI XQP FGT KNGKPITWRRG OKV 10ä15 TKGTGP VGPFGP\KGNN 
JKP \WT GTQ­ITWRRG XQP 35ä60 TKGTGP. DCDGK YKTF DGK FKGUGT HCNVWPI XQT CNNGO GKPG VGTDGU-
UGTWPI FGT TKGTIGTGEJVJGKV FWTEJ GKPG MNCTGTG SVTWMVWTKGTWPI FGT GTQ­DWEJV FWTEJ FKG TKGTG 
CPIGUVTGDV. ZWO GKPGP UQNN FKG ITÌ­GTG GGUCOVHN·EJG RTQ BWEJV UQ FGP TKGTGP XGTDGUUGTVG 
AMVKXKV·VU- WPF RWJGOÌINKEJMGKVGP UEJCHHGP, CPFGTGTUGKVU FGP APVGKN FGT XGTUEJOWV\VGP BWEJ-
VGP\QPGP KO VGTINGKEJ \WT KNGKPITWRRG GKPUEJT·PMGP. GNGKEJ\GKVKI UVGNNV UKEJ FCOKV FKG FTCIG 
PCEJ FGP FCDGK CWHVTGVGPFGP EOKUUKQPGP. DKG JKGT XQTIGUVGNNVGP PQEJ YGKVGT \W HÒJTGPFGP 
UPVGTUWEJWPIGP UQNNGP GKPGP BGKVTCI \WT KN·TWPI FKGUGT PTQDNGOG WPF \WT WGKVGTGPVYKEM-
NWPI FKGUGU HCNVWPIUU[UVGOU GTDTKPIGP. EU KUV XQTIGUGJGP FKG VGTUWEJUTGKJGP YGKVGT HQTV\W-
HÒJTGP.

2 Methoden

DKG UPVGTUWEJWPIGP GTHQNIGP KP \YGK SVCNNCDVGKNGP FGT RWJNUFQTHGT VGTUWEJUCPNCIG. IP SVCNN 3 
KUV FKG GTQ­ITWRRGPDWEJV HÒT 40 DKU 45 MCUVUEJYGKPG GKPIGTKEJVGV. IO VGTINGKEJUCDVGKN SVCNN 
2 KUV FKGUGNDG GTQ­DWEJV FWTEJ \YGK TTGPPY·PFG UQ WPVGTVGKNV, FCUU FTGK INGKEJG BWEJVGP 
HÒT 13 DKU 15 MCUVUEJYGKPG 
NQTOCNITWRRG� XQTJCPFGP UKPF. DKG WCUUGTXGTUQTIWPI GTHQNIV 
OKV TT·PMPKRRGNP WPF FKG FÒVVGTWPI CF NKDKVWO ÒDGT TTQEMGPHWVVGTCWVQOCVGP. TKGTURG\KHK-
UEJG PCTCOGVGT YKG HGTMWPHV FGT TKGTG, FWVVGT\WUCOOGPUGV\WPI, EKPRJCUGPOCUV QJPG \YK-
UEJGP\GKVNKEJGU UOUVCNNGP WUY. YGTFGP HÒT FKG SV·NNG 2 WPF 3 INGKEJ IGJCNVGP. DKG HCNVWPI 
GTHQNIV KP DGKFGP SV·NNGP CWH TGKNURCNVGPDQFGP. DKG SVCNNCDVGKNG UKPF ÒDGT GKPGP KCPCN CP GKP 
UPVGTFTWEM-LÒHVWPIUU[UVGO CPIGUEJNQUUGP. DKG ZWNWHV UVTÌOV ÒDGT GKPGP LQEJMCPCN KP FGP 
SVCNNTCWO. DKG SVGWGTWPI FGU VQNWOGPUVTQOU MCPP IGVTGPPV HÒT LGFGU SVCNNCDVGKN GTHQNIGP. DCU 
JCVVG KP FGP DGKFGP MGUURGTKQFGP KO HGTDUV 2003 \W PTQDNGOGP IGHÒJTV, FC FKG VQNWOGP-
UVTÌOG UGJT WPVGTUEJKGFNKEJ YCTGP. IO SQOOGT 2004 YCT GU DGUUGT IGNWPIGP HÒT DGKFG SV·NNG 
GVYC FGPUGNDGP LWHVXQNWOGPUVTQO GKP\WUVGNNGP.

DKG MNKOCVKUEJGP RCPFDGFKPIWPIGP YGTFGP FWTEJ TGORGTCVWT-�FGWEJVG-DCVGPNQIIGT CWH-
IG\GKEJPGV. DGT LWHVXQNWOGPUVTQO FGT SV·NNG YKTF CWH FTGK WPVGTUEJKGFNKEJG ATVGP DGUVKOOV. 
 î MGUUWPI FGT LWHVIGUEJYKPFKIMGKV OKV GKPGO FNÒIGNTCF KO ADNWHVMCPCN 
KWT\\GKVOGU-

UWPIGP FWTEJ ëADHCJTGPé FGU 3WGTUEJPKVVGU D\Y. VGTNCWHUOGUUWPI KP FGT MKVVG FGU 
ADNWHVMCPCNU.

 î CO2 ä BKNCP\OGVJQFG 
BRUNSCH GV CN. 2003�
 î TTCEGTICUOGUUWPI WPVGT VGTYGPFWPI XQP SF6 CNU TTCEGTICU. DKG MQPVKPWKGTNKEJ \WIG-

HÒJTVG WPF IGOGUUGPG TTCEGTICUOGPIG GTOÌINKEJV FWTEJ MQPVKPWKGTNKEJG KQP\GPVTCVK-
QPUXGTNCWHUOGUUWPI FKG ETOKVVNWPI FGU VGTNCWHU FGU VQNWOGPUVTQOU.

DGT VGTNCWH FGT CO2-, NH3- WPF SF6-KQP\GPVTCVKQPGP YKTF OKV GKPGO MWNVKICUOQPKVQT 
GTOKVVGNV.
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DGT EOKUUKQPUOCUUGPUVTQO GKPGU GCUGU GTIKDV UKEJ CNU PTQFWMV CWU FGO VQNWOGPUVTQO WPF 
FGT RCTCNNGN FC\W IGOGUUGPGP KQP\GPVTCVKQP FGU GCUGU. DC UKEJ UQYQJN FGT VQNWOGPUVTQO 
CNU CWEJ FKG KQP\GPVTCVKQP UV·PFKI ·PFGTP, XCTKKGTV CWEJ FGT EOKUUKQPUOCUUGPUVTQO. DCOKV 
OCP GKPG AWUUCIG ÒDGT FKG AOOQPKCMGOKUUKQP DGK FGT SEJYGKPGJCNVWPI OCEJGP MCPP, KUV 
ÒDGT N·PIGTG ZGKVCDUEJPKVVG FGT EOKUUKQPUOCUUGPUVTQO \W DGUVKOOGP WPF \W KPVGITKGTGP.

3 ErgeDnisse

DKG NGVVQDWEJVGPHN·EJG RTQ TKGT NKGIV DG\QIGP CWH 42 TKGTG KP FGT GTQ­ITWRRG WPF DGK 14 
TKGTGP KP FGT NQTOCNITWRRG DGK 0,87 O2. DKGUG FN·EJG KUV ITÌ­GT CNU FKG DKUJGT ÒDNKEJGP 
BWEJVGPHN·EJGP RTQ TKGT. DCFWTEJ JCDGP FKG SEJYGKPG DGUUGTG MÌINKEJMGKVGP FGT SVTWMVWTKG-
TWPI FGT LGYGKNKIGP BWEJV KP BGTGKEJG \WT FWVVGTCWHPCJOG, \WO EZMTGOGPVCDUGV\GP WPF \WO 
LKGIGP. BQPKVKGTWPIGP KP FGP VGTUWEJUCDVGKNGP \GKIGP KP FGT SQOOGTRGTKQFG 2004 HÒT FKG 
NQTOCNITWRRGPDWEJVGP OKV 31,7 � GKPGP FGWVNKEJ JÌJGTGP APVGKN HGWEJVGT WPF XGTUEJOWV\-
VGT BWEJVGPHN·EJG CNU KP FGT GTQ­ITWRRGPDWEJV OKV 25,9 �. FÒT FKG MGUURGTKQFG KO HGTDUV 
2003 NKGIGP FKGUG WGTVG GVYCU PKGFTKIGT 
NQTOCNITWRRGPDWEJV 28,9 �; GTQ­ITWRRGPDWEJV 
23,8 ��, CDGT FKG TGPFGP\ KUV FKGUGNDG. DKG V[RKUEJG VGTVGKNWPI FGT XGTUEJOWV\VGP FN·EJGP 
KUV KP FGT ADDKNFWPI 1 HÒT DGKFG SV·NNG FCTIGUVGNNV.

DKG V[RKUEJG VGTVGKNWPI FGT XGTUEJOWV\VGP HGWEJVGP FN·EJGP KP FGT GTQ­ITWRRGPDWEJV 
\GKIV, FCUU FGT OKVVNGTG BWEJVGPDGTGKEJ XGTUV·TMV CNU LKGIGHN·EJG IGPWV\V YKTF, Y·JTGPF DGK-
URKGNUYGKUG IGIGPÒDGT FGP FWVVGTRN·V\GP WPF CP FGT NKPMGP BWEJVYCPF XQT CNNGO FKG EZMTG-
OGPVG CDIGUGV\V YGTFGP. BGK FGP NQTOCNDWEJVGP UKPF FKG HGWEJVGP XGTUEJOWV\VGP FN·EJGP 
XQT CNNGO CP FGP BWEJVGPUGKVGPY·PFGP \W DGQDCEJVGP. EKPG CWUIGRT·IVG BWEJVGPUVTWMVWTKG-
TWPI YKG KP FGT GTQ­ITWRRGPDWEJV KUV DGK FGT NQTOCNITWRRGPDWEJV PKEJV GTMGPPDCT. EDGPUQ 
KUV VGPFGP\KGNN GKP JÌJGTGT VGTUEJOWV\WPIUITCF FGT TKGTG KP FGP NQTOCNITWRRGPDWEJVGP 
HGUV\WUVGNNGP.

IO HKPDNKEM CWH FKG VKGTURG\KHKUEJGP PCTCOGVGT YKG V·INKEJG ZWPCJOG, URG\KHKUEJGT FWV-
VGTXGTDTCWEJ WPF MWUMGNHNGKUEJCPVGKN UKPF MGKPG UKIPKHKMCPVGP UPVGTUEJKGFG HGUV\WUVGNNGP 

MÜLLER GV CN. 2004�.

SQYQJN KP FGT HGTDUVRGTKQFG 
MÜLLER GV CN. 2004� CNU CWEJ KP FGT SQOOGTRGTKQFG 
ADD. 2� 
UKPF FKG SVCNNNWHVVGORGTCVWTGP KP DGKFGP SV·NNGP HCUV KFGPVKUEJ. IP FGT ADDKNFWPI 2 YGTFGP FKG 
VCIGUTJ[VJOKUEJGP SEJYCPMWPIGP FGWVNKEJ. DCDGK UKPF FKG SEJYCPMWPIGP FGT IPPGPVGORG-
TCVWT IGIGPÒDGT FGT AWUUGPVGORGTCVWT IGF·ORHV. EPVURTGEJGPF FGP TGORGTCVWTUEJYCPMWP-
IGP HÒJTV FKG LÒHVWPIUUVGWGTWPI \W UVCTMGP SEJYCPMWPIGP FGU LWHVXQNWOGPUVTQOU 
ADD. 3�.

IP ADDKNFWPI 3 KUV NGFKINKEJ GKP BGKURKGN 
SVCNN 3; SQOOGTRGTKQFG 2004� JKPUKEJVNKEJ FGT 
\GKVNKEJGP VGTN·WHG XQP AOOQPKCM-EOKUUKQPUUVTQO, AOOQPKCM-KQP\GPVTCVKQP WPF LWHVXQNW-
OGPUVTQO IGIGDGP. EU UKPF FKG UVÒPFNKEJGP MKVVGNYGTVG FCTIGUVGNNV. DGT VQNWOGPUVTQO KUV KP 
FKGUGT DCTUVGNNWPI PCEJ FGO CO2-MC­UVCD GTOKVVGNV. VGTINGKEJGPFG UPVGTUWEJWPIGP OKV SF6

CNU TTCEGTICU WPF OKV FGT MGUUWPI FGT LWHVIGUEJYKPFKIMGKV KO ADNWHVMCPCN KP FGT HGTDUVRGTK-
QFG 2003 JCDGP GKPG CWUTGKEJGPFG ÜDGTGKPUVKOOWPI GTIGDGP, UQ FCUU HÒT FKG XGTINGKEJGPFG 
BGYGTVWPI FGT GTOKVVGNVGP EOKUUKQPUOCUUGPUVTÌOG FKG CO2-BKNCP\OGVJQFG JGTCPIG\QIGP 
YGTFGP MCPP. ETI·P\GPFG DCTUVGNNWPIGP \W FGP MGUUWPIGP KO HGTDUV 2003 UKPF DGK MÜLLER

GV CN. 
2004� \W HKPFGP.
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ADD. 1� T[RKUEJG VGTVGKNWPI FGT HGWEJVGP XGTUEJOWV\VGP FN·EJGP KP FGP SV·NNGP 2 WPF 3
Typical distribution of the wet and dirty areas in the compartments 2 und 3

ADD. 2� VGTNCWH FGT LWHVVGORGTCVWTGP KP FGP WPVGTUWEJVGP SVCNNCDVGKNGP WPF CWUUGTJCND FGU SVCNNGU KP FGT 
SQOOGTRGTKQFG 2004
Run of the air temperature in the investigated compartments and outside the building during the summer 
period 200�
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ADD. 3� VGTNCWH FGU AOOQPKCM-EOKUUKQPUUVTQOU, FGT AOOQPKCM-KQP\GPVTCVKQP WPF FGU LWHVXQNWOGPUVTQOU 

SVCNN 3 � 06.07.2004ä02.08.2004�
Run of ammonia emission stream, ammonia concentration and air volume stream (compartment 3 / 
0�.0�.200�–02.0�.200�)

DKG ETOKVVNWPI FGT EOKUUKQPUOCUUGPUVTÌOG GTHQNIV FWTEJ IPVGITCVKQP FGT GTOKVVGNVGP EOKU-
UKQPUUVTÌOG ÒDGT FKG LGYGKNKIGP MGUU\GKVT·WOG. EKPG XGTINGKEJDCTG GTÌ­G KUV FGT EOKUUKQPU-
OCUUGPUVTQO DG\QIGP CWH GKPG SVWPFG WPF CWH GKPG GTQ­XKGJGKPJGKV 
500 MI TKGTOCUUG�. 
DKGUG WGTVG UKPF HÒT FKG DGKFGP SV·NNG WPF HÒT FKG IGPCPPVGP MGUURGTKQFGP GTOKVVGNV YQTFGP. 
DKG ETIGDPKUUG UKPF KP TCDGNNG 1 \WUCOOGPIGUVGNNV.

TCD. 1� ETOKVVGNVG FWTEJUEJPKVVNKEJG AOOQPKCMGOKUUKQPGP KP I�
J GV� Y·JTGPF FTGK MGUURGTKQFGP

Messperiode 20.–30.10.2003 18.11.–4.12. 2003 6.7.–2.8.2004

Stall 3 (Großgruppe) 3,08 2,66 3,20

Stall 2 (Normalgruppe 2,55 2,36 2,62

DKG KP TCDGNNG 1 \WUCOOGPIGUVGNNVGP WGTVG URKGIGNP FCU GGIGPVGKN XQP FGO YKFGT, YCU \W 
GTYCTVGP Y·TG. TTQV\ FGT PCEJIGYKGUGPGP IGTKPIGTGP VGTUEJOWV\WPI KP FGT GTQ­ITWRRG, 
YGTFGP KP FGT NQTOCNITWRRG GVYCU IGTKPIGTG EOKUUKQPGP GTOKVVGNV. DCU J·PIV UKEJGT OKV FGT 
VKGNHCNV FGT EKPHNWUUITÌ­GP \WUCOOGP. EU IGNKPIV PKEJV FKGUG EKPHNWUUITÌ­GP KP DGKFGP SV·N-
NGP IGPCW INGKEJ \W JCNVGP WPF PWT FKG GTWRRGPITÌ­G \W ·PFGTP. ETMN·TV YGTFGP MCPP FCU 
ETIGDPKU FWTEJ FKG HQNIGPFGP BGVTCEJVWPIGP. IP FGP GTUVGP DGKFGP DWTEJI·PIGP KUV KP FGT 
NQTOCNITWRRG OKV GKPGO IGTKPIGTGP VQNWOGPUVTQO IGHCJTGP YQTFGP. DCU MQPPVG \W BGIKPP 
FKGUGT UPVGTUWEJWPIGP PKEJV UQHQTV MQTTKIKGTV YGTFGP. HÌJGTGT VQNWOGPUVTQO DGFGWVGV KP 
FGP OGKUVGP F·NNGP JÌJGTG AOOQPKCMGOKUUKQP 
XGTDGUUGTVGT SVQHHÒDGTICPI CP FGP 3WGNNGP�. 
OHHGPUKEJVNKEJ ÒDGTYKGIV KP FKGUGO FCNN FGT EKPHNWUU FGU VQNWOGPUVTQOU IGIGPÒDGT FGT TGNCVKX 
IGTKPIGP UPVGTUEJKGFG KO VGTUEJOWV\WPIUITCF FGU FW­DQFGPU. EU KUV DGK FGT BGVTCEJVWPI 
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\W DGTÒEMUKEJVKIGP, FCUU CWEJ CWU FGO GÒNNGMCPCN AOOQPKCM GOKVVKGTV YKTF WPF FCU GÒNNG-
U[UVGO KUV KP DGKFGP SV·NNGP INGKEJ. IP FGT SQOOGTRGTKQFG 2004 KUV FGT VQNWOGPUVTQO FGT 
DGKFGP SV·NNG TGEJV IWV CWUIGINKEJGP. DWTEJ FKG DGUUGTGP BGYGIWPIUOÌINKEJMGKVGP KP FGT 
GTQ­ITWRRG UKPF JKGT FKG TKGTCMVKXKV·VGP IGIGPÒDGT FGT NQTOCNITWRRG GTJÌJV. DCU MCPP CWEJ 
GKP GTWPF HÒT JÌJGTG AOOQPKCMGOKUUKQPGP UGKP.

4 Schlussfolgerungen

DKG UPVGTUWEJWPIGP \WT HCNVWPI XQP MCUVUEJYGKPGP KP WPVGTUEJKGFNKEJ ITQ­GP GTWRRGP 
JCDGP IG\GKIV, FCUU OKV \WPGJOGPFGT GTWRRGPITÌ­G PKEJV WPDGFKPIV GKPG RGFW\KGTWPI XQP 
AOOQPKCMGOKUUKQPGP GTTGKEJV YGTFGP MCPP. BGK FGP FTGK FWTEJIGHÒJTVGP MGUUMCORCIPGP 
NKGIGP FKG EOKUUKQPGP FGT GTQ­ITWRRG ÒDGT FGP EOKUUKQPGP FGT NQTOCNITWRRG. HKPUKEJV-
NKEJ FGU WQJNDGHKPFGPU FGT TKGTG UEJGKPV FKG GTQ­ITWRRG GVYCU IÒPUVKIGTG BGFKPIWPIGP 
\W JCDGP. IP BG\WI CWH TKGTIGUWPFJGKV WPF TKGTNGKUVWPI UKPF LGFQEJ \YKUEJGP FGP DGKFGP 
UPVGTUWEJVGP GTWRRGPXCTKCPVGP MGKPG UPVGTUEJKGFG HGUV\WUVGNNGP. IP FGT VGTUWEJUCPNCIG UKPF 
YGKVGTG UPVGTUWEJWPIGP XQTIGUGJGP. DCDGK UQNN OKV FGP DGTGKVU KPUVCNNKGTVGP MGUUXGPVKNCVQTGP 
FKG LWHVXQNWOGPUVTÌOG PQEJ IGPCWGT DGUVKOOV YGTFGP. NGDGP GKPKIGT GTI·P\GPFGP UPVGT-
UWEJWPIGP \WT GTWRRGPITÌ­G UQNNGP FGT EKPHNWUU FGT SVCNNNWHVVGORGTCVWT, FGT GGUVCNVWPI FGU 
LÒHVWPIUU[UVGOU WPF FGT FÒVVGTWPI CWH FKG AOOQPKCMGOKUUKQP WPVGTUWEJV YGTFGP.
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Einfluss der �nderung des Tier�FressRlatzXerh·ltnisses Dei GruRRen�
haltung Xon HannoXeranerstuten auf die Nutzung der Funktions�
Dereiche und einige VerhaltensRarameter 
+nfNWence of C cJCnged CnimCN to feeding�pNCce rCtio in groWp penning 
of *CnoXeriCn mCres on tJe Wse of fWnctionCN CreCs Cnd some 
DeJCXioWr pCrCmeter

PETER KREIMEIER1, SONJA WRIESKE1, FRANZ�JOSEF BOCKISCH1, WILLA BOHNET2

1  IPUVKVWV HÒT BGVTKGDUVGEJPKM WPF BCWHQTUEJWPI, BWPFGUHQTUEJWPIUCPUVCNV HÒT LCPFYKTVUEJCHV 
FAL�, 
BWPFGUCNNGG 50, D-38116 BTCWPUEJYGKI

2  IPUVKVWV HÒT TKGTUEJWV\ WPF VGTJCNVGP, TKGTUEJWV\\GPVTWO FGT SVKHVWPI TKGT·T\VNKEJG HQEJUEJWNG HCPPQXGT, 
BÒPVGYGI 2, D-30559 HCPPQXGT

SchlÒsselwÌrter� Pferdehaltung, FÒtterungstechnik, FressRlatz, Artgerechtheit
-e[Yords� *orse Meeping� feeding tecJniSWe� feeding pNCce� CnimCN YeNfCre

<WsCmmenfCssWng

Im Rahmen der Forschung über artgerechten, aber kostenoptimierten Stallbau wurde der 
Einfluss eines reduzierten Tier-Fressplatzverhältnisses (Tier-Fp-V) von 1:1 über 2:1 bis 3:1 auf 
das Verhalten und die Gesundheit der Pferde untersucht. 

Die Raufuttergabe erfolgte mittels automatisierter Fütterungstechnik. Der Gesundheitszu-
stand der Versuchspferde während ihres Aufenthaltes im Versuchsstall war gut. Bei ersten 
Auswertungen der Fütterungsdaten für das Tier-Fp-V 1:1 fiel auf, dass die Pferde Präferenzen 
für einen bestimmten Fressstand entwickelten, die schon bei der Veränderung des Tier-Fp-V 
auf 2:1 verschwanden. Erste Videoauswertungen zeigen, dass sich das Verhalten bei zuneh-
mendem Tier-Fp-V insoweit verändert, als dass sich die Stuten offenbar vermehrt vor den 
Fressständen aufhielten und dort auch vermehrt der Kotabsatz stattfand. 

SWmmCr[

Within the context of the research on species-appropriate but cost-optimised construction of 
stables, this study analyzed the influence of a reduced animal to feeding place ratio (animal-
fp-r) of 1:1, 2:1 up to 3:1 on the behaviour of horses and their health. 

The hay was provided by automated feeding technique. The health condition of all horses 
during the testing period in the testing stable was defined to be good. First analysis of the 
collected data on regular animal feeding at animal-fp-r of 1:1 showed preference of the 
horses for a specific feeding place. This behaviour was already reduced as the animal-fp-r was 
increased to 2:1. First analysis of video recordings show that the increased animal-fp-r leads 
to a change in behavior. The mares apparently stay for longer times at the feeding stations, 
thus producing increased amounts of faeces in front of it, too. 
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1 Einleitung und ProDlemstellung

IP FGP NGV\VGP JCJT\GJPVGP JCV UKEJ FKG NWV\WPI XQP PHGTFGP UQYKG FCU VGTJ·NVPKU \YKUEJGP 
MGPUEJ WPF PHGTF ITWPFNGIGPF XGT·PFGTV� W·JTGPF HTÒJGT FCU PHGTF XQTYKGIGPF OGJTGTG 
SVWPFGP V·INKEJ \WT ATDGKV GKPIGUGV\V YWTFG, YGTFGP FKG OGKUVGP PHGTFG JGWV\WVCIG HÒT 
SRQTV- WPF FTGK\GKVCMVKXKV·VGP IGPWV\V WPF JKGTDGK J·WHKI PWT GKPG SVWPFG V·INKEJ DGYGIV. DCU 
PHGTF YKTF \WPGJOGPF CNU FTGWPF WPF PCTVPGT DGVTCEJVGV, UQOKV MQOOGP \W FGP AURGMVGP 
FGT WKTVUEJCHVNKEJMGKV FKG FGU TKGTUEJWV\GU WPF FGT TKGTIGUWPFJGKV. H·WHKI GTMTCPMGP FKG KP 
FGP MQPXGPVKQPGNNGP BQZGP IGJCNVGPGP PHGTFG OKV YGPKIGP BGYGIWPIUOÌINKEJMGKVGP KO 
BGTGKEJ FGU AVOWPIU- QFGT BGYGIWPIUCRRCTCV QFGT \GKIGP VGTJCNVGPUUVÌTWPIGP YKG KQRRGP 
QFGT WGDGP. IP HCNVWPIUU[UVGOGP YKG FGT MGJTTCWOITWRRGPJCNVWPI OKV AWUNCWH YGTFGP 
ITWPFU·V\NKEJ FGTCTVKIG PTQDNGOG TGFW\KGTV, LGFQEJ UKPF UQNEJG HCNVWPIUXGTHCJTGP KP CPFGTGP 
BGTGKEJGP \W XGTDGUUGTP.

2 Zielstellung

BGK GKPGT FÒVVGTWPIUYGKUG, DGK FGT FKG PHGTFG KJT RCWHWVVGT KP FTGUUUV·PFGP CPIGDQVGP DGMQO-
OGP, KUV GU XQP YKTVUEJCHVNKEJGT BGFGWVWPI, YKG XKGNG PHGTFG XQP GKPGO FTGUURNCV\ XGTUQTIV 
YGTFGP MÌPPGP, FC GKPG GTJÌJVG AP\CJN XQP FTGUURN·V\GP UQYQJN FWTEJ FGP XGTOGJTV DGPÌ-
VKIVGP RCWO CNU CWEJ FWTEJ JÌJGTG IPXGUVKVKQPGP KP FÒVVGTWPIUVGEJPKM GTJGDNKEJG KQUVGP 
XGTWTUCEJGP. DKGUG UQNNVGP RTQ PHGTF PCVÒTNKEJ OÌINKEJUV PKGFTKI UGKP, QJPG FKG ATVIGTGEJVJGKV 
\W XGTPCEJN·UUKIGP.

EU UQNNGP FTGK XGTUEJKGFGPG TKGT-FTGUURNCV\
FR�-VGTJ·NVPKUUG
V� WPVGTUWEJV YGTFGP� GKP PHGTF 
RTQ FTGUURNCV\ 
1�1�; \YGK PHGTFG RTQ FTGUURNCV\ 
2�1� WPF FTGK PHGTFG RTQ FTGUURNCV\ 
3�1�.

DKG UPVGTUWEJWPI UQNNVG \GKIGP, YGNEJGU TKGT-FR-V CWUTGKEJV, CNNG PHGTFG DGFCTHUIGTGEJV \W 
XGTUQTIGP WPF YKG ITQ­ FKG FWTEJUEJPKVVNKEJG NWV\WPIUFCWGT FGT LGYGKNKIGP FWPMVKQPUDGTGK-
EJG KUV. ZWFGO YWTFG FGT EKPHNWUU CWH FCU LKGIG-, AWUUEJGKFWPIU-, SQ\KCN- WPF SRKGNXGTJCNVGP 
UQYKG FKG TKGTIGUWPFJGKV DGWTVGKNV.

3 VersuchsaufDau, Material, VersuchsaDlauf und Methoden

ANU Versuchsstall 
U. CWEJ BGKVTCI KREIMEIER GV CN. KP FKGUGO TCIWPIUDCPF� UVCPF GKP PGWGU 
GGD·WFG FGU IPUVKVWVGU HÒT BGVTKGDUVGEJPKM WPF BCWHQTUEJWPI FGT BWPFGUHQTUEJWPIUCPUVCNV 
HÒT LCPFYKTVUEJCHV KP BTCWPUEJYGKI \WT VGTHÒIWPI. DCU GGD·WFG KUV KP \YGK SVCNNCDUEJPKVVG 
CWHIGVGKNV� DKG GKPG SGKVG KUV HÒT GKPG MGJTTCWOITWRRGPJCNVWPI OKV AWUNCWH HÒT UGEJU PHGTFG 
MQP\KRKGTV, FKG CPFGTG SGKVG XGTHÒIV ÒDGT 6 EKP\GNDQZGP OKV IGOGKPUCOGP AWUN·WHGP HÒT 
LG \YGK PHGTFG. DKG KP FKGUGT SVWFKG IGPWV\VG GTWRRGPJCNVWPI XGTHÒIV ÒDGT FKG HQNIGPFGP 
FWPMVKQPUDGTGKEJG� DGT LKGIGDGTGKEJ KUV OKV SVTQJ GKPIGUVTGWV WPF ITQ­ IGPWI, FCUU UKEJ CNNG 
UGEJU PHGTFG INGKEJ\GKVKI FCTKP CWHJCNVGP WPF JKPNGIGP MÌPPGP. ZYGK EKPI·PIG IGY·JTNGKU-
VGP CWUTGKEJGPF AWUYGKEJ- D\Y. FNWEJVOÌINKEJMGKVGP HÒT GKP DGFT·PIVGU TKGT. EU IKDV GKPG 
TT·PMG WPF GKPGP SCN\NGEMUVGKP. DGT FTGUUDGTGKEJ KUV FWTEJ TTGPPY·PFG CWU HQN\RNCPMGP OKV 
CWHIGUGV\VGP MGVCNNIKVVGTP KP UGEJU EKP\GNUV·PFG IGINKGFGTV. SKG UKPF PCEJ JKPVGP QHHGP, XQTPG 
DGHKPFGP UKEJ FKG FÒVVGTWPIUCPNCIGP. DGT AWUNCWH XGTDKPFGV LKGIG- WPF FTGUUDGTGKEJ. ET KUV 
FWTEJ JCNDJQJG TTGPPY·PFG CWU SVCJNTQJTGP UVTWMVWTKGTV, UQ FCUU DGUVKOOVG WGIG XQTIGIG-
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DGP WPF XGTN·PIGTV YGTFGP. DGT BQFGPDGNCI DGUVGJV KP FGT QDGTUVGP SEJKEJV CWU SCPF WPF 
KUV FTCKPKGTV. AP FGT XQO SVCNN CDIGYCPFVGP SGKVG DGHKPFGP UKEJ FTGK HTQUVIGUEJÒV\VG TT·PMGP. 
DKG ÒDGTFCEJVGP BGTGKEJG XQT FGO LKGIGDGTGKEJ D\Y. XQT FGO FTGUUDGTGKEJ UKPF IGRHNCUVGTV 
WPF DKGVGP FGP PHGTFGP \YGK GDGPG, YKVVGTWPIUIGUEJÒV\VG BGTGKEJG.

DKG FÒtterungstechnik KUV GKP PTQVQV[R, CP FGO INGKEJ\GKVKI RCW- WPF KTCHVHWVVGT IGHÒVVGTV 
YGTFGP MCPP. SKG DGUVGJV CWU HQNIGPFGP APVGKNGP� VQO FTGUUUVCPF CWU DNKEMV OCP CWH FCU CWU 
UGPMTGEJVGP GKVVGTUV·DGP DGUVGJGPFG, FKTGMV ÒDGT FGO BQFGP DGIKPPGPFG, GVYC 50 EO JQJG 
FTGUUIKVVGT. DCXQT UEJKGDV UKEJ LG PCEJ FWPMVKQPU\WUVCPF FGT APNCIG GKP MGVCNNUEJKGDGT, FGT 
FGP ZWICPI \WO FTGUUIKVVGT XGTURGTTV. RGEJVU FGU GKVVGTU FKTGMV CWH FGO BQFGP DGHKPFGV UKEJ 
FKG KTCHVHWVVGTUEJCNG CWU SVCJN. IO OKVVNGTGP DTKVVGN FGT NKPMGP SGKVGPYCPF DGHKPFGV UKEJ JKPVGT 
GKPGT ITCWGP PNCUVKMRNCVVG FCU LGUGIGT·V HÒT FKG FWTEJPWOOGTKGTVGP TTCPURQPFGT, FKG LGFGU 
VGTUWEJURHGTF CO HCNUDCPF VT·IV. AWH FGT SGKVG FGT SVCNNICUUG DGHKPFGP UKEJ FKG MQVQTGP \WO 
BGYGIGP FGT SEJKGDGT, CW­GTFGO HÒT LGFGU PHGTF GKP AWUYWTHFQUKGTGT HÒT FCU KTCHVHWVVGT UQYKG 
LGYGKNU GKP KTCHVHWVVGTDGJ·NVGT. DKTGMV XQT FGP FTGUUIKVVGTP NKGIV CWH GKPGT CDUEJÒUUKIGP EDGPG 
FCU PCEJTWVUEJGPFG RCWHWVVGT. 

DKG KTCHVHWVVGTICDG GTHQNIV OKV HKNHG GKPGT ZGKVUEJCNVWJT INGKEJ\GKVKI KP CNNGP FTGUUUV·PFGP. 
DCU RCWHWVVGT YKTF OKVVGNU TTCPURQPFGTVGEJPKM \WIGVGKNV� ZWP·EJUV VGKNV FGT CQORWVGT FKG 
TCIGUHTGUU\GKV 
\. B. 300 OKP� KP 20 INGKEJG TGKNG CWH. AD FGT GKPIGUVGNNVGP SVWPFG NWNN IKDV 
GT HÒT LGFGU PHGTF UVÒPFNKEJ CFFKGTGPF LGYGKNU 1�20 FGT ZGKV HTGK 
\. B. 15 OKP�. DKG ÒDTKIGP 
4 SVWPFGP UKPF RGUGTXG\GKV. BGVTKVV GKP PHGTF GKPGP FTGUUUVCPF, YKTF GU GTMCPPV WPF LG PCEJ 
DGUVGJGPFGO APURTWEJ H·JTV FGT MGVCNNUEJKGDGT PCEJ QDGP. NCEJ ADNCWH FGT \WIGVGKNVGP 
MKPWVGP H·JTV FGT SEJKGDGT YKGFGT PCEJ WPVGP WPF DNQEMKGTV UQ FGP ZWICPI \WO RCWHWVVGT. 
DKG PHGTFG MÌPPGP JKGTDGK HTGK \YKUEJGP FGP FTGUUUV·PFGP Y·JNGP WPF DGK XQTJCPFGPGO 
APURTWEJ HTGUUGP, YCPP UKG OÌEJVGP. HCV GKP PHGTF UGKPG PQTVKQP Y·JTGPF FGT GTUVGP 20 
SVWPFGP PKEJV CDIGJQNV, MCPP GU FKGU KP FGP 4 RGUVUVWPFGP VWP. DGT CQORWVGT \GKIV LGFGT\GKV 
FKG UEJQP CDIGJQNVGP MKPWVGP CDUQNWV WPF TGNCVKX CP. SQOKV N·UUV UKEJ LGFGT\GKV ÒDGTRTÒHGP, 
QD FKG FWVVGTCWHPCJOG INGKEJO·­KI GTHQNIV WPF YKG NCPIG YGNEJGU PHGTF \WT IGIGPY·TVKIGP 
ZGKV IGHTGUUGP JCV. ZWO SRGTTGP FGT SV·PFG YWTFG FKG TCVUCEJG IGPWV\V, FCUU HÒT LGFGP SVCPF 
GKPG RCWHWVVGTCTV GKPIGIGDGP YGTFGP OWUU. SQOKV MCPP HÒT GKP\GNPG SV·PFG GKPG RCWHWVVGTCTV 
GKPIGIGDGP YGTFGP, HÒT FKG MGKP PHGTF GKPG BGTGEJVKIWPI JCV. DGT CQORWVGT TGIKUVTKGTV FCPP 
\YCT FGP AWHGPVJCNV FGU PHGTFGU KO SVCPF, IKDV LGFQEJ MGKP FWVVGT HTGK. SQ YWTFGP HÒT FKG 
VCTKCPVGP 2�1 WPF 3�1 FTGK D\Y. XKGT FGT UGEJU FTGUURN·V\G IGURGTTV.

BGK FGP VersuchsRferden JCPFGNVG GU UKEJ WO \YGK- DKU XKGTL·JTKIG VTCIGPFG QFGT \W DGUC-
OGPFG SVWVGP XQP ZÒEJVGTP FGU HCPPQXGTCPGT VGTDCPFGU. 

EU YWTFGP PCEJGKPCPFGT FKG VCTKCPVGP 1 
1�1�, 2 
2�1� WPF 3 
3�1� OKV FGT LGYGKNU INGKEJGP 
GTWRRG 
6 PHGTFG� FWTEJIGHÒJTV. DCPCEJ YWTFGP FKG PHGTFGITWRRGP IGYGEJUGNV. IPUIGUCOV 
YWTFGP CNNG FTGK VCTKCPVGP OKV 8 GTWRRGP 
7 WKGFGTJQNWPIGP� WPVGTUWEJV. 

DKG BGQDCEJVWPIGP YWTFGP RGT VKFGQCWH\GKEJPWPI FWTEJIGHÒJTV. DCJGT YWTFGP XQT VGT-
UWEJUDGIKPP XKGT KCOGTCU UQ KO SVCNN RNCV\KGTV, FCUU CNNG PHGTFG ÒDGTCNN KO SVCNN DGQDCEJVGV 
YGTFGP MQPPVGP. UO FKG BGQDCEJVWPI CWEJ DGK UEJNGEJVGP LKEJVXGTJ·NVPKUUGP \W IGY·JTNGKU-
VGP, YWTFGP FGP PHGTFGP S[ODQNG KPU FGNN IGDNGKEJV WPF KJT SKIPCNGOGPV CWHIGPQOOGP.

MKV HKNHG GKPGU URG\KGNNGP CQORWVGTRTQITCOOU FGT FÒVVGTWPIUCPNCIG YWTFG CWHIG\GKEJ-
PGV, YCPP UKEJ YGNEJGU PHGTF YKG NCPIG KP YGNEJGO FTGUUUVCPF CWHIGJCNVGP JCV, YKG NCPIG 
GU IGHTGUUGP JCV WPF YKG XKGN RGUVCPURTWEJ PQEJ DGUVCPF. MKV HKNHG FKGUGT DCVGP NCUUGP UKEJ 
VQTNKGDGP HÒT DGUVKOOVG FTGUURN·V\G WPF WPVGTUEJKGFNKEJG AWHGPVJCNVU\GKVGP HGUVUVGNNGP.
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WGKVGTG VGTJCNVGPURCTCOGVGT YWTFGP ÒDGT FKG VKFGQDGQDCEJVWPI OKV \GKVINGKEJGT AWH-
\GKEJPWPI CNNGT XKGT KCOGTCCPUKEJVGP GTHCUUV. AP VGTJCNVGPURCTCOGVGTP YWTFGP HQNIGPFG 
FWPMVKQPUMTGKUG OKV BG\WI \WO LGYGKNKIGP AWHGPVJCNVUQTV RTQVQMQNNKGTV� LKGIGXGTJCNVGP, ETP·J-
TWPIUXGTJCNVGP, AWUUEJGKFWPIUXGTJCNVGP, SQ\KCNXGTJCNVGP. ANNG GKP\GNPGP VGTJCNVGPUYGKUGP 
YWTFGP IGVTGPPV CWHIGPQOOGP ZWO SQ\KCNXGTJCNVGP IGJÌTVG CWEJ FCU FGUVUVGNNGP FGT RCPI-
QTFPWPI XQT FGP FTGUUUV·PFGP. HKGTHÒT YWTFG FGT RCPIKPFGZ PCEJ SAMBRAUS 
1978� IGPWV\V.

PTQ VCTKCPVG YWTFGP XKGT 24-SVWPFGP-ADUEJPKVVG CWUIGYGTVGV. DKG DCVGP YWTFGP PCEJ 
FGO BGJCXKQWT SCORNKPI 
SVKEJRTQDGP-MGVJQFG� MQPVKPWKGTNKEJ CWHIG\GKEJPGV. HKGTDGK YWT-
FGP TCIG OKV GZVTGOGP WKVVGTWPIUDGFKPIWPIGP PKEJV KP FKG AWUYGTVWPI CWHIGPQOOGP, WO 
GKP XGT·PFGTVGU VGTJCNVGP WPCDJ·PIKI XQO SVCNN CWU\WUEJNKG­GP. 

4 ErgeDnisse

BGK GTUVGP AWUYGTVWPIGP FGT FÒVVGTWPIUFCVGP \WT VCTKCPVG 1 
1�1� HKGN CWH, FCUU FKG PHGTFG PT·-
HGTGP\GP HÒT GKPGP DGUVKOOVGP FTGUUUVCPF GPVYKEMGNVGP 
ADD. 1�. SEJQP DGK FGT VGT·PFGTWPI 
FGU TKGT-FR-V CWH 2�1 YWTFG MGKP DGUVKOOVGT PNCV\ OGJT IGY·JNV 
ADD. 2�, UQPFGTP QHHGPUKEJV-
NKEJ FGT P·EJUVG HTGKG PNCV\ IGPWV\V. DKGU ICNV GDGPUQ FGWVNKEJ CWEJ HÒT FCU TKGT-FR-V 3�1.

ADD. 1� VCTKCPVG 1 
TKGT-FR-V 1�1�� FTGUUFCWGT KP FGP FTGUUUV·PFGP KP MKPWVGP RTQ TCI
Test variant 1 (animal-fp-r 1:1): Time for consuming at feeding places in minutes per day

ADD. 2� VCTKCPVG 2 
TKGT-FR-V 2�1�� FTGUUFCWGT KP FGP FTGUUUV·PFGP KP MKPWVGP RTQ TCI
Test variant 1 (animal-fp-r 2:1): Time of eating at the feeding places in minutes per day
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DKG AWUYGTVWPIGP FGT VKFGQCWH\GKEJPWPIGP \GKIGP, FCUU UKEJ FGT AWHGPVJCNV KP FGP WPVGT-
UEJKGFNKEJGP FWPMVKQPUDGTGKEJGP \YKUEJGP FGP VCTKCPVGP ·PFGTVG; UQ JKGNVGP UKEJ \. B. KO 
VGTINGKEJ XQP \YGK NCEJOKVVCIGP 
CD EPFG FGU WGKFGICPIGU DKU MWT\ XQT FGT KTCHVHWVVGTICDG� 
FKG PHGTFG KP FGT VCTKCPVG 2 XGTOGJTV XQT FGP FTGUUUV·PFGP WPF PKEJV YKG KP VCTKCPVG 1 XKGN 
KO LKGIGDGTGKEJ CWH 
ADD. 3�. BGOGTMGPUYGTV KUV, FCUU UKEJ FKG PHGTFG CWEJ KP FTGUUUV·PFGP 
CWHJKGNVGP 
H1, H5ä6�, KP FGPGP Y·JTGPF FGU BGQDCEJVWPIUKPVGTXCNNU MGKP FWVVGT IGIGDGP YWT-
FG. DCU KP VCTKCPVG 1 DGQDCEJVGVG JGTFGPYGKUG WCPFGTP \W FGP XGTUEJKGFGPGP FWPMVKQPU-
DGTGKEJGP DNGKDV ITÌ­VGPVGKNU CWU. AWEJ FGT KQVCDUCV\ HKPFGV KP FGP VCTKCPVGP 2 WPF 3 XGT-
OGJTV XQT FGP FTGUUUV·PFGP UVCVV. 

ADD. 3� AWHGPVJCNV KP FGP FWPMVKQPUDGTGKEJGP XQP 12.45 DKU 18.20 UJT, KP SVWPFGP
Time in hours, spent at different functional areas between 12.�� h to 1�.20 h

DGT GGUWPFJGKVUUVCVWU FGT KPUIGUCOV 48 PHGTFG 
8 DWTEJI·PIG ± 6 PHGTFG� YCT Y·JTGPF KJTGT 
AWHGPVJCNVUFCWGT KO SVCNN UGJT IWV. EU ICD \. B. KP FGP ÒDGT \YGK JCJTGP FCWGTPFGP VGTUWEJGP 
MGKPGP FCNN XQP GKPGT KQNKM WPF MGKPG MNKPKUEJ TGNGXCPVGP LCJOJGKVGP.

5 Diskussion und Fazit

WKG FKG AWUYGTVWPI FGT FTGUUFCVGKGP WPF FGT VKFGQCWH\GKEJPWPIGP CPFGWVGP, PWV\VGP FKG 
PHGTFG Y·JTGPF FGT VCTKCPVG 1 
1�1� FGP RCWO FGU IGUCOVGP SVCNNU CWU WPF IKPIGP UVÒPFNKEJ 
\WO FTGUUGP KP GKPGP DGXQT\WIVGP FTGUUUVCPF. SEJQP Y·JTGPF FGT VCTKCPVG 2 
2�1� HKGN FKGUGU 
TGIGNO·­KIG WCPFGTP FWTEJ FGP AWUNCWH \WO LKGIGDGTGKEJ \WOKPFGUV VCIUÒDGT ITÌ­VGPVGKNU 
YGI, FKG PHGTFG UVCPFGP QHV XQT FGP FTGUUUV·PFGP WPF YCTVGVGP CWH GKPGP HTGKYGTFGPFGP 
FTGUUUVCPF. EU KUV CD\WYCTVGP, QD FKG AWUYGTVWPIGP FGT VCTKCPVG 3 
3�1� FKGUG BGQDCEJVWPIGP 
NGFKINKEJ WPVGTUVTGKEJGP QFGT PQEJ PGWG ETMGPPVPKUUG JKP\WMQOOGP. AWEJ FKG XGTINGKEJGPFG 
APCN[UG FGT GKP\GNPGP VGTJCNVGPURCTCOGVGT HÒT CNNG FTGK VCTKCPVGP N·UUV YGKVGTG IPHQTOCVKQPGP 
GTYCTVGP.

DCU WPVGTUWEJVG HCNVWPIUU[UVGO GTOÌINKEJVG FGP PHGTFGP KP CNNGP FTGK VCTKCPVGP UQYQJN 
GKPGP IWVGP GGUWPFJGKVUUVCVWU CNU CWEJ GKPGP IWVGP ETP·JTWPIU\WUVCPF. NWT XQP FKGUGP 
PWPMVGP CWU IGUGJGP, NKG­G UKEJ FGT SEJNWUU \KGJGP, GKP TKGT-FTGUURNCV\XGTJ·NVPKU XQP 3�1 
TGKEJG HÒT GKPG CWUTGKEJGPFG VGTUQTIWPI CWU. DKG BGWTVGKNWPI KUV LGFQEJ MQORNGZGT XQT\WPGJ-
OGP; UQ NCUUGP FKG DGIKPPGPFGP VGTJCNVGPUWPVGTUWEJWPIGP GTCJPGP, FCUU GU FGWVNKEJG VGT-
·PFGTWPIGP DGKO AWHGPVJCNV CP FGP XGTUEJKGFGPGP OTVGP WPF UQOKV KO BGYGIWPIUXGTJCNVGP 
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ICD. FÒT GKPG CWUTGKEJGPFG BGWTVGKNWPI UKPF FKG ETIGDPKUUG HÒT FCU SQ\KCN- WPF LKGIGXGTJCNVGP 
XQP ITQ­GT BGFGWVWPI.
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StauDDelastungen in Pferdest·llen ä Entstehung, Wirkung und Ursachen 
#irDorne dWst in Jorse DCrns ä origin� effect� Cnd cCWse 

EDITH SZABO, INES SCH�FER, WOLFGANG BªSCHER

IPUVKVWV HÒT LCPFVGEJPKM FGT UPKXGTUKV·V BQPP, ADVGKNWPI ëVGTHCJTGPUVGEJPKM FGT TKGTKUEJGP ET\GWIWPIé,
NWUUCNNGG 5, D-53115 BQPP

SchlÒsselwÌrter� StauD, Einstreu, LuftSualit·t
-e[Yords� &Wst� Dedding mCteriCN� Cir SWCNit[ 

<WsCmmenfCssWng

Staub in der Stallluft von Pferdeställen gilt als Hauptursache für die Entstehung von Atem-
wegserkrankungen bei Pferden. Minderwertige Einstreumaterialien, sowie ein mangelhafter 
Luftaustausch sorgen für hohe Konzentrationen in der Luft. 

Nach Aussage von Pferdehaltern liegt das Problem in dem häufig verwendeten Einstreu-
material Stroh. Alternative Materialien scheinen hier die Lösung zu sein. 

Am Institut für Landtechnik der Universität Bonn wird in einem laufenden Forschungspro-
jekt untersucht, inwieweit sich sechs verschiedene Einstreumaterialien in ihrer Staubfreiset-
zung unter Praxis-, als auch in einem standardisierten Messverfahren unter Laborbedingungen 
unterscheiden.

SWmmCr[ 

Dust in the air of horse barns causes lower airway diseases in horses. Poor quality of bedding 
materials, as well as deficient air exchange are responsible for high dust concentrations in 
the air. According to informations given by horse owners the problem lies in straw, the most 
popular and common bedding material in horse barns. 

Bedding material is at great importance in horse management systems as a key source 
for high dust concentrations. Particularly straw, the most common bedding in horse stables, 
seems to cause respiratory diseases. Alternative bedding materials are considered to be the 
best solution. 

At the Institute of Livestock Technology of Bonn University a standardised method were 
developed to analyse six different types of bedding material concerning their dust release 
depending on the particle size. 
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1 Einleitung

CJTQPKUEJG AVGOYGIUGTMTCPMWPIGP DGK SRQTV WPF FTGK\GKVRHGTFGP UKPF PGDGP FGP ETMTCPMWP-
IGP FGU BGYGIWPIUCRRCTCVGU FKG \YGKV J·WHKIUVG UTUCEJG HÒT VKGT·T\VNKEJG BGJCPFNWPIUOC­-
PCJOGP. UTUCEJG WPF KTCPMJGKVUIGUEJGJGP UKPF DKUNCPI PQEJ PKEJV XQNNUV·PFKI IGMN·TV WPF 
PCEJ YKG XQT GGIGPUVCPF KPVGPUKXGT FQTUEJWPIGP KP FGT TKGTOGFK\KP. MCP KUV UKEJ LGFQEJ 
UKEJGT, FCUU FKG ETMTCPMWPIGP FGT AVGOYGIG FWTEJ GKP UEJNGEJVGU SVCNNMNKOC JGTXQTIGTWHGP 
YGTFGP. DKG XGTDTGKVGVUVG AWHUVCNNWPIUHQTO KP DGWVUEJNCPF KUV FKG EKP\GNJCNVWPI KP IPPGP-
DQZGP Y·TOGKUQNKGTVGT SV·NNG 
PIOTROWSKI, 1992�. EKP QRVKOCNGT LWHVCWUVCWUEJ YKTF XQT CNNGO 
KP FGP MCNVGP JCJTGU\GKVGP FWTEJ IGUEJNQUUGPG SVCNNVÒTGP WPF FGPUVGT WPVGTDWPFGP. BGIÒPUVKIV 
FWTEJ UVCWDKIGU EKPUVTGWOCVGTKCN CVOGP PHGTFG FGP ITÌ­VGP TGKN FGU TCIGU UVCWDKIG LWHV GKP. IO 
GGIGPUCV\ \W NWV\VKGTGP, FKG OGKUV IGUEJNCEJVGV YGTFGP DGXQT TGURKTCVQTKUEJG ETMTCPMWPIGP 
KP GKPG EJTQPKUEJG FQTO ÒDGTIGJGP MÌPPGP, UKPF PHGTFG OGKUV KJT LGDGP NCPI FGP UOYGNV-
DGFKPIWPIGP KO SVCNN CWUIGUGV\V. DKG WCJTUEJGKPNKEJMGKV GKPGT OCPKHGUVGP CNNGTIKUEJGP WPF 
EJTQPKUEJGP ETMTCPMWPI FGU RGURKTCVKQPUVTCMVGU KUV UQOKV UGJT JQEJ.

EKPG MKPKOKGTWPI FGT LGKUVWPIUH·JKIMGKV 
CVJNGVKUEJG F·JKIMGKV�, UQYKG GKPG BGGKPVT·EJVK-
IWPI FGU NCPIHTKUVKIGP WQJNGTIGJGPU FGT TKGTG UKPF FKG FQNIG. DCJGT UQNNVG GKPGT RGFW\KGTWPI 
XQP GGUWPFJGKVUDGGKPVT·EJVKIWPIGP FWTEJ FKG VGTDGUUGTWPI FGT HCNVWPIUDGFKPIWPIGP KO 
SVCNN GKP JQJGT WGTV DGKIGOGUUGP YGTFGP. 

NCEJHQNIGPFG XQTIGUVGNNVG UPVGTUWEJWPIGP \GKIGP CPJCPF GKPGT UVCPFCTFKUKGTVGP MGVJQFG 
FKG SVCWDHTGKUGV\WPI XGTUEJKGFGPGT EKPUVTGWOCVGTKCNKGP WPF FKG UPVGTUEJKGFG KP FGT SVCWD\W-
UCOOGPUGV\WPI.

2 Material und Methoden

2�1 Einstreumaterial 
ProDenmaterial�

GGIGPUVCPF FGT UPVGTUWEJWPI UKPF HÒPH KP FGT PHGTFGJCNVWPI IGDT·WEJNKEJG EKPUVTGWCTVGP� 
SVTQJ, HQDGNUR·PG, LGKPUVTQJ, HCPHUEJ·DGP WPF IGRTGUUVG PGNNGVU CWU SVTQJJ·EMUGN. MKUECP-
VJWU, GKPG PTQFWMVPGWJGKV WPF ANVGTPCVKXG \W JGTMÌOONKEJGP EKPUVTGWCTVGP, YWTFG CNU UGEJUVG 
PTQDG WPVGTUWEJV. GGRTGUUV \W PGNNGVU, JCV FCU RGTGPPKGTGPFG C4 GTCU FGP VQTVGKN XGTOKPFGT-
VGT SVCWDDKNFWPI WPF HQNINKEJ GKPGU AWUDNGKDGPU XQP AVGOYGIUTGK\WPIGP 
GALLIN-AST, 2004�.

SVTQJ CNU FCU CO J·WHKIUVGP XGTYGPFGVG MCVGTKCN KP FGT PTCZKU. EU YWTFG \WT UPVGTUWEJWPI 
XQP V[RKUEJGP RWPFDCNNGP GPVPQOOGP, FKG KO SQOOGT 2003 WPVGT VTQEMGPGP BGFKPIWPIGP 
IGRTGUUV YWTFGP. DKG PTQDGP XQP HCPHUEJ·DGP, LGKPUVTQJ, HQDGNUR·PGP WPF IGRTGUUVGP PGN-
NGVU CWU SVTQJJ·EMUGN GPVUVCOOGP MQPXGPVKQPGNN CDIGRCEMVGP BCNNGP, FKG KP FGP OGKUVGP PHGT-
FGDGFCTH-HCPFNWPIGP GTJ·NVNKEJ UKPF. BKU CWH SVTQJ YGTFGP CNNG EKPUVTGWCTVGP CNU ëGPVUVCWDVé 
QFGT ëUVCWDHTGKé DGYQTDGP. DKG PCEJ HQNIGPFGP UPVGTUWEJWPIGP UQNNGP MN·TGP, KPYKGHGTP UKEJ 
CNVGTPCVKXG EKPUVTGWOCVGTKCNKGP KP KJTGO SVCWDWPIUXGTJCNVGP XQP SVTQJ WPVGTUEJGKFGP.

2�2 VersuchsdurchfÒhrung und Messger·t

DKG UGEJU EKPUVTGWCTVGP YWTFGP WPVGT LCDQTDGFKPIWPIGP IGVGUVGV, WO ·W­GTG EKPHNÒUUG YKG 
SVCNNMNKOC WPF TKGTCMVKXKV·V CWU\WUEJNKG­GP. EKPG UVCPFCTFKUKGTVG MGVJQFG, FKG FCU EKPUVTGWGP 
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KO SVCNN UKOWNKGTV ,MQPPVG OKV GKPGO TQVKGTGPFGP WÒTHGN IGUEJCHHGP YGTFGP. DKGUGT KUV KP 
\GPVTKUEJGT AEJUG FTGJDCT CWHIGJ·PIV WPF FTGJV UKEJ OKV HKNHG GKPGU ENGMVTQOQVQTU OKV GKPGT 
GGUEJYKPFKIMGKV XQP 9 U�OKP 
ADD. 1�. DWTEJ FKG BGYGIWPI FGU PTQDGPOCVGTKCNU UQNN GKP 
GZVTGOGT EKPUVTGWRTQ\GUU WPF FKG FCOKV XGTDWPFGPG SVCWDHTGKUGV\WPI KP GKPGT PHGTFGDQZ UKOW-
NKGTV YGTFGP. UO GKPG GNGMVTQUVCVKUEJG AWHNCFWPI WPF FGT FCOKV XGTDWPFGPGP VGTH·NUEJWPI 
FGT MGUUWPIGP KP FGO WÒTHGN \W XGTOGKFGP, YWTFG FGT IPPGPDGTGKEJ OKV ANWOKPKWOHQNKG 
CWUIGMNGKFGV. DKG XQTFGTG SGKVG FGT KKUVG, FKG FGT BG- WPF EPVNCFWPI FGU EKPUVTGWOCVGTKCNU 
FKGPVG, YWTFG CWU ANWOKPKWO IGHGTVKIV. DWTEJ GKPG UGKVNKEJG ÖHHPWPI MQPPVG GKP TCFKCNU[O-
OGVTKUEJGT APUCWIMQRH FGU SVCWDOGUUIGT·VGU KP FKG MKVVG FGT SVCWDMKUVG GKPIGDTCEJV YGTFGP, 
QJPG FCUU FKGUG IGÌHHPGV YGTFGP OWUUVG.

ADD. 1� RQVKGTGPFGT WÒTHGN \WT SVCWDOGUUWPI
Rotating cube for dust monitoring

VQT LGFGT MGUUWPI YWTFGP 100 I FGU PTQDGPOCVGTKCNU KP FKG MKVVG FGT KKUVG IGNGIV. JGFGT EKP-
UVTGWCTV YWTFGP XKGT PTQDGP WPVGTUEJKGFNKEJGT CJCTIGP GPVPQOOGP WPF LGYGKNU GKPG MKPWVG 
KP FGT SVCWDMKUVG DGYGIV. DKG MGUUWPI GTHQNIVG KO WPOKVVGNDCTGP APUEJNWUU. EKPG ITÒPFNKEJG 
S·WDGTWPI FGT KKUVG XQT LGFGT PTQDG, UQNNVG GKPG OÌINKEJUV ëUVCWDHTGKGé AWUICPIUUKVWCVKQP 
UEJCHHGP. DC FKGU MCWO \W IGY·JTNGKUVGP KUV, YWTFG \YGK MKPWVGP NCPI FKG HKPVGTITWPFMQP-
\GPVTCVKQP KP FGT KKUVG IGOGUUGP. NCEJ SWDVTCMVKQP FKGUGT XQP FGO SVCWDIGJCNV FGT PTQDG, 
MQPPVG OCP XQP INGKEJ DNGKDGPFGP VQTCWUUGV\WPIGP XQT LGFGT PGWGP MGUUWPI CWUIGJGP. 

BGK FGO MGUUIGT·V \WT SVCWDMQP\GPVTCVKQPUDGUVKOOWPI JCPFGNV GU UKEJ WO GKPGP AGTQ-
UQN-SRGMVTQOGVGT MQFGNN-NT. 1.108 FGT FKTOC GTKOO, AGTQUQN TGEJPKM GODH � CQ. KG, 
AKPTKPI. GGOGUUGP YWTFG FKG PCTVKMGNCP\CJN KP ADJ·PIKIMGKV FGT PCTVKMGNITÌ­G KP GKPGO 
FGHKPKGTVGP LWHVXQNWOGP PCEJ FGO SVTGWNKEJVRTKP\KR. DKG SVCWDRCTVKMGN YGTFGP KP 15 XGTUEJKG-
FGPGP GTÌ­GPMNCUUGP 
 0,3 zO ä  20 zO� IGOGUUGP.
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3 ErgeDnisse

ZWO CPUEJCWNKEJGP VGTINGKEJ FGT EKPUVTGWOCVGTKCNKGP YWTFGP PKEJV FKG ADUQNWVYGTVG FCT-
IGUVGNNV, UQPFGTP KO VGTJ·NVPKU \W SVTQJ CPVGKNKI KP PTQ\GPV FCTIGUVGNNV. IP ADD. 2 UKPF FKG 
ETIGDPKUUG FGT SVCWDOGUUWPIGP XGTINGKEJGPF FCTIGUVGNNV. HCPHUEJ·DGP \GKIGP JKGT FKG 
JÌEJUVG SVCWDHTGKUGV\WPI. IO VGTINGKEJ \W SVTQJ JCVVG HCPH KP FKGUGP MGUUWPIGP GKP 10ä15-
HCEJ JÌJGTG SVCWDHTGKUGV\WPI. VGTINGKEJDCTG UPVGTUWEJWPIGP CP FGT BGTIKUEJGP UPKXGTUKV·V 
WWRRGTVCN MQPPVGP FKGU DGUV·VKIGP 
RIEGER, 2001�. 

ADYGKEJGPF XQP LKVGTCVWTCPICDGP, MQPPVG UKEJ LGKPUVTQJ KP FKGUGP UPVGTUWEJWPIGP PKEJV 
FWTEJ XGTOKPFGTVG SVCWDDKNFWPI JGTXQTJGDGP. ÄJPNKEJ YKG HCPH, \GKIV LGKPUVTQJ IGTCFG DGK 
FGP MNGKPGP FTCMVKQPGP GKPG 5ä9-HCEJ JÌJGTG SVCWDHTGKUGV\WPI CNU XGTINGKEJUYGKUG SVTQJ. 

BGUQPFGTU YGPKI UVCWDHTGKUGV\GPF UKPF FKG EKPUVTGWOCVGTKCNKGP KP PGNNGVHQTO. IPUDGUQPFGTG 
MKUECPVJWU, FCU UEJQP KP PTCZKUXGTUWEJGP KO VGTINGKEJ \W CPFGTGP EKPUVTGWCTVGP CNU YGPKI 
UVCWDGPF GKPIGUVWHV YGTFGP MQPPVG, \GKIVG GKPG IGTKPIG SVCWDGOOKUUKQP 
GALLIN-AST, 2004�. 

BGK FGP HQDGNUR·PGP, FKG I·PIKIUVG ANVGTPCVKXG \W SVTQJ WPF MKVVGN FGT WCJN DGK JWU-
VGPFGP PHGTFGP, YCTGP KP CNNGP FTCMVKQPGP FKG WGTVG WO GKP 1ä2-HCEJGU JÌJGT CNU DGK FGO 
VGTINGKEJUOCVGTKCN SVTQJ.

ADD. 2� SVCWDDKNFWPIUXGTJCNVGP XGTUEJKGFGPGT EKPUVTGWCTVGP KO VGTJ·NVPKU \W SVTQJ
Dust exposure from different sources of bedding in relation to straw

4 Fazit

ZKGN FKGUGT UPVGTUWEJWPIGP YCT GU XGTUEJKGFGPG EKPUVTGWOCVGTKCNKGP KP GKPGO UKOWNKGTVGP 
EKPUVTGWRTQ\GUU \W XGTINGKEJGP. LCWHGPFG UPVGTUWEJWPIGP CO IPUVKVWV HÒT LCPFVGEJPKM FGT 
UPKXGTUKV·V BQPP JCDGP DKUJGT DGUV·VKIV, FCUU HCPHUEJ·DGP CWEJ FQTV FKG JÌEJUVG SVCWDHTGK-
UGV\WPI XGTWTUCEJGP. IP FKGUGP VGTUWEJUTGKJGP YKTF PKEJV DGTÒEMUKEJVKIV, YKG UKEJ DGTGKVU 
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GKPIGUVTGWVGU MCVGTKCN KO LCWHG GKPGT MCVTCV\GPDKNFWPI KP GKPGT PHGTFGDQZ XGTJ·NV. HKGT Y·TG 
FGPMDCT, FCUU FWTEJ BKPFWPI XQP FNÒUUKIMGKV FKG SVCWDHTGKUGV\WPI FGU LGYGKNKIGP MCVGTKCNU KO 
VGTJ·NVPKU CPFGTU CWUH·NNV. DKG FGT\GKV NCWHGPFGP VGTUWEJUTGKJGP KP FGT PTCZKU UQNNGP FKGUG WPF 
·JPNKEJG ZWUCOOGPJ·PIG MN·TGP.
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ImRroXement of indoor conditions in Roultr[ houses 
8erDesserWng der -NimCgestCNtWng in )efNÒgeNst·NNen

PAVEL KIC

TGEJPKECN FCEWNV[ C\GEJ UPKXGTUKV[ QH AITKEWNVWTG, 165 21 PTCIWG-6 SWEJFQN C\GEJ RGRWDNKE

Ke[words� La[ing hens, Droilers, modernisation, Xentilation, heating, heat�recoXer[
ScJNÒsseNYÌrter� .egeJennen� )efNÒgeNmCstCnNCgen� /odernisierWng� .ÒftWngstecJniM� *ei\Wng� 
9·rmerÒcMgeYinnWng 

SWmmCr[ 

Technical systems and equipment for laying hens in large-scale eggs production made the 
dramatic development during the last decades. One of the principal questions, which have to 
be solved, is the ventilation of the building. The efficiency of the broiler  production depends 
on many factors. The optimal microclimatic control is one of the important production condi-
tions for the success in the meat chickens production. The experience in a modernisation and 
improvement of poultry production technology (housing, ventilation, heating and cooling) at 
several farms was focused to the creation of suitable microclimatic conditions with respect 
to the savings of energy in Czech Republic during the last years.

<WsCmmenfCssWng 

Im Bereich der Eier-Großproduktion haben technische Anlagen und Ausrüstungen für Lege-
hennen in den letzten Jahrzehnten eine dramatische Entwicklung durchgemacht. Eines der 
grundsätzlichen Probleme die zu lösen waren, ist die Klimatisierung der Gebäude. Auch in 
den Produktionsanlagen für Masthähnchen ist das Stallklima, beziehungsweise die Kontrolle 
des Mikroklimas, ein wichtiger Faktor der die Effektivität der Mast bestimmt. Der vorliegende 
Bericht stellt die Erfahrungen bei der Modernisierung von Geflügelproduktionsanlagen (Hal-
tung, Lüftung, Heizung und Kühlung) in Betrieben der tschechischen Republik in den letzten 
Jahren dar. Schwerpunkt war die mögliche Energieeinsparung bei Schaffung eines geeigneten 
Mikroklimas.
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1 Introduction

TJG GHHKEKGPE[ QH RQWNVT[ RTQFWEVKQP FGRGPFU QP OCP[ HCEVQTU. TJG QRVKOCN OKETQENKOCVKE 
EQPVTQN KU QPG QH VJG KORQTVCPV RTQFWEVKQP EQPFKVKQPU HQT VJG UWEEGUU KP VJG GIIU CPF RQWNVT[ 
OGCV RTQFWEVKQP. TJG EJQQUKPI QH UWKVCDNG XGPVKNCVKQP U[UVGO FGRGPFU QP VJG JQWUKPI VGEJ-
PQNQI[, UJCRG CPF FKOGPUKQPU QH DWKNFKPI.

2 SuitaDle microclimatic conditions for Roultr[

TJG DCUKE KPUVTWEVKQPU CPF TGEQOOGPFCVKQP HQT VJG XGPVKNCVKQP FGUKIP CTG UWOOCTK\GF KP 
VJG PCVKQPCN UVCPFCTFU SN 730543-2 XCNKF KP C\GEJ RGRWDNKE. DCVC, YJKEJ CTG PGEGUUCT[ VQ 
MPQY HQT VJG ECNEWNCVKQP QH YKPVGT CPF UWOOGT XGPVKNCVKQP CPF JGCVKPI 
JGCV RTQFWEVKQP, ICU 
RTQFWEVKQP GVE.�, CTG EQORNGVGF D[ VJG UKORNG GSWCVKQPU CPF DCUKE TGEQOOGPFCVKQPU HQT VJG 
FGUKIPKPI RTQEGFWTG. 

TGORGTCVWTG KU XGT[ KORQTVCPV HCEVQT. TJG EJKEMGPU CTG XGT[ UGPUKVKXG VQ VJG FKHHGTGPEGU 
KP VGORGTCVWTGU. TJG VGORGTCVWTGU HQT 1-FC[ EJKEMGPU UJQWNF DG HTQO 30 VQ 33 uC. IV KU UWKV-
CDNG VQ JGCV VJG DTQKNGT JQWUG DGVVGT VQ 32ä35 uC. TJG VJGTOQTGIWNCVKQP KU ITQYKPI UNQYN[ 
CPF EQORNGVGN[ FGXGNQRGF KP 3ä4 YGGMU QH CIG. TJG KPFQQT VGORGTCVWTG UJQWNF DG KP VJKU 
CIG CDQWV 22ä23 uC. SKPEG VJG 5VJ YGGM QH CIG VJG VGORGTCVWTG UJQWNF DG CDQWV 18ä21 uC. 
AU VJG EJKEMU CTG ITQYKPI XGT[ SWKEMN[, VJG DKQNQIKECN RTQFWEVKQP QH VJG JGCV, ICUGU GVE. KU 
EJCPIGF OCP[ VKOGU FWTKPI VJG HCVVGPKPI RGTKQF. TJG XGPVKNCVKQP TCVG OWUV DG KP TGNCVKQP VQ 
VJGUG EJCPIGU. 

TCD. 1� ZQQ J[IKGPKE TGSWKTGOGPVU HQT CKT RCTCOGVGTU KP VJG DWKNFKPIU HQT NC[KPI JGPU
Zoohygienische Anforderungen an die Stalluft für die Legehennen

Parameter of microclimate Recommended value

Air Temperature Minimum [°C] 8

Air Temperature Optimum [°C] (15) 20 to 22

Air Humidity Optimum [%] 50 to 75

Air Humidity Maximum [%] 85

Maximum air velocity [m.s–1] by optimum indoor air temperature 0,3

Maximum air velocity [m.s–1] by higher air temperature than optimum 2,0

TCD. 2� TJG JKIJGUV CNNQYGF EQPEGPVTCVKQPU QH VJG OCKP PQZKQWU ICUGU KP VJG KPFQQT CKT
Die höchsten erlaubten Schadgaskonzentrationen in der Stalluft 

Concentration of noxious gases % volume p.p.m. mg.m-3

Carbon dioxide 0,25 2500 4500

Ammonia 0,0025 25 18

Hydrogen sulfide 0,0007 7 10
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TJG DWKNFKPIU HQT NC[KPI JGPU JCXG XGT[ JKIJ DKQNQIKECN FGPUKV[, KPVGPUKXG OGVCDQNKUO CPF 
JKIJ EQPUWORVKQP QH QZ[IGP, DKI RTQFWEVKQP QH JGCV, PQZKQWU ICUGU, DWV CNUQ OQKUVWTG CPF 
FWUV. IV KU PGEGUUCT[ CDQXG CNN VQ EQPVTQN UQOG HQNNQYKPI HCEVQTU�
 î VGORGTCVWTGU FWTKPI VJG YJQNG [GCT,
 î XGPVKNCVKQP TCVG UWHHKEKGPV HQT VJG HTGUJ CKT FKUVTKDWVKQP VQ CNN JQWUGF DKTFU,
 î TGFWEG VJG PQZKQWU ICUGU CPF FWEV RTQFWEVKQP,
 î TGFWEG VJG PQKUG, 
 î D[ VJG JKIJGT CKT XGNQEKV[ CPF QT D[ GXCRQTCVKXG EQQNKPI KORTQXG VJG UWOOGT KPFQQTU 

EQPFKVKQPU,
 î D[ VJG UWKVCDNG NKIJVKPI U[UVGO KPHNWGPEG RQUKVKXGN[ VJG RTQFWEVKQP CPF YGNHCTG QH 

JGPU. 
RGEQOOGPFGF KPFQQT ENKOCVG RCTCOGVGTU KP VJG DWKNFKPIU HQT NC[KPI JGPU CTG UWOOCTK\GF 

KP VJG VCDNGU 1 CPF 2.

3 The influence of housing technolog[

MQUV EQOOGTEKCN VCDNG-GII JGPU CTG MGRV KP NC[KPI ECIGU KP CNN EQWPVTKGU YKVJ YGNN-FGXGNQRGF 
CITKEWNVWTG UKPEG HKHVKGU. LC[KPI ECIGU CTG GSWKRRGF YKVJ UNQRKPI YKTG HNQQTU UQ VJCV GIIU TQNN 
QWV VJG HTQPV QH VJG ECIG KPVQ CP GII VTC[. CCIGU TGFWEG NCDQT, TGUWNV KP ENGCPGT GIIU, CPF 
MGGR VJG JGPU CYC[ HTQO VJGKT FTQRRKPIU, YJKEJ CUUKUVU KP FKUGCUG RTGXGPVKQP. CCIG U[UVGOU 
QH OCP[ FGUKIPU CTG KP WUG 
HNCV FGEM, UVCKT UVGR, EQORCEV CPF DGNV DCVVGTKGU, GVE� 
BROŽ, KIC, 
1995; CHIUMENTI, 1996�. IV YCU CDQWV 93 � QH JQWUGU HQT NC[KPI JGPU GSWKRRGF D[ ECIGU KP 
EU EQWPVTKGU KP 1998. 

TJG RTQEGUU, UVCTVGF D[ VJG OQXGOGPV QH CPKOCN RTQVGEVQTU KP VJG EU EQWPVTKGU FWTKPI VJG 
NCUV [GCTU, TGUWNVGF KP VJG CQWPEKN DKTGEVKXG 1999�74�EC QH 19 JWN[ 1999, YJKEJ KU XCNKF HQT CNN 
EU EQWPVTKGU YKVJ NQECN NGIKUNCVKQP CRRNKECVKQPU, CPF YJKEJ EQORNGVGN[ EJCPIGF VJG UKVWCVKQP 
KP NC[KPI JGPU JQWUKPI. 

TJG EJCPIGU QH VGEJPQNQI[ KP DWKNFKPIU HQT NC[KPI JGPU JQWUKPI KU DCUGF PQV QPN[ QP VJG 
GPNCTIGOGPV QH URGEKHKE HNQQT CTGC YJKEJ KU KPETGCUGF HTQO 450 EO2 VQ 550 EO2 UKPEG [GCT 
2003, CPF VQ 750 EO2 UKPEG [GCT 2012, DWV CNUQ VJG URGEKCN EJCPIGU QH VGEJPQNQIKECN GSWKR-
OGPV HQT JQWUKPI QH NC[KPI JGPU. TJG OCLQTKV[ QH EWTTGPVN[ WUGF EQPUVTWEVKQPU YKVJ DCVVGTKGU 
QH ECIGU JCXG PQV UWHHKEKGPV RCTCOGVGTU CEEQTFKPI VQ VJG CQWPEKN DKTGEVKXG 1999�74�EC, G. I. 
KPENKPCVKQP QH VJG HNQQT, OKPKOWO JKIJ QH VJG ECIGU, RQUUKDKNKVKGU QH UCPF DCVJ, RGTEJGU GVE, 
CPF VJGTGHQTG EWTQRGCP NGIKUNCVKQP YKNN PQV CNNQY VJG EQOOQPN[ WUGF DCVVGT[ U[UVGOU KP PGY 
KPUVCNNCVKQPU CPF D[ JCPWCT[ 2012 VJGUG JQWUKPI U[UVGOU YKNN JCXG VQ DG RJCUGF QWV EQO-
RNGVGN[. TJG VGEJPQNQIKECN GSWKROGPV, YJKEJ YKNN DG CNNQYGF VQ WUG HQT JQWUKPI QH NC[KPI JGPU 
ECP DG QPG QH VJG HQNNQYKPI U[UVGOU.

FKTUV XGTUKQP KU VJG KORTQXGF VTCFKVKQPCN ECIG U[UVGOU 
550 EO2 UWTHCEG CTGC RGT 1 JGP, 
10 EO HGGFGT, 2 PKRRNGU QT FTKPMGTU CXCKNCDNG RGT ECIG. TJG KPENKPCVKQP QH VJG HNQQT OWUV DG 
NQYGT VJCP 14 �. AV NGCUV 65 � QH VJG HNQQT UWTHCEG KP VJG ECIG OWUV DG JKIJ CV NGCUV 40 EO 
CPF KP CNN RNCEGU QH VJG ECIG VJG JKIJ OWUV PQV DG NQYGT VJCP 35 EO�. TJGTG CTG OCP[ HCTOU HQT 
GII RTQFWEVKQP KP C\GEJ RGRWDNKE, YJKEJ TGRCKT CPF OQFGTPKUG VJG VGEJPQNQIKECN GSWKROGPV 
CEEQTFKPI VQ VJG CD 1999�74�EC. TJGUG U[UVGOU CTG CNNQYGF VQ WUG QPN[ VKNN [GCT 2012. 

RGEGPVN[ FGXGNQRGF JQWUKPI U[UVGOU HQT NC[KPI JGPU KP C\GEJ RGRWDNKE CTG VJG GPTKEJGF 
ECIGU. IV UJQWNF DG WUGF CU C TGRNCEGOGPV HQT VJG JKVJGTVQ EQOOQPN[ WUGF ECIG U[UVGOU VQ 
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VJG HQNNQYKPI UEJGFWNG� HQT CNN PGY GII RTQFWEVKQP WPKVU HTQO 1 JCPWCT[ 2003, CPF VCMKPI VJG 
RNCEG QH EQOOQPN[ WUGF ECIGU KP CNN QVJGT GII RTQFWEVKQP WPKVU HTQO 1 JCPWCT[ 2012 QPYCTF. 
SQOG OKPKOWO TGSWKTGOGPVU JCXG DGGP GUVCDNKUJGF KP VJG EU FKTGEVKXG KPENWFKPI RTQXKUKQPU, 
UWEJ CU VJCV� GCEJ ECIG OWUV DG GSWKRRGF YKVJ RGTEJGU, N[KPI PGUV CPF C UCPF DCVJ YKVJ NKV-
VGT OCVGTKCN. DGRGPFKPI WRQP VJG KPFKXKFWCN U[UVGOU OCPWHCEVWTGT, FGUKIPU OC[ FKHHGT KP VJG 
PWODGT QH DKTFU RGT ECIG, VJG PGUV, VJG UCPF DCVJ FGUKIP CPF VJG CTTCPIGOGPV YKVJKP C ECIG. 
TJG ECIG OWUV PQV DG UOCNNGT VJCP 2000 EO2; VJG JKIJ OWUV PQV DG NQYGT VJCP 45 EO CPF 
750 EO2 UWTHCEG CTGC RGT 1 JGP. GGPGTCNN[, DKTFU CTG MGRV KP C ITQWR QH 7 VQ 20 
IQKPI WR VQ 
50� RGT ECIG. CCIGU CTG OCFG QH UVGGN YKTG YKVJ JQTK\QPVCN HTQPV OGUJKPI QT TQFU CPF UQNKF 
RCTVKVKQPU CTTCPIGF KP VKGTU QH 3 VQ 8. ESWKROGPV CPF HGGFKPI ECP DG EQORCTGF YKVJ VJG EQO-
OQPN[ WUGF ECIG U[UVGOU. MCPWTG KU TGOQXGF CWVQOCVKECNN[ XKC OCPWTG DGNVU 
YKVJ QT YKVJQWV 
CGTCVKQP�. TJGTG CTG VYQ OCKP RTQFWEGT QH VJKU VGEJPQNQI[ KP C\GEJ RGRWDNKE.

LC[KPI JGPU ECP DG CNUQ MGRV KP PQP-ECIG U[UVGOU. TJGUG JQWUKPI U[UVGOU JCXG KP EQOOQP 
VJCV VJG DKTFU JCXG OQTG URCEG QT ECP OQXG CTQWPF OQTG HTGGN[ YKVJKP VJG DWKNFKPI. VCTKQWU 
FGUKIPU CTG CRRNKGF, OQUVN[ ECP DG QH VYQ RTKPEKRNGU. OPG NGXGN 
HNQQT QT FGGR NKVVGT U[UVGOU� 
QT OQTG NGXGNU U[UVGOU. TJKU VJKTF UQNWVKQP HQT NC[KPI JGPU JQWUKPI CTG CXKCT[ U[UVGOU, DCTP, 
RGTEJGT[ CPF FGGR NKVVGT U[UVGOU, KP YJKEJ VJG JGPU ECP YCNM CTQWPF HTGGN[; CPF HTGG-TCPIG 
U[UVGOU KP YJKEJ VJG JGPU CNUQ JCXG CEEGUU VQ C EQPHKPGF CTGC QWVUKFG QH VJG DWKNFKPI, YJGTG 
VJG[ ECP HTGGN[ YCNM CTQWPF CPF NC[ VJGKT GIIU 
POND, 1999�. TJGUG U[UVGOU CTG UVKNN PQV EQO-
OQPN[ WUGF KP C\GEJ RGRWDNKE.

A XGT[ PGCT HWVWTG YKNN UJQY WU YJKEJ UQNWVKQP KU VJG DGUV CPF YJKEJ ECP DG GCUKN[ CRRNKGF 
KP QWT EQPFKVKQPU. CWTTGPVN[, CNN U[UVGOU CTG WUGF HQT VJG TGEQPUVTWEVKQP QH RQWNVT[ JQWUGU KP 
C\GEJ RGRWDNKE. IP CP[ ECUG, VJG UWKVCDNG XGPVKNCVKQP U[UVGO YKVJ UWHHKEKGPV XGPVKNCVKQP TCVG 
CPF IQQF KORTQXGOGPV QH OKETQENKOCVKE EQPVTQN KU PGEGUUCT[. 

4 Ventilation of the Duildings for Roultr[

RGFWEVKQP QH GPGTI[ CPF KPXGUVOGPV EQUVU ECP DG CEJKGXGF D[ VJG WUG QH UWKVCDNG UQHVYCTG FWT-
KPI VJG RTGRCTCVKQP QH RTQLGEV CPF FGUKIPU. SKOWNCVKQP OGVJQFU DCUGF QP OQFGNU KP FKHHGTGPV 
VJGQTGVKECN CPF RTCEVKECN NGXGN CTG WUGF KP VJG CTGC QH GPXKTQPOGPVCN GPIKPGGTKPI HQT FGUKIP-
KPI, VGUVKPI CPF RGTHQTOCPEG EQPVTQN QH DWKNFKPIU CPF VJGKT VGEJPKECN GSWKROGPV HQT JGCVKPI, 
XGPVKNCVKQP CPF CKT-EQPFKVKQPKPI. IV JGNRU VJGO VQ EQORCTG FKHHGTGPV UQNWVKQPU QH XGPVKNCVKQP 
EQPVTQN CPF VQ EJQQUG VJG DGUV QPG 
KIC, 1996; KIC, 2000�. 

OPG GZCORNG QH C RTQITCO HQT ECNEWNCVKQP QH CNN PGGFGF RCTCOGVGTU HQT XGPVKNCVKQP CPF 
JGCVKPI QH UVCDNGU KU C RTQITCO VGPVQNC 
CHIUMENTI GV CN., 1996�. TJG DCUKE UVTWEVWTG QH VJG 
RTQITCO YCU ETGCVGF YKVJ VJG CKO VQ RTGRCTG VJG RTKPEKRNG FCVC WUGHWN HQT FGUKIP QH XGPVKNCVKQP 
U[UVGO CPF VQ OCMG CXCKNCDNG IGPGTCN KFGC CDQWV OKETQENKOCVKE RCTCOGVGTU WPFGT FKHHGTGPV 
QWVUKFG VGORGTCVWTGU. TJGUG FCVC YQWNF HCEKNKVCVG VJG EJQQUKPI QH UWKVCDNG XGPVKNCVKQP U[UVGO 
CPF KVU GSWKROGPV. 

OPG QH VJG GZRGTKOGPVU HQT XGTKHKECVKQP QH FGUETKDGF RTQITCO VQQM RNCEG KP VJG DWKNFKPI 
HQT [QWPI JGPU KP C\GEJ RGRWDNKE. TJG UOCNN QPG-FC[ EJKEMGPU CTG OQXGF KPVQ VJG DWKNFKPI 
CPF CHVGT VJG DTGCFKPI RGTKQF CU [QWPI JGPU OQXGF KP VJG DWKNFKPI HQT NC[KPI JGPU YKVJ GIIU 
RTQFWEVKQP. TYQ DWKNFKPIU QTKIKPCNN[ YKVJ 1 VKGTU VGEJPQNQI[ CPF ECRCEKV[ 16000 EJKEMGPU 
YGTG TGEQPUVTWEVGF CPF GSWKRRGF YKVJ PGY 4 VKGTU VGEJPQNQI[ HQT ECRCEKV[ 42000 EJKEMGPU 
RGT QPG DWKNFKPI. IV PGEGUUKVCVGF CNUQ KORTQXGOGPV QH XGPVKNCVKQP U[UVGO, YJKEJ YCU GSWKRRGF 
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D[ GZEJCPIGTU HQT JGCV TGEQXGT[ CPF JQV CKT JGCVKPI U[UVGO WUGF HQT VJG UOCNNGUV EJKEMGPU 
FWTKPI VJG EQNF RGTKQF QH VJG [GCT. TJG XGPVKNCVKQP CPF JGCVKPI KU EQPVTQNNGF CWVQOCVKECNN[ 

KIC, GURDIL, 1999�.

PQWNVT[ JQWUGU HQT RWNNGVU CPF CNUQ HQT DTQKNGTU CTG DWKNFKPIU YKVJ JKIJ JGCV IGPGTCVKQP 
KPUKFG, CPF KPEQTRQTCVG GSWKROGPV HQT KPVGPUKXG XGPVKNCVKQP. IV VJGTGHQTG UGGOU CRRTQRTKCVG VQ 
WUG JGCV TGEQXGT[ U[UVGOU. TJG TGUWNVU QH GZRGTKOGPVU WUKPI TGIGPGTCVKXG JGCV GZEJCPIGTU QH 
URGEKCN EQPUVTWEVKQP KP VJG XGPVKNCVKQP U[UVGO KP VJG FGRCTVOGPV NCDQTCVQT[, CPF CNUQ WPFGT 
TGCN EQPFKVKQPU KP VJG DWKNFKPI HQT DTQKNGTU JQWUKPI CTG FGUETKDGF KP 
KIC, 2002� TJG CXGTCIG 
GHHKEKGPE[ QH JGCV TGIGPGTCVKQP KP HKPCN CTTCPIGOGPV D[ VJG RTCEVKECN VGUVU QH JGCV TGIGPGTCVQTU 
RTQXKFGF KP VJG UGEVKQP HQT 18 180 DTQKNGTU YCU CDQWV 23 �; VJG VKOG QH JGCVKPI YCU 101 J, 
KP VJG EQPVTQN UGEVKQP QH VJG UCOG DWKNFKPI YKVJQWV JGCV TGEQXGT[ 198 J. TJG UCXKPIU HQT VJG 
VGUVGF DTQKNGT-HCVVGPKPI RGTKQF YGTG 1455 O3 QH ICU.

TJG EJQQUKPI QH UWKVCDNG XGPVKNCVKQP U[UVGO FGRGPFU QP VJG JQWUKPI VGEJPQNQI[, UJCRG CPF 
FKOGPUKQPU QH DWKNFKPIU. BGECWUG QH VJG QWVUKFG ENKOCVKE EQPFKVKQPU CPF JKIJ DKTFU FGPUKV[ 
QPN[ VJG HQTEGF XGPVKNCVKQP U[UVGOU CTG WUGF KP C\GEJ RGRWDNKE. TJG WPFGT RTGUUWTG KU VJG 
OQUV EQOOQP MKPF QH XGPVKNCVKQP WUGF CU C ETQUU XGPVKNCVKQP HQT PCTTQY DWKNFKPIU QT DQVJ UKFG 
XGPVKNCVKQP HQT NCTIG DWKNFKPIU. MCP[ TGNCVKXGN[ UOCNN CZKCN HCPU VE 465, VE 630, GSWKRRGF VJG 
V[RKECN EQPUVTWEVKQPU, WUGF FWTKPI VJG UGXGPVKGU CPF GKIJVKGU. TJG DCVVGTKGU QH ECIGU PGCT VQ 
VJG GPVTCPEG QH VJG HTGUJ CKT YGTG QXGT XGPVKNCVGF CPF VJG NCUV TQY QH VJG ECIGU PGCT VQ VJG CKT 
QWVNGV UWHHGTGF QH VJG PQZKQWU ICUGU CPF PQV UWHHKEKGPV QZ[IGP. TJG EQPUWORVKQP QH GPGTI[ 
YCU XGT[ JKIJ CPF TGNKCDKNKV[ QH VJG YJQNG U[UVGO YCU NQY 
50 VQ 60 HCPU HQT 1 DWKNFKPI YKVJ 
CDQWV 16000 JGPU�.

TJG RTQDNGOU QH PQV GSWCN XGPVKNCVKQP KP VJG DWKNFKPI YGTG RCTVN[ UQNXGF D[ VJG HCP-LGV 
U[UVGOU, YKVJ EGPVTCN FKUVTKDWVKQP QH HTGUJ CKT OQUVN[ QXGT VJG TQYU QH ECIG-DCVVGTKGU. TJG CKT 
QWVNGVU YGTG OQUVN[ KP VJG UKFGYCNNU, D[ UOCNN GZJCWUVGF CZKCN HGPU. TJG RTQDNGOU YGTG OQUVN[ 
YKVJ VJG JKIJGT GPGTI[ EQPUWORVKQP CPF YKVJ VJG EQPFGPUCVKQP QH JWOKFKV[ QP VJG CKT FWEVU 
FWTKPI VJG YKPVGT RGTKQF. 

LCUV XGTUKQP QH OCPWTG DGNV DCVVGTKGU EQOOQPN[ CRRNKGF VJTQWIJQWV VJG YQTNF JCU VJG U[U-
VGO QH EQNNGEVKQP QH OCPWTG QP VJG DGNVU DGNQY VJG ECIGU CPF VTCPURQTVGF VQ C ENQUGF UVQTCIG 
QT EQPVCKPGTU VYKEG C YGGM. IP KORTQXGF DGNV U[UVGOU, CKT DNQYP QXGT VJG OCPWTG VQ CEJKGXG 
HCUVGT FT[KPI QH VJG OCPWTG. TJG CKT KU KPVTQFWEGF LWUV WPFGT GCEJ VKGT QH ECIGU, WUWCNN[ XKC 
TKIKF RQN[RTQR[NGPG FWEVU. APQVJGT DGPGHKV KU VJG KPVTQFWEVKQP QH HTGUJ EQQNKPI CKT KOOGFKCVGN[ 
CFLCEGPV VQ VJG DKTFU. FWTVJGT KORTQXGOGPVU EQPUKUV QH VJG KPVTQFWEVKQP QH RTG-YCTOGF JQWUG 
CKT CPF�QT VJG WUG QH JGCV GZEJCPIGTU VQ RTG-YCTO KPEQOKPI QWVUKFG CKT. 

A VWPPGN XGPVKNCVKQP FGUKIP JCU DGEQOG RQRWNCT KP TGEGPV [GCTU, YJKEJ WUGU NCTIG HCPU 

FKCOGVGTU CDQWV 1200ä1400 OO� KP QPG GPF QH VJG JQWUG CPF KPNGVU 
QHVGP EQQNKPI RCFU HQT 
CFKCDCVKE CKT EQQNKPI� KP VJG QVJGT. TJKU U[UVGO KU OQUV RQRWNCT YKVJ DKTFU QP NKVVGT HNQQTU DWV 
ECP CNUQ DG HQWPF KP ECIG NC[KPI JQWUGU. 

TJGTG ECP DG FGUKIPGF CPF EQPUVTWEVGF OCP[ FKHHGTGPV EQODKPCVKQPU DGVYGGP VJG XGPVKNC-
VKQP U[UVGOU WUGF HQT NC[KPI JGPU JQWUGU. TJG FKHHGTGPEGU QH HCPU ECP CNUQ TGUWNV KP GPGTI[ 
UCXKPIU. VGT[ KORQTVCPV ETKVGTKC HQT VJG XGPVKNCVKQP U[UVGO CPF HCPU EJQQUKPI CTG VJGTGHQTG PQV 
QPN[ CKTHNQY CPF RTGUUWTG, DWV CNUQ GHHKEKGPE[ CPF URGEKHKE GPGTI[ EQPUWORVKQP HQT FKUVTKDWVGF 
CKT KPVQ VJG DWKNFKPI. MQUVN[ VJG HCPU YKVJ NCTIG FKCOGVGTU ECP DG OQTG UWKVCDNG UQNWVKQP KP 
EQODKPCVKQP YKVJ CFGSWCVG XGPVKNCVKQP U[UVGO. TJGTG CTG CNUQ U[UVGOU QH CFKCDCVKE EQQNKPI 
DCUGF QP VJG URTC[KPI QH YCVGT VQ VJG CKT D[ VJG URGEKCN PQ\\NGU. AEEQTFKPI VQ VJG YCVGT 
RTGUUWTG CPF FKOGPUKQPU QH VJG YCVGT FTQRU VJG U[UVGOU QH VJKU OGVJQF QH CFKCDCVKE EQQNKPI 
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CTG ECNNGF CU OKUV QT HQI U[UVGOU 
KIC, ŠLEGER, 1992; BOTTCHER GV CN, 1993; CHIUMENTI GV CN, 
1996�.

5 Conclusions 

MQFGTPKUCVKQP QH VJG QNF DWKNFKPIU ECP DG UWKVCDNG YC[ JQY VQ KORTQXG VJG JQWUKPI VGEJ-
PQNQI[ YKVJ VJG TGURGEV VQ VJG CPKOCN YGNHCTG, YC[ JQY VQ KPETGCUG NCDQT RTQFWEVKXKV[ KP 
VJG EQPFKVKQPU QH NQYGT GPGTI[ EQPUWORVKQP. EPGTI[ UCXKPIU OGVJQFU CTG ENQUGN[ TGNCVGF VQ 
VJG XGPVKNCVKQP QH NKXGUVQEM JQWUKPI. ODXKQWUN[, VJG CRRNKECVKQP QH GPGTI[ UCXKPIU OGCUWTGU 
TGNCVGF VQ XGPVKNCVKQP OWUV VCMG KPVQ CEEQWPV VJG JGCNVJ CPF YGNHCTG TGSWKTGOGPVU QH RQWNVT[. 
TJG URGEKHKE KPXGUVOGPV EQUVU CPF EQUVU HQT GPGTI[ CTG XGT[ KORQTVCPV ETKVGTKC HQT HKPCN FGEKUKQP 
QH EQPUVTWEVKQP OQFGTPK\CVKQP.
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Die StimuDucht ä ein neues Verfahren zur GruRRenDildung Xon Sauen
6Je stimW�pen ä C neY tooN in miZing groWps of soYs 

J¤RG BAUER, STEFFEN HOY

IPUVKVWV HÒT TKGT\WEJV WPF HCWUVKGTIGPGVKM; ADVGKNWPI TKGTJCNVWPI WPF HCNVWPIUDKQNQIKG FGT 
JWUVWU-LKGDKI-UPKXGTUKV·V GKG­GP, D-35390 GKG­GP

SchlÒsselwÌrter� Sau, Rangordnung, GruRRenhaltung, FruchtDarkeit
-e[Yords� SoY� rCnM order� groWp JoWsing� fertiNit[

<WsCmmenfCssWng

Die Häufigkeit von Rangordnungskämpfen klingt innerhalb der ersten Stunden nach der 
Gruppierung stark ab. Nach �� Stunden sind bereits �1 � aller Interaktionen in einer Gruppe 
beendet. 

Bei einer frühzeitigen zweiten Gruppenbildung (sieben Tage Einzelhaltung) nach erfolgter 
Belegung treten signifikant weniger Rangordnungskämpfe auf als bei einer späteren Gruppen-
bildung (2� Tage Einzelhaltung).

Die Gruppenbildung direkt nach dem Absetzen lässt die Kämpfe zu einem Zeitpunkt 
stattfinden, bei dem im Gruppenmittel keine schlechtere Fruchtbarkeitsleistung als bei Kasten-
standhaltung zu erwarten ist. 

Eine optimierte Stimu-Bucht (Verkürzung der Zeitdauer der ersten Gruppierung von � auf 
2 Tage, Buchtenvergrößerung von 2,� auf 3 mw pro Sau, bessere Strukturierung der Bucht) 
kann vor dem Hintergrund einer möglichst durchgängigen Gruppenhaltung tragender Sauen 
als Management-Instrument genutzt werden, um nachteilige biologische und betriebswirt-
schaftliche Effekte der Gruppenbildung bzw. -haltung zu vermeiden.

SWmmCr[

The frequency of agonistic interactions is decreasing in the first hours after mixing groups of 
sows. Approximately �1 � of all fights are finished up to �� hours after mixing. 

The frequency of fights for rank position is significantly lower at second mixing if the sows 
are singly kept for � days compared with 2� days. 

The mixing of sows very soon after weaning does not lead to a lower fertility compared 
with housing of sows in single crates. 

An optimal stimu-pen (reduction of stay in the pen from � to 2 days, enlarged space allow-
ance from 2.� to 3 m2 per sow, better structure in the stimu-pen) can be used as a tool to 
avoid negative biological and economical effects of mixing of sows. Sows can be kept during 
long-lasting periods in groups.
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1 Einleitung

ZWMÒPHVKI YKTF FKG GTWRRGPJCNVWPI VTCIGPFGT SCWGP XGTDKPFNKEJ XQTIGUEJTKGDGP UGKP. DKG 
EU-RKEJVNKPKG 2001�88�EG UEJTGKDV XQT, FCUU SCWGP WPF JWPIUCWGP CD FGT 5. WQEJG PCEJ FGT 
BGNGIWPI DKU \WO 7. TCI XQT FGO XQTCWUUKEJVNKEJGP ADHGTMGNVGTOKP KP GTWRRGP \W JCNVGP 
UKPF. DKG UOUGV\WPI KP PCVKQPCNGU RGEJV J·VVG DGK SVCNNPGWDCWVGP DKU \WO 1.1.2003 GTHQNIGP 
OÒUUGP. IP GKPGO EPVYWTH FGU BWPFGUOKPKUVGTKWOU HÒT VGTDTCWEJGTUEJWV\, ETP·JTWPI WPF 
LCPFYKTVUEJCHV 
BMVEL� XQP 2003 YCT \WOKPFGUV HÒT SCWGP WPF JWPIUCWGP GKPG 1�1-ÜDGT-
PCJOG XQTIGUGJGP. 

NCEJ FGT ZWUCOOGPUVGNNWPI XQP SCWGP \W GKPGT GTWRRG MQOOV GU \W RCPIQTFPWPIU-
M·ORHGP. DKGUG UKPF XÌNNKI PQTOCN WPF NCUUGP UKEJ PKEJV XGTJKPFGTP. ZYGEM FGT K·ORHG KUV 
GU, FKG UQ\KCNGP BG\KGJWPIGP \YKUEJGP FGP TKGTGP GKPGT GTWRRG \W MN·TGP. NCEJ 24 SVWPFGP 
UKPF 78 � WPF PCEJ 48 SVWPFGP DGTGKVU 91 � CNNGT K·ORHG DGK FGT GTWRRKGTWPI XQP SCWGP 
DGGPFGV 
BAUER WPF HOY 2002�. EKPG UEJPGNN GVCDNKGTVG RCPIQTFPWPI KUV DKQNQIKUEJ \YGEMO·-
­KI, FC LGFGT KCORH EPGTIKGCWHYCPF DGFGWVGV, WPF GU KUV PKEJV UKPPXQNN, FCUU EPGTIKG ëXGTIGW-
FGVé YKTF. NCEJ KLOCEK GV CN. 
1992�, TAUREG GV CN. 
1991�, GERTKEN GV CN. 
1993� UQYKG HOY

WPF LUTTER 
1995� MÌPPGP RCPIQTFPWPIUM·ORHG AWUYKTMWPIGP CWH FKG FTWEJVDCTMGKV JCDGP. 
DGUJCND DGHÒTEJVGP XKGNG SCWGPJCNVGT PKEJV WPDGITÒPFGV GKPGP RÒEMICPI FGT LGKUVWPIGP 
FWTEJ GKPG ITÌ­GTG ZCJN CP UOTCWUEJGTP WPF GKPG PKGFTKIGTG ZCJN CP NGDGPF IGDQTGPGP 
FGTMGNP RTQ WWTH. 

DKGU XGTFGWVNKEJV FKG NQVYGPFKIMGKV, FKG RCPIQTFPWPIUM·ORHG FWTEJ GKPG GPVURTGEJGPFG 
VGTHCJTGPUIGUVCNVWPI \W GKPGO ZGKVRWPMV CDNCWHGP \W NCUUGP, FGT HÒT FKG SCW WPF KJTG EODT[-
QPGP OÌINKEJUV WPIGH·JTNKEJ KUV. ZKGN FGT XQTNKGIGPFGP UPVGTUWEJWPIGP YCT FKG EPVYKEMNWPI 
FGU VGTHCJTGPU ëSVKOW
NCVKQPU�DWEJVé WPVGT DGUQPFGTGT BGTÒEMUKEJVKIWPI FGT H·WHKIMGKV 
XQP RCPIQTFPWPIUM·ORHGP. DKGUG YWTFGP PCEJ GTUVOCNKIGT ZWUCOOGPUVCNNWPI FGT SCWGP-
ITWRRGP 
FKTGMV PCEJ FGO ADUGV\GP� WPF DGK GTPGWVGT ZWUCOOGPUVCNNWPI FGT SCWGPITWRRGP 
PCEJ GTHQNIVGT BGUCOWPI 
7 D\Y. 28 F PCEJ EKPUVCNNWPI KPU BGUCOWPIU\GPVTWO� CPCN[UKGTV. 

2 UntersuchungsDedingungen und Methoden

DKG UPVGTUWEJWPIGP HCPFGP CWH FGT LGJT- WPF FQTUEJWPIUUVCVKQP ODGTGT HCTFVJQH FGU IPUVK-
VWVGU HÒT TKGT\WEJV WPF HCWUVKGTIGPGVKM FGT UPKXGTUKV·V GKG­GP UVCVV. DKG 90GT SCWGPCPNCIG 
YWTFG \WOGKUV KO ZYGK-WQEJGP-RJ[VJOWU OKV 21-V·IKIGT S·WIG\GKV QTICPKUKGTV. DCTCWU TGUWN-
VKGTVGP SCWGPCDUGV\ITWRRGP XQP 8 TKGTGP. 

IP FGT SCWGPCPNCIG YWTFG GKPG 20 Ow ITQ­G GTWRRGPDWEJV OKV SVTQJGKPUVTGW, CF NKDKVWO-
FÒVVGTWPI CO RQJTCWVQOCVGP WPF SKEJV- WPF SEJPCW\GPMQPVCMV \WO EDGT GKPIGTKEJVGV. 

DKG SCWGP YWTFGP OKV FGT UOUVCNNWPI KP FKG SVKOWDWEJV GKPGO KNKOCYGEJUGN CWUIGUGV\V. 
DKG TKGTG MCOGP XQO Y·TOGIGF·OOVGP ADHGTMGNUVCNN KP FKG GTWRRKGTWPIUDWEJV KO AW­GP-
MNKOCUVCNN. 

FÒT FKG UPVGTUWEJWPIGP YWTFGP FKG SCWGP FGT VGTUWEJUITWRRGP LGYGKNU CO DQPPGTUVCI 
XQP KJTGP FGTMGNP CDIGUGV\V, KP FGT SVKOWDWEJV \W GKPGT GTWRRG \WUCOOGPIGUVCNNV WPF OKVVGNU 
IPHTCTQV-VKFGQVGEJPKM MQPVKPWKGTNKEJ ÒDGT 48 SVWPFGP DGQDCEJVGV. 

DKG SCWGP FGT KurzgruRRe MCOGP CO FCTCWHHQNIGPFGP MQPVCIOQTIGP, CNUQ PCEJ 4 TCIGP 
AWHGPVJCNV KP FGT SVKOWDWEJV, HÒT 7 TCIG KPU BGUCOWPIU\GPVTWO, YQ UKG KP EKP\GNHTGUUUV·PFGP 
DGUCOV YWTFGP. NCEJ GKPGT WQEJG EKP\GNJCNVWPI YWTFGP FKG SCWGP GTPGWV KP FKG SVKOWDWEJV 
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WOIGUVCNNV WPF YKGFGTWO 48 SVWPFGP NCPI RGT VKFGQVGEJPKM ÒDGTYCEJV 
AWH\GKEJPWPI OKV 
LCPI\GKV-VKFGQTGEQTFGT�, DGXQT FKG UOUVCNNWPI KP FGP WCTVGUVCNN GTHQNIVG.

AWEJ FKG TKGTG FGT LanggruRRe YWTFGP CO MQPVCIOQTIGP PCEJ 4 TCIGP KP FGT SVKOW-
DWEJV KPU BGUCOWPIU\GPVTWO WOIGUVCNNV. SKG YWTFGP LGFQEJ PKEJV HÒT 7, UQPFGTP HÒT 28 TCIG 
KP FGP KCUVGPUV·PFGP HKZKGTV. NCEJ 28 TCIGP EKP\GNJCNVWPI YWTFGP FKG SCWGP FGT LCPIITWR-
RG YKGFGT KP FGT SVKOWDWEJV \WUCOOGPIGDTCEJV WPF 48 SVWPFGP NCPI OKVVGNU VKFGQVGEJPKM 
ÒDGTYCEJV.

DKG SCWGP FGT KontrollgruRRe YWTFGP FKTGMV PCEJ FGO ADUGV\GP KP EKP\GNHTGUUUV·PFG KO 
BGUCOWPIU\GPVTWO CWHIGUVCNNV WPF DGUCOV. ETUV 11 TCIGP PCEJ FGO ADUGV\GP MCOGP FKG 
SCWGP GTUVOCNU KP FGT SVKOWDWEJV \WUCOOGP, YQ FKG RCPIM·ORHG GDGPHCNNU RGT VKFGQVGEJPKM 
48 SVWPFGP CWHIG\GKEJPGV YWTFGP. AO MKVVYQEJPCEJOKVVCI GTHQNIVG FCPP LGYGKNU FKG UOUVCN-
NWPI FGT SCWGP XQP FGT SVKOWDWEJV KP FGP WCTVGUVCNN.

BGK FGT AWUYGTVWPI FGT VKFGQCWH\GKEJPWPIGP YWTFGP KP GKPGT 8 Z 8-MCVTKZ U·OVNKEJG 
K·ORHG LGFGT SCW IGIGP CNNG CPFGTGP GTWRRGPOKVINKGFGT GTHCUUV WPF WPVGT KGPP\GKEJPWPI 
FGT SKGIGT WPF VGTNKGTGT GKPIGVTCIGP. AWU FGP RCPIQTFPWPIUFCVGP YWTFG FGT RCPIKPFGZ 
RI� 
DGTGEJPGV 
PUPPE WPF TUCHSCHERER 1994, PWRRG 1996�. 

VQP FGP SCWGP YWTFGP FKG ZGKVFCWGT XQO ADUGV\GP DKU \WO EKPVTKVV FGU DWNFWPIUTGHNGZGU, 
FCU AWHVTGVGP XQP PKEJVVTCIGPFGP TKGTGP PCEJ MÒPUVNKEJGT BGUCOWPI UQYKG FKG WWTHITÌ­G 
KO FQNIGYWTH FQMWOGPVKGTV. SVCVKUVKUEJ DGCTDGKVGV YWTFGP FKGUG PCTCOGVGT OKV FGO SVCVKUVKM-
PTQITCOORCMGV SPSS 10.0 HQT WKPFQYU WPF MKVVGNYGTVXGTINGKEJGP PCEJ SVWFGPV-NGYOCP-
KGWNU. APJCPF FGT ETIGDPKUUG YWTFGP VQTUEJN·IG \WT ORVKOKGTWPI FGT SVKOWDWEJV UQYKG \WT 
EKPQTFPWPI KP FKG DGVTKGDNKEJGP ADN·WHG XQP BGKURKGNDGVTKGDGP GTCTDGKVGV.

3 ErgeDnisse und Diskussion

BGKO GTUVGP AWHGKPCPFGTVTGHHGP FGT SCWGP UEJYCPMVG FKG AP\CJN FGT AWUGKPCPFGTUGV\WPIGP 
\YKUEJGP 27,7 WPF 29,3 K·ORHGP RTQ SCW WPF 48 SVWPFGP. DKG SCWGP FGT KWT\ITWRRG, FKG 
DGTGKVU UKGDGP TCIG PCEJ FGT GTUVGP GTWRRKGTWPI GTPGWV \WUCOOGPIGDTCEJV YWTFGP, M·ORH-
VGP DGKO \YGKVGP GTWRRKGTGP FWTEJUEJPKVVNKEJ 6,9 OCN KP 48 SVWPFGP IGIGPGKPCPFGT. BGK 
GKPGO YKGFGTJQNVGP AWHGKPCPFGTVTGHHGP FGT SCWGP PCEJ 28 TCIGP EKP\GNJCNVWPI VTCVGP OKV 
15,3 K·ORHGP RTQ SCW WPF 48 SVWPFGP UKIPKHKMCPV OGJT K·ORHG CWH CNU PCEJ 7-V·IKIGT EKP-
\GNJCNVWPI. GGIGPÒDGT FGT GTUVGP AWHUVCNNWPI TGFW\KGTVGP UKEJ LGFQEJ FKG K·ORHG WO GVYC 
FKG H·NHVG 
ADD. 1�. HKGTCWU KUV \W HQNIGTP, FCUU FKG SCWGP UEJQP PCEJ GKPGT ZGKV XQP YGPKIGP 
TCIGP DGIKPPGP, GKPCPFGT \W XGTIGUUGP.

AWH FGT BCUKU FGU DGTGEJPGVGP RCPIKPFGZGU YWTFGP FKG LG 8 SCWGP GKPGT GTWRRG KP XKGT 
TCPIJQJG WPF XKGT TCPIPKGFGTG TKGTG GKPIGVGKNV WPF FGT ZWUCOOGPJCPI \W PCTCOGVGTP FGU 
BTWPUVXGTJCNVGPU UQYKG \WT LGKUVWPI DGTGEJPGV. BGK UPVGTUWEJWPIGP FGU BTWPUVXGTJCNVGPU HKGN 
CWH, FCUU FKG SCWGP FGT KQPVTQNNITWRRG, FKG Y·JTGPF FGT IGUCOVGP RCWUEJG KP EKP\GNHTGUUUV·P-
FGP IGJCNVGP YWTFGP, UKIPKHKMCPV HTÒJGT TCWUEJVGP WPF DGNGIV YGTFGP MQPPVGP, CNU FKG TKGTG 
FGT DGKFGP VGTUWEJUITWRRGP. BGK TCPIJQJGP WPF TCPIPKGFGTGP SCWGP FGT KQPVTQNNITWRRG 
FCWGTVG FCU OKVVNGTG ADUGV\-BGUCOWPIUKPVGTXCNN KO DWTEJUEJPKVV 5,4 TCIG. BGK FKGUGP TKGTGP 
YCT MGKP UPVGTUEJKGF KO BTWPUVXGTJCNVGP \W GTMGPPGP, FC UKG XQPGKPCPFGT IGVTGPPV KP EKP-
\GNHTGUUUV·PFGP WPVGTIGDTCEJV YCTGP. DKG RCPIQTFPWPI MQPPVG FGP RCWUEJGGKPVTKVV HQNINKEJ 
PKEJV DGGKPHNWUUGP.
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ADD. 1� H·WHKIMGKV FGT K·ORHG XQP SCWGP KP 48 J PCEJ GTUVOCNKIGO WPF YKGFGTJQNVGO ZWUCOOGPVTGHHGP
Frequency of fights between sows during first and second mixing

APFGTU YCT GU DGK FGP SCWGP KP FGT GTWRRKGTWPIUDWEJV. DKG 107 TCPIJQJGP SCWGP TCWUEJVGP 
FGWVNKEJ HTÒJGT WPF CWUIGINKEJGPGT CNU FKG 97 TCPIPKGFGTGP TKGTG. DKG WPVGTNGIGPGP TKGTG KP 
FGT GTWRRKGTWPIUDWEJV TCWUEJVGP ÒDGT GKPGP JCNDGP TCI UR·VGT CNU FKG TCPIPKGFGTGP TKGTG 
CWU EKP\GNJCNVWPI 
ADD. 2�. 

ADD. 2� MKVVNGTGU ADUGV\-BGUCOWPIU-IPVGTXCNN DGK EKP\GNJCNVWPI 
BGUCOWPIUUV·PFG� WPF GTWRRGPJCNVWPI 

SVKOWDWEJV� WPVGT BGCEJVWPI FGT RCPIQTFPWPI
Average weaning – insemination-interval in single housing or group housing (stimu-pen) of sows in relation 
to rank order

DKGUG ETIGDPKUUG DGV·VKIGP FKG TJGUG, FCUU FKG TCPIPKGFGTGP SCWGP WPVGT FGP IGY·JNVGP 
BGFKPIWPIGP 
XKGT TCIG AWHGPVJCNV KP FGT GTWRRKGTWPIUDWEJV, MNGKPG GTWRRG, IGTKPIG UQ\K-
CNG DKUVCP\� GKPGT SVTGUUUKVWCVKQP CWUIGUGV\V YCTGP 
UV·PFKIG N·JG \W TCPIJÌJGTGP TKGTGP�, 
FKG UKEJ PCEJVGKNKI CWH FCU RCWUEJGXGTJCNVGP CWUYKTMVG. FÒT FKGUG TJGUG URTKEJV CWEJ, FCUU 
TCPIJQJG SCWGP CWU FGT GTWRRGPJCNVWPI 0,7 NGDGPF IGDQTGPG FGTMGN OGJT RTQ WWTH CNU FKG 
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WPVGTNGIGPGP SCWGP GTTGKEJVGP. VQP FGP TCPIJQJGP SCWGP TCWUEJVGP NGFKINKEJ 6,7 � FGT 
TKGTG WO, XQP FGP TCPIPKGFGTGP 12,8 �. DKGUGU ETIGDPKU YWTFG \WO APNCUU IGPQOOGP, FKG 
GTWRRKGTWPI XQP SCWGP WPVGT FGO AURGMV FGU RCPIQTFPWPIUXGTJCNVGPU \W QRVKOKGTGP.

FQNIGPFG MC­PCJOGP FC\W YGTFGP XQTIGUEJNCIGP�
 î APDKGVGP XQP 3 O2�SCW 
QFGT OGJT ä YGPP XQTJCPFGP� DGKO GTWRRKGTGP,
 î EKPDCW XQP FWVVGTCWVQOCVGP CP FGP SGKVGPY·PFGP 
WPF PKEJV KP BWEJVGPOKVVG�, WO 

OCZKOCNG AWUYGKEJFKUVCP\GP HÒT FKG SCWGP \W UEJCHHGP 
BWEJVGPFKCIQPCNG�,
 î VGTMÒT\WPI FGT GTWRRKGTWPIUFCWGT CWH 2 TCIG 
CPUVGNNG XQP 4 TCIGP� WPF
 î GTWRRKGTWPI FGT SCWGP 
YGPP OÌINKEJ� KP ITÌ­GTGP GTWRRGP 
TCPIPKGFGTG SCWGP MÌP-

PGP UKEJ DGUUGT KP FGT GTWRRG ëXGTUVGEMGPé�.
DKG SVKOWDWEJV MCPP PCEJ FGP XQTNKGIGPFGP ETIGDPKUUGP YKG HQNIV KP FKG DGVTKGDNKEJGP 

ADN·WHG GKPIGQTFPGV YGTFGP�
 î UOUVCNNGP FGT SCWGP PCEJ FGO ADUGV\GP FGT FGTMGN KP FKG SVKOWDWEJV 
\. B. DQPPGTU-

VCIOQTIGP�
 î AWHGPVJCNV KP FGT SVKOWDWEJV ÒDGT 2 TCIG JKPYGI 
\. B. DKU SQPPCDGPFOQTIGP�
  î  KP BGVTKGDGP OKV KQODKHGGFGT MCPP FKG LCWHHN·EJG \YKUEJGP GKPGT \YGKTGKJKIGP AWH-

UVCNNWPI CNU SVKOWDWEJV IGPWV\V YGTFGP
 î UOUVCNNGP FGT SCWGP KP EKP\GNDGUCOWPIUUV·PFG KO 
PTQHK-�BGUCOWPIU\GPVTWO WPF 

FWNFWPIU- QFGT VGTOKPQTKGPVKGTVG BGUCOWPI
  î  SEJNKG­GP FGT KQODKHGGFGT-SV·PFG DGK AWHVTGVGP FGT GTUVGP RCWUEJGU[ORVQOG WPF 

FWNFWPIU- QFGT VGTOKPQTKGPVKGTVG BGUCOWPI
  î  ÖHHPGP FGT SV·PFG PCEJ ADUEJNWUU FGT BGUCOWPIGP CNNGT SCWGP FGT LGYGKNKIGP 

GTWRRG WPF FQTVUGV\WPI FGT GTWRRGPJCNVWPI, F. J. SCWGP DNGKDGP PWT Y·JTGPF FGT 
BGUCOWPI KO SVCPF HKZKGTV 
\. B. XQP MQPVCI DKU DQPPGTUVCI�

 î UOUVCNNWPI FGT SCWGP OKV PCEJIGYKGUGPGT TT·EJVKIMGKV KP FKG GTWRRGPJCNVWPI KO WCT-
VGUVCNN UR·VGUVGPU CD 29. TT·EJVKIMGKVUVCI

  î  VTCIGPFG SCWGP MÌPPGP GPVYGFGT Y·JTGPF FGT IGUCOVGP TT·EJVKIMGKV 
DKU GKPG 
WQEJG XQT ADHGTMGNWPI� KP KQODKHGGFGTP KP GTWRRG IGJCNVGP YGTFGP QFGT YGTFGP 
PCEJ HGUVIGUVGNNVGT TT·EJVKIMGKV KP FGP WCTVGUVCNN KP GTWRRGP 
\. B. OKV FÒVVGTWPI CO 
3WKEMHGGFGT� WOIGUVCNNV.

4 Fazit

UO GKPG GTWRRGPJCNVWPI VTCIGPFGT SCWGP OÌINKEJUV TGKDWPIUNQU XGTNCWHGP \W NCUUGP, OWUU 
FKG GTWRRGPDKNFWPI QRVKOCN IGOCPCIV YGTFGP. DKG GTWRRGPDKNFWPI FKTGMV PCEJ FGO ADUGV-
\GP N·UUV FKG RCPIQTFPWPIUM·ORHG \W GKPGO ZGKVRWPMV CDNCWHGP, CP FGO FKG SCWGP YGFGT 
VTCIGPF PQEJ NCMVKGTGPF UKPF. DWTEJ GKPG OÌINKEJUV HTÒJ\GKVKIG GTPGWVG GTWRRGPDKNFWPI, \. B. 
PCEJ 7 TCIGP EKP\GNJCNVWPI, VTGVGP UKIPKHKMCPV YGPKIGT RCPIQTFPWPIUM·ORHG CWH CNU PCEJ 
GKPGT EKP\GNJCNVWPI FGT SCWGP XQP 28 TCIGP. JG N·PIGT FGT ZGKVTCWO FGT TTGPPWPI CPFCWGTV, 
FGUVQ JÌJGT KUV FKG WCJTUEJGKPNKEJMGKV, FCUU UKEJ FKG SCWGP DGK GKPGT GTPGWVGP BGIGIPWPI 
WPVGTGKPCPFGT YKGFGT DGM·ORHGP. DKG ETIGDPKUUG YGKUGP FCTCWH JKP, FCUU TCPIPKGFGTG SCWGP 
PTQDNGOG OKV SVTGUUUKVWCVKQPGP Y·JTGPF FGT GTWRRGPDKNFWPIURJCUG JCDGP WPF NGKUVWPIUFG-
RTGUUKX FCTCWH TGCIKGTGP. BWEJVGPIGUVCNVWPI WPF MCPCIGOGPV UKPF \. B. FWTEJ GKPG VGTMÒT-
\WPI FGT ZGKVFCWGT DGK FGT GTUVGP GTWRRKGTWPI XQP 4 CWH 2 TCIG, GKPG BWEJVGPXGTITÌ­GTWPI 
XQP 2,5 CWH 3 Ow RTQ SCW WPF FWTEJ GKPG DGUUGTG SVTWMVWTKGTWPI FGT BWEJV \W QRVKOKGTGP.
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MÌglichkeiten zur technischen und tierDezogenen Beurteilung der 
Trittsicherheit Xon Stallfu­DÌden Deim Schwein
#ssessment of pig fNooring for sWfficient footing D[ meCns of tecJnicCN 
Cnd DioNogicCN indicCtors

SVEN H�USER1, HANS�JOACHIM HERRMANN1, CLAUDIA MICHAEL2, 
EBERHARD VON BORELL2

1 DLG-TGUV\GPVTWO TGEJPKM � BGVTKGDUOKVVGN, D-64823 GTQ­-UOUVCFV

2 IPUVKVWV HÒT TKGT\WEJV WPF TKGTJCNVWPI OKV TKGTMNKPKM, MCTVKP-LWVJGT-UPKXGTUKV·V HCNNG-WKVVGPDGTI

SchlÒsselwÌrter� Trittsicherheit, Rutschfestigkeit, GleitreiDDeiwert
-e[Yords� SWfficient footing� sNip resistCnce� sNiding friction XCNWe

<WsCmmenfCssWng 

„Rutschfestigkeit“ und „Trittsicherheit“ sind bei der Beurteilung tierbezogener Kriterien von 
Stallfußböden häufig verwendete Begriffe. Generell sollte zwischen einer technischen und 
materialbezogenen Überprüfung der Rutschfestigkeit – beispielsweise über die Ermittlung des 
Gleitreibbeiwertes z – und der am Tier beobachteten „Trittsicherheit“ unterscheiden werden. 
Um die Trittsicherheit von Stallfußböden messbar zu machen, wird derzeit vom DLG Test-
zentrum Technik & Betriebsmittel in Zusammenarbeit mit der Universität Halle-Wittenberg 
ein Testverfahren entwickelt, mit dem dieses Kriterium möglichst objektiv untersucht werden 
kann.

SWmmCr[

Slip resistance and sufficient footing are important criteria for the assessment of flooring sys-
tems in animal housing. A distinction between a technical and material based testing (i. e. via 
measures of the sliding friction value z) versus a biological test for sufficient footing through 
direct animal observations is in general advised. The German Agricultural Society (DLG) in 
collaboration with the University Halle-Wittenberg has recently developed a new testing 
procedure in order to measure and verify sufficient footing of flooring in pig housing.
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1 ProDlemstellung 

ëDGT BQFGP FGT HCNVWPIUGKPTKEJVWPI OWUU KO ICP\GP AWHGPVJCNVUDGTGKEJ FGT SEJYGKPG 
WPF KP FGP TTGKDI·PIGP TWVUEJHGUV WPF VTKVVUKEJGT UGKP.é ä FKGUGT SCV\ CWU FGO EPVYWTH FGT 
TKGTUEJWV\-NWV\VKGTJCNVWPIUXGTQTFPWPI DGUEJTGKDV FKG APHQTFGTWPIGP, FGPGP BÌFGP CWEJ 
\WMÒPHVKI IGTGEJV YGTFGP OÒUUGP. 

DKG RWVUEJHGUVKIMGKV GKPGTUGKVU MCPP ÒDGT GKPG VGEJPKUEJG PTÒHWPI FWTEJ FGP GNGKVTGKDDGK-
YGTV z DGUEJTKGDGP YGTFGP WPF YKTF KP ITQ­GO MC­G XQO BQFGPOCVGTKCN DGGKPHNWUUV. 

ADD. 1� MGUUWPI FGU GNGKVTGKDDGKYGTVGU z

BGK FGT BGWTVGKNWPI FGT TTKVVUKEJGTJGKV JKPIGIGP UQNNVGP CWEJ FKG ETHCJTWPIGP FGT TKGTG CWH 
FGO LGYGKNKIGP BQFGPU[UVGO GKPHNKG­GP. HKGT URKGNGP CWEJ RTQHKNKGTVG ODGTHN·EJGP GKPG RQNNG, 
FKG FWTEJ GKPIGCTDGKVGVG SVTWMVWTGP D\Y. WPVGTUEJKGFNKEJG AWHVTKVVUGDGPGP FGT UKEJGTGP FQTV-
DGYGIWPI FKGPGP UQNNGP.

DKG BGWTVGKNWPI FGT TTKVVUKEJGTJGKV DGTWJV DKUNCPI ÒDGTYKGIGPF CWH UWDLGMVKXGP BGWTVGK-
NWPIUOGVJQFGP, FKG XGTN·UUNKEJG AWUUCIGP \WT TKGTIGTGEJVJGKV XQP WPVGTUEJKGFNKEJGP SVCNNHW­-
DÌFGP GTUEJYGTGP. AWEJ FKG UPVGTUWEJWPIGP \WO WCJNXGTJCNVGP XQP SEJYGKPGP JCDGP KP 
FGT VGTICPIGPJGKV IG\GKIV, FCUU FKG TKGTG  PKEJV PQVYGPFKIGTYGKUG UQNEJG BÌFGP DGXQT\WIGP, 
FKG  KJTGT KNCWGPIGUWPFJGKV \WVT·INKEJ UKPF 
W. C. MARX WPF SCHUSTER, 1982�.

1�1 Ziel

ZKGN FGT UPVGTUWEJWPI KUV FKG EPVYKEMNWPI GKPGU PTÒHXGTHCJTGPU, FCU GKPG OÌINKEJUV QDLGMVKXG 
BGWTVGKNWPI FGT TTKVVUKEJGTJGKV DGK SEJYGKPGP CPJCPF IG\KGNVGT AWUYGTVWPIGP FGU TKGTXGTJCN-
VGPU GTOÌINKEJV. DKGU FKGPV \WT ADUKEJGTWPI D\Y. ETI·P\WPI FGT VGEJPKUEJGP MGUUWPI FGU 
GNGKVTGKDDGKYGTVGU z. 
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2 Material und Methode 

IP APNGJPWPI CP FCU FWPMVKQPURTKP\KR FGU ëBCTHW­VGUVUé CWH FGT SEJKGHGP EDGPG 
DIN  51097� 
YWTFG GKP HWDVKUEJ OKV CPIGJ·PIVGT SEJNGRRTCORG OQFKHK\KGTV, CWH FGO FGT LGYGKNU \W RTÒ-
HGPFG SVCNNDQFGP CWHIGNGIV YKTF. DKG FCTCWH GKPIGUVCNNVG TKGTITWRRG 
FGTMGN, MCUVUEJYGKPG 
QFGT SCWGP� JCV FKG MÌINKEJMGKV, CWH FGT HWDVKUEJUGKVG \YGK FWVVGTCWVQOCVGP WPF TCORGP-
UGKVKI \YGK TT·PMGP \W DGUWEJGP.

ADD. 2� PTÒHUVCPF KP FGT GGUCOVCPUKEJV

ADD. 3� PTÒHUVCPF DGK SVGKIWPIUUVWHG 5



442 BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI

POSTER

MKV FGO PTÒHUVCPF KUV GU OÌINKEJ, WPVGTUEJKGFNKEJG SVGKIWPIUYKPMGN GKP\WUVGNNGP. DKG TKGTG 
DGYGIGP UKEJ CWH FGO \W RTÒHGPFGP BQFGP, FGUUGP NGKIWPI KO RCORGPDGTGKEJ PCEJ GKPGT 
\YGKV·IKIGP EKPIGYÌJPWPIURJCUG ÒDGT 5 SVWHGP XQO YCCITGEJVGP ZWUVCPF DKU \W GKPGO 
NGKIWPIUYKPMGN XQP 20u XGT·PFGTV YKTF. 

IP FGT GTUVGP VGTUWEJUCPUVGNNWPI YWTFGP HÒPH FGTMGN CWH \YGK WPVGTUEJKGFNKEJ RGTHQTKGTVGP 
RQUVV[RGP CWU KWPUVUVQHH 
10 � WPF 40 � SEJNKV\CPVGKN, PGDGPGKPCPFGT CWUIGNGIV� GKPIGUVCNNV 
WPF ÒDGT \YGK VKFGQMCOGTCU DGQDCEJVGV. UO KJTGP FWVVGT- WPF WCUUGTDGFCTH \W FGEMGP, 
OWUUVGP FKG TKGTG FGP ÜDGTICPI XQP FGT YCCIGTGEJVGP HWDVKUEJHN·EJG \WT UEJT·I YGTFGPFGP 
RCORGPHN·EJG ÒDGTYKPFGP. FTGUU-, RWJG WPF FQTVDGYGIWPIUXGTJCNVGP YGTFGP JKGTDGK MQPVK-
PWKGTNKEJ CWHIG\GKEJPGV WPF KO APUEJNWUU CWUIGYGTVGV. 

DKG FCDGK GTHCUUVGP PCTCOGVGT YKG \. B. FWVVGTXGTDTCWEJ, AWUTWVUEJ- WPF AWUIT·VUEJXQT-
I·PIG, ZGKVCPVGKNG HÒT RWJGXGTJCNVGP CWH FGT EDGPG�SEJT·IG IGDGP CNU KPFKTGMVG KTKVGTKGP GTUVG 
HKPYGKUG CWH FKG BGXQT\WIWPI GKPGU BQFGPV[RU.

3 ErgeDnisse 

ETUVG UPVGTUWEJWPIGP YWTFGP KO WKGFGTJQNWPIUXGTUWEJ CWH GKPGO KQODK-BQFGP CWU 
KWPUVUVQHH OKV 10 � 
T[R I� D\Y. 40 � SEJNKV\CPVGKN 
T[R II� FWTEJIGHÒJTV. DWTEJ FKG UGJT 
CWHY·PFKIG WPF WOHCUUGPFG MGVJQFKM UQYKG FKG ZCJN FGT GTHCUUVGP PCTCOGVGT TGUWNVKGTV GKPG 
XGTN·PIGTVG AWUYGTVWPIURGTKQFG, FKG \WO LGV\KIGP ZGKVRWPMV PQEJ MGKPG SEJNWUUHQNIGTWPIGP 
GTNCWDV.

NCEJHQNIGPFGU BGKURKGN GKPGU AWUYGTVGVCIGU 
P � 5 SEJYGKPG� \GKIV FKG MQORNGVVG ZWUCO-
OGPHCUUWPI FGT VGTJCNVGPUDGQDCEJVWPIGP XQP HÒPH FGTMGNP CP GKPGO BGQDCEJVWPIUVCI� 

TCI� 26.02.2004
SVGKIWPIUUVWHG� 1 
WKPMGN� 2,26u�
GGUCOVCWUYGTVGFCWGT� 12 SVWPFGP 
7�00 ä 19�00 UJT�
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AWHGPVJCNVUFCWGT KP �

EU YKTF GTUKEJVNKEJ, FCUU DGK FKGUGT SVGKIWPIUUVWHG MGKPG GKPFGWVKIG BGXQT\WIWPI GKPGU 
BQFGPV[RU GTHQNIV. AWEJ YWTFGP MGKPG PGPPGPUYGTVGP AWUTWVUEJXQTI·PIG DGQDCEJVGV. DKG 
XGTOGJTVG NCJTWPIUCWHPCJOG CP FGP AWVQOCVGP CWH FGO BQFGPV[R II OWUU GTUV KO WKG-
FGTJQNWPIUXGTUWEJ, DGK CPFGTGP SVGKIWPIUUVWHGP UQYKG PCEJ FGO SGKVGPYGEJUGN FGT BÌFGP 
DGUV·VKIV YGTFGP.

4 AusDlick 

KWT\HTKUVKI YGTFGP FKG CWHIG\GKEJPGVGP TCIG WPF WKGFGTJQNWPIUXGTUWEJG PCEJ INGKEJGO 
SEJGOC XQNNUV·PFKI CWUIGYGTVGV WPF UVCVKUVKUEJ CDIGUKEJGTV. ZWFGO MQORNGVVKGTGP KNCWGPDQ-
PKVKGTWPIGP FGP UPVGTUWEJWPIUWOHCPI.

IP YGKVGTGP UPVGTUWEJWPIGP UQNNGP CWVQOCVKUKGTVG AWUYGTVWPIUOGVJQFGP \WT APYGPFWPI 
MQOOGP, WO FCU PTÒHXGTHCJTGP GHHK\KGPVGT \W IGUVCNVGP. MKVVGNU VKFGQDKNFCPCN[UG 
VKFGQ-
TTCEMKPI, EVJQVKUKQP CQNQT PTQ ä NQNFWU IPHQTOCVKQP TGEJPQNQI[, FTGKDWTI� MÌPPGP UQ FKG 
\WTÒEMIGNGIVGP SVTGEMGP FGT OCTMKGTVGP TKGTG CWHIG\GKEJPGV, \WIGQTFPGV WPF CWVQOCVKUEJ 
CWUIGYGTVGV YGTFGP. 
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Ger·uschRegelmessungen Dei unterschiedlichen Stallfu­DÌden in der 
Ferkelaufzucht
/eCsWrement of soWnd NeXeN on different fNoors in pigNet JoWsing

BERND LEHMANN1, MATTHIAS ROSE2, JOCHEN BAUMEISTER1, MICHAEL KLINDTWORTH1, 
HANS�JOACHIM HERRMANN3

1 FCEJJQEJUEJWNG OUPCDTÒEM, FCMWNV·V AITCTYKUUGPUEJCHVGP WPF LCPFUEJCHVUCTEJKVGMVWT, D-49090 OUPCDTÒEM

2 IPUVKVWV HÒT LCPFVGEJPKM, RJGKPKUEJG FTKGFTKEJ-WKNJGNOU-UPKXGTUKV·V BQPP, D-53115 BQPP

3 DLG-PTÒHUVGNNG HÒT LCPFOCUEJKPGP, D-64823 GTQ­-UOUVCFV

SchlÒsselwÌrter� Ger·uschRegelmessung, StallDÌden, Ferkelaufzucht
-e[Yords� SoWnd NeXeN� stCDNe�fNoors� pigNets

<WsCmmenfCssWng

Zur Einordnung von Stallböden bei strohloser Ferkelaufzucht wurden Geräuschpegelmessun-
gen auf sechs Praxisbetrieben durchgeführt. Die untersuchten Ferkelaufzuchtställe waren mit 
handelsüblichen Kunststoffrosten ausgestattet, zwei Ställe zusätzlich auch mit Betonspalten-
böden.

Die Trittschall- und Dauerschallmessungen haben gezeigt, dass:
 î  bezüglich des Schallpegels Unterschiede zwischen den untersuchten Böden bestan-

den,
 î  der Trittschall bei induzierter Aktivität (Aufschrecken der Tiere) durch die Fußbo-

dengestaltung (Unterzüge, Hohlprofile) und das Gewicht der Tiere beeinflusst wurde 
(Werte zwischen �1,� dB(A) und ��,3 dB(A)),

 î  die Dauerschallmessungen in einem Bereich zwischen �2 dB(A) bis �2,3 dB(A) lagen 
und

 î  beim Eintreten in die Stallabteile kurzzeitig höhere Schallpegel auftraten (��,� dB(A) 
bis ��,� dB(A))

SWmmCr[

Measurements of sound level were realised on six practical farms with different stable- floors 
for piglets without litter. The investigated pig rearing houses were equipped with commer-
cially available plastic slats, two stables had slatted floors additionally. The results of the 
measurements of food step sound and sound level showed, that 
 î the sound level was different between the investigated floors,
 î  the food step sound, which can result from an induced activity (scaring up the animals) 

depended on the conditions of the floor (hollow body) and body weight of the piglets 
(values varied between �1.� dB(A) and ��.3 dB(A),

 î the sound level was in a range of �2 dB(A) to �2.3 dB(A) and 
 î  for the foot step sound at the moment of opening and entering the compartment 

higher values were measured (��.� dB(A) to ��.� db(A).
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1 Einleitung

WGEJUGNYKTMWPIGP \YKUEJGP SVCNNGKPTKEJVWPIGP WPF FGO WQJNDGHKPFGP NCPFYKTVUEJCHVNKEJGT 
NWV\VKGTG UKPF GKP DGFGWVGPFGU TJGOC KO SRCPPWPIUHGNF \YKUEJGP GHHK\KGPVGP HCNVWPIUXGT-
HCJTGP WPF IGUGNNUEJCHVNKEJGP APURTÒEJGP. IP FKGUGO ZWUCOOGPJCPI UVGNNV FGT GGT·WUEJRGIGN 
KP GKPGO SVCNNU[UVGO GKPGP YKEJVKIGP PCTCOGVGT FCT. NGDGP J·WHKI IGPCPPVGP GGT·WUEJSWGN-
NGP YKG VGPVKNCVQTGP, FÒVVGTWPIUCPNCIGP, CDGT CWEJ FKG LCWV·W­GTWPIGP FGT TKGTG UGNDUV, UVGNNV 
FGT SVCNNHW­DQFGP GKPG GGT·WUEJSWGNNG FCT. DGT JKGT GT\GWIVG TTKVVUEJCNN GPVUVGJV FWTEJ FKG 
BGYGIWPIUCMVKXKV·VGP FGT TKGTG. IP ZWUCOOGPCTDGKV OKV FGT DLG UQNNVG FCJGT WPVGTUWEJV 
YGTFGP, CWH YGNEJGO NKXGCW WPF OKV YGNEJGT IPVGPUKV·V TTKVVUEJCNN CWH XGTUEJKGFGPGP BÌFGP 
GT\GWIV YKTF. 

2 Material und Methode

DKG SEJCNNOGUUWPIGP YWTFGP KP UGEJU XGTUEJKGFGPGP FGTMGNCWH\WEJVUV·NNGP FWTEJIGHÒJTV. 
WGUGPVNKEJG KTKVGTKGP HÒT FKG AWUYCJN FGT WPVGTUWEJVGP SV·NNG YCTGP FCDGK�
 î RTCZKUÒDNKEJG, OQFGTPG SVCNNCPNCIGP 
 î BQFGPHN·EJG OKV JCPFGNUÒDNKEJGP WPF WPVGTUEJKGFNKEJGP KWPUVUVQHHTQUVGP
 î OÌINKEJUV INGKEJG AP\CJN TKGTG RTQ SVCNN
 î IGTKPIG FTGOFIGT·WUEJG KP WPOKVVGNDCTGT UOIGDWPI

DKG CWUIGY·JNVGP SV·NNG XGTHÒIVGP ÒDGT 850 DKU 1200 FGTMGNRN·V\G, YQDGK CNNG SV·NNG OKV 
KWPUVUVQHHTQUVGP WPF \YGK \WU·V\NKEJ OKV BGVQPURCNVGPDÌFGP CWUIGNGIV YCTGP. 

MKV HKNHG GKPGU OQDKNGP SEJCNNRGIGNOGUUIGT·VGU 
IFB NQKUG IPFKECVQT, FC. WÌNHGN� YWTFGP 
LGYGKNU FKG XKGT SKVWCVKQPGP 
 î NGGTGT SVCNN
 î DCWGTUEJCNN-PGIGNOGUUWPI 
 î SEJCNNRGIGN DGKO EKPVTKVV KP FKG ADVGKNG
 î TTKVVUEJCNN DGK KPFW\KGTVGT AMVKXKV·V 
AWHUEJTGEMGP� 

GTHCUUV. 

3 ErgeDnisse

3�1 SchallRegelmessung im leeren StallaDteil

DKG CWH XKGT BGVTKGDGP FWTEJIGHÒJTVGP SEJCNNRGIGNOGUUWPIGP KP NGGTGP FGTMGNCDVGKNGP YKGUGP 
WGTVG KP HÌJG XQP 33 FB
A� DKU 52,5 FD
A� CWH. SQYQJN FKG GGT·WUEJG FGT DGVTKGDUURG\KHK-
UEJGP VGEJPKUEJGP EKPTKEJVWPIGP 
VGPVKNCVQTGP, KQPXGMVQTGP GVE.� CNU CWEJ LCWV·W­GTWPIGP 
FGT TKGTG CWU DGPCEJDCTVGP ADVGKNGP HÒJTVGP \. T. \W FGP WPVGTUEJKGFNKEJGP ETIGDPKUUGP.

3�2 Dauerschall�Pegelmessung

DKG MGUUWPIGP FGU DCWGTUEJCNNRGIGNU, FKG WPVGT RTCZKUÒDNKEJGP BGFKPIWPIGP KP GKPGO 
ZGKVTCWO XQP DKU \W 2 SVWPFGP FWTEJIGHÒJTV YWTFGP, GTICDGP WGTVG \YKUEJGP 62 FB
A� 
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WPF 72,3 FB
A�. IP ADDKNFWPI 1 KUV HÒT FGP FGTMGNCWH\WEJVUVCNN E FGT VGTNCWH FGT DCWGTUEJCNN-
RGIGNOGUUWPI ÒDGT GKPGP ZGKVTCWO XQP GKPGT SVWPFG FCTIGUVGNNV. DKG MGUUWPIGP GTHQNIVGP 
CO 13.01.2003 KO ADVGKN 1 
8 BWEJVGP� KP FGT ZGKV XQP 16�30 UJT DKU 17�30 UJT. IPUIGUCOV 
YWTFGP 302 EKP\GNOGUUYGTVG GTJQDGP. IO ADVGKN DGHCPFGP UKEJ CP FGO UPVGTUWEJWPIUVCI 
KPUIGUCOV 147 TKGTG OKV GKPGO FWTEJUEJPKVVNKEJGP LGDGPFIGYKEJV XQP 27,1 MI.

DGT FWTEJUEJPKVVNKEJG DCWGTUEJCNNRGIGN HÒT FGP CPIGIGDGPGP ZGKVTCWO DGVTWI 72,3 FB
A�. 
DKG GTHCUUVGP WGTVG, FKG KP FGP GTUVGP 15 MKPWVGP FGU MGUU\GKVTCWOGU ITÌ­GT CNU 74 FB
A� 
UKPF, NCUUGP UKEJ XQT CNNGO CWH FCU SRKGNGP GKPKIGT FGTMGN OKV GKPGT KGVVG \WTÒEMHÒJTGP. DCDGK 
YWTFGP FKG KGVVGP J·WHKI IGIGP GKPG BWEJVGPYCPF IGUEJNGWFGTV, UQ FCUU GU \W AWUUEJN·IGP 
KP FGT AWH\GKEJPWPI KO VGTNCWH FGU DCWGTUEJCNNU MCO. EKP\GNPG GTJÌJVG WGTVG KO TGUVNKEJGP 
VGTNCWH FGT MGUUWPI YWTFGP XQT CNNGO FWTEJ FCU YKGFGTJQNVG ë3WKGMGPé GKP\GNPGT FGTMGN 
XGTWTUCEJV. VQP GVYC 16�43 UJT DKU 16�50 UJT NKGH FKG FÌTFGTMGVVG, YGNEJG FKG BTGKCWVQ-
OCVGP OKV FWVVGT DGUEJKEMVG. DCDGK YWTFG GKP EJCTCMVGTKUVKUEJGU SEJNGKHIGT·WUEJ FGT KGVVG 
XGTWTUCEJV. DKGUGU GGT·WUEJ, CMMWOWNKGTV OKV FGP YGKVGTGP SVCNNIGT·WUEJGP, HÒJTVG \W GKPGO 
FGWVNKEJ JÌJGTGP SEJCNNRGIGN CNU KO ÒDTKIGP ZGKVCDUEJPKVV.

DKG FGTMGN YCTGP KO MGUU\GKVTCWO ÒDGTYKGIGPF CMVKX. NWT KP FGT ZGKV XQP GVYC 17�00 UJT 
DKU 17�15 UJT NGIVGP UKEJ DKU \W 50 � FGT TKGTG KP FGP BWEJVGP PKGFGT. ÜDGT FKG IGUCOVG ZGKV 
YWTFGP CNNG XKGT BTGKCWVQOCVGP CWHIGUWEJV WPF DGV·VKIV. 

ADD. 1� VGTNCWH FGU DCWGTUEJCNNRGIGNU ADVGKN 1, SVCNN E 
MGUUFCWGT 1 SVWPFG, P � 302�
Continuous measurement of noise in compartment 1, farm E (interval 1 hour, n � 302)

3�3 SchallRegelmessung Deim Eintritt in die ADteile

BGKO ÖHHPGP WPF BGVTGVGP FGT SVCNNCDVGKNG YCT \W DGQDCEJVGP, FCUU UKEJ FKG TKGTG PCEJ GKPGO 
MWT\GP AWHUEJTGEMGP KP RKEJVWPI FGT RNÌV\NKEJGP GGT·WUEJSWGNNG CWUTKEJVGVGP. EU MCO \W 
SEJTGEM- WPF FNWEJVTGCMVKQPGP, FKG UKEJ XQT CNNGO FWTEJ FCU AWHURTKPIGP WPF FWTEJ GKPG 
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UEJPGNNG WPF MWT\G VQTY·TVUDGYGIWPI FGT FGTMGN ·W­GTVG. DCJGT DG\KGJGP UKEJ FKG SEJCNN-
RGIGNYGTVG JKGT LGYGKNU CWH GKPKIG YGPKIG SGMWPFGP 
EC. 2 SGMWPFGP�.

DKG FWTEJUEJPKVVNKEJGP SEJCNNRGIGN UQYKG FKG EKP\GNYGTVG FGT WKGFGTJQNWPIGP DGKO EKP-
VTKVV KP FKG XGTUEJKGFGPGP ADVGKNG UKPF HÒT FGP FGTMGNCWH\WEJVUVCNN A KP TCDGNNG 1 FCTIGUVGNNV.

TCD. 1� SEJCNNRGIGN DGKO EKPVTKVV KP FKG ADVGKNG KO SVCNN A 
LGYGKNU 3 WKGFGTJQNWPIGP KP ADUV·PFGP XQP 
15 MKPWVGP, 19.112002�
Foot step sound at the moment of opening and entering the compartments in stable A (three repetitions after 
breaks of 1� minutes, 1�.11.2002)

Anzahl Ferkel [n]
amount of 
piglets [n]

Ø Gewicht 
[kg]

� weight 
[Ng]

Schallpegel [dB (A)]
sound level [dB �A�]

Ø Schallpegel 
[dB (A)]

� sound level 
[dB �A�]Wiederholung / repetition

1. 2. 3.

Abteil 1 / 
compartment �

189 19 76 83 74 77,7

Abteil 2 / 
compartment 2

221 24 88 84 82 84,7

Abteil 3 / 
compartment 3

200 8 80 82 78 80,0

Abteil 6 / 
compartment �

101 7 78 81 76 78,3

FÒT FGP FWTEJUEJPKVVNKEJGP SEJCNNRGIGN DGKO EKPVTKVV KP GKP ADVGKN YWTFGP HÒT FKG GKP\GNPGP 
ADVGKNG ·JPNKEJ JQJG WGTVG IGOGUUGP. BGK BGVTCEJVWPI FGT SEJCNNRGIGNYGTVG FGT WKGFGTJQ-
NWPIGP H·NNV CWH, FCUU FKG NCWVGUVG SEJTGEMTGCMVKQP FGT TKGTG PKEJV KOOGT DGKO GTUVGP EKPVTKVV KP 
FCU ADVGKN GT\GWIV YWTFG, UQPFGTP CWEJ DGKO \YGKVGP QFGT FTKVVGP MCN CWHIGVTGVGP KUV. EU KUV 
CNUQ FCXQP CWU\WIGJGP, FCUU UKEJ FKG FGTMGN KP FGT TGNCVKX MWT\GP PCWUGP\GKV XQP 15 MKPWVGP 
\YKUEJGP FGP WKGFGTJQNWPIGP PKEJV CP FCU YKGFGTJQNVG ÖHHPGP WPF BGVTGVGP FGT ADVGKNG 
IGYÌJPV JCVVGP. 

3�4 Trittschallmessung Dei induzierter AktiXit·t 

UO FGP OCZKOCN OÌINKEJGP SEJCNNRGIGN FGU SVCNNHW­DQFGPU \W GTHCUUGP, FGT FWTEJ FKG TTKVVG 
FGT TKGTG XGTWTUCEJV YKTF, GTHQNIVG GKP IG\KGNVGU WPF IGT·WUEJNQUGU AWHUEJTGEMGP WPF TTGKDGP 
FGT TKGTG. DWTEJ UEJPGNNG VQTY·TVUDGYGIWPIGP FGT MGUURGTUQP KP FGT BWEJV YWTFG FCU 
FNWEJVXGTJCNVGP FGT TKGTG JGTXQTIGTWHGP. DCOKV YCT GU OÌINKEJ CNNG TKGTG \WGTUV KP GKPG EEMG, 
CPUEJNKG­GPF KP FKG IGIGPÒDGTNKGIGPFG EEMG \W VTGKDGP. HKGTDGK DGYGIVGP UKEJ CNNG QFGT 
OKPFGUVGPU OGJT CNU 95 � FGT FGTMGN KP HNWEJVCTVKIGT VQTY·TVUDGYGIWPI. DC UKEJ FKG FGTMGN 
KOOGT PWT HÒT UGJT MWT\G ZGKV KP BGYGIWPI DGHCPFGP, DG\KGJGP UKEJ FKG TTKVVUEJCNNGTIGDPKUUG 
CWH LGYGKNU GKPGP ZGKVTCWO XQP GVYC 2 SGMWPFGP. FÒT FKG AWUYGTVWPI FGT TTKVVUEJCNNOGUUWPI 
MQPPVGP KPUIGUCOV 752 EKP\GNYGTVG GKPDG\QIGP YGTFGP. AWU FKGUGP WGTVGP YWTFGP UVCNNURG-
\KHKUEJG MKVVGNYGTVG IGDKNFGV, FKG KP GKPGO BGTGKEJ XQP 81,9 FB
A� WPF 87,3 FB
A� NCIGP.
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3�5 ErgeDnisse zur SchallRegelmessung Ferkelaufzuchtstall B

IP ADDKNFWPI 2 UKPF HÒT FGP FGTMGNCWH\WEJVUVCNN B, DGK FGO CWUUEJNKG­NKEJ KWPUVUVQHHTQUVG KP 
FGP ADVGKNGP XQTJCPFGP UKPF, FKG ETIGDPKUUG \WT SEJCNNRGIGNOGUUWPI FGT LGYGKNU GTHCUUVGP 
SKVWCVKQPGP FCTIGUVGNNV.  

ADD. 2� DWTEJUEJPKVVNKEJG SEJCNNRGIGN DGK XKGT WPVGTUEJKGFNKEJGP SKVWCVKQPGP KO FGTMGNCWH\WEJVUVCNN B 

CWUUEJNKG­NKEJ KWPUVUVQHHTQUVG KO ADVGKN� 
Results of the sound level of four different situations in stable B (only plastic floors in compartments)

IO SVCNN B YWTFG DGK KPFW\KGTVGT AMVKXKV·V FGT TKGTG GKP FWTEJUEJPKVVNKEJGT SEJCNNRGIGN XQP 
87,3 FB
A� IGOGUUGP. DCIGIGP YWTFG DGKO EKPVTKVV KP FCU ADVGKN MWT\\GKVKI GKP OKVVNGTGT 
SEJCNNRGIGN XQP 85,5FB
A� GTHCUUV. DGT DCWGTUEJCNNRGIGN NCI DGK FGO WPVGTUWEJVGP ADVGKN 

87 FGTMGN, DWTEJUEJPKVVUIGYKEJV 5,8 MI� DGK 68,6 FB
A�. DGT IGOKVVGNVG SEJCNNRGIGN KO NGG-
TGP WPF IGTGKPKIVGP ADVGKN DGVTWI 46,1 FB
A�. HKGT MQPPVGP LCWV·W­GTWPIGP XQP TKGTGP CWU 
FGO NCEJDCTCDVGKN YCJTIGPQOOGP YGTFGP, Y·JTGPF VGPVKNCVQTGPIGT·WUEJG PKEJV \W JÌTGP 
YCTGP.

4 Schlussfolgerungen 

DKG DCWGTUEJCNNDGNCUVWPI, FKG WPVGT RTCZKUÒDNKEJGP BGFKPIWPIGP GTHCUUV YWTFG, NCI DGK CNNGP 
SV·NNGP FGWVNKEJ WPVGT FGP ETIGDPKUUGP FGT TTKVVUEJCNNOGUUWPIGP. BGK FGP TTKVVUEJCNNOGUUWP-
IGP VTCVGP LGFQEJ MWT\\GKVKI JQJG SEJCNNRGIGN CWH 
  85 FB
A��. DKG  DCWGTUEJCNNRGIGN FGT 
NGGTGP WPF DGNGIVGP ADVGKNG NCIGP PCEJ FGO FGT\GKVKIGP KGPPVPKUUVCPF KP GKPGO HÒT FGP 
MGPUEJGP WPMTKVKUEJGP BGTGKEJ.

DKG IPVGPUKV·V FGU TTKVVUEJCNNU, FGT FWTEJ FKG FGTMGN DGK BGYGIWPIUCMVKXKV·V JGTXQTIGTWHGP 
YKTF, J·PIV XQP OGJTGTGP PCTCOGVGTP CD. NGDGP FGO GGYKEJV, AP\CJN FGT TKGTG WPF FGTGP 
SEJTGEMJCHVKIMGKV UVGNNGP FGT T·WONKEJG AWHDCW FGT SV·NNG UQYKG FKG FW­DQFGPIGUVCNVWPI 

UPVGT\ÒIG WPF TJGTOQRNCVVGPGNGOGPVG� YKEJVKIG EKPHNWUUITÌ­GP FCT. DWTEJ MQPUVTWMVKXG 
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VGTDGUUGTWPIGP DGK FGP UVCDKNKUKGTGPFGP UPVGT\ÒIGP FGT BÌFGP MÌPPVG JKGT GKPG FGWVNKEJG 
RGFWMVKQP FGU SEJCNNRGIGNU GTTGKEJV YGTFGP.
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Stallklimascreening, ein wirksames Element zur Reduzierung Rr·�
disRonierender Faktoren im Gesundheitsmanagement Deim Schwein
ControNNed enXironment in pigJoWsing ä C tooN for JeCNtJ mCnCgement

MANFRED WEBER1, EIKE KRUG2

1  LCPFGUCPUVCNV HÒT LCPFYKTVUEJCHV WPF GCTVGPDCW SCEJUGP-APJCNV, ZGPVTWO HÒT TKGTJCNVWPI WPF TGEJPKM IFGP, 
LKPFGPUVTC­G 18, D-39606 IFGP

2 ET\GWIGTIGOGKPUEJCHV ANVOCTM SEJYGKP, SCN\YGFGNGTUVTC­G 28, D-29413 D·JTG

SchlÒsselwÌrter� Stallklima, Schwein, Gesundheitsmanagement
-e[Yords� ControNNed enXironment� pig� JeCNtJ mCnCgement

<WsCmmenfCssWng 

Das Stallklima, das einen wichtigen prädisponierenden Faktor der Entstehung von Atem-
wegserkrankungen darstellt, wurde in dieser Studie in 22 Betrieben der Erzeugergemeinschaft 
Altmark überprüft. Ausschlaggebend dafür war die hohe Zahl an geschädigten Lungen der 
durch die Al-Fer Handels GmbH geschlachteten Mastschweine. Der Prozentsatz lag im Jah-
resschnitt bei ca. 20 �. 

In die Kontrolle wurden einbezogen: Lüftungstechnische Anlagen, Lüftungssteuerung und 
Luftqualität. Insgesamt wurden 2� Mastschweineställe, 10 Ferkelaufzuchtställe und � Abfer-
kelställe überprüft.

Im Bereich „Lüftungstechnische Anlagen“ wiesen vor allem die Zuluftsystem deutliche 
Mängel auf. So mussten für �0 � der Ställe mit Rieseldeckensystemen Beanstandungen 
vorgenommen werden. Für das System Futterganglüftung waren es nur 1� � und für das 
System Strahllüftung sogar �� �. �hnliche Ergebnisse zeigte die Überprüfung der lüftungs-
technischen Einstellungen am Lüftungsrechner. Nur ��� der begutachteten Systeme waren 
korrekt eingestellt. Hauptsächlich lagen die Fehler in Einstellungen der Raumtemperatur, 
dem Regelbereich und den Minimalluftraten.

Die Luftqualität in den Ställen war ebenfalls sehr unterschiedlich. Betrachtet man den 
Schadstoff Ammoniak und  den Kohlendioxidwert, wurden in �� � aller Messungen die von 
uns bei 20 ppm Ammoniak und 2000 ppm Kohlendioxid gesetzten Grenzwerte überschrit-
ten.

SWmmCr[ 

In our investigation we tried to point up the status quo of the controlled environment in 
pig houses. In 22 farms we inspected 2� fattening houses, 10 piglet houses und � farrowing 
houses.

In over �0 � of all inspected Systems, we found faults in the technical function or the 
handling of regulation. Mostly we find faults in regulation of the pig house temperature or 
the amount of fresh air. In consequence to this fact, we noticed rates over 20 ppm Ammonia 
and 2000 ppm Carbon dioxide in �� � of our measurements.
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1 Einleitung

EKPG JQJG TKGTIGUWPFJGKV KUV PKEJV PWT GKP PCEJ GVJKUEJGP GGUKEJVURWPMVGP CP\WUVTGDGPFGU 
ZKGN KP FGT TKGTJCNVWPI, UQPFGTP DGGKPHNWUUV CWEJ KP JQJGO MC­G FKG WKTVUEJCHVNKEJMGKV FKGUGU 
SGMVQTU. NGDGP FGT GGUWPFGTJCNVWPI FGU GCUVTQKPVGUVKPCNVTCMVGU KUV FCDGK XQT CNNGO CWH GKPG 
QRVKOCNG GGUWPFJGKV FGT AVGOYGIUQTICPG \W CEJVGP. NGDGP FGP DKQVKUEJGP FCMVQTGP, FKG \W 
GKPGT SVÌTWPI FGT AVGOYGIUHWPMVKQPGP HÒJTGP MÌPPGP, XGTWTUCEJGP KP XKGNGP BGVTKGDGP FKG 
CDKQVKUEJGP EKPHNWUUITÌ­GP WPF JKGT KP GTUVGT LKPKG FCU SVCNNMNKOC AVGOYGIURTQDNGOG.

DCU SVCNNMNKOC, DGUUGT, FC GU FGT DGHKPKVKQP CWU FGT WGVVGTMWPFG P·JGT MQOOV, SVCNNYGVVGT, 
ÒDV FCFWTEJ, FCUU FKG SEJYGKPG KJO KP FGT OQFGTPGP SVCNNJCNVWPI PKEJV GPVHNKGJGP MÌPPGP, 
GKPGP UVCTMGP EKPHNWUU CWH FKG LGKUVWPIGP WPF GGUWPFJGKV FGT TKGTG CWU. DKG FC\W DKUJGT 
IGOCEJVGP UPVGTUWEJWPIGP \GKIGP FKGUGP TTGPF FGWVNKEJ CWH.

AWUIGJGPF XQP FGP ETIGDPKUUGP XQP EGER WPF AMTHOR 
2002� UQNNVGP CWEJ KP FKGUGT SVWFKG 
KP GTUVGT LKPKG FKG MCUV- WPF FGTMGNCWH\WEJVUV·NNG P·JGT DGVTCEJVGV YGTFGP. EKPG BGITGP\WPI 
CWH OCZKOCN 25 BGVTKGDG NKG­ FKG AWUYGKVWPI FGT UPVGTUWEJWPIGP, CWUIGJGPF  XQP FGT ETHCU-
UWPI FGT LWHVSWCNKV·V WPF FGT NÒHVWPIUVGEJPKUEJGP APNCIGP, CWH GKPG EKPDG\KGJWPI FGT UVGW-
GT- WPF TGIGNVGEJPKUEJGP BGTGKEJG \W. DKTGMV \W DGJGDGPFG SEJYCEJRWPMVG YWTFGP XQT OTV 
CPIGURTQEJGP WPF MQTTKIKGTV. DKG SVWFKG XGTUVGJV UKEJ CNU GKPG \WUCOOGPHCUUGPFG SEJYCEJ-
UVGNNGPCPCN[UG \WO TJGOC SVCNNMNKOC KP BGVTKGDGP FGT ET\GWIGTIGOGKPUEJCHV ANVOCTM.

2 Material und Methoden

2�1 LÒftungstechnische Anlage

IP FKG KQPVTQNNG YWTFGP GKPDG\QIGP� ZWNWHVU[UVGOG, ADNWHVXGPVKNCVQTGP, HGK\WPIUU[UVGO, 
TGORGTCVWTGTHCUUWPI. DWTEJ FKG VKGNHCNV FGT ZWNWHVU[UVGOG YCT GU PQVYGPFKI DGK FGT IPURGM-
VKQP WPVGTUEJKGFNKEJG KTKVGTKGP \W GTHCUUGP. BGK FGP S[UVGOGP OKV RKGUGNFGEMG D\Y. RKGUGN-
MCP·NGP  YCT GU PQVYGPFKI KP GTUVGT LKPKG FKG AWUHÒJTWPI WPF LGEMCIGP \W DGWTVGKNGP. 
ADGT CWEJ CWH FKG APDTKPIWPI WPF FGP VGTUEJOWV\WPIUITCF OWUUVG IGCEJVGV YGTFGP. EKPG 
ÜDGTRTÒHWPI FGU DWTEJUCV\GU FGT ENGOGPVG YCT KP FKGUGO SETGGPKPI CWH GTWPF FGU JQJGP 
AWHYCPFGU PKEJV OÌINKEJ. DKG BGWTVGKNWPI FGT LWHVXGTVGKNWPI YCT GKP YGKVGTGT PWPMV \WT 
BGWTVGKNWPI FGU ZWNWHVU[UVGOU.

BGKO S[UVGO FWVVGTICPINÒHVWPI YWTFG PGDGP GKPGT KQPVTQNNG FGT ZWNWHVÌHHPWPI FKG LWHV-
IGUEJYKPFKIMGKV ÒDGTRTÒHV, FKG CDGT XQT CNNGO KO SQOOGT \W PTQDNGOGP HÒJTGP MCPP. HKP\W 
MQOOV FKG APQTFPWPI FGT HGK\WPI WPF FCU SVTÌOWPIUDKNF FGT FTKUEJNWHV. DKG LWHVGKPNCUUMNCR-
RGP UQNNVGP DGK FGT SVTCJNNÒHVWPI KO VQTFGTITWPF FGT KQPVTQNNGP UVGJGP. ZWFGO FCU VGTJ·NVPKU 
FGT HÌJG \W BTGKVG FGU SVCNNGU. WKEJVKI KUV CWEJ FKG ÜDGTRTÒHWPI FGT LWHVXGTVGKNWPI OKVVGNU 
NGDGNRTQDG.

2�2 LÒftungssteuerung

DKG SVGWGTWPI FGT LÒHVWPIUCPNCIG KUV LGYGKNU CDJ·PIKI XQO XQTJCPFGPGP PTQ\GUUTGEJPGT. 
GTWPFNGIGPFG EKPUVGNNWPIGP YKG SQNNVGORGTCVWT, OKPKOCNG D\Y. OCZKOCNG LÒHVGTNGKUVWPI, 
RGIGNDGTGKEJG 
TGORGTCVWTURTGK\WPI� WPF HGK\MQPVCMV-GKPUVGNNWPIGP UKPF CDGT OKVVNGTYGKNG 
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OKV HCUV CNNGP RGIGNIGT·VGP OCEJDCT. DKGUG YWTFGP JKPUKEJVNKEJ KJTGT EKPUVGNNWPI ÒDGTRTÒHV. 
IO FCNNG FGT MÌINKEJMGKV XQP GKP\WUVGNNGPFGP TGORGTCVWTMWTXGP YWTFG FKGUG CWEJ OKV FGP 
EORHGJNWPIGP XGTINKEJGP. ADIGUEJNQUUGP YWTFG FKGUGT PWPMV OKV FGT FGUVUVGNNWPI FGT KGPPV-
PKUUG FGU DGFKGPGPFGP PGTUQPCN KP BG\WI CWH FKG LÒHVWPIUUVGWGTWPI.

2�3 LuftSualit·t

FÒT FGP ZYGEM GKPGU SETGGPKPIU GKIPGP UKEJ XQT CNNGO FKG SEJCFICUG AOOQPKCM, KQJNGP-
FKQZKF WPF SEJYGHGNYCUUGTUVQHH \WT CJCTCMVGTKUKGTWPI FGT LWHVSWCNKV·V. HKGTOKV NCUUGP UKEJ 
M·PIGN KP FGT FTKUEJNWHVXGTUQTIWPI WPF FCOKV FKTGMV MTCPMJGKVUHÌTFGTPFG D\Y. NGKUVWPIUJGO-
OGPFG LWHVKPJCNVUUVQHHG GTMGPPGP.

ZWT MGUUWPI FGT FTGK GCUG YWTFGP MGUUTÌJTEJGP FGT FKTOC DTCGIGT XGTYCPFV. DKG GGPCW-
KIMGKV TGKEJV CWU, WO IWVG, OKVVNGTG WPF UEJNGEJVG SVCNNNWHV XQPGKPCPFGT \W WPVGTUEJGKFGP. 

3 ErgeDnisse und Diskussion

3�1 LÒftungstechnische Anlagen

3�1�1 Rieseldecke�Rieselkan·le

IP ADDKNFWPI 1 KUV FKG BGYGTVWPI FGT WPVGTUWEJVGP ZWNWHVU[UVGOG RKGUGNFGEMG� RKGUGNMCPCN 
FCTIGUVGNNV. HCWRVU·EJNKEJ VTCVGP JKGT LGEMCIGP, VGTUEJOWV\WPIGP WPF \W IGTKPIG LWHVGKPNCU-
UÌHHPWPIGP CWH. WKG KP ADDKNFWPI 2 \W GTMGPPGP HÒJTVGP CWEJ WPIGYQNNVG LWHVGKPVTKVVG \WT 
ADYGTVWPI FGU S[UVGOU.

ADD. 1� BGWTVGKNWPI FGU S[UVGOU RKGUGNFGEMG�RKGUGNMCPCN
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ADD. 2� UPIGYQNNVGT FCNUEJNWHVGKPVTKVV FWTEJ FKG TÒT

3�1�2 TÒrganglÒftung

WKG KP ADDKNFWPI 3 \W GTMGPPGP, JCV FKG ÒDGTYKGIGPFG ZCJN FGT FWVVGTICPINÒHVWPIGP QJPG 
SVÌTWPIGP HWPMVKQPKGTV. DKG DKOGPUKQPKGTWPI FGT TÒTÌHHPWPIGP YCTGP KP CNNGP F·NNGP CWUTGK-
EJGPF. IP GKPGO SVCNN TGKEJVG FKG HÌJG FGT BWEJVGPY·PFG CDGT PKEJV CWU, UQ FCUU FGT TÒTCWU-
UEJPKVV JÌJGT CNU FKG BWEJVGPY·PFG YCT.

ADD. 3� BGWTVGKNWPI FGU S[UVGOU FWVVGTICPINÒHVWPI

3�1�3 StrahlungslÒftung

DKG SVTCJNNÒHVWPI HKPFGV KP FGP WPVGTUWEJVGP BGVTKGDGP PWT KP FGT SEJYGKPGOCUV APYGPFWPI. 
DKG BGWTVGKNWPI FGU S[UVGOU KUV CWU ADDKNFWPI 4 \W GTUGJGP. IP FGP \YGK SV·NNGP QJPG BGCP-
UVCPFWPIGP YCTGP CNNG EKPNCUUXGPVKNG XQNN HWPMVKQPUH·JKI WPF FCU VGTJ·NVPKU XQP SVCNNJÌJG WPF 
SVCNNDTGKVG UVKOOVGP. KNGKPGTG PTQDNGOG MÌPPGP KP SV·NNGP OKV STCJNNÒHVWPI CWHVTGVGP, YGPP 
XQT FGP EKPNCUUXGPVKNGP MGKPG WKPFCDYGKUGT CPIGDTCEJV UKPF. IP GZRQPKGTVGP LCIGP KUV FGT 
IORWNU FCPP QHV UQ ITQ­, FCUU KO SVCNN UGJT JQJG LWHVIGUEJYKPFKIMGKVGP JGTTUEJGP WPF GU \W 
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ETMTCPMWPIGP XQP TKGTGP MQOOGP MCPP. GTÌ­GTG PTQDNGOG FCIGIGP OCEJGP FGHGMVG EKPNCUU-
ÌHHPWPIGP. EU GTIKDV UKEJ FCPP GKPG UGJT WPINGKEJO·­KIG FTKUEJNWHVXGTVGKNWPI KP FGP SV·NNGP.

ADD. 4� BGWTVGKNWPI FGU S[UVGOU SVTCJNWPIUNÒHVWPI

3�2 LÒftungssteuerung

EVYC KP FGT H·NHVG FGT WPVGTUWEJVGP SV·NNG YCTGP FKG RGIGNGKPUVGNNWPIGP 
TGORGTCVWT, SRTGK-
\WPI, HGK\WPI, MKPKOCN-MCZKOCNNWHVTCVG� KP DGUVGT OTFPWPI. 11 OCN YWTFG XQT CNNGO XQP 
FGT TGORGTCVWTGORHGJNWPI CDIGYKEJGP WPF KP 10 SV·NNGP VTCVGP FGWVNKEJG FGJNGKPUVGNNWPIGP 
CWH  
ADDKNFWPI 5�. IP FGP 10 SV·NNGP OKV ITÌ­GTGP BGCPUVCPFWPIGP YCT XQT CNNGO GKPG \W 
IGTKPIG LWHVTCVG KP VGTDKPFWPI OKV HCNUEJGP TGORGTCVWTGP WPF HCNUEJGP MKPKOCN D\Y. MCZK-
OCNDGITGP\WPIGP FGT VGPVKNCVKQP \W GTMGPPGP. EKP JQJGT ZWUCOOGPJCPI DGUVCPF \YKUEJGP 
FGT 3WCNKV·V FGT EKPUVGNNWPIGP WPF FGP KGPPVPKUUGP FGU SVCNNRGTUQPCNU. IOOGTJKP YCTGP KP 
8 FGT 22 WPVGTUWEJVGP BGVTKGDGP FKG KGPPVPKUUG KP BG\WI CWH LÒHVWPI WPF LÒHVWPIUUVGWGTWPI 
OCPIGNJCHV. HCWRVMTKVKMRWPMVG YCT FKG UPMGPPVPKU FGT FWPMVKQPUYGKUG FGT PTQ\GUUTGEJPGT. 
H·WHKI YCTGP PKEJV GKPOCN OGJT BGFKGPWPIUCPNGKVWPIGP XQTJCPFGP. ADGT CWEJ FKG BGFGW-
VWPI FGT GKP\W-UVGNNGPFGP PCTCOGVGT YCTGP KP FKGUGP BGVTKGDGP FGO VKGTDGVTGWGPFGP PGTUQPCN 
PKEJV IGN·WHKI.

ADD. 5� BGWTVGKNWPI FGT SVGWGTWPIUGKPUVGNNWPIGP
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3�3 LuftSualit·t

WKG TCDGNNG 1 \GKIV MQPPVGP KP FGT WKPVGTUKVWCVKQP KP GVYC FGT H·NHVG FGT BGVTKGDG CM\GRVCDNG 
SEJCFUVQHHMQP\GPVTCVKQPGP KP FGT SVCNNNWHV HGUVIGUVGNNV YGTFGP. ADGT KP INGKEJGT GTÌ­GPQTF-
PWPI GTICDGP UKEJ MGUUWPIGP OKV ÒDGTJÌJVGP AOOQPKCM WPF KQJNGPFKQZKFYGTVGP. 

TCD. 1� VGTVGKNWPI FGT SEJCFICUOGUUWPIGP

Parameter Anteil der Messungen

Ammoniak
< 15 ppm
15–20 ppm
> 20 ppm

45 %
10 %
45 %

Kohlendioxid
< 1500 ppm
1500–2000 ppm
> 2000 ppm

44 %
12 %
44 %

ADUEJNKG­GPF DNGKDV HGUV\WJCNVGP, FCUU FGJNGT, FKG \W UEJNGEJVGO SVCNNMNKOC HÒJTGP PKEJV 
KP GTUVGT LKPKG KO LÒHVWPIUU[UVGO CP UKEJ \W UWEJGP UKPF, UQPFGTP FGT AWUHÒJTWPI, FGT 
IPUVCPFJCNVWPI WPF FGT BGFKGPWPI IGUEJWNFGV UKPF. IP XKGNGP F·NNGP DGFCTH GU FTKPIGPF GKPGT 
ITWPFNGIGPFGP SEJWNWPI FGU BGFKGPRGTUQPCNU WPF  PWT FKG TGIGNO·­KIG ÜDGTRTÒHWPI FGU 
LÒHVWPIUU[UVGOU 
\. B. CPJCPF XQP CJGEMNKUVGP� IGY·JTNGKUVGV GKPG TGKDWPIUNQUG FWPMVKQP. DKG 
CWUHÒJTNKEJG SVWFKG KUV KO IPVGTPGV WPVGT JVVR���YYY.FKG-CNVOCTM-OKVVGPFTKP.FG�TGIKQCMVKX�RTQ-
LGMVG�MTWI.JVO \W HKPFGP.
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Effects of rearing until weaning and sire on growth and milk 
Rroduction in dair[ cows
'infNWss der #Wf\WcJt Dis \Wm #Dset\en Wnd des <WcJtDWNNen CWf 
9CcJstWm Wnd /iNcJNeistWng Dei /iNcJMÒJen 

JAN BROUCßEK, STEFAN MIHINA, PETER KISAC, MICHAEL UHRINCAT, ANTON HANUS, 
FRANTISEK BENC, VLADIMIR FOLTYS

RGUGCTEJ IPUVKVWVG QH APKOCN RTQFWEVKQP, 94992 NKVTC, P.O. BQZ 30 E, SNQXCM RGRWDNKE

Ke[words� Dair[ cows, rearing, sire, growth, milk Rroduction 
ScJNÒsseNYÌrter� /iNcJMÒJe� #Wf\WcJt� 8Cter� 9CcJstWm� /iNcJNeistWng

SWmmCr[

Analyses showed clear evidence that method of rearing dairy cows from the second week of 
life to weaning and their sire inlfuence growth, production and composition of milk during 
the first lactation.

The highest live body weigth and milk production were found in cows reared during 
milk-feeding perios by nursing cows. The lowest live body weight and milk production was 
recorded in cows which were fed until weaning by milk automate. These results demonstrate 
that system of heifers rearing is an important determinant of milk production during the first 
lactation. 

Comparing animals descendend from different sires significant differences in the milk 
performance were found: Sire lineage determined milk production, contents of fat, protein, 
lactose, non fat solids and total solids, production of protein, lactose, and non fat solids. 

<WsCmmenfCssWng

Untersuchungen ergaben, dass sowohl die Art der Aufzucht von der zweiten Lebenswoche 
bis zum Absetzen als auch der Vater deutlich das Wachstum der Färsen, die Milchproduktion 
und die Zusammensetzung der Milch in der ersten Laktation beeinflussen.

Die größte Lebendmasse und stärkste Milchproduktion wies die Gruppe auf, die während 
der Milch-Fütterungsphase durch Ammenkühe aufgezogen wurde. Das niedrigste Lebend-
gewicht und geringste Milchleistung zeigten Kühe die mit Milchautomaten aufgezogen wur-
den. Die Resultate zeigen, dass das Aufzuchtssystem für Färsen eine wichtige Determinante 
der Milchproduktion während der ersten Laktation ist.

Im Vergleich von Tieren unterschiedlicher Väter wurden ebenfalls signifikante Unter-
schiede in der Milchproduktion nachgewiesen: Die Abstammung vom Zuchtbullen beein-
flusst Milchleistung, den Gehalt an Fett, Proteinen, Laktose, fettfreier Trockensubstanz und 
Gesamttrockensubstanz. 
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1 Introduction

IP EWTTGPV CITKEWNVWTG, VJG HCTO CPKOCNU UJQWNF DG MGRV KP JCTOQP[ YKVJ VJGKT RJ[UKQNQIKECN 
CPF UCHGV[ PGGFU CPF UJQWNF OCPKHGUV PCVWTCN DGJCXKQT. WG ECP UWIIGUV HKXG ETKVKECN URJGTGU� 
TGNCVKQPUJKR QH OQVJGT CPF ECNH, NKHG KP VJG ITQWR QH CPKOCNU QH VJG UCOG CIG, OQVKQP RQUUKDKN-
KV[, OCPPGT QH OKNM FTKPMKPI, HTKGPFN[ GPXKTQPOGPV, GVE. 

DCKT[ EQYU CTG VJG QPN[ OCOOCNKCP FQOGUVKE NKXGUVQEM VJCV CTG TQWVKPGN[ UGRCTCVGF HTQO 
VJGKT QHHURTKPI KOOGFKCVGN[ CHVGT IKXKPI DKTVJ. TJG OWVWCN DQPF DGVYGGP OQVJGT CPF FGUEGPF-
CPV KU XKQNGPVN[ KPVGTTWRVGF. TJG GCTN[ UGRCTCVKQP QH FCO CPF ECNH KU NKMGN[ VQ JCXG PGICVKXG 
KORNKECVKQPU QP VJG JGCNVJ, G. I. RQQT WFFGT JGCNVJ, GPFGOKE ECNH FKUGCUGU, JKIJ UWUEGRVKDKN-
KV[ VQ UVTGUU CPF FKUGCUG, CPF KPUVCDKNKV[ QH UQEKCN UVTWEVWTGU KP VJG JGTF 
ALBRIGHT CPF ARAVE, 
1997�.

CCNXGU OC[ DG JQWUGF KP ITQWRU QT KP KPFKXKFWCN RGPU, MGRV WPFGT EQPFKVKQPU TCPIKPI HTQO 
EQORNGVG GPXKTQPOGPVCN EQPVTQN VQ OKPKOCN UJGNVGT, CPF RTQXKFGF YKVJ C YKFG TCPIG QH URCEG 
RGT CPKOCN. A IQQF JGKHGT JQWUKPI HCEKNKV[ ECP JGNR RTQXKFG YGNN-ITQYP TGRNCEGOGPV CPKOCNU 
TGCF[ VQ GPVGT VJG OKNMKPI JGTF CV 24 OQPVJU QH CIG 
HEINRICHS GV CN., 1994�.

HGKHGTU TGCTGF FWTKPI VJG OKNM-HGGFKPI RGTKQF KP KUQNCVKQP RTQFWEGF UKIPKHKECPVN[ OQTG 
OKNM VJCP JGKHGTU HTQO ITQWRGF JQWUKPI 
ARAVE GV CN., 1985�. IP C UKOKNCT GZRGTKOGPV WUKPI 
OQPQ\[IQWU VYKPU ARAVE GV CN. 
1992� HQWPF VJCV RTG-YGCPKPI KUQNCVKQP CHHGEVGF ITQYVJ, DWV 
FKF PQV CHHGEV HKTUV NCEVCVKQP OKNM [KGNF. EZEGRV QH OCPPGT QH TGCTKPI ECP GHHGEV QP OKNM RTQFWE-
VKQP CNUQ IGPGVKECN HCEVQTU, GURGEKCNN[ UKTG NKPGCIG 
HAYES, 2003�

TJG CKO QH VJKU GZRGTKOGPV YCU VQ UVWF[ GHHGEVU YJKEJ CHHGEVGF FWTKPI TGCTKPI QH FCKT[ JGKH-
GTU QP VJGKT NKXG DQF[ YGKIJV CPF OKNM RTQFWEVKQP KP VJG HKTUV NCEVCVKQP.

2 Material and Methods

WG VGUVGF J[RQVJGUGU VJCV VJG NKXG DQF[ YGKIJV CPF OKNM GHHKEKGPE[ CTG KORCEVGF D[ VJG 
OGVJQF QH TGCTKPI HTQO VJG UGEQPF YGGM QH NKHG VQ YGCPKPI 
HCEVQT R� CPF VJG UKTG NKPGCIG 

HCEVQT F�. 

WG WUGF 32 HQNUVGKP JGKHGTU. OP VJG UGEQPF FC[, VJG[ YGTG TCPFQON[ FKXKFGF KP VYQ 
ITQWRU CHVGT JCXKPI PWTUGF VJGKT OQVJGTU HQT VJG HKTUV FC[. HGKHGTU HTQO VJG HKTUV ITQWR YGTG 
OQXGF HTQO VJG KPFKXKFWCN OCVGTPKV[ RGP KPVQ VJG KPFKXKFWCN JWVEJ 
19 JGKHGTU�, JGKHGTU HTQO 
VJG UGEQPF ITQWR UVC[GF KP VJG OCVGTPKV[ RGP YKVJ VJG OQVJGT 
13 JGKHGTU�. TGP JGKHGTU YGTG 
TCPFQON[ VCMGP HTQO KPFKXKFWCN JWVEJGU QP VJG UGXGPVJ FC[ CPF TGNQECVGF VQ C NQQUG JQWUKPI 
RGP YKVJ VJG OKNM CWVQOCVG HGGFGT 
ITQWR A�. TJG TGOCKPKPI PKPG JGKHGTU UVC[GF KP KPFKXKFWCN 
JWVEJGU 
ITQWR H�.

HGKHGTU, YJKEJ YGTG YKVJ VJG OQVJGT WPVKN VJG UGXGPVJ FC[ 
P � 13�, YGTG OQXGF VQ C 
ITQWR RGP YKVJ PWTUKPI EQYU 
ITQWR N�. TJWU, VJTGG ITQWRU QH CPKOCNU YGTG ETGCVGF CEEQTF-
KPI VQ VJG U[UVGO QH TGCTKPI FWTKPI OKNM-HGGFKPI RGTKQF 
A, H CPF N, HCEVQT R�. TTKCN JGKHGTU 
QTKIKPCVGF HTQO HQWT UKTGU 
F1, P � 8; F2, P � 6; F3, P � 9 CPF F4, P � 9; HCEVQT F�.

TJG YGCPKPI YCU ECTTKGF QWV HQT CNN CPKOCNU CV VJG CIG QH 8 YGGMU. APKOCNU QH CNN ITQWRU 
YGTG MGRV KP EQOOQP ITQWR RGPU KP NQQUG JQWUKPI YKVJ DGFFKPI KP CIG-DCNCPEGF ITQWRU 
CHVGT YGCPKPI. HGKHGTU YGTG OQXGF VQ ITQWR RGPU QH VJG OCVGTPKV[ DCTP VJTGG YGGMU DGHQTG 
VJG GZRGEVGF FCVG QH ECNXKPI, CPF VJTGG FC[U DGHQTG VJG GZRGEVGF FCVG QH ECNXKPI QT CHVGT VJG 
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CRRGCTCPEG QH ECNXKPI U[ORVQOU VJG[ YGTG OQXGF VQ CP KPFKXKFWCN OCVGTPKV[ RGP. DWTKPI VJG 
HKTUV NCEVCVKQP VJG[ YGTG KP VJG UCOG JQWUKPI EQPFKVKQPU.

ANN ECNXGU UWEMGF EQNQUVTWO HTQO OQVJGT KP HTGG EJQKEG FWTKPI VJG HKTUV 24 JQWTU. CCNXGU 
HTQO ITQWRU A CPF H TGEGKXGF EQNQUVTWO CPF OQVJGTU OKNM KP HTGG EJQKEG VJTGG VKOGU C FC[ 
HTQO C DWEMGV YKVJ PKRRNG HTQO VJG UGEQPF VQ UGXGPVJ FC[. FTQO VJG UGEQPF VQ VJG UGXGPVJ 
FC[ ECNXGU QH VJG ITQWR N UWEMGF C OQVJGTçU WFFGT VJTGG VKOGU RGT FC[. MQVJGT YCU OKNMGF 
HTQO VJG UGEQPF FC[ CHVGT ECNXKPI.

CCNXGU QH VJG VTGCVOGPV A YGTG FTKPMGF HTQO VJG GKIJVJ FC[ D[ C FTKPMKPI CWVQOCVG. 
AHVGT VJG HKTUV VJTGG FC[U, YJGP VJG[ YGTG OCFG VQ FTKPM OKNM TGRNCEGT, VJG[ TGEGKXGF 6 MI QH 
OKNM TGRNCEGT RGT FC[ FKXKFGF KPVQ 4 RQTVKQPU KP 6 J KPVGTXCNU. AOQWPV QH OKNM TGRNCEGT YCU 
KPETGCUGF HTQO VJG 28VJ FC[ QP 8 MI RGT FC[. CCNXGU QH VJG VTGCVOGPV H IQV CHVGT HKTUV VJTGG FC[U, 
YJGP VJG[ YGTG OCFG VQ FTKPM OKNM TGRNCEGT, 6 MI QH OKNM TGRNCEGT RGT FC[ HTQO C DWEMGV YKVJ 
PKRRNG FKXKFGF KPVQ 2 RQTVKQPU KP 12 J KPVGTXCNU CPF HTQO VJG 28VJ FC[ 8 MI RGT FC[ KP VYQ 
RQTVKQPU. MKNM TGRNCEGT KPXQNXGF OKPKOCN 20 � RTQVGKP CPF OKPKOCN 20 � HCV. APKOCNU HTQO 
VJG VTGCVOGPV N YGTG OQXGF VQ C PWTUKPI EQY RGP QP VJG GKIJVJ FC[ OQTPKPI. TJG PWODGT QH 
ECNXGU RGT QPG PWTUKPI EQY YCU FGVGTOKPGF CEEQTFKPI VQ VJGKT OKNM [KGNF 
6 MI OKNM RGT GCEJ 
ECNH�. A OCZKOWO QH 3 EQYU YGTG JQWUGF KP QPG RGP YKVJ VJG UK\G QH 8 Z 4.5 O.

FTQO VJG UGEQPF FC[ WPVKN YGCPKPI VJG ECNXGU EQWNF GCV UVCTVGT OKZVWTGU CPF CNHCNHC JC[ KP 
HTGG EJQKEG. FTQO VJG CIG QH 90 FC[U VJG[ IQV CNUQ EQTP UKNCIG. FTQO VJG 181UV F, CNN JGKHGTU 
YGTG HGF VJG UCOG FKGV CEEQTFKPI VQ SNQXCMKCP TGEQOOGPFCVKQPU HQT KPVCMG QH FT[ OCVVGT VQ 
CVVCKP 0.75 MI CXGTCIG FCKN[ ICKPU. ESWCN EQPFKVKQPU QH PWVTKVKQP YGTG GPUWTGF KP CNN ITQWRU.

AHVGT ECNXKPI, FWTKPI VJG HKTUV NCEVCVKQP, VJG JGKHGTU YGTG HGF C OKZGF FKGV EQPUKUVKPI QH EQTP 
UKNCIG, CNHCNHC JC[NCIG, CNHCNHC JC[, DCTNG[ UVTCY, DTGYGTçU ITCKP, UWICT-DGGV RWNR, CPF EQPEGP-
VTCVG OKZVWTG HQT JKIJ-[KGNFKPI EQYU. TQVCN OKZGF TCVKQP YCU DCNCPEGF CEEQTFKPI VQ SNQXCMKCP 
PWVTKGPV TGSWKTGOGPVU QH FCKT[ ECVVNG. FKTUV-ECNH FCKT[ EQYU YGTG MGRV KP RGPU YKVJ HTGG-UVCNN 
JQWUKPI CPF HGF CEEQTFKPI VQ VJG UVCIGU QH NCEVCVKQP.

CQYU YGTG OKNMGF VYKEG FCKN[ KP C 2 Z 5 UVCNN JGTTKPIDQPG RCTNQT. MKNM [KGNF YCU OGCUWTGF 
QPEG YGGMN[ 
GCEJ TWGUFC[ PM, WGFPGUFC[ AM� D[ TTW-VGUVU CPF UCORNGU YGTG VCMGP VYKEG 
OQPVJN[ HQT OKNM EQORQUKVKQP FGVGTOKPCVKQP QP EQORQUKVG AM-PM UCORNGU. FCV, RTQVGKP, 
NCEVQUG, UQNKFU-PQP-HCV, VQVCN UQNKFU, CPF UQOCVKE EGNN EQWPV YGTG FGVGTOKPGF WUKPI CP KPHTCTGF 
CPCN[\GT.

TJG YGKIJ QH GCEJ EQY YCU OGCUWTGF OQPVJN[. HGKHGTU YGTG HKTUV DTGF YJGP VJG[ YGTG 
CV NGCUV 16 OQPVJU QNF QT YJGP VJG[ TGCEJGF CDQWV 360 MI. RGRTQFWEVKQP CPF JGCNVJ YGTG 
QDUGTXGF. AIGU CV ECNXKPI 
A � 822 F, H � 814 F, N � 828 F� YGTG PQV UKIPKHKECPV. 

TJG FCVC YGTG CPCN[UGF YKVJ C UVCVKUVKECN RCEMCIG STATISTIX 
APCN[VKECN SQHVYCTG, P.O. BQZ 
12185, TCNNCJCUUGG, FL 32317-2185, USA�. TJG PQTOCN FKUVTKDWVKQP QH FCVC YCU GXCNWCVGF D[ 
WKNM-SJCRKTQ�RCPMKP PNQV RTQEGFWTG. WG HQWPF PQP-PQTOCNKV[ QPN[ KP VJG ECUG QH VJG ADG 
CPF UQOCVKE EGNN EQWPVU CUUGUUOGPV. FQT VJKU TGCUQP, VJG KTWUMCN-WCNNKU ANOVA RTQEGFWTG 
YCU OQTG UWKVCDNG HQT VJG EQORCTKUQP QH ITQWRU. SKIPKHKECPV FKHHGTGPEGU DGVYGGP ITQWRU YGTG 
VGUVGF D[ CQORCTKUQPU QH MGCP RCPMU.

AOQPI-ITQWR EQORCTKUQPU QH VJG DQF[ YGKIJVU, OKNM RTQFWEVKQP CPF OKNM EQORQUKVKQP 
YGTG CPCN[UGF WUKPI C GGPGTCN NKPGCT OQFGN ANOVA 
GGPGTCN AOV�AOCV�. SKIPKHKECPV FKH-
HGTGPEGU COQPI OGCPU YGTG VGUVGF D[ BQPHGTTQPKçU VGUV. 
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3 Results and Discussion

CQYU KP ITQWR N JCF VJG JKIJGUV NKXG DQF[ YGKIJV 
540.5 v 52.6 MI� CPF EQYU HTQO ITQWR 
A VJG NQYGUV 
504.8 v 36.5 MI� KP VJG HKTUV OQPVJ QH NCEVCVKQP. TJG FKHHGTGPEGU YGTG PQV UKI-
PKHKECPV. IP VJG NCUV, VGPVJ OQPVJ QH NCEVCVKQP, VJG CXGTCIG YGKIJV YCU 554.5 v 42.3 MI 
A�, 
566.9 v 45.3 MI 
H�, CPF 575.1 v 58.3 MI 
N�. DKHHGTGPEGU COQPI VJG EQORCTKUQP QH VJG UKTG 
NKPGCIG YGTG PQV UKIPKHKECPV.

TJG CXGTCIG FCKN[ ICKP HQT VJG RGTKQF HTQO VJG UGEQPF VQ VGPVJ OQPVJ QH NCEVCVKQP YCU 
UVCVKUVKECNN[ FKHHGTGPV COQPI TGCTKPI ITQWRU FWTKPI VJG OKNM-HGGFKPI RGTKQF. TJG JKIJGUV ICKP 
YCU TGEQTFGF KP CPKOCNU QH ITQWR A 
0.41 v 0.30 MI� CPF VJG NQYGUV ICKP KP EQYU HTQO ITQWR 
N 
0.09 v 0.23 MI�.

OVJGT UKIPKHKECPEGU YGTG HQWPF KP VJG EQORCTKUQP QH CPKOCNU FGUEGPFGF CHVGT UKTG 
P � 
0.05�. DCKT[ EQYU FGUEGPFGF HTQO UKTG F1 JCF C FCKN[ ICKP 0.53 v 0.29 MI CPF FCWIJVGTU HTQO 
HCVJGT F2 QPN[ 0.11 v 0.21 MI RGT FC[.

FKI. 1� MKNM [KGNF FWTKPI NCEVCVKQP CEEQTFKPI VQ VJG TGCTKPI
Milchleistung während der Laktation in Bezug auf die Aufzucht

DCKT[ EQYU QH VJG N ITQWR JCF CFXCPVCIG KP JKIJGT NKXG DQF[ YGKIJV CHVGT ECNXKPI. DKHHGTGPEG 
CDQWV 35.7 MI CPF 18.6 MI KP EQORCTKUQP VQ A CPF H ITQWR EQWNF DG QDXKQWUN[ XGT[ KORQT-
VCPV. TJCV YCU ECWUGF C DGVVGT ITQYVJ KP TGCTKPI RGTKQF. A PWODGT QH UVWFKGU JCXG UJQYP VJCV 
HGGFKPI KPETGCUGF SWCPVKVKGU QH OKNM QT OKNM TGRNCEGT KORTQXGU VJG TCVG QH ECNH YGKIJV ICKPU 

APPLEBY GV CN., 2001; JASPER GV CN., 2002�. OWT NCUV TGUWNVU QH VJG GZRGTKOGPV WUKPI VJG JGKHGTU 
DGHQTG ECNXKPI 
BROUCEK GV CN., 2001� UJQYGF VJCV VJG TGCTKPI EQPFKVKQPU JCF NQPI-VGTO GHHGEV 
QP VJG ITQYVJ XCTKCDNGU. TJG ECNXGU HGF D[ PWTUKPI EQYU ITGY HCUVGT VJCP VJG EQPXGPVKQPCNN[ 
HGF ECNXGU DGHQTG YGCPKPI, RTQDCDN[ CU C TGUWNV QH VJG JKIJGT KPVCMG QH OKNM. APF VJCV GXGP 
YJGP YG NKOKVGF VJG COQWPV QH OKNM D[ VJG PWODGT QH ECNXGU RGT QPG EQY.

CQYU HTQO ITQWR N JCF VJG JKIJGUV OKNM GHHKEKGPE[ VJTQWIJQWV VJG HKTUV NCEVCVKQP 
FKI. 1�. 
APKOCNU QH ITQWR H JQWUGF KP KPFKXKFWCN JWVEJGU [KGNFGF OQTG QPN[ KP VJG VJKTF, PKPVJ CPF 
VGPVJ OQPVJU. TJG NQYGUV OKNM GHHKEKGPE[ KP CNN OQPVJU YCU TGEQTFGF KP HKTUV-ECNH JGKHGTU VJCV 
JCF DGGP FTKPMGF VJTQWIJQWV VJG OKNM-HGGFKPI RGTKQF D[ OKNM CWVQOCVG OCEJKPG 
ITQWR A�. 

A UKIPKHKECPV FKHHGTGPEG YCU HQWPF DGVYGGP ITQWRU N CPF A 
HCEVQT R� KP VJG UKZVJ OQPVJ 
QH NCEVCVKQP 
694.1 v 120.2 MI XGTUWU 560.4 v 116.4 MI, P � 0.05�. A JKIJN[ UKIPKHKECPV 
FKHHGTGPEG YCU TGEQTFGF KP VJG EQORCTKUQP QH ITQWRU H, N CPF A 
839.6 v 182.3 MI CPF 
800.4 v 146.4 MI XGTUWU 619.6 v 151.1 MI, P � 0.01� KP VJG VJKTF OQPVJ. HKIJN[ UKIPKHKECPV 
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FKHHGTGPEGU YGTG FQEWOGPVGF KP VJG HKHVJ OQPVJ QH NCEVCVKQP, YJGP ITQWR N OKNMGF 780.5 v 
132.2 MI, ITQWR H 729.9 v 93.5 MI CPF ITQWR A QPN[ 553.3 v 93.7 MI 
N�A, P � 0.001; H�
A, P � 0.01�.

TJG HKTUV-ECNH JGKHGTU TGCTGF D[ PWTUKPI EQYU FKURNC[GF VJG JKIJGUV RTQFWEVKQP QH OKNM 
6894,1 
v 879,8 MI� CPF CPKOCNU HGF D[ CWVQOCVG OCEJKPG VJG NQYGUV 
5757.5 v 865.5 MI� FWTKPI 305 
FC[U NCEVCVKQP. APKOCNU HTQO JWVEJGU 
ITQWR H� PGCTGF VJG NGXGN QH ITQWR N 
6696.1 v 746.0 
MI�. A JKIJN[ UKIPKHKECPV FKHHGTGPEG YCU DGVYGGP ITQWRU N CPF A 
P � 0.01�.

A UKOKNCT VTGPF YCU TGEQTFGF CNUQ KP VJG ECUG QH FCM OKNM 
N 6,541.9 v 6549.2 MI XGTUWU 
A 5820.9 v 797.3 MI, P � 0.05�. TJG EQPVGPV QH HCV YCU JKIJGUV KP VJG ITQWR A 
4,10 v 
0,40 �� CPF VJG NQYGUV KP VJG ITQWR H 
3.57 v 0.55 �; P � 0.05�. TJG JKIJGUV RTQFWEVKQP QH 
HCV, CNVJQWIJ PQV UKIPKHKECPVN[, YCU TGEQTFGF KP ITQWR N 
252.3 v 28.8 MI�. 

APKOCNU QH ITQWR N RTQFWEGF JKIJN[ UKIPKHKECPV OQTG RTQVGKP VJCP ITQWR A 
215.3 v 
23.9 MI XGTUWU 180.9 v 27.5 MI, P � 0.01�. TJG NGCUV NCEVQUG 
285.0 v 40.6 MI� CPF PQP-
HCV UQNKFU RTQFWEGF EQYU QH ITQWR A 
515.3 v 67.6 MI; H 599.9 v 68.7 MI CPF N 608.9 v 
78.4 MI; P � 0,05�. TJG EQPVGPV QH VQVCN UQNKFU YCU VJG JKIJGUV KP ITQWR A, CPF VJG FKHHGTGPEG 
DGVYGGP A CPF N YCU UKIPKHKECPV 
13.14 � XGTUWU 12.41 ��. OP VJG EQPVTCT[, RTQFWEVKQP 
QH VJG VQVCN UQNKFU YCU VJG JKIJGUV KP ITQWR N CPF VJG NQYGUV KP ITQWR A 
846.5 MI XGTUWU 
749.8 MI; P � 0.05�.

NQ UKIPKHKECPV FKHHGTGPEG YCU HQWPF KP VJG PWODGT QH UQOCVKE EGNNU, VJG XCNWG YCU VJG JKIJ-
GUV KP VJG ITQWR H CPF VJG NQYGUV KP VJG ITQWR A 
A 169,400 v 225,800�ON, H 273,400 v 
353,100�ON, N 275,900 v 184,900�ON�.

DKHHGTGPEGU COQPI TGCTKPI ITQWRU 
HCEVQT R� ECP DG GZRNCKPGF D[ PWVTKVKQP FWTKPI OKNM-HGGF-
KPI RGTKQF QH VJGUG HKTUV-ECNH JGKHGTU. APKOCNU QH ITQWR N TGEGKXGF OQTG XCNWCDNG NKSWKF PWVTK-
VKQP HTQO WFFGT C RTQDCDN[ KP ITGCVGT COQWPVU VJGP CPKOCNU HTQO ITQWRU A CPF H. BAR-PELED

GV CN. 
1997� WUGF ECNXGU VJCV YGTG HGF OKNM TGRNCEGT KP QRGP DWEMGVU QT YGTG CNNQYGF VQ UWEMNG 
FCO VJTGG VKOGU FCKN[. RGUWNVU KPFKECVGF VJCV JGKHGT ECNXGU VJCV UWEMNGF OKNM FWTKPI VJG HKTUV 42 
F QH CIG JCF JKIJGT CXGTCIG FCKN[ ICKPU, CP GCTNKGT CIG CV ECNXKPI, CPF C VGPFGPE[ HQT ITGCVGT 
OKNM RTQFWEVKQP VJCP FKF ECNXGU HGF OKNM TGRNCEGT. SKOKNCTN[ KP VJG GZRGTKOGPV QH KHALILI

GV CN. 
1992�, ECNXGU IKXGP C JKIJ NGXGN QH OKNM QT OKNM TGRNCEGT KP GCTN[ NKHG JCXG C NKXG-YGKIJV 
CFXCPVCIG QXGT ECNXGU IKXGP C NQYGT NGXGN QH OKNM. CCNXGU HGF OQTG OKNM TGOCKPGF JGCNVJ[ 
CPF ICKPGF YGKIJV OWEJ OQTG TCRKFN[ DGHQTG YGCPKPI. TJKU NKXG-YGKIJV YCU UWDUGSWGPVN[ 
OCKPVCKPGF. TJG YGKIJV CFXCPVCIG QH VJG CF NKDKVWO-HGF ECNXGU RGTUKUVGF HQT CV NGCUV UGXGTCN 
YGGMU CHVGT YGCPKPI 
JASPER GV CN. 2002�.

APQVJGT TGCUQP YJ[ FCKT[ EQYU HGF D[ VJG OKNM CWVQOCV OCEJKPG RTQFWEGF VJG NQYGUV 
COQWPV QH OKNM ECP DG VJGKT YQTUG JGCNVJ EQPFKVKQP D[ YGCPKPI. AEEQTFKPI VQ PLATH GV CN. 

1998� C JKIJGT RTQRQTVKQP QH ECNXGU TGCTGF KP ITQWRU YKVJ CCF YGTG CHHGEVGF D[ FKCTTJQGC 
CPF DTQPEJQRPGWOQPKC CPF UJQYGF NGUU DWG VJCP ECNXGU TGCTGF KP ITQWRU YKVJ DWEMGV 
HGGFKPI. TJG TKUM QH FGXGNQRKPI TGURKTCVQT[ FKUGCUG YCU 2.8 VKOGU JKIJGT KP LH YKVJ CCF VJCP 
KP ECNXGU MGRV KP IH 
SVENSSON GV CN., 2000�. 

EHHGEVU QH VJG UKTG NKPGCIG YGTG XGT[ UKIPKHKECPVN[ UJQYGF KP VJG HCV EQPVGPV 
P � 0.001�. 
DCWIJVGTU F3 JCF VJG NQYGUV EQPVGPV QH HCV, CPF EQPUGSWGPVN[ VJG FKHHGTGPEGU COQPI VJGKT 
ITQWR CPF VJG QVJGT VJTGG YGTG UKIPKHKECPV 
F2 4.11 v 0.29 �, F1 3.97 v 0.42 �, F4 3.96 v 
0.33 � XGTUWU F3 3.33 v 0.40 �; P � 0.01�. 

TJG RTQFWEVKQP QH VJG NCEVQUG CPF EQPVGPV QH OKNM-UQNKFU YGTG JKIJN[ UKIPKHKECPV FKHHGTGF 

P � 0.01�. DCWIJVGTU F3 RTQFWEGF VJG OQUV NCEVQUG 
368.8 v 48.5 MI�, YJKNG FCWIJVGTU QH 
UKTGU F1 
305.1 v 47.6 MI� CPF F4 
299.8 v 34.1 MI; P � 0.05� VJG NGCUV. TJG JKIJGUV EQPVGPV 
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QH VQVCN UQNKFU YCU HQWPF KP ITQWRU FGUEGPFGF HTQO UKTG F1 
13.15 v 0.80 �� CPF F4 
12.94 
v 0.42 ��, VJG NQYGUV EQPVGPV YCU TGEQTFGF KP FCWIJVGTU CHVGT UKTG F3 
12.07 v 0.43 ��.

SVCVKUVKECN UKIPKHKECPEKGU 
P � 0.05� YGTG UJQYGF KP KPFGZGU QH OKNM RTQFWEVKQP 
FKI. 2�, 
EQPVGPVU QH RTQVGKP CPF NCEVQUG, CU YGNN CU KP VJG EQPVGPV CPF RTQFWEVKQP QH PQP-HCV UQNKFU.

FKI. 2� MKNM RTQFWEVKQP CEEQTFKPI VQ VJG UKTG NKPG
Milchproduktion in Bezug auf die väterliche Abstammung

TJG IGPGVKE KPHNWGPEGU QP OKNM RTQFWEVKQP ECP DG ENGCTN[ OCPKHGUVGF D[ VJG UVWF[ QH KPHNWGPEG 
QH UKTGU. TJG UKTG NKPGCIG KPHNWGPEGU C NCTIG RCTV QH VJG RQRWNCVKQP UQ KVU IGPGVKE SWCNKVKGU CTG 
GHHGEVKXG CU C UVCDKNK\CVKQP HCEVQT. TJG UKTG KU GHHGEVKXG FWTKPI C TGNCVKXGN[ UJQTV RGTKQF KP VJG 
JGTF, UQ VJG EQORNGZ QH HCEVQTU VQ YJKEJ CTG GZRQUGF KVU FCWIJVGTU FWTKPI TGCTKPI UJQWNF PQV 
DG QH UWEJ XCTKCDKNKV[ 
HAYES, 2003�.

4 Conclusions

WG UVWFKGF KH VJG NKXG DQF[ YGKIJV CPF OKNM GHHKEKGPE[ QH FCKT[ EQYU CTG KORCEVGF D[ VJG 
OGVJQF QH TGCTKPI HTQO VJG UGEQPF YGGM QH NKHG VQ YGCPKPI CPF VJGKT UKTG. APCN[UGU UJQYGF 
ENGCT GXKFGPEG VJCV VJGUG HCEVQTU KPHNWGPEG ITQYVJ, RTQFWEVKQP CPF EQORQUKVKQP QH OKNM. 

TJG JKIJGUV NKXG DQF[ YGKIJV CPF OKNM RTQFWEVKQP YGTG TGEQTFGF KP FCKT[ EQYU YJKEJ 
YGTG TGCTGF FWTKPI OKNM-HGGFKPI RGTKQF D[ PWTUKPI EQYU. OP VJG EQPVTCT[, VJG NQYGUV NKXG 
DQF[ YGKIJV CPF OKNM RTQFWEVKQP YCU TGEQTFGF KP FCKT[ EQYU YJKEJ YGTG HGF WPVKN YGCPKPI 
D[ OKNM CWVQOCVG.

IP VJG EQORCTKUQP QH CPKOCNU FGUEGPFGF CHVGT UKTG YGTG HQWPF UKIPKHKECPV FKHHGTGPEGU KP VJG 
OKNM RGTHQTOCPEG.

RGUWNVU FGOQPUVTCVG VJCV U[UVGO QH ECNXGU TGCTKPI KU CP KORQTVCPV FGVGTOKPCPV QH OKNM RTQ-
FWEVKQP FWTKPI VJG HKTUV NCEVCVKQP. 

5 References

TJG RGHGTGPEG NKUV KU CXCKNCDNG XKC VJG CWVJQT� DTQWEGM"XW\X.UM
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LiegeDoZenaDmessungen fÒr MastDullen unterschiedlicher 
Gewichtsklassen
&imensions of cWDicNes for fCttening DWNNs of different YeigJt cNCsses

HEIKE SCHULZE WESTERATH1, 3, JOHANNES KUHLICKE1, LORENZ GYGA:1, CLAUS MAYER2

1  ZGPVTWO HÒT VKGTIGTGEJVG HCNVWPI� WKGFGTM·WGT WPF SEJYGKPG 
BWPFGUCOV HÒT VGVGTKP·TYGUGP�, 
AITQUEQRG FAT TÄPKMQP, CH-8356 EVVGPJCWUGP

2  IPUVKVWV HÒT TKGTUEJWV\ WPF TKGTJCNVWPI, BWPFGUHQTUEJWPIUCPUVCNV HÒT LCPFYKTVUEJCHV, DÌTPDGTIUVT. 25ä27, 
D-29223 CGNNG

3 IPUVKVWV HÒT NGWTQ- WPF VGTJCNVGPUDKQNQIKG, WGUVH·NKUEJG WKNJGNOU-UPKXGTUKV·V, D-48149 MÒPUVGT

SchlÒsselwÌrter� MastDullen, LiegeDoZen, BoZenaDmessungen, LiegeXerhalten, Verschmutzung
-e[Yords� (Cttening DWNNs� cWDicNe JoWsing� dimensions of cWDicNes� N[ing DeJCXioWr� dirtiness

<WsCmmenfCssWng 

In einem Versuch wurden Liegeboxenabmessungen für Mastbullen verschiedener Gewichts-
kategorien anhand eines Vergleichs mit jeweils vergrößerten Liegeboxen hinsichtlich ihrer 
Eignung beurteilt. Zum Teil konnten positive Effekte auf das Verhalten der Bullen nach 
einer Vergrößerung der Liegeboxen festgestellt werden: mehr Liegeperioden, weniger Kopf-
schwünge beim Aufstehen, weniger Anschlagen an die Liegeboxenbegrenzungen beim 
Abliegen und Aufstehen. Andererseits lagen die Bullen in den vergrößerten Boxen weniger 
lang und zeigten z. T. vermehrtes Umtreten vor dem Abliegen. Atypische oder abgebrochene 
Aufsteh- und Abliegevorgänge wurden sehr selten beobachtet. Auch fielen die Bullen nie hin 
und drehten sich nie in den Liegeboxen um. Es zeigte sich eine leicht erhöhte Verschmutzung 
nach einer Liegeboxenvergrößerung. Insgesamt führten die Ergebnisse zum Schluss, dass die 
für die Untersuchung gewählten Liegeboxenabmessungen für Mastbullen als geeignet ange-
sehen werden können. 

SWmmCr[ 

In an experiment, we judged dimensions of cubicles for fattening bulls of different weight 
classes by means of a comparison with enlarged cubicles. In some parameters, an enlarge-
ment of the cubicles had positive effects on the behaviour of the bulls: more lying bouts 
per day, less head lunges when standing up, less hitting of partitions when lying down or 
standing up. On the other hand, the animals spent less time lying per day and showed more 
stepping before lying down in enlarged cubicles. Atypical or interrupted lying-down or stand-
ing-up movements were rarely observed. In addition, bulls never fell and never turned around 
in the cubicles. The rating of dirtiness showed slightly worse situations after an enlargement 
of the cubicles. In conclusion, the cubicle dimensions chosen for this study are considered 
suitable for fattening bulls. 
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1 Einleitung

DGT LKGIGDQZGPNCWHUVCNN JCV UKEJ CNU VKGTHTGWPFNKEJGU HCNVWPIUU[UVGO HÒT KÒJG DGY·JTV. 
SV·NNG OKV HQEJDQZGP OKV YGKEJGP MCVVGP CNU LKGIGHN·EJGPDGNCI UKPF GKPG ANVGTPCVKXG \WT 
VKGTIGTGEJVGP HCNVWPI XQP MCUVDWNNGP, OKV FGO VQTVGKN GKPGU IGTKPIGP SVTQJXGTDTCWEJU KO 
VGTINGKEJ \W S[UVGOGP OKV GKPIGUVTGWVGT LKGIGHN·EJG 
TKGHUVTGW, TTGVOKUV� 
SCHULZE WESTERATH

GV CN., 2004, KO DTWEM�. 
DKG LKGIGDQZGP UQNNVGP UQ DGOGUUGP UGKP, FCUU FKG BWNNGP PKEJV KP KJTGO LKGIGXGTJCNVGP 

GKPIGUEJT·PMV YGTFGP. BGK \W MNGKPGP LKGIGDQZGP UKPF ·JPNKEJ YKG DGK MKNEJMÒJGP EKP-
UEJT·PMWPIGP DGKO LKGIGP UQYKG DGKO AWHUVGJGP WPF ADNKGIGP \W GTYCTVGP 
HÖRNING WPF 
TOST, 2002; TUCKER GV CN., 2004�. APFGTGTUGKVU UQNNVGP UKG PKEJV UQ DTGKV UGKP, FCUU UKEJ FKG TKGTG 
KP FGP BQZGP WOFTGJGP MÌPPGP, FC FKGU \W GKPGT XGTOGJTVGP VGTUEJOWV\WPI FGT LKGIGHN·EJG 
WPF FGT BWNNGP HÒJTGP MCPP. DKG OGKUVGP EORHGJNWPIGP \W BQZGPITÌ­GP DG\KGJGP UKEJ CWH 
MKNEJMÒJG, PWT YGPKIG UKPF HÒT JWPIVKGTG 
YGKDNKEJG NCEJ\WEJV� \W HKPFGP. BGK MCUVDWNNGP 
KUV CW­GTFGO \W DGTÒEMUKEJVKIGP, FCUU GU UKEJ WO YCEJUGPFG TKGTG JCPFGNV. DKG DKUJGT XGT-
ÌHHGPVNKEJVGP EORHGJNWPIGP FGT AITQUEQRG FAT T·PKMQP HÒT FKG BTGKVG FGT BQZGP HÒT MCUVDWN-
NGP 
HILTY, 2001� GTYKGUGP UKEJ HÒT FKG KCVGIQTKGP FGT TKGTG   200 MI DGK BGQDCEJVWPIGP KO 
ZWUCOOGPJCPI OKV GKPGO HTÒJGTGP VGTUWEJ 
MEIER GV CN., 2004� CNU \W DTGKV, FC UKEJ FKG TKGTG 
VGKNYGKUG KP FGP BQZGP WOFTGJVGP. 

IO XQTNKGIGPFGP VGTUWEJ YWTFG WPVGTUWEJV, QD FKG KP TCD. 1 CWHIGHÒJTVGP LKGIGDQZGPCD-
OGUUWPIGP, YGNEJG IGIGPÒDGT FGP XQP HILTY 
2001� GORHQJNGPGP ADOGUUWPIGP \. T. 
TGFW\KGTVG BQZGPDTGKVGP CWHYGKUGP HÒT FKG BWNNGP FGT WPVGTUEJKGFNKEJGP GGYKEJVUMCVGIQTKGP 
IGGKIPGV UKPF. 

2 Methoden

2�1 Tiere, Haltung und Versuchsdesign

UPVGTUWEJV YWTFGP 20 MCUVDWNNGP XGTUEJKGFGPGT RCUUGP KP XKGT GTWRRGP ÒDGT GKPG IGUCOVG 
MCUVRGTKQFG 
160 MIä550 MI�. GGJCNVGP YWTFGP FKGUG KP GKPGO VGTUWEJUUVCNN FGT AITQUEQRG 
FAT T·PKMQP KP XKGT BWEJVGP OKV LG GKPGO RNCPDGHGUVKIVGP WPF VGKNYGKUG PKEJV ÒDGTFCEJVGP 
LCWH- WPF FTGUUDGTGKEJ WPF HÒPH YCPFUV·PFKIGP HQEJDQZGP OKV YGKEJGP MCVVGP. DKG LKGIG-
DQZGP YCTGP FWTEJ HTGKVTCIGPFG TTGPPDÒIGN CWU SVCJNTQJTGP XQPGKPCPFGT IGVTGPPV WPF JCVVGP 
FKG KP TCDGNNG 1 CPIGIGDGPGP ADOGUUWPIGP. DKG UPVGTUWEJWPIGP HCPFGP LGYGKNU MWT\ XQT 
WPF PCEJ GKPGT BQZGPXGTITÌ­GTWPI UVCVV. 
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TCD. 1� DKG KO EZRGTKOGPV XGTYGPFGVGP LKGIGDQZGPCDOGUUWPIGP HÒT MCUVDWNNGP WPVGTUEJKGFNKEJGT 
GGYKEJVUMNCUUGP
Dimensions of cubicles for fattening bulls of different weight classes 

Gewicht / weight [kg] < 200 200–300 300–400 400–500 > 500

Boxenlänge  
cubicle length

[cm] 160 190 210 240 260

Boxenbreite  
cubicle width

[cm] 70 80 90 100 110

Liegeflächenlänge  
length of lying area 

[cm] 120 140 150 185 185

2�2 Parameter 

EU YWTFGP CP LGYGKNU FTGK TCIGP XQT WPF PCEJ GKPGT LKGIGDQZGPXGTITÌ­GTWPI FKG LKGIGFCWGT 
WPF FKG AP\CJN LKGIGRGTKQFGP CWVQOCVKUKGTV GTHCUUV OKVVGNU DKUVCP\UGPUQTGP, FKG NGGTG BQZGP, 
UQNEJG OKV GKPGO NKGIGPFGP TKGT WPF GKPGO UVGJGPFGP TKGT WPVGTUEJGKFGP MÌPPGP 
U. SCHULZE

WESTERATH GV CN., 2002�. APJCPF XQP DKTGMVDGQDCEJVWPIGP YWTFG FKG 3WCNKV·V FGT ADNKGIG- 
WPF AWHUVGJXQTI·PIG DGWTVGKNV 
CP 3ä5 TCIGP XQT WPF PCEJ GKPGT LKGIGDQZGPXGTITÌ­GTWPI, 
RTQ TKGT LG EC. 10 ADNKGIG- WPF AWHUVGJXQTI·PIG�. ETJQDGP YWTFGP FCDGK� 
 î CV[RKUEJG WPF WPVGTDTQEJGPG AWHUVGJ- WPF ADNKGIGXQTI·PIG, 
 î AWUTWVUEJGP WPF HKPHCNNGP UQYKG APUEJNCIGP CP LKGIGDQZGPDGITGP\WPIGP DGKO AWH-

UVGJGP QFGT ADNKGIGP, 
 î FKG AP\CJN FGT KQRHUEJYÒPIG DGKO AWHUVGJGP, 
 î FCU UOVTGVGP OKV FGP VQTFGT- WPF HKPVGTDGKPGP WPF FKG IPVGPUKV·V FGT PNCV\MQPVTQNNG 

XQT FGO ADNKGIGP WPF
 î UOFTGJGP KP FGP LKGIGDQZGP. 

EDGPHCNNU CP FTGK TCIGP XQT WPF PCEJ GKPGT LKGIGDQZGPXGTITÌ­GTWPI YWTFG FKG VGT-
UEJOWV\WPI WPF VGTP·UUWPI FGT TKGTG PCEJ GKPGO SEJGOC KP APNGJPWPI CP FCULGPKIG XQP 
FAYE WPF BARNOUIN 
1985� GTHCUUV 
NQVGP XQP 0 � UCWDGT DKU 2 � VQVCN XGTUEJOWV\V HÒT CEJV 
KÌTRGTTGIKQPGP�. AW­GTFGO YWTFG FCDGK \YGKOCN V·INKEJ FKG LKGIGHN·EJGPXGTUEJOWV\WPI 
WPF -XGTP·UUWPI OKVVGNU GKPGU IPFGZGU DGYGTVGV, WPVGTVGKNV KP XQTFGTG \YGK DTKVVGN WPF JKPVGTGU 
DTKVVGN FGT LKGIGDQZ, WPF FKG KQVJCWHGP IG\·JNV. 

2�3 Auswertung 

ZWT UVCVKUVKUEJGP AWUYGTVWPI YWTFGP NKPGCTG WPF IGPGTCNKUKGTVG NKPGCTG 
DCUKGTGPF CWH FGT 
BKPQOKCNXGTVGKNWPI� IGOKUEJVG EHHGMVG MQFGNNG XGTYCPFV 
PINHEIRO WPF BATES, 2000; VENABLES

WPF RIPLEY, 2002; DGTGEJPGV OKV R 1.8.1, YYY.T-RTQLGEV.QTI�. ETMN·TGPFG VCTKCDNGP YCTGP FKG 
LKGIGDQZGPITÌ­G 
MNGKP, ITQ­�, FGT ZGKVRWPMV FGT LKGIGDQZGPXGTITÌ­GTWPI UQYKG FGTGP IPVGT-
CMVKQP CNU HKZG EHHGMVG WPF FKG GTWRRG, FCU IPFKXKFWWO WPF FKG VGTUWEJUUKVWCVKQP CNU \WH·NNKIG 
IGUEJCEJVGNVG EHHGMVG.  
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3 ErgeDnisse 

DKG OKVVNGTG V·INKEJG LKGIGFCWGT XCTKKGTVG \YKUEJGP 625 WPF 893 OKP WPF YCT FWTEJUEJPKVV-
NKEJ CWH 11 DKU 20 PGTKQFGP RTQ TCI XGTVGKNV. IO UVCVKUVKUEJGP SEJPKVV PCJO FKG LKGIGFCWGT OKV 
FGT VGTITÌ­GTWPI FGT LKGIGDQZGP CD 
F1,21 � 9,3, R � 0,006, TCD. 2� WPF FKG AP\CJN FGT 
LKGIGRGTKQFGP VGPFGP\KGNN \W 
F1,21 � 4,2, R � 0,052, TCD. 2�.

UPVGTDTQEJGPG AWHUVGJXQTI·PIG MQPPVGP PKG WPF CV[RKUEJGU AWHUVGJGP MCWO DGQDCEJVGV 
YGTFGP. DGT APVGKN FGT AWHUVGJXQTI·PIG OKV OGJT CNU GKPGO KQRHUEJYWPI PCJO PCEJ GKPGT 
VGTITÌ­GTWPI FGT BQZGP CD 
F1,130 � 6,82, R � 0,01, TCD. 2�, WPF FKG BWNNGP UEJNWIGP KP FGP 
LGYGKNU ITÌ­GTGP BQZGP UGNVGPGT CP FKG BQZGPDGITGP\WPIGP 
CW­GT DGKO ZGKVRWPMV 3, IPVGTCM-
VKQP� F1,130 � 10,7, R � 0,002, TCD. 2, FWTEJUEJPKVVNKEJ KP 23 � CNNGT AWHUVGJXQTI·PIG�. 

TCD. 2� ZWUCOOGPHCUUWPI WPF BGWTVGKNWPI FGT AWUYKTMWPIGP GKPGT VGTITÌ­GTWPI FGT BQZGP \W FGP LGYGKNK-
IGP ZGKVRWPMVGP CWH FKG WPVGTUWEJVGP PCTCOGVGT
Summary and judgement of changes in the investigated parameters due to enlargement of the cubicles at the 
different points of time.

Untersuchungsparameter  
parameters

statist. Resultat1  
statistical result�

Vergrößerung2  
(nlargement2

Beurteilung3  
-udgement3

Liegen / /ying

 Liegedauer / duration  T E Ó �

 Anzahl Liegeperioden / number of periods  T (E) (Ï) ▬

Aufstehen / Standing up

  > 1 Kopfschwung / 
more than � head lunge

 T E Ó ▬

 Anschlagen / hitting partitions  I Ó ▬

Abliegen / /ying down

 Umtreten vorne / stepping front legs  I Ó �

 Anschlagen / hitting partitions  I Ï ▬

Ausrutschen/ Slipping  I Ï �

Umdrehen / Turning around  – �

Verschmutzung / 'irtiness

 Verschmutzung Tiere / dirtiness animals  I (Ï) �

 Verschmutzung Boxen / dirtiness cubicles  T(E) (Ï) �

 Kothaufen / dung heaps  I Ï �

 Vernässung Boxen / wetness cubicles  I Ï �

1 signifikanter Einfluss (p < 0,05; in Klammern, wenn p < 0,10) von Zeit (T), Boxenvergrößerung (E) und 
Interaktion (I); ohne Test: –. / significant influence �p � �.��� in parenthesis if p � �.��� of time �T�, enlarge-
ment �(� and interaction �I�� no test conducted� ².
2 Effekt der Boxenvergrößerung: Ï Zunahme, Ó Abnahme von kleinen zu großen Boxen; in Klammern, falls 
nur Tendenz oder sehr kleine absolute Unterschiede. / (ffect of enlargement� Ï increase, Ó decrease from 
small to large cubicles� in parenthesis, if only a tendency or very small difference on an absolute scale.
3 Beurteilung der Vergrößerung: � = kleine Boxen besser, ▬ = kleine Boxen schlechter. / -udgement of 
enlargement� �   smaller cubicles better, ▬   smaller cubicles worse.
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AV[RKUEJGU ADNKGIGP MQPPVG PKG DGQDCEJVGV YGTFGP. ADNKGIGWPVGTDTGEJWPIGP YCTGP 
UGNVGP, WPF GU YCT MGKP ZWUCOOGPJCPI OKV FGP LKGIGDQZGPXGTITÌ­GTWPIGP PCEJ\WYGKUGP 

F1,131 � 0,19, R � 0,67�. DGT APVGKN FGT ADNKGIGXQTI·PIG OKV KPVGPUKXGT PNCV\MQPVTQNNG \GKIVG 
GDGPHCNNU MGKPG VGT·PFGTWPI KP ADJ·PIKIMGKV FGT BQZGPXGTITÌ­GTWPIGP 
F1,131 � 0,44, R � 
0,51�. DKG BWNNGP UEJNWIGP CWEJ DGKO ADNKGIGP KP FGP XGTITÌ­GTVGP BQZGP YGPKIGT J·WHKI CP 

CW­GT DGKO ZGKVRWPMV 1, IPVGTCMVKQP� F3,131 � 4,2, P � 0,007, TCD. 2�. EU MQPPVG GKPG ITÌ­GTG 
AP\CJN UOVTGVGP OKV FGP VQTFGTDGKPGP PCEJ GKPGT VGTITÌ­GTWPI FGT BQZGP DGQDCEJVGV YGT-
FGP 
CW­GT DGKO ZGKVRWPMV 3, IPVGTCMVKQP� F3,131 � 4,19, R � 0,007, TCD. 2�, LGFQEJ PKEJV OKV 
FGP HKPVGTDGKPGP 
F1,131 � 0,60, R � 0,44�.

DWTEJUEJPKVVNKEJ TWVUEJVGP FKG BWNNGP KP MPCRR 1� FGT AWHUVGJ- WPF ADNKGIGXQTI·PIG CWU, 
FCDGK J·WHKIGT KP FGP XGTITÌ­GTVGP BQZGP 
CW­GT DGKO ZGKVRWPMV 3, IPVGTCMVKQP� F1,131 � 4,19, 
R � 0,043, TCD. 2�. SKG HKGNGP YGFGT DGKO AWHUVGJGP QFGT ADNKGIGP JKP, PQEJ FTGJVGP UKG UKEJ 
KP FGP BQZGP WO.  

SQYQJN FKG TKGTG CNU CWEJ FKG LKGIGHN·EJGP YCTGP KPUIGUCOV UGJT UCWDGT. DKG VGTUEJOWV-
\WPI FGT TKGTG PCJO CO ZGKVRWPMV 3 PCEJ FGT VGTITÌ­GTWPI FGT LKGIGDQZGP \W 
IPVGTCMVKQP� 
F3,130 � 5,5, R � 0,001, TCD. 2�. VGTP·UUV YCTGP FKG BWNNGP MCWO. DKG VGTUEJOWV\WPI FGU 
JKPVGTGP DTKVVGNU FGT LKGIGHN·EJG PCJO PCEJ GKPGT VGTITÌ­GTWPI FGT BQZGP VGPFGP\KGNN \W 

F1,21 � 3,44, R � 0,08, TCD. 2�, YKG CWEJ FKG AP\CJN FGT KQVJCWHGP 
CW­GT DGKO ZGKVRWPMV 
4, IPVGTCMVKQP� F3,12 � 6,4, R � 0,003, TCD. 2� WPF FKG VGTP·UUWPI 
CW­GT DGKO ZGKVRWPMV 3, 
IPVGTCMVKQP� F3, 21 � 4,6, R � 0,01, TCD. 2�. 

4 Diskussion

DKG GTJÌJVG AP\CJN FGT LKGIGRGTKQFGP, FKG J·WHKIGTGP KQRHUEJYÒPIG DGKO AWHUVGJGP WPF 
FCU UGNVGPGTG APUEJNCIGP CP FKG LKGIGDQZGPDGITGP\WPIGP Y·JTGPF FGU ADNKGIGPU WPF AWH-
UVGJGPU FGWVGP CWH YGPKIGT BGJKPFGTWPI DGKO ADNKGIGP WPF AWHUVGJGP KP FGP XGTITÌ­GTVGP 
LKGIGDQZGP JKP. DKG TKGTG DGTÒJTVGP LGFQEJ OGKUV PWT NGKEJV FKG ADVTGPPWPIGP. DKG ETIGD-
PKUUG CPFGTGT VGTJCNVGPUYGKUGP KO ZWUCOOGPJCPI OKV FGO ADNKGIGP WPF AWHUVGJGP NGIVGP 
FCIGIGP PKEJV PCJG CP\WPGJOGP, FCUU FKG LKGIGDQZGPXGTITÌ­GTWPI FKG SKVWCVKQP FGT MCUV-
DWNNGP DG\ÒINKEJ PNCV\CPIGDQV XGTDGUUGTVG. EU VTCVGP UQICT MÒT\GTG LKGIGFCWGTP WPF \. T. 
XGTOGJTVGU UOVTGVGP XQT FGO ADNKGIGP CWH. AV[RKUEJG ADNKGIG- WPF AWHUVGJXQTI·PIG UQYKG 
WPVGTDTQEJGPG VQTI·PIG YWTFGP PWT UGJT UGNVGP DGQDCEJVGV, YCU CWH GKPG PKEJV UGJT UVCTMG 
EKPUEJT·PMWPI FGU VGTJCNVGPU FGT BWNNGP DGK CNNGP WPVGTUWEJVGP MC­GP JKPFGWVGV. AWEJ 
YCTGP FKG WGTVG FGT LKGIGFCWGTP WPF FGT AP\CJN FGT LKGIGRGTKQFGP OKV FGPGP XGTINGKEJ-
DCT, FKG KP FGT LKVGTCVWT HÒT MCUVDWNNGP KP CPFGTGP S[UVGOGP DGUEJTKGDGP UKPF 
\. B. GRAF, 
1984; HARTMANN WPF SCHLICHTING, 1990; SCHULZE WESTERATH GV CN., KO DTWEM�. BG\ÒINKEJ FGT 
VGTUEJOWV\WPIUDGWTVGKNWPIGP MQPPVGP NGKEJVG VGTUEJNGEJVGTWPIGP PCEJ GKPGT VGTITÌ­GTWPI 
FGT LKGIGDQZGP HGUVIGUVGNNV YGTFGP.  

ZWUCOOGPHCUUGPF MCPP IGUCIV YGTFGP, FCUU CP FGP LGYGKNKIGP ZGKVRWPMVGP FKG MNGKPGTGP 
BQZGP PWT IGTKPIG NCEJVGKNG \GKIVGP. EKP VQTVGKN FGT UEJOCNGTGP BQZGP YCT GU, FCUU UKEJ 
MGKPGT FGT BWNNGP WOFTGJVG. ZWFGO YKTMVGP UKEJ FKG MNGKPGTGP BQZGP NGKEJV XQTVGKNJCHV CWH 
FKG SCWDGTMGKV CWU. EKPG RGKJG CPFGTGT PCTCOGVGT ·PFGTVG UKEJ OKV FGP BQZGPXGTITÌ­GTWPIGP 
MCWO QFGT KP FGTCTV WPU[UVGOCVKUEJGT WGKUG, FCUU UKG MGKPGP BGKVTCI \WT BGWTVGKNWPI FKGUGT 
BQZGPITÌ­GP NGKUVGP MÌPPGP. AWU FGP ETIGDPKUUGP FKGUGU EZRGTKOGPVU YKTF FCJGT IGUEJNQU-
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UGP, FCUU FKG HÒT FKG UPVGTUWEJWPI IGY·JNVGP LKGIGDQZGPCDOGUUWPIGP HÒT MCUVDWNNGP FGT 
WPVGTUEJKGFNKEJGP GTÌ­GPMCVGIQTKGP 
U. TCD. 1� IGGKIPGV UKPF. 
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Erkennung Xon technischen Fehlern im Melkstand ä Eignung Xon 
MilchaDgaDemerkmalen Xon KÒhen
&etection of tecJnicCN defects in miNMing pCrNoWrs ä Wsing miNMing trCits 
of coYs

HARTMUT GRIMM, CHRISTOPH APPEL

IPUVKVWV HÒT AITCTVGEJPKM, UPKXGTUKV·V HQJGPJGKO

SchlÒsselwÌrter� Automatische Erkennung, technische Fehler, Milchmenge, Milchfluss
-e[Yords� #WtomCted detection� tecJnicCN defect� miNM [ieNd� miNM fNoY  

<WsCmmenfCssWng 

In einer Untersuchung an drei Melkständen wurde der Einfluss von technischen Fehlern an 
der Melkstandeinrichtung auf die Milchabgabemerkmale (Milchmenge, Milchfluss, Melkdau-
er) überprüft. Die Milchmengenmessgeräte auf Betrieb 2 zeigten signifikante Unterschiede 
zwischen den beiden Melkstandseiten. Diese Unterschiede lagen im Bereich von – 0,3 bis 
– 0,� kg und konnten vom Betriebsleiter nicht erkannt werden. Die simulierte Fehlererken-
nung konnte diese Unterschiede jedoch finden. Auch die Wirkung von neuen Zitzengummis 
in Betrieb 3 konnte erkannt werden. Hier zeigten die Ergebnisse, dass die Zitzengummis 
wahrscheinlich nicht zu den relativ großen Zitzen der Kühe passten, da Milchmenge und 
Melkdauer etwas geringer waren, während der Milchfluss während der ersten 120 s sogar 
höher lag als in der Periode vor dem Wechsel der Zitzengummis.

SWmmCr[

An investigation on three milking parlours was carried out to detect influences of technical 
defects of the equipment on milking traits (;ield, Milk flow, Duration of milking). The milk 
meters on farm 2 gave significant deviations for milk yield between the two sides of the par-
lour. These deviations were in the range of – 3 to – � kg and could not be detected by the 
farmer. The simulated detection of technical defects could find these deviations, however. 
Also the effect of new liners in farm 3 could be detected. Here the results gave the indication 
that these liners did not fit the relative big teats of the cows, because milk yield and duration 
of milking were slightly lower, whereas the milk flow during the first 120 s was even faster 
than in the period before the liners were exchanged.
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1 ProDlemstellung und Zielsetzung

TGEJPKUEJG FGJNGT KP GKPGT MGNMCPNCIG YGTFGP HTÒJ\GKVKI GTMCPPV ä HCNNU UKG Y·JTGPF FGU 
MGNMGPU CWHVTGVGP WPF UKEJ FKTGMV CWH FKG FWPMVKQP FGT MGNMOCUEJKPG CWUYKTMGP. DKGU IKNV 
HÒT FGJNGT KP FGT VCMWWOCRRNKMCVKQP YKG GZVTGO PKGFTKIGU MGNMXCMWWO, PWNUCVQTHGJNGT QFGT 
FGJNCP\GKIGP FGT MKNEJOGPIGPOGUUWPI. ëKNGKPGTGé FGJNGT, YKG DTKHV GKPGU MKNEJOGPIGP-
OGUUIGT·VGU, XGT·PFGTVG PWNUKGTWPI QFGT FGJNHWPMVKQP XQP ZKV\GPIWOOKU CP GKPGO GKP\GNPGP 
PNCV\ FGU MGNMUVCPFGU, YGTFGP PKEJV GTMCPPV, FC UKG FGP MGNMCDNCWH PKEJV FKTGMV DGGKPHNWUUGP. 
DCOKV YKTF FKG HTÒJ\GKVKIG CWVQOCVKUEJG ETMGPPWPI XQP VGEJPKUEJGP FGJNGTP KO MGNMUVCPF 
\W GKPGO YKEJVKIGP SEJTKVV CWH FGO WGI \W XGTDGUUGTVGO 3WCNKV·VUOCPCIGOGPV KP FGT 
MKNEJGT\GWIWPI. SKG UGV\V FKG KGPPVPKU ÒDGT IGGKIPGVG, UGPUKDGN CWH FKGUG FGJNGT TGCIKGTGPFG 
MGTMOCNG XQTCWU. EKPKIG MGTMOCNG FGT MKNEJCDICDG YGTFGP UVCPFCTFO·­KI KP MGNMUV·PFGP 
OKV MKNEJOGPIGPOGUUWPI GTHCUUV WPF NKGIGP HÒT LGFG KWJ \W LGFGT MGNM\GKV XQT. IP FGT XQT-
NKGIGPFGP ATDGKV YGTFGP FKGUG ëSVCPFCTFOGTMOCNGé 
MKVVNGTGU MKPWVGPIGOGNM, MKNEJOGPIG, 
MGNMFCWGT� GTHCUUV WPF CWH KJTG EKIPWPI \WT FGJNGTGTMGPPWPI ÒDGTRTÒHV. 

DCDGK UKPF FKG YKEJVKIUVGP ZKGNG JGTCWU\WHKPFGP,
 î QD FGWVNKEJG ÄPFGTWPIGP XQP MKNEJCDICDGOGTMOCNGP CWH VGEJPKUEJG DGHGMVG CO GKP-

\GNPGP MGNMRNCV\ \WTÒEMIGHÒJTV YGTFGP MÌPPGP; 
 î KP YGNEJGT GTÌ­GPQTFPWPI GTMGPPDCTG FGJNGT NKGIGP; 
 î QD OKV ëSVCPFCTFOGTMOCNGPé FGT EKPHNWUU VGEJPKUEJGT DGHGMVG CP DGUVKOOVGP MGNMRN·V-

\GP PCEJIGYKGUGP YGTFGP MCPP QFGT CNVGTPCVKX 
 î QD CPFGTG, CWUUCIGMT·HVKIGTG MGTMOCNG CWU FGT MKNEJHNWUUMWTXG GTTGEJPGV YGTFGP MÌP-

PGP�OÒUUGP.
IO GTUVGP SEJTKVV YGTFGP FCDGK ëSVCPFCTFOGTMOCNGé XQT WPF PCEJ GKPGO VGEJPKUEJGP 

SGTXKEG XGTINKEJGP WPF, HCNNU FGHGMVG KQORQPGPVGP CWUIGVCWUEJV YQTFGP UKPF, PCEJ FKGUGO 
AWUVCWUEJ.

2 Methode

AWH FTGK BGVTKGDGP YWTFGP DCVGP ÒDGT OKPFGUVGPU 150 MGNMWPIGP LG GKP\GNPGO SVCPFRNCV\ 
FGU MGNMUVCPFGU CWHIG\GKEJPGV. ZWT H·NHVG FGT DCVGPCWH\GKEJPWPIURGTKQFG YWTFG GKP MGNM-
CPNCIGP-SGTXKEG IGO·­ ISO 6690 FWTEJIGHÒJTV, DGK FGO VGEJPKUEJG FGJNHWPMVKQPGP GTMCPPV 
YGTFGP UQNNVGP. DCDGK YWTFGP CWEJ FKG MKNEJOGPIGPOGUUIGT·VG 
MMM� IGO·­ FGT APYGK-
UWPI FGU HGTUVGNNGTU MCNKDTKGTV. ZKGN YCT GU, FWTEJ VGTINGKEJ FGT MKNEJCDICDGOGTMOCNG XQT 
WPF PCEJ PQVYGPFKIGP VGEJPKUEJGP VGT·PFGTWPIGP UPVGTUEJKGFG CP GKP\GNPGP SVCPFRN·V\GP 
\W GTMGPPGP WPF FCTCWU CWH FKG IGHWPFGPGP FWPMVKQPUO·PIGN \W UEJNKG­GP. DKG MCPCIG-
OGPVUQHVYCTG YKG CWEJ FKG MMM YCTGP CWH CNNGP BGVTKGDGP INGKEJ. DKG MKNEJCDICDGOGTM-
OCNG YWTFGP OKV FGT OTKIKPCNUQHVYCTG GTHCUUV WPF HÒT OKPFGUVGPU \YGK WQEJGP XQT WPF PCEJ 
FGO SGTXKEG CWH HCTFFKUM IGURGKEJGTV. FÒT FKG XQTNKGIGPFGP UPVGTUWEJWPIGP YWTFGP FKG 
MGTMOCNG MKVVNGTGT MKNEJHNWUU 
MMF =MI�OKP?�, MGNMFCWGT 
MOT MCEJKPG-QP-VKOG =U?� WPF 
FKG GGOGNMUOGPIG 
GM =MI?� XGTYGPFGV.
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3 ErgeDnisse

AWH FGP FTGK BGVTKGDGP YWTFGP KPUIGUCOV 19742 
6781; 7449; 5512� DCVGPU·V\G GTHCUUV. VQP 
FKGUGP 19742 DCVGPU·V\GP XGTDNKGDGP 11373 
2285; 5681; 3407� HÒT MGNMWPIGP XQP KÒJGP, 
FKG DGKFG MGNMUVCPFUGKVGP TGNCVKX INGKEJO·­KI DGUWEJVGP. DGT RGUV FGT KÒJG DGUWEJVG OGJT 
QFGT YGPKIGT CWUUEJNKG­NKEJ GKPG MGNMUVCPFUGKVG, FKGUG DCVGP YWTFGP IGUQPFGTV XGTTGEJPGV. 
DKG DCVGPU·V\G WOHCUUVGP PGDGP FGP MKNEJCDICDGOGTMOCNGP FKG KWJPWOOGT, DCVWO WPF 
UJT\GKV FGT MGNMWPI, MGNMRNCV\PWOOGT UQYKG OGJT CNU \GJP YGKVGTG MGTMOCNG OKV IPHQT-
OCVKQPGP ÒDGT FGP MGNMRTQ\GUU. ODYQJN GKPKIG FKGUGT MGTMOCNG DTCWEJDCTG IPHQTOCVKQPGP 
ÒDGT FKG KWJ GPVJKGNVGP, MQPPVGP UKG PKEJV HÒT VGTTGEJPWPIGP ÒDGT FGP MGNMRNCV\ XGTYGPFGV 
YGTFGP. TCDGNNG 1 IKDV GKPGP ÜDGTDNKEM ÒDGT FKG MKVVGNYGTVG FGT WPVGTUWEJVGP MGTMOCNG.

TCD. 1� MGNMFCVGP FGT BGVTKGDG
Milking data of the farms

Betrieb
Anzahl 

Melkungen
Mittlerer Milchfluss 

(kg/min)
Melkdauer 

(s)
Gesamtgemelk 

(kg)

1 2285 1,8 427 11,3

2 5681 2,3 327 12,0

3 3407 2,3 357 12,7

EKPKIG MNGKPGTG DGHGMVG YWTFGP Y·JTGPF FGU SGTXKEG DGJQDGP, XQP MGKPGO FCXQP YCT LGFQEJ 
GKP EKPHNWUU CWH FKG MKNEJCDICDGOGTMOCNG CP GKPGO DGUVKOOVGP MGNMRNCV\ \W GTYCTVGP WPF 
UKG YWTFGP CWEJ PKEJV KP FKG AWUYGTVWPIGP GKPDG\QIGP. SQ YWTFG CWH GKPGO BGVTKGD GKP 
UEJNGEJV IGYCTVGVGU WPF XGTUEJOWV\VGU VCMWWOTGIGNXGPVKN IGHWPFGP, FCU XQO SGTXKEGRGTUQ-
PCN IGTGKPKIV YWTFG. AWH GKPGO CPFGTGP BGVTKGD HCPF UKEJ GKP FGHGMVGT PWNUCVQT 
C- WPF E-PJCUG 
GKPGT SGKVG `7 � N·PIGT� WPF YWTFG CWUIGVCWUEJV. ZYGK PN·V\G XQP MGNMUVCPF 1 
4 WPF 11� 
\GKIVGP \GKVYGKUG PTQDNGOG OKV FGT DCVGPÒDGTVTCIWPI, YGUJCND JKGT FGWVNKEJG DCVGPNÒEMGP 
\W HKPFGP YCTGP. ZWU·V\NKEJ OWUUVG MWT\ PCEJ EPFG FGT DCVGPGTHCUUWPI FCU MMM CWH PNCV\ 4 
CWUIGVCWUEJV YGTFGP. ÜDGT GKPG OPNKPG-AWUYGTVWPI \WT AP\CJN FGT MGNMWPIGP Y·TG FKGUGT 
FGJNGT HTÒJ\GKVKI GTMCPPV YQTFGP�

FÒT GKPG GTUVG AWUYGTVWPI YWTFGP HQNIGPFG FGJNGT D\Y. VGT·PFGTWPIGP XGTYGPFGV�
 î ANNG MMM FGT NKPMGP SGKVG FGU MGNMUVCPFU 2 \GKIVGP Y·JTGPF FGT KCNKDTKGTWPI \W 

PKGFTKIG WGTVG 
ä 0,3 DKU ä 0,6 MI�. DKGUGT U[UVGOCVKUEJG FGJNGT MQPPVG CWEJ OKV NGW-
MCNKDTKGTWPI PKEJV DGJQDGP YGTFGP WPF FCWGTVG DKU \WO EPFG FGT MGUUWPIGP CP. 

 î AWH BGVTKGD 3 YCT FKTGMV PCEJ EPFG FGT GKIGPVNKEJGP DCVGPGTHCUUWPI GKP AWUVCWUEJ FGT 
ZKV\GPIWOOKU IGRNCPV, FGUJCND YWTFG JKGT FKG BGQDCEJVWPIU\GKV WO \YGK WQEJGP 
XGTN·PIGTV, WO FGP EKPHNWUU FGT PGWGP ZKV\GPIWOOKU GTHCUUGP \W MÌPPGP. 

EKPHNÒUUG FGT VGT·PFGTWPIGP CWH FKG MGTMOCNG YWTFGP PCEJ HQNIGPFGO UVCVKUVKUEJGO 
MQFGNN HÒT LGFGP BGVTKGD IGVTGPPV ÒDGTRTÒHV, WO UQ FGP EKPHNWUU FGT Y·JTGPF FGU SGTXKEG 
IGHWPFGPGP WPF DGJQDGPGP VGT·PFGTWPIGP CDUKEJGTP \W MÌPPGP�
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Yijklm = µ + MZEITi + PLATZj + SERVICEk + KUHl + b(TAGijklm – TAG) + Eijklm

wobei:

Yijklm = Beobachtungswert

µ Mittelwert der Beobachtungen

MZEITi = Fixer Effekt der Melkzeit (morgens/abends)

PLATZj = Fixer Effekt des Melkplatzes (1 « 12/16)

SERVICEk = Fixer Effekt des Service (vor/nach Service)

KUHl = Zufälliger Effekt der Kuh (1 « 79)

b = linearer Regressionskoeffizient eines Merkmals am Beobachtungstag (1 « 56)

Eijklm = Beobachtungsfehler

AWH FGP BGVTKGDGP UVTGWGP FKG MKVVGNYGTVG FGT GGOGNMUOGPIG HÒT FKG GKP\GNPGP MGNM-
RN·V\G, YKG GTYCTVGV YGTFGP OWUU, UGJT UVCTM 
ADD. 1�. EKPG BGTÒEMUKEJVKIWPI FGT TGNGXCPVGP 
EKPHNÒUUG FWTEJ FCU IGPCPPVG UVCVKUVKUEJG MQFGNN CWH FKG MKNEJOGPIG KUV WPGTN·UUNKEJ WPF 
\GKIV JKGT FGWVNKEJG UPVGTUEJKGFG \YKUEJGP FGP DGKFGP MGNMUVCPFUGKVGP 
ADD. 2�, QJPG FCUU 
FGT LCPFYKTV DKUJGT JKGTXQP KGPPVPKU IGJCDV J·VVG. DCDGK NKGIV FKG GTGP\G HÒT FCU ETMGPPGP 
XQP UPVGTUEJKGFGP LG PCEJ AP\CJN MGNMWPIGP DGK 200 DKU 400 I MKNEJ. DKGUG UPVGTUEJKGFG 
\GKIGP UKEJ DGK FGT ÜDGTRTÒHWPI FGT MMM GDGPHCNNU. DKG KCNKDTKGTWPI DTKPIV LGFQEJ PKEJV 
FGP IGYÒPUEJVGP ETHQNI, UQ FCUU FKG UPVGTUEJKGFG DKU \WO EPFG FGT UPVGTUWEJWPI GTJCNVGP 
DNGKDGP 

ADD. 1� BQZRNQV HÒT FKG GGOGNMUOGPIG LG MGNMRNCV\ 
BGVTKGD 2�
Boxplot for milk yield on each stall (farm 2) 
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DKG VGTTGEJPWPI FGT MGNMFCVGP OKV FGO CWHY·PFKIGP UVCVKUVKUEJGP VGTHCJTGP UEJGKPV CNUQ 
PQVYGPFKI, YGPP \YKUEJGP FGP MGNMRN·V\GP UPVGTUEJKGFG KP GKPGT GTÌ­GP-QTFPWPI XQP 
FGWVNKEJ WPVGT 1 MI, FKG XQP FGT MGNMRGTUQP PKEJV DGOGTMV YGTFGP, GTMCPPV YGTFGP UQNNGP.

ADD. 2� GGUEJ·V\VG MKVVGNYGTVG HÒT FKG GGOGNMUOGPIG LG MGNMRNCV\ XQT WPF PCEJ FGO SGTXKEG
Estimated means for milk yield on each stall before and after service (farm 2)

TCD. 2� WKTMWPI FGU ZKV\GPIWOOKYGEJUGNU 
BGVTKGD 3�
Effect of liner replacement (farm 3)

Merkmal Zitzengummi geschätzte Mittelwerte Sign.

Milchmenge [kg]
alt 12.55

(8)
neu 12.32

MMF [kg/min]
alt 2.16

–
neu 2.19

MOT [s]
alt 377

**
neu 365

Milchmenge nach 120 s
alt 4.56

*
neu 4.75

Milchfluss 60 s – 120 s
alt 2.78

*
neu 2.89

AWEJ FGT EHHGMV GKPGU ZKV\GPIWOOKYGEJUGNU CWH BGVTKGD 3 KUV CPJCPF NGKEJV UKPMGPFGT 
GGOGNMUOGPIGP WPF CDPGJOGPFGT MGNM\GKVGP PCEJXQNN\KGJDCT. HKGTDGK \GKIV UKEJ, FCUU 
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FGP MKNEJHNWUU DGUEJTGKDGPFG MGTMOCNG QFGT FKG MGNMFCWGT HÒT FKGUGP VGEJPKUEJGP EKPHNWUU 
CWH FKG GGOGNMG FGWVNKEJGTG UPVGTUEJKGFG CWH\GKIGP CNU FKG GGOGNMUOGPIG, KPUDGUQPFGTG 
DGK BGTÒEMUKEJVKIWPI XQP TGKNOGPIGP D\Y. TGKN-MKNEJHNÒUUGP, CNUQ \. B. ëMKNEJOGPIG PCEJ 
120 Ué QFGT ëMKNEJHNWUU \YKUEJGP 60 WPF 120 Ué 
TCD. 2�. DKGU KUV HÒT VGTINGKEJG XQP ZKV-
\GPIWOOKU DGMCPPV. FÒT MGNMUV·PFG OKV ADPCJOGCWVQOCVKM MÌPPGP LGFQEJ RTKP\KRDGFKPIV 
MGKPG MGTMOCNG \WT VQNNUV·PFKIMGKV FGU MKNEJGPV\WIU 
\. B. NCEJIGOGNMUOGPIG� XQTNKGIGP, 
FKG \WT DKHHGTGP\KGTWPI PQEJ DGUUGT IGGKIPGV Y·TGP. 

4 Schlussfolgerungen

IP OQFGTPGP, VGWTGP MGNMUV·PFGP YKTF XQP HGTUVGNNGTUGKVG \WT ZGKV PQEJ YGPKI WGTV CWH 
XGTN·UUNKEJG KQPVTQNNHWPMVKQPGP IGNGIV, FKG CWEJ FGP ADNCWH FGT WPVGTUEJKGFNKEJGP DCVGPUVTÌ-
OG ÒDGTRTÒHGP. SQ \GKIV UKEJ KP FGT XQTNKGIGPFGP UPVGTUWEJWPI, FCUU DGTGKVU OKV GKPHCEJGP 
DGUEJTGKDGPFGP UVCVKUVKUEJGP VGTHCJTGP UKEJ CPDCJPGPFG FGJNHWPMVKQPGP GTMCPPV YGTFGP 
MÌPPVGP. MKV GPVURTGEJGPFGP CWHY·PFKIGTGP VGTHCJTGP GTI·DGP UKEJ YGKV DGUUGTG MÌINKEJ-
MGKVGP, DKU \W VGEJPKUEJGP ADN·WHGP CO GKP\GNPGP MGNMRNCV\ PNCWUKDKNKV·VUMQPVTQNNGP FWTEJ-
\WHÒJTGP WPF FGJNHWPMVKQPGP \W GTMGPPGP, FKG XQP FGT MGNMRGTUQP PKEJV TGEJV\GKVKI DGOGTMV 
YGTFGP MÌPPGP. EU \GKIV UKEJ CNNGTFKPIU CWEJ, FCUU FKG ÒDNKEJGTYGKUG GTHCUUVGP MGTMOCNG, 
FKG FGP MKNEJGPV\WI HÒT \ÒEJVGTKUEJG ZYGEMG DGUEJTGKDGP, HÒT FKGUG KQPVTQNNHWPMVKQPGP 
PKEJV KOOGT CWUTGKEJGP. DKGU IKNV KPUDGUQPFGTG HÒT MGTMOCNG, FKG ÒDGT FGP AWUOGNMITCF 
FGT KÒJG AWUMWPHV IGDGP 
MCUEJKPGPPCEJIGOGNM�. DC FKGUG MGTMOCNG KP MGNMUV·PFGP OKV 
ADPCJOGCWVQOCVKM PKEJV GTHCUUV YGTFGP MÌPPGP, UQNNVGP KP YGKVGTIGJGPFGP UPVGTUWEJWPIGP 
CPFGTG MGTMOCNG GTCTDGKVGV YGTFGP, FKG ÒDGT FGP MGNMCDNCWH KPHQTOKGTGP WPF CWEJ MNGKPGTG 
VGEJPKUEJG FGJNHWPMVKQPGP UKEJGT GTMGPPGP NCUUGP. 
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Auswirkungen des automatischen Melkens auf MilchSualit·t � H[giene 
ä ErgeDnisse des BMVEL�ModellXorhaDens 2��1��3 II
'ffects of #WtomCtic /iNMing on /iNM 3WCNit[ � *[giene ä 4esWNts of 
tJe $/8'.�PiNot�ProLect ������� ++

JAN HARMS1, FRANZ FREIBERGER2, GEORG WENDL1, WILFRIED HARTMANN3

1 IPUVKVWV HÒT LCPFVGEJPKM, BCWYGUGP WPF UOYGNVVGEJPKM WPF

2 IPUVKVWV HÒT TKGTJCNVWPI WPF TKGTUEJWV\ FGT BC[GTKUEJGP LCPFGUCPUVCNV HÒT LCPFYKTVUEJCHV, D-85354 FTGKUKPI

3 KWTCVQTKWO HÒT TGEJPKM WPF BCWYGUGP KP FGT LCPFYKTVUEJCHV G. V. 
KTBL�, D-64289 DCTOUVCFV

SchlÒsselwÌrter� Automatisches Melken, Ma­nahmenkatalog, MilchSualit·t, H[giene
-e[Yords� #WtomCtic miNMing� miNM SWCNit[� J[giene

<WsCmmenfCssWng 

Im Rahmen des BMVEL-Modellvorhabens 2001/03 „Milchviehställe mit automatischen Melk-
verfahren“ wurden unter anderem Auswirkungen des automatischen Melkens auf Milchqua-
lität und Hygiene sowie die Umsetzung des Maßnahmenkatalogs erfasst.

Es wurde deutlich, dass bei guter Tiersauberkeit und korrekter Installation bzw. Einstellung 
der AMS eine mit konventionellen Betrieben vergleichbare Milchqualität erreichbar ist. Es 
zeigte sich jedoch auch, dass sich die Behebung eventueller Probleme z. T. schwierig gestal-
tete. Ursachen hierfür sind u. a. auch die im Vergleich zu konventionellen Melksystemen 
geringeren Erfahrungswerte bei der Einstellung. 

Hinsichtlich des Maßnahmenkatalogs lässt sich festhalten, dass dieser eine sinnvolle 
Zusammenstellung durchzuführender Maßnahmen darstellt und eine frühe Erkennung 
möglicher Probleme sicherstellt. Die strengen Grenzwerte können bei ordnungsgemäßen 
Haltungs- und Fütterungsbedingungen, funktionierender Technik und einem guten Gesund-
heits- und Hygienemanagement eingehalten werden. Bezüglich der Umsetzbarkeit sind noch 
Detailverbesserungen notwendig. 

SWmmCr[

In the BMVEL-Pilot-Project “Dairy barns with automatic milking systems” effects of automatic 
milking on milk quality, hygiene and the implementation of the “catalogue of measures” were 
investigated. When animals were kept clean and the systems were installed or adjusted cor-
rectly, milk quality did not decrease compared to conventional milking systems. At the same 
time it became apparent, that solving the problems in automatic milking systems is more 
challenging. A reason for this is the shorter experience with AMS. Concerning the “catalogue 
of measures” it can be determined, that it is a reasonable combination of measures to be 
taken. Within the investigated farms the stringent limits could be met as long as animal-keep-
ing and feeding conditions, technics and management were running as prescribed. Regarding 
the feasibility, improvements in certain details are necessary.
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1 Einleitung 

DGT KQUVGPFTWEM KP FGT MKNEJGT\GWIWPI UVGKIV UVGVKI CP. KQUVGPIÒPUVKIGU BCWGP DGK INGKEJ\GK-
VKIGO EKPUCV\ XQP HKIJ TGEJ KP FGT MKNEJIGYKPPWPI MÌPPVG GKP LÌUWPIUYGI HÒT FKG LCPFYKT-
VG UGKP. WGNEJG AWUYKTMWPIGP FKGU CWH KQUVGP, ATDGKVU\GKV, MKNEJSWCNKV·V WPF H[IKGPG JCV, 
YWTFG IGOGKPUCO OKV FGT FH-OUPCDTÒEM KO RCJOGP FGU MQFGNNXQTJCDGPU 2001�02 CWH XKGT 
BGVTKGDGP OKV AMS WPVGTUWEJV 
KTBL-SEJTKHV 430�.

IP FGT XQTNKGIGPFGP ATDGKV YGTFGP FKG ETIGDPKUUG \W FGP TGKNDGTGKEJGP MKNEJSWCNKV·V WPF 
H[IKGPG XQTIGUVGNNV. DKGUG BGTGKEJG URKGNGP DGK FGP ETYCTVWPIGP FGT VGTDTCWEJGT GKPG ITQ­G 
RQNNG. ADGT CWEJ XQP SGKVGP FGU LCPFYKTVU DGUVGJV GTJGDNKEJGU IPVGTGUUG CP FGT MKNEJSWCNKV·V 
WPF GKPGO IWVGP H[IKGPGUVCVWU, PKEJV \WNGV\V FGUJCND, YGKN UKG XQP GPQTOGT YKTVUEJCHVNKEJGT 
BGFGWVWPI UKPF.

DKG H[IKGPGXQTUEJTKHVGP HÒT FKG HGTUVGNNWPI WPF VGTOCTMVWPI XQP RQJOKNEJ, Y·TOGDG-
JCPFGNVGT MKNEJ WPF ET\GWIPKUUGP CWH MKNEJDCUKU UKPF KP FGT ëVGTQTFPWPI ÒDGT H[IKGPG- 
WPF 3WCNKV·VUCPHQTFGTWPIGP CP MKNEJ WPF ET\GWIPKUUG CWH MKNEJDCUKU 
MKNEJXGTQTFPWPI�é 
\WUCOOGPIGHCUUV. DCTKP UKPF CWEJ FKG TGEJVNKEJGP APHQTFGTWPIGP CP FGP TKGTDGUVCPF, FKG 
ET\GWIGTDGVTKGDG WPF FCU MGNMGP CWHIGHÒJTV 
APNCIGP 1ä3�. DC FGT EKPUCV\ CWVQOCVKUEJGT 
MGNMU[UVGOG OQOGPVCP KP GKPKIGP TGKNGP PKEJV OKV FGP TGEJVNKEJGP VQTICDGP KP h 3, 
APNCIG 3 FGT CMVWGNNGP MKNEJXGTQTFPWPI XGTGKPDCT KUV, YWTFG KO FGDTWCT 2001 XQO BWPFGU-
OKPKUVGTKWO HÒT VGTDTCWEJGTUEJWV\, ETP·JTWPI WPF LCPFYKTVUEJCHV 
BMVEL� FGT UQ IGPCPPVG 
ëMC­PCJOGPMCVCNQIé GTNCUUGP. DKGUGT UQNN CNU ETI·P\WPI \WT MKNEJXGTQTFPWPI FKG TGEJVNKEJG 
GTWPFNCIG HÒT FGP BGVTKGD FKGUGT S[UVGOG UKEJGTUVGNNGP. EKP YKEJVKIGT PWPMV DGK FGT DWTEJ-
HÒJTWPI FGU MQFGNNXQTJCDGPU YCT FGUJCND PGDGP FGT BGWTVGKNWPI FGT MKNEJSWCNKV·V WPF FGU 
H[IKGPGUVCVWU FKG UOUGV\WPI D\Y. UOUGV\DCTMGKV FGT VQTICDGP FGU ëMC­PCJOGPMCVCNQIUé 
FWTEJ FKG LCPFYKTVG.

2 Material und Methode

AWH FGP XKGT MQFGNNDGVTKGDGP YWTFGP FKG ETIGDPKUUG FGU PTQDGOGNMGPU UQYKG FKG MQNMGTGK-
CDTGEJPWPIGP JKPUKEJVNKEJ ZGNN\CJN, KGKO\CJN WPF GGHTKGTRWPMV FGT MKNEJ CWUIGYGTVGV. 

DWTEJ UVKEJRTQDGPCTVKIG UWDLGMVKXG KQPVTQNNGP FGU IGUCOVGP ETUEJGKPWPIUDKNFGU OKV 
DGUQPFGTGO SEJYGTRWPMV CWH FKG SCWDGTMGKV XQP LKGIGDQZGP, MGNMDQZ WPF LCWHHN·EJGP YWT-
FGP FKG J[IKGPKUEJGP BGFKPIWPIGP CWH FGP BGVTKGDGP GTHCUUV. 

DKG SCWDGTMGKV FGT TKGTG YWTFG PCEJ GKPGO HGUVIGNGIVGP BGYGTVWPIUUEJNÒUUGN DGWTVGKNV. 
HKGTDGK YWTFG DGUQPFGTGT WGTV CWH FKG KÌTRGTDGTGKEJG TWPF WO FCU EWVGT IGNGIV. ETHCUUV YWT-
FG FGT VGTUEJOWV\WPIUITCF FGT GPVURTGEJGPFGP KÌTRGTVGKNG XQP 0 DKU 100 � KP HÒPH SVWHGP 
XQP 0 �, 20 �, 50 �, 70 � WPF 100 �. DKGU GPVURTKEJV KO BGYGTVWPIUUEJNÒUUGN FGP WGTVGP 
0, 0,2, 0,5, 0,7 WPF 1 
ADD. 1�. 

HKPYGKUG CWH FGP H[IKGPGUVCVWU FGT MGNMCPNCIG GTICD FKG AWUYGTVWPI FGT FWTEJ FKG MQN-
MGTGK GTHCUUVGP KGKO\CJNGP.

DWTEJ BGHTCIWPIGP FGT LCPFYKTVG YWTFGP FKG KO RCJOGP FGU MC­PCJOGPMCVCNQIU 
FWTEJIGHÒJTVGP MC­PCJOGP UQYKG APTGIWPIGP WPF KTKVKMRWPMVG \W FGTGP UOUGV\DCTMGKV 
GTJQDGP. 
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ADD. 1� BGYGTVWPIUUEJNÒUUGN TKGTUCWDGTMGKV
Valuation key for animal cleanliness

3 ErgeDnisse

3�1 H[giene und TiersauDerkeit

AWH CNNGP XKGT WPVGTUWEJVGP BGVTKGDGP HÒJTVGP FKG KQPVTQNNGP FGU IGUCOVGP ETUEJGKPWPIUDKN-
FGU \W BGYGTVWPIGP, FKG ëUCWDGTé QFGT ëUGJT UCWDGTé GPVURTCEJGP. MKV FWTEJUEJPKVVNKEJGP 
VGTUEJOWV\WPIUITCFGP FGT HGTFG KP FGP BGTGKEJGP EWVGT WPF BCWEJ \YKUEJGP EC. 2,1 WPF 
3,4 � NCIGP CNNG XKGT BGVTKGDG CWH GKPGO ·JPNKEJGP NKXGCW. DKG BGTGKEJG KGWNG WPF FW­ 
YCTGP CWH CNNGP BGVTKGDGP OKV WGTVGP \YKUEJGP 4,4 WPF 8,8 � UV·TMGT XGTUEJOWV\V CNU FKG 
BGTGKEJG EWVGT WPF BCWEJ. SQYQJN KPPGTJCND CNU CWEJ \YKUEJGP FGP BGVTKGDGP VTCVGP JKGT 
ITÌ­GTG UPVGTUEJKGFG CWH 
ADD. 2�.

ADD. 2� MKVVNGTG VGTUEJOWV\WPIUITCFG =�?
Averaged degree of dirtiness =�?
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3�2 Zellzahlen

DKG GT\KGNVGP ETIGDPKUUG \W FGP ZGNN\CJNGP YCTGP PKEJV CWH CNNGP BGVTKGDGP \WHTKGFGPUVGN-
NGPF. IP GKPKIGP F·NNGP YWTFGP FKG GTGP\YGTVG FGU MC­PCJOGPMCVCNQIU ÒDGTUEJTKVVGP. EKP 
VGTINGKEJ OKV FGP MQPXGPVKQPGNN OGNMGPFGP BGVTKGDGP KP BC[GTP \GKIVG, FCUU KO JCJT 2003 
FKG H·NHVG CNNGT DC[GTKUEJGP BGVTKGDG FGP GTGP\YGTV HÒT FKG ZGNN\CJNGP 
OCZ. 30 � FGT HGTFG 
  250.000 ZGNNGP�ON� DGK OKPFGUVGPU GKPGO PTQDGOGNMGP ÒDGTUEJTKVVGP J·VVG 
DCVGPSWGNNG� 
LKV BC[GTP�.

GGPGTGNN N·UUV UKEJ HGUVJCNVGP, FCUU ÜDGTUEJTGKVWPIGP FGT GTGP\YGTVG KP FGT RGIGN PKEJV 
FWTEJ EKPUCV\ FGU CWVQOCVKUEJGP MGNMU[UVGOU DGFKPIV YCTGP, UQPFGTP DGKURKGNUYGKUG FWTEJ 
PTQDNGOG OKV FGT FWVVGTSWCNKV·V QFGT CNNIGOGKPG PTQDNGOG DGKO GGUWPFJGKVUOCPCIGOGPV. 
DKG LCPFYKTVG ICDGP LGFQEJ CWEJ CP, FCUU FKG ÜDGTYCEJWPI FGT TKGTIGUWPFJGKV DGKO CWVQ-
OCVKUEJGP MGNMU[UVGO CPURTWEJUXQNNGT KUV CNU KO MGNMUVCPF.

ADD. 3� ETIGDPKUUG FGT ZGNN\CJNWPVGTUWEJWPIGP CWH BGVTKGD B
Results of somatic cell count analysis on farm B

3�3 Keimzahlen

HKPUKEJVNKEJ FGT KGKO\CJN CWH FGP WPVGTUWEJVGP BGVTKGDGP N·UUV UKEJ \WUCOOGPHCUUGPF UCIGP, 
FCUU OKV AWUPCJOG GKPGU BGVTKGDU PWT UGNVGP ÜDGTUEJTGKVWPIGP FGU GTGP\YGTVGU XQP 100.000 
KGKOGP�ON UVCVVHCPFGP. DKGU MCPP CNU HKPYGKU FCTCWH IGUGJGP YGTFGP, FCUU GU UKEJ DGK GTJÌJ-
VGT KGKODGNCUVWPI PKEJV WO GKP IGPGTGNNGU PTQDNGO FGU EKPUCV\GU CWVQOCVKUEJGT MGNMU[UVGOG 
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JCPFGNV. EU YWTFG LGFQEJ FGWVNKEJ, FCUU UKEJ FKG PTQDNGODGJGDWPI DGKO CWVQOCVKUEJGP 
MGNMU[UVGO VGKNYGKUG UEJYKGTKI IGUVCNVGVG. MÌINKEJG UTUCEJGP JKGTHÒT UKPF FKG KO VGTINGKEJ 
\W MQPXGPVKQPGNNGP MGNMU[UVGOGP IGTKPIGTGP ETHCJTWPIUYGTVG DGK FGT EKPUVGNNWPI, \WO CPFG-
TGP NCUUGP FKG APNCIGP CWH GTWPF FGU 24-SVWPFGP BGVTKGDU PWT YGPKI ZGKV HÒT WOHCPITGKEJG 
KQPVTQNNGP \W.

3�4 GefrierRunkt

BG\ÒINKEJ FGU GGHTKGTRWPMVGU YWTFG FKG APPCJOG, FCUU FKGUGT FWTEJ FGP EKPUCV\ CWVQOC-
VKUEJGT MGNMU[UVGOG GTJÌJV YKTF, PWT VGKNYGKUG DGUV·VKIV. SQ NCI FGT GGHTKGTRWPMV CWH GKPGO 
BGVTKGD KP GVYC CWH FGO NKXGCW FGU DC[GTKUEJGP DWTEJUEJPKVVU 
DCVGPSWGNNG� LKV BC[GTP�. 
DKGU \GKIV, FCUU DGK GKPGT HCEJIGTGEJVGP IPUVCNNCVKQP WPF UQTIH·NVKIGP EKPUVGNNWPI FGT APNCIG 
FGT GGHTKGTRWPMV PKEJV GTJÌJV UGKP OWUU. BGK FGP ÒDTKIGP BGVTKGDGP NCI GT CWH GKPGO JÌJGTGP 
NKXGCW, ÒDGTUEJTKVV FGP GTGP\YGTV LGFQEJ PWT UGNVGP. DKGU FGWVGV FCTCWH JKP, FCUU FKG EKPUVGN-
NWPI WPF GXVN. CWEJ FKG IPUVCNNCVKQP FGT APNCIGP JKPUKEJVNKEJ FGT RGFW\KGTWPI XQP RGUVYCUUGT 
VGKNYGKUG PQEJ PTQDNGOG DGTGKVGV.

3�5 Ma­nahmenkatalog

DKG XQTNKGIGPFG UPVGTUWEJWPI \GKIVG, FCUU FGT MC­PCJOGPMCVCNQI GKPG UKPPXQNNG ZWUCO-
OGPUVGNNWPI FWTEJ\WHÒJTGPFGT MC­PCJOGP FCTUVGNNV. BGK FGP WPVGTUWEJVGP BGVTKGDGP MCPP 
\WUCOOGPHCUUGPF HGUVIGUVGNNV YGTFGP, FCUU DGK QTFPWPIUIGO·­GP HCNVWPIU- WPF FÒVVGTWPIU-
DGFKPIWPIGP, HWPMVKQPKGTGPFGT TGEJPKM WPF GKPGO IWVGP GGUWPFJGKVU- WPF H[IKGPGOCPCIG-
OGPV FKG UVTGPIGP GTGP\YGTVG FGU MC­PCJOGPMCVCNQIU GKPIGJCNVGP YGTFGP MQPPVGP. TTCVGP 
LGFQEJ PTQDNGOG KP GKPGO BGTGKEJ CWH, UQ HÒJTVG FKGU UEJPGNN \WO ETTGKEJGP QFGT ÜDGTUEJTGK-
VGP FGT GTGP\YGTVG FGU MC­PCJOGPMCVCNQIU. 

BG\ÒINKEJ FGT UOUGV\DCTMGKV FGU MC­PCJOGPMCVCNQIU GTICDGP UKEJ DGK FGP LCPFYKTVGP KP 
GKPKIGP F·NNGP FTCIGP QFGT PTQDNGOG. SQ UVGNNVG FKG monatliche ETHCUUWPI FGT GGUCOVIGOGNMU-
\GNN\CJNGP WPF FGT TCIGUNGKUVWPI FGT KÒJG KPUQHGTP GKP PTQDNGO FCT, CNU FCU PTQDGOGNMGP 
IGPGTGNN PWT PQEJ 11 MCN RTQ JCJT UVCVVHKPFGV.

EKPG ÜDGTUEJTGKVWPI FGU GTGP\YGTVGU XQP 30 � HÒT FGP APVGKN FGT TKGTG OKV ZGNNIGJCNVGP 
ÒDGT 250.000 ZGNNGP�ON, IGOGUUGP CP CNNGP NCMVKGTGPFGP KÒJGP, MCPP FWTEJ FGP LCPFYKTV 
OQOGPVCP PWT FWTEJ GKIGPG BGTGEJPWPIGP HGUVIGUVGNNV YGTFGP. DGT GTGP\YGTV KUV FGT\GKV KP 
MGKPGT AWUYGTVWPI FGT PTÒHQTICPKUCVKQPGP CWUIGYKGUGP. 

DGP LCPFYKTVGP NCIGP FKG EKP\GNGTIGDPKUUG FGT TCPMOKNEJ\GNN\CJN \GKVPCJ XQT. EKPG GKP-
OCNKIG ÜDGTUEJTGKVWPI FGU GTGP\YGTVGU XQP 400.000 ZGNNGP�ON YCT UQHQTV GTUKEJVNKEJ. DGP 
CTKVJOGVKUEJGP MKVVGNYGTV XQP 2 CWHGKPCPFGT HQNIGPFGP PTQDGP OWUUVGP FKG LCPFYKTVG LGFQEJ 
HQTVNCWHGPF UGNDUV DGTGEJPGP.

HKPUKEJVNKEJ FGT FWTEJ\WHÒJTGPFGP MC­PCJOGP KO FCNN GKPGT ÜDGTUEJTGKVWPI FGT GTGP\-
YGTVG FGU MC­PCJOGPMCVCNQIU YCT HÒT FKG LCPFYKTVG PKEJV MNCT, KP YGNEJGO \GKVNKEJGP RCJ-
OGP FKG MC­PCJOGP FWTEJ\WHÒJTGP YCTGP. IPUDGUQPFGTG DGK YKGFGTJQNVGT ÜDGTUEJTGKVWPI 
FGT GTGP\YGTVG CWH GTWPF DGTGKVU DGMCPPVGT PTQDNGOG YCTGP UKEJ FKG LCPFYKTVG DG\ÒINKEJ 
FGT VQTIGJGPUYGKUG WPUKEJGT.
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EDGPHCNNU DGUVCPFGP UPUKEJGTJGKVGP FCTÒDGT, KP YGNEJGO UOHCPI FKG CWVQOCVKUEJ GTHCUUVGP 
DCVGP \W MQPVTQNNKGTGP WPF YKG FKG FWTEJIGHÒJTVGP MC­PCJOGP \W FQMWOGPVKGTGP UKPF.

4 Schlussfolgerungen

ODYQJN FKG AWUYGTVWPIGP FGT KGKO\CJNGP WPF FGU GGHTKGTRWPMVU MGKPG ITCXKGTGPFGP UPVGT-
UEJKGFG \W MQPXGPVKQPGNN CTDGKVGPFGP BGVTKGDGP GTICDGP, YCT \W GTMGPPGP, FCUU PWT GKPG 
TGIGNO·­KIG KQPVTQNNG UQYKG GKPG UQTIH·NVKIG EKPUVGNNWPI FGT APNCIGP GKPGP GTHQNITGKEJGP 
BGVTKGD ICTCPVKGTV. 

HKPUKEJVNKEJ FGU MC­PCJOGPMCVCNQIU UQNNVGP FKG HGUVIGNGIVGP GTGP\YGTVG CWEJ KP FGP 
UPVGTUWEJWPIUGTIGDPKUUGP FGT PTÒHQTICPKUCVKQPGP CWUIGYKGUGP WPF GKPG ÜDGTUEJTGKVWPI 
CPIG\GKIV YGTFGP. BGK FGT DQMWOGPVCVKQP UQNNVGP EORHGJNWPIGP DG\ÒINKEJ FGT UOUGV\WPI 
XGTHÒIDCT UGKP. EKPG UEJNGEJVG EWVGTIGUWPFJGKV YKTF PWT KP UGNVGPGP F·NNGP CWH FGP EKPUCV\ 
GKPGU CWVQOCVKUEJGP MGNMU[UVGOU \WTÒEM\WHÒJTGP UGKP, UTUCEJG MÌPPGP PGDGP FGT MGNM-
VGEJPKM XGTUEJKGFGPG FCMVQTGP UGKP 
\. B. HCNVWPIUDGFKPIWPIGP, SVTGUU, FÒVVGTWPI, SVQHHYGEJ-
UGNGTMTCPMWPIGP, H[IKGPGO·PIGN, KGKOFTWEM�. DGUJCND OÒUUVGP FKGUG FCMVQTGP GDGPHCNNU 
DGTÒEMUKEJVKIV YGTFGP, FCOKV OÌINKEJG FGJNGT CDIGUVGNNV YGTFGP MÌPPGP.

5 Literatur

BGMCPPVOCEJWPI ÒDGT FKG APYGPFWPI DGUVKOOVGT MC­PCJOGP KP MKNEJGT\GWIGTDGVTKGDGP OKV 
CWVQOCVKUEJGP MGNMXGTHCJTGP DKU \WO VQTNKGIGP GPVURTGEJGPFGT RGEJVUXQTUEJTKHVGP 
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Einfluss des sozialen Rangs auf das TierXerhalten Dei Xerschiedenen 
UmtrieDsformen Deim automatischen Melken ä Anwendung auto�
matisierter Verfahren zur Sch·tzung des Rangs und des Aufenthalts im 
FressDereich
+nfNWence of tJe sociCN rCnM on CnimCN DeJCXioWr Ct different forms of 
coY trCffic on CWtomCtic miNMing ä +mpNementCtion of CWtomCted pro�
cedWres to estimCte tJe rCnM Cnd tJe NengtJ of stC[ in tJe feeding CreC

JAN HARMS, GEORG WENDL

IPUVKVWV HÒT LCPFVGEJPKM, BCWYGUGP WPF UOYGNVVGEJPKM FGT BC[GTKUEJGP LCPFGUCPUVCNV HÒT LCPFYKTVUEJCHV, 
D-85354 FTGKUKPI

SchlÒsselwÌrter� Rang, TierXerhalten, UmtrieDsform, automatisches Melken
-e[Yords� 4CnM� CnimCN DeJCXioWr� coY trCffic� CWtomCtic miNMing

<WsCmmenfCssWng 

Eine Methode, über Verdrängungen am Futtertisch Schätzwerte für den Rang zu errechnen, 
wurde eingesetzt, um Auswirkungen verschiedener Umtriebsformen auf ranghohe und 
rangniedere Kühe darzustellen. Die so errechneten Dominanzwerte führten bei den Auswer-
tungen des Tagesrhythmus für die Futteraufnahme und den Besuch der Melkbox zu realisti-
schen Ergebnissen. Mit steigender Restriktion des Zugangs zu den Ressourcen Melkbox und 
Futtertisch (zunehmend gelenkter Umtrieb) zeigte sich zu den bevorzugten Zeiten (nach der 
Futtervorlage) eine zunehmende Verdrängung der als rangnieder eingestuften Tiere. Nach 
OLOFSSON 2000 lassen sich auch aus den zeitlichen Abständen beim Betreten der Melkbox 
Schätzwerte für den Rang eines Tieres errechnen. In Kombination mit den hier vorgestellten 
Ergebnissen könnte so dem Landwirt eine Möglichkeit gegeben werden, ohne zusätzliche 
Einrichtungen die Auswirkungen bestimmter Managementstrategien auf ranghohe bzw. rang-
niedere Tiere abzuschätzen und sich damit dem Ziel des Precision Livestock Farming weiter 
zu nähern.

SWmmCr[

A method to estimate the rank of an animal by analyzing displacements at the feeding gate 
was used to describe the effects of different forms of cow traffic on high and low ranked cows. 
The calculated dominance values led to realistic results for the daily rhythm of feed intake 
and of visiting the milking box. Restricting the access to the feeding area and to the milking 
box (from free to guided cow traffic), led to a lower usage of these resources at the preferred 
times by cows classified as low ranked. OLOFSSON (2000) reported, that dominance values 
also can be calculated using the intervals of entering the milking box between two animals. 
In combination with these results a method could be offered to the farmer, which allows 
him to estimate the effects of different management strategies on high resp. low ranked ani-
mals without additional hardware. This would be a further step towards “precision livestock 
farming“.
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1 Einleitung und Zielsetzung

DGT RCPI GKPGU TKGTGU KUV W. C. HÒT FGP ZWICPI \W DGITGP\VGP RGUUQWTEGP XQP BGFGWVWPI 
\. B. 
SYME � SYME 1979�. BGK CWVQOCVKUEJGP MGNMU[UVGOGP UVGNNV FKG MGNMDQZ HÒT FCU TKGT GKPG 
UQNEJG DGITGP\VG RGUUQWTEG FCT. BGKO EKPUCV\ IGNGPMVGT UOVTKGDUHQTOGP IKNV FKGU CWEJ HÒT 
FGP FWVVGTVTQI, FC FKGUGT PWT ÒDGT FKG MGNMDQZ QFGT SGNGMVKQPUGKPTKEJVWPIGP GTTGKEJDCT KUV. 
IO GGIGPUCV\ \W CPFGTGP PCTCOGVGTP MCPP FGT RCPI GKPGU TKGTGU XQO LCPFYKTV CDGT PKEJV, 
QFGT PWT UGJT UEJYGT GTOKVVGNV YGTFGP. IO SKPPG FGU ëRTGEKUKQP NKXGUVQEM HCTOKPIé OÒUUVG GKP 
UQNEJGT PCTCOGVGT LGFQEJ DGMCPPV QFGT \WOKPFGUV UEJ·V\DCT UGKP, WO CWH FKG KPFKXKFWGNNGP 
BGFÒTHPKUUG FGU TKGTGU GKPIGJGP \W MÌPPGP.

ZKGN FGT UPVGTUWEJWPI YCT GU, WPVGT APYGPFWPI CWVQOCVKUKGTVGT VGTHCJTGP \WT SEJ·V\WPI 
FGU RCPIU WPF FGU AWHGPVJCNVU KO FTGUUDGTGKEJ \W GTOKVVGNP, YGNEJG AWUYKTMWPIGP XGTUEJKG-
FGPG UOVTKGDUHQTOGP CWH FCU FTGUUXGTJCNVGP TCPIJQJGT D\Y. TCPIPKGFTKIGT TKGTG JCDGP.

2 Material und Methode

2�1 Untersuchte BetrieDe und UmtrieDsformen

DKG UPVGTUWEJWPIGP YWTFGP CWH \YGK VGTUWEJUDGVTKGDGP FWTEJIGHÒJTV 
LHL-GTWD WPF TUM-
HKTUEJCW�. AWH BGVTKGD 1 YWTFG KP GKPGO FTGKTGKJKIGP LKGIGDQZGPNCWHUVCNN DGK GKPGT TKGT\CJN 
XQP 49 TKGTGP 
FNGEMXKGJ� FCU AMS ëMGTNKPé FGT FKTOC LGOOGT-FWNNYQQF GKPIGUGV\V. AWH 
BGVTKGD 2 MCO KP GKPGO XKGTTGKJKIGP LKGIGDQZGPNCWHUVCNN FCU S[UVGO ëVMSé FGT FKTOC DGLCXCN 
\WO EKPUCV\ 
45 TQVDWPVG TKGTG�. AWH DGKFGP BGVTKGDGP YWTFGP FTGK XGTUEJKGFGPG UOVTKGDU-
HQTOGP WPVGTUWEJV. NGDGP FGO KP FGT PTCZKU CO XGTDTGKVGVUVGP HTGKGP UOVTKGD YCTGP FKGU 
FGT IGNGPMVG WPF FGT UGNGMVKX IGNGPMVG UOVTKGD. BGK NGV\VGTGO DGUVCPF ÒDGT FG\GPVTCNG SGNGM-
VKQPUVQTG KP ADJ·PIKIMGKV XQP FGT MGNMDGTGEJVKIWPI GKPG \WU·V\NKEJG ZWICPIOÌINKEJMGKV \WO 
FTGUUDGTGKEJ 
ADD. 1�. JGFGT UOVTKGDUXGTUWEJ FCWGTVG 12 
BGVTKGD 1� D\Y. 10 
BGVTKGD 2� TCIG. 
DCXQT NCI LGYGKNU GKPG UOIGYÌJPWPIURJCUG XQP OKPFGUVGPU 7 WQEJGP. EKPG FGVCKNNKGTVG 
BGUEJTGKDWPI FGT WPVGTUWEJVGP BGVTKGDG WPF FGU UGNGMVKX IGNGPMVGP UOVTKGDU KUV DGK HCTOU 
2004 \W HKPFGP.

ADD. 1� UPVGTUWEJVG UOVTKGDUHQTOGP
Investigated forms of cow traffic
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2�2 Ermittlung der Dominanzwerte als Ma­ fÒr den Rang eines Tieres

VQP XGTUEJKGFGPGP AWVQTGP 
\. B. RUTTER GV CN. 1987, KENWRIGHT � FORBES 1993 QFGT 
OLOFSSON 2000� YKTF DGUEJTKGDGP, FCUU CWHITWPF XQP 
CWVQOCVKUEJ GTHCUUVGP� VGTFT·PIWPIGP 
CO FWVVGTVKUEJ RCPIKPFK\GU IGUEJ·V\V YGTFGP MÌPPGP. IP FGT XQTNKGIGPFGP ATDGKV YWTFGP FKG 
DQOKPCP\YGTVG HQNIGPFGTOC­GP DGUVKOOV. WWTFG FGT FTGUURNCV\ GKPGT KWJ KPPGTJCND GKPGT 
MKPWVG FWTEJ GKPG CPFGTG KWJ DGUGV\V, UQ YWTFG FKGU CNU VGTFT·PIWPI DGYGTVGV. EKPG KWJ 
YWTFG KPPGTJCND GKPGU KWJRCCTU CNU FQOKPCPV DGYGTVGV, YGPP UKG FKG CPFGTG KWJ OKPFGUVGPU 
FQRRGNV UQ QHV XGTFT·PIV JCVVG, YKG UKG UGNDGT XQP KJT XGTFT·PIV YWTFG. IP GKPGO \YGKVGP 
SEJTKVV YWTFG GKP DQOKPCP\YGTV HÒT LGFG KWJ GTOKVVGNV, KPFGO FGT APVGKN FGT KWJRCCTG, 
KP FGPGP UKG CNU FQOKPCPV GKPIGUVWHV YQTFGP YCT, CP FGT SWOOG CNNGT KWJRCCTG, CP FGPGP 
UKG DGVGKNKIV YCT, DGTGEJPGV YWTFG. DKGUG DQOKPCP\YGTVG MQPPVGP UQOKV WGTVG XQP 0 
UWD-
FQOKPCPV CNNGP KÒJGP IGIGPÒDGT� DKU 1 
FQOKPCPV ÒDGT CNNG KÒJG� GTTGKEJGP. TKGTG OKV GKPGO 
DQOKPCP\YGTV DKU 0,4 YWTFGP CNU TCPIPKGFGT GKPIGUVWHV, CD GKPGO WGTV XQP 0,6 GTHQNIVG FKG 
EKPUVWHWPI CNU TCPIJQEJ. TKGTG OKV WGTVGP \YKUEJGP 0,4 WPF 0,6 YWTFGP PKEJV KP FKG AWU-
YGTVWPI GKPDG\QIGP.

2�3 Rechnerische Ermittlung der Tierzahl im FressDereich

ÜDGT FKG GNGMVTQPKUEJG IFGPVKHKMCVKQP FGT TKGTG CO GTWPFHWVVGTYKGIGVTQI D\Y. FTGUUIKVVGT 
MÌPPGP PWT FKG ZGKVRWPMVG WPF FKG DCWGT FGU AWHGPVJCNVU CO FTGUUIKVVGT, PKEJV CDGT KO FTGUU-
DGTGKEJ DGUVKOOV YGTFGP. DCJGT YWTFGP CPIGNGJPV CP FKG VQTIGJGPUYGKUG DGK TOLKAMP GV CN. 
1998 XKUWGNN FTGK MTKVKUEJG IPVGTXCNNN·PIGP 
KI � 30, 50, 82 OKP� DGUVKOOV, DGK FGT 
MÒT\GTG� 
IPVGTXCNNG KPPGTJCND GKPGT FTGUURGTKQFG XQP 
N·PIGTGP� IPVGTXCNNGP \YKUEJGP FTGUURGTKQFGP 
IGVTGPPV YGTFGP MÌPPGP. AWUIGJGPF JKGTXQP YWTFG GTTGEJPGV, QD UKEJ GKP TKGT KPPGTJCND 
GKPGT FTGUURGTKQFG DGHCPF. UPVGT FGT APPCJOG, FCUU TKGTG FGP FTGUUDGTGKEJ KPPGTJCND GKPGT 
FTGUURGTKQFG PKEJV XGTNCUUGP, YWTFG UQ HÒT LGFGP ZGKVRWPMV GKP SEJ·V\YGTV HÒT FKG AP\CJN FGT 
TKGTG KO FTGUUDGTGKEJ GTOKVVGNV. DKG UQ IGHWPFGPGP WGTVG YWTFGP CWH BGVTKGD 1 FWTEJ VKFGQ-
CWH\GKEJPWPIGP ÒDGTRTÒHV.

3 ErgeDnisse

3�1 Aufenthalt im FressDereich ä DeoDachtete und errechnete Werte

IP ADDKNFWPI 2 KUV HÒT BGVTKGD 1 FKG AP\CJN FGT KO FTGUUDGTGKEJ DGQDCEJVGVGP TKGTG FGT 
GTTGEJPGVGP AP\CJN IGIGPÒDGTIGUVGNNV. IPUIGUCOV YWTFG FKG DGUVG ÜDGTGKPUVKOOWPI DGK FGT 
N·PIUVGP MTKVKUEJGP IPVGTXCNNN·PIG 
82 OKP� GTOKVVGNV. EU \GKIVG UKEJ LGFQEJ, FCUU FCU VCVU·EJ-
NKEJG FTGUUXGTJCNVGP OKV GKPGT GKPJGKVNKEJGP MTKVKUEJGP IPVGTXCNNN·PIG PKEJV HÒT FGP IGUCOVGP 
TCIGUXGTNCWH DGUEJTKGDGP YGTFGP MCPP. SQ YWTFG FGT APVGKN DGKO HTGKGP UOVTKGD \YKUEJGP 
07�00 WPF 09�00 UJT WO EC. 10 � PWPMVG ÒDGTUEJ·V\V. IP FGP NCEJVUVWPFGP YWTFG GT FCIG-
IGP DGK CNNGP FTGK UOVTKGDUHQTOGP WPVGTUEJ·V\V, FKG GTTGEJPGVGP WGTVG ICDGP JKGT VGKNYGKUG 
PWT FKG AP\CJN FGT TKGTG OKV KQRH KO FTGUUVTQI YKGFGT. 



4�4 BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI

POSTER

DGPPQEJ \GKIV FKGUGT VGTINGKEJ, FCUU FKG GTTGEJPGVGP TKGT\CJNGP GKPGP CWUTGKEJGPF IGPCW-
GP SEJ·V\YGTV \WT BGYGTVWPI WPVGTUEJKGFNKEJGT RCJOGPDGFKPIWPIGP FCTUVGNNGP. FÒT FKG YGK-
VGTGP DCTUVGNNWPIGP YWTFG GKPG MTKVKUEJG IPVGTXCNNN·PIG XQP 82 OKP. IGY·JNV.

ADD. 2� BGQDCEJVGVGT D\Y. DGK XGTUEJKGFGPGP MTKVKUEJGP IPVGTXCNNN·PIGP 
KI� GTTGEJPGVGT APVGKN FGT TKGTG KO 
FTGUUDGTGKEJ 
BGVTKGD 1�
Observed resp. calculated (different critical intervals) percentage of animals in the feeding area (farm 1)

3�2 Tagesrh[thmus Xon Tieren mit unterschiedlichem Dominanzwert 

WKG CWU ADDKNFWPI 3 GTUKEJVNKEJ YKTF, DGUVCPF JKPUKEJVNKEJ FGU AWHGPVJCNVU KO FTGUUDG-
TGKEJ DGKO HTGKGP UOVTKGD CWH BGVTKGD 1 MGKP PGPPGPUYGTVGT UPVGTUEJKGF \YKUEJGP FGP 
DQOKPCP\YGTV-GTWRRGP. BGKO IGNGPMVGP UOVTKGD YCTGP FCIGIGP FGWVNKEJG UPVGTUEJKGFG 
GTMGPPDCT. HKGT DGHCPF UKEJ TGEJPGTKUEJ \YKUEJGP 6�30 WPF 9�30 GKP IGTKPIGTGT APVGKN FGT 
ëTCPIPKGFGTGPé CNU FGT ëTCPIJQJGPé TKGTG KO FTGUUDGTGKEJ. ZYKUEJGP 2�30 WPF 4�00 YCT 
FKGUGU VGTJ·NVPKU WOIGMGJTV. DGT UGNGMVKX IGNGPMVG UOVTKGD HÒJTVG \W GKPGO ·JPNKEJGP EHHGMV. 
AWEJ JKGT DGHCPF UKEJ PCEJ FGT FWVVGTXQTNCIG TGEJPGTKUEJ GKP JÌJGTGT APVGKN FGT ëTCPIJQJGPé 
CNU FGT ëTCPIPKGFGTGPé TKGTG KO FTGUUDGTGKEJ. DKG UTUCEJG HÒT FKGUG UPVGTUEJKGFG KUV KP FGT 
EKPUEJT·PMWPI FGT ZWICPIOÌINKEJMGKV \WO FTGUUDGTGKEJ DGK FGP DGKFGP IGNGPMVGP UOVTKGDU-
HQTOGP \W UGJGP. HKGTCWH FGWVGP FKG UPVGTUEJKGFG KO TCIGUXGTNCWH DGKO BGUWEJ FGT MGNMDQZ 
JKP. BGK FGP DGKFGP IGNGPMVGP UOVTKGDUHQTOGP YWTFG FKGUG PCEJ FGT FWVVGTXQTNCIG XGTUV·TMV 
XQP FGP ëTCPIJQJGPé TKGTGP CWHIGUWEJV, FKG FCOKV CWEJ FGP FTGUUDGTGKEJ \WGTUV GTTGKEJGP 
MQPPVGP 
ADDKNFWPIGP KP HARMS 2004�.

AWH BGVTKGD 2 YWTFGP KPUIGUCOV ·JPNKEJG ETIGDPKUUG GTOKVVGNV, YQDGK FGT TCIGUTJ[VJOWU 
JKGT DGK CNNGP UOVTKGDUHQTOGP YGPKIGT UVCTM CWUIGRT·IV YCT. UTUCEJG JKGTHÒT MÌPPVG FKG 
YGPKIGT TGUVTKMVKXG FWVVGTXQTNCIG CWH FKGUGO BGVTKGD UGKP, YQFWTEJ FGP TKGTGP KP FGP HTÒJGP 
MQTIGPUVWPFGP OGJT FWVVGT \W VGTHÒIWPI UVCPF. DGT FGWVNKEJUVG UPVGTUEJKGF \W BGVTKGD 1 
YWTFG DGKO UGNGMVKX IGNGPMVGP UOVTKGD HGUVIGUVGNNV. HKGT YCT CWH BGVTKGD 2 PCEJ FGT FWVVGTXQT-
NCIG MGKP UPVGTUEJKGF \YKUEJGP FGP DQOKPCP\YGTVITWRRGP 1 WPF 3 HGUVUVGNNDCT, YCU FCTCWH 
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\WTÒEM\WHÒJTGP KUV, FCUU CWH FKGUGO BGVTKGD CMVKXG SGNGMVKQPUVQTG XGTYGPFGV YWTFGP, FKG 
FGWVNKEJ DGUUGT CPIGPQOOGP YWTFGP CNU FKG RCUUKXGP CWH FGO BGVTKGD 1 
GTCHKMGP KP HARMS

2004�.

ADD. 3� RGEJPGTKUEJGT APVGKN GKPGT DQOKPCP\YGTVITWRRG KO FTGUUDGTGKEJ =�? CWH BGVTKGD 1 
MTKVKUEJG IPVGT-
XCNNN·PIG � 82 OKP.�
Calculated percentage of one dominance value group in the feeding area =�? on farm 1 (critical interval 
� �2 min.)

4 Diskussion und Schlussfolgerungen

DKG ADUEJ·V\WPI FGT AWHGPVJCNVUFCWGT WPF FCOKV FGT TKGT\CJNGP KO FTGUUDGTGKEJ KUV ÒDGT 
FKG DGMCPPVGP MGVJQFGP \WT BGUVKOOWPI XQP FTGUURGTKQFGP CPJCPF CWVQOCVKUEJ GTHCUUVGT 
BGUWEJG FGU FTGUUIKVVGTU OÌINKEJ. IP FGT XQTNKGIGPFGP UPVGTUWEJWPI GTICD FKG ITÌ­VG WPVGT-
UWEJVG MTKVKUEJG IPVGTXCNNN·PIG XQP 82 OKP FKG DGUVG ÜDGTGKPUVKOOWPI OKV FGT DGQDCEJVGVGP 
TKGT\CJN. DKGUGT WGTV NKGIV KO QDGTGP BGTGKEJ FGT KP FGT LKVGTCVWT XQTIGUEJNCIGPGP WGTVG. 
IO TCIGUXGTNCWH YKEJ FKG GTTGEJPGVG TKGT\CJN WPVGTUEJKGFNKEJ UVCTM XQP FGT DGQDCEJVGVGP CD. 
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MÌINKEJG UTUCEJGP JKGTHÒT UKPF FCU PCVÒTNKEJG VGTJCNVGP FGT TKGTG QFGT GZVGTPG EKPHNÒUUG YKG 
\. B. FKG FWVVGTXQTNCIG. EKPG FKHHGTGP\KGTVG BGVTCEJVWPI FGT IPVGTXCNNG N·UUV JKGT GXVN. PQEJ RCWO 
HÒT VGTDGUUGTWPIGP FGU MQFGNNU. 

HKPUKEJVNKEJ FGT CWVQOCVKUEJ DGUVKOOVGP DQOKPCP\YGTVG MQPPVG IG\GKIV YGTFGP, FCUU 
FKGUG \W TGCNKUVKUEJGP ETIGDPKUUGP DGK FGP BGUWEJGP FGT MGNMDQZ WPF FGT TKGT\CJN KO FTGUU-
DGTGKEJ HÒJTGP. ZW CVVTCMVKXGP ZGKVGP 
\. B. PCEJ FGT FWVVGTXQTNCIG� MÌPPGP ëTCPIPKGFGTGé 
TKGTG FKG MPCRRGP RGUUQWTEGP MGNMDQZ QFGT FTGUUDGTGKEJ KO VGTINGKEJ \W FGP ëTCPIJQJGPé 
TKGTGP J·WHKI PWT GKPIGUEJT·PMV GTTGKEJGP. JG TGUVTKMVKXGT FGT ZWICPI IGY·JTV YWTFG 
LG 
ëIGNGPMVGTé FGT UOVTKGD YCT� FGUVQ FGWVNKEJGT YCTGP FKGUG UPVGTUEJKGFG. DGT VGTINGKEJ FGT 
BGVTKGDG \GKIVG, FCUU CWEJ GKPG UV·TMGTG RGUVTKMVKQP FGU FWVVGTCPIGDQVU OÌINKEJGTYGKUG \W 
GKPGO UV·TMGT CWUIGRT·IVGP TCIGUTJ[VJOWU HÒJTV WPF FKG UPVGTUEJKGFG \YKUEJGP ëTCPIJQJGPé 
WPF ëTCPIPKGFGTGPé TKGTGP XGTUV·TMV. 

NCEJ OLOFSSON 2000 NCUUGP UKEJ CWU FGP \GKVNKEJGP ADUV·PFGP DGKO BGVTGVGP FGT MGNMDQZ 
GDGPHCNNU SEJ·V\YGTVG HÒT FGP RCPI GKPGU TKGTGU GTTGEJPGP. IP KQODKPCVKQP OKV FGP JKGT XQT-
IGUVGNNVGP ETIGDPKUUGP MÌPPVG FCOKV FGO LCPFYKTV GKPG MÌINKEJMGKV IGIGDGP YGTFGP, QJPG 
\WU·V\NKEJG EKPTKEJVWPIGP FKG AWUYKTMWPIGP DGUVKOOVGT MCPCIGOGPVUVTCVGIKGP CWH TCPIJQJG 
D\Y. TCPIPKGFGTG TKGTG CD\WUEJ·V\GP. 

5 Literatur

HARMS, J. 
2004�� UPVGTUWEJWPIGP \WO EKPUCV\ XGTUEJKGFGPGT VCTKCPVGP FGU TKGTWOVTKGDU DGK 
CWVQOCVKUEJGP MGNMU[UVGOGP 
EKPDQZGPCPNCIGP�. DKUUGTVCVKQP, LGJTUVWJN HÒT LCPFVGEJPKM FGT 
TGEJPKUEJGP UPKXGTUKV·V MÒPEJGP ä WGKJGPUVGRJCP� 178 S. 

KENWRIGHT, A. D.; FORBES, J. M. 
1993�� RGNCVKQPUJKRU DGVYGGP UQEKCN FQOKPCPEG CPF HGGFKPI 
DGJCXKQWT KP NCEVCVKPI JGKHGTU FWTKPI RGTKQFU QH JGCX[ EQORGVKVKQP. ä IP� APKO. PTQF., 56� S. 457 

ADUVTCEV�.

OLOFSSON, J. 
2000�� FGGF AXCKNCDKNKV[ CPF KVU EHHGEVU QP IPVCMG, PTQFWEVKQP CPF BGJCXKQWT KP 
DCKT[ CQYU. PJD TJGUKU, DGRCTVOGPV QH APKOCN NWVTKVKQP CPF MCPCIGOGPV, SYGFKUJ UPKXGTUKV[ 
QH AITKEWNVWTCN SEKGPEG, URRUCNC, SEJYGFGP.

RUTTER, S. M.; Y, D. A.; JOHNSON, C. L.; FORBES, J. M. 
1987�� AWVQOCVKECNN[ TGEQTFGF EQORGVKVKXG 
HGGFKPI DGJCXKQWT CU C OGCUWTG QH UQEKCN FQOKPCPEG KP FCKT[ EQYU. äIP� ARRN. APKO. BGJCX. SEK., 
17, IUUWGU 1ä2� S. 41ä50.

SYME, G. J.; SYME, L.A. 
1979�� SQEKCN SVTWEVWTG KP FCTO APKOCNU. ENUGXKGT, AOUVGTFCO� 200 S.

TOLKAMP, B. J.; ALLCROFT, D. J.; AUSTIN, E.J.; NIELSEN, B.L.; KYRIAZAKIS, I. 
1998�� SCVKGV[ URNKVU 
HGGFKPI DGJCXKQWT KPVQ DQWVU. ä IP� J. TJGQT. BKQN., 194� S. 235ä250.



MANAGEMENT MILCHKªHE

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 4��

Automatic cluster remoXal and incomRlete milking
#WtomCtiscJe #DnCJme des /eNM\eWges Wnd WnXoNNst·ndiges /eNMen

ARMINS LAURS

IPUVKVWV HÒT LCPFVGEJPKM, AITCTWPKXGTUKV·V LGVVNCPF, LV-3001, JGNICXC

Ke[words� Machine milking, automatic cluster remoXal, incomRlete milking
ScJNÒsseNYÌrter� /eNM\eWg� CWtomCtiscJe #DnCJme des /eNM\eWges� #WsmeNMgrCd
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Die Untersuchungen wurden im Anbindenstall mit 300 Kühen ausgeführt, die auf 3 Gruppen 
verteilt wurden. Jede Gruppe behandelte eine Melkerin die mit � Melkzeugen mit automa-
tischer Abnahme arbeitete. Getestet wurden die in Lettland verbreiteten Melkzeuge „Milk 
Master“ (De Laval), „Unico 1“ (SAC) und „Soffimat Electronic „(Strangko).

Nach automatischer Abnahme des Melkzeuges wurde die Kuh per Hand gemolken und 
von jedem Viertel die ausgemolkene Milchmenge gemessen. Das Resultat wurde nach 
Hauptkriterien und vereinfachten Kriterien bewertet. Nach Hauptkriterien gilt eine Kuh als 
gut ausgemolken, wenn das Gesamtnachmelk nicht mehr als 200 ml umfasst� vereinfacht 
wird eine Nachmelkmenge von 200 ml pro Viertel und bis zu �00 ml insgesamt gestattet.

Nach den vereinfachten Kriterien lieferten alle Melkzeuge gute Kennziffern. Bei der 
Bewertung nach Hauptkriterien ist das Melkzeug „Milk Master“ der Firma „De Laval“ befrie-
digend. Die Kennziffer der anderen Melkzeugen konnten nicht als positiv betrachtet werden. 
„Milk Master“ lieferte gute Resultate dank erfolgreicher Konstruktivlösung und der Zitzen-
gummiform.

SWmmCr[ 

Researches were effected in a tied – up stanchion barn with 300 cows, which had been split 
into 3 groups. One milker working with � units serviced each group. Checked up there were 
most spread in Latvia milking units: “Milk Master” – (De Laval), “Unico 1” – (SAC), “Soffimat 
Electronic” – (Strangko).

After automatic removal of the milking unit the cow was stripped by hand and the milk 
quantity milked from each quarter was measured. The result was assessed according to basic 
criteria and eased criteria. According to basic criteria, stripping in all quarters in total should 
not exceed 200 ml, but according to eased ones up to �00 ml. 

By assessing according to basic criteria, requirements are met only by milking unit “Milk 
Master” (De Laval). By assessing according to eased criteria, requirements are met by all 
milking units.
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1 Introduction

IP TGEGPV [GCTU KP VJG BCNVKEU OQTG CPF OQTG OKNMKPI WPKVU YKVJ CWVQOCVKE VCMG ä QHH KP VJG 
GPF QH OKNMKPI CTG DGKPI WUGF. TJG OQUV URTGCF OKNMKPI WPKVU CTG éMKNM MCUVGTê 
éDGLCXCNê�, 
éSQHHKOCVê 
éSVTCPIMQê� CPF éUPKEQ 1ê 
éS.A.CJTKUVGTUGP � CQê�. B[ WUKPI VJGUG WPKVU VJGTG KU 
PQ PGGF HQT OCEJKPG UVTKRRKPI. AU KV KU MPQYP, KH VJG WFFGT JCU CRRTQRTKCVG OQTRJQNQIKECN 
HGCVWTGU, VJG VGCV ä EWR KP VJG GPF QH OKNMKPI UJCNN IQ WRYCTFU VJG VGCV CPF UJCNN USWGG\G VJG 
WFFGT CPF VGCV EKUVGTP. AU C TGUWNV, VJG SWCTVGT UJCNN PQV DG EQORNGVGN[ GXCEWCVGF CPF VJGTGKP 
TGOCKPU UQOG OKNM. B[ WUKPI QTFKPCT[ OKNMKPI WPKVU, VJG OKNMGTU, KH PGGFGF, RTKQT VQ VCMG ä QHH 
QH VJG OKNMKPI WPKV UJCNN GHHGEV OCEJKPG UVTKRRKPI, K. G. VJG[ OCPWCNN[ RWNN VJG VGCV ä EWRU 
FQYPYCTFU CPF TGNGCUG VJG EKUVGTP EQPPGEVKPI RNCEGU. TJWU OKNM KU DGKPI EQORNGVGN[ GXCEW-
CVGF HTQO VJG SWCTVGTU. AU OGPVKQPGF DGHQTG, VJGTG KU PQ PGGF HQT VJKU QRGTCVKQP KH WUGF CTG 
CWVQOCVKE OKNMKPI WPKVU. IP VJG BCNVKE JGTFU VJGTG JCU PQV DGGP FQPG CEVKXG UGNGEVKQP YQTM KP 
UWKVCDKNKV[ QH EQYU HQT OGEJCPKECN OKNMKPI, VJGTGHQTG VJGTG CTG OCP[ EQYU YJKEJ OC[ JCXG 
UQOG RTQDNGOU D[ ETCYNKPI WR VJG VGCV ä EWRU KP VJG GPF QH OKNMKPI. TJGTG CTG XKGYRQKPVU 
VJCV KPEQORNGVG OKNMKPI QH VJG EQYU OC[ DG C TGCUQP HQT OCUVKVKU. DWG VQ VJG CDQXG, VCUMU QH 
TGUGCTEJGU CTG UGV CU HQNNQYU�
 î FGVGEV FGITGG QH EQORNGVG OKNM GXCEWCVKQP;
 î GUVKOCVG CHHGEV QH VJG OKNMKPI WPKVU QP VJG WFFGT JGCNVJ UVCVWU.

2 Material and Methods

TJG GZRGTKOGPV YCU ECTTKGF QWV KP VJG LCVXKC UPKXGTUKV[ QH AITKEWNVWTG VTCKPKPI CPF TGUCTEJ 
HCTO ëVGECWEGê KP UVCPEJKQP DCTP QH 300 JGCFU. TJG EQYU YGTG FKXKFGF KPVQ HQWT ITQWRU YKVJ 
100 EQYU KP GCEJ ITQWR. ECEJ GZRGTKOGPVCN ITQWR YCU UGTXKEGF D[ QPG OKNMGT D[ YQTMKPI 
YKVJ 3 EQORCP[ éDGLCXCNê, éSVTCPIMQê QT éS.A.CJTKUVGPUGP � CQê CWVQOCVKE OKNMKPI WPKVU. 
TJG JGTF EQPUKUVGF QH VJG LCVXKCP BTQYP EQYU. TJGKT CXGTCIG [KGNF YCU 4000 MI QH OKNM RGT 
EQY. ADQWV 75 � QH VJG EQYU YGTG KP VJGKT 1UV CPF 2PF NCEVCVKQP.

TJG OKNMKPI WPKV éMKNM MCUVGTê CWVQOCVKE VCMGU QHH VJG WPKV HTQO VJG WFFGT KP VJG GPF QH 
OKNMKPI. IH VJGTG KU PQ KPETGCUG QH VJG OKNM GXCEWCVKQP KPVGPUKV[ YKVJKP 20 U QXGT 200 I�OKP., 
VJG OKNMKPI WPKV, D[ OGCPU QH C URGEKCN VCMG ä QHH OGEJCPKUO QRGTCVKPI D[ XCEWWO, UJCNN DG 
VCMGP QHH VJG WFFGT. AU QPG ECP UGG, VJG GPF UVCIG QH OKNMKPI UJCNN VCMG RNCEG YKVJQWV CP[ EQ 
ä RCTVKEKRCVKQP D[ OCP. TJG EQORCP[ éSVTCPIMQê CPF éS.A.CJTKUVGPUGP � CQêê OKNMKPI WPKV 
CTG QRGTCVKPI YKVJ UKOKNCT RCTCOGVGTU. TJG QPN[ FKUVKPEVKQP DGKPI VJCV HQT VJGUG WPKVU KP VJG 
HKPCN UVCIG QH OKNMKPI VJGTG KU PQ FGETGCUKPI QH XCEWWO CPF EJCPIGU QH VJG RWNUCVQT YQTMKPI 
OQFG.

CQYUç FGITGG QH OKNM GXCEWCVKQP EQORNGVGPGUU YCU FGVGTOKPGF D[ OCPWCN UVTKR [KGNF. 
IOOGFKCVGN[ WRQP VCMG ä QHH QH VJG OKNMKPI WPKV, GXGT[ EQY YCU UVTKRRGF D[ JCPF CPF VJG 
UVTKR [KGNF QH GCEJ SWCTVGT OGCUWTGF. IP NQPI-VGTO OGEJCPK\GF OKNMKPI RTCEVKEG VJGTGçU DGGP 
UVCVGF, VJCV KP VJG GPF QH OKNMKPI, D[ RGTHQTOKPI C ECTGHWN OCEJKPG UVTKRRKPI, VJG JCPF-UVTKR-
RKPI [KGNF KP CNN SWCTVGTU VQIGVJGT KU 100ä200 ON 
ZAKS, 1964�, CPF KV JCU DGGP KP VJG RTGUGPV 
TGUGCTEJGU VCMGP CU DCUKE ETKVGTKQP D[ CUUGUUKPI EQORNGVGPGUU QH OKNMKPI. IP OCP[ HCTOU KP 
FCKN[ YQTM VJGTG KU TGEQPEKNKCVKQP, VJCV VJG JCPF-UVTKRRKPI [KGNF KP QPG SWCTVGT UJQWNF PQV 
GZEGGF 200 ON, CPF KP VQVCN KP CNN SWCTVGTU ä 750 ON 
HAMMAN, DODD, 1992�. TJKU KU CUUWOGF 
CU GCUGF ETKVGTKQP. 
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TQ EQPVTQN VJG WFFGT JGCNVJ UVCVWU UKPEG DGIKPPKPI QH VJG CWVQOCVKE OKNMKPI WPKVU CRRNKEC-
VKQP, QPEG RGT OQPVJ UCORNGU QH OKNM HTQO GCEJ EQY YGTG VCMGP CPF EQWPV QH UQOCVKE EGNNU 
OGCUWTGF VJGTGKP. AU WRRGT NKOKV, CDQXG YJKEJ VJG EQY YCU EQPUKFGTGF CU QPG YKVJ KPETGCUGF 
UQOCVKE EGNN EQWPV, YG CUUWOGF 200,000 SCC�ON 
RADOSTITS GVE, 1994�.

3 Results amd Discussion

AHVGT JCXKPI CPCN[\GF VJG COQWPV QH OCPWCN UVTKR [KGNF RGT SWCTVGTU 
FKI. 1�, KV YCU UVCVGF VJCV 
CNN WPKVU YJGTG YKVJKP NKOKVU YKVJ QPN[ KPUKIPKHKECPV FGXKCVKQPU 
� 200 ON RGT SWCTVGT�. TJKU 
NKOKV KP VJG éDGLCXCNê ITQWR YCU GZEGGFGF D[ 2 � QH EQYU, KP éS.A.CJTKUVGPUGP � CQê ä 5 �, 
KP éSVTCPIMQê ä 7 �. AHVGT HWTVJGT CPCN[UKU VJG éDGLCXCNê OKNMKPI WPKV UVKNN UJQYU VJG KPVGTXCN 
0 ï 25 ON HQT 75 � QH EQYU. FQT QVJGT WPKVU VJKU KPFKECVQT KU EQPUKFGTCDN[ NQYGT 
40 ��. IH YG 
VCMG KPVQ EQPUKFGTCVKQP VJG OQTG UVTKEV DQWPFCT[ ä 0 ï 50 ON, CICKP VJG éDGLCXCNê OKNMKPI 
WPKV JCU VJG JKIJGUV XCNWGU 
éDGLCXCNê ä 87 �, éSVTCPIMQê ä 62 �, éS.A.CJTKUVGPUGP � CQ.ê 
ä 60 �, CEEQTFKPIN[�.

FKI. 1� MCPWCN UVTKRRKPI [KGNF HTQO VJG SWCTVGTU
Handnachmelkmenge in Vierteln

B[ GXCNWCVKPI TGUWNVU QH EQORNGVG OKNM GXCEWCVKQP FGITGG CEEQTFKPI VQ VJG UVTKEV 
� 200 ON� 
ETKVGTKC, KV YCU RTQXGF 
FKI. 2� VJCV VJG éDGLCXCNê OKNMKPI WPKV UVCPF VJG NKOKVU, YJGTGCU VJG 
DQVJ QVJGT WPKVU FQ PQV HWNHKNN VJG TGSWKTGOGPVU. HQY YKNN VJKU GZRTGUU KVUGNH KP RTCEVKEG! ARRCT-
GPVN[, D[ CRRN[KPI éSVTCPIMQê CPF éS.A.CJTKUVGPUGP � CQê WPKVU, JCNH QH VJG EQYU YKNN JCXG VQ 
DG OKNMGF D[ UYKVEJKPI VJG WPKVU QXGT VQ PQP-CWVQOCVKE OQFG. 

TJWU KV OCMGU PQ UGPUG VQ QDVCKP VJG OKNMKPI WPKVU, VJGTG KU PQ JQRG HQT CP[ FGUKTCDNG TGUWNVU 
VQ DG GZRGEVGF. AHVGT JCXKPI CPCN[\GF VJG UVTWEVWTG CPF RGTHQTOCPEG QH CNN VJG OKNMKPI WPKVU, 
QPG ECP EQPENWFG VJCV CFXCPVCIGQWU RGTHQTOCPEG QH VJG éDGLCXCNê OKNMKPI WPKVU KU DKCUGF QP 
VJG UWEEGUUHWNN[ GNCDQTCVGF OKNMKPI WPKV éHCTOQP[ê CPF VJG VGCV KPHNCVKQP TWDDGT.



4�� BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI

POSTER

FKI. 2� TQVCN OCPWCN UVTKRRKPI [KGNF HTQO VJG EQYU
Gesamtnachmelkmenge von einer Kuh

FKIWTG 3 UJQYU F[PCOKE QH EJCPIGU KP VJG PWODGT QH EQYU YKVJ KPETGCUGF UQOCVKE EGNN EQWPV 
FWTKPI VJG VKOG RGTKQF UKPEG VJG ITQWR YCU UVCTVGF VQ DG OKNMGF D[ CWVQOCVKE OKNMKPI WPKVU. A 
VGPFGPE[ KU QDUGTXGF VJCV VJG PWODGT QH EQYU YKVJ GNGXCVGF UQOCVKE EGNN EQWPV NQYGTU. HQY-
GXGT, CP KPETGCUG QH VJG EGNN EQWPV FWTKPI UWOOGT OQPVJU KU VQ DG GZRNCKPGF D[ UGCUQPCN KPHNW-
GPEG CU QDUGTXGF KP QVJGT TGUGCTEJ UVWFKGU. AU QPG ECP UGG, KPETGCUG QH VJG EGNN EQWPV YKVJKP 
VJKU RGTKQF KU QDUGTXGF KP CNN ITQWRU QH EQYU. WG ECP EQPENWFG VJCV CRRNKECVKQP QH CWVQOCVKE 
OKNMKPI WPKVU FQGU PQV KP CP[ YC[ ECWUG FGVGTKQTCVKQP QH VJG WFFGT JGCNVJ UVCVWU.

AU PQVGF CHQTG, YKVJKP QPG [GCTçU VKOG VJG PWODGT QH EQYU KP VJG JGTF YKVJ KPETGCUGF 
NGXGN QH UQOCVKE EGNNU JCU FGETGCUGF. IV KU GZRNCKPGF D[ VJG HCEV VJCV KP VJG GPF QH OKNMKPI CP 
CWVQOCVKE TGOQXCN QH OKNMKPI WPKVU VCMGU RNCEG, FGRGPFGPF QP KPVGPUKV[ QH OKNMKPI. SQ, VJGTGçU 
GZENWFGF CP[ VQQ NQPI MGGRKPI QH VJG OKNMKPI WPKV CVVCEJGF VQ VJG WFFGT CHVGT EGUUCVKQP QH 
OKNM HNQY. 

IV KU RTQXGF VJCV VJG EQY UJQWNF DG OKNMGF CU EQORNGVGN[ CU RQUUKDNG. IP NQPI-VGTO OGEJCPK-
ECN OKNMKPI RTCEVKEG KV JCU DGGP UVCVGF, VJCV D[ RGTHQTOKPI C ECTGHWN OCEJKPG UVTKRRKPI KP VJG 
GPF, JCPF-UVTKRRKPI [KGNF FQGU PQV GZEGGF 100ä200 ON 
ZAKS, 1964�. IH CHVGT TGOQXCN QH VJG 
OKNMKPI WPKV KP VJG WFFGT VJGTG TGOCKPU OQTG VJCP 200 ON QH OKNM, RTQFWEVKXKV[ KU FTQRRKPI. 
TJKU KU RTQXGF KP OCP[ TGUGCTEJGU 
WILDE GVE., 1989�. RGUWNVU QH TGUGCTEJGTU JCXG RTQXGF VJCV 
D[ TGIWNCTN[ NGCXKPI 500ä900 ON PQP-OKNMGF KP GXGT[ OKNMKPI VKOG, CRRTQZKOCVGN[ 10 � QH 
VJG RQUUKDN[ VQ-DG-ICKPGF SWCPVKV[ QH OKNM CPF 12 � QH OKNM HCV KU NQUV. FTQO VJCV QPG ECP 
EQPENWFG, VJCV KP QTFGT VQ RTGXGPV GEQPQOKE NQUUGU, VJG EQY JCU VQ DG OKNMGF EQORNGVGN[, CPF 
PQV OQTG VJCP 200 ON QH OKNM UJQWNF TGOCKP KP VJG WFFGT. 

A TGCUQP QH KPEQORNGVG OKNMKPI KU ETCYNKPI WR QH VJG OKNMKPI EWR QP VJG VGCV KP VJG GPF QH 
OKNMKPI, YJGP VJG UJCRG QH VJG WFFGT CPF OKNM [KGNF KPFKECVQTU CTG PQV UWKVGF HQT OGEJCPK\GF 
OKNMKPI. MCMKPI OCEJKPG UVTKRRKPI GNKOKPCVGU WUWCN ETCYNKPI WR QH OKNMKPI EWRU, YJCV KU PQV 
FQPG D[ WUKPI OKNMKPI WPKVU YKVJ CWVQOCVKE TGOQXCN VJGTGQH. 

IP VJG BCNVKE SVCVGU JGTFU UGTKQWU UGNGEVKQP YQTM CEEQTFKPI VQ EQYUç UWKVCDKNKV[ HQT OCEJKPG 
OKNMKPI KU LWUV KP VJG DGIKPPKPI, VJGTGHQTG HCTOGTU YKNN JCXG VQ EQPUKFGT UKVWCVKQP KP VJGKT JGTFU 
VJQTQWIJN[ RTKQT VQ CESWKUKVKQP QH CWVQOCVKE OKNMKPI WPKVU.
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FKI. 3� D[PCOKE PWODGT QH JKIJ UQOCVKE EGNN EQWPV EQYU 
SSC   200,000 EGNNU�ON�
Dynamik der Zahl von Kühen mit vergrößerten somatischen Zellen (SSC   200.000 Zellen)

MQTGQXGT, C ITGCV CVVGPVKQP UJQWNF DG RCKF VQ VJG FGUKIP 
EQPUVTWEVKQP� QH OKNMKPI WPKVU. AU 
RTQXGP D[ VJG RTGUGPV TGUGCTEJGU VJGTG CTG FKHHGTGPV OKNMKPI WPKVU, YKVJ OKNMKPI EWRU VJCV 
ETCYN WR NGUU QT GXGP OQTG.

IH CHVGT CESWKUKVKQP QH CWVQOCVKE OKNMKPI WPKVU KV YKNN VWTP QWV VJCV HQT OCP[ EQYU VJGTG CTG 
ITGCV UVTKRRKPI [KGNFU, HCTOGTU YKNN JCXG VQ TGEQPEKNG YKVJ KV QT OKNMKPI WPKVU YKNN JCXG VQ DG 
QRGTCVGF KP VJG OQFG YKVJQWV CWVQOCVKE TGOQXCN. IP DQVJ ECUGU CESWKUKVKQP QH CWVQOCVKE OKNM-
KPI WPKVU YKNN PQV LWUVKH[ KVUGNH CPF GEQPQOKE NQUUGU JCXG VQ DG GZRGEVGF.

RGICTFKPI EQORNGVGPGUU QH OKNMKPI, VJG éDG LCXCNê CWVQOCVKE OKNMKPI WPKV éMKNM MCUVGTê 
RTQXGF HQT IQQF TGUWNVU. IP VJKU JGTF YKVJQWV URGEKCN UGNGEVKQP CEEQTFKPI VQ EQYUç UWKVCDKNKV[ 
HQT OGEJCPK\GF OKNMKPI, 78 � QH EQYUç UVTKRRKPI [KGNF FKF PQV GZEGGF 200 ON. TJKU ECP DG 
TGICTFGF CU C IQQF TGUWNV. 

4 Conclusions

 î ANN VJG VJTGG OKNMKPI WPKVU EJGEMGF GPUWTG EQORNGVGPGUU QH VJG WFFGT GXCEWCVKQP, KH C 
UVTKRRKPI COQWPV � 200 ON RGT SWCTVGT KU EJQUGP CU ETKVGTKQP. IH YG CTG IWKFGF D[ VJG 
ETKVGTKQP � 200 ON RGT CNN SWCTVGT KP VQVCN, VJGP VJG EJGEM-WR KU YKVJUVQQF QPN[ D[ VJG 
éDGLCXCNê OKNMKPI WPKV éMKNM MCUVGTê.

 î ANN VJG OKNMKPI WPKVU EJGEMGF-WR VJGTG FQ PQV NGCXG CP[ CFXGTUG CHHGEV QP VJG WFFGT 
JGCNVJ UVCVWU.

 î FQT EQYU, YJKEJ DGKPI OKNMGF D[ CWVQOCVKE OKNMKPI WPKV KP QPG CPF VJG UCOG SWCTVGTU 
VJGTG TGOCKPU CP[ KPETGCUGF UVTKRRKPI [KGNF, VJG OKNMKPI WPKV UJCNN DG UYKVEJGF QXGT 
PQP-CWVQOCVKE OQFG.
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<WsCmmenfCssWng

Im Rahmen des BMVEL-Modellvorhabens 2001/03 „Milchviehställe mit automatischen Melk-
verfahren“ wurden auf vier Modellbetrieben Auswirkungen auf die Arbeitswirtschaft und 
Wirtschaftlichkeit erfasst.

Die durchgeführten Arbeitszeitstudien zeigen, dass für die erfassten Arbeitsvorgänge insge-
samt � bis � APmin/Kuh und Tag benötigt wurden, wobei der Zeitaufwand für das Arbeiten 
mit dem AMS in einem Bereich von 0,13 bis 1,0� APmin/Kuh und Tag lag.

Bei der Betriebszweigabrechnung 2001/02 ergaben sich Gesamtkosten in Höhe von 32,1 
bis ��,� ct/kg Milch. Die Abschreibung des AMS lag dabei in einem Bereich von 2,� bis 
�,2 ct/kg Milch. Die variablen Kosten für das AMS betrugen 1,� bis 1,� ct/kg Milch. Die 
Modellbetriebe erzielten mit der Milchviehhaltung eine Gesamtleistung von durchschnittlich 
�0,� ct/kg Milch. Für den Gewinn wurden in der vorliegenden Untersuchung Werte zwischen 
1,� und 1�,1 ct/kg Milch ermittelt, das kalkulatorische Betriebszweigergebnis lag bei – �,� 
bis �,� ct/kg Milch. 

SWmmCr[ 

The BMVEL-Pilot-Project “Dairy barns with automatic milking systems” was realized, to inves-
tigate the automatic milking on work management and economy. 

The resultes show, that � to � MPmin (man-power-minutes) were required to fulfill the 
whole work in the barn for each cow per day. As a part of this, for the work with an AMS val-
ues of 0.13 to 1.0� MPmin/cow and day were measured. Economic analyses (year 2001/02) 
show a total cost for the milk production of 32.1 to ��.� ct/kg milk. The writing-off related 
to AMS was at 2.� to �.2 ct/kg milk. The variable costs related to AMS varied from 1.� to 
1.� ct/kg milk. The “overall benefit level” of the milk production showed a mean value of 
�0.� ct/kg milk. This lead to a profit of 1.� to 1�.1 ct/kg milk. 
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1 Einleitung

IP FGT MKNEJXKGJJCNVWPI UKPF CWVQOCVKUEJG MGNMU[UVGOG 
AMS� FKG ITÌ­VG VGEJPKUEJG VGT-
·PFGTWPI FGT NGV\VGP JCJTG. AWVQOCVKUEJG MGNMU[UVGOG UQNNGP UQYQJN FKG ATDGKVUSWCNKV·V 
UVGKIGTP CNU CWEJ GKPG FNGZKDKNKV·V DGK IGTKPIGTGO ATDGKVU\GKVCWHYCPF GTOÌINKEJGP. ANNGTFKPIU 
UVGKIV OKV FGO EKPUCV\ GKPGU AMS FKG APHQTFGTWPI CP FCU MCPCIGOGPV.  

GGOGKPUCO OKV FGT BC[GTKUEJGP LCPFGUCPUVCNV HÒT LCPFYKTVUEJCHV 
IPUVKVWV HÒT LCPFVGEJPKM, 
BCWYGUGP WPF UOYGNVVGEJPKM; IPUVKVWV HÒT TKGTJCNVWPI WPF TKGTUEJWV\� YWTFGP KO RCJOGP 
FGU BMVEL-MQFGNNXQTJCDGPU 2001�03 UPVGTUWEJWPIGP CWH XKGT NCPFYKTVUEJCHVNKEJGP BGVTKG-
DGP OKV AMS FWTEJIGHÒJTV. DKG VGEJPKUEJGP GGIGDGPJGKVGP PGJOGP FKTGMV QFGT KPFKTGMV CWH 
FGP TCIGUCDNCWH, FGP V·INKEJGP ATDGKVU\GKVDGFCTH WPF FKG WKTVUEJCHVNKEJMGKV EKPHNWUU. IO XQT-
NKGIGPFGP BGKVTCI YGTFGP CWUIGY·JNVG ETIGDPKUUG \W FKGUGP TGKNDGTGKEJGP XQTIGUVGNNV. 

2 Material und Methode

ZWT ATDGKVU\GKVGTHCUUWPI YWTFGP CWH CNNGP XKGT MQFGNNDGVTKGDGP FKG BGVTKGDUNGKVGT XQP GKP WPF 
FGTUGNDGP PGTUQP CP LGYGKNU FTGK ATDGKVUVCIGP DGINGKVGV. ZWT DCVGPGTHCUUWPI YWTFG GKP GNGM-
VTQPKUEJGU ZGKVOGUUDTGVV 
MULTIDATA, FC. DTKIWU� GKPIGUGV\V. ANU ATDGKVUXQTI·PIG YWTFGP
 î FKG BÒTQCTDGKV 
BÒTQ�
 î FKG ATDGKV OKV FGO AWVQOCVKUEJGP MGNMU[UVGO 
AMS�
 î FKG SVCNNCTDGKV KO BQZGPNCWHUVCNN 
SVCNN�
 î FKG SQPFGTCTDGKVGP 
SQPFGTCTDGKVGP�
 î FKG FÒVVGTWPI 
FÒVVGTP� WPF
 î FKG VGTUQTIWPI FGT K·NDGT 
K·NDGT�

IGY·JNV. DKGUG ATDGKVUXQTI·PIG YWTFGP YKGFGTWO KP KPUIGUCOV 29 ATDGKVUVGKNXQTI·PIG 
WPVGTVGKNV.

FÒT FKG MQFGNNDGVTKGDG YWTFG HÒT FCU WKTVUEJCHVULCJT 2001�02 PCEJ FGT DLG-BGVTKGDU-
\YGKICDTGEJPWPI ëMKNEJXKGJJCNVWPI OKV F·TUGPCWH\WEJVé GKPG VQNNMQUVGPTGEJPWPI OKV FGT 
BGYGTVWPI FGT KO EKIGPVWO DGHKPFNKEJGP FCMVQTGP BQFGP, KCRKVCN WPF LKGHGTTGEJVG UQYKG 
FGT PKEJV GPVNQJPVGP FCOKNKGPCTDGKVUMT·HVG FWTEJIGHÒJTV. DKG BGVTKGDU\YGKICDTGEJPWPI YKTF 
KP FTGK SVWHGP 
DKTGMVMQUVGPHTGKG LGKUVWPI, GGYKPP FGU BGVTKGDU\YGKIGU UQYKG MCNMWNCVQTK-
UEJGU BGVTKGDU\YGKIGTIGDPKU� GTUVGNNV. DCDGK GTIKDV UKEJ FKG DKTGMVMQUVGPHTGKG LGKUVWPI CWU 
FGT GGIGPÒDGTUVGNNWPI XQP LGKUVWPIGP WPF DKTGMVMQUVGP FGU BGVTKGDU\YGKIGU. DGT GGYKPP 
FGU BGVTKGDU\YGKIGU GTIKDV UKEJ FWTEJ FKG SWDVTCMVKQP FGT ÒDTKIGP KQUVGP XQP FGT DKTGMVMQU-
VGPHTGKGP LGKUVWPI. FÒT FCU MCNMWNCVQTKUEJG BGVTKGDU\YGKIGTIGDPKU YGTFGP XQO GGYKPP FGU 
BGVTKGDU\YGKIGU PQEJ FKG APU·V\G HÒT FCMVQTMQUVGP CDIG\QIGP. 

DKG DCVGP YWTFGP OKV ETJGDWPIUDÌIGP CWH BCUKU FGT JCJTGUCDUEJNÒUUG WPF ADTGEJPWPIGP 
UQYKG GKPGO RGTUÌPNKEJGP GGURT·EJ OKV FGP BGVTKGDUNGKVGTP GTHCUUV. 
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3 ErgeDnisse 

3�1  ArDeitswirtschaft

3�1�1 ArDeitszeitaufwand 

BGK BGVTCEJVWPI FGU ATDGKVU\GKVCWHYCPFGU MQPPVGP HÒT FGP BGVTKGD RGKPOKGFN OKV 110 KÒJGP 
KPUIGUCOV 4,5 APOKP�KWJ WPF TCI GTOKVVGNV YGTFGP 
ADD. 1�. AWH HCUV INGKEJ JQJGO NKXGCW 
NCI FGT BGVTKGD JÒPEM 
72 KÒJG� OKV 4,7 APOKP�KWJ WPF TCI. DGT BGVTKGD FGNFJCWU DGPÌVKIVG 
3,8 APOKP�KWJ WPF TCI DGK 72 \W OGNMGPFGP KÒJGP. FÒT FGP BGVTKGD BKGEJN OKV FGT IGTKPIU-
VGP AP\CJN \W OGNMGPFGT KÒJG 
61 KÒJG� YWTFG OKV 5,2 APOKP�KWJ WPF TCI FGT ITÌ­VG 
ATDGKVU\GKVCWHYCPF GTOKVVGNV. 

FÒT FGP ATDGKVUXQTICPI ëBÒTQCTDGKVGPé YWTFGP ZGKVGP XQP 0,2 DKU 0,56 APOKP�KWJ WPF 
TCI IGOGUUGP. BGK FGT SVCNNCTDGKV XCTKKGTVG FGT ZGKVCWHYCPF KP GKPGO BGTGKEJ XQP 1,12 DKU 
1,62 APOKP�KWJ WPF TCI.

IP BG\WI CWH FKG ATDGKV OKV FGO AMS JCVVG FGT BGVTKGD FGNFJCWU OKV 0,14 APOKP�KWJ WPF 
TCI GKPGP CWHH·NNKI IGTKPIGP ATDGKVU\GKVCWHYCPF KO VGTINGKEJ \W FGP CPFGTGP BGVTKGDGP, FKG 
FCHÒT 0,4; 0,84 D\Y. 1,06 APOKP�KWJ WPF TCI DGPÌVKIVGP. EDGPHCNNU NCI FGT BGVTKGD FGNFJCWU 
DGK FGP SQPFGTCTDGKVGP, \W FGPGP CWEJ FCU APNGTPGP PGWGT TKGTG IGTGEJPGV YWTFG, CWH PKGF-
TKIGO NKXGCW.

ADD. 1� DWTEJUEJPKVVNKEJGT V·INKEJGT ATDGKVU\GKVCWHYCPF FGT 4 MQFGNNDGVTKGDG
Mean value of required working time on � farms
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3�1�2 ArDeitsaDlauf 

IP BGVTKGDGP OKV MQPXGPVKQPGNNGT MGNMVGEJPKM UKPF FKG V·INKEJGP ATDGKVUTQWVKPGP ÒDNKEJGT-
YGKUG FWTEJ \YGKOCNKIGU MGNMGP WPF FÒVVGTP IGRT·IV. DKGUG KQODKPCVKQP KUV FCIGIGP DGK 
BGVTKGDGP OKV AMS J·WHKI CWHIGNÌUV, UQ FCUU UKEJ JKGT CPFGTG ATDGKVUCDN·WHG ÒDGT FGP TCI 
GTIGDGP MÌPPGP.

ADD. 2� ATDGKVUXQTI·PIG KO TCIGUXGTNCWH 
BGVTKGD BKGEJN, 29.10.02�
Working sheme (farm Biechl, 2�.10.02)

ADDKNFWPI 2 \GKIV GZGORNCTKUEJ FGP GTHCUUVGP ATDGKVUCDNCWH HÒT FGP BGVTKGD BKGEJN CO 
29.10.02. DKG LGYGKNKIGP T·VKIMGKVGP YGTFGP FWTEJ GKPGP ZGKVUVTCJN FCTIGUVGNNV, YQDGK FKG 
WPVGTUEJKGFNKEJGP ATDGKVUXQTI·PIG OKV FGT LGYGKNKIGP ZGKVFCWGT CWHIGVTCIGP UKPF. AWU FGT 
DCTUVGNNWPI YKTF FGWVNKEJ, FCUU FKG ATDGKV KO MKNEJXKGJDGTGKEJ JCWRVU·EJNKEJ OQTIGPU 
6�30 
UJT DKU 9�00 UJT� WPF CDGPFU 
EC. 16�00 UJT DKU 20�00 UJT� IGV·VKIV YKTF. DKG GKP\GNPGP 
ATDGKVUXQTI·PIG YWTFGP FCDGK KP WPVGTUEJKGFNKEJGT RGKJGPHQNIG WPF H·WHKIMGKV FWTEJIGHÒJTV. 
AP\WOGTMGP KUV JKGT XQT CNNGO FKG IGOGKPUCOG NWV\WPI GKPGU FWVVGTOKUEJYCIGPU WPF FKG 
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\YGKV·IKIG FWVVGTXQTNCIG, UQ FCUU FKGUG T·VKIMGKV CO MGUUVCI CDGPFU GKPGP ITQ­GP ZGKVDNQEM 
FCTUVGNNV. 

3�2 Wirtschaftlichkeit

AWU FGT VQNNMQUVGPTGEJPWPI GTICDGP UKEJ HÒT FKG MQFGNNDGVTKGDG GGUCOVMQUVGP KP HÌJG XQP 
32,1 DKU 44,6 EV�MI MKNEJ. BGK CNNGP BGVTKGDGP JCVVGP FKG DKTGMVMQUVGP OKV FWTEJUEJPKVVNKEJ 
40 � FGP JÌEJUVGP APVGKN CP FGP GGUCOVMQUVGP 
ADD. 3�. DKG FCMVQTMQUVGP UVGNNVGP OKV EC. 
19 � FGP \YGKVITÌ­VGP KQUVGPDNQEM FCT. DGT APVGKN FGT KQUVGP HÒT FCU MGNMGP XCTKKGTVG KP 
GKPGO BGTGKEJ XQP 10 DKU 16 �. DKG ÒDTKIGP KQUVGPDNÌEMG 
ATDGKVUGTNGFKIWPIUMQUVGP, GGD·W-
FGMQUVGP, KQUVGP HÒT LKGHGTTGEJVG, UQPUVKIG KQUVGP WPF KQUVGP HÒT FKG F·TUGPCWH\WEJV� NCIGP 
DGK CNNGP XKGT BGVTKGDGP LGYGKNU WPVGT 10 � 
AWUPCJOG BGVTKGD JÒPEM, FGT FWTEJ AWUUKGFNWPI 
JÌJGTG GGD·WFGMQUVGP JCVVG�.

BGK BGVTCEJVWPI FGT MGNMMQUVGP NCI FKG ADUEJTGKDWPI FGU AMS KP GKPGO BGTGKEJ XQP 
2,4 DKU 4,2 EV�MI MKNEJ. DKG XCTKCDNGP KQUVGP HÒT FCU AMS UEJYCPMVGP \YKUEJGP 1,6 DKU 
1,9 EV�MI MKNEJ. 

ADD. 3� PTQ\GPVWCNG VGTVGKNWPI FGT GKP\GNPGP KQUVGPDNÌEMG KP FGT MKNEJXKGJJCNVWPI 
4 MQFGNNDGVTKGDG�
Relation of costs for different components in dairy husbandry (� farms) 

DWTEJUEJPKVVNKEJ YWTFG OKV FGT MKNEJXKGJJCNVWPI GKPG GGUCOVNGKUVWPI XQP 40,4 EV�MI MKNEJ 
GTTGKEJV, DGK GKPGT SEJYCPMWPIUDTGKVG XQP 36,8 DKU 44,1 EV�MI MKNEJ. AWUIGJGPF XQP FGT 
LGYGKNU GT\KGNVGP GGUCOVNGKUVWPI GTICDGP UKEJ DKTGMVMQUVGPHTGKG LGKUVWPIGP \YKUEJGP 19,0 
WPF 30,8 EV�MI MKNEJ. FÒT FGP GGYKPP FGU BGVTKGDU\YGKIU YWTFGP KP FGT XQTNKGIGPFGP 
UPVGTUWEJWPI WGTVG \YKUEJGP 1,8 WPF 14,1 EV�MI MKNEJ GTOKVVGNV. WGTFGP FCXQP PQEJ FKG 
FCMVQTMQUVGP CDIG\QIGP, UQ GT\KGNVGP FKG MQFGNNDGVTKGDG GKP MCNMWNCVQTKUEJGU BGVTKGDU\YGKI-
GTIGDPKU KP HÌJG XQP ä 7,8 DKU 6,7 EV�MI MKNEJ.
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4  Schlussfolgerungen

AWH BGVTKGDGP OKV AMS YKTF FKG MÌTRGTNKEJ CPUVTGPIGPFG MGNMCTDGKV PCJG\W XQNNUV·PFKI FWTEJ 
TGEJPKM GTNGFKIV. DCFWTEJ MÌPPGP FGWVNKEJ HNGZKDNGTG ATDGKVU\GKVGP KP FGT MKNEJXKGJJCNVWPI 
TGCNKUKGTV YGTFGP. IP FGT PTCZKU YKTF FKGUGU PQVGPVKCN CNNGTFKPIU WPVGTUEJKGFNKEJ IGPWV\V. SQ 
XCTKKGTVG FKG \GKVNKEJG VGTVGKNWPI, H·WHKIMGKV WPF DCWGT XQP ATDGKVUXQTI·PIGP FGWVNKEJ XQP 
BGVTKGD \W BGVTKGD. EU MQPPVGP UQYQJN IWV UVTWMVWTKGTVG CNU CWEJ GVYCU WPINGKEJO·­KIGTG 
TCIGUCDN·WHG DGQDCEJVGV YGTFGP, YQDGK IWV UVTWMVWTKGTVG ADN·WHG VGPFGP\KGNN \W GKPGT RGFW-
\KGTWPI FGT ATDGKVU\GKV HÒJTVGP. 

DKG FWTEJ ADUEJTGKDWPI FGU AMS DGFKPIVGP JÌJGTGP KQUVGP HÒT FCU MGNMGP MÌPPGP GKP-
\GNDGVTKGDNKEJ XQT CNNGO IGTGEJVHGTVKIV UGKP, YGPP GKPG DGUUGTG VGTYGTVWPI FGT HTGK YGTFGPFGP 
ATDGKVU\GKV OÌINKEJ KUV QFGT GKPG AWHUVQEMWPI FGU TKGTDGUVCPFGU QJPG \WU·V\NKEJGU PGTUQPCN 
HÒT FKG MGNMCTDGKV TGCNKUKGTV YGTFGP UQNN. BGK AWUYGTVWPI FGT BGVTKGDUGTIGDPKUUG YWTFG CW­GT-
FGO FGWVNKEJ, FCUU FKG MKNEJGT\GWIWPI OC­IGDNKEJ XQP FGP FWVVGTMQUVGP WPF FGP FKTGMVGP 
KQUVGP HÒT FKG F·TUGPCWH\WEJV CDJ·PIKI KUV. ETHQNITGKEJG MKNEJXKGJJCNVWPI UGV\V FGUJCND GKP 
KQUVGPDGYWUUVUGKP XQTCWU, FCU DGK FGT \KGNIGTKEJVGVGP AWH\WEJV FGT JWPIVKGTG DGIKPPV WPF UKEJ 
DGK GHHK\KGPVGT FÒVVGTWPI, SVCNNDCW UQYKG FGT MGNMVGEJPKM HQTVUGV\V.

EU KUV \W GTYCTVGP, FCUU FKG AWVQOCVKUKGTWPI FGU MGNMGPU DGK UKPMGPFGP PTGKUGP HÒT FKG 
TGEJPKM KP ZWMWPHV YGKVGT CP BGFGWVWPI IGYKPPGP YKTF WPF FCOKV \WT CTDGKVUYKTVUEJCHVNKEJGP 
EPVNCUVWPI 
KPUDGUQPFGTG DGK OKVVNGTGP BGVTKGDUITÌ­GP� DGKVT·IV.
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Funktionssicherheit Xon Automatischen Melks[stemen
CNWster fiZCtion CccWrCc[ of CWtomCtic miNMing s[stems

ISABELLE NEUFFER1, LORENZ GYGA:2, RUDOLF HAUSER2, CHRISTINE KAUFMANN3, 
BEAT WECHSLER2

1 PTCPVJQEJUVTC­G 2, D-86150 AWIUDWTI

2  BWPFGUCOV HÒT VGVGTKP·TYGUGP, ZGPVTWO HÒT VKGTIGTGEJVG HCNVWPI� WKGFGTM·WGT WPF SEJYGKPG, 
AITQUEQRG FCV T·PKMQP, CH-8356 EVVGPJCWUGP

3 WKGFGTM·WGTMNKPKM, UPKXGTUKV·V BGTP, BTGOICTVGPUVTCUUG 109C, CH-3001 BGTP

SchlÒsselwÌrter� Automatisches Melks[stem, AMS 
-e[Yords� #WtomCtic miNMing s[stem� #/S

<WsCmmenfCssWng

Im Rahmen des Schweizer Prüf- und Bewilligungsverfahrens für serienmässig hergestellte 
Stalleinrichtungen wurden auf insgesamt 12 Praxisbetrieben Melkungen in zwei verschiede-
nen AMS (AMS-1, AMS-2) mit Melkungen in Auto-Tandem-Melkständen (ATM) verglichen. 
In die Auswertung einbezogen wurden 1��� Melkungen von 23� Kühen. Der Anteil erfolg-
reicher Melkungen war in AMS-1 (��,� �) leicht höher als in AMS-2 (�3,� �). Während in 
der Eintrittsdauer und der Zeit bis Verlassen der Melkbox nach der Melkung zwischen den 
Systemen keine Unterschiede bestanden, wurden in AMS-2 deutlich längere Melkvorberei-
tungen und in den ATM längere Melkphasen beobachtet. Die Melkfrequenz war in den AMS 
etwas höher als in den ATM.

SWmmCr[

Automatic milking systems are subjected to the Swiss testing and authorisation procedure 
for mass-produced animal housing systems. On 12 practical farms, milkings in two different 
AMS (AMS-1, AMS-2) were compared to milkings in auto-tandem-parlours (ATM). 1��� milk-
ings of 23� cows were included. In AMS-1, a higher percentage of successful milkings was 
observed, compared to AMS-2 (��.� � vs. �3.� �). No differences between the systems were 
found for the duration of entering and leaving the milking stall. Longer milking preparations 
were measured in AMS-2, whereas in ATM, the milking phases were longer. Compared to the 
ATM, the cows in the AMS had higher milking frequencies.
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1 Einleitung 

AWVQOCVKUEJG MGNMU[UVGOG UKPF KP FGT SEJYGK\ KO UPVGTUEJKGF \W CPFGTGP MGNMU[UVGOGP 
FGO PTÒH- WPF BGYKNNKIWPIUXGTHCJTGP 
ATV. 5, TKGTUEJWV\IGUGV\� WPVGTUVGNNV, FC Y·JTGPF FGU 
MGNMXQTICPIGU MGKPG ÜDGTYCEJWPI FWTEJ GKPG BGVTGWWPIURGTUQP UKEJGTIGUVGNNV KUV. DKG \WT 
BGYKNNKIWPI CPIGOGNFGVGP FCDTKMCVG YGTFGP DGK GKPGT RTCMVKUEJGP UPVGTUWEJWPI CWH KJTG 
TKGTIGTGEJVJGKV IGRTÒHV 
WECHSLER WPF OESTER, 1998�. IO RCJOGP FKGUGT UPVGTUWEJWPI, FKG 
CWEJ FCU VGTJCNVGP FGT TKGTG DGKO MGNMGP WPF RJ[UKQNQIKUEJG PCTCOGVGT GKPDG\QI, YWTFGP 
DCVGP \WT FWPMVKQPUUKEJGTJGKV WPF \WT DCWGT XGTUEJKGFGPGT PJCUGP FGU AWHGPVJCNVGU KP FGT 
MGNMDQZ GTJQDGP. VQP DGUQPFGTGO IPVGTGUUG YCTGP JKGTDGK FKG APVGKNG CP OKUUNWPIGPGP 
MGNMWPIGP, F. J. MGNMWPIGP, DGK FGPGP GU FGO AMS PKEJV IGNCPI, FCU MGNM\GWI MQTTGMV 
CP\WUGV\GP WPF FKG KWJ UQOKV CPIGTÒUVGV, CDGT PWT VGKNYGKUG QFGT WPIGOQNMGP FKG MGNMDQZ 
XGTNKGUU. 

IO GGIGPUCV\ \W CPFGTGP UPVGTUWEJWPIGP, FKG LGYGKNU PWT CWH GKPGO BGVTKGD FWTEJIGHÒJTV 
YWTFGP, UKPF KP WPUGTG SVWFKG RTQ MGNMU[UVGO 4 PTCZKUDGVTKGDG GKPDG\QIGP YQTFGP, FKG OKV 
GKPGO XQP 2 AMS-FCDTKMCVGP QFGT OKV AWVQ-TCPFGO-MGNMUV·PFGP CWUIGTÒUVGV YCTGP.

2 Tiere, Material und Methoden

DKG UPVGTUWEJWPI YWTFG CWH 12 SEJYGK\GT PTCZKUDGVTKGDGP FWTEJIGHÒJTV. JG 4 BGVTKGDG YCTGP 
OKV LGN[ AUVTQPCWV AMS 
AMS-1�, DGLCXCN VMS 
VGTUKQP 2.2, AMS-2� QFGT AWVQVCPFGO-
MGNMUV·PFGP 
ATM� CWUIGUVCVVGV. ANNG MGNMU[UVGOG YCTGP \WO ZGKVRWPMV FGU VGTUWEJGU UGKV 
OKPFGUVGPU 6 MQPCVGP KP BGVTKGD. DKG KO MQFGNN LGN[ AUVTQPCWV UGTKGPO·UUKI GKPIGDCWVG 
GNGMVTKUEJG AWUVTGKDGJKNHG YCT PKEJV KP BGVTKGD, FC PCEJ ATV. 15 FGT SEJYGK\GT TKGTUEJWV\-
XGTQTFPWPI OKV AWUPCJOG FGU KWJVTCKPGTU MGKPG GNGMVTKUKGTGPFGP SVGWGTGKPTKEJVWPIGP KO 
TKGTDGTGKEJ \WIGNCUUGP UKPF. MGEJCPKUEJG AWUVTGKDGJKNHGP UKPF GTNCWDV, UQHGTP UKEJGTIGUVGNNV 
KUV, FCUU FKGUG PKEJV \W SEJ·FGP CO TKGT HÒJTGP.

PTQ BGVTKGD YWTFGP KP ZWUCOOGPCTDGKV OKV FGO LCPFYKTV 20 TKGTG CNU FQMWUVKGTG HÒT FKG 
DCVGPGTJGDWPIGP CWUIGY·JNV, FKG IGUWPF YCTGP, MGKPG LCJOJGKV WPF DGKO MGNMGP GKP 
TWJKIGU VGTJCNVGP \GKIVGP. HKPUKEJVNKEJ ANVGT WPF LCMVCVKQPUUVCFKWO UVGNNVGP FKGUG TKGTG GKPGP 
3WGTUEJPKVV FGT HGTFG FCT.

DKG DCVGPGTHCUUWPI GTHQNIVG MQPVKPWKGTNKEJ CP FTGK TCIGP. JG PCEJ BGVTKGD YWTFGP DKU \W 
XKGT KCOGTCU KPUVCNNKGTV, FKG FKG AWHPCJOG XQP EWVGT WPF HKPVGTDGKPGP FGT KÒJG DGKO MGN-
MGP GTOÌINKEJVGP. ETHCUUV YWTFGP \WO GKPGP \GKVNKEJG PCTCOGVGT 
CNNG MGNMU[UVGOG, TCD. 1�, 
\WO CPFGTGP FKG FWPMVKQPUUKEJGTJGKV 
PWT AMS�. HKGTDGK YWTFG FGT APVGKN GTHQNITGKEJGT MGN-
MWPIGP CP CNNGP MGNMWPIGP FGT FQMWUVKGTG KO VGTUWEJU\GKVTCWO GTHCUUV. ANU GTHQNITGKEJ ICNV 
GKPG MGNMWPI, YGPP GU FGO AMS IGNCPI, CNNG XKGT MGNMDGEJGT CP FGP XKGT SVTKEJGP MQTTGMV 
CP\WUGV\GP. 1697 MGNMWPIGP XQP 234 KÒJGP IKPIGP KP FKG AWUYGTVWPI GKP.

DKG OWNVKXCTKCVG UVCVKUVKUEJG BGCTDGKVWPI FGT DCVGP GTHQNIVG OKV R 1.9.0, YQDGK NKPGCTG 
IGOKUEJVG EHHGMVG MQFGNNG IGPWV\V YWTFGP. MGNMU[UVGO, ZGNN\CJNOGFKCP, DCWGT FGT MGNM-
RJCUG, LCMVCVKQPUVCI, AP\CJN LCMVCVKQPGP WPF FKG OKVVNGTG TCIGUOKNEJNGKUVWPI KO VGTUWEJU-
\GKVTCWO YWTFGP CNU HKZG GTMN·TGPFG VCTKCDNGP KO MQFGNN DGTÒEMUKEJVKIV. DKG ZKGNXCTKCDNGP 
YWTFGP NQI-VTCPUHQTOKGTV. DKG JKGTCTEJKUEJG SEJCEJVGNWPI FGU VGTUWEJGU YWTFG OKV \WH·NNKIGP 
EHHGMVGP HÒT FKG GKP\GNPGP TKGTG WPF FKG BGVTKGDG DGTÒEMUKEJVKIV. DC UKEJ FKG ZYKUEJGPOGNM-
\GKV WPF FKG RCUUG U[UVGOCVKUEJ WPF FGWVNKEJ \YKUEJGP FGP S[UVGOGP WPVGTUEJKGFGP, MÌPPGP 
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FKGUG EKPHNWUUHCMVQTGP PKEJV FKTGMV CNU GTMN·TGPFG VCTKCDNGP OKVDGTÒEMUKEJVKIV, UQPFGTP PWT 
\WT IPVGTRTGVCVKQP XQP S[UVGOWPVGTUEJKGFGP DGPWV\V YGTFGP. AWU FGO INGKEJGP GTWPF YWT-
FG FKG APCN[UG FGT EKPHNÒUUG CWH FKG MGNMXQTDGTGKVWPIUFCWGT HÒT LGFGU MGNMU[UVGO UGRCTCV 
FWTEJIGHÒJTV. DKG APCN[UG FGT EKPHNÒUUG CWH FKG ZYKUEJGPOGNM\GKV YWTFG CWHITWPF FGT HGUVGP 
ZYKUEJGPOGNM\GKVGP KP FGP ATM CWH FKG AMS-S[UVGOG DGITGP\V.

TCD. 1� DGHKPKVKQPGP FGT GTHCUUVGP ZGKVFCWGTP HÒT FKG MGNMRJCUGP 
Definitions of investigated phases of the milking process 

Phase Definition

Eintreten
Alle vier Beine in der Melkbox bis erste Berührung des Tieres durch 
einen Teil des Melksystems oder den Melker

Melkvorbereitung
Erste Berührung des Tieres durch einen Teil des Melksystems oder den 
Melker bis Ende des Ansetzvorgangs (alle vier Melkbecher angesetzt)

Melken Ende des Ansetzvorganges bis Abnahme des letzten Melkbechers

Verlassen
Abnahme des letzten Melkbechers bis alle vier Beine ausserhalb der 
Melkbox

Aufenthaltsdauer Eintreten + Vorbereiten + Melken + Verlassen

Entering the milking stall
All four legs in the milking stall until first contact between animal and 
milking system or milker

Milking preparation
First contact between animal and milking system or milker until success-
ful attachment of all teat cups

Milking End of teat cup attachment until removal of the last teat cup

Leaving the milking stall Removal of last teat cup until all four legs are outside the milking stall

Entire milking Entering + Preparation + Milking + Leaving

ZWT BGUEJTGKDWPI FGT DCVGP YWTFGP HÒT FKG ZKGNXCTKCDNGP MGFKCPG HÒT LGFGU GKP\GNPG TKGT 
WPF CWU FKGUGP YKGFGTWO MGFKCPG WPF IPVGTSWCTVKNFKHHGTGP\GP 
I3R� HÒT FKG MGNMU[UVGOG 
DGTGEJPGV.

3 ErgeDnisse

3�1 Funktionssicherheit

BCUKGTGPF CWH FGP EKP\GNVKGTOGFKCPGP GTTGKEJVG AMS-1 GKPG APUGV\UKEJGTJGKV XQP 100 � 

I3R 0� 
CNNG BGVTKGDG MGFKCP 100 �, I3R 0� WPF AMS-2 100 � 
I3R 9.8� 
EKP\GNDGVTKGDG� 
MGFKCPG XQP 95,8 �, I3R 14.3 DKU 100 �, I3R 0�. WGTFGP \WT BGTGEJPWPI FGU APUGV\GT-
HQNIGU FKG GKP\GNPGP MGNMWPIGP GKPIGUGV\V, UQ GTTGKEJVG AMS-1 GKPG APUGV\UKEJGTJGKV XQP 
97,8 � 
EKP\GNDGVTKGDG� 96,2ä99,5 �� WPF AMS-2 93,5 � 
EKP\GNDGVTKGDG� 91,5ä95,2 ��. 
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3�2 Dauern einzelner MelkRhasen

DKG N·PIUVG EKPVTKVVUFCWGT YWTFG KP AMS-2 IGOGUUGP, IGHQNIV XQP AMS-1 WPF ATM 
F2,9 � 
6,10, R � 0,0211, TCD. 2�. 

DKG L·PIG FGT MGNMXQTDGTGKVWPI YCT VGEJPKUEJ DGFKPIV \YKUEJGP FGP MGNMU[UVGOGP FGWV-
NKEJ XGTUEJKGFGP 
TCD. 2�. BGK AMS-1 YCT FKG DCWGT FGT MGNMXQTDGTGKVWPI GTJÌJV, YGPP FKG 
MGNMFCWGT MWT\ YCT 
F1,529 � 6,97, R � 0,0085�. W·JTGPF KP AMS-2 MGKPGT FGT WPVGTUWEJVGP 
FCMVQTGP GKPGP UKIPKHKMCPVGP EKPHNWUU CWH FKG DCWGT FGT VQTDGTGKVWPI JCVVG, YCT KP FGP ATM-
BGVTKGDGP FKG DCWGT FGT MGNMXQTDGTGKVWPI PCEJ N·PIGTGP ZYKUEJGPOGNM\GKVGP GTJÌJV 
F1,284

� 91,88, R � 0,0001�. 
DKG DCWGT FGT MGNMRJCUG YCT KP FGP ATM CO N·PIUVGP, XGTINKEJGP OKV FGP AMS 
F2,9 � 

5,71, R � 0,0251, TCD. 2�. 
DKG ZGKVFCWGT, FKG FKG TKGTG PCEJ EPFG FGU MGNMXQTICPIGU DGPÌVKIVGP, WO FKG MGNMDQZ \W 

XGTNCUUGP, YCT \YKUEJGP FGP S[UVGOGP PKEJV WPVGTUEJKGFNKEJ 
TCD. 2�. 
EDGPHCNNU MGKPG UKIPKHKMCPVGP UPVGTUEJKGFG DGUVCPFGP KP FGT IGUCOVGP AWHGPVJCNVUFCWGT 

KP FGT MGNMDQZ D\Y. KO MGNMUVCPF 
TCD. 2�. HÌJGTG AWHGPVJCNVUFCWGTP YWTFGP DGK KÒJGP 
OKV GKPGT JÌJGTGP AP\CJN CP LCMVCVKQPGP 
F1,210 � 11,25, R � 0,0009� WPF JÌJGTGT OKVVNGTGT 
TCIGUOKNEJNGKUVWPI 
F1,210 � 8,04, R � 0,005� IGOGUUGP, Y·JTGPF GKPG MÒT\GTG AWHGPVJCNVU-
FCWGT \W BGIKPP FGT LCMVCVKQP 
F1,210 � 8,74, R � 0,0035� DGQDCEJVGV YWTFG.

3�3 MelkfreSuenz

IP FGT MGNMHTGSWGP\ RTQ TCI MQPPVG \YKUEJGP FGP AMS MGKP UPVGTUEJKGF HGUVIGUVGNNV YGTFGP 

AMS-1 MGFKCP 2.5, I3R 0.9; AMS-2 MGFKCP 2.4, I3R 0.7�. IP FGP ATM YWTFGP FKG TKGTG 
\YGKOCN V·INKEJ IGOQNMGP.

TCD. 2� DCWGT FGT XGTUEJKGFGPGP PJCUGP GKPGT MGNMWPI 
MGFKCP 
I3R�, KP UGE� DGK \YGK AWVQOCVKUEJGP 
MGNMU[UVGOGP 
AMS-1, AMS-2� WPF AWVQ-TCPFGO-MGNMUV·PFGP 
ATM�
Duration of different phases of the milking process (Median (IQR), in sec) in two automatic milking systems 
(AMS-1, AMS-2) and auto-tandem milking parlours (ATM)

Melksystem / MilNing system

Phase AMS-1 AMS-2 ATM

Eintreten / (ntering the milNing stall 16 (4) 19 (8) 7 (15)

Melkvorbereitung / MilNing preparation 76 (19) 138 (25) 29 (5)

Melken / MilNing 282 (179) 270 (164) 382 (70)

Verlassen / /eaving the milNing stall 18 (5) 22 (7) 18 (10)

Aufenthaltsdauer / (ntire milNing 411 (149) 464 (148) 472 (140)

4 Diskussion

BGKO VGTINGKEJ FGT KP FKGUGT UPVGTUWEJWPI HGUVIGUVGNNVGP APUGV\UKEJGTJGKV DGK FGP  DGKFGP 
AMS OKV FGP ETIGDPKUUGP CPFGTGT UPVGTUWEJWPIGP OWUU DGCEJVGV YGTFGP, FCUU KP FKGUGT SVW-
FKG PKEJV FKG APUGV\UKEJGTJGKV DGK CNNGP KÒJGP FGT HGTFGP, UQPFGTP PWT DGK GKPGO CWUIGY·JN-
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VGP TGKN FGT TKGTG CWUIGYGTVGV YQTFGP KUV. DKGU IGUEJCJ, WO GKPG BGGKPHNWUUWPI FGT DCVGP 
\. B. FWTEJ WPTWJKIG QFGT NCJOG TKGTG \W XGTOGKFGP, FGPP FCU ZKGN YCT GKPG BGWTVGKNWPI FGT 
VGEJPKUEJGP MÌINKEJMGKVGP FGU AMS DGK TKGTGP, FKG FGP APHQTFGTWPIGP FGT AMS-PTQFW\GP-
VGP GPVURTGEJGP. EU KUV FCJGT \W XGTOWVGP, FCUU FGT APVGKN GTHQNITGKEJGT MGNMWPIGP, DG\QIGP 
CWH FKG IGUCOVGP HGTFGP, GKPGP PKGFTKIGTGP WGTV CWHYGKUGP YÒTFG. 

ZWT APUGV\UKEJGTJGKV DGKO LGN[ AUVTQPCWV GZKUVKGTGP OGJTGTG SVWFKGP, KP FGPGP GKP 
APVGKN GTHQNITGKEJGT MGNMWPIGP XQP 95ä98 � HGUVIGUVGNNV YWTFG 
HÜGLE GV CN., 1995; WENDL

GV CN., 1999; UMSTÄTTER, 2002�, YCU OKV 96,2ä99,5 � DGK FKGUGT SVWFKG IWV ÒDGTGKPUVKOOV. 
DKG DGWVUEJG LCPFYKTVUEJCHVU-GGUGNNUEJCHV OCUU DGK FGT PTÒHWPI FGU LGN[ AUVTQPCWV GKPGP 
APVGKN GTHQNITGKEJGT MGNMWPIGP XQP 95ä97 �, FGT UKEJ KP GKPGT YGKVGTGP PTÒHWPI OKV GKPGT 
YGKVGTGPVYKEMGNVGP SQHVYCTG CWH 99 � GTJÌJVG 
HUSCHKE WPF KLIMETSCHEK, 2000; HUSCHKE, 
2002�. IP GKPGT UEJYGFKUEJGP UPVGTUWEJWPI 
OLOFSSON GV CN., 2001� GTTGKEJVG DGLCXCN VMS 
CWH 5 BGVTKGDGP GKPGP OKVVNGTGP APVGKN GTHQNITGKEJGT MGNMWPIGP XQP 95 � 
EKP\GNDGVTKGDG� 
90ä97 ��, YCU IWV OKV FGP JKGT DGQDCEJVGVGP 91,5ä95,2 � ÒDGTGKPUVKOOV.

ÄJPNKEJG DCWGTP DKU \WT GTUVGP EWVGTDGTÒJTWPI YWTFGP KP CPFGTGP SVWFKGP KO LGN[ AUVTQ-
PCWV AMS 
HAGEN GV CN., 2004� 17 v 15 UGE 
MKVVGNYGTV v SVFADY�; HOPSTER GV CN., 2002� 
17 v 1,4 UGE 
MKVVGNYGTV v SVFFGJNGT�� IGOGUUGP. 

MGNMXQTDGTGKVWPIGP XQP 108 WPF 111 UGE DCWGT YWTFGP KP HTÒJGTGP UPVGTUWEJWPIGP 
KO LGN[ AUVTQPCWV IGOGUUGP 
HAGEN GV CN., 2004; HOPSTER GV CN., 2002�. DGT UPVGTUEJKGF \W 
WPUGTGP ETIGDPKUUGP XQP 76 UGE MÌPPVG KP GKPGT WPVGTUEJKGFNKEJGP EKPUVGNNWPI FGT RGKPKIWPIU-
FCWGT KP FGT SQHVYCTG DGITÒPFGV UGKP. DKG N·PIGTG VQTDGTGKVWPIUFCWGT KO DGLCXCN VMS XQP 
138 UGE KUV OKV FGO WPVGTUEJKGFNKEJGP VGEJPKUEJGP AWHDCW FGT FCDTKMCVG \W GTMN·TGP. DGT 
EKPHNWUU FGT ZYKUEJGPOGNM\GKV CWH FKG DCWGT FGT MGNMXQTDGTGKVWPI DGK FGP ATM KUV XGTOWV-
NKEJ FCFWTEJ DGFKPIV, FCUU DGK CNNGP ATM-BGVTKGDGP XQP FGT ADGPF- \WT MQTIGPOGNMWPI 
GKPG N·PIGTG ZGKVURCPPG XGTUVTKEJ CNU WOIGMGJTV WPF DGK FGT EWVGTTGKPKIWPI CO MQTIGP GKP 
GTJÌJVGT AWHYCPF IGNGKUVGV YGTFGP OWUUVG. 

KÒT\GTG MGNMFCWGTP KP FGP AMS KO VGTINGKEJ \W FGP ATM UKPF OKV FGT JÌJGTGP MGNM-
HTGSWGP\ WPF GXVN. CWEJ UPVGTUEJKGFGP KO MKNEJHNWUU \W GTMN·TGP. AWEJ HAGEN GV CN. 
2004� 
HCPFGP FGWVNKEJ MÒT\GTG MGNMRJCUGP DGK FGP TKGTGP, FKG KO AMS IGOQNMGP YWTFGP 
AMS� 
324 UGE, MGNMUVCPF� 494 UGE�, Y·JTGPF FKGUGT UPVGTUEJKGF KP GKPGT CPFGTGP SVWFKG PWT YGPKI 
CWUIGRT·IV YCT 
HOPSTER GV CN., 2002� AMS� 426 UGE, MGNMUVCPF� 431 UGE�. 

ODYQJN KP AMS-1 MGKPG AWUVTGKDGJKNHG XQTJCPFGP YCT, XGTNKGUUGP FKG KÒJG FKG MGNMDQZ 
GDGPUQ UEJPGNN YKG KP FGP ATM WPF KP AMS-2, FCU CWH FGP RÒEMGP FGT TKGTG IGTKEJVGVG DTWEM-
NWHVKORWNUG GKPUGV\V. MKV AWUVTGKDGJKNHG YWTFGP PWT YGPKI MÒT\GTG ZGKVGP GTTGKEJV 
HOPSTER

GV CN., 2002� 12 v 0,4 UGE, MKVVGNYGTV v SVFFGJNGT�. NCEJ WPUGTGP ETIGDPKUUGP GTUEJGKPV GKPG 
AWUVTGKDGJKNHG DGK AMS PKEJV PÌVKI.

DKG KP FGP AMS DGQDCEJVGVG MGNMHTGSWGP\ XQP 2,5 
AMS-1� D\Y. 2,4 
AMS-2� NCI KO 
BGTGKEJ FGT ETIGDPKUUG CPFGTGT SVWFKGP 
AMS-1� HAGEN GV CN. 
2004�� 2,26 v 0,55 
MKVVGNYGTV 
v SVFADY�, HWUEJMG WPF KNKOGVUEJGM 
2000�� 2,4ä2,8; AMS-2� OLOFSSON GV CN. 
2001�� 2,5 

2,3ä2,7 CWH 5 BGVTKGDGP��. 

UO HÒT FKG TKGTG GKPGP INGKEJO·UUKIGP ADNCWH FGT MGNMWPIGP UKEJGT\WUVGNNGP, UQNNVG FKG 
APUGV\UKEJGTJGKV XQP AMS, FKG DGTGKVU GKPGP JQJGP WGTV GTTGKEJV JCV, YGKVGT XGTDGUUGTV YGT-
FGP. DKGU YÒTFG CWEJ GKPGT QRVKOCNGP AWUNCUVWPI FGT APNCIGP FKGPGP, FC NCPICPFCWGTPFG, 
GTHQNINQUG APUGV\XQTI·PIG FKG VGTHÒIDCTMGKV FGT MGNMDQZ HÒT FKG TKGTG GKPUEJT·PMGP.
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On�farm�Milchanal[se ä eine XielXersRrechende Herausforderung
1n�fCrm�CnCN[sis of miNM ä C promising cJCNNenge

DIETER ORDOLFF

IPUVKVWV HÒT BGVTKGDUVGEJPKM WPF BCWHQTUEJWPI, BWPFGUHQTUEJWPIUCPUVCNV HÒT LCPFYKTVUEJCHV 
FAL�,
BWPFGUCNNGG 50, D-38116 BTCWPUEJYGKI; 

IPUVKVWV HÒT CJGOKG WPF TGEJPQNQIKG FGT MKNEJ, BWPFGUHQTUEJWPIUCPUVCNV HÒT ETP·JTWPI WPF LGDGPUOKVVGN, 
SVCPFQTV KKGN, D-24103 KKGN

SchlÒsselwÌrter� Milchinhaltsstoffe, Anal[tik
-e[Yords� /iNM components� #nCN[sis

<WsCmmenfCssWng 

Die korrekte Bestimmung der Milchinhaltsstoffe ist ein wichtiger Bestandteil der Milchleis-
tungsprüfung im Rahmen der Zuchtwertschätzung und des Herdenmanagements. 

Seit längerem wird daher über die Möglichkeit der Milchanalyse auf dem Erzeugerbetrieb 
diskutiert, die neben der Routineanwendung im Rahmen der Milchleistungsprüfung auch 
Fortschritt für die Herdenführung bedeuten würde. Der Prototyp eines Systemes, entwickelt 
von France ContrÊle Laitier (FCL), wurde auf der Versuchsstation der FAL, Braunschweig 
getestet.  Die Analysenwerte für Fett, Eiweiß und Laktose wichen nicht mehr als v 0,0� � 
von den in einem Zentrallabor untersuchten Referenzproben ab. Mittlerweile sind auch 
andere derartige Geräte auf dem Markt oder kurz vor der Einführung. Diese Technologie 
nützt dem Erzeugerbetrieb, vor allem im Hinblick auf Fütterung und rechtzeitige Mastitiser-
kennung, sie wird jedoch auch Einflüsse auf das Aktivitätsprofil der zentralen Labors haben.

SWmmCr[ 

A reliable determination of milk components is an essential part of milk recording activities 
related to animal breeding and to herd management.

On farm milk analysis would be interesting not only for milk recording purposes but it 
would also improve the efficiency of herd management. A prototype of such a system, devel-
oped by France ContrÊle Laitier, was tested at the experimental farm of FAL at Braunschweig, 
Germany. The results for fat, protein and lactose, corresponded within a bias v 0.0� � with 
the results obtained by a local reference laboratory. Meanwhile some other devices for on 
farm milk analysis are known to be on the market or close to be presented. 

This technology probably will be helpful for the farmer, especially with respect to optimi-
zation of cow feeding and perhaps for early detection of mastitis, but it also will change the 
activity profiles of central milk analyzing laboratories. 
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1 Einleitung

DKG MQTTGMVG BGUVKOOWPI FGT MKNEJKPJCNVUUVQHHG KUV PKEJV PWT GPVUEJGKFGPF HÒT FKG FGUVNGIWPI 
FGU MKNEJRTGKUGU, FGT FGO ET\GWIGT IG\CJNV YKTF, UKG KUV CWEJ GKP YKEJVKIGT BGUVCPFVGKN FGT 
MKNEJNGKUVWPIURTÒHWPI KO RCJOGP FGT ZWEJVYGTVUEJ·V\WPI. 

IP UVCVKQP·TGP LCDQTU KUV FGT EKPUCV\ FGT NCJ-IPHTCTQV-
NIR-�TGEJPKM UGKV NCPIGO GVCDNKGTVGT 
SVCPFCTF. TTQV\ KOOGT UEJPGNNGTGT APCN[UGPU[UVGOG WPF GHHK\KGPVGT DCVGPÒDGTVTCIWPI XGTIG-
JGP LGFQEJ TWPF \YGK TCIG QFGT OGJT \YKUEJGP FGT GGYKPPWPI FGT MKNEJRTQDGP WPF FGT 
RÒEMOGNFWPI FGT ETIGDPKUUG CP FGP ET\GWIGTDGVTKGD. 

FÒT DGUVKOOVG AWHICDGP FGU HGTFGPOCPCIGOGPVU, \. B. KO HKPDNKEM CWH BGWTVGKNWPI FGT 
EWVGTIGUWPFJGKV, Y·TG LGFQEJ GKPG TCUEJGTG VGTHÒIDCTMGKV FGT APCN[UGPGTIGDPKUUG JKNHTGKEJ. 
DCJGT YKTF UGKV N·PIGTGO ÒDGT FKG MÌINKEJMGKV FGT MKNEJCPCN[UG CWH FGO ET\GWIGTDGVTKGD 
FKUMWVKGTV, FKG PGDGP FGT RQWVKPGCPYGPFWPI KO RCJOGP FGT MKNEJNGKUVWPIURTÒHWPI, FKG 
FCPP QJPG PTQDGPXGTUCPF CDNCWHGP MÌPPVG, CWEJ FQTVUEJTKVV HÒT FKG HGTFGPHÒJTWPI DGFGWVGP 
YÒTFG. 

ANU YGIYGKUGPF KUV KP FKGUGT HKPUKEJV GKP PTQLGMV FGT HTCP\ÌUKUEJGP MKNEJMQPVTQNNQTICPK-
UCVKQP FTCPEG CQPVTÊNG LCKVKGT 
FCL� CP\WUGJGP, YGNEJGU DGTGKVU XQT GVYC 25 JCJTGP KPKVKKGTV 
YWTFG 
TCDGNNG 1�.

TCD. 1� ADNCWH FGU HTCP\ÌUKUEJGP PTQLGMVGU \WT EPVYKEMNWPI GKPGU QP-HCTO-APCN[UGPU[UVGOU

1979: Erste Ideen

1986: Gründung einer Arbeitsgruppe für automatisierte Milchleistungsprüfung; 
Ziel: NIR-Analyse getrockneter Milchtropfen

1993: hberlegungen zur Kombination von NIR-Technik und Faseroptik

1995: Fertigstellung und Testeinsatz der Prototypen

DGT FAL YWTFG XQP FCL FGT EKPUCV\ GKPGU PTQVQV[RGP FGU APCN[UGPIGT·VGU CWH FGT VGTUWEJU-
UVCVKQP KP BTCWPUEJYGKI GTOÌINKEJV. 

IO RCJOGP GKPGT XQP IDF KO JCJTG 2003 FWTEJIGHÒJTVGP VGTCPUVCNVWPI YWTFG FKG NWV\WPI 
XQP UNVTCUEJCNNUKIPCNGP HÒT GKP OQDKNGU GGT·V \WT MKNEJCPCN[UG DGUEJTKGDGP 
VAN DEN BIJGARD, 
2003�. DKGUG EKPTKEJVWPI YWTFG WPVGT CPFGTGO HÒT HGTFGPOCPCIGOGPV\YGEMG KP DTCUKNKCPK-
UEJGP MKNEJXKGJCPNCIGP GKPIGUGV\V

DKG ETIGDPKUUG GKPGU MQORCMVGP, PKEJV HÒT FKG APHQTFGTWPIGP FGT MKNEJNGKUVWPIURTÒHWPI 
CWUIGNGIVGP GGT·VGU, YGNEJGU FKGUGU MGUUXGTHCJTGP PWV\V, YWTFGP KP GKPGT YGKVGTGP UPVGT-
UWEJWPI IGRTÒHV. HKGT YWTFGP WPVGT CPFGTGO FKG MKNEJKPJCNVUUVQHHG FGVV, EKYGK­ WPF LCMVQUG 
IGOGUUGP. ZWU·V\NKEJ DGUVÒPFG FKG MÌINKEJMGKV, FWTEJ GKPGP GZVGTPGP SGPUQT FGP RH-WGTV 
WPF FKG LGKVH·JKIMGKV FGT MKNEJRTQDG \W DGUVKOOGP.

BGKFG WPVGTUWEJVGP S[UVGOG DKGVGP FKG MÌINKEJMGKV, FKG APCN[UGPGTIGDPKUUG \WT YGKVGTGP 
VGTCTDGKVWPI CP GKPGP RGEJPGT \W ÒDGTIGDGP. 
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2 Material und Methode

FÒT FKG MGUUWPIGP CO FCL-S[UVGO YWTFGP XQP FGT MKNEJMWJJGTFG FGT VGTUWEJUUVCVKQP FGT 
FAL KP \YGK UPVGTUWEJWPIUTGKJGP XQP LGYGKNU TWPF 50 GGOGNMGP TGRT·UGPVCVKXG DQRRGNOKNEJ-
RTQDGP IG\QIGP. JGYGKNU GKP SCV\ FGT PTQDGP YWTFG \WT BGUVKOOWPI FGT MKNEJKPJCNVUUVQHHG 
CP FCU RGHGTGP\NCDQT FGU \WUV·PFKIGP LCPFGUMQPVTQNNXGTDCPFGU XGTUCPFV. VQP FGO \YGKVGP 
PTQDGPUCV\ YWTFGP FKG MKNEJKPJCNVUUVQHHG FWTEJ FCU VGTUWEJUIGT·V DGUVKOOV. APJCPF FGT 
XQP FGO RGHGTGP\NCDQT \WT VGTHÒIWPI IGUVGNNVGP UPVGTUWEJWPIUGTIGDPKUUG YWTFGP FKG KO 
AWUYGTVWPIURTQITCOO FGU S[UVGOU XQTJCPFGPGP ANIQTKVJOGP MQTTKIKGTV WPF FKG PCEJ FGT 
KCNKDTKGTWPI GT\KGNVGP ETIGDPKUUG OKV FGP RGHGTGP\YGTVGP FGU LKV-LCDQTU XGTINKEJGP.

IP FGT UPVGTUWEJWPI \WT BGWTVGKNWPI FGU KQORCMVIGT·VGU YWTFGP DQRRGNRTQDGP XQP 60 
GGOGNMGP IG\QIGP. DKG BGUVKOOWPI FGT MKNEJKPJCNVUUVQHHG WPF FKG BGYGTVWPI FGT ETIGD-
PKUUG GTHQNIVG CPCNQI \W FGO VQTIGJGP OKV FGO FCL-S[UVGO, OKV FGO UPVGTUEJKGF, FCUU XQP 
FGO VGTUWEJUIGT·V PWT GKPG GKPHCEJG UPVGTUWEJWPI FGT PTQDGP FWTEJIGHÒJTV YWTFG.

3 ErgeDnisse und Diskussion

IP FGP TCDGNNGP 2 WPF 3 UKPF FKG OKV FGO FCL-PTQVQV[RGP GT\KGNVGP ETIGDPKUUG \WUCOOGP-
IGHCUUV.

DKG MGUUYGTVG FKGUGT VGTUWEJUCPNCIG YGKEJGP HÒT FKG DGTÒEMUKEJVKIVGP MKNEJKPJCNVUUVQHHG 
PWT IGTKPIHÒIKI XQP FGP DCVGP FGU RGHGTGP\NCDQTU CD. DKHHGTGP\GP XQP OGJT CNU v 0,05 � 
FGVV YWTFGP PKEJV IGHWPFGP 
ADD. 1�. BGK FGO PCTCOGVGT EKYGK­ \GKIVG UKEJ KP DGKFGP MGUU-
TGKJGP NGFKINKEJ GKPG VGPFGP\KGNNG UPVGTUEJ·V\WPI DGK JÌJGTGP KQP\GPVTCVKQPGP. EU KUV FCXQP 
CWU\WIGJGP, FCUU FKGUGU S[UVGO CWEJ KO RCJOGP FGT MKNEJNGKUVWPIURTÒHWPI GKPUGV\DCT KUV.

TCD. 2� ÜDGTUKEJV ÒDGT FKG MKNEJ\WUCOOGPUGV\WPI FGT RGHGTGP\RTQDGP 
FCL-S[UVGO�

Fett (%) Eiweiß (%) Laktose (%)

Reihe 1

Mittelwert 3,09 3,07 4,75

Stabw. 1,32 0,22 0,20

r(Versuch/Ref.) 0,99 0,95 0,87

Reihe 2

Mittelwert 3,00 3,27 4,82

Stabw. 1,17 0,20 0,18

r(Versuch/Ref.) 1,00 0,99 0,99
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TCD. 3� ADYGKEJWPIGP FGT VGTUWEJURTQDGP XQP FGP RGHGTGP\YGTVGP 
FCL-S[UVGO�

Anzeigefehler Fett (%) Eiweiß (%) Laktose (%)

Reihe 1

Mittelwert 0,005 – 0,008 0,021

Stabw. 0,225 0,072 0,114

r(Diff./Ref.) – 0,19 – 0,24 0,00

Reihe 2

Mittelwert 0,012 0,005 0,008

Stabw. 0,030 0,030 0,030

r(Diff./Ref.) 0,00 – 0,25 0,13

DKG ETIGDPKUUG FGU GTUVGP EKPUCV\GU FGU KQORCMVIGT·VGU UKPF KP FGP TCDGNNGP 4 WPF 5 
\WUCOOGPIGHCUUV. DC, CPFGTU CNU DGK FGT FCL-APNCIG, FGT DGUEJTKGDGPGP MGUUTGKJG MGKPG 
KCNKDTKGTWPI XQTIGUEJCNVGV YGTFGP MQPPVG, URKGIGNV FKGUG PKEJV FKG OKV FKGUGO GGT·VG VCV-
U·EJNKEJ GT\KGNDCTG APCN[UGPSWCNKV·V YKGFGT. DKG XGTINGKEJUYGKUG NKPGCTGP ZWUCOOGPJ·PIG 
\YKUEJGP RGHGTGP\YGTVGP FGT IPJCNVUUVQHHG WPF FGO AP\GKIGHGJNGT NCUUGP FGP SEJNWUU \W, FCUU 
OKPFGUVGPU HÒT FKG PCTCOGVGT EKYGK­ WPF LCMVQUG FCU MGUUXGTJCNVGP QRVKOKGTV YGTFGP MCPP. 
DWTEJ YGKVGTG MGUUWPIGP OW­ IGRTÒHV YGTFGP, QD FKG GGYKPPWPI FGT DQRRGNRTQDG QFGT 
FCU MGUUXGTJCNVGP FGU GGT·VGU HÒT FKG FGWVNKEJGTG SVTGWWPI FGT AP\GKIGHGJNGT FGU PCTCOGVGTU 
FGVV XGTCPVYQTVNKEJ KUV.

TCD. 4� ÜDGTUKEJV ÒDGT FKG MKNEJ\WUCOOGPUGV\WPI FGT RGHGTGP\RTQDGP 
KQORCMVIGT·V�

Fett (%) Eiweiß (%) Laktose (%)

Mittelwert 5,35 3,17 4,75

Stabw. 1,93 0,13 0,20

r(Versuch/Ref.) 0,98 0,83 -0,21

TCD. 5� ADYGKEJWPIGP FGT VGTUWEJURTQDGP XQP FGP RGHGTGP\YGTVGP 
KQORCMVIGT·V�

Anzeigefehler Fett (%) Eiweiß (%) Laktose (%)

Mittelwert -0,01 -0,24 0,06

Stabw. 0,42 0,30 0,37

r(Diff./Ref.) -0,01 -0,97 -0,85

4 Fazit

DKG ETYCTVWPIGP DG\ÒINKEJ FGT VGTHÒIDCTMGKV XQP S[UVGOGP \WT MKNEJCPCN[UG WPOKVVGNDCT CWH 
FGO ET\GWIGTDGVTKGD UKPF PKEJV OGJT CNU WVQRKUEJ CP\WUGJGP. NGDGP GKPGT GHHK\KGPVGP ORVK-



MANAGEMENT MILCHKªHE

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 5��

OKGTWPI XQP FWVVGTTCVKQPGP MCPP FKGUG TGEJPKM, \WO BGKURKGN ÒDGT FGP PCTCOGVGT LCMVQUG, 
CWEJ \W GKPGT TCUEJGTGP ETMGPPWPI XQP VGT·PFGTWPIGP FGT EWVGTIGUWPFJGKV DGKVTCIGP. 

DGP MKNEJMQPVTQNNQTICPKUCVKQPGP KUV DGYWUUV, FCUU UKEJ FKG AWHICDGPRTQHKNG FGT \GPVTCNGP 
UPVGTUWEJWPIUNCDQTU FGWVNKEJ XGT·PFGTP MÌPPVGP, FGPP GKPGTUGKVU KUV OKV FGT RGFW\KGTWPI 
XQP RQWVKPGWPVGTUWEJWPIGP, CPFGTGTUGKVU OKV FGT ZWPCJOG XQP ÜDGTRTÒHWPIGP FGT MGUU-
IGPCWKIMGKV XQP QP-HCTO-APNCIGP \W TGEJPGP.

EKP YGKVGTGT PKEJV \W WPVGTUEJ·V\GPFGT AURGMV KUV FKG VGTTKPIGTWPI D\Y. FGT WGIHCNN 
FGT UVCCVNKEJGP FÌTFGTWPI FGT MKNEJNGKUVWPIURTÒHWPI. DKG FCFWTEJ HÒT FGP ET\GWIGTDGVTKGD 
XGTWTUCEJVG KQUVGPUVGKIGTWPI MÌPPVG FGP IPXGUVKVKQPUDGFCTH HÒT GKPG QP-HCTO-APNCIG WPVGT 
UOUV·PFGP TCUEJ ÒDGTUEJTGKVGP.

ADD. 1� MGUUHGJNGT FGU FCL-PTQVQV[RU KP MGUUTGKJG 2 DGK FGT BGUVKOOWPI FGU FGVVIGJCNVGU

5 Literatur

VAN DEN BIJGARD, H. 
2003�� AWVQOCVGF MGVJQFU, SOCNN KU DGCWVKHWN� CQORKNCVKQP QH 
PTGUGPVCVKQPU, IDF, JAT AWVQOCVGF MGVJQFU.
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Weighing s[stems for TMR�miZers
9ieges[steme fÒr 6/4�(WttermiscJer

MADS URUP GJ¦DESEN

TJG DCPKUJ AITKEWNVWTCN AFXKUQT[ SGTXKEG, NCVKQPCN CGPVTG, BWKNFKPI CPF TGEJPKSWG, UFMCGTUXGL 15, 
DK-8200 ACTJWU N, DGPOCTM

Ke[words� TMR�miZer, feeding, inaccurate TMR�miZer
ScJNÒsseNYÌrter� 7npr·\ise 6/4�(WttermiscJer� (ÒtterWng

SWmmCr[

The accuracy of the weighing system on TMR-mixers is important. The feed mix depends on 
the weighing system and if it is calibrated wrongly the cows do not get the wanted quantity. 
The results show large deviations between the TMR-mixer and the reference weighing system. 
The average deviation per filling was �.� �. ��.� � of all fillings had a deviation over the 
acceptable � � limit. 1� � of all fillings had a deviation between 10–20 �. 

Relative positive was the total end weighing. Here were the deviation 2.� � at an average 
totalfilling of approx. � tons.   

<WsCmmenfCssWng

Die Genauigkeit des Wiegesystems ist beim Einsatz eines TMR-=Totale-Misch-Rationen?-Fut-
termischers von entscheidender Bedeutung. Die Futtermischung hängt vom Wiegesystem ab, 
ist es falsch kalibriert, erhalten die Kühe nicht die gewünschte Futtermenge. 

Die Ergebnisse zeigen  starke Diskrepanzen zwischen den getesteten TMR-Futtermischern 
und der Referenz-Waage. Die durchschnittliche Abweichung pro Füllung betrug �,� �. Über 
der akzeptablen Abweichung von � � lagen ��,�� aller Füllungen. Abweichungen von 
10–20 � wurden bei 1� � aller Füllungen registriert. 

Vergleichsweise positiv fiel das Ergebnis der Endwaage aus: Hier lag die Abweichung bei 
nur 2,� � bei einer durchschnittlichen Gesamtfüllmenge von etwa  � Tonnen.
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1 Background

A NCTIG PWODGT QH TMR-OKZGTU JCXG DGGP UQNF VJG NCUV 10 [GCTU KP DGPOCTM. MQTG VJCP 3,500 
UKPEG 1990, CPF CNOQUV CNN YKVJ GNGEVTQPKECNN[ YGKIJKPI U[UVGOU. TJG YGKIJKPI U[UVGO KU WUGF 
VQ EQPVTQN VJG SWCPVKV[ QH VJG FKHHGTGPV HGGF EQORQPGPVU. A FGXKCVKQP KP VJG YGKIJKPI U[UVGO 
ECWUGU C FKHHGTGPEG DGVYGGP VJG RTCEVKECN CPF VJG VJGQTGVKECN HGGF SWCPVKV[. TGUVU HTQO VJG OKF 
1990U UJQY VJCV OCP[ TMR-OKZGTU JCXG WR VQ 10 � FGXKCVKQP QP VJG YGKIJKPI U[UVGO. TYQ 
QWV QH UGXGP PGY TMR-OKZGTU, FKTGEVN[ HTQO VJG OCPWHCEVWTG, JCF UOCNNGT FGXKCVKQPU QP VJG 
YGKIJV U[UVGO. TJKU FCTOTGUV UJQWNF CPCN[UG VJG KPCEEWTCE[ QH VJG OQUV WUGF TMR-OKZGTU QP 
VJG DCPKUJ OCTMGV. FCTOTGUV KU C UJQTV VGUV, V[RKECN QPG-VYQ OQPVJ, RTGHQTOGF KP RTCEVKUG QP 
VJG HCTO. TJG GSWKROGPV KU DGKPI VGUVGF, CPF VJG FCTOGT KPVGTXKGYGF, VQ UQNXG CFXCPVCIGU CPF 
FKUCFXCPVCIGU. TJG VGUV TGUWNVU CTG RWDNKUJGF QP YYY.HCTOVGUV.FM

2 Contents

TJG TMR-OKZGT KU RNCEGF QP 20 VQPU TGHGTGPEG YGKIJKPI RNCVGU. TJG TMR- OKZGT YCU HKNNGF 
CPF VJG YGKIJV KU TGIKUVGTGF CHVGT GCEJ HGGF EQORQPGPV QP DQVJ U[UVGOU. B[ EQORCTKPI VJG 
TGIKUVGTGF FCVC HQT VJG VYQ YGKIJV U[UVGOU, KV YCU RQUUKDNG VQ RQKPV QWV VJG FKHHGTGPEG. TJG 
VGUVGF TMR-OKZGTU YGTG�
 î JF FGGFGT VM�PA
 î KGGPCP 
 î RGFTQEM VC 
 î KXGTPGNCPF KD
 î KWJP EWTQOKZ I
 î RMH VR
 î SGMQ SCOWTCK 3
 î TTKQNGV SQNQOKZ

ANN VJG VGUVGF TMR-MKZGTU YGTG PGY OQFGNU YKVJ VJG NCVGUV YGKIJKPI U[UVGO. 20 TRM-OKZ-
GTU JCXG DGGP VGUVGF.

3 Results

3�1 DeXiation Rer filling

CQPVTQN QH VJG YGKIJKPI U[UVGO QP TMR-OKZGTU UJQYU VJCV 44.7 � QH CNN HKNNKPIU QXGT 200 MI 
JCCXG C FGXKCVKQP QXGT 5 �. 19 � QH VJGUG JCXG DGVYGGP 10ä20 � FGXKCVKQP. TJG CXGTCIG 
FGXKCVKQP HQT CNN HKNNKPIU QXGT 200 MI CTG 6.4 �. OPN[ HKNNKPIU QXGT 200 MI CTG KPENWFGF DGECWUG 
VJG EQPVTQN YGKIJV EJCPIG KP 20 MI KPVGTXCNU. TJKU EQWTUGU NCTIG WPTGCN FGXKCVKQPU KP EQO-
RCTGE[ YKVJ VJG TMR-OKZGTU 5 MI KPVGTXCNU. TJG NCTIG FGXKCVKQPU QP HKNNKPIU QXGT 200 MI OGCPU 
VJCV VJG RTCEVKECN HGGFKPI RNCPU FQ PQV OCVEJ VJG VJGQTGVKECN RNCP 
TCD. 1�. 

IP OQUV ECUGU VJG TMR-OKZGT YGKIJGF 2ä4 � OQTG VJGP VJG EQPVTQN YGKIJV, UQ VJG VQVCN 
YGKIJV QH VJG HGGF KU WUWCNN[ DGNQY VJG CEEGRVCDNG 5 � FGXKCVKQP NKOKV 
TCD. 2�. SQ QXGTCNN VJG 
TGUWNVU CTG UCVKUHCEVKQP. TQ CXQKF NCTIG FGXKCVKQPU QP VJG YGKIJKPI U[UVGO KV KU TGEQOOGPFGF 
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VQ ECNKDTCVG VJG U[UVGO QPG VKOG GCEJ [GCT. TJKU YKNN GNKOKPCVG NCTIGT GTTQTU KP VJG HGGF JCP-
FNKPI.

TCD. 1� TJG FKHHGTGPV TMR-OKZGTU FGXKCVKQP RGT HKNNKPI
Abweichungen pro Füllung für die verschiedenen TMR-Mischer

Brand
Nr. of weighings with 
over 5 % deviation

% of all fillings with 
over 5 % deviation

Total nr. of 
fillings 

Average  deviati-
on in % per filling 

JF 3 of 4 75 % 5 7,6 %

5 of 5 100 % 8 8,1 %

5 of 10 50 % 13 5,7 %

2 of 4 50 % 5 8,2 %

Keenan 5 of 8 62 % 10 12,5 %

0 of 4 0 % 4 1,4 %

Kuhn 4 of 9 44 % 13 5,6 %

2 of 6 33 % 7 6,1 %

1 of 4 25 % 6 3,9 %

Redrock 1 of 4 25 % 8 4,7 %

4 of 8 50 % 9 10,7 %

RMH 2 of 6 33 % 8 3,7 %

3 of 8 37 % 11 5,1 %

2 of 4 50 % 5 4,8 %

Seko 2 of 7 28 % 13 13,3 %

2 of 8 25 % 12 4,1 %

Trioliet 2 of 4 50 % 6 5,1 %

2 of 3 67 % 4 5,2 %

Average 44,7 % 8,17 6,4 %

The average deviation in percent must be under 5.0 % to avoid influence on the feedingplan 

3�3 Results for each THM�miZer Drand

3�3�1 JF

A V[RKECN GZCORNG QH EQPVTQN YGKIJKPI QH JF TMR-OKZGT KU UJQYP KP FKI. 1.
TJG FKURGTUKQP KU XGT[ NCTIG. FTQO OKPWU 3.2 � VQ RNWU 14.7 �. MGCUWTGOGPVU DGNQY 200 

MI CTG UVTQPIN[ KPHNWGPEGF D[ VJG EQPVTQN YGKIJVæU 20 MI LWORU, YJKEJ ECWUGU NCTIG RGTEGPV-
CIG FGXKCVKQPU KP VJG NQYGT YGKIJV CTGC. TJG VQVCN YGKIJV UJQYU C FKHHGTGPEG QH 225 MI CV 4,6 
VQPU. TJKU IKXGU C RGTEGPVCIG FKHHGTGPEG QH 4.9 �, YJKEJ KU LWUV DGNQY VJG TGURGEVCDNG NKOKV 
QH 5 �.
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3�2 Totalweight deXiation 

TCD. 2� TJG FKHHGTGPV TMR-OKZGTU FGXKCVKQP KP VQVCN YGKIJV
Abweichungen im Gesamtgewicht für die verschiedenen TMR-Mischer

Brand
TMR-mixer total-

weight (kg)
Controlweight 
totalweight (kg)

Deviation (kg) Deviation in %

JF 7005 6660 345 5,9 %

4855 4500 355 7,3 %

5500 5320 180 3,3 %

4615 4390 225 4,9 %

Keenan 2660 2700 40 1,5 %

1925 1900 25 1,3 %

Kuhn 2865 2800 65 2,3 %

Kverneland 3420 3240 180 5,3 %

4030 4200 170 4,0 %

Redrock 2440 2380 60 2,4 %

4700 4640 60 1,3 %

RMH 2625 2560 65 2,5 %

5700 5560 140 2,5 %

2355 2260 95 4,0 %

Seko 4725 4700 25 0,6 %

5300 5220 80 1,5 %

Trioliet 3735 3600 135 3,6 %

5885 5780 105 1,8 %

Average 4130 4023 107 2,6 %

The average deviation in percent must be under 5.0 % to avoid influence on the feeding plan

IP IGPGTCN, JF YGKIJVGF VQQ OWEJ EQORCTGF VQ VJG EQPVTQN YGKIJV. TJG V[RKECN FGXKCVKQPU 
YGTG 5ä8 � OQTG. TJG FGXKCVKQP UJQWNF PQV DG OQTG VJCP 5 �. SQOG QH VJG TGUWNVU UJQYGF 
FGXKCVKQPU DGVYGGP 10ä20 �. TJG FKURGTUKQPU YGTG IGPGTCNN[ VQQ JKIJ. A ECNKDTCVKQP QH VJG 
YGKIJKPI U[UVGO YQWNF PQV UQNXG VJG RTQDNGOU DGECWUG QH VJG JKIJ FKURGTUKQP KP DQVJ FKTGE-
VKQPU. A RNWU QP JF TMR-OKZGTU CTG VJG HGGF EQORWVGT YJKEJ JGNRU VJG HCTOGT VQ EQPVTQN VJG 
HGGFKPI RNCP.

3�3�2 Keenan

A V[RKECN GZCORNG QH EQPVTQN YGKIJKPI QH KGGPCP TMR-OKZGT KU UJQYP KP FKI. 2.
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TJG FKURGTUKQPU YGTG IGPGTCNN[ VQQ JKIJ YKVJ NCTIG FGXKCVKQPU OKPWU 23 � VQ RNWU 25 � 

QP OGCUWTGOGPVU QXGT 200 MI�. A ECNKDTCVKQP QH VJG YGKIJKPI U[UVGO YQWNF PQV UQNXG VJG 
RTQDNGOU DGECWUG QH VJG JKIJ FKURGTUKQP. TJGTG KU PQ RCVVGTP. TJG VQVCN YGKIJV GPFGF CV 2.4 
VQPU. TJG FKHHGTGPEG YGTG QPN[ 40 MI QT 1.5 � FKHHGTGPEG. TJKU OWUV DG C EQKPEKFGPEG, YKVJ 
VJG NCTIG FKURGTUKQPU KP OKPF. 

FKI. 1� WGKIJKPI TGUWNVU HQT JF 19 O3 XGTVKECN-OKZGT 
Wiegeergebnisse für JF 1� m3 Vertikal-Mischer General conclusion on JF 

FKI. 2� WGKIJKPI TGUWNVU HQT KGGPCP 14 O3 JCURGN-OKZGT
Wiegeergebnisse für Keeanan 1� m3 Haspel-MischererGeneral conclusion on Keenan 

TJG TGUWNVU HQT KGGPCP UJQY DQVJ RQUKVKXG CPF PGICVKXG TGUWNVU. DGXKCVKQPU QP 25 � CTG PQV 
CEEGRVCDNG. A ECNKDTCVKQP KU PGEGUUCT[, DWV ECP DG FKHHKEWNV DGECWUG QH VJG OKUUKPI FGXKCVKQP 
RCVVGTP. APQVJGT VGUVGF KGGPCP TMR-OKZGT UJQYGF XGT[ IQQF TGUWNVU YKVJ C OCZKOWO FGXKC-
VKQP QH 3,4 � CPF C FKHHGTGPEG QH QPN[ 25 MI QT 1.3 � CV VJG VQVCN YGKIJV QH 2 VQPU. 

3�3�3 Kuhn

TJG TGUWNVU YGTG UCVKUHCEVQT[. MQUV QH VJG HKNNKPIU YGTG DGVYGGP 200ä300 MI YJKEJ CHHGEVU VJG 
RGTEGPVCIG FGXKCVKQP DGECWUG QH VJG EQPVTQN YGKIJVæU 20 MI LWOR-KPVGTXCNU. WKVJ VJKU KP OKPF, 
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KV OWUV DG EQPENWFGF VJCV VJG CEEWTCE[ KU HKPG. TJG VQVCN YGKIJV QH 2.8 VQPU UJQYGF C FKHHGT-
GPEG QH 65 MI QT 2.3 �. SQ DGNQY VJG 5 � CEEGRVCDNG NKOKV.     

3�3�4 KXerneland

IP IGPGTCN VJG TGUWNVU YGTG UCVKUHCEVQT[. OPG TMR-OKZGT JCF QPG NCTIG FGXKCVKQP QP 16 �, 
DWV KP IGPGTCN VJG TGUWNVU YGTG HKPG. TJG VQVCN YGKIJVU YGTG UCVKUHKGF CPF CNN DGNQY QT CTQWPF 
VJG NKOKVGF 5 �. 

3�3�5 Redrock

IP IGPGTCN VJG TGUWNVU YGTG HKPG. OPG QH VJG TMR-OKZGTU JCF UQOG NCTIGT RGTEGPVCIG FGXKC-
VKQPU, DWV OQUV QH VJGO ECWUGF UOCNN HKNNKPIU DGNQY 200 MI CPF VJG EQPVTQN YGKIJVçU 20 MI 
LWORU.APQVJGT QH VJG VGUVGF TMR-OKZGTU JCF UQOG FGXKCVKQPU DGVYGGP 5ä15 � KP VJG YGKIJV 
CTGC DGNQY 1000 MI. TJGTG YGTG PQ RCVVGTPU KP VJG FGXKCVKQPU. TJG VQVCN YGKIJVU YGTG UCVKUHCE-
VQT[ CPF CNN DGNQY 3 � FGXKCVKQP. 

3�3�6 RMH

IP IGPGTCN VJG TGUWNVU YGTG XGT[ UCVKUHCEVQT[. ANUQ JGTG YGTG C HGY FGXKCVKQPU LWUV QXGT 5 �. 
SQOG QH VJGO EQWTUGF HKNNKPIU DGNQY 200 MI. MQUV QH VJG VGUVGF TMR-OKZGTU UJQYGF C 
VGPFGPE[ VQ YGKIJ 2ä3 � OQTG VJCP VJG EQPVTQN YGKIJV. TJKU RCVVGTP ECP DG UQNXGF YKVJ C 
ECNKDTCVKQP. 

3�3�� Seko

TJG TGUWNVU YGTG KP IGPGTCN UCVKUHCEVQT[. TJGTG YCU QPG FGXKCVKQP CTQWPF 5ä8 � QP DQVJ QH VJG 
VGUVGF TMR-OKZGTU. TJG VQVCN YGKIJV YCU XGT[ HKPG QP VJG VGUVGF TMR-OKZGTU. NQPG UJQYGF 
FGXKCVKQP QXGT 2 �.

3�3�� Trioliet

TJG TGUWNVU YGTG UCVKUHCEVQT[. TJGTG YCU QPG NCTIG FGXKCVKQP QXGT 10 � QP QPG QH VJG VGUVGF 
TMR-OKZGTU. TJGTG YGTG PQ RCVVGTPU KP VJG FGXKCVKQPU. TJG VQVCN YGKIJVU YGTG CNN DGNQY VJG 
CEEGRVCDNG NKOKV QH 5 �.

ANN FKCITCOU HQT VJG VGUVGF TMR-OKZGTU ECP DG HQWPF QP YYY.HCTOVGUV .FM    

TJG UWTXG[ YCU RGTHQTOGF KP 2004.
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Marker�assisted fermentation of starter cultures for silage
/CrMer�gestÒt\te (ermentCtion Xon StCrterMWNtWren fÒr die SiNierWng

MICHAEL KLOCKE, CHRISTINE IDLER, KERSTIN MUNDT

IPUVKVWV HÒT AITCTVGEJPKM BQTPKO G. V., MCZ-E[VJ-ANNGG 100, D-14469 PQVUFCO

Ke[words� LactoDacillus Rlantarum, lactoDacillus rhamnosus, starter culture, silage, 16S RDNA, 
molecular marker
ScJNÒsseNYÌrter� .CctoDCciNNWs PNCntCrWm� .CctoDCciNNWs 4JCmnosWs� StCrterMWNtWr� SiNCge� ��S r&0#� 
/oNeMWNCre /CrMer

SWmmCr[

In agronomy, the ensiling of forage material is often supported by the application of starter 
cultures. Usually mixtures of selected strains of various lactic acid bacteria species are 
applied. The preferentially used species is Lactobacillus plantarum. Further enhancement of 
the silage quality can be obtained by addition of other Lactobacillus as well as Enterococcus 
or Pediococcus species.

A marker assay was developed for the species in the ensiling agent Bornim Liquids, Lact. 
plantarum and Lact. rhamnosus, based on species-specific regions within the chromosomal 
DNA. Subsequently, the marker assay was used to establish a regime for co-fermentation 
of these strains in order to develop a cost-reduced alternative to conventional single-strain 
fermentations.

<WsCmmenfCssWng

Die Silierung von pflanzlichen Futtermitteln wird in der Praxis häufig durch den Einsatz von 
Starterkulturen unterstützt. Als Starterkulturen werden üblicherweise Mischungen ausgewähl-
ter Stämme verschiedener Milchsäurebakterien benutzt. Breite Anwendungen finden dabei 
Stämme der Art Lactobacillus plantarum� die Silagequalität kann allerdings durch die Bei-
mischung anderer Lactobacillus-Arten aber auch von Enterococcus- oder Pediococcus-Arten 
verbessert werden.

Exemplarisch für die in dem Siliermittel Bornim Liquids enthaltenen Bakterienarten Lact. 
plantarum und Lact. rhamnosus wurde ein Markersystem basierend auf artspezifischen Berei-
chen der chromosomalen DNA entwickelt. Dieses Markersystem wurde genutzt, um ein 
Regime zur Co-Fermentation beider Stämme als kostengünstige Alternative zu der konven-
tionellen Einzelfermentation zu etablieren. 



51� BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI

POSTER

1 Introduction 

EPUKNKPI YKVJ VJG CKF QH HGTOGPVCVKQP DCEVGTKC KU C EQOOQP OGVJQF HQT VJG EQPUGTXCVKQP QH 
HQTCIG KP CITQPQO[. TJG PCVWTCNN[ QEEWTTKPI RTQEGUU QH EQNQPKUCVKQP QH RNCPV DKQOCUU YKVJ 
DCEVGTKC ECP DG UVTGPIVJGPGF D[ CRRNKECVKQP QH UVCTVGT EWNVWTGU =1?. CWTTGPVN[ EQOOGTEKCNN[-
CXCKNCDNG GPUKNKPI KPQEWNCPVU CTG WUGF. NGXGTVJGNGUU, VJG CRRNKECVKQP QH EQOOGTEKCN HTGG\G-
FTKGF EWNVWTGU KU UVKNN CUUQEKCVGF YKVJ UQOG FKUCFXCPVCIGU UWEJ CU JKIJGT EQUVU CPF UQOGVKOGU 
CNUQ KPUWHHKEKGPV GPUKNKPI EQORCTGF YKVJ VJG WUG QH HTGUJN[ RTGRCTGF UVCTVGT EWNVWTGU =2, 3?. TJWU 
VJG RTQFWEVKQP QH GPUKNKPI UVCTVGT EWNVWTGU QP-UKVG CV VJG CITKEWNVWTCN EQORCPKGU YQWNF CRRGCT 
VQ DG C RTQOKUKPI CPF EQUV-TGFWEKPI CNVGTPCVKXG =2, 4?.

WGNN UWKVGF JQOQHGTOGPVCVKXG DCEVGTKC HQT GPUKNKPI RWTRQUGU CTG Lactobacillus plantarum
CPF Lact. rhamnosus =5, 6, 7?. TJGUG DCEVGTKC CTG RCTV QH VJG EQOOGTEKCN GPUKNKPI CIGPV Bornim 
Liquids, YJKEJ YCU FGXGNQRGF CV VJG IPUVKVWVG QH AITKEWNVWTCN EPIKPGGTKPI, BQTPKO 
ATB�. IP 
VJKU GPUKNKPI CIGPV VYQ UGNGEVGF UVTCKPU, Lact. plantarum ATB 8 CPF Lact. rhamnosus ATB 
14, CTG KPENWFGF KP CRRTQZKOCVGN[ GSWCN EGNN FGPUKVKGU RTQXKFKPI C U[PGTIKUVKE GHHGEV YJKEJ KU 
ITGCVGT VJCP VJCV RTQXKFGF D[ VJG CRRNKECVKQP QH UKPING UVTCKPU =7?. 

CWTTGPV RTQFWEVKQP OGVJQFU HQT VJG OCPWHCEVWTG QH UWEJ GPUKNKPI CIGPVU KPXQNXG UKPING 
HGTOGPVCVKQPU QH GCEJ UVTCKP, YJKEJ CTG UWDUGSWGPVN[ EQODKPGF KP FGHKPGF XQNWOGU. HGPEG, 
VJG EQ-HGTOGPVCVKQP QH VYQ QT OQTG UVTCKPU YKVJKP QPG HGTOGPVCVKQP RTQEGUU EQWNF QHHGT C OQTG 
GEQPQOKE CNVGTPCVKXG. IP QTFGT VQ GUVCDNKUJ C TGIKOG HQT EQ-HGTOGPVCVKQP, CP GHHGEVKXG VQQN HQT 
UVTCKP FGVGEVKQP CPF EQPVTQN KU TGSWKTGF =4?.

2 Methods

CQPXGPVKQPCN OKETQDKCN CRRTQCEJGU CTG PQV UWHHKEKGPVN[ CEEWTCVG VQ FKUVKPIWKUJ Lact. plantarum
CPF Lact. rhamnosus FWG VQ VJG NCEM QH RQN[OQTRJKE RJGPQV[RKECN VTCKVU =8?. FWTVJGTOQTG, VJG 
PGEGUUCT[ EWNVKXCVKQP QH VJG UVTCKPU KU VKOG EQPUWOKPI. TJWU, ENCUUKECN CRRTQCEJGU CTG PQV 
UWKVGF HQT C HCUV CPF EQPVGORQTCT[ EQPVTQN QH HGTOGPVCVKQPU.

AU CP CNVGTPCVKXG, VJG PCR-DCUGF FGVGEVKQP QH UKPING, URGEKGU URGEKHKE DNA UGSWGPEGU 
YKVJKP VJG IGPGU GPEQFKPI VJG 16S TKDQUQOCN WPKV 
16S TDNA� RTQXKFGU C ENGCT FKHHGTGPVKCVKQP 
GXGP QH ENQUGN[-TGNCVGF DCEVGTKC =9, 10?. 

SRGEKGU-URGEKHKE RTKOGT RCKTU HQT CORNKH[KPI DNA HTCIOGPVU QH FKHHGTGPV, ENGCTN[ FKUVKPIWKUJ-
CDNG NGPIVJU YGTG EJQUGP 
FKI. 1�. TJG HQTYCTF RTKOGT F2RNC FGVGEVU C XCTKCDNG TGIKQP RTGUGPV 
QPN[ KP Lact. plantarum =10?, CPF FGVGEVKQP QH Lact. rhamnosus YCU CEJKGXGF D[ WUKPI C XCTK-
CDNG TGIKQP CRRTQZ. 360 DR FQYPUVTGCO =11?. AU C WPKXGTUCN TGXGTUG RTKOGT, VJG RTKOGT R1WPKX

YCU CRRNKGF 
OQFKHKGF CHVGT =9?�. TJG PCR RTQVQEQN CPF CPCN[UKU QH PCR RTQFWEVU YCU ECTTKGF 
QWV CU RTGXKQWUN[ FGUETKDGF =11?.

TQ FGVGTOKPG VJG GZENWUKXG URGEKHKEKV[ QH VJG FGXGNQRGF RTKOGT RCKTU, UGXGTCN PCRU YGTG 
ECTTKGF QWV WUKPI IGPQOKE DNA QH FGHKPGF COQWPVU CU YGNN CU JQV YCVGT GZVTCEVU QH EQNQPKGU 
CU C DNA VGORNCVG. SWDUGSWGPVN[, VJG OWNVKRNGZ PCR CUUC[ YCU CRRNKGF VQ EQPVTQN VJG DCVEJ 
EQ-HGTOGPVCVKQP QH VJG VYQ UKNCIG DCEVGTKC CV NCDQTCVQT[ UECNG.
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FKI. 1� DGUKIP QH PCR HQTYCTF RTKOGTU URGEKHKE HQT Lact. plantarum 
F2RNC� CPF Lact. rhamnosus 
F3TJC� VCTIGV-
KPI URGEKGU URGEKHKE UGSWGPEGU QH 16S TDNA. AU C TGXGTUG RTKOGT, C WPKXGTUCN RTKOGT 
R1WPKX� HQT DCEVGTKCN 16S 
TDNA YCU WUGF 
OQFKHKGF CHVGT =9?�.FQT CNKIPOGPV, QPN[ 16S TDNA EQPUGPUWU  UGSWGPEGU HQT VJG V[RG UVTCKPU 
YGTG WUGF QDVCKPGF VJTQWIJ VJG RKDQUQOCN DCVCDCUG PTQLGEV II. PTKOGT VCTIGVU YGTG WPFGTNCKF KP ITC[, URGEKGU 
URGEKHKE PWENGQVKFGU YKVJKP VJG RTKOGT VCTIGVU YGTG WPFGTNCKF KP DNCEM

3 Results

AU GZRGEVGF, VJG RTKOGTU F2RNC CPF R1WPKX CORNKHKGF C WPKSWG PCR RTQFWEV YKVJ C NGPIVJ QH 
CRRTQZ. 975 DR KH CRRNKGF VQ JQV YCVGT GZVTCEVU HTQO EQNQPKGU QH Lact. plantarum ATB 8 
FKI. 
2�. TJG RTKOGTU F3TJC CPF R1WPKX RTQFWEGF C ENGCT FKUVKPIWKUJCDNG UOCNNGT DWV CNUQ WPKSWG PCR 
CORNKEQP QH EC. 587 DR NGPIVJ WUKPI JQV YCVGT GZVTCEVU HTQO Lact. rhamnosus ATB 14 EQNQPKGU. 
ARRNKGF KP C OWNVKRNGZ PCR QP OKZGF VGORNCVGU YKVJ TQWIJN[ GSWCN COQWPVU QH IGPQOKE DNA 
QH DQVJ URGEKGU, DQVJ CORNKEQPU CRRGCTGF YKVJ CRRTQZKOCVGN[ VJG UCOG KPVGPUKV[. WKVJKP VJG 
OWNVKRNGZ PCR, PQ PQP-URGEKHKE ETQUU RTQFWEVU YGTG CORNKHKGF.

TJG OWNVKRNGZ PCR CUUC[ YCU CRRNKGF VQ VJG OQPKVQTKPI QH FKHHGTGPV EQ-HGTOGPVCVKQPU KP 
QTFGT VQ GUVCDNKUJ CP CRRTQRTKCVG TGIKOG HQT EQ-EWNVKXCVKQP QH DQVJ UVTCKPU 
TCD. 1�. IV YCU 
UJQYP, VJCV KPQEWNCVKQP YKVJ DQVJ UVTCKPU KP EQORCTCVKXGN[ NQY EGNN FGPUKVKGU 
i. e. OD600 ca.
0.5� TGUWNVGF KP FQOKPCVKQP D[ VJG HCUVGT ITQYKPI Lact. plantarum 
FKI. 3�. IP EQPVTCUV, KPQEW-
NCVKQP YKVJ VJG UNQYGT ITQYKPI Lact. rhamnosus RTKQT VQ Lact. plantarum 
∆T� 24 J� TGUWNVGF 
KP VJG UWRRTGUUKQP QH Lact. plantarum. TJG GPTKEJOGPV QH GSWCN FGPUKVKGU QH DQVJ UVTCKPU YCU 
QPN[ QDVCKPGF, YJGP JKIJGT COQWPVU QH EGNNU YGTG WUGF HQT KPQEWNCVKQP 
K. G. 5 ON RTG-EWNVWTG 
YKVJ CP OD600 QH 1.5 HQT KPQEWNCVKQP QH 100 ON EWNVWTG�.
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FKI. 2� CQNQP[-FKTGEV OWNVKRNGZ PCR YKVJ RTKOGT F2RNC, F3TJC CPF R2WPKX WUKPI JQV YCVGT GZVTCEVU HTQO C UKPING 
EQNQP[ QH Lact. plantarum ATB 8, Lact. rhamnosus ATB 14 CPF C OKZVWTG QH DQVJ. M OCTMU C DNA NGPIVJ 
UVCPFCTF

FKI. 3� ARRNKECVKQP QH VJG OWNVKRNGZ PCR KP QTFGT VQ GUVCDNKUJ C TGIKOG HQT EQ-HGTOGPVCVKQP QH Lact. plantarum
ATB 8 CPF Lact. rhamnosus ATB 14. TJG EQ-HGTOGPVCVKQP YCU UVCTVGF YKVJ 5 ON QH GCEJ UVTCKP WUKPI QXGT-
PKIJV EWNVWTGU 
OD600 � 0.46�. TJG EQ-HGTOGPVCVKQP YCU KPQEWNCVGF YKVJ GSWCN EQPEGPVTCVKQPU QH DQVJ UVTCKPU 
CV VJG UCOG VKOG 
∆T � 0 J� TGUR. YKVJ Lact. rhamnosus HKTUV CPF, YKVJ QPG FC[ FGNC[, YKVJ CP GSWCN EQPEGP-
VTCVKQP QH Lact. plantarum 
∆T � 24 J�. AU PCR VGORNCVG C 1�10 FKNWVKQP QH IGPQOKE DNA 
EQPE. 100 PI zNä1� 
YCU WUGF. M TGUR. M� OCTMU C NGPIVJ UVCPFCTF
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TCD. 1� ORVKOK\CVKQP QH VJG EQ-HGTOGPVCVKQP QH LCEV. RNCPVCTWO ATB 8 CPF LCEV. TJCOPQUWU ATB 14

Parameter Variation Effect

Delayed inoculation
Lact. plantarum first
(∆T = 1–5 d)

Domination of /act. plantarum

Lact. rhamnosus first
(∆T = 1–5 d)

Domination of /act. rhamnosus

Optical density (OD600) 
of the pre-culture

OD600 = ca. 0,5 Domination of /act. plantarum

OD600 = ca. 1,5 Equal populations of both strains

FKI. 4� PCR CUUC[ QH C 10 HQNF FKNWVKQP UGTKGU QH CP GZVTCEV QH VQVCN IGPQOKE DNA RTGRCTGF QWV QH C NCDQTCV[ 
UECNG EQ-HGTOGPVCVKQP QH Lact. plantarum ATB 8 CPF Lact. rhamnosus ATB 14 
2 N DCVEJ HGTOGPVCVKQP�. 
C OCTMU C PGICVKXG EQPVTQN WUKPI H2ODKFGUV KPUVGCF QH C DNA VGORNCVG, M OCTMU C NGPIVJ UVCPFCTF

ARRNKGF VQ C NCDQTCVQT[-UECNG DCVEJ EQ-HGTOGPVCVKQP 
XQN. 2 N� QH DQVJ UVTCKPU, VJG GUVKOCVGF 
EQPFKVKQPU RTQXKFGF VJG FGXGNQROGPV QH GSWCN EGNN FGPUKVKGU QH DQVJ UVTCKPU. A PCR CUUC[ 
CRRNKGF VQ C FKNWVKQP UGTKGU QH VJG DNA RTQDG UJQYGF CRRTQZKOCVGN[ GSWKXCNGPV JKIJ COQWPVU 
QH DNA QH DQVJ URGEKGU, Lact. plantarum CPF Lact. rhamnosus, YKVJKP VJG HGTOGPVQT 
FKI. 4�. 

4 Discussion

IP VJKU UVWF[, C PCR-DCUGF CUUC[ YCU GXCNWCVGF HQT VJG OQPKVQTKPI QH GPUKNKPI DCEVGTKC Lact. 
plantarum CPF Lact. rhamnosus, YJKEJ YGTG UWDUVCPVKCN EQORQPGPVU QH VJG GPUKNKPI CIGPV 
Bornim Liquids. IP EQPVTCUV VQ RTGXKQWUN[ RWDNKUJGF CUUC[U =9?, VJKU CUUC[ RTQXKFGU VJG RCTCNNGN 
FGVGEVKQP QH DQVJ URGEKGU YKVJKP QPG UKPING TGCEVKQP. FWTVJGTOQTG, VJKU CUUC[ GPCDNGU C HCUV 
FGVGEVKQP VKOG YKVJKP 3ä5 J CPF, VJWU, C EQPVGORQTCT[ EQPVTQN QH HGTOGPVCVKQPU =12?. AU YGNN 
CU TQWVKPG UVTCKP EQPVTQN, VJKU CUUC[ RTQXKFGU C RQYGTHWN VQQN HQT VJG GUVCDNKUJOGPV QH UVTCVGIKGU 
HQT EQ-EWNVKXCVKQP QH DQVJ DCEVGTKC.

FQT VJG GPUKNKPI CIGPV Bornim Liquids, KV YCU UJQYP VJCV KP RTKPEKRNG, UWEJ C EQ-HGTOGPVC-
VKQP UVTCVGI[ KU CRRNKECDNG. CQORCTGF YKVJ VJG EWTTGPVN[ CRRNKGF UKPING-HGTOGPVCVKQP UVTCVGI[, 
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VJKU EQ-HGTOGPVCVKQP EQWNF RTQXKFG C EQUV-TGFWEGF CPF NQYGT YQTM-TCVG CNVGTPCVKXG. HGPEG, 
VJG EQ-HGTOGPVCVKQP YQWNF UVTGPIVJGP CRRTQCEJGU HQT QP-HCTO RTQFWEVKQP QH UVCTVGT-EWNVWTGU 
=2, 4?. IP VJKU EQPVGZV, HWTVJGT KPXGUVKICVKQPU CTG WPFGTYC[ CV VJG ATB KP EQQRGTCVKQP YKVJ VJG 
AITCTIGPQUUGPUEJCHV NKGFGTUEJÌPC.
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Totalmischration 
TMR� Xersus Grundmischration und indiXidueller 
Kraftfutterzuteilung Dei hohem Grundfutteranteil fÒr MilchkÒhe
6otCN miZed rCtion 
6/4� XersWs DCsic miZed rCtion Cnd indiXidWCN con�
centrCte CNNocCtion YitJ C JigJ proportion of DCsic feed for dCir[ coYs

FRANZ NYDEGGER, MATTHIAS SCHICK

AITQUEQRG FAT T·PKMQP, CH-8356 EVVGPJCWUGP

SchlÒsselwÌrter� Totalmischration, MilchkÒhe, FutterXerzehr, Milchleistung, ArDeitswirtschaft
-e[Yords� 6otCN miZed rCtion� dCir[ coYs� feed consWmption� miNM [ieNd� YorM economic
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In einem zweijährigen Versuch klärte die FAT den Einfluss einer Totalmischration (TMR) auf 
die Leistung, die Futteraufnahme und die körperliche Verfassung von Milchkühen gegen-
über konventioneller Futtervorlage ab. Über beide Versuchsjahre gemittelt ergaben sich 
keine wesentlichen Unterschiede zwischen den Verfahren mit konventioneller Vorlage einer 
Grundmischration und individueller Ergänzungsfütterung an der Kraftfutterstation und der 
TMR in Bezug auf den Verzehr an Grundration. Dagegen wies die TMR-Gruppe bei einem 
tieferen Kraftfutterverzehr eine rund 1,3 � niedrigere Milchleistung auf. Der Verlauf der 
Milchleistung und der Körperkondition, über die Laktationsabschnitte war unterschiedlich. 
Ob die Fütterung des Milchviehbestandes mit TMR oder über Futtermischwagen und Kraft-
futterstation erfolgt, ist unter vergleichbaren Bedingungen aus der Sicht der Arbeitswirtschaft 
von geringer Bedeutung.

SWmmCr[ 

Within the scope of a two-year experiment, Agroscope FAT Tänikon investigated the effects 
of the total mixed ration (TMR) on milk yield, feed intake and physical condition of the dairy 
cows compared to conventional feed distribution. In terms of basic ration consumption, no 
significant differences occurred on average over the two years between the TMR and the sys-
tem involving conventional distribution of basic mixed ration and individual supplementary 
rations at the automatic concentrate distributor. On the other hand, the TMR group produced 
an approx. 1.3 � lower milk yield with a lower concentrate consumption. The pattern of milk 
yield and physical condition varied through the stages of lactation. From a labour point of 
view, it makes little difference whether the dairy herd is fed with TMR or using a feed mixer 
wagon and automatic concentrate distributor, all other conditions being comparable. 
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1 ProDlemstellung

IP GGDKGVGP OKV GKPGO JQJGP APVGKN CP PKEJV QFGT PWT DGFKPIV CEMGTH·JKIGP FN·EJGP JCV FKG 
VGTYGTVWPI XQP GTCU KP FGT MKNEJXKGJJCNVWPI GKPGP JQJGP SVGNNGPYGTV. DCU KPQY-JQY \WT 
PTQFWMVKQP XQP IWVGO DKU UGJT IWVGO GTWPFHWVVGT CWH FGT BCUKU XQP GTÒPNCPF KUV XQTJCPFGP. 
H·WHKI YGKUGP FKGUG GGDKGVG HGTFGP XQP 20 DKU 60 MKNEJMÒJGP OKV GKPGO LGKUVWPIUPKXGCW 
\YKUEJGP 6000 WPF 8000 MI�LCMVCVKQP CWH. EU UVGNNV UKEJ FKG FTCIG, QD UKEJ WPVGT FGT VQTCWUUGV-
\WPIGP GKPGU JQJGP APVGKNU XQP JQEJYGTVKIGO RCWHWVVGT KP FGT RCVKQP GKPG TQVCNOKUEJTCVKQP 

TMR� CNU UKPPXQNN GTYGKUV WPF QD UKEJ FKGU CWEJ QJPG GTWRRGPWPVGTVGKNWPI FWTEJHÒJTGP 
N·UUV. DKG AWUYKTMWPIGP FGT TMR CWH FGP FWVVGTXGT\GJT, FKG MKNEJNGKUVWPI, KÌTRGTMQPFKVKQP 
FGT KÒJG UQYKG FGP ATDGKVU\GKVDGFCTH UQNNGP CWHIG\GKIV YGTFGP. DGT VGTUWEJ OKV GKPGT HGT-
FG OKV FWTEJUEJPKVVNKEJGO LGKUVWPIUPKXGCW, QJPG LGKUVWPIUITWRRGP, CDGT OKV GKPGT RCVKQP 
OKV JQJGO GTWPFHWVVGTCPVGKN UQNN FKG KP BG\WI CWH FCU LGKUVWPIUPKXGCW WPVGTG EKPUCV\ITGP\G 
CWUNQVGP.

2 Versuchsanordnung

DKG AWUYKTMWPIGP FGT TMR YWTFG OKV HKNHG GKPGU VGTHCJTGPUXGTINGKEJU CP \YGK KWJITWRRGP 
OKV LG 17 TKGTGP ÒDGT \YGK JCJTG WPVGTUWEJV. DCU LGKUVWPIUPKXGCW DGVTWI DGK KÒJGP KP FGT 
\YGKVGP WPF HQNIGPFGP LCMVCVKQP 7300 MI�JCJT WPF 6600 MI JCJT DGK FGP ETUVNCMVKGTGPFGP. FÒT 
FKG VGTUWEJUITWRRG YCT FKG TMR CD APHÒVVGTWPI DKU \WO TTQEMGPUVGNNGP CWH GKP MKNEJRTQ-
FWMVKQPURQVGP\KCN XQP \KTMC 25 MI RTQ KWJ WPF TCI CWUIGNGIV. DKG RGHGTGP\ITWRRG GTJKGNV CD 
APHÒVVGTWPI DKU \WO TTQEMGPUVGNNGP GKPG MKUEJTCVKQP, CWUIGNGIV CWH \KTMC 19 MI MKNEJ, VKGTKP-
FKXKFWGNN GTI·P\V OKV ETI·P\WPIUHWVVGT CP FGT KTCHVHWVVGT-SVCVKQP. DKG GTWPFTCVKQP DGUVCPF HÒT 
DGKFG GTWRRGP CWU FGP KQORQPGPVGP BGNÒHVWPIUJGW, MCKU-, GTCU- WPF ZWEMGTTÒDGPUEJPKV-
\GNUKNCIG. DGT FWTEJUEJPKVVNKEJG EPGTIKGIGJCNV NCI WO 6,2 MJ NEL DGK FGT RGHGTGP\- WPF DGK 
6,3 MJ NEL DGK FGT TMR-GTWRRG.

3 Milchleistung

EKP VGTINGKEJ FGT GPGTIKGMQTTKIKGTVGP MKNEJNGKUVWPI 
MI ECM� \GKIVG 2002 KO DWTEJUEJPKVV 
FGU ICP\GP JCJTGU PWT UGJT IGTKPIG UPVGTUEJKGFG. 2003 GTDTCEJVGP FKG KÒJG FGT RGHGTGP\-
ITWRRG GKPG JÌJGTG SVCTVNGKUVWPI WPF HKGNGP IGIGP EPFG FGT LCMVCVKQP YGPKIGT UVCTM CD CNU 
2002 
ADD. 1�. DKG FWTEJUEJPKVVNKEJG LGKUVWPI FGT KÒJG CD FGT \YGKVGP LCMVCVKQP NCI HÒT FKG 
RGHGTGP\ITWRRG 2002 DGK 24,7 MI WPF 2003 DGK 25,7 MI ECM WPF HÒT FKG TMR-GTWRRG 2002 
DGK 24,5 MI WPF 2003 DGK 25,0 MI ECM. DKG 1. LCMVKGTGPFGP FGT RGHGTGP\ITWRRG GT\KGNVGP 
19,5 D\Y. 23,2 MI WPF KP FGT TMR-GTWRRG 20,3 MI D\Y. 19,7 MI ECM�KT.

APJCPF FGT FWTEJUEJPKVVNKEJGP MKNEJNGKUVWPIGP PCEJ LCMVCVKQPUCDUEJPKVVGP \GKIV UKEJ, FCUU 
FKG TMR-GTWRRG UQYQJN DGK FGP 1. LCMVKGTGPFGP CNU CWEJ CD FGT 2. LCMVCVKQP GKPG DGUUGTG 
PGTUKUVGP\ CWHYGKUV CNU FKG RGHGTGP\ITWRRG. IO \YGKVGP VGTUWEJULCJT GTDTCEJVGP FKG RGHGTGP\-
MÒJG XQT CNNGO CWHITWPF FGT JÌJGTGP EKPUCV\NGKUVWPI GKPG WO 3 � JÌJGTG MKNEJNGKUVWPI. IO 
MKVVGN DGKFGT JCJTG DGVTWI FKG MGJTNGKUVWPI FGT RGHGTGP\ITWRRG 1,3 �. 
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ADD. 1� LCMVCVKQPUXGTNCWH 2002 WPF 2003
DWTEJUEJPKVVNKEJG MKNEJNGKUVWPI KP MI ECM�TCI WPF SVCPFCTFHGJNGT PCEJ LCMVCVKQPUCDUEJPKVV 

LT � LCMVCVKQPUVCIG� HÒT FKG KÒJG FGT RGHGTGP\ITWRRG 
R� WPF FGT TMR-GTWRRG 
TMR�.
Lactation in 2002 and 2003
Average milk yield in kg ECM/day and standard error according to stage of lactation 
(LT � lactation days) for cows in the reference group (R) and the TMR group (TMR)

4 Verzehr Grundration

DKG RGHGTGP\ITWRRG XGT\GJTVG KP FGP MQPCVGP JCPWCT DKU M·T\ KO DWTEJUEJPKVV 14,2 MI�KWJ 
WPF TCI 
KT� FGT GTWPFTCVKQP KO JCJT 2002 WPF 14,9 MI�KWJ WPF TCI KO JCJTG 2003 
ADD. 2�. 
DKG TMR-GTWRRG XGT\GJTVG KP FGP MQPCVGP JCPWCT DKU M·T\ KO DWTEJUEJPKVV KO JCJT 2002 
14,9 MI TS�KT, KO JCJT 2003 14,8 MI TS�KT GTWPFTCVKQP.

ADD. 2� DWTEJUEJPKVVNKEJGT VGT\GJT FGT GTWPFTCVKQP 
QJPG ETI·P\WPIUHWVVGT� KP MI TS RTQ KWJ WPF TCI HÒT FKG 
RGHGTGP\ 
R� WPF FKG TMR-GTWRRG KP FGT WKPVGT- 
JCPWCT DKU M·T\ WPF NQXGODGT DKU DG\GODGT� WPF SQO-
OGTHÒVVGTWPI 
ARTKN ä OMVQDGT�
Average consumption of basic ration (without supplementary feeding) in kg DM per cow per day for the ref-
erence group (R) and the TMR group in winter (January to March and November to December) and summer 
feeding (April – October)

W·JTGPF FGT WGKFGRGTKQFG XQP ARTKN DKU OMVQDGT UGV\VG UKEJ FGT VGT\GJT CWU FGT KO SVCNN 
XQTIGNGIVGP MKUEJWPI WPF FGO CWH FGT WGKFG IGHTGUUGPGP GTCU \WUCOOGP.

IO SQOOGT 2002 NCI FGT OKV HKNHG XQP WGKFGHGPUVGTP GTJQDGPG VGT\GJT XQP GTCU OKV 
4,9 MI TS�KT ÒDGT FGT VQTICDG XQP 4 MI DGK FGT RCVKQPGPDGTGEJPWPI. DGT SQOOGT 2003 OKV 
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GKPGT NCPIGP W·TOGRGTKQFG F·ORHVG FGP GTCUCWHYWEJU. DGT VGT\GJT CWH FGT WGKFG UCPM 
FCFWTEJ CWH TWPF 3,9 MI TS�KT. 

DKG TMR-GTWRRG XGT\GJTVG KO GTUVGP JCJT KO DWTEJUEJPKVV \YKUEJGP 0,3 WPF 0,6 MI 
TS�KT OGJT XQP FGT GTWPFTCVKQP CNU FKG RGHGTGP\ITWRRG. IO \YGKVGP JCJT DGUV·VKIVG UKEJ CNNGT-
FKPIU FKGUGT UPVGTUEJKGF PKEJV, FC FKG TMR-GTWRRG \YKUEJGP 0,1 WPF 0,3 MI TS�KT YGPKIGT 
CWHPCJO. IO DWTEJUEJPKVV DGKFGT WKPVGTHÒVVGTWPIURGTKQFGP XGT\GJTVGP FKG RGHGTGP\MÒJG 
15,2 MI TS�KT WPF FKG TMR-KÒJG 15,4 MI TS�KT.

5 Verzehr Erg·nzungsfutter

DKG \WIGVGKNVGP ETI·P\WPIUHWVVGTOGPIGP NCIGP DGK FGT RGHGTGP\ITWRRG OKV 786 MI�KWJ KO 
JCJT 2002 WPF 922 MI�KWJ KO JCJT 2003 JÌJGT CNU DGK FGT TMR-GTWRRG OKV TWPF 654 MI�KWJ 
KO JCJT 2002 WPF 695 MI�KWJ KO JCJT 2003. DGT EKPUCV\ CP KTCHVHWVVGT LG MI ECM DGVTWI DGK 
FGT RGHGTGP\ITWRRG 2002 0,12 MI WPF 2003 0,13 MI, DGK FGT TMR-GTWRRG KP DGKFGP JCJTGP 
0,10 MI.

6 KÌrRerkondition

ANNG FTGK WQEJGP YWTFG FKG KÌTRGTMQPFKVKQP OKV FGO BQF[ CQPFKVKQP SEQTG 
BCS� DGWTVGKNV. 
BGK FGP TKGTGP KP FGT 1. LCMVCVKQP XGTNKGHGP FKG BCS-WGTVG KO GTUVGP VGTUWEJULCJT DKU EPFG 
LCMVCVKQP DGK DGKFGP GTWRRGP RCTCNNGN. BGK FGP KÒJGP CD FGT 2. LCMVCVKQP KUV KP FGT TMR-
GTWRRG GKP ITÌUUGTGT ADHCNN WPF WKGFGTCPUVKGI FGU BCS-WGTVGU HGUV\WUVGNNGP. 2002 DGVT·IV 
FGT APUVKGI FGT BCS-WGTVG XQP APHCPI IGIGP EPFG FGT LCMVCVKQP 0,3 PWPMVG. DKG BCS-WGTVG 
PCEJ FGO ADMCNDGP \GKIGP, FCUU FKG RGHGTGP\ITWRRG 2002 OKV GKPGO IPFGZ XQP 3,4 WO 0,1 
BCS-PWPMVG JÌJGT NKGIV CNU XQT FGO TTQEMGPUVGNNGP, FKG TMR-GTWRRG OKV GKPGO WGTV XQP 3,5 
WO 0,1 PWPMVG VKGHGT. IO FQNIGLCJT NKGIGP XQT FGO KCNDGP DGKFG GTWRRGP INGKEJCWH, PCEJ FGT 
KCNDWPI UKPF FKG BCS-WGTVG FGT TMR-GTWRRG NGKEJV JÌJGT.

� ArDeitswirtschaftliche Beurteilung

ZWT CTDGKVUYKTVUEJCHVNKEJGP BGWTVGKNWPI FGU FÒVVGTWPIUXGTHCJTGP ëTQVCNOKUEJTCVKQPé YWTFGP 
\WP·EJUV ZGKVOGUUWPIGP WPF EKPHNWUUITÌUUGPGTJGDWPIGP CWH FGO VGTUWEJUDGVTKGD FGT FAT 
FWTEJIGHÒJTV WPF CPUEJNKGUUGPF FWTEJ ZGKVOGUUWPIGP CWH XGTUEJKGFGPGP PTCZKUDGVTKGDGP 
ÒDGTRTÒHV. ANU VGTINGKEJUXCTKCPVG YWTFG GKPG YGKV XGTDTGKVGVG FÒVVGTWPIUXCTKCPVG OKV FWVVGT-
OKUEJYCIGP WPF KTCHVHWVVGTUVCVKQP CWUIGY·JNV. ZWU·V\NKEJ YWTFGP DGKFG VCTKCPVGP WO GKPG 
YGKFGDCUKGTVG SQOOGTHÒVVGTWPIUXCTKCPVG OKV \KTMC 5 MI WGKFGITCU GTI·P\V. DKG BGTGEJPWP-
IGP \W FGP VCTKCPVGP YWTFGP WPVGT XGTINGKEJDCTGP BGFKPIWPIGP FWTEJIGHÒJTV. KP ADDKNFWPI 
3 YKTF GTMGPPDCT, FCUU FKG UPVGTUEJKGFG KO TCIGUCTDGKVU\GKVDGFCTH HÒT FKG WPVGTUWEJVGP 
FÒVVGTWPIUXCTKCPVGP OKPKOCN UKPF. DGT ATDGKVU\GKVDGFCTH NKGIV KP ADJ·PIKIMGKV XQP FGT 
BGUVCPFGUITÌUUG DGK DGKFGP VCTKCPVGP \YKUEJGP 1,6 AKOKP LG TKGT WPF TCI 
50 KÒJG� WPF 
2,2 AKOKP LG TKGT WPF TCI 
30 KÒJG� HÒT FKG WKPVGTUKVWCVKQP. IO SQOOGT KUV FGT ZGKVDGFCTH 
DGFKPIV FWTEJ FGP V·INKEJGP WGKFGICPI NGKEJV JÌJGT WPF DGVT·IV DGK HQH-WGKFGGPVHGTPWPIGP 
XQP FWTEJUEJPKVVNKEJ 150 O 2,2 AKOKP 
50 KÒJG�ä3,3 AKOKP 
30 KÒJG� LG TKGT WPF TCI. SQOKV 
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UKPF TGCNKUVKUEJG V·INKEJG ATDGKVU\GKVGP \YKUEJGP 1 WPF 1,3 AKJ HÒT FKG WKPVGTHÒVVGTWPI WPF 
1,6ä1,8 AKJ HÒT FKG SQOOGTHÒVVGTWPI \W XGTCPUEJNCIGP. DGT ZGKVDGFCTH HÒT FKG SQOOGTHÒV-
VGTWPI MCPP CNNGPHCNNU PQEJ FWTEJ MÒT\GTG WGKFGYGIG XGTTKPIGTV YGTFGP. DGT ATDGKVU\GKV-
DGFCTH HÒT WGKFGRHNGIG WPF -FÒPIWPI KUV KP FGP BGTGEJPWPIGP PKEJV GPVJCNVGP. ADDKNFWPI 
4 N·UUV GTMGPPGP, FCUU FKG DGKFGP VGTUWEJUXCTKCPVGP MGKPGTNGK UKIPKHKMCPVG UPVGTUEJKGFG KO 
GGUCOV\GKVDGFCTH CWHYGKUGP. ANNGPHCNNU DGK VGT\KEJV CWH FGP WGKFGICPI KUV GKPG FGWVNKEJG 
RGFWMVKQP KO ZGKVDGFCTH GTMGPPDCT. DGWVNKEJG EKPURCTWPIUOÌINKEJMGKVGP GTIGDGP UKEJ FWTEJ 
GKPG BGUVCPFGUXGTITÌUUGTWPI XQP 30 CWH 50 MKNEJMÒJG. DCFWTEJ N·UUV UKEJ FGT ZGKVDGFCTH WO 
\KTMC 20 � TGFW\KGTGP. DGT VGT\KEJV CWH WGKFG WPF FGT UOUVKGI CWH FKG ICP\L·JTKIG SVCNNHÒV-
VGTWPI OKV TMR DTKPIGP JKGT NGFKINKEJ PQEJ 10 � CP EKPURCTWPIURQVGP\KCN. DGUJCND GTUEJGKPV 
GU UKPPXQNN, CWEJ DGK ITÌUUGTGP BGUV·PFGP KO SQOOGT WGKFGICPI CP\WDKGVGP. DCDGK UQNNVGP 
CNNGTFKPIU FKG DGVTKGDNKEJGP GGIGDGPJGKVGP 
EPVHGTPWPI \WT WGKFG, WCUUGTXGTUQTIWPI, LGKU-
VWPIUPKXGCW FGT HGTFG, NKGFGTUEJNCIUUKVWCVKQP, WUY.� KOOGT DGTÒEMUKEJVKIV YGTFGP.

ADD. 3� DGT V·INKEJG ATDGKVU\GKVDGFCTH HÒT FKG FÒVVGTWPIUCTDGKVGP OKV FWVVGTOKUEJYCIGP \GKIV FKG BGFGWVWPI 
FGT YGUGPVNKEJGP EKPHNWUUITÌUUGP 
\WO BGKURKGN BGUVCPFGUITÌUUG WPF WGKFGICPI� CWH. AWUUGTFGO YGTFGP FKG 
APVGKNG FGT GKP\GNPGP ATDGKVGP GTMGPPDCT 
GMR 
 KFS � GTWPFOKUEJTCVKQP WPF KTCHVHWVVGT CP FGT KF-
SVCVKQP�
The daily working time requirement for feeding with a feed mixer wagon shows the significance of the main 
parameters (such as herd size and grazing). The proportions of the different operations are also shown (BMR 
+ ACD � basic mixed ration and concentrate at the distributor)

� Schlussfolgerungen

DGT XQTNKGIGPFG BGTKEJV \GKIV CWH, FCUU CWEJ OKV GKPGT HGTFG OKV GKPGO FWTEJUEJPKVVNKEJGP 
LGKUVWPIUPKXGCW QJPG LGKUVWPIUITWRRGP, CDGT OKV GKPGT RCVKQP OKV JQJGO GTWPFHWVVGTCPVGKN 
FKG VQTNCIG GKPGT TMR OÌINKEJ KUV. DKG TMR OWUU DGYWUUV XQTUKEJVKI CWH GKP TGNCVKX VKGHGU 
NKXGCW CWUIGNGIV YGTFGP, WO GKPGT VGTHGVVWPI PKEJV \WO XQTPJGTGKP VQTUEJWD \W NGKUVGP.

DKG JÌJGTGP BCS-WGTVG IGIGP EPFG FGT LCMVCVKQP DGK FGT TMR-GTWRRG KO GTUVGP JCJT 
\GKIGP, FCUU UGNDUV WPVGT FKGUGP BGFKPIWPIGP GKPG VGTHGVVWPI PKEJV ICP\ CWUIGUEJNQUUGP 
YGTFGP MCPP.
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ADD. 4� DGT JCJTGUCTDGKVU\GKVDGFCTH, KPMNWUKXG AWUUGPYKTVUEJCHV, HÒT FKG FÒVVGTWPI XQP MKNEJMÒJGP OKV FWVVGT-
OKUEJYCIGPU[UVGOGP \GKIV OÌINKEJGU EKPURCTWPIURQVGP\KCN CWH
The annual working time requirement, including field work, for feeding dairy cows using feed mixer wagon 
systems shows some potential for savings

TTQV\ FGT GJGT TGUVTKMVKXGP FÒVVGTWPI 
ETI·P\WPIUHWVVGT� MQPPVG FKG TMR-GTWRRG KO GTUVGP 
VGTUWEJULCJT FKGUGNDG MKNEJNGKUVWPI YKG FKG RGHGTGP\ITWRRG GTDTKPIGP. DCPM FGT NGKEJV DGU-
UGTGP PGTUKUVGP\ MQPPVGP FKG GVYCU VKGHGTGP LGKUVWPIGP DGK LCMVCVKQPUDGIKPP IGIGP EPFG FGT 
LCMVCVKQP CWUIGINKEJGP YGTFGP. DCU \YGKVG VGTUWEJULCJT \GKIVG CDGT, FCUU GKP\GNPG KÒJG OKV 
IWVGO LGKUVWPIURQVGP\KCN KP FGT RGHGTGP\ITWRRG, FCU JGKUUV KO JGTMÌOONKEJGP VGTHCJTGP OKV 
KPFKXKFWGNNGP KTCHVHWVVGTICDGP GKPG LGKUVWPIUUVGKIGTWPI DGYKTMVGP, OKV FGT FKG TMR-GTWRRG 
PKEJV ICP\ OKVJCNVGP MQPPVG. 

OD FKG FÒVVGTWPI FGU MKNEJXKGJDGUVCPFGU OKV TMR QFGT ÒDGT FWVVGTOKUEJYCIGP WPF 
KTCHVHWVVGTUVCVKQP GTHQNIV, KUV WPVGT XGTINGKEJDCTGP BGFKPIWPIGP CWU FGT SKEJV FGT ATDGKVUYKTV-
UEJCHV XQP IGTKPIGT BGFGWVWPI. DKG YGUGPVNKEJGP EKPHNWUUITÌUUGP CWH FGP ZGKVDGFCTH UKPF 
FKG BGUVCPFGUITÌUUG, FKG AP\CJN FGT FWVVGTMQORQPGPVGP, FKG ATV FGT FWVVGTNCIGTWPI WPF FGT 
MGEJCPKUKGTWPIUITCF FGT GKPIGUGV\VGP VGTHCJTGP.

IO VGTINGKEJ \W CPFGTGP FÒVVGTWPIUXGTHCJTGP OKV JQJGP APVGKNGP CP HCPFCTDGKV UVGNNV FKG 
FÒVVGTWPI OKV FWVVGTOKUEJYCIGP DGK FGP WPVGTUWEJVGP BGUVCPFGUITÌUUGP UQYQJN GKP CTDGKVU-
URCTGPFGU CNU CWEJ GKP CTDGKVUGTNGKEJVGTPFGU VGTHCJTGP FCT.
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Viskosit·tssenkung Dei FlÒssigfutter durch den Futterenz[mkomRleZ 
RoXaDioõ EZcel
8iscosit[ 4edWction of .iSWid (eed D[ #ddition of tJe 'n\[me 
Composition 4oXCDioõ 'ZceN

MENO TªRK1, STEFAN JACOB2, THOMAS ZENKE1

1 IPUVKVWV HÒT AITCTVGEJPKM BQTPKO G. V. ATB, MCZ-E[VJ-ANNGG 100, D-14471 PQVUFCO

2 AFKUUGQ FTCPEG SAS; AXGPWG ATKUVKFG BTKCPF, F-92160 APVQP[

SchlÒsselwÌrter� Viskosit·t, FlÒssigfutter, Enz[me, RÒhren, Flie­Xerhalten
-e[Yords� 8iscosit[� NiSWid feed� en\[me� miZing� fNoY DeJCXioWr

<WsCmmenfCssWng 

Die Wirkung des Enzymkomplexes Rovabio™ Excel auf das Rühr- und Fließverhalten von 
Flüssigfutter wurde mit Hilfe eines speziellen Rotationsviskosimeters untersucht. Dabei 
wurde an der selben Probe mit einem Ankerrührer eine Rührkurve und mit einem Mess-
zylinder anschließend die Fließkurve aufgenommen. Die Enzymwirkung ist abhängig von 
der Getreideart, der Rührzeit, der Scherbelastung, dem pH-Wert und der Temperatur. Diese 
Einflussgrößen wurden untersucht und die optimalen Wirkungsbedingungen ermittelt. 

Der Einfluss des pH-Wertes auf die Enzymwirkung ist erheblich. Der größte Effekt wurde 
bei Weizen- und Gerstenfutter bei pH � �,� ermittelt. Die Enzymwirkung ist bei Flüssig-
futter auf Gerstenbasis deutlich stärker als bei Weizenfutter. Die Viskosität kann max. um 
30 ï �0 � vermindert werden. Das Futter-Wasser-Verhältnis spielt dabei kaum eine Rolle. 
Die Enzymwirkung wird von der Rührzeit und der Scherbelastung beeinflusst. 

SWmmCr[ 

The effects of Rovabio™ Excel, a single multi-enzyme preparation on mixing and flow behav-
iour of liquid feed are measured with a special rotary viscometer. The viscometer was oper-
ated alternately with a horseshoe agitator and an internal rotating cylinder. Once the mixing 
curve has been recorded, a flow curve is measured on the same sample. The action of the 
enzyme is dependent of cereal type, mixing time, shear rate, pH value and temperature. 
These parameters were tested and the optimal conditions of the enzyme effects were deter-
mined. The influence of pH-value on the enzyme efficiency is very distinct. The best effect 
was obtained with wheat and barley water suspensions at pH-values of � �.�. The enzyme 
effect on barley suspensions is more pronounced as compared to wheat water suspensions. 
Viscosity was reduced nearly 30 ï �0 �. The enzyme effect is less dependent from the feed 
water ration but dependent from the shear rate and the mixing time. 
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1 ProDlemstellung

DKG FNÒUUKIHÒVVGTWPI KUV KP FGT SEJYGKPGOCUV YGKV XGTDTGKVGV. MQFGTPG APNCIGP CTDGKVGP XQNN-
CWVQOCVKUEJ WPF YGTFGP ÒDGT PTQ\GUUTGEJPGT IGUVGWGTV. TTQEMGPG, HGWEJVG WPF HNÒUUKIG FWV-
VGTMQORQPGPVGP MÌPPGP PCEJ PTQITCOO KO WKGIGOKUEJGT XGTOKUEJV WPF OKV KTGKUGN- QFGT 
DTGJMQNDGPRWORGP FWTEJ RQJTNGKVWPIGP KP FGP SVCNN IGHÌTFGTV YGTFGP. IP ADJ·PIKIMGKV XQO 
WCEJUVWO FGT SEJYGKPG, XQO SVCNNMNKOC, XQP FGP IPJCNVUUVQHHGP FGT KQORQPGPVGP, XQP FGT 
GTWRRGPITÌ­G W. C. FCMVQTGP MCPP FKG FWVVGT\WUCOOGPUGV\WPI WPF FKG FWVVGTOGPIG UVGVU PGW 
DGTGEJPGV WPF XCTKKGTV YGTFGP. 

DCU FNÒUUKIHWVVGT DGUVGJV KP FGT RGIGN CWU XGTUEJKGFGPGP GGVTGKFG-, ÖNUEJTQVGP, ZWUCV\UVQH-
HGP WPF WCUUGT. ZWYGKNGP MQOOGP CWEJ YGKVGTG FWVVGTMQORQPGPVGP JKP\W. DKGUG FNÒUUKIHWV-
VGTOKUEJWPIGP JCDGP GKPG FÒPPHNÒUUKIG DKU FKEMDTGKKIG KQPUKUVGP\ WPF YGTFGP TJGQNQIKUEJ 
CNU PKEJV-NGYVQPUEJG SWURGPUKQPGP OKV RUGWFQRNCUVKUEJGO QFGT PKEJV-NKPGCT RNCUVKUEJGO 
FNKG­XGTJCNVGP MNCUUKHK\KGTV. SKG UKPF ITQD UVTWMVWTKGTV, PGKIGP \WT SGFKOGPVCVKQP WPF MÌPPGP 
KO EZVTGOHCNN CWEJ VJKZQVTQRG EKIGPUEJCHVGP CWHYGKUGP =TÜRK, 1993?. NKEJV-SV·TMG-PQN[UCE-
EJCTKFG 
NSP� KP GGVTGKFG WPF ÖNUEJTQVGP UKPF OC­IGDNKEJ HÒT FKG VKUMQUKV·V XQP FNÒUUKIHWVVGT 
XGTCPVYQTVNKEJ.

UO FKG PWORH·JKIMGKV \W UKEJGTP, UQNNVG GKP DGUVKOOVGT WCUUGTCPVGKN PKEJV WPVGTUEJTKVVGP 
YGTFGP. BGK GGVTGKFGUEJTQV IKNV KP FGT RGIGN GKP TTQEMGPHWVVGT-WCUUGT-VGTJ·NVPKU XQP 1�2,0 DKU 
1�2,5, KO EZVTGOHCNN DKU 1�3,0. EKP JÌJGTGT WCUUGTCPVGKN XGTDGUUGTV \YCT FCU FNKG­- WPF FÌTFGT-
XGTJCNVGP, UVGKIGTV LGFQEJ FKG SGFKOGPVCVKQPUPGKIWPI, XGTTKPIGTV FKG N·JTUVQHHMQP\GPVTCVKQP 
FGU FWVVGTU WPF HÒJTV \W JÌJGTGO GÒNNGCPHCNN. EKP \W IGTKPIGT WCUUGTCPVGKN 
TS   35 �� MCPP 
\W PTQDNGOGP DGKO PWORGP WPF DGKO INGKEJO·­KIGP VGTVGKNGP KO TTQI HÒJTGP. 

AFKUUGQ FTCPEG SAS =2003? UVGNNV FKG NSP-URCNVGPFG EP\[OMQODKPCVKQP RQXCDKQTM EZEGN 
JGT, FGTGP 18 XGTUEJKGFGPG EP\[OCMVKXKV·VGP 
X[NCPCUGP, B-GNWMCPCUGP, PGMVKPCUGP, PTQVGC-
UGP WPF CPFGTG� XQP FGO PCVÒTNKEJ XQTMQOOGPFGP WPF IGPGVKUEJ WPXGT·PFGTVGP MKMTQQTIC-
PKUOWU Penicillium funiculosum IGDKNFGV YGTFGP. DCOKV YKTF FKG VKUMQUKV·V XQP FNÒUUKIHWVVGT 
DGVT·EJVNKEJ IGUGPMV WPF GU YKTF FGO SEJYGKPGJCNVGT GTOÌINKEJV FKG PWORH·JKIMGKV CWEJ DGK 
XGTTKPIGTVGO WCUUGTCPVGKN \W IGY·JTNGKUVGP. SQ GTIGDGP UKEJ HQNIGPFG VQTVGKNG�
 î VGTDGUUGTWPI FGT FNKG­H·JKIMGKV, CNUQ SGPMWPI FGT VKUMQUKV·V XQP FNÒUUKIHWVVGT, 
 î IGTKPIGTGT WCUUGTDGFCTH \WT FWVVGTCPOKUEJWPI,
 î JÌJGTG N·JTUVQHHMQP\GPVTCVKQP FGU FWVVGTU,
 î DGUUGTG FWVVGTXGTYGTVWPI DGK FGT SEJYGKPG- WPF GGHNÒIGNJCNVWPI,
 î IGTKPIGTGT EPGTIKGDGFCTH DGKO APOKUEJGP WPF PWORGP, 
 î XGTOKPFGTVG VGTUVQRHWPIUPGKIWPI XQP PWORGP WPF RQJTNGKVWPIGP,
 î IGTKPIGTGT GÒNNGCPHCNN WPF FCOKV XGTOKPFGTVG KQUVGP HÒT LCIGTWPI WPF AWUDTKPIWPI,
 î UVCDKNG TKGTIGUWPFJGKV FWTEJ DGUUGTG DCTOV·VKIMGKV,
 î XGTDGUUGTVG LGKUVWPI FGT TKGTG.

DWTEJ U[UVGOCVKUEJG TJGQNQIKUEJG UPVGTUWEJWPIGP YGTFGP FKG WKTMWPIGP CWH XGTUEJKGFG-
PG GGVTGKFGHWVVGTOKVVGN JKPUKEJVNKEJ QRVKOCNGT APYGPFWPIUDGFKPIWPIGP WPVGTUWEJV.

2 Material und Methode

DKG UPVGTUWEJWPIGP GTHQNIVGP OKV HKNHG GKPGU HÒT ITQDFKURGTUG SWURGPUKQPGP IGGKIPGVGP URG-
\KGNNGP RQVCVKQPUXKUMQUKOGVGTU, GKPGT LCDQT-RÒJTGKPTKEJVWPI WPF GKPGU RQJTXKUMQUKOGVGTU KO 
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ATB. DCDGK YWTFGP RÒJTMWTXGP OKV GKPGO APMGTTÒJTGT WPF CPUEJNKG­GPF Fließkurven OKV 
HKNHG GKPGU Z[NKPFGTOGUUMÌTRGTU CWHIGPQOOGP. DWTEJ U[UVGOCVKUEJG VGT·PFGTWPI XQP FWV-
VGT\WUCOOGPUGV\WPI, RH-WGTV, TGORGTCVWT, TS-GGJCNV WPF BGNCUVWPIU\GKV YWTFGP FKG YKEJ-
VKIUVGP EKPHNWUUITÌ­GP WPVGTUWEJV WPF FKG QRVKOCNGP WKTMWPIUDGFKPIWPIGP GTOKVVGNV. DKGUG 
MGVJQFKM YWTFG OGJTHCEJ GTRTQDV WPF JCV UKEJ DGY·JTV =TÜRK, HEINZL, KIESLING, 2001?.

DKG UVGVU INGKEJ ITQ­GP FWVVGTRTQDGP YWTFGP DGK MQPUVCPVGT DTGJ\CJN ÒDGT FKG RÒJT\GKV 
XQP 90 OKP IGOKUEJV WPF CNNG MGUURWPMVG GKPGT RÒJTMWTXGP XQP FWVVGT OKV EP\[O \WT NWNN-
RTQDG 
FWVVGT QJPG EP\[O\WUCV\� KPU VGTJ·NVPKU IGUGV\V. SQ GTJ·NV OCP FKG KWTXG FGT relativen
Drehmomente ME
V� � MO
V� � 100 KP � CNU KGPP\GKEJGP FGT ZGKVCDJ·PIKIMGKV FGT EP\[OYKT-
MWPIGP.

NCEJ BGGPFKIWPI FGU RÒJTXGTUWEJU KUV GKPG \GKVNKEJ UVCDKNG SWURGPUKQP XQTJCPFGP. DGT 
APMGTTÒJTGT YKTF FWTEJ GKPGP MGUU\[NKPFGT OKV GVYC INGKEJGO AW­GPFWTEJOGUUGT GTUGV\V 
WPF OKV FGTUGNDGP PTQDG YKTF GKPG FNKG­MWTXG IGOGUUGP. AWH FKGUG WGKUG MQPPVGP MCPKRW-
NCVKQPGP FGT WPVGTUWEJVGP PTQDGP FWTEJ UOHÒNNGP, TGORGTCVWT·PFGTWPIGP W. C. XGTOKGFGP 
YGTFGP. DKG Z[NKPFGTOGUUMÌTRGT JCDGP GKPGP MGUUURCNV XQP 8 OO, WO DGK ITQDFKURGTUGP 
SWURGPUKQPGP VGTUVQRHWPIGP \W XGTOGKFGP. WKEJVKIG GTWPFTGIGNP FGT VKUMQUKOGVTKG UKPF 
FKG SKEJGTWPI GKPGT NCOKPCTGP SEJKEJVGPUVTÌOWPI, FGT WCPFJCHVWPI WPF FGT HQOQIGPKV·V 
FGU FNÒUUKIHWVVGTU. WCPFINGKVGHHGMVG OÒUUGP WPDGFKPIV XGTOKGFGP YGTFGP. DCJGT UKPF FKG 
UEJGTGPFGP Z[NKPFGTHN·EJGP XQP MGUU\[NKPFGT WPF MGUUDGEJGT CNU S·IG\CJPRTQHKN IGUVCNVGV. 
DKG DTGJ\CJN, CNUQ FCOKV CWEJ FGT SEJGTITCFKGPV D KP Uä1, YKTF UEJTKVVYGKUG XGT·PFGTV. ANNG 
MGUUYGTVG FGT FNKG­MWTXGP YGTFGP KPU VGTJ·NVPKU \W UGV\GP WPF OCP GTJ·NV FKG KWTXG FGT 
TGNCVKXG VKUMQUKV·V HE
D� � HO
D� � 100 KP � CNU MC­ FGT EP\[OYKTMWPI DGK WPVGTUEJKGFNKEJGT 
SEJGTDGNCUVWPI.

DKG FNKG­MWTXGP YGTFGP OKV HKNHG FGU OSTWALD-DE WAELE-PQVGP\IGUGV\GU HÒT RUGWFQRNCUVK-
UEJGU FNKG­XGTJCNVGP τ � K DP DGUEJTKGDGP. DKG XQO SEJGTIGH·NNG CDJ·PIKIG VKUMQUKV·V ä CWEJ 
CNU SEJGKPXKUMQUKV·V DG\GKEJPGV ä GTIKDV UKEJ CWU FGO VGTJ·NVPKU H � τ � D. 

DKG CWHIGPQOOGPGP FNKG­MGPPYGTVG UKPF FKG GTWPFNCIG \WT BGOGUUWPI XQP MKUEJGTP, 
RQJTNGKVWPIGP WPF PWORGP DGK FGT PNCPWPI WPF RGCNKUKGTWPI XQP FNÒUUKIHÒVVGTWPIUCPNCIGP.

3 ErgeDnisse

DKG RÒJT- WPF FNKG­MWTXGPOGUUWPIGP GTHQNIVGP OKV GKPGT WGK\GP- WPF GKPGT GGTUVGPHWVVGT-
OKUEJWPI. DCDGK YCT KP GKPG FWVVGTRTQDG 50 OI�MI RQXCDKQõ EZEGN AP GKPIGOKUEJV, FKG 
VGTINGKEJURTQDG 
NWNNRTQDG� JCVVG MGKPGP EP\[O\WUCV\. 

EU \GKIGP UKEJ FGWVNKEJG UPVGTUEJKGFG \YKUEJGP FGP FWVVGTCTVGP. BGK GGTUVGPHWVVGT KUV FKG 
WKTMWPI FGU EP\[OU WPVGT INGKEJGP BGFKPIWPIGP GTJGDNKEJ KPVGPUKXGT 
ADD. 1�. EKPG YGKVGTG 
EKPHNWUUITÌ­G KUV FGT RH-WGTV. EU GTICD UKEJ DGK DGKFGP GGVTGKFGCTVGP CNU ORVKOWO RH � 
5,0 ï 5,3. EKPG APU·WGTWPI FGU FNÒUUKIHWVVGTU KUV FGOPCEJ \W GORHGJNGP, WO FKG QRVKOCNG 
WKTMWPI IGY·JTNGKUVGP \W MÌPPGP.
MKV \WPGJOGPFGT RÒJT\GKV PKOOV CWEJ FKG WKTMWPI XQP RQXCDKQõ EZEGN \W 
ADD. 2�. DCU 
KUV XGTOWVNKEJ OKV FGT OGEJCPKUEJGP DWTEJOKUEJWPI WPF \WPGJOGPFGT ZGTMNGKPGTWPI XQP 
FWVVGTRCTVKMGNP \W DGITÒPFGP. DCU TGNCVKXG DTGJOQOGPV YKTF FCDGK XQP GVYC 80 � PCEJ 10 
OKP CWH 70 � PCEJ 90 OKP XGTOKPFGTV.
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ADD. 1� WKTMWPI FGU RH-WGTVGU CWH FCU RÒJTXGTJCNVGP XQP FNÒUUKIHWVVGT 
1�1,0� CWU WGK\GP WPF GGTUVG
Effect of pH-value on mixing behaviour of wheat and barley water suspensions (1:2.0)

ADD. 2� RÒJTXGTJCNVGP XQP FNÒUUKIHWVVGTOKUEJWPIGP CWH WGK\GPDCUKU 
1�1,5 ï 1�2,5� DGK 20 uC WPF RH � 5,2
Mixing behaviour of wheat water suspensions (1:1.� ï 1:2.�) at 20 uC and pH � �.2
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DKG OCZKOCNG EP\[OYKTMWPI XGTOKPFGTV UKEJ GTUV, YGPP SGFKOGPVCVKQP CWHVTKVV, F.J. YGPP 
HTGKGU WCUUGT XQTJCPFGP KUV WPF MGKPG KPVGPUKXG SEJGTWPI FGT FWVVGTRCTVKMGN OGJT GTHQNIV. 
DCU KUV DGK GKPGO FWVVGT-WCUUGT-VGTJ·NVPKU XQP 1� 2,4 FGT FCNN. IO BGTGKEJ XQP 1�1,5 DKU 
1�2,3 MCPP OCP FCIGIGP XQP GKPGT MQPUVCPVGP WKTMWPI FGU EP\[OMQORNGZGU CWUIGJGP 
ADD. 
3�. FÒT FKG ZGKVCDJ·PIKIMGKV WPF HÒT FKG SEJGTWPIUCDJ·PIKIMGKV GTIGDGP UKEJ FCJGT V[RKUEJG 
MCUVGT-KWTXGP, OKV FGPGP OCP FKG EP\[OYKTMWPIGP KP ADJ·PIKIMGKV XQO TS-GGJCNV DGTGEJ-
PGP MCPP. MKV UVGKIGPFGT SEJGTWPI XGTOKPFGTV UKEJ FKG EP\[OYKTMWPI KP IGTKPIGO MC­G. IO 
BGTGKEJ FGT OGKUVGP VGEJPKUEJGP APYGPFWPIGP 
MKUEJGP, PWORGPGKPUCV\� NKGIV GKPG TGNCVKX 
MQPUVCPVG WKTMWPIUKPVGPUKV·V XQP 50 DKU 60 � XQT. 

ADD. 3� FNKG­XGTJCNVGP XQP FNÒUUKIHWVVGTOKUEJWPIGP CWH WGK\GPDCUKU 
1�1,5 ï 1�2,5� DGK 20 uC WPF 
RH � 5,2 PCEJ 90 OKP RÒJTGP
Flow behaviour of wheat water suspensions (1:1.� ï 1:2.�) at 20 uC and pH � �.2 after mixing of �0 min

IUV FKG VKUMQUKV·V HÒT GKPG DGUVKOOVG SEJGTDGNCUVWPI GKPGU FWVVGTU QJPG EP\[O DGMCPPV, MCPP 
OCP FKG VKUMQUKV·V FGU FWVVGTU OKV EP\[O\WUCV\ DGTGEJPGP. IP GKPGO BGKURKGN 
ADD. 4� YWTFG 
CNU MQPUVCPVGT SEJGTITCFKGPV D � 100 Uä1 CPIGPQOOGP. 

DKG KO BGTGKEJ TS � 25 DKU 35 � DGQDCEJVGVGP EP\[OYKTMWPIGP 
TGNCVKXGP VKUMQUKV·VGP� 
UKPF MQPUVCPV. BGK EP\[O\WUCV\ GTJ·NV OCP GKP FNÒUUKIHWVVGT OKV 2 ï 2,5 � JÌJGTGO TS-GGJCNV 
DGK INGKEJGT VKUMQUKV·V. DKGUG PWT XQP FGT FWVVGT\WUCOOGPUGV\WPI CDJ·PIKIGP SVQHHGKIGP-
UEJCHVGP YGTFGP KP YGKVGTGP UPVGTUWEJWPIGP U[UVGOCVKUEJ DGUVKOOV WPF UQNNGP FGO APNC-
IGPRNCPGT WPF FGO SEJYGKPGJCNVGT DGK FGT WKTMWPIUQRVKOKGTWPI JGNHGP. 
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ADD. 4� WKTMWPI XQP RQXCDKQõ EZEGN CWH FKG VKUMQUKV·V XQP FNÒUUKIHWVVGTOKUEJWPIGP CWH WGK\GPDCUKU 

1�1.5 ï 1�2.5� DGK MQPUVCPVGT SEJGTDGNCUVWPI 
D � 100 Uä1�
Effect of Rovabio™ Excel on viscosity of wheat water suspensions (1:1.� ï 1:2.�) at constant shear rate of 
D � 100 s–1

4 Zusammenfassung

DKG QRVKOCNGP WKTMWPIUDGFKPIWPIGP FGU NSP- URCNVGPFGP EP\[OMQORNGZGU RQXCDKQõ EZEGN 
YWTFGP JKPUKEJVNKEJ FGT HCWRVGKPHNWUUITÌ­GP OKV WGK\GP- WPF GGTUVGPHWVVGTOKUEJWPIGP 
WPVGTUWEJV. DCDGK URKGNV FGT RH- WGTV GKPG GTJGDNKEJG RQNNG. EKP APU·WGTP FGU FNÒUUKIHWVVGT 
CWH RH � 5,4 KUV WPGTN·UUNKEJ. DCPP MCPP FKG VKUMQUKV·V XQP FNÒUUKIHWVVGT FGWVNKEJ TGFW\KGTV 
YGTFGP. 

DKG EP\[OYKTMWPI KUV DGK FNÒUUKIHWVVGT CWH GGTUVGPDCUKU FGWVNKEJ UV·TMGT CNU DGK WGK\GPHWV-
VGT. DKG VKUMQUKV·V MCPP OCZ. WO 30 ï 40 � XGTOKPFGTV YGTFGP. DCU FWVVGT-WCUUGT-VGTJ·NV-
PKU URKGNV FCDGK MCWO GKPG RQNNG. DKG EP\[OYKTMWPI YKTF XQP FGT RÒJT\GKV WPF FGT SEJGT-
DGNCUVWPI DGGKPHNWUUV. DC\W GTHQNIGP U[UVGOCVKUEJG VGTUWEJG OKV FGO ZKGN FGT ETOKVVNWPI WPF 
MQFGNNKGTWPI QRVKOCNGT WKTMWPIUDGFKPIWPIGP. 
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LaDour and energ[ consumRtions of the main milking centre 
comRonents in different characteristic dair[ farms
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By eliminating unnecessary energy use, a farm can operate at lower production costs and 
higher profits (EDENS et al., 2003). This approach is valid for labour efficiency as well. There-
fore, it is very important to determine how proper the equipments selected for milking centre, 
and how effective milking routine applied by milker are. 
In this study, different dairy farms, with different herd size, milking parlour and milking 
routine, were chosen and labour requirements and energy consumption of milking facilities 
were measured in a certain period. The data obtained from the farms were compared base 
on milking procedures and energy utilization indices (EUIs) calculated. 
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Durch Eliminierung unnützen Stromverbrauchs kann ein Betrieb die Produktionskosten sen-
ken und höhere Profite erwirtschaften (EDENS et al., 2003). Dieser Ansatz gilt ebenso für die 
Arbeitseffizienz. Deshalb ist es sehr wichtig zu bestimmen ob die für die Melkanlage ausge-
wählte Ausrüstung angemessen ist und wie effektiv die Arbeitsroutine der Melker ist.

Für diese Studie wurden unterschiedliche Milchviehbetriebe mit unterschiedlicher Her-
dengröße, unterschiedlichen Melkanlagen und Melkroutinen ausgewählt, deren Arbeitsauf-
wand und Energieverbrauch der Melksysteme für ein bestimmtes Zeitintervall gemessen. 
Die Daten die die Betriebe lieferten wurden in Bezug auf die Melk-Abluf verglichen und der 
jeweilige Energieverbrauchsindex (EUIs) berechnet.



536 BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI

POSTER

1 Introduction

TJG UVTWEVWTG QH VJG FCKT[ HCTOKPI XCTKGU HTQO TGIKQP VQ TGIKQP KP TWTMG[. OP VJG YGUVGTP 
RCTV QH VJG EQWPVT[, VJG UK\G QH VJG HCTOU KU DKIIGT CPF VJG OKNM [KGNF QH VJG EQYU KU JKIJGT CU 
EQORCTGF VQ VJG QVJGT TGIKQPU. OP VJG QVJGT JCPF, KP VJG HWVWTG KV KU GZRGEVGF VJCV VJG FKHHGT-
GPEG COQPI VJG TGIKQPU YKNN FKUCRRGCT KP VGTOU QH JGTF UK\G, OKNM [KGNF CPF OGEJCPK\CVKQP 
NGXGN. TJG OCKP TGCUQP HQT VJKU KORTQXGOGPV KU PGY CVVGORVU VQ KPETGCUG VQVCN OKNM RTQFWEVKQP 
KP FCKT[ HCTOU. FQT GZCORNG, VJG CXGTCIG OKNM [KGNF KPENWFKPI CNN TGIKQPU KP TWTMG[ KU 1700 
MI�EQY, DWV KP VJG HCTOU, YJKEJ CTG VJG OGODGTU QH VJG CCVVNG BTGGFGTU AUUQEKCVKQP QH TWTMG[, 
VJG CXGTCIG OKNM [KGNF KU 6000 MI�EQY 
IFCN, 2004�.

TJG VQVCN OKNM RTQFWEVKQP QH TWTMG[ KU CRRTQZKOCVGN[ 8,5 OKNNKQP VQPU CPF VJG 90 � QH VJKU 
COQWPV KU QDVCKPGF HTQO EQYU 
SIS, 2002�. 33 � QH RTQFWEGF EQY OKNM KU JCTXGUVGF HTQO 
EWNVWTG DTGGF, 52 � HTQO ETQUUDTGGF CPF 15 � FQOGUVKE DTGGFU. EIG RGIKQP, YJGTG TGUGCTEJ 
YCU JGNF, JCU 12,3 � QH VQVCN EQY PWODGT QH TWTMG[ CPF 17,7 � QH VQVCN OKNM RTQFWEVKQP 

IFCN, 2004�. IP VJG ECUG QH EQORCTKPI YKVJ QVJGT TGIKQPU KP TWTMG[, VJG HCTO UK\GU CPF VJG 
NCEVCVKQP [KGNF QH VJG EQYU KP EIG TGIKQP CTG JKIJGT VJCP VJG QVJGTU.

MQUV QH VJG UVWFKGU KPFKECVGF VJCV VJG FCKT[ HCTOU URGPV 50ä57 � QH VJGKT NCDQWT VKOG QP 
OKNM JCTXGUVKPI 
KLINDWORTH, 2003�. TJGTGHQTG, NCDQWT KU QPG QH VJG OCKP EQORQPGPVU HQT 
FCKT[ HCTOKPI 
WR VQ 85 � QH VQVCN EQUVU� 
IFCN, 2004�. IP CFFKVKQP, GNGEVTKECN GPGTI[ EQP-
UWORVKQP RNC[U UKIPKHKECPV TQNG KP VJG QXGTCNN EQUV QH QRGTCVKPI C FCKT[ HCTO. B[ GNKOKPCVKPI 
WPPGEGUUCT[ GPGTI[ WUG, C HCTO ECP QRGTCVG YKVJ NQYGT RTQFWEVKQP EQUV CPF JKIJGT RTQHKVU. IP 
VJKU CRRTQCEJ, KV KU XGT[ KORQTVCPV VQ MPQY VJG NCDQWT RTQFWEVKXKVKGU CPF VJG GPGTI[ EQPUWOR-
VKQP XCNWGU HQT OKNMKPI KP C FCKT[ HCTO. TJWU, KV KU RQUUKDNG VQ FGVGTOKPG JQY GHHGEVKXG OKNMKPI 
TQWVKPG CRRNKGF D[ OKNMGT CPF JQY RTQRGT VJG GSWKROGPV UGNGEVGF HQT OKNMKPI RCTNQWT.

TJG QDLGEVKXG QH VJG UVWF[ YCU VQ FGVGTOKPG VJG NCDQWT TGSWKTGOGPVU CPF GPGTI[ EQPUWOR-
VKQP QH OKNMKPI HCEKNKVKGU KP FCKT[ HCTOU QH FKHHGTGPV JGTF UK\G CPF OKNMKPI U[UVGOU KP EIG RGIKQP 
CPF VQ OCMG UWIIGUVKQPU KP QTFGT VQ KORTQXG VJG GHHKEKGPE[ QH VJG NCDQWT CPF GPGTI[ WUG QH 
VJGUG HCTOU.

2 Materials and Method

TJG OGCUWTGOGPVU YGTG OCFG KP VJTGG FKHHGTGPV FCKT[ HCTOU KP EIG RGIKQP�TWTMG[. TJG[ CTG 
CNN VJG RTKXCVG HCTOU CPF VJG OGODGTU QH VJG CCVVNG BTGGFGTU AUUQEKCVKQP QH TWTMG[. TJG RTQR-
GTVKGU QH VJG FCKT[ HCTOU CPF VJG OKNMKPI U[UVGOU CTG IKXGP KP TCDNG1.

FQT VJG NCDQWT VKOG OGCUWTGOGPVU, QPN[ OKNMKPI RTQEGFWTG äUVCTVGF YJGP VJG EQYU GPVGT VQ 
OKNMKPI RCTNQWT, HKPKUJGF YJGP VJG EQYU NGCXG HTQO OKNMKPI RCTNQWT- VQQM EQWPV CPF OGCUWTG-
OGPVU YGTG OCFG KP GXGPKPI OKNMKPI VKOG KP GCEJ HCTO. IP VJG FCKT[ HCTOU VJCV YQTM VQIGVJGT 
YKVJ, VJGTG YCU PQ KPFKXKFWCN GNGEVTKEKV[ OGVGT VQ OGCUWTG VJG GNGEVTKECN GPGTI[ EQPUWORVKQP 
QH GCEJ OKNMKPI TGNCVGF GSWKROGPV. FQT VJKU TGCUQP, FCVC HTQO VJG OCKP GNGEVTKEKV[ OGVGT YCU 
TGEQTFGF DGHQTG VJG OKNMKPI UVCTVGF CPF CV VJG GPF QH OKNMKPI. TJG VQVCN GPGTI[ FGOCPF QH 
VJG XCEWWO RWOR, OKNM EQQNKPI U[UVGO QT YCVGT JGCVGT YCU HQWPF D[ UWDVTCEVKPI VJGUG VYQ 
CPF TGRQTVGF KP MWJ.
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TCD. 1� TJG RTQRGTVKGU QH VJG FCKT[ HCTOU CPF VJGKT OKNMKPI U[UVGOU

DF-28 DF-56 DF-80

Housing system Loose Loose Loose

Herd size 80 127 175

The number of milking 
cows

28 56 80

Lactation yield (kg) 6700 7000 7900

Milking frequency per day 2 2 2

The number of milker* 2 2 3

Milking system
Pipeline

(low level milk line)
Pipeline

(high level milk line)
Pipeline

(low level milk line)

Milking parlour 1x 8 herringbone 2 x 4 herringbone 2 x 8 herringbone

The number of clusters 8 4 16

Automatic herd 
management system

Not available Not available Available

Automatic cluster remover Not available Not available Available

* Working simultaneously during milking period.

3 Results and Discussion

IP QTFGT VQ OCMG ENGCT TGUWNVU CPF EQPETGVG EQOOGPVU CDQWV VJG NCDQWT EQPUWORVKQP QH VJG 
HCTOU, KV KU KORQTVCPV VQ QDUGTXG VJG OKNMKPI VKOG TQWVKPG. FTQO VJKU RQKPV QH XKGY, OKNMKPI 
RTQEGFWTG QH GCEJ HCTO YCU VCDWNCVGF KP TCDNG 2. MKNMKPI TQWVKPG YCU URNKV KPVQ 7 UVGRU VQ 
FGHKPG VJG FKHHGTGPEGU COQPI VJG HCTOU. TJG OCKP FKHHGTGPEGU YGTG FGVGEVGF KP UVGR 2 
VGCV 
ENGCPKPI�, 5 
CFFKVKQPCN YQTMU� CPF 6 
VGCV FKUKPHGEVKQP�. FKIWTG 1 UJQYU VJG VKOG EQPUWORVKQP 
QH VJG OCKP OKNMKPI TQWVKPG KP DF-28, DF-56 CPF DF-80. IV UGGOU VJCV KP OQUV YQTMKPI TQWVKPG 
DF-28 JCU JKIJGT VKOG EQPUWORVKQP VJCP DF-56 CPF DF-80. IV KU RQUUKDNG VQ UC[ DF-56 JCU DGV-
VGT OKNMKPI VKOG RTQFWEVKXKV[ YJGP EQORCTGF YKVJ VJG QVJGTU. EURGEKCNN[ KP DF-28 RTQEGFWTG 
DGHQTG OKNMKPI CPF KP DF-80 RTQEGFWTG CHVGT OKNMKPI JCU C JKIJGUV VKOG TGSWKTGOGPVU. AU C 
TGUWNV, KV KU RQUUKDNG VQ UC[ VJCV VJG NCDQWT RTQFWEVKXKV[ KP DF-56 KU DGVVGT VJCP VJG QVJGT VYQ.

OP VJG QVJGT JCPF, VQ KORTQXG CPF UWRRQTV VJKU EQOOGPV KV YKNN DG WUGHWN VQ GZCOKPG FKI-
WTG 2. TJKU HKIWTG UJQYU EQORCTCDNG VJG XCTKQWU FCVC HTQO VJTGG HCTOU. IP ECUG QH EQORCTKPI 
VJG VQVCN OKNMKPI VKOG CPF CXGTCIG VKOG FGOCPF HQT OCKP OKNMKPI FWTCVKQP, DF-28 CPF DF-80 
JCXG UQOG RTQDNGOU YKVJ VJGKT OKNMKPI RTQEGFWTG, OKNMKPI U[UVGO, QRGTCVQTU QT EQYU. 
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TCD. 2� TJG OKNMKPI RTQEGFWTG QH GCEJ FCKT[ HCTO

Steps The name of the activity DF-28 DF-56 DF-80

1 Entrance to milking parlour (by milker) + + +

2 Teat cleaning + + +

Washing with liquid included detergan – – +

Drying with towel (individual towels) – – +

Wiping with wet tissue + – –

Foremilking + – –

Cleaning with dry fabric towel (individual towels) – + –

3 Cluster attachment + + +

4 Main milki ng + + +

5 Additional works + + +

Stripping with machine + + +

Time waste for milker + – +

Deattaching of falling clusters + – +

Washing of falling clusters – – +

Washing the clusters between two cows + – –

Milking by hand at the end of machine milking + – –

6 Teat disenfection after milking + + +

Spraying + – –

Teat dipping – + +

7 Exit from milking parlour + + +

FKI. 1� TKOG EQPUWORVKQP QH VJG OCKP OKNMKPI TQWVKPG KP DF-28, DF-56 CPF DF-80
Zeitbedarf für die wichtigsten Arbeitsschritte der Melkroutine in DF-2�, DF-�� und DF-�0
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IV YCU HQWPF VJCV VJG OCKP OKNMKPI VKOG QH VJG DF-80 KU SWKVG JKIJGT VJCP VJG QVJGTU GXGP 
VJQWIJ VJG OKNM [KGNF CPF VJG VGEJPKECN RTQRGTVKGU QH VJG OKNMKPI OCEJKPG YGTG UKOKNCT. TJG 
JKIJGT OKNMKPI VKOG QH VJG DF-80 ECP DG GZRNCKPGF D[ VJG FKHHGTGPEGU KP VGTOU QH VJG DGJCX-
KQWT QH VJG EQYU KP DF-80 UKPEG SWCTVGT QH VJG EQYU YCU VJGKT HKTUV NCEVCVKQP CPF UQOG QH VJG 
QVJGTU YGTG LWUV CV VJG DGIKPPKPI QH VJGKT NCEVCVKQP RGTKQF. TJKU YCU QDUGTXGF FWTKPI VJG HCTO 
XKUKV, VJG EQYU KP DF-80 FKF PQV YCPV VQ IGV VJG ENWUVGT CVVCEJGF VQ VJGKT WFFGT CPF VJG[ VTKGF 
VQ MKEM CPF IGV TKF QH VJG ENWUVGT. 

FKI. 2� TJG XCTKQWU FCVC HTQO DF-28, DF-56 CPF DF-80
Die verschiedenen Daten von DF-2�, DF-�� und DF-�0

TCDNG 3 EQPVCKPU HKIWTGU QH;
 î CNWUVGT PWODGTU RGT OKNMGT 
 î NWODGT QH EQYU OKNMGF RGT OKNMGT RGT JQWT
 î AOQWPV QH OKNM JCTXGUVGF RGT OKNMGT RGT JQWT HQT GCEJ QH HCTO.

TJG HKIWTGU KP TCDNG 3 UWRRQTVGF VJG RTQDNGOU KP DF-28. IP CPQVJGT YQTFU, DF-56 CPF 
RCTVKCNN[ DF-80 JCU VJG JKIJGT NCDQWT RTQFWEVKXKV[. 

TCD. 3� TJG NCDQWT RTQFWEVKXKV[ XCNWGU KP DF-28, DF-56 CPF DF-80

The number of the cluster 
per milker

The number of the cow per 
milker per hour

The amount of the milk
per milker per hour (kg)

DF-28 4 6 142

DF-56 2 20 212

DF-80 5 16 227

TJG TGEQTFGF GPGTI[ EQPUWORVKQP QH VJG OKNMKPI VKOG KP VJG OKNMKPI EGPVTG ECP DG EQORCTGF 
WUKPI GPGTI[ WVKNK\CVKQP KPFKEGU 
EUIU�. TJG VYQ KPFKEGU YGTG ECNEWNCVGF CU MKNQYCVV-JQWTU RGT 
EQY RGT [GCT 
MWJ�EQY�[GCT� CPF MKNQYCVV-JQWTU RGT 100 MI QH OKNMGF JCTXGUVGF. TJG FCVC 
HQT EUIU CTG IKXGP KP TCDNG 4. TJG GPGTI[ EQPUWORVKQP OGCUWTGF QPN[ FWTKPI OKNMKPI VKOG 
-PQV KPENWFGF YCUJKPI QH OKNMKPI OCEJKPG CPF EQQNKPI QH JCTXGUVGF OKNM-, DGECWUG VJGTG KU 
PQ KPFKXKFWCN GNGEVTKEKV[ OGVGT. HGPEG, VJG XCNWGU KPENWFG GPGTI[ FGOCPF QH QPN[ OKNMKPI 
OCEJKPG QP CPF QHH RGTKQF. IV KU QDXKQWU VJCV DF-56 JCU NQYGT GPGTI[ EQPUWORVKQP RGT EQY-
[GCT CPF RGT 100 MI JCTXGUVGF OKNM. TJG TGUWNVU IKXGP KP TCDNG 4 CTG VJG RTGNKOKPCT[ TGUWNVU 
QH VJG TGEQTFGF FCVC CPF VJG OGCUWTGOGPVU CTG KP RTQITGUU.
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TCD. 4� CQORCTKUQP QH VJG EUIU XCNWGU QH DF-28, DF-56 CPF DF-80

kWh/cow/year kWh/100 kg

DF-28 Not available* Not available*

DF-56 25,55 0,3

DF-80 47,45 0,45

* Recording error by operator

4 Conclusion

IV KU UWIIGUVGF VJCV VJG OKNMKPI UJQWNF VCMG PQ OQTG VJCP 1,5ä2 JQWTU. IP VJKU RQKPV QH XKGY, 
VJG VQVCN OKNMKPI VKOG QH DF-28, DF-56 CPF DF-80 YCU HQWPF VQ DG 1J 5 OKP, 1 J 25 OKP CPF 
1 J 40 OKP, TGURGEVKXGN[ CPF VJG[ CTG KP CEEGRVCDNG TCPIG. BWV VQ KORTQXG NCDQWT RTQFWEVKXKV[ 
UQOG EJCPIGU CTG PGGFGF KP VJG HCTOU GURGEKCNN[ KP DF-28 CPF DF-80. BGECWUG CNN VJTGG HCTO 
JCXG JGTTKPIDQPG OKNMKPI U[UVGOU, KP ECUG QH KORTQXGOGPV QH VGEJPKECN RTQRGTVKGU QH OKNMKPI 
OCEJKPG CPF OKNMKPI TQWVKPG, KV KU RQUUKDNG VJG FGETGCUG NCDQWT CPF GPGTI[ EQUV QH VJG RGT 
NKVTG QH RTQFWEGF OKNM.

TJG HQNNQYKPIU CTG UWIIGUVGF VQ KORTQXG VJG RTQFWEVKXKV[� 
 î WGNN FGUKIPGF OKNMKPI RCTNQWT HQT IQQF EQY HNQY CPF GHHKEKGPV OKNMGT QRGTCVKQP,
 î WGNN OCPCIGF WUG QH UQOG CWVQOCVKQP NKMG CWVQOCVKE ENWUVGT TGOQXGTU, CWVQOCVKE 

ETQYF ICVGU GVE.,
 î WQTMKPI YKVJ GZRGTKGPEGF OKNMGT CPF VJG QTKGPVCVKQP QH VJG OKNMGT,
 î GQQF DCNCPEG DGVYGGP NCDQWT CXCKNCDNG CPF VJG PWODGT QH OKNMKPI ENWUVGT.
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Electric Energ[ ConsumRtion on Large Dair[ Farms 
8erDrCWcJ Cn 'NeMtroenergie in gro­en /iNcJfCrmen

JIRß� VEGRICHT, ANTON�N MACH�LEK, PAVEL AMBROZß

RGUGCTEJ IPUVKVWVG QH AITKEWNVWTCN EPIKPGGTKPI, PTCIWG 
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The electric energy on 1� dairy farms with total number of ��3� dairy cows was measured. 
During that investigation was found-out, among others, significant dependence between 
energy consumption and length of the day, energy consumption and outdoor temperature 
and electric energy consumption and milk yield. In the tied stables the electric energy has 
ranged from �3�–�30 kWh/cow/year and in the free box stables with milking in the milking 
parlour it ranges from 320–102� kWh/cow/year. The milking parlour with the dairy barn con-
sumes up to �0 � of total electric energy needed for the dairy farm operations. It was proved 
that the electric energy consumption for 100 l of milk acquisition depends significantly on 
average milk yield and with increasing cows milk yields decreases considerably. Also signifi-
cant dependence of the electric energy specific consumption for 100 l milk production on the 
farm size was found. On basis of the found-out values the normative figures of the electric 
energy were specified for large dairy farms in dependence on farm size and milk yield. 
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Der Energieverbrauch von 1� Milchfarmen mit insgesamt ��3� Milchkühen wurde 
untersucht. Dabei wurde unter anderem signifikante Abhängigkeit zwischen dem Energie-
verbrauch und der Außentemperatur sowie zwischen dem Energieverbrauch und der 
Milchleistung ermittelt. In Anbindställen lag der Energieverbrauch zwischen �3� und 
�30 kWh/Kuh/Jahr. In Liegenboxenställen mit Melkstand lag der Verbrauch zwischen 320 
und 102� kWh/Kuh/Jahr. Melkstand und Milchlagerung konsumieren bis �0 � von der 
Gesamtenergie, die für den Farmbetrieb notwendig ist. Es wurde nachgewiesen, das der Ener-
giebedarf der zur Gewinnung von 100 Liter Milch notwendig ist, von der durchschnittlichen 
Milchleistung abhängig ist und mit Leistungssteigerung bedeutend sinkt. Es wurde auch eine 
signifikante Abhängigkeit des spezifischen Energieverbrauchs pro 100 Liter produzierte Milch 
von der Betriebsgröße festgestellt. Auf Basis der ermittelten Werte wurden Normwerte des 
elektrischen Energiebedarfes für große Milchfarmen in Abhängigkeit von der Betriebsgröße 
und der Nutzleistung bestimmt.
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1 Introduction

TJG GPGTI[ EQUVU TGRTGUGPV EQPUKFGTCDNG KVGO QH VQVCN RTQFWEVKQP EQUVU. TJG GNGEVTKE GPGTI[ 
EQPUWORVKQP KU GHHGEVGF D[ DTGGFGF CPKOCNU OKNM [KGNF, QWVFQQT ENKOCVG HCEVQTU CPF EQPUVTWE-
VKQP ä VGEJPKECN FGUKIP QH UVCDNG CPF QVJGT HCEVQTU. TJG UEQRG QH VJG TGUGCTEJ YCU VQ HKPF ä QWV 
VJG GNGEVTKE GPGTI[ EQPUWORVKQP QP DCUKU QH OGCUWTGOGPV EQPFWEVGF QP TGCN FCKT[ HCTOU CPF 
VQ UWIIGUV GNGEVTKE GPGTI[ UVCPFCTFU HQT FCKT[ HCTOU KP VJG C\GEJ RGRWDNKE.

2 Methodolog[

TQ HKPF-QWV VJG GNGEVTKE GPGTI[ EQPUWORVKQP QP FCKT[ HCTOU YGTG WUGF VJG TGEQTFGF FCVC QH 
KPFKXKFWCN GPVGTRTKUGU, RTGXKQWU OGCUWTGOGPV, VCTIGV ä QTKGPVGF OGCUWTGOGPV LWUV KP UVCDNGU 
CPF HCTOU D[ GNGEVTQOGVGTU YKVJ KORWNUG QWVRWV. B[ VJKU OGVJQF YGTG QDVCKPGF XGT[ RTGEKUG 
CPF FGVCKNGF KPHQTOCVKQP QP VQVCN EQPUWORVKQP CPF EQPUWORVKQP EQWTUG QH GNGEVTKE GPGTI[ 
YKVJKP C FC[, OQPVJ, [GCT. BQVJ, VQVCN EQPUWORVKQP QH GNGEVTKE GPGTI[ QP HCTO FWTKPI NQPIGT 
VKOG RGTKQF CPF EQPUWORVKQP EQWTUG QH GNGEVTKE GPGTI[ QH RCTVKCN VGEJPQNQIKECN OKNMKPI CPF 
OKNM EQQNKPI U[UVGOU, HGGFKPI, OCPWTG TGOQXCN, NKIJVKPI GVE. YCU TGEQTFGF. 

3 Results 

TQVCN EQPUWORVKQP QH GNGEVTKE GPGTI[ QP UGNGEVGF HCTOU YCU KPXGUVKICVGF YKVJKP NQPI-VKOG 
RGTKQF. TQVCN GNGEVTKE GPGTI[ EQPUWORVKQP KU KPHNWGPEGF D[ RNGPV[ QH NQECN GHHGEVU CPF URGEKHKE 
HGCVWTGU. IV EQPEGTPU HQT GZCORNG VJG EQPUVTWEVKQP CPF VGEJPKECN HCTO CPF UVCDNGU FGUKIP, WUGF 
VGEJPQNQI[ CPF OCPCIGOGPV CPF YQTM QTICPKUCVKQP QP HCTO. SKIPKHKECPV EQWNF CNUQ DG VJG 
UQEKCN DCEMITQWPF UQNWVKQP HQT QRGTCVQTU, HCTO NKIJVKPI CPF UQOG QVJGT PGEGUUCT[ HCTO GSWKR-
OGPV.

IV KU RQUUKDNG VQ FGVGTOKPG HTQO VJG UQ HCT QDVCKPGF TGUWNVU VJCV VQVCN CPPWCN GNGEVTKE GPGTI[ 
EQPUWORVKQP KP VKG UVCDNG YKVJ OQDKNG OKNMKPI KP UVCNN CPF UVCVKQPCT[ HGGFKPI NKPG KPENWF-
KPI HGGF RTGRCTCVKQP TQQO KU CDQWV 810ä930 MWJ�EQY. IP VKG UVCDNG YKVJ RKRG OKNMKPI CPF 
OQDKNG HGGFKPI NKPG VJG VQVCN CPPWCN EQPUWORVKQP QH GNGEVTKE GPGTI[ KU NQYGT CPF TGRTGUGPVU 
735ä750 MWJ�EQY. FQT FCKT[ EQYU JQWUKPI KP NQQUG DQZ UVCDNG CPF OKNMKPI KP OKNMKPI RCT-
NQWT VJG HQWPF CXGTCIG CPPWCN EQPUWORVKQP QH GNGEVTKE GPGTI[ TCPIGU HTQO 320 MWJ�EQY VQ 
1025 MWJ�EQY. 

TJG WRRGT OGCUWTGF XCNWGU UJQY UKIPKHKECPV PQP-GHHGEVKXG WVKNKUCVKQP QH GNGEVTKE GPGTI[ HQT 
OKNM RTQFWEVKQP. MQUV QH OGCUWTGF UVCDNGU TCPIGU VQ NKOKV QH 700 MWJ�EQY. EXGP KP VJKU ECUG 
VJKU XCNWG KU VQQ JKIJ CPF IKXGU GXKFGPEG QP OCPCIGOGPV RQQT ECTG HQT GPGTI[ UCXKPIU.  

SKOKNCT FCVC RWDNKUJGF KP NKVGTCVWTG IKXG GNGEVTKE GPGTI[ EQPUWORVKQP CNUQ KP XGT[ NCTIG 
TCPIG. AEL 
2000� JCU TGEQOOGPFGF VQ WUG CU VJG ECNEWNCVKPI XCNWG VJG GNGEVTKE GPGTI[ 
EQPUWORVKQP KP JGKIJV QH 5 MWJ�100 MI QH OKNM, K. G. 
QP CPPWCN OKNM [KGNF 7000 N�EQY� 
EQPUWORVKQP QH 350 MWJ�EQY�[GCT. IP EQPVTCT[ OGCUWTGOGPV ECTTKGF-QWV QP SCZQPKCP FCKT[ 
HCTOU 
MÖBIUS, 2002�, YJKEJ CTG UKOKNCT VJQUG KP VJG C\GEJ RGRWDNKE CU VJGKT UK\G CPF WUGF 
VGEJPQNQI[ TGICTFU�, VJG GNGEVTKE GPGTI[ EQPUWORVKQP YCU HQWPF-QWV HQT QPG FCKT[ EQY�[GCT KP 
TCPIG HTQO 253ä1200 MWJ CPF CXGTCIG EQPUWORVKQP YCU 535 MWJ�EQY�[GCT. 
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TJGTG YCU EQPHKTOGF VJG GZRGEVCVKQP, K. G. VJCV VQVCN CPF CNUQ URGEKHKE EQPUWORVKQP QH GNGE-
VTKE GPGTI[ FGRGPFU EQPUKFGTCDN[ QP VJG [GCTçU RGTKQF.

TJGTG GZKUV VYQ MKPFU QH VJCV FGRGPFGPEG. IH QPN[ GPGTI[ EQPUWORVKQP HQT OKNMKPI, OKNM 
EQQNKPI, NKIJVKPI YKVJQWV GPGTI[ PGGFGF HQT JGCVKPI KP VJG OKNMKPI RCTNQWT CPF URCEG HQT 
QRGTCVQTU KU GXCNWCVGF, VJCP VQVCN GNGEVTKE GPGTI[ EQPUWORVKQP KP VJG UWOOGT RGTKQF KU JKIJGT 
EQORCTGF YKVJ VJG YKPVGT RGTKQF. TJKU KU ECWUGF D[ JKIJGT GPGTI[ EQPUWORVKQP HQT OKNM 
EQQNKPI CV JKIJGT QWVFQQT VGORGTCVWTG. IP ECUG YG GXCNWCVG VQVCN GPGTI[ EQPUWORVKQP QP 
HCTO, VJGP VJG GNGEVTKE GPGTI[ EQPUWORVKQP YCU NQYGT KP UWOOGT RGTKQF VJCP KP YKPVGT KP CNN 
KPXGUVKICVGF GXGPVU. TJG ECWUG QH KV KU TGNCVKXG JKIJ EQPUWORVKQP QH GNGEVTKE GPGTI[ HQT JGCVKPI 
KP VJG OKNMKPI RCTNQWT, UQEKCN DCEMITQWPF CPF HQT FTKPM YCVGT JGCVKPI. TJKU ECP DG UGGP KP VJG 
ITCRJ QH VJG GNGEVTKE GPGTI[ EQPUWORVKQP EQWTUG QP HCTO HQT 820 FCKT[ EQYU 
FKI. 1�.

FKI. 1� ENGEVTKE GPGTI[ EQPUWORVKQP QP HCTO HQT 820 FCKT[ EQYU - HTGG DQZ UVCDNG, JGTTKPIDQPG RCTNQWT 
2 Z 2 Z 6, OKNMUVQTCIG TQQO HQT 15.000 N
Energieverbrauch auf einem Betrieb mit �20 Milchkühen – Liegeboxenstall, Fischgrätenmelkstand 2 x 2 x �, 
Milchlagerkapazität 1�.000 l

BGUKFGU VQVCN GNGEVTKE GPGTI[ EQPUWORVKQP OGCUWTKPI HQT OKNM RTQFWEVKQP CNUQ OQTG FGVCKNGF 
GPGTI[ EQPUWORVKQP KPXGUVKICVKQP YCU EQPFWEVGF D[ UGNGEVGF VGEJPKECN U[UVGOU. 

UPCODKIWQWUN[ VJG NCTIGUV EQPUWOGT QH GNGEVTKE GPGTI[ KU VJG OKNMKPI RCTNQWT YKVJ VJG OKNM 
UVQTGTQQO EQPUWOKPI WR VQ 80 � QH VQVCN GNGEVTKE GPGTI[ PGEGUUCT[ HQT FCKT[ HCTO QRGTCVKQP. 
IP VJG ITCRJ 
FKI. 2� KU UJQYP VJG HQWPF UJCTG QH JQWUKPI U[UVGOU CPF OKNMKPI RCTNQWT HCEKNKV[ 
KPXQNXKPI OKNMKPI, OKNM EQQNKPI CPF UVQTCIG, OKNMKPI RCTNQWT JGCVKPI, YCTO YCVGT JGCVKPI CPF 
UQEKCN DCEMITQWPF. 

IV KU GXKFGPV, VJCV VJG FQOKPCPV UJCTG HTQO VQVCN GNGEVTKE GPGTI[ EQPUWORVKQP QP FCKT[ HCTO 
TGRTGUGPVU EQQNKPI CPF OKNM UVQTCIG 
WR VQ 30 ��. TJGTG KU PGEGUUCT[ VQ UGCTEJ CPF TGCNKUG VJG 
OQUV GHHGEVKXG OGCUWTGU HQT GNGEVTKE GPGTI[ EQPUWORVKQP. 
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FKI. 2� SJCTG QH VGEJPKECN U[UVGO QP GNGEVTKE GPGTI[ EQPUWORVKQP QP VJG HCTO HQT 613 FCKT[ EQYU ä HTGG DQZ 
UVCDNG, 24-TQVCT[ RCTNQWT, OKNMUVQTCIG TQQO HQT 25.000 N 
Anteil der technischen Systeme am Energieverbrauch auf einem Betrieb mit �13 Milchkühen – Liegeboxen-
stall, 2�er Karussell-Melkanlage, Milchlagerkapazität 2�.000 l

TJG DKI RCTV QH VJG VQVCN GNGEVTKE GPGTI[ EQPUWORVKQP QP FCKT[ HCTO TGRTGUGPVU YCTO YCVGT 
JGCVKPI. FQT VJKU RWTRQUG KU UWKVCDNG VQ WVKNKUG JGCV HTQO VJG OKNM EQQNKPI. TJKU YCU RTQXGF KP 
VTKCN, YJGTG YCU KPXGUVKICVGF CXGTCIG EQPUWORVKQP QH GNGEVTKE GPGTI[ HQT YCVGT JGCVKPI YKVJ-
QWV TGEWRGTCVKQP CPF HQT WVKNKUCVKQP QH JGCV CESWKTGF FWTKPI OKNM EQQNKPI. WJKNG KP VJG HKTUV 
ECUG VJG CXGTCIG FCKN[ EQPUWORVKQP QH GNGEVTKE GPGTI[ HQT YCVGT JGCVKPI YCU 101 MWJ, WUKPI 
QH YCVGT JGCVGF D[ VJG TGEWRGTCVKQP GZEJCPIGT QH VJG EQQNKPI EQPFGPUCVKQP WPKVU HQT GNGEVTKE 
DQKNGTU HGGFKPI OGCPV TGFWEVKQP QH VJKU EQPUWORVKQP VQ 51 MWJ. TJWU, KV KU GXKFGPV VJCV JGCV 
TGEWRGTCVKQP HQT OKNM EQQNKPI JGCFU VQ EQPUKFGTCDNG UCXKPIU 
WR VQ 50 �� QH GNGEVTKE GPGTI[ 
PGEGUUCT[ HQT YCTO YCVGT JGCVKPI KP VJG OKNMKPI RCTNQWT CPF OKNM UVQTG DCTP. RGNCVKXG UOCNN 
UJCTG HTQO VJG VQVCN EQPUWORVKQP QH GNGEVTKE GPGTI[ KP VJG OKNMKPI RCTNQWT HCEKNKV[ TGRTGUGPVU KVU 
NKIJVKPI 
15ä20 MWJ�FC[� CPF EQPUWORVKQP QH OKNMKPI CRRCTCVWU CPF EQQNKPI VCPMU UCPKVCT[.

TJG GNGEVTKE GPGTI[ EQPUWORVKQP HQT VJG UVCDNG URCEG NKIJVKPI UKIPKHKECPVN[ FGRGPFU QP VJG 
EQPUVTWEVKQP ä VGEJPKECN UVCDNG UQNWVKQP 
YKFVJ, JGKIJV, YKPFQYU UK\G CPF PWODGT, UM[NKIJV 
UK\G ï�, PWODGT CPF V[RG QH NKIJVKPI DQFKGU CPF QWVFQQT NKIJV KPVGPUKV[. WKVJKP QWT OGCUWTG-
OGPV YCU RTQXGF EQPUKFGTCDNG FGRGPFGPEG DGVYGGP GNGEVTKE GPGTI[ EQPUWORVKQP HQT UVCDNG 
NKIJVKPI CPF FC[çU NGPIVJ 
EQTTGNCVKQP EQGHHKEKGPV ä 807�. 

TJG GNGEVTKE GPGTI[ EQPUWOGF D[ VJG UYGGRKPI UJQXGN HQT OCPWTG TGOQXCN KU JKIJN[ KPHNW-
GPEGF D[ VJG TGOQXCN HTGSWGPE[ 
K. G. PWODGT QH UYKVEJKPI� FWTKPI C FC[. TJG HQWPF CXGTCIG 
EQPUWORVKQP QH GNGEVTKE GPGTI[ RGT 1 TGOQXKPI E[ENG 
HGGFKPI CPF OCPWTG EQTTKFQT QH VQVCN 
CTGC 445,5 O2� YCU 0,95 MWJ, K. G. 0,21 MWJ�100 O2.

OP DCUKU QH VJG CNN CESWKTGF TGUWNVU VJGTG YCU KPXGUVKICVGF VJG GNGEVTKE GPGTI[ EQPUWORVKQP 
HQT 100 NKVTGU QH OKNM YKVJ TGICTF VQ VJG OKNM [KGNF CPF HCTO UK\G. TJGUG FGRGPFGPEKGU YGTG 
RTQXGF CPF JCXG GPCDNGF VQ URGEKH[ PQTOCVKXGU HQT CXGTCIG EQPUWORVKQP QH GNGEVTKE GPGTI[ QP 
NCTIG FCKT[ HCTOU KP VJG C\GEJ RGRWDNKE. TJG UWIIGUVGF PQTOCVKXGU CTG RTGUGPVGF KP TCD. 1. IP 
VJG ITCRJ KP FKI. 3 KU UJQYP TGNCVKXG JKIJ EQTTGNCVKQP FGRGPFGPEKGU DGVYGGP GPGTI[ EQPUWOR-
VKQP HQT 100 N QH OKNM CPF HCTO UK\G CV CXGTCIG CPPWCN OKNM [KGNF QH QPG FCKT[ EQY 7000 N.
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FKI. 3� DGRGPFGPEG QH GNGEVTKE GPGTI[ EQPUWORVKQP QP UVCDNG QT HCTO UK\G D[ CXGTCIG OKNM [KGNF 
7000 N � EQY � [GCT
ADJ·PIKIMGKV FGU EPGTIKGXGTDTCWEJU XQP SVCNN- D\Y. BGVTKGDUITÌ­G DGK GKPGT FWTEJUEJPKVVNKEJGP MKNEJNGKUVWPI 
XQP 7000 N � KWJ � JCJT

4 Conclusions

FTQO VJG UQ HQT TGCNKUGF OGCUWTGOGPV QH VJG GNGEVTKE GPGTI[ EQPUWORVKQP QP FCKT[ HCTOU 
TGUWNVGF VJCV VQVCN EQPUWORVKQP QH GNGEVTKE GPGTI[ FGRGPFU QP WUGF VGEJPQNQIKECN U[UVGOU 
HQT DTGGFGF CPKOCNU CPF HNWEVWCVGU FWTKPI C [GCT OCKPN[ KP FGRGPFGPEG QP CXGTCIG QWVFQQT 
VGORGTCVWTG CPF NGPIVJ QH C FC[. IVU XCNWG HQWPF FWTKPI OGCUWTGOGPV QP UGNGEVGF FCKT[ HCTOU 
KU TGNCVKXG JKIJ CPF HCNNU KP VJG TCPIG HTQO 420ä1060 MWJ RGT 1 FCKT[ EQY CPF [GCT. 

TCD. 1� NQTOCVKXG EQPUWORVKQP QH GNGEVTKE GPGTI[ QP FCKT[ HCTOU

Number 
of cows 
on farm

Electric energy consumption

kWh/cow/year at annual milk yield, l kWh/100 l of milk at annual milk yield, l

5000 7000 9000 11000 5000 7000 9000 11000

100 743 788 834 879 14.9 11.3 9.3 8.0

200 597 644 692 739 11.9 9.2 7.7 6.7

300 525 572 621 668 10.5 8.2 6.9 6.1

400 479 526 574 621 9.6 7.5 6.4 5.6

500 447 493 541 587 8.9 7.0 6.0 5.3

600 422 468 515 561 8.4 6.7 5.7 5.1

700 402 447 494 540 8.0 6.4 5.5 4.9

800 385 430 477 522 7.7 6.1 5.3 4.7
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TJG ETWEKCN UJCTG HTQO VJG GNGEVTKE GPGTI[ EQPUWORVKQP TGRTGUGPVU OKNMKPI CPF OKNM EQQNKPI 
CPF YCTO YCVGT JGCVKPI, YJKEJ COQWPVU WR VQ 80 � QH VQVCN EQPUWORVKQP QH GNGEVTKE GPGTI[ 
QP HCTO. FTQO VJKU EQPUWORVKQP VJG JKIJGUV RCTV VCMGU VJG OKNM EQQNKPI 
45 ��, K. G. CDQWV 
36 � QH VQVCN EQPUWORVKQP QH GNGEVTKE GPGTI[ QP HCTO.
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VUZT PTCI, 52 R.

MÖBIUS, J.;
2002�� RCVKQPGNNG ENGMVTQGPGTIKGCPYGPFWPI KP FGT MKNEJRTQFWMVKQP, NGWG LCPFYKTV-
UEJCHV, 2�2002, 64ä68, 3�2002, 60ä64.

AEL; 
2000�� ENGMVTQGPGTIKGDGFCTH KP FGT MKNEJXKGJ- WPF SEJYGKPGJCNVWPI, MGTMDNCVV 33�2000, 
6 R. 

TJKU CTVKENG YCU RTGRCTGF KP EQPPGEVKQP YKVJ UQNWVKQP QH GTCPV RTQLGEVU NAZV QH VJG MKPKUVT[ 
QH AITKEWNVWTCN QH C\GEJ RGRWDNKE NQ. 3F 4145.



UMWELT � RESTSTOFFE

BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI 54�

Can the additiXe “EffectiXe Micro�Organisms 
EM�ê reduce ammonia 
and greenhouse gas emissions from slurr[ stores!
8ermindert der <WsCt\ ë'ffeMtiXe /iMro�1rgCnismen 
'/�é 0*�� Wnd 
MNimCreNeXCnte 'missionen CWs (NÒssigmistNCgern!

BARBARA AMON, VITALIY KRYVORUCHKO, THOMAS AMON, GERHARD MOITZI

DGRCTVOGPV QH SWUVCKPCDNG AITKEWNVWTCN S[UVGOU, DKXKUKQP QH AITKEWNVWTCN EPIKPGGTKPI, UPKXGTUKV[ QH NCVWTCN 
RGUQWTEGU CPF ARRNKGF LKHG SEKGPEGU, PGVGT-JQTFCP SVTC­G 82, A-1190 WKGP

Ke[words� Manure management, slurr[ additiXe, enXironmental Rrotection, ammonia, methane, nitrous 
oZide
ScJNÒsseNYÌrter� 9irtscJCftsdÒngermCnCgement� (NÒssigmist\WsCt\� 7mYeNtscJWt\� #mmoniCM� /etJCn� 
.CcJgCs

SWmmCr[ 

Experiments were carried out to investigate the influence of the additive “Effective Micro-
Organisms (EM)” on NH3 and GHG emissions from cattle and pig slurry stores. Emissions 
were measured from five 10 m3-pilot scale slurry tanks with a large open dynamic chamber. 
The effect of the following treatments was investigated: cattle slurry with and without EM, 
pig slurry with and without EM, and pig slurry where EM (as EM FKE) had been used as feed 
additive in the pigsç feed. Addition of EM at the beginning of cattle slurry storage had positive 
environmental effects. A reduction in NH3, N2O, and GHG emissions was observed. With pig 
slurry, EM addition at the beginning of slurry storage had no or negative effects on the emis-
sions of CH�, NH3, N2O, and greenhouse gases. The very low dry matter content of the pig 
slurry is very likely the reason for this phenomenon. EM addition to the pigsç feed declined 
emissions during pig slurry storage. 

<WsCmmenfCssWng 

Der Einfluss des Flüssigmistzusatzes „Effektive Mikro-Organismen (EM)“ auf den Umfang von 
NH3- und klimarelevanten Emissionen während der Lagerung von Rinder- und Schweineflüs-
sigmist wurde untersucht. Der Flüssigmist wurde in 10 m3 großen Betonbehältern gelagert. 
Emissionen wurden einem großen mobilen Emissionsmessraum gemessen. Die Versuche 
umfassten die folgenden Varianten: Rinderflüssigmist mit und ohne EM-Zusatz, Schweine-
flüssigmist mit und ohne EM-Zusatz und Flüssigmist von Schweinen, an die EM in Form von 
EM-FKE verfüttert worden war. Wurde EM zu Beginn der Lagerung von Rinderflüssigmist 
zugesetzt, so verminderten sich die gasförmigen Emissionen von NH3, N2O und die Gesamt-
emission an klimarelevanten Gasen. Bei Schweineflüssigmist hatte der EM-Zusatz am Beginn 
der Lagerung keine oder negative Effekte auf die Emissionen von NH3, N2O, CH� und auf die 
Gesamtemission an klimarelevanten Gasen. Die Ursache hierfür liegt vermutlich in dem sehr 
geringen Trockensubstanzgehalt des untersuchten Flüssigmistes. Der Zusatz von EM-FKE zum 
Schweinefutter reduzierte Emissionen während der Flüssigmistlagerung signifikant.
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1 Introduction

APKOCN JWUDCPFT[ TGUWNVU KP EQPUKFGTCDNG GOKUUKQPU QH COOQPKC 
NH3�, OGVJCPG 
CH4� CPF 
PKVTQWU QZKFG 
N2O�. AOOQPKC GOKUUKQPU ECWUG GWVTQRJKECVKQP CPF CEKFKHKECVKQP CPF VJWU RNC[ 
CP KORQTVCPV TQNG KP VJG FGENKPG QH DKQFKXGTUKV[ CPF F[KPI QH HQTGUVU. CTKVKECN NQCFU CTG GZEGGF-
GF KP OCP[ RCTVU QH EWTQRG. NGIQVKCVKQPU YKVJKP VJG UN-ECE-EQWPVTKGU CKO CV EQPVTQNNKPI 
COOQPKC GOKUUKQPU. CH4 CPF N2O CTG ITGGPJQWUG ICUGU CPF EQPVTKDWVG VQ INQDCN YCTOKPI. 
AITKEWNVWTG KU VJG RTKPEKRCN UQWTEG QH CH4 CPF N2O CV EU NGXGN. TJG K[QVQ PTQVQEQN TGSWKTGU 
EU ITGGPJQWUG ICU GOKUUKQPU VQ DG TGFWEGF D[ 8 � DGNQY 1990 NGXGN D[ VJG [GCT 2008ä2012. 
A NCTIG RTQRQTVKQP QH CPKOCN OCPWTGU RTQFWEGF YKVJKP VJG EU CTG UVQTGF CU UNWTT[, C OKZVWTG 
QH HCGEGU, WTKPG CPF QHVGP UQOG DGFFKPI OCVGTKCN.

EOKUUKQPU QH NH3, N2O CPF CH4 CTG KPHNWGPEGF D[ C OWNVKVWFG QH FKHHGTGPV HCEVQTU. CQORNGZ 
KPVGTCEVKQPU GZKUV DGVYGGP FKHHGTGPV GOKVVKPI UQWTEGU. TJKU TGSWKTGU C YJQNG U[UVGO CRRTQCEJ 
YJGP ECTT[KPI QWV GOKUUKQP OGCUWTGOGPVU. TJG EQPVTQN QH VJG GOKUUKQP QH QPG EQORQWPF 
OKIJV GPJCPEG VJG GOKUUKQP QH CPQVJGT EQORQWPF QT QH VJG UCOG EQORQWPF DWV CV CPQVJGT 
UVCIG QH OCPCIGOGPV.

AP CFFKVKXG ECP DG FGHKPGF CU C UWDUVCPEG VJCV KU VQ C NKXGUVQEM YCUVG YKVJ VJG KPVGPVKQP QH 
CNNGXKCVKPI QPG QT OQTG QH VJG RTQDNGOU EQPPGEVGF YKVJ OCPWTG OCPCIGOGPV 
MCCRORY � 
HOBBS 2001�. NWOGTQWU V[RGU QH CFFKVKXGU JCXG DGGP KPXGUVKICVGF QXGT VJG NCUV VJTGG FGECFGU 
KPENWFKPI DCEVGTKCN-GP\[OCVKE RTGRCTCVKQPU, RNCPV GZVTCEVU, QZKFK\KPI CIGPVU, FKUKPHGEVCPVU, 
WTGCUG KPJKDKVQTU, OCUMKPI CIGPVU, CPF CFUQTDGPVU. HQYGXGT, VJG GHHGEVKXGPGUU QH CFFKVKXGU JCU 
DGGP VJG UWDLGEV QH FGDCVG 
PAIN GV CN. 1987, RITTER 1989, ZHU GV CN. 1997�. 

TJG CFFKVKXG éEHHGEVKXG MKETQ-OTICPKUOU 
EM�ê KU FKUVTKDWVGF KP AWUVTKC D[ MWNVKMTCHV LVF. 
EM KU YKFGN[ CRRNKGF KP JQTVKEWNVWTG, CU HGGF CFFKVKXG 
CU EM FKE�, KP CPKOCN JQWUGU, CU UNWTT[ 
CFFKVKXG, GVE. EM EQPUKUVU QH UGXGTCN OKETQ-QTICPKUOU CPF KV KU CPVKEKRCVGF VJCV VJGUG TGFWEG 
COOQPKC 
NH3�, PKVTQWU QZKFG 
N2O�, OGVJCPG 
CH4�, CPF QFQWT GOKUUKQPU HTQO UNWTT[ UVQTGU. 
TJG GZRGTKOGPVU CKOGF CV KPXGUVKICVKPI VJG KPHNWGPEG QH EM QP COOQPKC, CPF GHG GOKUUKQPU 
HTQO ECVVNG CPF RKI UNWTT[ UVQTGU.

2 Materials and Methods

CCVVNG CPF RKI UNWTT[ YCU UVQTGF KP HKXG 10 O3-RKNQV UECNG UNWTT[ VCPMU. A HWNN FGUETKRVKQP QH 
VJG OGCUWTGOGPV VGEJPQNQI[ ECP DG VCMGP HTQO éIPHNWGPEG QH FKHHGTGPV NGXGNU QH EQXGTKPI QP 
ITGGPJQWUG ICU CPF NH3 GOKUUKQPU HTQO UNWTT[ UVQTGUê 
VJGUG RTQEGGFKPIU�. 

TJG GHHGEV QH VJG HQNNQYKPI VTGCVOGPVU YCU KPXGUVKICVGF� ECVVNG UNWTT[ YKVJ CPF YKVJQWV
EM, RKI UNWTT[ YKVJ CPF YKVJQWV EM, CPF RKI UNWTT[ YJGTG EM 
CU EM FKE� JCF DGGP WUGF 

CU HGGF CFFKVKXG KP VJG RKIUB HGGF. TJG VTGCVOGPVU éECVVNGAEMê CPF éRKIAEMê TGEGKXGF CP EM 
CFFKVKQP QH 1 N Oä3 TKIJV CHVGT VJG RKNQV UECNG UNWTT[ VCPMU JCF DGGP HKNNGF.

CCVVNG UNWTT[ YCU TGEGKXGF HTQO CP AWUVTKCP HCTO VJCV MGGRU 36 UWEMNKPI EQYU 
SKOOGPVCN, 
LKOQWUKPG CPF MWTDQFPGT� CEEQTFKPI VQ VJG TGIWNCVKQPU QH QTICPKE HCTOKPI. TJG UWEMNKPI 
EQYU YGTG HGF ITCUU UKNCIG, JC[ CPF UQOG DCTNG[ UVTCY. TJG CPKOCN JQWUG JCF C UNCVVGF HNQQT 
KP VJG HGGFKPI CTGC, N[KPI DQZGU, CPF CP QWVUKFG RGP. 

PKI UNWTT[ HQT VJG VTGCVOGPVU éRKIAWPVTGCVGFé CPF éRKIAEMé YCU TGEGKXGF HTQO C HCTO VJCV 
MGGRU 300 HCVVGPKPI RKIU QP RCTVN[ UNCVVGF HNQQTU. SNWTT[ YCU FKNWVGF YKVJ TCKP CPF YCUJ YCVGT 
CPF YCU UVQTGF KP C DGNQY ITQWPF UVQTG QWVUKFG VJG RKI JQWUG. TJG RKIU TGEGKXGF FT[ HGGF VJCV 
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EQPUKUVGF QH UQ[C, RGCU, RQVCVQ RTQVGKP, DCTNG[, VTKVKECNG, CPF OCK\G. PKI UNWTT[ HQT VJG VTGCV-
OGPV éRKIAEMHGGFê YCU TGEGKXGF HTQO C HCTO YKVJ 35 DTGGFKPI UQYU CPF 230 HCVVGPKPI RKIU 
VJCV YGTG MGRV QP RCTVN[ UNCVVGF HNQQTU. TJG UNWTT[ YCU UVQTGF QWVUKFG VJG JQWUG KP C EQXGTGF 
UVQTG. TJG RKI HGGF EQPUKUVGF QH YJGCV, UQ[C, CPF CCM. EM FKE YCU CFFGF VQ VJG RKIUç HGGF.

SVCVKUVKECN FCVC CPCN[UKU YCU ECTTKGF QWV YKVJ VJG UQHVYCTG RCEMCIG SPSS, XGTUKQP 10.0.  
RGITGUUKQP EWTXGU YGTG HKVVGF VQ EWOWNCVKXG GOKUUKQPU. DKHHGTGPEGU KP TGITGUUKQP GSWCVKQPU 
YGTG VGUVGF YKVJ C RCKT YKUG EQORCTKUQP QH TGITGUUKQP RCTCOGVGTU D[ VJG V-VGUV. LGXGN QH UKI-
PKHKECPEG YCU UGV VQ CV NGCUV 0.05.

3 Results and Discussion

FKIWTG 1 IKXGU CP GZCORNG QH EWOWNCVGF GOKUUKQPU VJCV YGTG OGCUWTGF HTQO ECVVNG UNWTT[ UVQTGU. 
MQTG FGVCKNU ECP DG HQWPF KP AMON GV CN. 
2004�. RGITGUUKQP EWTXGU YGTG HKVVGF VQ EWOWNCVGF 
GOKUUKQPU. RGITGUUKQP GSWCVKQP CPF EQGHHKEKGPV QH FGVGTOKPCVKQP CTG IKXGP KP HKIWTG 1. 

EM CFFKVKQP JCF PQ UKIPKHKECPV KPHNWGPEG QP OGVJCPG GOKUUKQPU HTQO UNWTT[ UVQTGU. TJG[ 
YGTG RTGFQOKPCPVN[ FGVGTOKPGF D[ UNWTT[ VGORGTCVWTG. AP GZRQPGPVKCN EQTTGNCVKQP DGVYGGP 
UNWTT[ VGORGTCVWTG CPF FCKN[ OGVJCPG GOKUUKQP TCVGU YCU QDUGTXGF 
FKI. 2�. TJG EQGHHKEKGPV QH 
FGVGTOKPCVKQP YCU 0.9.

FKI. 1� CWOWNCVGF OGVJCPG GOKUUKQPU HTQO ECVVNG UNWTT[ YKVJ CPF YKVJQWV CFFKVKQP QH EM

TCDNG 1 UWOOCTKUGU CH4, NH3, N2O, CPF ITGGPJQWUG ICU GOKUUKQPU FWTKPI UVQTCIG QH ECVVNG 
UNWTT[ YKVJ CPF YKVJQWV EM CFFKVKQP. GTGGPJQWUG ICU GOKUUKQPU CTG IKXGP CU CO2 GSWKXCNGPVU. 
NGV VQVCN CO2 GS. TGUWNV HTQO VJG CFFKVKQP QH OGVJCPG GOKUUKQPU � 21 CPF PKVTQWU QZKFG GOKU-
UKQPU � 310 
IPCC 1996�. EM CFFKVKQP FKF PQV UKIPKHKECPVN[ CNVGT CH4 GOKUUKQPU. N2O GOKU-
UKQPU YGTG UKIPKHKECPVN[ NQYGTGF VJTQWIJ EM. NGV VQVCN ITGGPJQWUG ICU GOKUUKQPU YGTG NQYGT 
HTQO EM COGPFGF ECVVNG UNWTT[ VJCP HTQO WPVTGCVGF ECVVNG UNWTT[. AOOQPKC GOKUUKQPU CPF 
VJWU PKVTQIGP NQUUGU FWTKPI UNWTT[ UVQTCIG YGTG UKIPKHKECPVN[ TGFWEGF YJGP EM YCU CFFGF VQ 
ECVVNG UNWTT[ CV VJG DGIKPPKPI QH VJG UVQTCIG RGTKQF. AFFKVKQP QH EM UJQYGF C RQUKVKXG GHHGEV 
QP VJG TGFWEVKQP QH CH4, N2O, NH3, CPF ITGGPJQWUG ICU GOKUUKQPU. NGICVKXG GHHGEVU YGTG 
PQV QDUGTXGF.
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FKI. 2� CQTTGNCVKQP DGVYGGP FCKN[ OGVJCPG GOKUUKQPU CPF UNWTT[ VGORGTCVWTG 
VTGCVOGPV� ECVVNG UNWTT[ YKVJ EM 
CFFKVKQP�

TCD. 1� NH3, CH4, N2O CPF ITGGPJQWUG ICU GOKUUKQPU FWTKPI UVQTCIG QH ECVVNG UNWTT[ YKVJ CPF YKVJQWV EM

Treatment
CH4

[g m–3 slurry]
NH3

[g m–3 slurry]
N2O

[g m–3 slurry]
GHGa

[kg CO2 eq. m–3]

cattle_withoutEM 894.2 152.7 60.0 37.4

cattle_withEM 910.1 121.9 50.1 34.6
a GHG = greenhouse gas

TCDNG 2 UWOOCTKUGU CH4, NH3, N2O, CPF ITGGPJQWUG ICU GOKUUKQPU FWTKPI UVQTCIG QH RKI 
UNWTT[ YKVJ CPF YKVJQWV EM CFFKVKQP, CPF QH RKI UNWTT[ VJCV YCU TGEGKXGF HTQO RKIU VJCV YGTG 
HGF EM FKE. CH4, CPF GHG GOKUUKQPU CTG IKXGP RGT MI QH VS KP VJG UNWTT[. NH3 CPF N2O 
GOKUUKQPU CTG GZRTGUUGF CU I N RGT I QH VQVCN PKVTQIGP. TJG VTGCVOGPVU éRKIAYKVJQWVEMê, CPF 
éRKIAYKVJEMê JCF C XGT[ NQY FT[ OCVVGT EQPVGPV QH 1.97 �. DT[ OCVVGT EQPVGPV QH VJG UNWTT[ 
éRKIAEMHGGFê YCU 5.40 �. NGV VQVCN GOKUUKQPU ECP VJGTGHQTG PQV DG EQORCTGF KH GZRTGUUGF CU 
RGT I QH UNWTT[ HTGUJ OCVVGT. 

TCD. 2� NH3, CH4, N2O, CPF ITGGPJQWUG ICU GOKUUKQPU FWTKPI UVQTCIG QH RKI UNWTT[ YKVJ CPF YKVJQWV EM CPF 
QH UNWTT[ HTQO RKIU YJGTG EM YCU WUGF CU HGGF CFFKVKXG

Treatment
CH4-C

[g (kg VS)–1]
NH3-N

[g / (kg Nt)–1]
N2O-N

[g / (kg Nt)–1]
GHGa

[kg CO2 eq. m–3/ (kg VS)–1]

pig_withoutEM 97.9 51.9 4.3 4.83

pig_withEM 99.8 58.7 5.3 5.37

pig_EMfeed 22.8 31.6 3.3 2.24
a GHG = greenhouse gas
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PKI UNWTT[ YKVJQWV EM CFFKVKQP GOKVVGF 97.9 I CH4-C 
MI VS�ä1. WJGP EM YCU CFFGF CV VJG 
DGIKPPKPI QH UNWTT[ UVQTCIG, CH4 GOKUUKQPU UNKIJVN[ TQUG VQ 99.8 I CH4-C 
MI VS�ä1. TJG FKHHGT-
GPEG YCU PQV UKIPKHKECPV. EM CFFKVKQP VQ VJG RKIUB HGGF FTCUVKECNN[ TGFWEGF OGVJCPG GOKUUKQPU 
FWTKPI UNWTT[ UVQTCIG VQ 22.8 I CH4-C 
MI VS�ä1. FTQO WPVTGCVGF UNWTT[, 51.9 I NH3-N 
MI NV�ä1

YGTG NQUV. EM CFFKVKQP CV VJG DGIKPPKPI QH UNWTT[ UVQTCIG KPETGCUGF NH3 GOKUUKQPU D[ E. 13 �. 
WJGP RKIU YGTG HGF EM, NH3 GOKUUKQPU FWTKPI UNWTT[ UVQTCIG UKIPKHKECPVN[ FGETGCUGF D[ E. 
40 �. AFFKVKQP QH EM CV VJG DGIKPPKPI QH UNWTT[ UVQTCIG NGF VQ CP KPETGCUG KP PGV VQVCN PKVTQWU 
QZKFG GOKUUKQPU. UPVTGCVGF RKI UNWTT[ GOKVVGF 4.3 I N2O-N 
MI NV�ä1. WJGP EM YCU CFFGF, 
EWOWNCVGF GOKUUKQPU QH 5.3 I N2O-N 
MI NV�ä1 YGTG OGCUWTGF. N2O-N GOKUUKQPU HTQO VJG 
VTGCVOGPV éRKIAEMHGGFê YGTG E. 23 � NQYGT VJCP HTQO WPVTGCVGF UNWTT[. EM CFFKVKQP VQ VJG 
RKIUy HGGF TGFWEGU N2O-N GOKUUKQPU FWTKPI UNWTT[ UVQTCIG. AU YKVJ VJG QVJGT ICUGU, C PGV VQVCN 
KPETGCUG KP GHG GOKUUKQPU YCU QDUGTXGF YJGP EM YCU CFFGF QPN[ CV VJG DGIKPPKPI QH RKI 
UNWTT[ UVQTCIG. FGGFKPI EM TGUWNVGF KP C E. 54 � TGFWEVKQP KP GHG GOKUUKQPU.

4 Conclusions

AFFKVKQP QH éEHHGEVKXG MKETQ-OTICPKUOU 
EM�é CV VJG DGIKPPKPI QH ECVVNG UNWTT[ UVQTCIG 
FT[ 
OCVVGT 9.39 �� JCF RQUKVKXG GPXKTQPOGPVCN GHHGEVU. MGVJCPG GOKUUKQPU YGTG QPN[ VQ C UOCNN 
GZVGPV KPHNWGPEGF D[ EM CFFKVKQP. A UKIPKHKECPV TGFWEVKQP KP COOQPKC CPF PKVTQWU QZKFG GOKU-
UKQPU YCU QDUGTXGF. NGV VQVCN ITGGPJQWUG GOKUUKQPU YGTG NQYGT YKVJ EM CFFKVKQP. IP HWTVJGT 
GZRGTKOGPVU VJG KORCEV QH EM FKE CFFKVKQP VQ ECVVNG HGGF QP GOKUUKQPU FWTKPI UNWTT[ UVQTCIG 
UJQWNF DG ENCTKHKGF.

WKVJ RKI UNWTT[, EM CFFKVKQP CV VJG DGIKPPKPI QH UNWTT[ UVQTCIG JCF PQ QT PGICVKXG GHHGEVU 
QP VJG GOKUUKQPU QH CH4, NH3, N2O, CPF ITGGPJQWUG ICUGU. TJG XGT[ NQY FT[ OCVVGT EQPVGPV 
QH VJG RKI UNWTT[ KU XGT[ NKMGN[ VJG TGCUQP HQT VJKU RJGPQOGPQP. DT[ OCVVGT EQPVGPV YCU QPN[ 
1.97 �, YJKEJ KU WPWUWCNN[ NQY. EHHGEVKXG MKETQ-OTICPKUOU ECP PQV QRVKOCNN[ FGXGNQR KP 
UNWTT[ YKVJ C XGT[ NQY FT[ OCVVGT EQPVGPV. TJWU, VJG GZRGTKOGPV YKNN DG TGRGCVGF YKVJ RKI 
UNWTT[ VJCV JCU C JKIJGT FT[ OCVVGT EQPVGPV. OPN[ VJGP TGNKCDNG KPHQTOCVKQP QP VJG GHHGEV QH EM 
CFFKVKQP QP GOKUUKQPU FWTKPI RKI UNWTT[ UVQTCIG ECP DG QDVCKPGF. EM FKE CFFKVKQP VQ VJG RKIUç 
HGGF UKIPKHKECPVN[ TGFWEGF GOKUUKQPU QH CH4, NH3, N2O, CPF ITGGPJQWUG ICUGU. EM CFFKVKQP 
VQ VJG HGGF JCU RQUKVKXG GPXKTQPOGPVCN GHHGEVU QP GOKUUKQPU FWTKPI RKI UNWTT[ UVQTCIG.
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Influence of different leXels of coXering on greenhouse gas and NH3
emissions from slurr[ stores
9irMWng XerscJiedener #DdecMWngen CWf #mmoniCM� Wnd MNimC�
reNeXCnte 'missionen Y·Jrend der (NÒssigmistNCgerWng

BARBARA AMON, VITALIY KRYVORUCHKO, THOMAS AMON

DGRCTVOGPV QH SWUVCKPCDNG AITKEWNVWTCN S[UVGOU, DKXKUKQP QH AITKEWNVWTCN EPIKPGGTKPI, UPKXGTUKV[ QH NCVWTCN 
RGUQWTEGU CPF ARRNKGF LKHG SEKGPEGU, PGVGT-JQTFCP SVTC­G 82, A-1190 WKGP

Ke[words� Manure management, anaeroDic digestion, enXironmental Rrotection, ammonia, methane, 
nitrous oZide
ScJNÒsseNYÌrter� 9irtscJCftsdÒngermCnCgement� $iogCser\eWgWng� 7mYeNtscJWt\� #mmoniCM� /etJCn� 
.CcJgCs

SWmmCr[ 

Different levels of covering slurry stores may influence NH3 and GHG emissions. Emissions 
were followed from storage of untreated slurry with and without a wooden cover and from 
anaerobically digested slurry without any cover, with a layer of chopped straw and with a 
layer of chopped straw and a wooden cover. Experiments were carried out under cold winter 
and under warm summer conditions. Slurries were stored in 10 m3-pilot scale slurry tanks 
and emissions were quantified with a large open dynamic chamber. Anaerobic digestion was 
found to be an effective mitigation option for GHG emissions from slurry stores. A wooden 
lid placed on the slurry tank reduced CH� and NH3 emissions, whereas NH3 emissions from 
uncovered anaerobically digested slurry were high. A layer of chopped straw was less effec-
tive in reducing NH3 emissions and has the potential to increase greenhouse gas emissions. 
It is recommended that slurry tanks, and particularly those used for storage of slurry treated 
in biogas plants, are equipped with a solid cover. 

<WsCmmenfCssWng 

Das Forschungsprojekt untersuchte NH3-, N2O- und CH�-Emissionen während der Lagerung 
von unbehandeltem Flüssigmist mit und ohne feste Behälterabdeckung und von anaerob 
vergorenem Flüssigmist ohne Abdeckung, mit einer Strohhäckselschicht und mit einer 
Strohhäckselschicht und zusätzlich einer festen Behälterabdeckung. Die Versuche wurden 
zweimal durchgeführt: im Winter und im Sommer. Der Flüssigmist wurde in 10 m3 großen 
Betonbehältern gelagert. Emissionen wurden mit einem großen mobilen Emissionsmessraum 
gemessen. Die Biogaserzeugung erwies sich als effiziente Maßnahme, um Emissionen von 
klimarelevanten Gasen während der Flüssigmistlagerung zu vermindern. Eine feste Behälter-
abdeckung reduzierte CH�- und NH3-Emissionen. NH3-Emissionen aus nicht abgedecktem, 
vergorenem Flüssigmist waren hoch. Eine Abdeckung mit Stroh verminderte NH3-Emissionen 
weniger stark als eine feste Behälterabdeckung und hat das Potential, klimarelevante Emissio-
nen zu erhöhen. Flüssigmistlagerbehälter sollten mit einer festen Abdeckung ausgestattet sein, 
insbesondere dann, wenn der Flüssigmist in einer Biogasanlage anaerob vergoren wurde. 
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1 Introduction

SNWTT[ UVQTGU CTG C UKIPKHKECPV UQWTEG QH COOQPKC, OGVJCPG CPF PKVTQWU QZKFG. SQOG EQWPVTKGU 
TGSWKTG VJCV VJG UWTHCEG QH VJG UVQTG KU EQXGTGF CU C OGCUWTG VQ TGFWEG COOQPKC XQNCVKNKUCVKQP. 
SVQTGF UNWTT[ OC[ HQTO C PCVWTCN UWTHCEG ETWUV KH VJG FT[ OCVVGT EQPVGPV KU JKIJ GPQWIJ. ANVGT-
PCVKXGN[, CP CTVKHKEKCN ETWUV OC[ DG GUVCDNKUJGF WUKPI OCVGTKCNU UWEJ CU UVTCY QT NGEC RGDDNGU 

SOMMER � HUTCHINGS 1995�. SNWTT[ EQPVCKPU EQPUKFGTCDNG COQWPVU QH GCUKN[ FGITCFCDNG 
ECTDQP VJCV UGTXGU CU PWVTKGPV UQWTEG VQ OKETQDGU. DWTKPI UNWTT[ UVQTCIG, C EQPVKPWQWU FGITC-
FCVKQP QH QTICPKE OCVVGT ECP DG QDUGTXGF 
AMON GV CN. 1995�. AU EQPFKVKQPU KP VJG UNWTT[ CTG 
CPCGTQDKE, FGITCFCVKQP QH QTICPKE OCVVGT OWUV CNYC[U QEEWT YKVJ CPCGTQDKE RCVJYC[U. TJKU 
OGCPU, VJCV CH4 CPF CO2 CTG HQTOGF CU GPF RTQFWEVU QH VJG FGITCFCVKQP RTQEGUU. IV KU VJWU VQ 
DG CUUWOGF VJCV JKIJ FT[ OCVVGT UNWTT[ DGCTU C ITGCVGT TKUM HQT CH4 GOKUUKQPU. 

SQOG UVWFKGU JCXG QDUGTXGF VJCV VJG RTGUGPEG QH C UWTHCEG ETWUV OC[ TGFWEG OGVJCPG GOKU-
UKQPU 
HUSTED 1994, SOMMER GV CN. 2000�, KPFKECVKPI VJCV OGVJCPG KU EQPUWOGF YKVJKP VJG 
ETWUV GPXKTQPOGPV. A UWTHCEG ETWUV KU C JGVGTQIGPGQWU GPXKTQPOGPV CV VJG KPVGTHCEG DGVYGGP 
VJG CPCGTQDKE UNWTT[ RJCUG CPF VJG CVOQURJGTG. 

APCGTQDKE FKIGUVKQP QH CPKOCN OCPWTGU KU OCKPN[ KORNGOGPVGF HQT GPGTI[ RTQFWEVKQP 
TGCUQPU. IORTQXGOGPV QH OCPWTG SWCNKV[ CPF RQVGPVKCN TGFWEVKQPU QH OGVJCPG GOKUUKQPU CTG 
éD[-RTQFWEVUê QH CPCGTQDKE FKIGUVKQP. BKQICU RTQFWEVKQP HTQO CPKOCN OCPWTGU CKOU CV OCZ-
KOKUKPI OGVJCPG [KGNF. MGVJCPG RTQFWEGF KP CP CITKEWNVWTCN DKQICU RNCPV KU PQV GOKVVGF KPVQ 
VJG CVOQURJGTG, DWV KU EQNNGEVGF CPF VTCPUHQTOGF VQ GNGEVTKEKV[ CPF JGCV KP C EQODKPGF JGCV 
CPF RQYGT EQWRNKPI. 

NKVTQWU QZKFG 
N2O� HQTOCVKQP XKC DQVJ PKVTKHKECVKQP CPF FGPKVTKHKECVKQP KU UVKOWNCVGF WPFGT 
EQPFKVKQPU QH QZ[IGP NKOKVCVKQP, CPF VJG RQVGPVKCN HQT PKVTQWU QZKFG HQTOCVKQP OWUV VJGTGHQTG 
CNUQ DG EQPUKFGTGF. SOMMER GV CN. 
2000� OGCUWTGF  GOKUUKQPU QH WR VQ 25 OI N2O-N Oä2 Jä1, 
YJKNG JUNGBLUTH GV CN. 
2001� SWQVGF HKGNF CPF NCDQTCVQT[ TGUWNVU TCPIKPI HTQO 0.2 VQ 5.4 OI 
N2O-N Oä2 Jä1. SOMMER GV CN. 
2000� HQWPF VJCV N2O GOKUUKQPU KPETGCUGF FWTKPI RGTKQFU 
YJGTG VJG UWTHCEG ETWUV FTKGF QWV CPF URGEWNCVGF VJCV EQPXGEVKXG VTCPURQTV QH NH4


 WR VJTQWIJ 
VJG ETWUV NC[GT YQWNF UVKOWNCVG PKVTKHKECVKQP CEVKXKV[.

TJG GZRGTKOGPVU CKOGF CV KFGPVKH[KPI VJG GHHGEV QH FKHHGTGPV NGXGNU QH EQXGTKPI UNWTT[ UVQTGU 
QP COOQPKC CPF ITGGPJQWUG ICU GOKUUKQPU HTQO WPVTGCVGF CPF CPCGTQDKECNN[ FKIGUVGF UNWTT[. 
TJG[ YGTG ECTTKGF QWV KP VJG HTCOG QH VJG EU RTQLGEV éGTGGPJQWUG GCU MKVKICVKQP HQT OTICPKE 
CPF CQPXGPVKQPCN DCKT[ PTQFWEVKQP 
MIDAIR�ê.

2 Materials and Methods

SNWTT[ YCU UVQTGF KP HKXG 10 O3-RKNQV UECNG UNWTT[ VCPMU. TJG VCPMU YGTG OCFG HTQO EQPETGVG 
CPF DWTKGF KP VJG ITQWPF, YKVJ 5 EO QH VJG YCNN CDQXG VJG UQKN UWTHCEG 
FKI. 1�. EOKUUKQPU QH 
NH3, N2O CPF CH4 YGTG SWCPVKHKGF D[ OQXKPI C NCTIG QRGP F[PCOKE EJCODGT QP C UNWTT[ 
VCPM CPF EQNNGEVKPI VJG GOKUUKQPU. EOKUUKQPU QH GCEJ XCTKCPV YGTG OGCUWTGF CV NGCUV VYKEG C 
YGGM HQT UGXGTCN JQWTU. 
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FKI. 1� DGUKIP QH VJG GZRGTKOGPVCN HCEKNKV[ HQT SWCPVKH[KPI GOKUUKQPU HTQO UNWTT[ UVQTGU 
AMON GV CN. 2002�

FQT VJG FGVGTOKPCVKQP QH VJG CKT HNQY QXGT UVQTGF OCPWTG C NCTIG QRGP F[PCOKE EJCODGT YCU 
WUGF. TJG OQDKNG EJCODGT EQXGTU CP CTGC QH 27 O2 CPF ECP DG DWKNV QXGT GOKVVKPI UWTHCEGU KP 
VJG CPKOCN JQWUKPI, QP OCPWTG UVQTGU CPF QXGT URTGCF OCPWTG. FTGUJ CKT GPVGTU VJG EJCODGT 
CV VJG HTQPV. IP VJG EJCODGT VJG HTGUJ CKT CEEWOWNCVGU VJG GOKUUKQPU CPF NGCXGU VJG EJCODGT QP 
VJG HCT UKFG. GCU EQPEGPVTCVKQPU CTG OGCUWTGF CNVGTPCVGN[ KP VJG KPEQOKPI CPF KP VJG QWVIQKPI 
CKT. TJG CKT HNQY KU TGEQTFGF EQPVKPWQWUN[ D[ C HCP-DCUGF HNQY OGVGT 
AMON GV CN. 1996�. 

NH3, N2O, CPF CH4 EQPEGPVTCVKQPU YGTG SWCPVKHKGF D[ FTIR URGEVTQUEQR[, YJKEJ KU C TGNK-
CDNG RQUUKDKNKV[ HQT EQPVKPWQWU QPNKPG FGVGEVKQP QH ICUGQWU GOKUUKQPU KP VJG HKGNF. TJG CRRNKGF 
FTIR URGEVTQUEQRG JCU C URGEVTCN TGUQNWVKQP QH 0.25 EOä1. IV KU QRGTCVGF YKVJ C YJKVG EGNN YKVJ 
8 O NKIJV RCVJ. TJG FGVGEVKQP NKOKV KU 0.5 RRO HQT COOQPKC CPF CODKGPV CKT NGXGN HQT ECTDQP 
FKQZKFG, OGVJCPG, CPF PKVTQWU QZKFG. SNWTT[ VGORGTCVWTG YCU EQPVKPWQWUN[ OGCUWTGF CV VYQ 
JGKIJVU KP GCEJ UNWTT[ VCPM. SCORNGU HQT VJG CPCN[UKU QH UNWTT[ EQORQUKVKQP YGTG VCMGP CV YGGM-
N[ KPVGTXCNU KP VJG HKTUV HGY YGGMU QH UVQTCIG CPF DKYGGMN[ FWTKPI VJG TGUV QH VJG UVQTCIG. SNWTT[ 
UCORNGU YGTG CPCN[UGF HQT FT[ OCVVGT, CUJ, RH, NH4-N, VQVCN PKVTQIGP, CPF VQVCN ECTDQP.

EOKUUKQPU YGTG HQNNQYGF HTQO UVQTCIG QH WPVTGCVGF UNWTT[ YKVJ CPF YKVJQWV C YQQFGP EQXGT 
CPF HTQO CPCGTQDKECNN[ FKIGUVGF UNWTT[ YKVJQWV CP[ EQXGT, YKVJ C NC[GT QH EJQRRGF UVTCY CPF 
YKVJ C NC[GT QH EJQRRGF UVTCY CPF C YQQFGP EQXGT. EZRGTKOGPVU YGTG ECTTKGF QWV WPFGT EQNF 
YKPVGT CPF WPFGT YCTO UWOOGT EQPFKVKQPU VQ EQXGT VJG [GCT-TQWPF TCPIG KP VGORGTCVWTGU. 
TJG YKPVGT CPF UWOOGT UVQTCIG NCUVGF HQT 100 CPF 140 FC[U, TGURGEVKXGN[.

DCKT[ ECVVNG UNWTT[ YCU TGEGKXGF HTQO VYQ V[RKECN AWUVTKCP FCKT[ HCTOU. FCTO 1 KU UKVWCVGF KP 
LQYGT AWUVTKC, KP CP RTG-CNRKPG TGIKQP. 33 FCKT[ EQYU CTG JGNF KP C UNWTT[ DCUGF NQQUG JQWUG. 
MKNM [KGNF KU 8,600 MI RGT EQY CPF [GCT YKVJ 4.0 � HCV CPF 3.56 � RTQVGKP. TJG FCKT[ EQYUç 
FKGV EQPUKUVU QH OCKPN[ QH OCK\G UKNCIG, ITCUU UKNCIG CPF JC[. IP CFFKVKQP, EQPEGPVTCVG KU HGF 
XKC C VTCPURQPFGT U[UVGO. FCTO 2 UWRRNKGF CPCGTQDKECNN[ FKIGUVGF FCKT[ ECVVNG UNWTT[ VQ VJG 
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GZRGTKOGPVU. IV KU C V[RKECN AWUVTKCP HCTO UKOKNCT VQ HCTO 1. DCKT[ ECVVNG UNWTT[ KU CPCGTQDKECNN[ 
FKIGUVGF KP C HWNN[ OKZGF, EQPVKPWQWUN[ UVKTTGF EQPETGVG FKIGUVGT YKVJQWV CFFKVKQP QH QVJGT 
QTICPKE UWDUVTCVGU. TJG FKIGUVGT KU QRGTCVGF CV C OGUQRJKNG HGTOGPVCVKQP VGORGTCVWTG. 

SVCVKUVKECN FCVC CPCN[UKU YCU ECTTKGF QWV YKVJ VJG UQHVYCTG RCEMCIG SPSS, XGTUKQP 10.0.  
RGITGUUKQP EWTXGU YGTG HKVVGF VQ EWOWNCVKXG GOKUUKQPU. DKHHGTGPEGU KP TGITGUUKQP GSWCVKQPU 
YGTG VGUVGF YKVJ C RCKTYKUG EQORCTKUQP QH TGITGUUKQP RCTCOGVGTU D[ VJG V-VGUV. LGXGN QH UKIPKHK-
ECPEG YCU UGV VQ CV NGCUV 0.05.

3 Results and Discussion

TCDNG 1 UWOOCTKUGU EWOWNCVGF NH3, CH4, N2O, CPF ITGGPJQWUG ICU GOKUUKQPU HTQO WPVTGCVGF 
CPF CPCGTQDKECNN[ FKIGUVGF UNWTT[ YKVJ FKHHGTGPV NGXGNU QH EQXGTKPI. GTGGPJQWUG ICU GOKUUKQPU 
CTG IKXGP CU CO2 GSWKXCNGPVU. NGV VQVCN CO2 GS. TGUWNV HTQO VJG CFFKVKQP QH OGVJCPG GOKUUKQPU 
� 21 CPF PKVTQWU QZKFG GOKUUKQPU � 310 
IPCC 1996�.

IP VJG YKPVGT GZRGTKOGPVU, C NKPGCT KPETGCUG KP EWOWNCVGF CH4 GOKUUKQPU YCU QDUGTXGF KP 
CNN VTGCVOGPVU VJTQWIJQWV VJG UVQTCIG RGTKQF 
FCVC PQV UJQYP�. CH4 GOKUUKQPU HTQO FKIGUVGF 
UNWTT[ YGTG UKIPKHKECPVN[ NQYGT VJCP HTQO WPVTGCVGF UNWTT[. NQ UKIPKHKECPV FKHHGTGPEG YCU 
QDUGTXGF DGVYGGP CH4 GOKUUKQPU HTQO FKIGUVGF UNWTT[ YKVJ QT YKVJQWV C UVTCY EQXGT QP VJG 
UNWTT[ UWTHCEG. A YQQFGP EQXGT UKIPKHKECPVN[ TGFWEGF CH4 GOKUUKQPU KP DQVJ WPVTGCVGF CPF 
FKIGUVGF UNWTT[. CWOWNCVGF NH3 GOKUUKQPU KPETGCUGF NKPGCTN[ VJTQWIJQWV VJG UVQTCIG RGTKQF. 
CQXGTKPI VJG VCPM YKVJ C YQQFGP NKF FGETGCUGF COOQPKC GOKUUKQPU HTQO WPVTGCVGF UNWTT[. 
A NC[GT QH EJQRRGF UVTCY QP VJG UWTHCEG QH FKIGUVGF UNWTT[ UKIPKHKECPVN[ TGFWEGF NH3 GOKU-
UKQPU. A YQQFGP EQXGT JCF PQ CFFKVKQPCN OKVKICVKQP GHHGEV. CWOWNCVGF PKVTQWU QZKFG GOKU-
UKQPU UVGCFKN[ KPETGCUGF FWTKPI VJG 100-FC[-OGCUWTGOGPV RGTKQF YKVJ QPN[ NKVVNG FKHHGTGPEGU 
DGVYGGP VTGCVOGPVU. TQVCN GHG GOKUUKQPU YGTG JKIJGUV HTQO WPVTGCVGF, WPEQXGTGF UNWTT[. 
A YQQFGP EQXGT EQPUKFGTCDN[ TGFWEGF GHG GOKUUKQPU. DKIGUVGF UNWTT[ GOKVVGF NGUU GHG 
VJCP WPEQXGTGF WPVTGCVGF UNWTT[. TJG EQODKPCVKQP QH EJQRRGF UVTCY CPF YQQFGP NKF TGFWEGF 
GHG GOKUUKQPU QH FKIGUVGF UNWTT[.

TCD. 1� CWOWNCVGF CH4, NH3, N2O, CPF ITGGPJQWUG ICU GOKUUKQPU OGCUWTGF KP VJG YKPVGT CPF KP VJG 
UWOOGT GZRGTKOGPV

Treatment winter experiment summer experiment

CH4 NH3 N2O GHGa CH4 NH3 N2O GHGa

[g m–3]
[kg 

CO2eq. 
m–3]

[g m–3]
[kg 

CO2eq. 
m–3]

untreated_crust 164.3 72.5 44.0 17.09 3591.2 110.5 48.7 90.51

untreated_cover 142.0 52.2 38.2 14.82 2999.0   60.0 58.6 81.15

biogas 111.3 62.0 40.1 14.77 1154.2 222.5 72.4 46.68

biogas_straw 114.5 49.6 39.9 14.77 1191.9 125.7 75.7 48.50

biogas_straw_cover 81.1 48.7 40.7 14.32 1021.4 78.1 61.4 40.48
a GHG = greenhouse gas emissions
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UPFGT YCTO UWOOGT EQPFKVKQPU, EQPUKFGTCDN[ OQTG OGVJCPG YCU GOKVVGF VJCP WPFGT EQNF 
YKPVGT EQPFKVKQPU. CWOWNCVGF CH4 GOKUUKQPU HQNNQYGF C SWCFTCVKE EWTXG CPF FGENKPGF 
VQYCTFU VJG GPF QH VJG OGCUWTGOGPV RGTKQF 
FCVC PQV UJQYP�. UPVTGCVGF UNWTT[ GOKVVGF UKI-
PKHKECPVN[ OQTG CH4 VJCP FKIGUVGF UNWTT[. SKOKNCT VQ YKPVGT EQPFKVKQPU, C YQQFGP NKF TGFWEGF 
CH4 GOKUUKQPU QH WPVTGCVGF UNWTT[. AHVGT FKIGUVKQP, CH4 GOKUUKQPU HTQO WPEQXGTGF QT UVTCY 
EQXGTGF UNWTT[ YGTG UKOKNCT, YJGTGCU VJG[ YGTG TGFWEGF D[ CP CFFKVKQPCN YQQFGP NKF. IP UWO-
OGT, WPEQXGTGF FKIGUVGF UNWTT[ UJQYGF VJG JKIJGUV COOQPKC GOKUUKQPU. TJG[ YGTG TGFWEGF 
D[ C NC[GT QH EJQRRGF UVTCY CPF, HWTVJGT OQTG, D[ C NC[GT QH EJQRRGF UVTCY CPF C YQQFGP 
NKF. CWOWNCVGF PKVTQWU QZKFG GOKUUKQPU UJQYGF C NKPGCT KPETGCUG VJTQWIJQWV VJG OGCUWTGOGPV 
RGTKQF. CQXGTKPI WPVTGCVGF UNWTT[ YKVJ C YQQFGP NKF KPETGCUGF N2O GOKUUKQPU YJGTGCU VJG 
EQODKPCVKQP QH EJQRRGF UVTCY CPF C YQQFGP NKF FGETGCUGF N2O GOKUUKQPU HTQO FKIGUVGF 
UNWTT[. TQVCN GHG GOKUUKQPU HTQO WPVTGCVGF UNWTT[ YGTG PGCTN[ VYKEG CU JKIJ CU HTQO FKIGUVGF 
UNWTT[. A YQQFGP EQXGT TGFWEGF GHG GOKUUKQPU HQT DQVJ UWDUVTCVGU. AU KP YKPVGT, C NC[GT QH 
EJQRRGF UVTCY CNQPG FKF PQV OKVKICVG GHG GOKUUKQPU HTQO FKIGUVGF UNWTT[.

4 Conclusions

APCGTQDKE FKIGUVKQP YCU HQWPF VQ DG CP GHHGEVKXG OKVKICVKQP QRVKQP HQT ITGGPJQWUG ICU GOKU-
UKQPU HTQO UNWTT[ UVQTGU. A YQQFGP NKF RNCEGF QP VJG UNWTT[ VCPM TGFWEGF CH4 CPF NH3 GOKU-
UKQPU, YJGTGCU NH3 GOKUUKQPU HTQO WPEQXGTGF CPCGTQDKECNN[ FKIGUVGF UNWTT[ YGTG JKIJ FWG VQ 
VJG JKIJ NH4-N EQPVGPV CPF RH XCNWG. A NC[GT QH EJQRRGF UVTCY YCU NGUU GHHGEVKXG KP TGFWEKPI 
NH3 GOKUUKQPU CPF JCU VJG RQVGPVKCN VQ KPETGCUG ITGGPJQWUG ICU GOKUUKQPU. 

IV KU TGEQOOGPFGF VJCV UNWTT[ VCPMU, CPF RCTVKEWNCTN[ VJQUG WUGF HQT UVQTCIG QH UNWTT[ VTGCVGF 
KP DKQICU RNCPVU, CTG GSWKRRGF YKVJ C UQNKF EQXGT. TJKU YKNN TGFWEG CH4 TGNGCUG KPVQ VJG 
CVOQURJGTG, CU YGNN CU NH3 GOKUUKQPU. FWNN GPXKTQPOGPVCN DGPGHKVU QH CPCGTQDKE FKIGUVKQP 
ECP QPN[ DG GZRNQKVGF, KH CNN VCPMU CTG EQXGTGF CPF KPENWFGF KP VJG ICU DGCTKPI U[UVGO QH VJG 
DKQICU RNCPV.
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Ammonia and greenhouse gas emissions from a straw flow s[stem for 
fattening Rigs 
#mmoniCM Wnd MNimCreNeXCnte 'missionen CWs einem ScJr·gDodenstCNN 
fÒr /CstscJYeine

BARBARA AMON1, ALFRED P¤LLINGER2, VITALIY KRYVORUCHKO1, MARTINA FR¤HLICH1, 
IRENE M¤SENBACHER2, ANTON HAUSLEITNER2, THOMAS AMON1

1  DGRCTVOGPV QH SWUVCKPCDNG AITKEWNVWTCN S[UVGOU, DKXKUKQP QH AITKEWNVWTCN EPIKPGGTKPI, UPKXGTUKV[ QH NCVWTCN 
RGUQWTEGU CPF ARRNKGF LKHG SEKGPEGU, PGVGT-JQTFCP SVTC­G 82, A-1190 WKGP

2 FGFGTCN RGUGCTEJ IPUVKVWVG HQT AITKEWNVWTG KP ANRKPG RGIKQPU, ANVKTFKPI 11, A-8952 ITFPKPI 

Ke[words� Animal welfare, EnXironmental Rrotection, ammonia, methane, nitrous oZide
ScJNÒsseNYÌrter� 6iergerecJtJeit� 7mYeNtscJWt\� #mmoniCM� /etJCn� .CcJgCs

SWmmCr[ 

The straw flow system is an animal friendly housing system for fattening pigs. The pen is sepa-
rated into a lying area and an excretion area. In the lying area, straw is used. The pigs keep 
the lying area dry and clean and excrete on slats in the rear of the pen. The system can be 
operated economically efficient on commercial farms. It was to be investigated, if this animal 
friendly housing system emitted less NH3 and GHG than a conventional fully or partly slatted 
system. Emissions of NH3, N2O, and CH� were measured at a commercial farm for 10 months. 
Gas concentrations were measured with high resolution FTIR spectrometry. Ventilation rate 
was recorded in the central exhaust fan. Measurements covered all seasons and all stages of 
fattening. Emissions from the straw flow system were always lower than default values for 
fully slatted floor systems. 

<WsCmmenfCssWng 

Der Schrägbodenstall für Mastschweine ist ein tiergerechtes Haltungssystem. Die Mastabteile 
sind in einen Liege- und in einen Kotbereich unterteilt. Im Liegebereich wird Stroh als Ein-
streu und Beschäftigungsmaterial verwendet. Die Schweine halten den Liegebereich trocken 
und sauber und koten und harnen auf dem Spaltenboden im hinteren Bereich der Bucht. 
Der Schrägbodenstall ist ein praxisreifes System, das wirtschaftlich betrieben werden kann. 
Das hier vorgestellte Forschungsprojekt widmete sich der Frage, welche Mengen an NH3

und klimarelevanten Gasen aus einem Schrägbodenstall freigesetzt werden. Emissionen von 
NH3, N2O und CH� wurden auf einem praktischen Betrieb 10 Monate lang kontinuierlich 
gemessen. Die Gaskonzentrationen wurden mit einem hochauflösenden FTIR-Spektrometer 
gemessen. Die Luftrate wurde kontinuierlich in den zentralen Abluftkaminen aufgezeichnet. 
Die Emissionsmessungen umfassten alle Jahreszeiten und mehrere vollständige Mastperi-
oden. Die NH3-, N2O- und CH�-Emissionen aus dem Schrägbodenstall waren geringer als 
Standardwerte, die für Vollspaltenbodenställe angegeben werden.
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1 Introduction

APKOCN YGNHCTG CPF GPXKTQPOGPVCN RTQVGEVKQP CTG KPETGCUKPIN[ KORQTVCPV. HQWUKPI U[UVGOU 
OWUV DG HQWPF VJCV QHHGT CPKOCN YGNHCTG CPF GOKV NKVVNG COOQPKC CPF ITGGPJQWUG ICUGU. OHVGP, 
C EQPVTCFKEVKQP KU UGGP DGVYGGP CPKOCN YGNHCTG CPF GPXKTQPOGPVCN RTQVGEVKQP.

EOKUUKQPU HTQO UNWTT[ DCUGF RKI JQWUGU JCXG KPVGPUKXGN[ DGGP TGUGCTEJGF. DCVC QP GOKU-
UKQPU HTQO UVTCY DCUGF JQWUGU CTG NKOKVGF. TJG éGWKFCPEG FQEWOGPV QP EQPVTQN VGEJPKSWGU 
HQT RTGXGPVKPI CPF CDCVKPI GOKUUKQPU QH COOQPKCê FGXGNQRGF D[ VJG UN�ECE éEZRGTV GTQWR 
QP AOOQPKC ADCVGOGPVê QH VJG éEZGEWVKXG BQF[ HQT VJG CQPXGPVKQP QP LQPI-RCPIG TTCPU-
DQWPFCT[ AKT PQNNWVKQPê FKUVKPIWKUJGU 10 UNWTT[ DCUGF JQWUKPI U[UVGOU HQT RKIU CPF CUUKIPU 
URGEKHKE GOKUUKQP HCEVQTU. SVTCY DCUGF U[UVGOU CTG PQV FKHHGTGPVKCVGF, DWV IKXGP QPG UKPING 
COOQPKC GOKUUKQP HCEVQT VJCV KU GSWCN VQ VJG JKIJGUV GOKUUKQP HCEVQT HTQO VJG UNWTT[ DCUGF 
U[UVGOU. DÖHLER GV CN. 
2002� OGPVKQP VJG FGGR NKVVGT CPF VJG DCPKUJ U[UVGO CU UVTCY DCUGF 
U[UVGOU KP RKI JWUDCPFT[. AEEQTFKPI VQ DÖHLER GV CN. 
2002�, NH3 CPF N2O GOKUUKQPU HTQO 
FGGR NKVVGT U[UVGOU CTG JKIJGT VJCP HTQO HWNN[ UNCVVGF HNQQTU. TJG DCPKUJ U[UVGO NGCFU VQ CP 
KPETGCUG KP NH3 GOKUUKQPU. TJG CWVJQTU RQKPV VQ VJG EQPUKFGTCDNG WPEGTVCKPV[ QH VJGUG GOKU-
UKQP HCEVQTU CPF VQ VJG XGT[ NKOKVGF FCVC CXCKNCDKNKV[.

MQTG TGUGCTEJ KU PGGFGF KPVQ UVTCY DCUGF U[UVGOU HQT RKIU. MKVKICVKQP QRVKQPU HQT NH3, 
CPF GHG OWUV DG RTQRQUGF. TJG UVTCY HNQY U[UVGO KU CP CPKOCN HTKGPFN[ JQWUKPI U[UVGO 

BARTUSSEK GV CN. 1995, ZALUDIK 1997�. IV YCU VQ DG KPXGUVKICVGF, KH KV GOKVVGF NGUU COOQPKC CPF 
ITGGPJQWUG ICUGU VJCP C EQPXGPVKQPCN HWNN[ QT RCTVN[ UNCVVGF U[UVGO.

2 The straw flow s[stem

AP CPKOCN HTKGPFN[ U[UVGO HQT RKIU OWUV RTQXKFG UVTCY QT QVJGT OCVGTKCNU YJGTG RKIU ECP UJQY 
GZRNQTCVQT[ DGJCXKQWT 
WECHSLER 1997�. IV KU KORQTVCPV VQ TGPGY VJG OCVGTKCN FCKN[ QT GXGT[ 
UGEQPF FC[ 
AMON GV CN. 2001�. TJG PQTOCN DGJCXKQWT QH RKIU KU VQ UGRCTCVG C N[KPI CPF CP 
GZETGVKQP CTGC 
STOLBA 1983�. APKOCN HTKGPFN[ U[UVGOU OWUV VJWU CV NGCUV DG UGRCTCVGF KPVQ VYQ 
HWPEVKQPCN CTGCU. PKIU URGPF C EQPUKFGTCDNG RCTV QH VJG FC[ YKVJ TGUVKPI CPF N[KPI 
ZERBONI � 
GRAUVOGL 1984�. TJG[ RTGHGT PQP-RGTHQTCVGF, UQHV N[KPI CTGCU 
SAMBRAUS 1991�. 

TJG SVTCY-FNQY-WGNHCTG-S[UVGO YCU FGXGNQRGF KP SEQVNCPF 
BRUCE 1990�. TJG FGFGTCN 
AITKEWNVWTCN RGUGCTEJ CGPVTG BTCWPUEJYGKI�GGTOCP[ UVCTVGF VQ KPXGUVKICVG VJKU U[UVGO KP 1988 

GEBBE 1991�. IP 1990, VJG FGFGTCN RGUGCTEJ IPUVKVWVG HQT AITKEWNVWTG KP ANRKPG RGIKQPU�AWUVTKC 
HWTVJGT KORTQXGF VJG U[UVGO CPF FGXGNQRGF VJG éSVTCY FNQY S[UVGO GWORGPUVGKPê 
BARTUSSEK

GV CN. 1995, FKI. 1�. TJG RGP KU UGRCTCVGF KPVQ C N[KPI CTGC CPF CP GZETGVKQP CTGC. IP VJG N[KPI 
CTGC, UVTCY KU WUGF. TJG RKIU MGGR VJG N[KPI CTGC FT[ CPF ENGCP CPF GZETGVG QP GNGXCVGF UNCVU KP 
VJG TGCT QH VJG RGP. PKIU CTG NKMGN[ VQ UWHHGT HTQO VJGTOCN UVTGUU QP YCTO FC[U. TJG[ OC[ VJGP 
GZETGVG QP VJG N[KPI CTGC CPF NKG QP VJG GZETGVKQP CTGC. TQ CXQKF VJKU, URTKPMNGTU CTG KPUVCNNGF 
CDQXG VJG UNCVU QH VJG GZETGVKQP CTGC. TJG[ CTG CWVQOCVKECNN[ CEVKXCVGF CV KPVGTXCNU. 
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FKI. 1� DGUKIP QH VJG UVTCY HNQY U[UVGO HQT HCVVGPKPI RKIU 
NGHV UKFG� CPF FKUVTKDWVKQP QH N[KPI RKIU CV VJG DGIKP-
PKPI CPF VQYCTFU VJG GPF QH VJG HCVVGPKPI RGTKQF 
TKIJV UKFG� 
BARTUSSEK 1993�

TJG EQPETGVG N[KPI CTGC JCU CP KPENKPCVKQP QH 4ä10 � CPF KU UWTTQWPFGF D[ QRCSWG YCNNU. 
FGGF KU UWRRNKGF CV VJG HTQPV QH VJG RGP. ANN RKIU ECP GCV CV VJG UCOG VKOG, YJKEJ KU CP KORQT-
VCPV HCEVQT HQT CPKOCN YGNHCTG. 

50ä100 I PQP EJQRRGF UVTCY RGT RKI CPF FC[ CTG RTQXKFGF KP VJG TCEM CV VJG HTQPV QH VJG 
RGP. TJG RKIU VCMG VJG UVTCY HTQO VJG TCEM, RNC[ YKVJ KV, EJGY KV CPF VJWU VTCPURQTV KV UNQYN[ VQ 
VJG TGCT QH VJG RGP YJGTG KV HCNNU KP VJG IWV WPFGT VJG UNCVU. AU QPN[ C UOCNN COQWPV QH UVTCY KU 
WUGF, KV KU UVKNN RQUUKDNG VQ RTQFWEG UNWTT[. WQTM TGSWKTGOGPV HQT UVTCY UWRRN[ KU E. 7 OKP RGT 
RTQFWEGF RKI 
BARTUSSEK � GEISPERGER 1998�. TJG UVTCY UWRRN[ ECP KFGCNN[ DG WUGF VQ EQPVTQN 
VJG RKIUç EQPFKVKQP.

A UVTCY HNQY RGP QHHGTU 1ä1.3 O2 RGT RKI. TJKU KU OQTG VJCP 40 � OQTG VJCP KP EQPXGP-
VKQPCN HWNN[ UNCVVGF HNQQT U[UVGOU. IPXGUVOGPV EQUVU CTG PQV JKIJGT VJCP KP EQPXGPVKQPCN HWNN[ 
UNCVVGF HNQQT U[UVGOU 
BARTUSSEK � GEISPERGER 1998�. TJG UVTCY HNQY U[UVGO ECP DG QRGTCVGF 
GEQPQOKECNN[ GHHKEKGPV QP EQOOGTEKCN HCTOU.

3 ARRroach

EOKUUKQPU QH NH3, N2O, CPF CH4 YGTG OGCUWTGF CV C EQOOGTEKCN HCTO. TJG CPKOCN JQWUG 
EQPUKUVGF QH VJTGG HWNN[ UGRCTCVGF EQORCTVOGPVU. ECEJ EQORCTVOGPV YCU HQTEGF XGPVKNCVGF D[ 
C EGPVTCN GZJCWUV HCP. TJG EQORCTVOGPVU YGTG UGRCTCVGF KPVQ 16 RGPU VJCV JGNF 10ä12 RKIU. 
TYQ EQORCTVOGPVU YGTG GUVCDNKUJGF YKVJ CP CWVQOCVKE FCKN[ OCPWTG TGOQXCN U[UVGO. OPG 
EQORCTVOGPV JCF C FWPI EJCPPGN. 

CQPEGPVTCVKQPU QH NH3, N2O, CPF CH4 YGTG OGCUWTGF YKVJ JKIJ TGUQNWVKQP FTIR URGE-
VTQOGVT[. VGPVKNCVKQP TCVG YCU EQPVKPWQWUN[ TGEQTFGF KP GCEJ EGPVTCN GZJCWUV HCP. MGCUWTG-
OGPVU YGTG ECTTKGF QWV EQPVKPWQWUN[ 24 JQWTU C FC[. TJG OGCUWTGOGPV RGTKQF NCUVGF HTQO 
2003-07-01 VQ 2004-04-20. IV EQXGTGF CNN UGCUQPU� JQV ä OKNF ä EQNF, CPF CNN UVCIGU QH HCVVGP-
KPI.

AHVGT VJG GOKUUKQP OGCUWTGOGPVU HTQO VJG CPKOCN JQWUG YGTG HKPKUJGF, RKI UNWTT[ YCU 
UVQTGF KP 10 O3 RKNQV UECNG UNWTT[ VCPMU. EOKUUKQPU YGTG OGCUWTGF YKVJ C NCTIG QRGP F[PCOKE 
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EJCODGT. IPHNWGPEG QH FKHHGTGPV NGXGNU QH EQXGTKPI, CPF QH UNWTT[ CFFKVKXGU YCU KPXGUVKICVGF. 
TJGUG GZRGTKOGPVU CTG UVKNN QPIQKPI CPF TGUWNVU CTG PQV [GV CXCKNCDNG.

4 Results

TCDNG 1 IKXGU RTGNKOKPCT[ TGUWNVU QP GOKUUKQPU QH NH3, N2O, CH4, CPF PGV VQVCN ITGGPJQWUG 
ICUGU RGT RKI CPF [GCT. TJG GUVKOCVKQPU CTG DCUGF QP VJG HQNNQYKPI CUUWORVKQPU� C RKI EQT-
TGURQPFU VQ 0.12 LU 
LKXGUVQEM UPKVU�, QPG [GCT EQXGTU 2.5 HCVVGPKPI RGTKQFU 
DÖHLER GV CN. 
2002, UBA 2001�. FWTVJGT FGVCKNGF FCVC CPCN[UKU YKNN DG ECTTKGF QWV KP VJG PGZV YGGMU. 

TCD. 1� PTGNKOKPCT[ TGUWNVU QP CH4, NH3, N2O CPF PGV VQVCN ITGGPJQWUG ICU GOKUUKQPU HTQO C UVTCY HNQY 
U[UVGO HQT HCVVGPKPI RKIU CPF FGHCWNV GOKUUKQPU HQT HWNN[ UNCVVGF HNQQTU

CH4 NH3 N2O GHG

emission [kg (hd * yr)–1] [kg CO2 eq.(hd * yr)–1] 

default value 4.00 3.00 100.00 115.0

dung channel 1.57 2.16 61.95  52.3

daily manure removal 0.69 2.20 51.02 30.4

EOKUUKQPU CTG FKHHGTGPVKCVGF KP VJG FWPI EJCPPGN U[UVGO CPF KP VJG FCKN[ OCPWTG TGOQXCN 
U[UVGO. FQT EQORCTKUQP TGCUQP, EWTTGPV FGHCWNV XCNWGU HQT HWNN[ UNCVVGF HNQQT U[UVGOU CTG IKXGP, 
CU YGNN.

FQTEGF XGPVKNCVGF HWNN[ UNCVVGF HNQQT U[UVGOU HQT HCVVGPKPI RKIU CTG EWTTGPVN[ GUVKOCVGF VQ 
GOKV 4 MI CH4 RGT RKI CPF [GCT 
UBA 2001�. CH4 GOKUUKQPU HTQO VJG UVTCY HNQY U[UVGO YGTG 
EQPUKFGTCDN[ NQYGT VJCP VJKU FGHCWNV XCNWG. A NKMGN[ TGCUQP NKGU KP VJG TGFWEGF COQWPV QH 
UNWTT[ VJCV KU UVQTGF KPUKFG VJG YCTO CPKOCN JQWUG EQORCTGF VQ C HWNN[ UNCVVGF HNQQT U[UVGO 
YKVJ UNWTT[ UVQTCIG WPFGTPGCVJ VJG UNCVU. CH4 GOKUUKQPU CTG JKIJN[ VGORGTCVWTG FGRGPFGPV 
CPF YCTO VGORGTCVWTGU KPUKFG VJG CPKOCN JQWUG IKXG TKUG VQ JKIJGT CH4 GOKUUKQPU. TJG FWPI 
EJCPPGN U[UVGO UJQYGF JKIJGT CH4 GOKUUKQPU VJCP VJG FCKN[ OCPWTG TGOQXCN U[UVGO FWG VQ 
VJG ITGCVGT COQWPV QH UNWTT[ KPUKFG VJG RKI JQWUG. 

DÖHLER GV CN. 
2002� CPF UBA 
2001� IKXG C FGHCWNV GOKUUKQP HCEVQT HQT HWNN[ UNCVVGF HNQQTU 
QH 3 MI NH3 RGT RKI CPF [GCT. NH3 GOKUUKQPU HTQO VJG UVTCY HNQY U[UVGO YGTG 2.16 
FWPI 
EJCPPGN� CPF 2.20 
FCKN[ OCPWTG TGOQXCN� MI NH3 RGT RKI CPF [GCT. IP C UVTCY HNQY U[UVGO, 
QPN[ CDQWV QPG VJKTF QH VJG RGP KU EQXGTGF YKVJ GZETGVC. TJG RKIU MGGR VJG N[KPI CTGC FT[ CPF 
ENGCP. TJKU TGFWEGU NH3 GOKUUKQPU HTQO VJG CPKOCN JQWUG. 

N2O GOKUUKQPU HTQO C HWNN[ UNCVVGF HNQQT U[UVGO CTG GUVKOCVGF VQ DG CDQWV 100 I N2O RGT 
RKI CPF [GCT. DWG VQ VJG XGT[ NKOKVGF FCVC QP N2O GOKUUKQPU, VJKU FGHCWNV XCNWG EQORTKUGU C 
EQPUKFGTCDNG TCPIG QH WPEGTVCKPV[. N2O GOKUUKQPU OC[ XCT[ DGVYGGP 20 CPF 310 I N2O RGT 
RKI CPF [GCT 
UBA 2001�. FTQO VJG UVTCY HNQY U[UVGO, N2O GOKUUKQPU QH 61.95 
FWPI EJCP-
PGN� CPF 51.02 
FCKN[ OCPWTG TGOQXCN� I N2O RGT RKI CPF [GCT YGTG OGCUWTGF. AU YKVJ CH4

GOKUUKQPU, N2O TGNGCUG YCU JKIJGT HTQO VJG FWPI EJCPPGN U[UVGO. N2O GOKUUKQPU FGRGPF 
QP VJG COQWPV QH UNWTT[ KP VJG CPKOCN JQWUG. TJTQWIJ FCKN[ OCPWTG TGOQXCN, N2O GOKUUKQPU 
EQWNF DG TGFWEGF.
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EOKUUKQPU QH CH4 CPF N2O YGTG EQPXGTVGF VQ CO2 GSWKXCNGPV GOKUUKQPU CPF CTG GZRTGUUGF 
CU PGV VQVCN ITGGPJQWUG ICU GOKUUKQPU KP VCDNG 1. TJG INQDCN YCTOKPI RQVGPVKCN 
GWP� QH CH4

KU 21 VKOGU VJG GWP QH CO2. N2O GOKUUKQPU YGTG OWNVKRNKGF YKVJ C GWP QH 310 VQ TGEGKXG 
CO2 GSWKXCNGPVU 
IPCC 1996�. DGHCWNV GHG GOKUUKQPU HQT HWNN[ UNCVVGF HNQQTU CTG EQPUKFGTCDN[ 
JKIJGT VJCP HTQO VJG UVTCY HNQY U[UVGO. TJTQWIJ FCKN[ OCPWTG TGOQXCN, GHG GOKUUKQPU HTQO 
C UVTCY HNQY U[UVGO ECP HWTVJGT DG TGFWEGF.

5 Conclusions

TJG UVTCY HNQY U[UVGO HQT HCVVGPKPI RKIU KU CP CPKOCN HTKGPFN[ U[UVGO VJCV ECP DG QRGTCVGF 
GEQPQOKECNN[ GHHKEKGPV QP EQOOGTEKCN HCTOU. EOKUUKQPU QH CH4, NH3, N2O CPF ITGGPJQWUG 
ICUGU CTG NQYGT VJCP FGHCWNV XCNWGU HQT HQTEGF XGPVKNCVGF HWNN[ UNCVVGF HNQQT U[UVGOU. 
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SchlÒsselwÌrter� Emissionsminderung, GÒllelagerung 
-e[Yords� 'mission redWction� sNWrr[ storCge 

<WsCmmenfCssWng 

Gasförmige Emissionen von Güllelagern lassen sich durch Abdeckungen vermindern. Her-
kömmliche Abdeckmaterialien, wie Stroh und Granulate, reduzieren die Geruchs- und 
Ammoniakemissionen sehr gut, sie können aber zu erhöhten Methan- und/oder Distickstoff-
monoxidemissionen führen. 

Aus vorhergehenden Untersuchungen zur Kombination von Abdeckung und Absenkung 
des pH-Wertes der Gülle ist bekannt, dass es möglich ist, auch die Freisetzungen der klimar-
elevanten Gase zu verringern. 

Es werden Ergebnisse experimenteller Untersuchungen im Labormaßstab (�� l Schweine-
gülle je Lagerbehälter) über einen Zeitraum von 1�2 Tagen an folgenden Abdeckmaterialien 
vorgestellt: Häckselstroh, Perlit und gebrannte Tonaggregate – in gebräuchlichem/handels-
üblichem Zustand, und kombiniert mit Milchsäure oder Saccharose. 

Die Kombination der Abdeckmaterialien mit pH-Wert senkenden Substanzen kann die 
Emissionen sowohl von Ammoniak als auch von Distickstoffmonoxid und Methan wirksam 
vermindern. 

SWmmCr[ 

Covering slurry storage facilities can reduce gaseous emissions. Common cover materials, 
e. g. straw and granule layers, reduce odour and ammonia emissions very good, but they can 
lead to higher methane and nitrous oxide emissions. 

Previous investigations on combining covering and acidifying slurry showed the possibility 
to reduce not only ammonia but also greenhouse gas emissions. 

Results are reported from experimental investigations of different materials for covering 
slurry storage facilities. The cover materials investigated on lab scale (�� l pig slurry per stor-
age container) over a period of 1�2 days are: perlite, lightweight expanded clay aggregate 
(exclay) and chopped straw – used as in common practice and combined with lactic acid or 
saccharose, respectively. 

Combining cover materials with substances lowering the pH-value of the slurry can reduce 
ammonia as well as nitrous oxide and methane emissions effectively. 



566 BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI

POSTER

1 Einleitung 

DKG XQP GÒNNGNCIGTP CWUIGJGPFGP EOKUUKQPGP NCUUGP UKEJ FWTEJ MÒPUVNKEJG SEJYKOOFGEMGP 
CWU SVTQJ, GTCPWNCVGP QFGT SEJYKOOHQNKGP, QFGT CDGT HGUVG ADFGEMWPIGP CWU KWPUVUVQHH, 
BGVQP QFGT HQN\ XGTOKPFGTP. MKV FKGUGP MC­PCJOGP GTTGKEJV OCP IWVG DKU UGJT IWVG RGFWM-
VKQPGP FGT GGTWEJU- WPF AOOQPKCMHTGKUGV\WPIGP. DKGUG ADFGEMWPIGP MÌPPGP CDGT \W 
GTJÌJVGP MGVJCP- WPF�QFGT DKUVKEMUVQHHOQPQZKFGOKUUKQPGP HÒJTGP 
BERG, 2003; BERG GV CN., 
2003; CLEMENS GV CN., 2003; AMON GV CN., 2004�. 

UPVGTUWEJWPIGP \WT KQODKPCVKQP XQP ADFGEMWPI WPF ADUGPMWPI FGU RH-WGTVGU FGT GÒN-
NG \GKIGP, FCUU GU OÌINKEJ KUV, CWEJ FKG FTGKUGV\WPIGP FGT MNKOCTGNGXCPVGP GCUG \W XGTTKPIGTP 

BERG GV CN., 2004�. 

2 Material und Methoden 

DKG GZRGTKOGPVGNNGP UPVGTUWEJWPIGP GTHQNIVGP KO LCDQTOC­UVCD CP LCIGTDGJ·NVGTP OKV 
LGYGKNU 65 N SEJYGKPGIÒNNG. DGT TTQEMGPOCUUGIGJCNV FGT GÒNNG DGVTWI 6,7 �. 

DKG UPVGTUWEJWPIGP GTUVTGEMVGP UKEJ ÒDGT GKPGP ZGKVTCWO XQP 162 TCIGP. DKG QHHGPGP 
LCIGTDGJ·NVGT YWTFGP PWT Y·JTGPF FGT GCUOGUUWPI XGTUEJNQUUGP WPF FGHKPKGTV DGNÒHVGV 

F[PCOKUEJG MGUUMCOOGT�. FQNIGPFG PCTCOGVGT YWTFGP DGUVKOOV� 
 î TTQEMGPOCUUG-, AOOQPKWO- WPF GGUCOVUVKEMUVQHHIGJCNV FGT GÒNNG \W BGIKPP WPF CO 

EPFG FGT LCIGTWPI, 
 î TGORGTCVWT KO LCDQT 
�GÒNNGVGORGTCVWT�, 
 î RH-WGTV FGT GÒNNG, 
 î KQP\GPVTCVKQP FGT GCUG AOOQPKCM 
NH3�, DKUVKEMUVQHHOQPQZKF 
N2O� WPF MGVJCP 


CH4� KP FGT ADNWHV CWU FGP LCIGTDGJ·NVGTP, 
 î GGTWEJUUEJYGNNG FGT ADNWHV CWU FGP LCIGTDGJ·NVGTP, 
 î SGFKOGPVCVKQPUXGTJCNVGP FGT GÒNNG. 

DTGK XGTUEJKGFGPG ADFGEMOCVGTKCNKGP YCTGP GGIGPUVCPF FGT UPVGTUWEJWPIGP� 
 î H·EMUGNUVTQJ, 
 î PGTNKV WPF 
 î IGDTCPPVGTQPCIITGICVG. 

JGFGU FGT FTGK ADFGEMOCVGTKCNKGP HCPF YKGFGTWO KP FTGK WPVGTUEJKGFNKEJGP ZWUV·PFGP 
APYGPFWPI� 
 î KP IGDT·WEJNKEJGO ZWUVCPF, F. J. QJPG ZWU·V\G, 
 î KP KQODKPCVKQP OKV MKNEJU·WTG WPF 
 î KP KQODKPCVKQP OKV SCEEJCTQUG. 

DKGUG PGWP VCTKCPVGP YWTFGP XGTINGKEJGPF WPVGTUWEJV OKV GKPGT KQPVTQNNXCTKCPVG ä FGT 
PKEJV CDIGFGEMVGP WPF WPDGJCPFGNVGP GÒNNG. 

DCU ZWUGV\GP FGT MKNEJU·WTG QFGT FGT SCEEJCTQUG \W FGP ADFGEMOCVGTKCNKGP GTHQNIVG IGPG-
TGNN XQT FGO AWHDTKPIGP CWH FKG GÒNNG. ANNG MCVGTKCNKGP GTJKGNVGP GKPGP ZWUCV\ XQP 200 ON 
80 �-KIGT MKNEJU·WTG D\Y. 120 I SCEEJCTQUG LG LKVGT ADFGEMOCVGTKCN. DKG GTCPWNCVG YWTFGP 
FCPCEJ J[FTQRJQDKGTV, FCU SVTQJ PKEJV. 

DKG SEJKEJVFKEMGP FGT ADFGEMWPIGP DGVTWIGP 6 EO DGK FGP GTCPWNCVGP, WPF 8 EO DGK FGP 
SVTQJXCTKCPVGP. 
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DKG SCEEJCTQUGXCTKCPVGP YWTFGP PCEJ 62, FKG TGKPG SVTQJXCTKCPVG PCEJ 112 TCIGP JQOQ-
IGPKUKGTV. LGV\VIGPCPPVG GTJKGNV CW­GTFGO PCEJ 146 TCIGP 20 OO WCUUGT, WO FKG WKTMWPI 
XQP NKGFGTUEJNCI \W UKOWNKGTGP. 

3 ErgeDnisse 

3�1 Verlauf der RH�Werte und der TemReratur 

DKG RH-WGTVG FGT KQPVTQNNG WPF FGT VCTKCPVGP OKV FGP WPDGJCPFGNVGP GTCPWNCVGP UCPMGP 
PCEJ FGT GÒNNGGKPNCIGTWPI \WP·EJUV CWHITWPF DKQNQIKUEJGT AMVKXKV·VGP CWH WGTVG XQP DKU \W 
6,5 CD. IP ADDKNFWPI 1 KUV FKGU CO BGKURKGN FGT KQPVTQNN- WPF PGTNKVXCTKCPVG \W UGJGP. DKGUG 
VQTI·PIG NKGHGP XQT CNNGO KO SGFKOGPV CD, UQ FCUU FGT RH-WGTV FQTV GVYCU IGTKPIGT YCT CNU 
CP FGT GÒNNGQDGTHN·EJG. NCEJ EC. 2 WQEJGP NKG­GP FKGUG AMVKXKV·VGP PCEJ WPF FGT RH-WGTV 
UVKGI CNNO·JNKEJ CWH WGTVG \YKUEJGP 7,0 WPF 7,5 CP. BGK FGT ADFGEMWPI OKV WPDGJCPFGNVGO 
H·EMUGNUVTQJ VTCVGP FKGUG VQTI·PIG PWT UGJT CDIGUEJY·EJV CWH, FKG RH-WGTVG DGYGIVGP UKEJ 
FQTV Y·JTGPF FGU IGUCOVGP UPVGTUWEJWPIU\GKVTCWOU WO WGTVG XQP 7,5. 

ADD. 1� VGTNCWH FGT RH-WGTVG WPF FGT TGORGTCVWT FGT KQPVTQNNG WPF FGT PGTNKVXCTKCPVGP 
Courses of the pH-values and the Temperatures of the Perlite covered Slurry Samples 

BGK FGT KQODKPCVKQP FGU PGTNKVU OKV MKNEJU·WTG IKPI GKP GTQ­VGKN FGT S·WTG KPPGTJCND FGT 
GTUVGP 2 WQEJGP KP LÌUWPI, UQ FCUU FKG RH-WGTVG KP FKGUGT ZGKV CWH GVYC 5,3 CP FGT GÒN-
NGQDGTHN·EJG WPF CWH EC. 5,7 KO SGFKOGPV CDUCPMGP. DKG WGTVG PCJG FGT GÒNNGQDGTHN·EJG 
YCTGP KO YGKVGTGP VGTNCWH FGT UPVGTUWEJWPIGP TGNCVKX MQPUVCPV, FKG RH-WGTVG KO SGFKOGPV 
XGTTKPIGTVGP UKEJ CWH WPIGH·JT 5,4. 

DKG WPVGTUWEJVGP KQODKPCVKQPGP XQP ADFGEMOCVGTKCNKGP OKV SCEEJCTQUG HÒJTVGP \W 
IGTKPIGTGP WPF YGPKIGT CPJCNVGPFGP ADUGPMWPIGP FGT RH-WGTVG CNU FKG KQODKPCVKQPGP OKV 



56� BCW, TGEJPKM WPF UOYGNV KP FGT NCPFYKTVUEJCHVNKEJGP NWV\VKGTJCNVWPI 2005, BTCWPUEJYGKI

POSTER

MKNEJU·WTG. DKG RH-WGTVG UCPMGP KPPGTJCND XQP 2 DKU 3 WQEJGP WPVGT 6, XQT CNNGO DGK FGP 
TQPCIITGICVGP WPF SVTQJ, UVKGIGP FCPP CDGT YKGFGT CNNO·JNKEJ CWH DKU \W 7 CP. 

DKG MQPVKPWKGTNKEJ IGOGUUGPG TGORGTCVWT KO LCDQTTCWO \GKIVG GKPGP TGNCVKX CWUIGINKEJG-
PGP VGTNCWH 
ADD. 1�. DGUJCND MCPP OCP FCXQP CWUIGJGP, FCUU RCWO- WPF GÒNNGVGORGTCVWTGP 
Y·JTGPF FGT UPVGTUWEJWPIGP UGJT IWV ÒDGTGKPIGUVKOOV JCDGP WPF FCU EOKUUKQPUIGUEJGJGP 
RTCMVKUEJ PKEJV DGGKPHNWUUV JCDGP. 

3�2 Ammoniakemissionen 

DKG UPVGTUWEJWPIGP DGUV·VKIVGP FKG UGJT IWVGP MKPFGTWPIUGHHGMVG FGT IGDT·WEJNKEJGP 
ADFGEMOCVGTKCNKGP DG\ÒINKEJ AOOQPKCM, WPF FKGU QDYQJN FKG SEJKEJVFKEMGP JKGT PWT 6 
WPF PKEJV, YKG HÒT FKG PTCZKU GORHQJNGP, 10 EO DGVTWIGP 
TCD. 1�. DKG MKPFGTWPIUTCVG FGT 
PGTNKVCDFGEMWPI ·PFGTVG UKEJ FWTEJ FGP ZWUCV\ XQP MKNEJU·WTG MCWO. DKG KQODKPCVKQP XQP 
SVTQJ OKV SCEEJCTQUG OKPFGTVG FKG NH3-EOKUUKQPGP GVYCU, FKG CPFGTGP WPVGTUWEJVGP SCEEJC-
TQUGMQODKPCVKQPGP FGWVNKEJ UEJNGEJVGT CNU FKG ADFGEMOCVGTKCNKGP QJPG ZWUCV\. LGFKINKEJ FKG 
KQODKPCVKQP XQP SVTQJ OKV MKNEJU·WTG \GKIVG GKPG XGTDGUUGTVG WKTMWPI. 

TCD. 1� EOKUUKQPGP FGT WPVGTUWEJVGP ADFGEMXCTKCPVGP KP BG\WI \WT KQPVTQNNG 
KQPVTQNNG � 100 �� 
Emissions of the Covers investigated related to the Control Sample (Control � 100 �) 

Relative Emission (%) NH3 N2O CH4

Kontrolle / &ontrol 100 100 100

Stroh / Straw 25 570 120

Stroh + Milchsäure / Straw � /actic Acid 14 70* 30

Stroh + Saccharose / Straw � Saccharose 30 400 170

Perlit / 3erlite 10 380 100

Perlit + Milchsäure / 3erlite � /actic Acid 13 20* 60

Perlit + Saccharose / 3erlite � Saccharose 60 70 90

Gebrannte Tonaggregate / (xclay 17 360 100

Gebrannte Tonaggregate + Milchsäure 41 10* 20

Gebrannte Tonaggregate + Saccharose 58 10* 90

* Die gemessenen Konzentrationen lagen im Bereich der Hintergrundkonzentration. 
* The measured concentrations were in the range of the bacNground concentration. 

3�3 DistickstoffmonoZidemissionen 

NGPPGPUYGTVG FTGKUGV\WPIGP XQP DKUVKEMUVQHHOQPQZKF YCTGP CP UGEJU FGT \GJP WPVGTUWEJVGP 
VCTKCPVGP \W XGT\GKEJPGP 
TCD. 1�. DKG KQP\GPVTCVKQPGP ÒDGT FGP CPFGTGP XKGT VCTKCPVGP 

SVTQJ 
 MKNEJU·WTG, PGTNKV 
 MKNEJU·WTG, IGDTCPPVG TQPCIITGICVG 
 MKNEJU·WTG, IGDTCPPVG 
TQPCIITGICVG 
 SCEEJCTQUG� NCIGP KO BGTGKEJ FGT HKPVGTITWPFMQP\GPVTCVKQP KP FGT ZWNWHV. 
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DKG HGUVIGUVGNNVGP EOKUUKQPGP IKPIGP GKPJGT OKV VGTMTWUVWPIGP FGT ODGTHN·EJGP. DKG 
SVTQJCDFGEMWPIGP KP KQODKPCVKQP OKV SCEEJCTQUG WPF QJPG ZWUCV\ YKGUGP FKG UV·TMUVGP 
VGTMTWUVWPIGP CWH, IGHQNIV XQP FGT PGTNKVCDFGEMWPI QJPG ZWUCV\. DCU PGTNKV DGICPP DGTGKVU 
PCEJ GVYC 2 WQEJGP \W XGTMTWUVGP. BGK FGT ADFGEMWPI CWU IGDTCPPVGP TQPCIITGICVGP YCT 
FKGU \YCT GTUV PCEJ 16 WQEJGP \W DGQDCEJVGP, FGPPQEJ VTCVGP DGTGKVU PCEJ 4 WQEJGP N2O-
EOKUUKQPGP CWH. DKG SVTQJCDFGEMWPI QJPG ZWUCV\ XGTMTWUVGVG PCEJ 8 DKU 9 WQEJGP. DKG KQO-
DKPCVKQPGP CWU SVTQJ D\Y. PGTNKV OKV SCEEJCTQUG XGTMTWUVGVGP GTUV PCEJ 10 DKU 12 D\Y. 14 DKU 
16 WQEJGP. AWHITWPF FGU MWT\GP ZGKVTCWOGU WPF FGU IGTKPIGP AWUOC­GU DNKGD FKG EOKUUKQP 
FGT NGV\VIGPCPPVGP VCTKCPVG WPVGT FGT FGT KQPVTQNNG, QDYQJN FKG ODGTHN·EJG FGT KQPVTQNNG PWT 
ÒDGT GKPGP ZGKVTCWO XQP 9 WQEJGP WPF PWT VGKNYGKUG GKPG VGTMTWUVWPI CWHYKGU. 

AWEJ YGPP FKG N2O-FTGKUGV\WPIGP DGK FGP KQODKPCVKQPGP XQP PGTNKV OKV SCEEJCTQUG WPF 
XQP SVTQJ OKV MKNEJU·WTG KP FGT SWOOG ·JPNKEJG WGTVG CWHYKGUGP, NCIGP FKG KQP\GPVTCVKQPGP 
ÒDGT NGV\VIGPCPPVGT VCTKCPVG PWT KO BGTGKEJ FGT HKPVGTITWPFMQP\GPVTCVKQP. 

3�4 Methanemissionen 

DKG MGVJCPGOKUUKQPGP FGT GKP\GNPGP VCTKCPVGP UEJYCPMVGP KO UPVGTUWEJWPIU\GKVTCWO 
\. T. GTJGDNKEJ. DKG JGTMÌOONKEJGP ADFGEMWPIGP, QJPG ZWU·V\G, XGTOKPFGTVGP FKG CH4-
FTGKUGV\WPIGP PKEJV 
TCD. 1�. SVTQJ WPF XQT CNNGO FKG KQODKPCVKQP XQP SVTQJ OKV SCEEJCTQUG 
XGTUV·TMVGP FKG EOKUUKQPGP UQICT. DKG KQODKPCVKQPGP FGT GTCPWNCVG OKV SCEEJCTQUG XGTTKP-
IGTVGP FKG MGVJCPHTGKUGV\WPIGP WO 10 DKU 20 �. DKG DGUVGP MKPFGTWPIUITCFG \GKIVGP FKG 
KQODKPCVKQPGP OKV MKNEJU·WTG. 

3�5 Geruchsemissionen 

DKG QNHCMVQOGVTKUEJ DGUVKOOVGP GGTWEJUUEJYGNNGP FGT ADNWHV CWU FGP LCIGTDGJ·NVGTP XCTKKGT-
VGP KO VGTNCWH FGT UPVGTUWEJWPIGP UGJT UVCTM. EKPG UKIPKHKMCPVG MKPFGTWPI FGT GGTWEJUGOKU-
UKQPGP NKG­ UKEJ CP MGKPGT FGT WPVGTUWEJVGP VCTKCPVGP PCEJYGKUGP. 

4 Schlussfolgerungen 

DKG WPVGTUWEJVGP ADFGEMWPIGP HÒT GÒNNGNCIGT JCDGP TGEJV WPVGTUEJKGFNKEJG AWUYKTMWPIGP 
CWH FKG XQP FGP LCIGTDGJ·NVGTP CWUIGJGPFGP EOKUUKQPGP. EU KUV FCXQP CWU\WIGJGP, FCUU 
DGK RTCZKUÒDNKEJGP SEJKEJVFKEMGP XQP 10 EO 
GTCPWNCVG� WPF OGJT 
SVTQJ� FKG CPJCPF FGT 
XQTIGUVGNNVGP UPVGTUWEJWPIGP 
SEJKEJVFKEMGP FGT GTCPWNCVG 6 EO, FKG XQP SVTQJ 8 EO� HGUVIG-
UVGNNVGP WKTMWPIGP XGTUV·TMV \WO TTCIGP MQOOGP. DCU DGFGWVGV HÒT FKG WPVGTUWEJVGP MCVG-
TKCNKGP MKPFGTWPIUTCVGP DG\ÒINKEJ AOOQPKCM, FKG OKV CPFGTGP, CWU FGT LKVGTCVWT DGMCPPVGP 
ETIGDPKUUGP XGTINGKEJDCT UKPF. 

BGK FGP MNKOCTGNGXCPVGP GCUGP KUV DGK VGTYGPFWPI JGTMÌOONKEJGT SVTQJJ·EMUGN-
CDFGEMWPIGP GKPG ZWPCJOG FGT MGVJCP- WPF XQT CNNGO FGT DKUVKEMUVQHHOQPQZKFGOKUUKQPGP 
\W GTYCTVGP. DKG GOKUUKQPUOKPFGTPFG WKTMWPI JCPFGNUÒDNKEJGT GTCPWNCVG KUV HÒT CNNG FTGK 
IGPCPPVGP GCUG DGUUGT CNU FKG XQP SVTQJ \W DGYGTVGP. ADGT CWEJ DGK FGT VGTYGPFWPI JCP-
FGNUÒDNKEJGT GTCPWNCVG KUV OKV GTJÌJVGP N2O-EOKUUKQPGP \W TGEJPGP. 
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DKG KQODKPCVKQP FGT ADFGEMOCVGTKCNKGP OKV RH-WGTV UGPMGPFGP SWDUVCP\GP MCPP FKG 
EOKUUKQPGP UQYQJN XQP AOOQPKCM CNU CWEJ XQP DKUVKEMUVQHHOQPQZKF WPF MGVJCP YKTMUCO 
XGTOKPFGTP. DGT EKPHNWUU FGU RH-WGTVGU CWH FKG MGVJCPDKNFWPI KUV CWU FGTOGPVCVKQPURTQ-
\GUUGP DGMCPPV. EKP EKPHNWUU FGU RH-WGTVGU CWH FKG N2O-BKNFWPI KUV PKEJV DGMCPPV, CWEJ FKG 
FWTEJIGHÒJTVGP UPVGTUWEJWPIGP NCUUGP GKPGP UQNEJGP EKPHNWUU PKEJV GTMGPPGP. DKG UTUC-
EJG HÒT FCU VGTOKPFGTP D\Y. VGTOGKFGP FGT N2O-EOKUUKQPGP FWTEJ FCU KQODKPKGTGP FGT 
ADFGEMOCVGTKCNKGP OKV RH-WGTV UGPMGPFGP SWDUVCP\GP KUV QHHGPDCT FCU VGTOKPFGTP D\Y. 
VGTOGKFGP VTQEMGPGT VGTMTWUVWPIGP CP FGT ODGTHN·EJG FGT GÒNNG D\Y. ADFGEMWPI. 

SVGNNV OCP FKG ETIGDPKUUG \W FGP GGTWEJUGOKUUKQPGP CPFGTGP UPVGTUWEJWPIUGTIGDPKUUGP 
IGIGPÒDGT, UQ UVGNNV OCP UGJT UEJNGEJVG ÜDGTGKPUVKOOWPIGP HÒT XGTINGKEJDCTG VCTKCPVGP HGUV 
ä SVTQJ- QFGT PGTNKVCDFGEMWPIGP OKV SEJKEJVFKEMGP XQP 10 EO 
WANKA WPF HÖRNIG, 1997�. 
AWU FKGUGO GTWPF WPF YGIGP FGT \. T. ITQ­GP SEJYCPMWPIGP FGT EKP\GNYGTVG UEJGKPGP FKG 
ETIGDPKUUG \W FGP GGTWEJUGOKUUKQPGP PKEJV TGRT·UGPVCVKX \W UGKP. 
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Teilh[gienisierung Xon RindergÒlle durch mehrstufige anaeroDe 
Behandlung� Untersuchungen im Pilot�Ma­staD
*[gieni\Ction of NiSWid cCttNe mCnWre D[ mWNtipNe�stCge CnCeroDic 
treCtment� +nXestigCtions Ct piNot scCNe
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1  IPUVKVWV HÒT LCPFVGEJPKM, BCWYGUGP WPF UOYGNVVGEJPKM FGT BC[GTKUEJGP LCPFGUCPUVCNV HÒT LCPFYKTVUEJCHV, 
VÌVVKPIGT SVT. 36, D-85354 FTGKUKPI

2  LGJTUVWJN WPF VGTUWEJUCPUVCNV HÒT WCUUGTIÒVG- WPF ADHCNNYKTVUEJCHV FGT TGEJPKUEJGP UPKXGTUKV·V MÒPEJGP, 
AO CQWNQODYCNN, D-85748 GCTEJKPI

SchlÒsselwÌrter� Biogastechnologie� GÒlle� Krankheitserreger� Wasserschutz
-e[Yords� DiogCs tecJnoNog[� NiSWid mCnWre� pCtJogens� YCter protection

<WsCmmenfCssWng

Die anaerobe Behandlung von Wirtschaftsdünger bietet sich als Verwertungsverfahren an, 
um den landwirtschaftlichen Eintrag potentiell pathogener Organismen in die Umwelt aus 
der Tierhaltung zu verringern und Nutzungskonflikte zwischen Land- und Wasserwirtschaft 
zu entschärfen. In diesem Projekt wurde eine Pilot-Biogasanlage, bestehend aus einer meso-
phil-thermophil-mesophilen Fermenterkaskade, auf ihre verfahrenstechnische und hygieni-
sche Leistungsfähigkeit hin untersucht.

Die Anlage erzielte aus Milchviehgülle (�,� � TS) einen relativ hohen Gas- bzw. Methaner-
trag von 0,�1 bzw. 0,23 m3 � kg oTS–1. Die spezifische Gas- bzw. Methanproduktion der 
Anlage war mit 0,� bzw. 0,3� m3 � (m3 � d)–1 vergleichsweise gering� die Raumbelastung war 
durch den ersten mesophilen Fermenter in der Reihe limitiert. Untersuchte Indikatorkeime in 
der Gülle wurden bei Einhaltung der Solltemperatur von �� uC in der thermophilen Stufe um 
annähernd � log-Stufen reduziert.

SWmmCr[

Anaerobic digestion of animal manure can reduce potential pathogen input from livestock 
farming into the environment, and may thus be a way to mitigate competing interests of 
agriculturists and water suppliers. This project investigated the performance of a pilot-biogas 
plant consisting of a mesophilic-thermophilic-mesophilic digester chain, in terms of biogas 
production and inactivation of potential pathogens.

The biogas plant achieved a relatively high biogas and methane yield from semi-liquid 
dairy cattle manure (�.� � (m/m) total solids) of 0.�1 and 0.23 m3 � kg oTS–1, respectively. 
The observed specific biogas and methane production of 0.� and 0.3� m3�(m3 � d)–1, respec-
tively, was comparably low, as the loading rate of the digester chain was limited by the 
first mesophilic digester. Numbers of indicator microorganisms in semi-liquid manure were 
reduced by almost � log units provided that a temperature of �� uC was maintained in the 
thermophilic digester.
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1 Einleitung

NGDGP FGT ET\KGNWPI GKPGU NGVVQ-EPGTIKGÒDGTUEJWUUGU YGTFGP FWTEJ FKG CPCGTQDG BGJCPF-
NWPI XQP WKTVUEJCHVUFÒPIGT CWEJ FCTKP GPVJCNVGPG 
RQVGPVKGNN� RCVJQIGPG MKMTQQTICPKUOGP KP 
KJTGT VKVCNKV·V UVCTM DGGKPVT·EJVKIV. IP VJGTOQRJKN DGVTKGDGPGP G·TDGJ·NVGTP 
PTQ\GUUVGORGTCVWT 
50ä60 uC� HKPFGV CWHITWPF FGU TGORGTCVWTGKPHNWUUGU GKPG GHHK\KGPVG ADVÌVWPI XGIGVCVKXGT BCM-
VGTKGP WPF XKGNGT VKTGP KPPGTJCND XQP SVWPFGP UVCVV 
HAAS GV CN., 1995; KEARNEY GV CN., 1993; 
OLSEN � LARSEN, 1986�.

DKG BKQICUVGEJPQNQIKG DKGVGV UKEJ WPVGT FKGUGO AURGMV IGPGTGNN CNU VGTYGTVWPIUXGTHCJTGP 
HÒT WKTVUEJCHVUFÒPIGT CP, WO FGP EKPVTCI XQP F·MCNMGKOGP WPF RQVGPVKGNNGP KTCPMJGKVUGTTG-
IGTP KP FKG UOYGNV \W XGTTKPIGTP. IP WCUUGTUEJWV\IGDKGVGP, YQ FKG AWUDTKPIWPI XQP WKTV-
UEJCHVUFÒPIGT \WO SEJWV\ FGU TTKPMYCUUGTU XQT GKPGT BGNCUVWPI OKV J[IKGPKUEJ DGFGPMNKEJGP 
MKMTQQTICPKUOGP KP FGT GPIGTGP SEJWV\\QPG 
ZQPG II� KO CNNIGOGKPGP XGTDQVGP KUV, MÌPPVG 
FKG BKQICUVGEJPQNQIKG KO EKP\GNHCNN FC\W DGKVTCIGP, NWV\WPIUMQPHNKMVG \YKUEJGP LCPF- WPF 
WCUUGTYKTVUEJCHV \W GPVUEJ·THGP.

DKGUG PTQDNGOCVKM YCT AWUICPIURWPMV GKPGU IGOGKPUCOGP FQTUEJWPIURTQLGMVGU YKUUGP-
UEJCHVNKEJGT IPUVKVWVG CWU FGP BGTGKEJGP LCPFYKTVUEJCHV WPF WCUUGTIÒVGYKTVUEJCHV UQYKG GKPGU 
WCUUGTXGTUQTIWPIUWPVGTPGJOGPU. ZKGN FGT ATDGKVGP YCT FKG UPVGTUWEJWPI WPF ORVKOKGTWPI 
FGT IPCMVKXKGTWPI GKPGT DTGKVGP PCNGVVG J[IKGPKUEJ TGNGXCPVGT MKMTQQTICPKUOGP KP RKPFGTIÒNNG 
FWTEJ FKG BGJCPFNWPI KP GKPGT OGJTUVWHKIGP BKQICUCPNCIG KO PKNQVOC­UVCD WPF FKG BGYGT-
VWPI FGU VGTHCJTGPU CWU VGEJPKUEJGT, ÌMQNQIKUEJGT WPF ÌMQPQOKUEJGT SKEJV. IP FKGUGO BGK-
VTCI YGTFGP ETIGDPKUUG \WT PTQ\GUUUVCDKNKV·V WPF ADDCWNGKUVWPI UQYKG \W FGP J[IKGPKUEJGP 
BGINGKVWPVGTUWEJWPIGP FGU VGTHCJTGPU XQTIGUVGNNV.

2 Material und Methoden

DKG QDGP IGPCPPVGP FTCIGUVGNNWPIGP YWTFGP KO XQNNVGEJPKUEJGP MC­UVCD CWH GKPGO MKNEJ-
XKGJDGVTKGD KO QDGTDC[GTKUEJGP ANRGPXQTNCPF WPVGTUWEJV. DGT BGVTKGD FGT PKNQV-BKQICUCPNCIG 
YWTFG YGKVIGJGPF XQO LCPFYKTV ÒDGTPQOOGP, FKG YKUUGPUEJCHVNKEJG BGVTGWWPI YWTFG XQP 
FGP DGVGKNKIVGP FQTUEJWPIUKPUVKVWVGP FWTEJIGHÒJTV.

2�1 Pilot�Biogasanlage

DKG CWH GKPG BGJCPFNWPIUMCRC\KV·V XQP EC. 2000 O3 GÒNNG KO JCJT CWUIGNGIVG PKNQVCPNCIG 
DGUVGJV CWU FTGK FGTOGPVGTP KP RGKJG, FKG OGUQRJKN, VJGTOQRJKN WPF YKGFGT OGUQRJKN DGVTKG-
DGP YGTFGP 
F1 DKU F3�. DKG OGJTUVWHKIG BCWYGKUG WPF FKG AWUHÒJTWPI FGU VJGTOQRJKNGP 
FGTOGPVGTU CNU PKEJV XQNN FWTEJOKUEJVGT RGCMVQT YWTFGP OKV FGO ZKGN FGT ETJÌJWPI FGT 
H[IKGPKUKGTWPIUNGKUVWPI DGK SWCUK-MQPVKPWKGTNKEJGT BGUEJKEMWPI IGY·JNV.

GÒNNG WPF WCUEJYCUUGT CWU FGO MKNEJXKGJUVCNN D\Y. FGT MGNMCPNCIG YGTFGP KP GKPGO 
G·TMCPCN IGUCOOGNV WPF XQP FQTV EJCTIGPYGKUG KP FKG VQTITWDG FGT BKQICUCPNCIG IGRWORV. 
DCU SWDUVTCV YKTF OKV EZ\GPVGTUEJPGEMGPRWORGP FWTEJ FKG FGTOGPVGTMCUMCFG IGHÌTFGTV. VGT-
IQTGPGU SWDUVTCV CWU FGTOGPVGT 3 HNKG­V KP GKP EPFNCIGT OKV ICUFKEJVGT ADFGEMWPI ÒDGT.

DCU RTQFW\KGTVG BKQICU CWU FGP FGTOGPVGTP 1 DKU 3 YKTF IGOGKPUCO OKV FGO KO EPFNCIGT 
IGDKNFGVGP RGUVICU GKPGO VGTDTGPPWPIUOQVQT-BNQEMJGK\MTCHVYGTM \WT ET\GWIWPI XQP SVTQO 
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WPF W·TOG \WIGHÒJTV. EKPGP GGUCOVÒDGTDNKEM ÒDGT FKG KQORQPGPVGP WPF FKG OGUUVGEJPK-
UEJG AWUUVCVVWPI FGT PKNQV-BKQICUCPNCIG IKDV TCDGNNG 1.

TCD. 1� KQORQPGPVGP WPF OGUUVGEJPKUEJG AWUUVCVVWPI FGT PKNQV-BKQICUCPNCIG

Vorgrube
Nutzvolumen: 56 m3

Rührwerk: Stabmixer, schräg von der Decke eintauchend

Fermenter 1 
Rührkesselfermenter in Betonbauweise; Nutzvolumen: 50 m3

Rührwerk: Stabmixer, schräg von der Decke eintauchend
mesophile Prozessführung; innen liegende Wandheizung

Fermenter 2

liegender, zylindrischer Stahlbehälter mit drei Trennwänden; 
Nutzvolumen: 46 m3; Rührwerk: langsam laufendes Paddelrührwerk
thermophile Prozessführung; beheizte Rührwelle und außen liegende 
(teilweise) Mantelheizung

Fermenter 3

Rührkesselfermenter in Betonbauweise, elastische Folienhaube
Nutzvolumen: 150 m3

Rührwerk: Stabmixer, schräg durch die Behälterwand eintauchend
mesophile Prozessführung; innen liegende Wandheizung

Endlager
zylindrischer Betonbehälter, nicht elastische Folienhaube
Nutzvolumen: 800 m3; unbeheizt, nicht wärmegedämmt
Rührwerk: Stabmixer, senkrecht durch die Behälterwand eintauchend

Gülleförderung
3 Exzenterschneckenpumpen, Förderrate: ca. 12 m3/h,
magnetisch-induktive Durchflussmesser saugseitig

Zentrale Schaltanlage
SPS (Bernecker + Rainer / SCHMACK BIOGAS AG): Fermenterhei-
zungsregelung, Fermenterbeschickung, Rührwerksbetrieb, Füllstands-
regelung

Biogasanalyse (Mischgas) SCHMACK SSM 6000: CH4, CO2, O2, H2S

Gasmengenmessung Balgengaszähler vor dem Motor

Blockheizkraftwerk
Zündstrahlmotor, 30 kW elektrische Leistung (Biogasbetrieb), 
Synchrongenerator, Abgas- und Kühlwasser-Wärmetauscher, Zündöl-
mengenmesser

Thermische Energieströme
5 Wärmemengenzähler (Sekundärkreislauf, Fermenter 1 bis 3, 
Notkühler) 

Elektrische Energieströme
Zähler für gesamten produzierten, eingespeisten und aus dem Netz 
bezogenen elektrischen Strom

2�2 AnlagenDetrieD und Dokumentation

DKG PKNQV-BKQICUCPNCIG KUV OKVVNGTYGKNG UGKV OGJT CNU \YGK JCJTGP KP BGVTKGD. FÒT FKG JKGT 
FQMWOGPVKGTVG AWUYGTVWPI FGT ADDCWNGKUVWPI YWTFG GKP ZGKVTCWO XQP HÒPH WQEJGP KO SQO-
OGT 2004 OKV YGKVIGJGPF UVÌTWPIUHTGKGO BGVTKGD WPF INGKEJO·­KI JQJGT BKQICURTQFWMVKQP 
DGVTCEJVGV 
TCIG 42 DKU 78 KP ADDKNFWPI 1�. W·JTGPF FKGUGU ZGKVTCWOGU YWTFG FKG APNCIG 
OKV FWTEJUEJPKVVNKEJ 5,7 O3 GÒNNG RTQ TCI, CWHIGVGKNV CWH 21 DKU 22 BGUEJKEMWPIU\[MNGP, 
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DGCWHUEJNCIV. DCTCWU GTTGEJPGP UKEJ J[FTCWNKUEJG VGTYGKN\GKVGP XQP KO MKVVGN 8,9; 8,3; D\Y. 
26,9 TCIGP KP FGP FGTOGPVGTP 1 DKU 3.

ANNG ÒDGT FKG \GPVTCNG SEJCNVCPNCIG GTHCUUVGP DCVGP 
TCDGNNG 1� YWTFGP QPNKPG CWHIG\GKEJ-
PGV. SVWPFGPOKVVGNYGTVG FGT UOIGDWPIUVGORGTCVWT WPF FGT TGORGTCVWT FGU BTGPPICUGU XQT 
FGO MQVQT YWTFGP GDGPHCNNU HQTVNCWHGPF CWHIG\GKEJPGV. IP GKPGO BGVTKGDUVCIGDWEJ YWTFGP 
GKPOCN V·INKEJ OCPWGNNG AWH\GKEJPWPIGP CNNGT Z·JNGTUV·PFG, FGT AP\GKIGP FGT \GPVTCNGP 
SEJCNVCPNCIG UQYKG FGT OKPKOCNGP WPF OCZKOCNGP UOIGDWPIUVGORGTCVWT XQTIGPQOOGP.

2�3 H[gienische Begleituntersuchungen

IO PTQLGMV YWTFG GKPG DTGKVG PCNGVVG RQVGPVKGNN RCVJQIGPGT KGKOG WPF IPFKMCVQTQTICPKUOGP 
WPVGTUWEJV, FCTWPVGT CWEJ SRQTGPDKNFPGT, PCTCUKVGP WPF RNA-VKTGP, CWH FKG JKGT LGFQEJ PKEJV 
P·JGT GKPIGICPIGP YKTF. DCTIGUVGNNV YGTFGP DCVGP \W F·MCNEQNKHQTOGP, CQNKHQTOGP WPF 
KPVGUVKPCNGP EPVGTQMQMMGP. DKGUG OTICPKUOGPITWRRGP YWTFGP ÒDGT GKPG MPN-MGVJQFG OKV 
FNWQTQEWNVs-LCWT[NUWNHCV-BQWKNNQP 
KP APNGJPWPI CP EG-RKEJVNKPKG 76�160�EWG� D\Y. ÒDGT 
FKNVTCV-KWNVKXKGTWPI CWH O-EPVGTQMQMMGP � GCNNG-ÄUEWNKP-AICT 
ISO�DIS 7899-2� DGUVKOOV.

3 ErgeDnisse und Diskussion

3�1 ProzessstaDilit·t und ADDauleistung

DKG ZWUCOOGPUGV\WPI FGT RQJIÒNNG ÒDGT GKPGP ZGKVTCWO XQP HÒPH WQEJGP 
TCIG 42 DKU 78 
KP ADDKNFWPI 1� KUV KP TCDGNNG 2 CWHIGHÒJTV. DKG FCTCWU TGUWNVKGTGPFGP OKVVNGTGP RCWODGNCU-
VWPIGP FGT FGTOGPVGT 1 DKU 3 \GKIV TCDGNNG 3.

TCD. 2� MKVVNGTG ZWUCOOGPUGV\WPI FGT RQJIÒNNG

Trockensubstanz [Massen-%] (n = 6) 7,7 ± 0,1

organische Trockensubstanz [Massen-% TS] (n = 6) 79,4 ± 0,3

organische Trockensubstanz [g/kg] (n = 6) 61,1 ± 1,2

Ammoniakalischer Stickstoff [mg/l] (n = 5) 1877 ± 42

pH (n = 5) 7,4 ± 0,1

TCD. 3� MKVVNGTG RCWODGNCUVWPIGP FGT FGTOGPVGT 1 DKU 3

Fermenter 1 Fermenter 2 Fermenter 3

Raumbelastung [kg oTS * (m3 * d)–1] 6,9 ± 0,2 6,2 ± 0,1 1,7 ± 0,06

ANU IWVGT IPFKMCVQT HÒT FKG SVCDKNKV·V FGU CPCGTQDGP ADDCWRTQ\GUUGU FKGPV FKG GGUCOVMQP-
\GPVTCVKQP CP HNÒEJVKIGP FGVVU·WTGP. DKGUG UVGKIV CP, YGPP CWHITWPF XQP SVÌTWPIGP QFGT 
ÜDGTNCUVWPIGP FGU PTQ\GUUGU FCU FNKG­INGKEJIGYKEJV \YKUEJGP S·WTG DKNFGPFGP WPF S·WTG 
CDDCWGPFGP RGCMVKQPGP IGUVÌTV KUV. DKGU YCT \W BGIKPP FGU KP ADDKNFWPI 1 FCTIGUVGNNVGP 
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ZGKVTCWOGU PCEJ XQTCWUIGICPIGPGP UPTGIGNO·­KIMGKVGP KP FGT BGUEJKEMWPI KP PTQDGP CWU 
CNNGP FTGK FGTOGPVGTP GTMGPPDCT.

UPTGIGNO·­KIMGKVGP KP FGT BGUEJKEMWPI WO TCI 30 HÒJTVGP GTPGWV \W FFS-WGTVGP XQP ÒDGT 
1000 OI�N KO TGNCVKX JQEJ DGNCUVGVGP F1 
ADDKNFWPI 1�. IP FGT FQNIG UVKGI CWEJ FKG FFS-KQP-
\GPVTCVKQP KO F2 UVCTM CP, YQDGK JKGT FCU NKXGCW CP FFS, YKG HÒT VJGTOQRJKNG PTQ\GUUHÒJTWPI 
\W GTYCTVGP, FWTEJI·PIKI ÒDGT FGOLGPKIGP KP FGP OGUQRJKNGP FGTOGPVGTP NCI. IO G·TTGUV 
YWTFGP JÌJGTG FFS-KQP\GPVTCVKQPGP DGUVKOOV CNU KP PTQDGP CWU FGTOGPVGT 3. DKGU MÌPPVG 
GKPG FQNIG FGU TGORGTCVWTIGH·NNGU XQO F3 \WO WPDGJGK\VGP EPFNCIGT UGKP. DKG GGUEJYKPFKI-
MGKV FGT S·WTGDKNFWPI CWU PQEJ XQTJCPFGPGO CDDCWDCTGO QTICPKUEJGO MCVGTKCN KUV YGPKIGT 
VGORGTCVWTUGPUKVKX CNU FKG MGVJCPDKNFWPI.

ADD. 1� GGUCOV-FGVVU·WTGMQP\GPVTCVKQPGP KP PTQDGP XQP FGTOGPVGTKPJCNVGP WPF G·TTGUV

EKPG BKNCP\KGTWPI FGT KP FGP FGTOGPVGTP 1 DKU 3 CDIGDCWVGP QTS CWH BCUKU FGT PTQDGP XQP 
RQJUWDUVTCV WPF FGTOGPVGTKPJCNV GTICD GKPGP OKVVNGTGP ADDCWITCF XQP 42 v 2 �. DKGUGT 
WGTV NKGIV KO QDGTGP BGTGKEJ FGT BGQDCEJVWPIGP HÒT FGP ADDCW XQP RKPFGTIÒNNG KP NCPFYKTV-
UEJCHVNKEJGP BKQICUCPNCIGP 
GOSCH, 1984�.

DKG IGOKVVGNVG BKQICURTQFWMVKQP DGNKGH UKEJ CWH 145 v 6 NQTO-O3 � Fä1, YQTCWU UKEJ OKV 
FGP WGTVGP FGT V·INKEJ FWTEJIGHÒJTVGP GCUCPCN[UG GKPG OKVVNGTG MGVJCPRTQFWMVKQP XQP 
82 v 3 NQTO-O3 � Fä1 GTICD. 

DGT URG\KHKUEJG BKQICU- D\Y. MGVJCPGTVTCI DG\QIGP CWH FKG \WIGHÒJTVG QTICPKUEJG TTQ-
EMGPUWDUVCP\ GTTGEJPGVG UKEJ \W 0,41 D\Y. 0,23 NQTO-O3 � MI QTSä1. DKGUG WGTVG GTUEJGK-
PGP HÒT MKNEJXKGJIÒNNG UGJT IÒPUVKI. WELLINGER GV CN. 
1991� \KVKGTGP HÒT FKG GCUCWUDGWVG 
CWU MKNEJXKGJIÒNNG KP NCPFYKTVUEJCHVNKEJGP BKQICUCPNCIGP OKV GKPGO RÒJTMGUUGNHGTOGPVGT 
GCUGTVTCIUYGTVG XQP 0,21 DKU 0,23 NQTO-O3 � MI QTSä1 DGK VGTYGKN\GKVGP \YKUEJGP 21 WPF 
57 TCIGP WPF XGTINGKEJUYGKUG PKGFTKIGP G·TVGORGTCVWTGP XQP 28 DKU 33 uC. DKG CWH FCU 
GGUCOV-FGTOGPVGTXQNWOGP DG\QIGPG GCU- D\Y. MGVJCPRTQFWMVKQP FGT PKNQV-BKQICUCPNCIG 
NCI DGK XGTINGKEJUYGKUG IGTKPIGP 0,6 D\Y. 0,34 NQTO-O3 � 
O3 � F�ä1. DWTEJ FKG RGKJGPUEJCN-
VWPI KUV FKG RCWODGNCUVWPI FGT APNCIG FWTEJ FGP GTUVGP FGTOGPVGT NKOKVKGTV WPF GU GTIKDV UKEJ 
GKP XGTINGKEJUYGKUG ITQ­GT GGUCOVI·TTCWO.
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3�2 H[gienische Begleituntersuchungen

VQP FGT RQJIÒNNG KP FGT VQTITWDG 
VG� DKU \WT XGTIQTGPGP GÒNNG KP FGTOGPVGT 3 YWTFG GKPG 
VGTTKPIGTWPI FGT KGKO\CJN XQP F·MCNEQNKHQTOGP WO CPP·JGTPF 5 NQI-SVWHGP, XQP CQNKHQTOGP 
WO 4 NQI-SVWHGP WPF XQP KPVGUVKPCNGP EPVGTQMQMMGP WO GVYC 2,5 NQI-SVWHGP DGQDCEJVGV 
TCDGN-
NG 4�. WKG FKG BGVTCEJVWPI FGT DCVGP ÒDGT FGP IGUCOVGP DKUJGTKIGP VGTUWEJU\GKVTCWO \GKIVG, 
YCT FKGUG KGKOTGFWMVKQP CNNGTFKPIU PWT IGY·JTNGKUVGV, YGPP KP FGT VJGTOQRJKNGP SVWHG FWTEJ-
I·PIKI GKPG TGORGTCVWT XQP 55 uC GKPIGJCNVGP YWTFG. IO EPFNCIGT 
EL� FGWVGVG UKEJ GKPG, 
YGPP CWEJ UGJT IGTKPIG WKGFGTXGTMGKOWPI CP. SRQTGPDKNFPGT YWTFGP GTYCTVWPIUIGO·­ 
FWTEJ FKG BGJCPFNWPI MCWO DGGKPVT·EJVKIV, DGK FGP WPVGTUWEJVGP PCTCUKVGP 
CT[RVQURQTKFKWO 
RCTXWO� GTICD UKEJ XQTN·WHKIGP DCVGP \WHQNIG XQT CNNGO FWTEJ FKG VJGTOQRJKNG BGJCPFNWPI 
GKPG RGFWMVKQP FGT IPHGMVKQUKV·V WO OKPFGUVGPU 3 NQI-SVWHGP 
PKEJV FCTIGUVGNNV�. 

TCD. 4� MKVVNGTG KGKO\CJNGP 
MPN�ON� KP FGP WPVGTUWEJVGP KQORCTVKOGPVGP FGT FGTOGPVGTMCUMCFG

VG F1 F2 F3 EL

Fäkalcoliforme 9,5 * 104 1,2 * 103 2,5 1,5 2,8

Coliforme 1,6 * 105 1,8 * 103 18,0 16,7 59,2

Intestinale Enterokokken 1,9 * 104 2,3 * 103 75,0 50,0 86,7

4 Schlussfolgerungen

DKG CPCGTQDG BGJCPFNWPI XQP MKNEJXKGJIÒNNG KP GKPGT OGUQRJKN-VJGTOQRJKN-OGUQRJKNGP FGT-
OGPVGTMCUMCFG KO PKNQVOC­UVCD NKGHGTVG GKPGP TGNCVKX JQJGP BKQICU- WPF MGVJCPGTVTCI. PQVGP-
VKGNNG RCVJQIGPG WPF IPFKMCVQTMGKOG KP FGT GÒNNG YWTFGP DGK EKPJCNVWPI FGT SQNNVGORGTCVWT KP 
FGT VJGTOQRJKNGP SVWHG WO CPP·JGTPF 5 NQI-SVWHGP 
99,999 �� TGFW\KGTV. EKP YKTVUEJCHVNKEJGT 
BGVTKGD FGT PKNQVCPNCIG CNNGKP CWH BCUKU XQP GÒNNG YCT PKEJV OÌINKEJ. BGK ITÌ­GT MQP\KRKGTVGP 
APNCIGP YÒTFGP FKG EKPPCJOGP CWU FGO SVTQOXGTMCWH DGUVGPHCNNU \WT KQUVGPFGEMWPI CWU-
TGKEJGP. DWTEJ ZWICDG IGTKPIGT MGPIGP CP KQUWDUVTCVGP MÌPPVG GKP GGYKPP GTYKTVUEJCHVGV 
YGTFGP.
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Erfahrungen und Stand der ZulassungsRrÒfung des Landkreises 
CloRRenDurg fÒr ADluftreinigungsXerfahren in der Tierhaltung
'Zperiences Cnd stCtWs in tJe CNoppenDWrg CdministrCtiXe district 
Cdmission sWrXe[ for YCste gCs treCtment s[stems in CnimCN JWsDCndr[ 

JOCHEN HAHNE1, FRIEDRICH ARENDS2

1  IPUVKVWV HÒT TGEJPQNQIKG WPF BKQU[UVGOVGEJPKM, BWPFGUHQTUEJWPIUUCPUVCNV HÒT LCPFYKTVUEJCHV 
FAL�, 
BWPFGUCNNGG 50, D-38116 BTCWPUEJYGKI

2 LCPFYKTVUEJCHVUMCOOGT WGUGT-EOU, PQUVHCEJ 2549, D-26015 ONFGPDWTI

SchlÒsselwÌrter� ADluftreinigung, ZulassungsRrÒfung, StauD, Geruch, Ammoniak, Tierhaltung
-e[Yords� 9Cste Cir treCtment� Cdmission sWrXe[� dWst� odor� CmmoniC� CnimCN JWsDCndr[

<WsCmmenfCssWng 

Abluftreinigungsverfahren können Emissionen aus der Tierhaltung wirksam reduzieren. Die 
Zulassungsprüfung des Landkreises Cloppenburg soll einen einheitlichen Bewertungsrahmen 
schaffen, zur Standortsicherung beitragen und dem Immissions-schutz dienen. In diesem Bei-
trag werden die wesentlichen Anforderungen des Zulassungsverfahrens und die gesammelten 
Erfahrungen beschrieben. Die Firmen DR. SIEMERS UMWELTTECHNIK und RIMU haben die Zulas-
sungsprüfung für die Minderung von Geruch, Staub und Ammoniak in der Schweinehaltung 
erfolgreich absolviert (Stand: November 200�). Mangelhafte Abluftreinigungsverfahren zum 
Nachteil der Landwirte (Bestandssicherung) und der Umwelt werden durch die Zulassungs-
prüfung zukünftig an Bedeutung verlieren.  

SWmmCr[

Waste air treatment systems may reduce emissions from animal husbandry effectively. The 
admission survey of the administrative district Cloppenburg should form a consistent assess-
ment of value, contribute to the security of the farms location and be useful for imission 
reduction as well. In this article essential requirements of the admission survey and the 
collected experiences are described. The companies SIEMERS UMWELTTECHNIK and RIMU have 
completed the admission survey successfully for the reduction of odor, dust and ammonia in 
pig facilities (status: November 200�). Insufficient waste air treatment techniques which are 
harmful for farmers (security of farm location) and environment will become less important. 
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1 Ziel der ZulassungsRrÒfung 

ADNWHVTGKPKIWPIUCPNCIGP UKPF PCEJ YKG XQT PKEJV SVCPF FGT TGEJPKM FGT NCPFYKTVUEJCHVNKEJGP 
NWV\VKGTJCNVWPI. SKG JCDGP KP FGP NGV\VGP JCJTGP LGFQEJ GTJGDNKEJ CP BGFGWVWPI IGYQPPGP. 
DKGU NKGIV W. C. FCTCP, FCUU DGK BGVTKGDUGTYGKVGTWPIGP J·WHKI MKPFGUVCDUV·PFG \W WQJP-
DGDCWWPIGP QFGT GORHKPFNKEJGP ÖMQU[UVGOGP WPVGT-UEJTKVVGP YGTFGP. IP GKPKIGP LCPFMTGK-
UGP YGTFGP BGVTKGDUGTYGKVGTWPIGP CWHITWPF FGU JQJGP TKGTDGUVCPFGU WPF FGT FCOKV XGTDWP-
FGPGP VQTDGNCUVWPI QJPG ADNWHVTGKPKIWPI \WU·V\NKEJ GKPIGUEJT·PMV. 

VQT FKGUGO HKPVGTITWPF YWTFG XQO LCPFMTGKU CNQRRGPDWTI GKPG GKPJGKVNKEJG ZWNCUUWPIU-
RTÒHWPI HÒT ADNWHVTGKPKIWPIUXGTHCJTGP KP FGT TKGTJCNVWPI KPKVKKGTV. ZKGN FKGUGT PTÒHWPI KUV FKG
 î SEJCHHWPI GKPGU GKPJGKVNKEJGP BGYGTVWPIUTCJOGPU, FGT KP FGT VGTYCNVWPIURTCZKU 

CPYGPFDCT KUV WPF MC­UV·DG HÒT FKG ÜDGTYCEJWPI NKGHGTV,
 î SVCPFQTVUKEJGTWPI HÒT TKGTJCNVWPIUDGVTKGDG, FKG BGVTKGDUGTYGKVGTWPIGP KO IPPGPDGTGKEJ 

OÌINKEJ OCEJV,
 î BGITGP\WPI GKPGT YGKVGTGP ZGTUKGFNWPI FGU AW­GPDGTGKEJGU YGIGP \WPGJOGPFGT KQP-

HNKMVG DGK MQOOWPCNGP EPVYKEMNWPIUXQTJCDGP WPF FKG
 î VGTDGUUGTWPI FGU IOOKUUKQPUUEJWV\GU FWTEJ VGTJKPFGTWPI XQP ëANKDK-FKNVGTPé. 

2 Anforderungen an die Reinigungsleistung

DKG MKPFGUVCPHQTFGTWPIGP CP FKG RGKPKIWPIUNGKUVWPI XQP ADNWHVTGKPKIWPIUCPNCIGP, FKG PCEJ 
FGO CNQRRGPDWTIGT LGKVHCFGP IGRTÒHV YGTFGP, UKPF KP TCD. 1 \WUCOOGPIGHCUUV.

TCD. 1� MKPFGUVCPHQTFGTWPIGP CP ADNWHVTGKPKIWPIUXGTHCJTGP PCEJ FGO CNQRRGPDWTIGT LGKVHCFGP
Minimum requirements for waste gas treatment systems according to the „Cloppenburger Leitfaden“

Parameter Mindestanforderung / minimum reTuirement

Gesamtstaub / total dust 70 % Minderung / �� % reduction

Ammoniak / ammonia 70 % Minderung* / �� % reduction*

Geruch / odor < 300 GE/m3** im Reingas / � 3�� O8/m3** in clean gas
kein Rohgasgeruch im Reingas / no raw gas odor in clean gas

* 70 % der NH3-N-Fracht, N-Bilanz/70 % of the NH3-N load, nitrogen balance
** oberer Grenzwert/upper limit value

DKG EKPJCNVWPI FGT MKPFGUVCPHQTFGTWPIGP KUV FWTEJ GKP CDIGUVKOOVGU MGUURTQITCOO XQP 
GKPGT CPGTMCPPVGP MGUUUVGNNG PCEJ\WYGKUGP. APVTCIUVGNNGT MÌPPGP KJTG APNCIGP HÒT GKP\GNPG 
QFGT HÒT CNNG PCTCOGVGT RTÒHGP NCUUGP.  

3 Antragstellung und PrÒfXerfahren

DGT APVTCIUVGNNGT JCV HÒT FCU PTÒHWPIUXGTHCJTGP HQNIGPFG UPVGTNCIGP XQT\WNGIGP�
 î LKUVG OKV RGHGTGP\CPNCIGP,
 î GGPCWG FWPMVKQPUDGUEJTGKDWPI FGT ADNWHVTGKPKIWPIUCPNCIG,
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 î BGUEJTGKDWPI GKPGT MWUVGTCPNCIG HÒT DGCPVTCIVG TKGTCTV, HCNVWPIUHQTO WPF EPVNÒHVWPIU-
VGEJPKM OKV GTWPFTKUUGP, SEJPKVVGP UQYKG IGPCWGP ADOGUUWPIGP,

 î BGUEJTGKDWPI FGU QTFPWPIUIGO·­GP BGVTKGDGU 
BGPWV\GTJCPFDWEJ�
 î RGXKUKQPU- WPF WCTVWPIURNCP KPEN. BGVTKGDUVCIGDWEJ WPF
 î ETIGDPKUUG GKPGU CDIGUVKOOVGP MGUURTQITCOOU.

DKG GKPIGTGKEJVGP UPVGTNCIGP YGTFGP XQP GKPGO WPCDJ·PIKIGP SCEJXGTUV·PFKIGP-GTG-
OKWO IGRTÒHV, FCU CWU VGTVTGVGTP FGU LCPFMTGKUGU CNQRRGPDWTI, FGT LCPFYKTVUEJCHVUMCOOGT 
WGUGT-EOU, FGT FAL, FGU TÜV-NQTF WPF FGT FH MÒPUVGT DGUVGJV. S·OVNKEJG UPVGTNCIGP YGT-
FGP XGTVTCWNKEJ DGJCPFGNV. NCEJ EKPICPI FGT GTHQTFGTNKEJGP UPVGTNCIGP YGTFGP KO RGIGNHCNN 
OGJTGTG APNCIGP DGUKEJVKIV. DCPCEJ YKTF GKP PTÒHWPIUIGURT·EJ IGHÒJTV WPF GKP PTQVQMQNN 
GTUVGNNV, FCU GKPG BGYGTVWPI FGU APVTCIGU GPVJ·NV. DCU ZWNCUUWPIUUEJTGKDGP YKTF XQO LCPF-
MTGKU GTUVGNNV. EU GPVJ·NV FKG FGUVUVGNNWPI FGT EKIPWPI HÒT FKG IGRTÒHVGP PCTCOGVGT 
SVCWD, 
GGTWEJ, AOOQPKCM� UQYKG FKG DGCPVTCIVG TKGTCTV WPF HGTPGT RCJOGPDGFKPIWPIGP WPF OC­-
IGDNKEJG BGOGUUWPIURCTCOGVGT, HÒT FKG FKG ZWNCUUWPI IKNV UQYKG APICDGP \WT ÜDGTYCEJWPI 
WPF ÜDGTVTCIDCTMGKV CWH CPFGTG GTÌ­GPQTFPWPIGP. NCEJ ZWNCUUWPI FGU APNCIGPU[UVGOU WPF 
ETTKEJVWPI GKPGT GPVURTGEJGPFGP APNCIG GTHQNIV FKG BCWCDPCJOG FWTEJ FKG GGPGJOKIWPIU-
DGJÌTFG UQYKG FKG ADPCJOGOGUUWPI. 

ETHCJTWPIGP \GKIGP, FCUU ADNWHVTGKPKIWPIUU[UVGOG JQJG ADUEJGKFGITCFG HÒT SVCWD, AOOQ-
PKCM WPF GGTWEJ IGY·JTNGKUVGP, YGPP UKG UCEJIGTGEJV FKOGPUKQPKGTV WPF QTFPWPIUIGO·­ 
DGVTKGDGP YGTFGP. DKG UCEJIGTGEJVG DKOGPUKQPKGTWPI YKTF FWTEJ FCU ZWNCUUWPIUXGTHCJTGP 
UKEJGTIGUVGNNV. VQP GPVUEJGKFGPFGT BGFGWVWPI HÒT FKG APNCIGPYKTMUCOMGKV KUV LGFQEJ FKG WCT-
VWPI WPF PHNGIG FGT APNCIG. AWEJ KP FKGUGO PWPMV \GKIGP FKG ETHCJTWPIGP, FCUU GKPG TGIGN-
O·­KIG APNCIGPÒDGTYCEJWPI XQP GNGOGPVCTGT BGFGWVWPI KUV. DCJGT YKTF DGK FGT APVTCIUVGN-
NWPI GKP BGPWV\GTJCPFDWEJ UQYKG GKP BGVTKGDUVCIGDWEJ OKV RGXKUKQPU- WPF WCTVWPIURNCP 
IGHQTFGTV. DCU BGVTKGDUVCIGDWEJ KUV XQT\WIUYGKUG KP GNGMVTQPKUEJGT FQTO \W HÒJTGP. DKG \WXQT 
HGUVIGNGIVGP WPF IGURGKEJGTVGP DCVGP UKPF ÒDGT 5 JCJTG HÒT KQPVTQNN\YGEMG CWH\WDGYCJ-
TGP. DGT DGJÌTFNKEJG ÜDGTYCEJWPIUCWHYCPF J·PIV XQP XGTUEJKGFGPGP AURGMVGP, YKG FGO 
ADUVCPF \WO P·EJUVGP IOOKUUKQPURWPMV, GXGPVWGNNGT WCTVWPIUXGTVT·IG UQYKG FGT AWVQOCVK-
UKGTWPI FGT APNCIG CD. WKGFGTJQNWPIUOGUUWPIGP FWTEJ PCEJ h 26 \WIGNCUUGPG MGUUUVGNNGP 
MÌPPGP CPIGQTFPGV YGTFGP, YGPP \W DGHÒTEJVGP KUV, FCUU FKG APNCIG PKEJV QTFPWPIUIGO·­ 
DGVTKGDGP YKTF.   

4 MesskomRonenten und MessDedingungen

ZKGN FGU MGUURTQITCOOU KUV FKG ETHCUUWPI GOKUUKQPUTGNGXCPVGT ZGKVT·WOG ÒDGT GKPG CWU-
TGKEJGPFG MGUUFCWGT WPF MGUUJ·WHKIMGKV. DKG MGUUWPIGP UQNNGP WPVGT RTCZKUÒDNKEJGP 
BGVTKGDUDGFKPIWPIGP FWTEJIGHÒJTV YGTFGP. DKGU DGFGWVGV, FCUU DGK FGP MGUUWPIGP FKG TGNG-
XCPVGP BGVTKGDURCTCOGVGT GTHCUUV YGTFGP OÒUUGP. DKGU DGVTKHHV \. B. FCU HCNVWPIUXGTHCJTGP, 
FKG BGNGIWPIUFKEJVG, FKG FÒVVGTWPI WPF FKG ATV FGT LÒHVWPI, FKG GÒNNGNCIGTWPI WPF YGKVGTG 
GOKUUKQPUTGNGXCPVG AURGMVG YKG ZWNWHVMQPFKVKQPKGTWPI QFGT WCUUGTXGTPGDNWPI KO SVCNN. VQT 
FKGUGO HKPVGTITWPF DGVT·IV FKG MGUUFCWGT KP FGT SEJYGKPGJCNVWPI DGK FWTEJUEJPKVVNKEJGT 
BGNGIWPI DGKURKGNUYGKUG 2 MQPCVG KO SQOOGT WPF 2 MQPCVG KO WKPVGT WPVGT EKPDG\KGJWPI 
FGT EPFOCUVRJCUG. 

FÒT FKG DWTEJHÒJTWPI FGT MGUUWPIGP GKP\GNPGT PCTCOGVGT YWTFGP MGUUXGTHCJTGP WPF 
MGUUJ·WHKIMGKVGP HGUVIGNGIV 
TCD. 2�, FKG MGUUQTVG UKPF DGK FGT APNCIGPDGUKEJVKIWPI CD\WUVKO-
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OGP. WKEJVKI DGK FGT DWTEJHÒJTWPI FGT MGUUWPIGP KUV FKG ETHCUUWPI FGT RCPFDGFKPIWPIGP 

VQNWOGPUVTQO, FGWEJVG, DTWEM�.

TCD. 2� MGUURCTCOGVGT, MGUUXGTHCJTGP WPF H·WHKIMGKVGP PCEJ FGO CNQRRGPDWTIGT LGKVHCFGP
Parameters, measuring methods and frequency according to the “Cloppenburger Leitfaden”

Parameter
Verfahren
Method

Messhäufigkeit
FreTuency

Gesamtstaub 
VDI 2066, 
gravimetrisch

Wöchentliche Einzelmessung, 3x im Rohgas und an 2 Stellen 3x im 
Reingas

Total dust
9'I 2���, 
gravimetric

Measurement weeNly, 3x in raw gas and 3x in clean gas at two 
measuring points

Ammoniak
z.B. Infrarot, 
s. KTBL 401*

Kontinuierliche Messung im Roh- und Reingas mit Temperatur-
erfassung

Ammonia
e.g. infrared, 
.TB/ ��� 

&ontinuous measuring in raw and clean gas with temperature 
registration

Geruch EN 13725
Wöchentliche Einzelmessung, 3x im Rohgas und an 2 Stellen 3x im 
Reingas, hedonische Bewertung des Geruchs Åes riecht nach...´

Odor (N �3�2�
Measurement weeNly, 3x in raw gas and 3x in clean gas at two 
measuring points, hedonic odor tone description ´smells liNe «µ

* Auswahl des Verfahrens nach Rücksprache mit dem Sachverständigen-Gremium
* Method selection after consultation with technical experts

5 Erfahrungen und Stand der ZulassungsRrÒfung 

DGT CNQRRGPDWTIGT LGKVHCFGP YWTFG KP UGKPGT GPFIÒNVKIGP FQTO CO 14.06.2002 GTUVGNNV. IP 
FGT ZYKUEJGP\GKV JCDGP 7 FKTOGP KPUIGUCOV 8 APVT·IG IGUVGNNV 
TCD. 3�. 5 FKGUGT APVT·IG 
DG\KGJGP UKEJ CWH FGP EKPUCV\ XQP ADNWHVTGKPKIWPIUCPNCIGP KP FGT SEJYGKPGJCNVWPI, DGK FGP 
CPFGTGP YKTF FGT EKPUCV\ HÒT FKG GGHNÒIGNJCNVWPI QFGT HÒT DGKFG TKGTCTVGP DGCPVTCIV. 6 FGT 8 
APVT·IG DG\KGJGP UKEJ CWH FKG ADUEJGKFWPI XQP GGTWEJ, AOOQPKCM WPF SVCWD. LGFKINKEJ KP 
GKPGO FCNN YKTF CWUUEJNKG­NKEJ FKG ZWNCUUWPI \WT GGTWEJUOKPFGTWPI DGCPVTCIV WPF KP GKPGO 
YGKVGTGP FKG ZWNCUUWPI \WT SVCWD- WPF AOOQPKCMOKPFGTWPI. BGK FGP DGCPVTCIVGP APNCIGPV[-
RGP JCPFGNV GU UKEJ WO BKQHKNVGT 
1 APVTCI�, W·UEJGT WPF RKGUGNDGVVCPNCIGP 
4� UQYKG 3-UVWHKIG 
KQODK-APNCIGP 
3�. FQNIGPFG \YGK S[UVGOG JCDGP FKG ZWNCUUWPIURTÒHWPI DKUNCPI GTHQNITGKEJ 
DGUVCPFGP 
SVCPF� NQXGODGT 2004�� 
 î EKPUVWHKIGT RKGUGNDGVVHKNVGT HÒT FKG SEJYGKPGJCNVWPI, FC. RIMU WPF
 î 3-UVWHKIG KQODK-APNCIG HÒT FKG SEJYGKPGJCNVWPI 
RJ[UKMCNKUEJ-EJGOKUEJ-DKQNQIKUEJ, FC. 

SKGOGTU�.
DKG BGCTDGKVWPIU\GKV \YKUEJGP APVTCIUVGNNWPI WPF ZWNCUUWPI DGVT·IV FWTEJUEJPKVVNKEJ GKP 

JCJT. DKG VGTHCJTGPUFCWGT KUV KO YGUGPVNKEJGP CWH WP\WTGKEJGPFG APVTCIUWPVGTNCIGP \WTÒEM-
\WHÒJTGP. ANU YGUGPVNKEJG MCPIGNRWPMVG UKPF \W PGPPGP�
 î MGUUXGTHCJTGP, MGUUFCWGT, ZGKVTCWO 
SQOOGT- WPF WKPVGTOGUUWPIGP� WPF H·WHKIMGKV 

GPVURTGEJGP PKEJV FGP APHQTFGTWPIGP FGU LGKVHCFGPU, FKG \WT BGWTVGKNWPI FGT MGUU-
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GTIGDPKUUG PQVYGPFKIG ETHCUUWPI FGT RCPF- WPF BGVTKGDUDGFKPIWPIGP KUV QHV WP\WTGK-
EJGPF WPF

 î FWPMVKQPUDGUEJTGKDWPIGP UQYKG APNCIGPFKOGPUKQPKGTWPIGP UKPF QHV WPIGPCW.  
DKG GGPGJOKIWPIURTCZKU FGT GKP\GNPGP LCPFMTGKUG KP DG\WI CWH ADNWHVTGKPKIWPIUCPNCIGP 

KP FGT TKGTJCNVWPI KUV WPGKPJGKVNKEJ WPF HÒJTV \W UPINGKEJDGJCPFNWPIGP. FÒT GKPG UCEJIG-
TGEJVGTG WPF XGTINGKEJDCTGTG PTCZKU KUV GKP DWPFGUGKPJGKVNKEJGU VGTHCJTGP XQP VQTVGKN. DCJGT 
JCV FKG DGWVUEJG LCPFYKTVUEJCHVUIGUGNNUEJCHV 
DLG� FCU PTÒHXGTHCJTGP CD FGO 01.01.2005 
ÒDGTPQOOGP WPF FGP ëPTÒHTCJOGPé KP GKP\GNPGP PWPMVGP PQEJ GTYGKVGTV 
BGVTKGDUUKEJGTJGKV, 
ATDGKVUUEJWV\, WCJN FGT MGUUKPUVKVWVG�. ETIGDPKU GKPGT GTHQNITGKEJGP PTÒHWPI DGK FGT DLG KUV 
FCU DLG-SKIPWO. ANVCPVT·IG YWTFGP PQEJ DKU \WO 31.12.2004 PCEJ FGO CNQRRGPDWTIGT 
LGKVHCFGP IGRTÒHV, UQHGTP DKU \W FKGUGO DCVWO CNNG PQVYGPFKIGP UPVGTNCIGP GKPIGTGKEJV 
YWTFGP. 

TCD. 3� SVCPF FGU PTÒHWPIUXGTHCJTGPU PCEJ FGO CNQRRGPDWTIGT LGKVHCFGP 
NQXGODGT 2004�
Status of the auditing of procedures according to the “Cloppenburger Leitfaden” (November 200�)

Company Zulassung Tierart
Art der 
Anlage

Minderung / 5eduction

Approval Animal Nind System
Staub 
'ust

NH3
Geruch  
Odor

Siemers
Erteilt  
Accorded

Schwein / 3ig
Dreistufig 
Three-stage

X X X

Siemers
Beantragt 
5eTuested

Geflügel / 3oulftry
Dreistufig 
Three-stage

X X X

BIG Dutchman
Beantragt 
5eTuested

Schwein / 3ig
Dreistufig  
Three-stage

X X X

Initiative 
Biofilter

Beantragt 
5eTuested

Schwein / 3ig
Biofilter   
Biofilter

X

Devrie
Beantragt 
5eTuested

Schwein/Geflügel  
3ig/3oultry

Wäscher  
Scrubber

X X X

Bovema
Beantragt 
5eTuested

Schwein/Geflügel  
3ig/3oultry

Wäscher  
Scrubber

X X

RIMU
Erteilt 
Accorded

Schwein / 3ig
Wäscher  
Scrubber

X X X

Dorset/
Uni-Q-Fill

Beantragt 
5eTuested

Schwein / 3ig
Wäscher  
Scrubber

X X X

MKV FGP ZWNCUUWPIURTÒHWPIGP WPF GKPGT CWUIGYQIGPGP APNCIGPÒDGTYCEJWPI FÒTHVGP ANKDK-
HKNVGT FGT VGTICPIGPJGKV CPIGJÌTGP. FGTPGT KUV GKPG IGYKUUG MCTMVDGTGKPKIWPI XQP GJGT \YGK-
HGNJCHVGP VGTHCJTGPUMQP\GRVGP \W GTYCTVGP. DKGU PWV\V CNNGP� 
 î FGO LCPFYKTV� WGPP ADNWHVTGKPKIWPI CO MQPMTGVGP SVCPFQTV GTHQTFGTNKEJ KUV, GTJ·NV GT 

GKP HWPMVKQPUH·JKIGU S[UVGO, FCU KJO BGUVCPFUUEJWV\ \WUKEJGTV,
 î FGT GGPGJOKIWPIUDGJÌTFG� BGVTKGDUIGPGJOKIWPIGP DCUKGTGP CWH DGUUGT IGUKEJGTVGP 

SCEJUV·PFGP, BGUEJYGTFGP FÒTHVGP TÒEMN·WHKI UGKP, 
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 î FGO APYQJPGT� GGTWEJUDGN·UVKIWPIGP WPF OÌINKEJG GGUWPFJGKVUDG-GKPVT·EJVKIWPIGP 
FWTEJ SVCWDKOOKUUKQPGP YGTFGP YKTMUCO TGFW\KGTV,

 î FGO TKGT� BGK \WIGNCUUGPGP ADNWHVTGKPKIWPIUCPNCIGP KUV UKEJGTIGUVGNNV, FCUU FKG OCZKOC-
NG SQOOGTNWHVTCVG CWEJ FCWGTJCHV IGHÌTFGTV YGTFGP MCPP WPF 

 î FGT UOYGNV� WGPP GTHQTFGTNKEJ, YGTFGP AOOQPKCM- WPF SVCWDGOOKUUKQPGP GTJGDNKEJ 
XGTTKPIGTV. 
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NachrÒstlÌsungen zur ADluftreinigung Dei dezentraler ADluftfÒhrung 
in Altst·llen fÒr die Schweinemast
SoNWtions to retrofit decentrCN XentiNCted pig DCrns YitJ tecJnicCN 
s[stems for eZJCWst Cir treCtment

RICHARD H¤LSCHER, WOLFGANG BªSCHER

IPUVKVWV HÒT LCPFVGEJPKM, UPKXGTUKV·V BQPP, NW­CNNGG 5, D-53115 BQPP

SchlÒsselwÌrter� StauD, Ammoniak, ADluftDehandlung 
-e[Yords� &Wst� CmmoniC� eZJCWst Cir treCtment

<WsCmmenfCssWng 

Im Rahmen der TA-Luft vom 2�. Juli 2002 wird den Behörden in Fällen von verstärkten 
Beschwerden oder hoher regionaler Grundbelastung größerer Handlungsspielraum in Form 
der „Nachträglichen Anordnung“ bei Altsubstanz eingeräumt, d. h. Maßnahmen zur Emis-
sionsminderung können auch bei bestehenden Anlagen angeordnet werden =TA-Luft, 2002?. 
Altsubstanz weist meist eine dezentrale Abluftführung auf. Heutige Abluftbehandlungskon-
zepte, die sowohl technisch wie auch wirtschaftlich bereits untersucht wurden, setzen jedoch 
eine zentrale Abluftführung voraus. Basierend auf einer Patentrecherche wurde ein Überblick 
über die theoretisch möglichen Abluftbehandlungskonzepte für Altsubstanz erstellt.

Die 12� der Recherche zugrunde liegenden Patente zur Abluft-/Luftbehandlung in der 
Tierhaltung wurden in � Kategorien unterteilt, wobei entsprechend der Fragestellung beson-
ders die Nachrüstbarkeit beurteilt wurde. Die Systeme reichen von klassischen Biofiltern, 
Rieselbettreaktoren und Kombinationsanlagen bis hin zu Luftkonditionierern. Aufbauend auf 
dieser Systemanalyse wurden � Konzepte erarbeitet, die den theoretischen Rahmen für tech-
nische Lösungen zur Nachrüstung in dezentral entlüfteter Altsubstanz darstellen.

SWmmCr[ 

The revised edition of the “TA-Luft” (the German legal administrative regulation for maximum 
concentrations of emission and immission of air-polluting substances) from July 200� empow-
ers the authorities in case of regional high derogation of ambient air quality to enjoin exhaust 
minimizing initiatives up to technical exhaust air treatment.

Motivated by the fact, that todayæs technologies for exhaust air treatment mostly require 
central ventilation for the building and the majority of older pig barns are ventilated decen-
tral, a patent research was conducted to give an overview of possible  technologies to retrofit 
on decentral ventilated pig barns.

The roughly 12� patents were categorized in � technological different systems from the 
known biofilter technology and combined systems (chemical and physical filtering mecha-
nism) up to special systems for indoor air-treatment. In synthesis � concepts were developed 
comprising all theoretical possible solutions to retrofit decentral ventilated pig barns.
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1 Einleitung 

DKG APH·PIG FGT ADNWHVHKNVGTWPI TGKEJGP KP FKG 70GT JCJTG \WTÒEM. MGKUV WPVGT FGO GGUKEJVU-
RWPMV FGT GGTWEJUDGN·UVKIWPI FWTEJ FKG NCPFYKTVUEJCHVNKEJG IPVGPUKXVKGTJCNVWPI YWTFG FCU 
TJGOC ëEOKUUKQPGP CWU SVCNNWPIGPé XGTOGJTV ÌHHGPVNKEJ FKUMWVKGTV =SCHIRZ 1970?. VGTÌHHGPV-
NKEJWPIGP ÒDGT FKG OÌINKEJGP MC­PCJOGP \WT EOKUUKQPUOKPFGTWPI =RIEMANN, MISSFELD

1975? WPF ÒDGT FKG GTUVGP ETHCJTWPIGP OKV TGEJPQNQIKGP 
WKTMWPIUITCFG, KQUVGP, ï� \WT 
ADNWHVDGJCPFNWPI =SCHIRZ 1975? IGDGP GTUVOCNKI GKPG YKUUGPUEJCHVNKEJG GTWPFNCIG, FKG 
CWU FGT KPFWUVTKGNNGP APYGPFWPI DGMCPPVGP VGTHCJTGP KO NCPFYKTVUEJCHVNKEJGP EKPUCV\ \W 
DGYGTVGP. DKG ADY·IWPI FGT VQT- WPF NCEJVGKNG FKGUGT VGTHCJTGP HÒJTVG UEJQP FCOCNU \WT 
IFGG, UVCPFCTFKUKGTVG ADNWHVY·UEJGT HÒT FG\GPVTCN GPVNÒHVGVG SVCNNWPIGP \W UEJCHHGP. DKGUG 
EPVYKEMNWPI, FKG FCOCNU KP GTUVGT LKPKG CWU KQUVGPIGUKEJVURWPMVGP JGTCWU OQVKXKGTV YCT, 
IGYKPPV JGWVG KO RCJOGP FGT ëETUVGP ANNIGOGKPGP VGTYCNVWPIUXQTUEJTKHV \WO BWPFGU-
IOOKUUKQPUUEJWV\IGUGV\é 
TGEJPKUEJG APNGKVWPI \WT RGKPJCNVWPI FGT LWHV ä TA LWHV� =TA-LUFT, 
2002? YKGFGT CP BGFGWVWPI. DGP BGJÌTFGP YKTF JKGT KP F·NNGP XQP XGTUV·TMVGP BGUEJYGTFGP 
QFGT JQJGT TGIKQPCNGT GTWPFDGNCUVWPI ITÌ­GTGT HCPFNWPIUURKGNTCWO \WT ëNCEJVT·INKEJGP 
APQTFPWPIé ä IGO·­ BIOSEJG h 17 ADU. 1 ä DGK ANVUWDUVCP\ GKPIGT·WOV, F. J. MC­PCJOGP 
\WT EOKUUKQPUOKPFGTWPI MÌPPGP CPIGQTFPGV YGTFGP. IP FKGUGO ZWUCOOGPJCPI GTUEJNKG­V 
UKEJ FGO BGVTGKDGT CWU FGO BIOSEJG h 17 ADU. 3C FKG MÌINKEJMGKV \WT KQORGPUCVKQP, F. J. 
MC­PCJOGP, FKG KP SWOOG ITÌ­GTG EOKUUKQPUOKPFGTWPI CP FGT GGUCOVCPNCIG DGYKTMGP, 
OÒUUGP FGT EOKUUKQPUOKPFGTWPI CP FGO SVTGKVQDLGMV VQTTCPI GKPIGT·WOV YGTFGP. DCFWTEJ 
GTY·EJUV FGP NCEJTÒUVNÌUWPIGP HÒT ANVUWDUVCP\, FKG OGKUV GKPG FG\GPVTCNG ADNWHVHÒJTWPI CWH-
YGKUV, \WPGJOGPF BGFGWVWPI =BIMSCHG, 2004?.

2 ErgeDnisse der Patentrecherche 

ZKGN FGT PCVGPVTGEJGTEJG YCT GU, GKPGP IGPGTGNNGP ÜDGTDNKEM ÒDGT CNNG VJGQTGVKUEJ OÌINKEJGP 
KQP\GRVG \WT ADNWHVHKNVGTWPI \W DGMQOOGP WPCDJ·PIKI FCXQP, QD FKGUG KQP\GRVG DGTGKVU 
TGCNKUKGTV YWTFGP QFGT ÒDGTJCWRV TGCNKUKGTDCT Y·TGP. DGOGPVURTGEJGPF YCT HÒT FKG PCVGPVTG-
EJGTEJG QJPG BGFGWVWPI, QD GU UKEJ WO GKP VCVU·EJNKEJ GTVGKNVGU PCVGPV JCPFGNVG QFGT PWT WO 
GKPG OHHGPNGIWPIUUEJTKHV. ANU 3WGNNG FKGPVGP FKG RGT IPVGTPGV \WI·PINKEJG ëEPODOCé-PCVGPV-
FCVGPDCPM FGU EWTQR·KUEJGP PCVGPVCOVGU WPF FKG ëDPMARWDNKMCVKQPGPé FGU DGWVUEJGP 
PCVGPV- WPF MCTMGPCOVGU.

EKPVGKNGP NKG­GP UKEJ FKG PCVGPVG \WO GKPGP KP FKG TGKP ADNWHV-HKNVGTPFGP KQP\GRV-VCTKCPVGP 
\W BKQHKNVGTP, BKQY·UEJGTP WPF RKGUGNDGVVTGCMVQTGP, EJGOKUEJGP ADNWHVDGJCPFNWPIUMQP\GRVGP 
WPF KQODKPCVKQPUCPNCIGP. ZWO CPFGTGP YCTGP PCVGPVG XQP RGNGXCP\, FKG FGT LWHVDGJCPF-
NWPI D\Y. LWHVMQPFKVKQPKGTWPI FKGPVGP. DCTÒDGT JKPCWU YWTFGP CWEJ PCVGPVG, FKG KO GPV-
HGTPVGTGP SKPPG FWTEJ EOKUUKQPUOKPFGTWPI OKVVGNU GÒNNGDGJCPFNWPI, Q. ·. QFGT FWTEJ GKPG 
KPVGTGUUCPVG LÒHVWPIUTGIGNWPI ä KPVGTGUUCPV HÒT GXGPVWGNNG NCEJTÒUVMQP\GRVG ä OKV CWHIGPQO-
OGP. IO GGPGTGNNGP YWTFG KP ETI·P\WPI FKG NCEJTÒUVDCTMGKV DGYGTVGV. HKGT UGK DGOGTMV, 
FCUU FCDGK FKG UWDLGMVKXG EKPUEJ·V\WPI \WITWPFG NCI, QD FCU PCVGPV GJGT PCEJTÒUVIGGKIPGV 
UEJKGP QFGT GJGT GKPG \GPVTCNG ADNWHVHÒJTWPI XQTCWUUGV\VG. IP SWOOG YCTGP 126 PCVGPVG KO 
GPVHGTPVGTGP SKPPG WPF 72 PCVGPVG KO GPIGTGP SKPPG XQP BGFGWVWPI. ADDKNFWPI 1 IKDV \WO 
GKPGP FKG KCVGIQTKUKGTWPI YKGFGT WPF \WO CPFGTGP KP UVKEJRWPMVCTVKIGT FQTO FKG KPJCNVNKEJGP 
SEJYGTRWPMVG FGT APOGNFWPIGP�VGTÌHHGPVNKEJWPIGP. 
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ADD. 1� KCVGIQTKUKGTWPI FGT PCVGPVG \WT ADNWHVHKNVGTWPI KP FGT LCPFYKTVUEJCHV

ÜDGTITGKHGPF N·UUV UKEJ \WT PCVGPVTGEJGTEJG HGUVJCNVGP, FCUU IGPGTGNN UGJT XKGNG PCVGPVG�OHHGP-
NGIWPIUUEJTKHVGP \WT ADNWHVHKNVGTWPI KP FGT IPVGPUKXVKGTJCNVWPI GZKUVGPV UKPF, FKG KP FGT MGJT-
JGKV LGFQEJ BKQHKNVGT WPF BKQY·UEJGT DGUEJTGKDGP. IP LÒPIUVGT ZGKV, F. J. KP APOGNFWPIGP�
OHHGPNGIWPIGP FGT NGV\VGP JCJTG, YGTFGP XGTOGJTV KQODKPCVKQPUCPNCIGP QFGT APNCIGP OKV 
O\QP- D\Y. AFFKVKXDGJCPFNWPI DGUEJTKGDGP. IP SWOOG IGJGP DGK FGT VKGN\CJN FGT PCVGPVG 
PWT \YGK GZRNK\KV CWH FKG NCEJTÒUVDCTMGKV GKP.

3 KonzeRtÒDerDlick

AWHDCWGPF CWH FGP ETIGDPKUUGP FGT PCVGPVTGEJGTEJG YWTFGP FKG VJGQTGVKUEJ OÌINKEJGP KQP-
\GRVG \WT NCEJTÒUVWPI XQP ANVUWDUVCP\ GTCTDGKVGV 
ADDKNFWPI 2�. ZKGN YCT GZRNK\KV, KQP\GRVG 
FCT\WUVGNNGP WPF MGKPG MQPMTGVGP, VGEJPKUEJGP LÌUWPIUCPU·V\G. SQ UVCPF YGPKIGT FKG FTCIG 
KO VQTFGTITWPF, YKG FKG BGUVCPFVGKNG SVCWD, AOOQPKCM WPF GGTWEJ CWU FGT ADNWHV GPVHGTPV 
YGTFGP, UQPFGTP GJGT YGNEJGU DCW- WPF NÒHVWPIUVGEJPKUEJG KQP\GRV FKGUGO \WITWPFG NKGIV. 

GGPGTGNN MÌPPGP FKG KQP\GRVG KP CWUUEJNKG­NKEJ ADNWHV HKNVGTPFG VGTHCJTGP 
KQP\GRVG 1ä3 
FGT ADDKNFWPI 2� WPF KP VGTHCJTGP, FKG ÒDGT GKPG SGPMWPI FGU KQP\GPVTCVKQPUPKXGCWU FGT 
BGUVCPFVGKNG KP FGT SVCNNNWHV GKPG SGPMWPI FGT EOKUUKQPUMQP\GPVTCVKQPGP FGU GGUCOVU[UVGOU 
SVCNN DGYKTMGP 
KQP\GRVG 4ä6 FGT ADDKNFWPI 2�, IGINKGFGTV YGTFGP.

KQP\GRV 1 UVGJV \WO GKPGP HÒT S[UVGOG, FKG GKPG UOIGUVCNVWPI FGT LWHVHÒJTWPI \W GKPGT 
ZGPVTCNCDUCWIWPI XQTCWUUGV\GP WPF \WO CPFGTGP HÒT S[UVGOG, FKG CWH FKG ADNWHVUEJ·EJVG 
CWHIGUGV\V YGTFGP MÌPPGP. KQP\GRV 2 DGUEJTGKDV \WO GKPGP TGIGPGTCVKXG HQEJNGKUVWPIUHKNVGT 
YKG KGTCOKMHKNVGT, Q. ·., \WO CPFGTGP CDGT CWEJ XGTDTCWEJGPFG S[UVGOG OKV ëWGEJUGNMCTVW-
UEJGPé. KQP\GRV 3 KUV GKPG NÒHVWPIUVGEJPKUEJG VCTKCPVG CWU UPVGTHNWTCDUCWIWPI WPF MQPXGP-
VKQPGNNGT UPVGTFTWEMNÒHVWPI, DGK FGT FGT VQTVGKN DGUVGJV, FCUU FWTEJ GKPGP TGNCVKX MQPUVCPVGP 
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UPVGTHNWTXQNWOGPUVTQO FKG FKNVGTDGNCUVWPI TGNCVKX MQPUVCPV KUV WPF UQOKV GJGT FCU WKTMWPIU-
ITCFQRVKOWO FGT XGTYGPFGVGP FKNVGTCTV CWUIGPWV\V YGTFGP MCPP. KQP\GRV 3 PWV\V GDGPHCNNU 
FGP EHHGMV, FWTEJ GKPG MQPUVCPVG FKNVGTDGNCUVWPI 
TGNCVKX INGKEJ DNGKDGPFGT VQNWOGPUVTQO� 
FGP FKNVGT FCWGTJCHV KO XGTHCJTGPUVGEJPKUEJGP ORVKOWO  DGVTGKDGP \W MÌPPGP. KQP\GRV 5 
\GKEJPGV UKEJ KP GTUVGT LKPKG FWTEJ FKG GPGTIGVKUEJ IÒPUVKIG WKTMWPI FGT MKUEJWPI YCTOGT, 
CWHDGTGKVGVGT SVCNNNWHV OKV WPDGNCUVGVGT, CDGT \WT WKPVGT\GKV MCNVGT FTKUEJNWHV CWU. KQP\GRV 6 
\KGNV CWH GKPG SGPMWPI FGU KQP\GPVTCVKQPUPKXGCWU FGT DGNCUVGPFGP BGUVCPFVGKNG KO SVCNN FWTEJ 
FKG APYGPFWPI XQP ëSVCWD-, AOOQPKCM- QFGT GGTWEJUHCNNGPé. DGT VQTVGKN FGT KQP\GRVG 3 
DKU 6 NKGIV XQT CNNGO KP KJTGT WKTMWPIUGPVHCNVWPI KO SVCNN, FKG FCOKV GKPG VGTDGUUGTWPI FGT 
ATDGKVUDGFKPIWPIGP HÒT FGP MGPUEJGP WPF FGT LGDGPUDGFKPIWPIGP HÒT FCU TKGT DGYKTMGP.

ADD. 2� TJGQTGVKUEJG KQP\GRVG \WT NCEJTÒUVWPI XQP FKNVGTVGEJPQNQIKGP KP FGT IPVGPUKXVKGTJCNVWPI CO BGKURKGN 
SEJYGKP

4 AusDlick 

IO RCJOGP FGT YGKVGTHÒJTGPFGP YKUUGPUEJCHVNKEJGP ATDGKV YGTFGP \YGK VCTKCPVGP FGT VGEJPK-
UEJGP UOUGV\WPI XQP KQP\GRV 6 KO HKPDNKEM CWH HQNIGPFG FTCIGPUVGNNWPIGP WPVGTUWEJV�
 1� WCU MÌPPGP FKGUG NCEJTÒUVU[UVGOG CNU SVCNNNWHVMQPFKVKQPKGTGT KO SKPPG GKPGT EOKU-

UKQPUOKPFGTWPI FGU GGUCOVU[UVGOU SVCNN NGKUVGP!
 2� WGNEJG BGFGWVWPI MCPP FKGUGO KQP\GRV IGPGJOKIWPIUVGEJPKUEJ GKPIGT·WOV YGT-

FGP!
 3� WGNEJGP EHHGMV CWH FKG BGNCUVWPI OKV NWPIGPI·PIKIGP PCTVKMGNP MCPP KO SVCNN PCEJ-

IGYKGUGP YGTFGP!
 4� WGNEJG ORVKOKGTWPIURQVGP\KCNG GTIGDGP UKEJ FWTEJ XGTDGUUGTVG NWV\WPI FGT RJ[UKMC-

NKUEJGP ZWUCOOGPJ·PIG!
ÜDGT FKG GTUVGP ETIGDPKUUG YKTF PCEJ VGTKHK\KGTWPI \W GKPGO UR·VGTGP ZGKVRWPMV DGTKEJVGV.
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Effect of XegetaDle oil waste added on comRosting of goat manure and 
wheat straw
'infNW­ Xon geDrCWcJtem PfNCn\enÌN CWf die -ompostierWng Xon 
<iegenmist Wnd StroJ

RECEP KªLCª, OSMAN YALDIZ

DGRCTVOGPV QH AITKEWNVWTCN MCEJKPGT[, FCEWNV[ QH AITKEWNVWTG, AMFGPK\ UPKXGTUKV[, TR-07070 APVCN[C.

Ke[words� ComRosting, XegetaDle oil waste, goat manure
ScJNÒsseNYÌrter� -ompostierWng� geDrCWcJtes PfNCn\enÌN� <iegenmist

#DstrCct

Aerobic composting is the decomposition of organic substrates in the presence of oxygen. The 
main products of biological metabolism are carbon dioxide, water, and heat. The substrate is 
one of the most important factors on composting. Substrate related factors are carbon-nitro-
gen ratio (C:N), particle size, oxygen availability, aeration, moisture content and pH. 

In this study, determination of optimum mixture ratio of goat manure, wheat straw and 
vegetable oil wastes for composting was investigated. According to the results, the mixture 
in the R� gave higher degradation of organic matter and process temperature value. Thus, 
optimum mixture ratio for composting of these materials is ��.� � goat manure, ��.� � 
wheat straw and � � oil wastes. 

<WsCmmenfCssWng

Aerobe Kompostierung bedeutet die Zersetzung  des organischen Materials bei Anwesenheit 
von Sauerstoff. Die wesentlichen Produkte der biologischen Umsetzung sind Kohlendioxid, 
Wasser und thermische Energie. Das Substrat ist einer der wichtigsten Faktoren bei der Kom-
postierung. Substrat abhängige Faktoren sind das Kohlenstoff-Stickstoff-Verhältnis (C:N), die 
Partikelgröße, Verfügbarkeit von Sauerstoff, Belüftungsrate, Wassergehalt und pH-Wert.

Ziel der vorliegenden Studie war es, das optimale Mischungsverhältnis von Ziegenmist, 
Stroh und Pflanzenöl für die Kompostierung zu bestimmen. Die stärkste Degradation des 
organischen Materials und höchste Prozeßtemperaturen ergab der Ansatz im Bioreaktor R�. 
Die Ergebnisse zeigen, dass eine Mischung von ��,� � Ziegenmist, ��,� � Stroh und � � 
¤l am besten zur Komposteirung dieser Materialien geeignet ist.
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1 Introduction

TJG OKUOCPCIGOGPV QH UQNKF OWPKEKRCN CPF CITKEWNVWTCN YCUVGU KU ITQYKPI VJG GPXKTQPOGPVCN 
RTQDNGOU CNN QXGT VJG YQTNF. AU C TGUWNV QH GEQPQOKE ITQYVJ CPF TKUKPI UVCPFCTFU QH NKXKPI, 
VJG XCTKGV[ CPF COQWPVU QH YCUVGU JCXG KPETGCUGF YJKEJ NGCF VQ TKUG KP VJG EQUV QH VTGCVKPI CPF 
FKURQUKPI. BQVJ DKQICU CPF EQORQUVKPI RTQEGUUGU OKPKOK\G VJG GPXKTQPOGPVCN FCOCIG CPF 
RTQXKFG GEQPQOKECNN[ XCNWCDNG RTQFWEVU HTQO VJG QTICPKE YCUVGU 
KÜLCÜ CPF YALDIZ, 2004�. 
CQORQUVKPI KU VJG DKQEJGOKECN FGITCFCVKQP QH QTICPKE OCVGTKCNU VQ C UCPKVCT[, PWKUCPEG-HTGG, 
JWOWU-NKMG OCVGTKCN. OKN YCUVGU EQPVCKP JKIJ RGTEGPVCIGU QH DKQFGITCFCDNG QTICPKE OCVVGT 
EQORCTGF VQ QVJGT YCUVGU. CJGOKECN EJCTCEVGTKUVKEU QH QKN YCUVGU CTG PQV UWKVCDNG HQT EQO-
RQUVKPI DGECWUG QH VJGKT JKIJ ECTDQP EQPVGPV YJGP KV KU WUGF CNQPG 
SASAKI GV CN., 2003�. TJG 
PWODGT QH TWTMG[çU NKXG IQCV UVQEM YCU 7,000,000 KP VJG [GCT QH 2003 
FAO, 2004�. GQCV 
OCPWTG KU XGT[ TKEJ KP VGTOU QH PKVTQIGP EQPVGPV, UQ KV EQWNF DG WUGF CU PKVTQIGP UQWTEG KP 
EQORQUVKPI RTQEGUU. 

2 Material and Methods

GQCV OCPWTG, YJGCV UVTCY CPF QKN YCUVGU YGTG WUGF CU GZRGTKOGPVCN OCVGTKCNU. TJGUG YCUVGU 
YGTG OKZGF CV VJTGG FKHHGTGPV TCVKQU VQ FGVGTOKPG QRVKOWO OKZVWTG TCVKQ 
TCD. 1�.

TCD. 1� MKZVWTG TCVKQU QH VJG GZRGTKOGPVCN OCVGTKCNU KP EQORQUVKPI TGCEVQTU 
FT[ DCUKU�
Mischungsverhältnissse der Materialien in den Fermentern (Trockenmasse)

Reactor Goat Manure (%) Wheat Straw (%) Waste Oil (%)

R5 47.5 47.5 5

R10 45 45 10

R20 40 40 20

TJG JGCV IGPGTCVGF KP VJG EQORQUV RTQEGUU KU C TGUWNV QH OKETQDKCN OGVCDQNKUO CPF VJG CEEW-
OWNCVKQP QH VJG JGCV GPGTI[ TGVCKPGF YKVJKP VJG EQORQUVKPI OCUU. TGORGTCVWTG YCU CNUQ VJG 
OCKP HCEVQT KP VJKU UVWF[ VQ GCUG CPF GZVGPF VJG EQORQUVKPI EQPFKVKQPU. TJGTG YGTG VJTGG 
VGORGTCVWTG RTQDGU KPUKFG QPG TGCEVQT HKZGF CV VJG OKFFNG QH KV YKVJ GSWCN URCEGU CPF OGCU-
WTGF FCVC YKVJ 30 OKP KPVGTXCNU. CO2 CPF O2 TCVG YCU OGCUWTGF D[ FKIKVCN YCUVG ICU CPCN[\GT 
CV VJG VJTGG FKHHGTGPV RQKPVU QH GCEJ TGCEVQT. OTICPKE OCVGTKCN EQPVGPV 
OM�, RH CPF OQKUVWTG 
EQPVGPV YGTG OGCUWTGF FCKN[. MQKUVWTG EQPVGPV QH VJG GZRGTKOGPVCN OCVGTKCN YCU CPCN[\GF D[ 
FT[KPI QXGP OGVJQF CV 105 �C. NQ YCVGT YCU CFFGF FWTKPI VJG EQORQUVKPI RTQEGUU. OTICPKE 
UWDUVTCVG EQPVGPV QH VJG OCVGTKCN YCU OGCUWTGF D[ DWTPKPI KP CP QXGP CV 550 �C HQT 5 J. 

TJG QTICPKE OCVVGT 
OM� YCU ECNEWNCVGF CEEQTFKPI VQ VJG HQNNQYKPI GSWCVKQP 
NAVARRO

GV CN., 1993�� 
  W105 � OXGP FT[ YGKIJV QH OCUU CV 105 �C
  W550 � FWTPCEG FT[ YGKIJV QH OCUU CV 550 �C

LQUU QH OM YCU ECNEWNCVGF HTQO VJG KPKVKCN CPF HKPCN XQNCVKNG UQNKF EQPVGPVU, CEEQTFKPI VQ 
VJG HQNNQYKPI GSWCVKQP 
HAUNG, 1993�;
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YJGTG OMO KU VJG OM EQPVGPV CV VJG DGIKPPKPI QH VJG RTQEGUU CPF OMR VJG OM EQPVGPV CV 
VJG GPF QH VJG RTQEGUU. 

M 
OM NQUU� EJCTCEVGTKUVKEU QH EQORQUV CPF KVU TCY OCVGTKCNU YGTG UWDLGEVGF VQ C QPG-YC[ 
CPCN[UKU QH XCTKCPEG VQ VGUV HQT UKIPKHKECPV FKHHGTGPEGU. ANN CPCN[UGU YGTG RGTHQTOGF WUKPI SAS 
UVCVKUVKECN RCEMCIG 
SAS, 1995�.

TJTGG E[NKPFTKECN TGCEVQTU YGTG EQPUVTWEVGF YKVJ RNCUVKE OCVGTKCN CPF KUQNCVGF YKVJ INCUU 
YQQN. IVU FKOGPUKQPU YGTG 0.35 O KP JGKIJV CPF 0.25 O KP FKCOGVGT. TJG CGTCVKQP RGTKQF YCU 
15 OKP KP 1 J CPF CFLWUVGF D[ VKOGTU. TJG EQORQUVKPI RTQEGUU VQQM 15 FC[U.

FKI.1� CQORQUVKPI U[UVGO
Darstellung des Versuchsaufbaus zur Kompostierung

3 Results and Discussions

TJG VGORGTCVWTG TGIKOG QH CNN EQORQUVKPI TGCEVQTU CV FKHHGTGPV OKZVWTG TCVGU KU KNNWUVTCVGF KP 
FKIWTG 2. WJKNG EQORQUVKPI RTQEGUU TGCEJGF C VGORGTCVWTG QH 58 �C CHVGT 2 FC[U KP R5, QPN[ 
52 �C YJGTG TGCEJGF KP VJG UCOG VKOG KP R10. TGORGTCVWTGU KP TGCEVQT R20 TGOCKPGF GXGP 
NQYGT VJCP YKVJKP R5 KP VJGUG 2 FC[U. TJG VGORGTCVWTG TGIKOG YCU JKIJGT KP R5 VJCP KP VJG 
QVJGTU FWTKPI VJG CEVKXG EQORQUVKPI RGTKQF. HQYGXGT, VJGTG YGTG PQ UKIPKHKECPV FKHHGTGPEGU 
KP VGORGTCVWTG TGIKOG COQPI CNN EQORQUVKPI TGCEVQTU CHVGT 10 FC[U. 

TJG OQKUVWTG EQPVGPVU QH VJG UCORNGU YGTG FGETGCUGF EQPVKPWQWUN[ FWTKPI EQORQUVKPI 

FKIWTG 3�. IPKVKCN OQKUVWTG EQPVGPV QH VJG YCUVG OKZVWTGU XCTKGF DGVYGGP 63ä65 � 
Y. D.�. MQKU-
VWTG EQPVGPVU QH EQORQUV OCVGTKCNU YGTG FGENKPGF ITCFWCNN[ KP CNN TGCEVQTU FWTKPI EQORQUVKPI 
RTQEGUU. TJG HKPCN OQKUVWTG EQPVGPV YCU VJG NQYGUV KP R5 CPF R10 CPF VJG JKIJGUV R20.

BGECWUG QH VJG OKPGTCNK\CVKQP QH QTICPKE OCVVGT KP VJG UWDUVTCVG, CO2 RTQFWEVKQP QEEWTU 

DIAZ GV CN., 2002�. FKIWTG 4 UJQYU VJG TGUWNVU QH VJG OGCP CO2 CPF O2 EJCPIGU KPUKFG VJG GCEJ 
TGCEVQT. CO2 TCVG KPETGCUGF CPF O2 TCVG FGETGCUGF KP CNN TGCEVQTU KP RTQRQTVKQP VQ OKETQQTICPKUO 
CEVKXKV[ FWTKPI VJG RTQEGUU. CO2 TCVG YCU JKIJGT KP R20 VJCP VJG QVJGTU. CO2 TCVG YCU KPETGCUGF 
CHVGT HKTUV 2 FC[U CPF FGETGCUGF CHVGT 6 FC[U KP R5 CPF R10. O2 TCVG QH TGCEVQTU FGETGCUGF DWV 
VJGUG XCNWGU YGTG PQV DGNQY 10 � KP CNN TGCEVQTU FWTKPI VJG EQORQUVKPI RTQEGUU.
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FKI. 2� TGORGTCVWTG EJCPIGU KP CNN TGCEVQTU FWTKPI EQORQUVKPI RTQEGUU
Temperaturverlauf in den Reaktoren während des Kompostierungsprozesses

FKI. 3� MQKUVWTG EQPVGPV EJCPIGU KP OKZVWTGU FWTKPI EQORQUVKPI
Abnahme des Wassergehaltes in den drei Ansätzen während der Kompostierung

TJG RH XCNWGU QH OCVGTKCNU FGETGCUGF VQ 4ä6 CV VJG 4VJ FC[U CPF VJGP KPETGCUGF VQ RH 6ä8. 
TJG RH XCNWGU QH R20 YGTG DGNQY VJCP QVJGTU FWTKPI VJG RTQEGUU. TJKU TGFWEVKQP EQWNF DG 
ECWUGF D[ JKIJGT TCVKQU QH QKN CEKFU KP R20. TJGTG YCU PQ GXKFGPV FKHHGTGPEG DGVYGGP VJG RH 
XCNWGU QH R5 CPF R10 FWTKPI VJG YJQNG EQORQUVKPI RTQEGUU 
FKIWTG 5�.

OTICPKE UWDUVTCVG EQPVGPV QH VJG OCVGTKCNU FGETGCUGF KP CNN TGCEVQTU FWTKPI VJG RTQEGUU, DWV 
VJKU TCVG YCU HCUVGT KP R5 VJCP VJG QVJGT TGCEVQTU 
FKIWTG 6�. WJKNG QTICPKE OCVVGT NQUU 
M� YCU 
ECNEWNCVGF CU 57 � CV R5 CV VJG GPF QH VJG RTQEGUU, KV YCU 53 � CPF 47 � HQT R10 CPF R20, 
TGURGEVKXGN[.
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FKI. 4� CO2 CPF O2 TCVG EJCPIGU KP VJG TGCEVQTU FWTKPI EQORQUVKPI
�nderung des CO2- und O2-Gehalts in den Reaktoren während der Kompostierung

FKI. 5� MCVGTKCNU RH XCNWG FGXGNQROGPV FWTKPI RTQEGUU
Verlauf des pH-Wertes im Kompostmaterial während der Umsetzung

TJG FKHHGTGPEGU DGVYGGP M 
OM NQUU� XCNWGU YGTG UVCVKUVKECNN[ KORQTVCPV CEEQTFKPI VQ VJG 
TGUWNVU 
P � 0.05� 
TCD. 2�. AU C TGUWNV, OCZKOCN QTICPKE NQUU YCU QDUGTXGF KP R5.

TCD. 2� OM NQUU 
M� QH OKZVWTGU CV VJG GPF QH EQORQUVKPI RTQEGUU CPF UVCVKUVKECN CPCN[UGU TGUWNVU
Verlust an organischem Material (k) während des Kompostierungsprozesses

R5 R10 R20
k (OM loss %) 57a ± 0,57 53b ± 0,58 47c ± 1,04
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FKI. 6� OTICPKE OCVVGT EQPVGPV EJCPIGU KP OKZVWTGU FWTKPI EQORQUVKPI
Abnahme des Gehalts an organischem Material während der Kompostierung

4 Conclusions

AEEQTFKPI VQ VJG TGUWNVU, R5 ICXG JKIJGT QTICPKE OCVVGT FGITCFCVKQP CPF RTQEGUU VGORGTCVWTG. 
PTQEGUU EJCTCEVGTKUVKEU QH R10 CPF R20 UJQYGF VJCV VJG XGIGVCDNG QKN YCUVG TCVKQ YGTG JKIJGT 
VJCP QRVKOWO XCNWGU. SQ, QRVKOWO OKZVWTG TCVKQU HQT EQORQUVKPI QH GZRGTKOGPVCN OCVGTKCNU KU 
47.5 � IQCV OCPWTG, 47.5 � YJGCV UVTCY CPF 5 � QKN YCUVGU. 
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Reduction heat stress and ammonia emission in sloXak animal 
housing 
4edWMtion Xon *it\e�Stress Wnd #mmoniCM�'missionen in sNoYCMiscJen 
StCNNWngen

JAROSLAV ÙOTTN�K

RGUGCTEJ IPUVKVWVG HQT APKOCN PTQFWEVKQP, NKVTC, SNQXCMKC

Ke[words� animal housing, heat stress reduction, ammonia emission in SK
ScJNÒsseNYÌrter� StCNNWngen� 4edW\ierWng Xon *it\estress� #mmoniCMemissionen in der SNoYCMei

SWmmCr[

Reduction of heat stress in housing facilities for animal husbandry is necessary under the 
conditions of continental climate and at frequent extremes. It is time to use non-traditional 
building and construction methods, e.g. the principle of evaporation-adiabatic cooling in the 
production environment, the technique of increased air movement.

Reduction of ammonia emissions in animal husbandry in SK is in specific position at 
present. Current production of NH3 from the entire animal husbandry is approx. 2� kt, it 
represents approx. 20 kt NH3 from large farms for the year 1���. 

In principle, direct technological reduction is possible, e.g. by temperature, air movement, 
absorption in air washer, bio-filters, control of pH value, control of proteins in animal nutri-
tion� some construction arrangements.

<WsCmmenfCssWng

Bei kontinentalem Klima mit häufigen Extremwerten ist die Reduzierung von Hitzestreß in 
Anlagen zur Tierhaltung zwingend erforderlich. Es ist daher an der Zeit von traditionellen 
Bauten und Bauweisen abzuweichen und z. B. das Prinzip der evaporations-adiabatischen 
Kühlung für die Produktionsumgebung zu nutzen, eine Technik erhöhter Luftbewegung. 

Die Reduktion von Ammonikaemissionen aus Tierhaltungsanlagen in der Slowakei findet 
sich zur Zeit in einer speziellen Situation. Die derzeitige NH3-Produktion der gesamten Tier-
haltung beträgt ca. 2� kt, für große Agrarbetriebe betrug sie 1��� rund 20 kt. 

Prinzipiell ist eine direkte Reduktion technisch machbar, z. B. über Temperatur, Luft-
bewegung, Absorption an Luftwäschern, Biofilter, Kontrolle des pH-Werts, Kontrolle des 
Eiweißgehalts der Tiernahrung, verschiedene konstruktionelle Maßnahmen.
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1 Reduction of Heat Stress 

APKOCN JQWUKPI CPF DKQENKOCVQNQIKECN RTQEGUUGU CTG HWPEVKQPCNN[ FGRGPFGPV. TJGKT HWPEVKQPCN 
FGRGPFGPEG KU C U[UVGO�

Climatic EnXironment ä Animals ä Housing Conditions

ANN RTQEGUUGU CTG FGTKXGF HTQO RJ[UKQNQIKECN CPF RTQFWEVKQP QRVKOK\CVKQP QH OKETQENKOCVG 
RCTCOGVGTU CPF VJGKT GHHGEVKXGPGUU MGRV KP FKHHGTGPV ECNEWNCVKQPU KP ENKOCVKECN TGIKQPU. TJGUG 
ENKOCVKECN EQPFKVKQPU OWUV DG RWTRQUG OQFKHKGF.

TJGUG RTQEGUUGU CTG WPFGT GEQPQOKECN RTGUUWTG, QT CDKNKV[ QH HCTOGTU WUKPI KPXGUVOGPV 
OGCPU HQT OQFGTPKUCVKQP QH JQWUKPI U[UVGOU KP DWKNFKPI CPF VGEJPQNQIKECN GSWKROGPV HQT 
KORTQXKPI OKETQENKOCVG, CKT OQXKPI 
CKT URGGF� CPF TGEGKXKPI OKETQENKOCVKECN GPXKTQPOGPV 
YKVJ TGFWEGF JGCV UVTGUU EQPFKVKQPU. 

AV UVCPFCTF EQPFKVKQPU QH YGCVJGT KV KU PGEGUUCT[ VQ OQFKH[ KP EQPVKPGPVCN EQWTUG QH YGCVJGT 
VJG FKHHGTGPEGU KP CKT VGORGTCVWTG-KVU EJCPIG FWTKPI VJG [GCT 50ä60 K 
HTQO ä 20 ä25 uC 
ä 30 uC VQ 30 uC 
35 uC�. RGSWKTGOGPVU CTG EJCPIGF KH YG VCMG VJG DQTFGT UVCVG CPF KV KU  
ä 25 uC KP YKPVGT VQ 
30 uC QT 35 uC KP UWOOGT, YJCV KU RQUUKDN[ KPFKECVGF CU GZVTGOGN[ 
OKETQENKOCVKECN EQPFKVKQPU. 

FWTVJGT FGXKCVKQP KP EQWTUG QH YGCVJGT CTG KPETGCUKPI TGSWKTGOGPVU HQT OQFKHKECVKQP QH 
GZVTGOG OKETQENKOCVG, YJKEJ JCXG PGICVKXG KPHNWGPEG QP RJ[UKQNQIKECN HWPEVKQP QH CPKOCNU 
CPF VJGKT RTQFWEVKQP CPF RQUUKDKNKV[ QH VJG HCTO CPKOCNU VQ CFCRV HQT VJGUG EQPFKVKQPU QP 
JGCNVJ QT OQTVCNKV[ QH DTQKNGTU CPF UQ QP. 

TJQUG RTKPEKRNGU FGTKXGF HTQO VJGTOQPGWVTCNKV[ QH CPKOCNU CTG XCNKF KP UWOOGT CPF YKPVGT 
RGTKQFU, URGEKHKGF FKHHGTGPEGU CTG IKXGP CU  QRVKOCN \QPGU, YJKEJ OWUV DG MGRV KP GEQPQOKECN 
\QPGU D[ OGCPU QH DWKNFKPI CPF VGEJPQNQIKECN UQNWVKQPU. 

IH GZVTGOG EQWTUG QH YGCVJGT KU QXGT KP RGTOKV \QPGU QT NKOKVU TGFWEVKQPU CTG PGEGUUCT[ YKVJ 
PQV V[RKECN EQPFKVKQP YKVJ WPVTCFKVKQPCN GSWKROGPV 
HQT JKIJGT CKT OQXKPI ä CKT XGNQEKV[-CGTC-
VKQP XGPVKNCVKQP, CKT HQIIKPI EQQNKPI�.

2 Reduce the Heat Stress

PQUUKDKNKVKGU VQ TGFWEG VJG JGCV UVTGUU KP FKHHGTGPV VGEJPQNQIKECN CPF EQPUVTWEVKQP CU YGNN CU 
ENKOCVKE EQPFKVKQPU FGRGPF QP VJG EQWTUG QH QWVGT RCTCOGVGTU QH OKETQENKOCVG VJCV CTG OCTM-
GFN[ CHHGEVGF D[ VJG UVCTVKPI ENKOCVKE EJCPIG KP VJG NCUV HGY [GCTU. 

HGCX[ GZVTGOG XCTKCVKQPU QH CKT VGORGTCVWTG JCXG PGICVKXG KORCEV QP RTQFWEVKQP NGXGN, 
SWCNKV[ QH RTQFWEVKQP, UVCVG QH JGCNVJ. 

IP QWT EQPFKVKQPU CNUQ KU MPQYP OQTVCNKV[ OCKPN[ KP RQWNVT[ DTGGFKPI ä DTQKNGT EJKEMGPU, 
RCTVKEWNCTN[ VQYCTFU VJG GPF QH HCVVGPKPI KH JGCX[ VGORGTCVWTG GZVTGOG QEEWTU.
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3 Need of Cooling in Housing

TJGQTGVKECN PGGF QH EQQNKPI KP JQWUKPI QH CPKOCNU KU KP JQOQKQVJGTOU ECNNGF HQTVJ HQT TGC-
UQPU QH RTGXGPVKQP QH JGCV UVTGUU CPF KVU EQPUGSWGPEGU, UVCTVKPI HTQO VJG OGEJCPKUOU QH JGCV 
NKDGTCVKQP KP FKHHGTGPV JGCV-OQKUVWTG EQPFKVKQPU, CPF EQPUGSWGPEGU QH WPHKVVKPI EQPFKVKQPU CTG 
UJQYP, K.G. KH VJG TGFWEVKQP QH HGGF KPVCMG VCMGU RNCEG YKVJ TGUVTKEVKQP QH OGVCDQNKE JGCV. 

IV KU C XGT[ PGICVKXG TGCEVKQP HTQO VJG XKGYRQKPV QH GEQPQO[ CPF RTQFWEVKQP; RTQFWEVKQP 
KU TGFWEGF. 

TJG WRRGT ETKVKECN VGORGTCVWTG KU VJG DCUKU HQT UGVVNGOGPV QH CPKOCN PGGFU VJCV ECP DG PGYN[ 
FGHKPGF D[ THI.

BCUKE RTQEGUUGU CPF OGCPU QH EQQNKPI KP DWKNFKPIU HQT CPKOCNU ä DCTPU, KP QWT EQPFKVKQPU, 
CTG FGHKPGF.

4 TechniSue of Reduction

TGEJPQNQIKECN CPF EQPUVTWEVKQP CPCN[UKU QH U[UVGOU QH VJGTOCN NQCF TGFWEVKQP KP UVCDNGU KU C 
RCTV QH VJG YJQNG RTQEGUU VQ FGHKPG PGY XKGY QP VJG RTQDNGOU QH VJGTOCN NQCF TGFWEVKQP KP 
QWT ENKOCVKE EQPFKVKQPU. 

IPFKXKFWCN URGEKGU CPF ECVGIQTKGU QH CPKOCNU PGEGUUKVCVG FGVCKNGF CPCN[UKU QH KPFKXKFWCN 
CRRNKGF VGEJPKSWGU. 

OPG QH VJG RQVGPVKCN U[UVGOU KU VJG VGEJPKSWG QH TGFWEVKQP D[ KPETGCUGF CKT OQXGOGPV WR 
VQ 3 O.Uä1. RGRQTVGF XCNWGU YGTG OGCUWTGF KP C RCTV QH VJG GZRGTKOGPVCN DWKNFKPI. 

IV KU PGEGUUCT[ VQ TG-GXCNWCVG VJG FKURQUKVKQP CPF FGVCKNU HTQO VJG XKGYRQKPV QH GSWCDKNKV[ 
QH CKT OQXGOGPV KP VJG YJQNG TGSWKUKVG \QPG, QP QPG JCPF, CPF FKURQUKVKQP QH VJG WUGF VGEJ-
PKSWG CPF KVU VGEJPKECN RCTVU, QP VJG QVJGT, VQ RTQXKFG KPETGCUGF CKT OQXGOGPV.

5 Ammonia Emission in SloXak Animal Housing 

DGXGNQROGPV QH VJG UVCVG QH COOQPKC GOKUUKQP FGRGPFU FGEKUKXGN[ QP UVCHH QH HCTO CPKOCNU, 
YJKEJ YCU OQTG TGFWEGF HTQO 1990 VQ 1998, ECVVNG CDQWV 50 �, FCKT[ EQYU VQ 47 �, QVJGT 
ECVVNG VQ 52 �, CNN RKIU YGTG TGFWEGF D[ CDQWV 33 �, RQWNVT[ CDQWV 11 �. 

IP 1999 YCU VJG UCOG VGPFGPE[ YKVJ HWTVJGT TGFWEVKQP KP HCTO CPKOCNU. DCKT[ EQYU YGTG 
TGFWEGF D[ CDQWV 3.5 �, QVJGT ECVVNG D[ CDQWV 7.13 �; KP UQY YCU TGFWEVKQP D[ CDQWV 0.6 �, 
HCVVGPKPI RKIU YGTG TGFWEGF 2.1 �. IP JGPU YCU TGFWEVKQP D[ 6.8 �, KP DTQKNGTU D[ CDQWV 
6.45 �, RQWNVT[ VQIGVJGT D[ CDQWV 6.63 �. IP 1999 YCU FGENCTGF VJG FGETGCUKPI CPKOCN UVCHH 
QPN[ KP IQCV CPF UJGGR, VQIGVJGT D[ CDQWV 4.4 �. 

IP SNQXCMKC YCU UKIPKHKECPVN[ TGFWEGF VJG COOQPKC GOKUUKQP CDUQNWVGN[ CPF TGNCVKXGN[, VQQ, 
KH YG EQORCTG VJG TGHGTGPEGU [GCT 1990 YKVJ EQORCTGF [GCTU 1998 CPF 1999. 

IV KU EQORCTGF YKVJ UN-ECE UEGPCTKQ VQQ. IP 1990 YCU KP SK RTQFWEGF CDQWV 47 MV NH3

RGT [GCT. DWTKPI PGZV VKOG YG TGFWEGF VJG RTQFWEVKQP OCTMGFN[ VQ 27 MV NH3 KP 1998; KH KV 
YCU ECNEWNCVGF RTGEKUGN[-GPF UVCHH QH HCTO CPKOCNU YGTG COOQPKC GOKUUKQP QPN[ 25.7 MV NH3. 
IP UN-ECE UEGPCTKQ YCU RTQUETKDGF HQT SK 39 MV, TGCNKV[ KP SK YCU NQYGT D[ CDQWV 12 MV, QT 
CDQWV 13.3 MV RGT [GCT. 
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FTQO YJQNG COOQPKC DCNCPEG YCU 16.2 MV RTQFWEGF KP NCTIG UECNG HCTOU, EQPUKUVKPI QH C 
PWODGT QH RTQFWEVKQP EGPVTGU, KP EQ-QRGTCVKXGU QT QVJGT GEQPQOKECN HQTOU CV RTGUGPV 
RTKXCVG 
HQTO QH RTQFWEVKQP HCTOU GVE.�. IP [GCT 1999 YCU HQT CNN CPKOCN UVCHH KP SR 24.7 MV NH3; HTQO 
TGIKUVGTGF HCTO YCU GOKUUKQP KP VJKU [GCT QPN[ 20.7 MV NH3. DKHHGTGPEG CTG CV RTGUGPV 4 MV NH3

RGT [GCT. SRGEKHKE GOKUUKQP KP SK KU KP RTGUGPV VKOG HQT YJQNG CPKOCNU UVCHH 0.503 V NH3.MOä2, 
HTQO TGIKUVGTGF HCTO YCU QPN[ 0.422 V NH3.MOä2. 

IP TGHGTGPEG [GCT 1990 YCU URGEKHKE GOKUUKQP 0.959 V NH3.MOä2; KP HQNNCPF YCU KP VJKU VKOG 
URGEKHKE GOKUUKQP 7 V NH3.MOä2; TJG EJCPIG QH CPKOCN JQWUKPI U[UVGOU CPF OCPWTG VTGCVOGPV 
CPF VJGKT CRRNKECVKQP U[UVGO KU VJG YC[ YJKEJ IKXGU VJG RQUUKDKNKV[ VQ TGFWEG COOQPKC KP 
VTCPUHQTOGF CPKOCN RTQFWEVKQP KP VJG SNQXCM CITKEWNVWTG. 

TJKU RTQEGUU PGGFU OQTG KPXGUVOGPV OGCPU YJKEJ CTG RTQDCDN[ PQV RQUUKDNG TGEGKXKPI KP 
QWT CITKEWNVWTG CV RTGUGPV VKOG.

EOKUUKQP QH COOQPKC HTQO CPKOCN JWUDCPFT[ KP SK CTG UJQYP KP OCRU QH GOKUUKQPU KP FKU-
VTKEV CPF EQWPVKGU. TJG[ YGTG GNCDQTCVGF HQT CNN CPKOCN URGEKGU, CPF UGRCTCVGN[ HQT NCTIG-UECNG 
HCTOU VJCV CTG FGEKUKXG HQT VQVCN DCNCPEG QH GOKUUKQP KP SK 
OCR 1ä3� 

MCR 1
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MCR 2

MCR 3
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EXaluierung Xon numerischen Modellen zur Ermittlung Xon 
Emissionen aus landwirtschaftlichen Tierhaltungsanlagen
'XCNWCtion of nWmericCN modeNs for derterminCtion of emissions from 
CgricWNtWrCN CnimCN JWsDCndr[

EDUARD WENSAUER, STEFAN NESER, FRIEDHELM SCHNEIDER, ANDREAS GRONAUER

IPUVKVWV HÒT LCPFVGEJPKM, BCWYGUGP WPF UOYGNVVGEJPKM FGT BC[GTKUEJGP LCPFGUCPUVCNV HÒT LCPFYKTVUEJCHV, 
VÌVVKPIGT SVT. 36, D-85354 FTGKUKPI

SchlÒsselwÌrter� EXaluierung, numerische Simulation, SensitiXit·tsanal[se, RasterDegehung, austal2����g
-e[Yords� 'XCNWCtion� nWmericCN SimWNCtion� sensitiXit[ CnCN[sis� grid meCsWrement� CWstCN�����g

<WsCmmenfCssWng 

Durch die Umsetzung des im Anhang 3 der TA-Luft beschriebenen Partikelmodells gewinnt 
die numerische Simulation auch im landwirtschaftlichen Bereich an Bedeutung. 

Mit Hilfe einer Evaluierung soll geprüft werden, welche Anwendungsgrenzen und -ein-
schränkungen sich bei der Simulation von Emissionen aus landwirtschaftlichen Tierhaltungs-
anlagen ergeben. Dies geschieht anhand einer Sensitivitätsanalyse und Vorhersage-Validie-
rung. 

Neben umfangreichen Vergleichsrechnungen werden zudem Naturdaten in Form einer 
Rasterbegehung erhoben. 

Ziel der Untersuchung stellt die Aufdeckung von sensitiven Eingabe- und Randparame-
tern dar, um eine einheitliche und objektive Verwendung des Ausbreitungsprogramms aus-
tal2000-g im landwirtschaftlichen Bereich sicherzustellen.

SWmmCr[ 

Due to the implementation of the dispersion model described in the third appendix of the 
German Technical Instruction on Air Pollution Preventing (TA-Luft 2002) the numerical simu-
lation gains in importance in the agricultural sector. 

By means of a evaluation it should be tested, which limitations and restrictions occur 
whilst the application in the simulation of emissions from agricultural animal husbandry. 

Therefore a sensitivity analysis and a forecast validation are carried out. In addition to 
extensive comparison computations also a grid measurement is carried out to gain field-
data.

The intention of the project is to detect sensitive input and boundary parameters to ensure 
an uniform and objective application of the dispersion model austal2000-g in the agricultural 
sector.
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1 EinfÒhrung und ProDlemstellung

DKG APYGPFWPI XQP PWOGTKUEJGP SKOWNCVKQPGP DGK GGPGJOKIWPIUXGTHCJTGP XQP NCPFYKTV-
UEJCHVNKEJGP TKGTJCNVWPIUCPNCIGP IGYKPPV FWTEJ FKG NGWHCUUWPI FGT TA-LWHV 2002 WPF FKG 
UOUGV\WPI FGU KO APJCPI 3 DGUEJTKGDGPGP PCTVKMGNOQFGNNU CP BGFGWVWPI. 

IO VGTINGKEJ \W CWHY·PFKIGP WPF MQUVGPKPVGPUKXGP NCVWTOGUUWPIGP HÒJTV FKG APYGPFWPI 
FGU PCTVKMGNOQFGNNU CWUVCN2000-I KP VGTDKPFWPI OKV OGVGQTQNQIKUEJGP ZGKVTGKJGP OKV TGNCVKX 
IGTKPIGO AWHYCPF WPF YGPKIGP EKPICDGP \W ETIGDPKUUGP, FKG \WXQT PWT FWTEJ GKPG KQODK-
PCVKQP XQP MGUUWPIGP, RGEJPWPIGP WPF OGVGQTQNQIKUEJGO FCEJYKUUGP \W GTJCNVGP YCTGP. 

DKGUG VQTVGKNG FGT PWOGTKUEJGP SKOWNCVKQP DGTIGP CDGT HQNIGPFG GGHCJTGP�
 î ETIGDPKUUG YGTFGP ÒDGTDGYGTVGV
 î MQFGNNGKPUEJT·PMWPIGP YGTFGP PKEJV GTMCPPV
 î YGPKIG EKPICDGRCTCOGVGT XGTUVGNNGP FGP BNKEM CWH MQORNGZG ZWUCOOGPJ·PIG DGK AWU-

DTGKVWPIUXQTI·PIGP
 î WPMTKVKUEJG ÜDGTPCJOG XQP ETIGDPKUUGP
 î RKEJVKIMGKV FGT ETIGDPKUUG YKTF CWVQOCVKUEJ CPIGPQOOGP.

UO UQNEJG FGJNKPVGTRTGVCVKQPGP \W XGTOGKFGP, DGFCTH GU CP FCEJYKUUGP, YGNEJG APYGP-
FWPIUITGP\GP XQTNKGIGP, YGNEJG AURGMVG KP FGT BGTGEJPWPI PKEJV DGTÒEMUKEJVKIV YGTFGP WPF 
YGNEJG FGJNGT UKEJ CWU FGT PWOGTKUEJGP MGVJQFG GTIGDGP, FKG JKPVGT FGT CPYGPFGTHTGWPFNK-
EJGP BGFKGPGTQDGTHN·EJG KORNGOGPVKGTV YWTFG.

NCEJ BRITTER 
1994� \GKIV UKEJ FKG 3WCNKV·V GKPGU MQFGNNU CP KJTGT ëHKVPGUU HQT RWTRQUGé. 
EU IKDV FCJGT MGKPG IWVGP WPF UEJNGEJVGP MQFGNNG, UQPFGTP PWT UQNEJG, FKG HÒT GKPG SKVWCVKQP 
IGGKIPGV QFGT WPIGGKIPGV UKPF. ZWT ÜDGTRTÒHWPI FGT 3WCNKV·V FGU PTQITCOOU CWUVCN2000-I 
YKTF GKPG EXCNWKGTWPI, YKG UKG FGP YKUUGPUEJCHVNKEJGP 3WGNNGP DGUEJTKGDGP YKTF, FWTEJIG-
HÒJTV. SKG HKPFGV FCDGK WPVGT FGP RCJOGPDGFKPIWPIGP UVCVV, FKG DGK FGT APYGPFWPI KO NCPF-
YKTVUEJCHVNKEJGP UOHGNF \W GTYCTVGP UKPF.

NCEJ HANNA GV CN 
2003� KUV GU PKEJV OÌINKEJ, PWOGTKUEJG MQFGNNG WOHCUUGPF \W XCNKFKG-
TGP. DKGU NKGIV \WO GKPGP CP FGP WPGPFNKEJ XKGNGP APYGPFWPIUH·NNGP, \WO CPFGTGP CP FGP 
SEJYCPMWPIUDTGKVGP KP FGT NCVWT. DKGU HÒJTV \W GKPGT KQORNGZKV·V, FKG KP FGT SKOWNCVKQP 
PKEJV PCEJIGDKNFGV YGTFGP MCPP. DCJGT YGTFGP FKG ETIGDPKUUG KOOGT OKV UPUKEJGTJGKVGP 
XGTDWPFGP DNGKDGP. 

HANNA GV CN. 
2003� URTGEJGP UKEJ FCHÒT CWU, EKPICPIUXCTKCDNGP WPF RCPFRCTCOGVGT KP 
FKG BGYGTVWPI OKV GKP\WDG\KGJGP, FCOKV CWUIGUEJNQUUGP YGTFGP MCPP, FCUU TKEJVKIG WGTVG 
CWHITWPF HCNUEJGT APPCJOGP GT\KGNV YGTFGP 
ëTKIJV CPUYGT HQT YTQPI TGCUQPé, HANNA GV CN. 
2003 SGKVG 26�.

BKUJGT GZKUVKGTGP HÒT FKG LCPFYKTVUEJCHV WPF FGTGP V[RKUEJGP EOKUUKQPUUKVWCVKQPGP PQEJ 
MGKPG QFGT PWT WP\WTGKEJGPFG 3WCNKV·VUUVCPFCTFU DG\ÒINKEJ FGT PWOGTKUEJGP SKOWNCVKQP. 
DKGU GTUEJYGTV FKG VGTINGKEJDCTMGKV, TTCPURCTGP\ WPF BGYGTVWPI DKUJGTKIGT WPF \WMÒPHVKIGT 
ETIGDPKUUG URG\KGNN CWH FGT EDGPG FGT GGPGJOKIWPIUDGJÌTFGP.

2 Ziel

ZKGN FKGUGT UPVGTUWEJWPI KUV GU, GKPG EXCNWKGTWPI FWTEJ\WHÒJTGP, FKG CWH\GKIV, YGNEJG ETIGD-
PKUUEJYCPMWPIGP DGK FGT APYGPFWPI FGU TA-LWHV-MQFGNNU CWUVCN2000-I KO NCPFYKTVUEJCHV-
NKEJGP BGTGKEJ CWHVTGVGP MÌPPGP. DWTEJ FGP VGTINGKEJ FGT RGEJGPGTIGDPKUUG WPVGTGKPCPFGT 
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WPF OKV MGUUFCVGP CWU RCUVGTDGIGJWPIGP UQNNGP FKG VQTICDGP FGT TA-LWHV KP BG\WI CWH FKG 
SKOWNCVKQP CP FKG SKVWCVKQP KP FGT LCPFYKTVUEJCHV CPIGRCUUV YGTFGP.

ZWU·V\NKEJ UQNNGP 3WCNKV·VUUVCPFCTFU HÒT FKG VGTYGPFWPI XQP PWOGTKUEJGP MQFGNNGP KO 
RCJOGP FGT GGPGJOKIWPIURNCPWPI FGHKPKGTV YGTFGP. DWTEJ GKPG RÒEMMQRRNWPI YKTF \WFGO 
FKG VQTIGJGPUYGKUG IGRTÒHV WPF PQVYGPFKIG ÄPFGTWPIGP WPF ETYGKVGTWPIGP GKPIGDCWV.

3 Vorgehen

BGKO VQTIGJGP YKTF CWH FKG AWUHÒJTWPIGP XQP BORREGO GV CN. 
2003� \WTÒEMIGITKHHGP. ANU 
ÜDGTDGITKHH HÒT FKG BGYGTVWPI XQP 3WCNKV·V WPF EKIPWPI XQP PWOGTKUEJGP MQFGNNGP YKTF 
EXaluierung XGTYGPFGV. DKGUG WPVGTVGKNV UKEJ KP HÒPH SVWHGP�
 î VGTKHKMCVKQP,
 î VCNKFKGTWPI,
 î SGPUKVKXKV·VUCPCN[UG,
 î UPUKEJGTJGKVUCPCN[UG,
 î MQFGNN-VGTINGKEJG.

IO RCJOGP FKGUGT UPVGTUWEJWPI HKPFGP GKPG VCNKFKGTWPI WPF GKPG SGPUKVKXKV·VUCPCN[UG 
UVCVV. 

3�1 Validierung

NCEJ VDI 3788�BNCVV1 GTIGDGP UKEJ XKGT WPVGTUEJKGFNKEJG VCNKFKGTWPIUHQTOGP� 
 î VQTJGTUCIG-VCNKFKV·V,
 î KTKVGTKWOU-VCNKFKV·V,
 î IPJCNVU-VCNKFKV·V,
 î KQPUVTWMV-VCNKFKV·V.

IP FGT UPVGTUWEJWPI YWTFG FKG VQTJGTUCIG-VCNKFKGTWPI IGY·JNV. HKGTDGK JCPFGNV GU UKEJ 
WO FGP VGTINGKEJ XQP DGTGEJPGVGP DCVGP OKV MGUUFCVGP 
NCVWTFCVGP�WKPFMCPCN�. 

DCDGK UVGNNV FKG FGUVNGIWPI XQP IGGKIPGVGP KTKVGTKGP \WT BGYGTVWPI FGT MQFGNNKGTWPIUGT-
IGDPKUUG GKPGP YGUGPVNKEJGP PWPMV FCT. IP APNGJPWPI CP FKG DCTUVGNNWPI XQP BORREGO GV CN. 

2003� FKGPGP CNU KTKVGTKGP�
 î VQTJGTUCIGSWCNKV·V FGT OCZKOCNGP KQP\GPVTCVKQP,
 î VQTJGTUCIGSWCNKV·V FGT ÜDGTUEJTGKVWPIUJ·WHKIMGKVGP XQP GTGP\- WPF SEJYGNNGPYGT-

VGP,
 î VQTJGTUCIGSWCNKV·V XQP KQP\GPVTCVKQPUUEJYCPMWPIGP KP ZGKV WPF RCWO,
 î VGTINGKEJ XQP UKOWNKGTVGP OKV IGOGUUGPGP WGTVGP.

DCFWTEJ GPVUVGJGP \WO GKPGP APHQTFGTWPIGP CP FKG VCNKFKGTWPIUFCVGPU·V\G, \WO CPFGTGP 
GTIGDGP UKEJ UPUKEJGTJGKVGP, OKV FGPGP GKPG UQNEJG VCNKFKGTWPI XGTDWPFGP KUV. 

DCDGK UGV\V UKEJ FKG UPUKEJGTJGKV, OKV FGPGP MQFGNNGTIGDPKUUG DGJCHVGV, UKPF CWU HQNIGP-
FGP PCTCOGVGTP \WUCOOGP�
 î UPUKEJGTJGKVGP KP FGT MQFGNNRJ[UKM,
 î UPUKEJGTJGKVGP KO VGTINGKEJUFCVGPUCV\,
 î NWOGTKUEJG WPF UVCVKUVKUEJG UPUKEJGTJGKVGP.
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3�2 SensitiXit·tsanal[se 

DKGUGT SEJTKVV FGT EXCNWKGTWPI MN·TV KP BGVTCI, RKEJVWPI WPF ATV 
NKPGCT QFGT PKEJV-NKPGCT�, FGP 
EKPHNWUU XQP EKPICDGRCTCOGVGTP CWH FCU ETIGDPKU FGT SKOWNCVKQP. 

JACOB GV CN. 
1999� URTGEJGP UKEJ HÒT FKG DWTEJHÒJTWPI XQP SGPUKVKXKV·VUCPCN[UGP CWU, WO 
CPJCPF FGT ETIGDPKUUG HGUVUVGNNGP \W MÌPPGP, YGNEJGP EKPHNWUU XGTGKPHCEJVG APPCJOGP WPF 
XGTPCEJN·UUKIVG PCTCOGVGT CWH FCU SKOWNCVKQPUGTIGDPKU 
ÜDGT- QFGT UPVGTDGYGTVWPI� CWU-
ÒDGP.

DKG JKGT FWTEJIGHÒJTVG SGPUKVKXKV·VUCPCN[UG FGU PCEJ TA-LWHV CPGTMCPPVGP MQFGNNU CWU-
VCN2000-I INKGFGTV UKEJ KP FTGK PJCUGP. IP GKPGT GTUVGP PJCUG YGTFGP MQFGNNTCPFRCTCOGVGT WPF 
FGTGP EKPHNWUU CWH FCU SKOWNCVKQPUGTIGDPKU WPVGTUWEJV. IP FGT PJCUG II UVGJGP GGD·WFGGKPHNÒU-
UG KO VQTFGTITWPF. ADUEJNKG­GPF GTHQNIV KP FGT PJCUG III GKPG BGVTCEJVWPI FGT EOKUUKQPUTCPF-
RCTCOGVGT 
SKVWCVKQPUCDJ·PIKIMGKV WPF \GKVNKEJG VCTKCVKQP�. 

4 Material und Methode

4�1 SensitiXit·tsanal[se

IO RCJOGP FGT SGPUKVKXKV·VUCPCN[UG YGTFGP FKG SVQHHG SVCWD 
RO100�, AOOQPKCM WPF GGTWEJ 
WPVGTUWEJV. IP FGT PJCUG I YGTFGP FKG JQTK\QPVCNGP GKVVGTYGKVGP 
10 Z 10; 15 Z 15; 20 Z 20 
WPF 10 Z 20 Z 40 MGVGT�, FKG 3WGNNV[RGP 
PWPMV-, VQNWOGP-, FN·EJGP- WPF LKPKGPSWGNNG�, FKG 
RCWJKIMGKVUN·PIG 
\0� 0,1; 0,2 WPF 0,5� WPF FKG XGTVKMCNGP GKVVGTITÌ­GP XCTKKGTV. 

ADD. 2� VGTYGPFGVG WKPFTKEJVWPIUXGTVGKNWPI
Wind direction distribution

ADD. 1� LCIG FGT BGWTVGKNWPIURWPMVG
Positon of the evaluation points

ADDKNFWPI 1 IKDV GKPGP ÜDGTDNKEM ÒDGT FKG LCIG FGT BGWTVGKNWPIURWPMVG HÒT FKG AWUYGTVWPI 
FGT ETIGDPKUUG. ADDKNFWPI 2 \GKIV FKG FGP RGEJGPN·WHGP \WITWPFGIGNGIVG WKPFTKEJVWPIUXGT-
VGKNWPI.

DKG SGPUKVKXKV·VUCPCN[UG GTHQNIV OKV HKNHG GKPGU RGEJPGTRQQNU DGUVGJGPF CWU 25ä100 RGEJ-
PGTP. BKUJGT YWTFG OKV FGP CWUVCN2000-I-VGTUKQPGP 2.1.4, 2.1.5 WPF 2.1.6 
ÒDGTUGV\V OKV 
FGO GNU-C-CQORKNGT 3.2 HÒT WKPFQYU� IGTGEJPGV. UO FKG VGTINGKEJDCTMGKV FGT ETIGDPKUUG 
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UKEJGT\WUVGNNGP, YKTF IGRTÒHV, QD FKG CMVWGNNG VGTUKQP CPCNQIG ETIGDPKUUG \WT VQTI·PIGTXGT-
UKQP NKGHGTV. 

4�2 RasterDegehung

FÒT FKG VQTJGTUCIG-VCNKFKGTWPI YGTFGP FKG NCVWTFCVGP KP FQTO XQP RCUVGTDGIGJWPIGP PCEJ 
VDI 3940�1 CP GKPGO BWNNGPOCUVDGVTKGD 
AW­GPMNKOCUVCNN� KO LCPFMTGKU ETFKPI GTJQDGP. 
EU JCPFGNV UKEJ FCDGK WO GKPGP HTGKUVGJGPFGP AW­GPMNKOC-TTGVOKUVUVCNN 
L·PIG 60 O, BTGKVG 
20 O� OKV 3WGTNÒHVWPI WPF QHHGPGO FKTUV, FGT HÒT 180 MCUVDWNNGP MQP\KRKGTV KUV.

DGT BGIGJWPIURNCP WPF FKG LCIG FGT RCUVGTRWPMVG YWTFG CWH FKG XQTIGHWPFGPG VGIGVC-
VKQPUUVTWMVWT CDIGUVKOOV. DGT GTUVG TGKN FGT BGIGJWPI YWTFG \YKUEJGP FGT 31. KW WPF 45. 
KW FWTEJIGHÒJTV. EKPG YGKVGTG BGIGJWPI KUV HÒT FCU FTÒJLCJT 2005 IGRNCPV. 

DKG DCVGPGTHCUUWPI GTHQNIV CPJCPF FGT MF3 BGIGJWPIUUQHVYCTG FGT FKTOC ECOMA, FKG CWH 
JCPFGNUÒDNKEJGP PQEMGV-LQQZ600 FGT FKTOC FWLKVUW SKGOGPU DGVTKGDGP YKTF. DKG MCTMKGTWPI 
FGT 60 RCUVGTRWPMVG KO FGNF GTHQNIVG OKV HKNHG GKPGU GS5 FGT FKTOC LEICA. DKG GTÌ­G FGT 16 
RCUVGTHN·EJGP DGVT·IV 20 Z 20 MGVGT. 

DKG EKIPWPIUVGUVU FGT 16 PTQDCPFGP YWTFGP OKV HKNHG GKPGU TO8 FGT FKTOC ECOMA PCEJ 
DIN EN 13527 FWTEJIGHÒJTV.

W·JTGPF FGU BGIGJWPIU\GKVTCWOU YWTFGP CP OGJTGTGP TGTOKPGP GGTWEJURTQDGP CWU FGT 
SVCNNWPI GPVPQOOGP, FKG CPUEJNKG­GPF QNHCMVQOGVTKUEJ WPVGTUWEJV YWTFGP. 

ZWT MQPVKPWKGTNKEJGP ETHCUUWPI FGT AW­GPMNKOCRCTCOGVGT CWH FGO VGTUWEJUDGVTKGD YWTFG 
GKPG WGVVGTUVCVKQP 
FKTOC TJKGU, GÌVVKPIGP� IGO·­ VDI 3786 OKV WKPFIGUEJYKPFKIMGKVU-
IGDGT, WKPFTKEJVWPIUIGDGT, TJGTOQOGVGT, H[ITQOGVGT UQYKG P[TCPQOGVGT KPUVCNNKGTV. DGT 
MKVVGNWPIU\GKVTCWO HÒT WKPFIGUEJYKPFKIMGKV WPF WKPFTKEJVWPI WOHCUUV 10 MKPWVGP. 

5 ErgeDnisse

DC FKG PJCUG I FGT SGPUKVKXKV·VUCPCN[UG PQEJ PKEJV CDIGUEJNQUUGP KUV, MÌPPGP JKGT PQEJ MGKPG 
GPFIÒNVKIGP ETIGDPKUUG FCTIGUVGNNV YGTFGP. 

EU NCUUGP UKEJ CWU FGP DKUJGT XQTNKGIGPFGP VGTINGKEJUTGEJWPIGP HQNIGPFG TGPFGP\GP HÒT 
FGP GGTWEJ GTMGPPGP, FKG OKV YGKVGTGP RGEJGPN·WHGP CDIGUKEJGTV YGTFGP OÒUUGP.

DGT EKPHNWUU FGT IGVGUVGVGP PCTCOGVGT KUV KP FGT EKP\GNDGVTCEJVWPI \WO TGKN IGTKPI. DGP-
PQEJ VTGVGP KP FGT SWOOG CP FGP BGWTVGKNWPIURWPMVGP SEJYCPMWPIGP XQO 1,4 DKU 2,8-
HCEJGP CWH. AP FGP OGKUVGP BGWTVGKNWPIURWPMVGP NCIGP FKG SEJYCPMWPIGP KO SEJPKVV DGKO 
1,6 DKU 1,8-HCEJGP.

IP FGT PJCUG I GTUEJGKPGP FGT\GKV FKG PCTCOGVGT RCWJKIMGKVUN·PIG WPF 3WGNNV[R CNU FKG 
UGPUKVKXUVGP EKPHNWUUHCMVQTGP OKV FGO ITÌ­VGP EKPHNWUU CWH FCU SKOWNCVKQPUGTIGDPKU. DCDGK 
NKGHGTP FKG PWPMVSWGNNGP KO VGTINGKEJ \WT XGTVKMCNGP LKPKGPSWGNNG, FGT FN·EJGPSWGNNG WPF FGT 
VQNWOGPSWGNNG FKG IGTKPIUVG KQP\GPVTCVKQP, LGFQEJ PKOOV FGT UPVGTUEJKGF OKV UVGKIGPFGT 
RCWJKIMGKVUN·PIG CD. 

W·JTGPF DGK PWPMVSWGNNGP FKG ÜDGTUEJTGKVWPIUJ·WHKIMGKVGP OKV UVGKIGP FGT RCWJKIMGKVU-
N·PIG CPUVGKIGP, YGTFGP KO FGTPHGNF DGK FN·EJGP- WPF VQNWOGPSWGNNGP DGK ITÌ­GTGP RCWJKI-
MGKVUN·PIG CWEJ IGTKPIGTG KQP\GPVTCVKQP GTTGKEJV.
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EKP IGTKPIGT EKPHNWUU N·UUV UKEJ FGT\GKV DGK VCTKCVKQP FGT GKVVGTCDUV·PFG KP JQTK\QPVCNGT WPF 
XGTVKMCNGT RKEJVWPI GTMGPPGP.

EU \GKIV UKEJ \WFGO, FCUU FKG SEJYCPMWPIGP XQP FGT WKPFTKEJVWPIUXGTVGKNWPI WPF FGO 
ADUVCPF \WT 3WGNNG CDJ·PIGP.

DKG IORNGOGPVKGTWPI FGU PGWGP FKCIPQUVKUEJGP WKPFHGNFOQFGNNU 
VGTUKQP 2.1.5� NKGHGTVG 
DGK GTUVGP VGTINGKEJUTGEJPWPIGP OKV GGN·PFGGKPHNWUU PCJG\W KFGPVKUEJG ETIGDPKUUG. 

6 AusDlick

DKG GTUVGP ETIGDPKUUG NCUUGP DGTGKVU GTMGPPGP, FCUU \WO TGKN YGUGPVNKEJG UPVGTUEJKGFG KP 
ADJ·PIKIMGKV FGT EKPICDGRCTCOGVGT CWHVTGVGP. DCJGT GTUEJGKPV GU KP FGT ZWMWPHV WPCDN·UUKI, 
FKG AWUYCJN DGUQPFGTU UGPUKVKXGT PCTCOGVGT KP FGT AWUDTGKVWPIUTGEJPWPI CWUTGKEJGPF \W 
DGITÒPFGP. VGTGKPHCEJWPI WPF SVCPFCTFKUKGTWPIGP UKPF MTKVKUEJ \W RTÒHGP. 

ZWFGO OÒUUGP KO GGPGJOKIWPIUXGTHCJTGP U·OVNKEJG EKPICPIURCTCOGVGT WPF FGTGP HGT-
NGKVWPI QHHGP IGNGIV YGTFGP, WO GKPG GKPJGKVNKEJG WPF QDLGMVKXG VGTYGPFWPI FGU AWUDTGK-
VWPIURTQITCOOU CWUVCN2000-I KO NCPFYKTVUEJCHVNKEJGO BGTGKEJ UKEJGT\WUVGNNGP. 
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Elektronische Tiererkennungssysteme sind die Schlüsseltechnologie für die Automatisierung 
Einzeltier bezogener Prozesse in der Tierhaltung. Hierfür existieren die Standards ISO 11��� 
(Struktur des Codes) und ISO 11��� (technische Spezifikation der Systeme einschließlich 
Kommunikation). Aufgrund von Anforderungen aus EU-Ländern wurde die Codestruktur vor 
kurzem um je ein Feld für die Nachkennzeichnung bzw. landesspezifische Informationen 
erweitert (Amendment zu ISO 11���).

Künftige Transpondergenerationen weisen größere, wieder beschreibbare Speicher, inte-
grierte Sensoren, Antikollisions- und/oder Schutzmechanismen für unerlaubte Manipulation 
bzw. nicht statthaften Zugriff auf. Hierfür wird derzeit der Standard ISO 1�233 erarbeitet. 
Er gliedert sich in die drei Teile: Interface, Protokollstruktur und Applikation. Der derzeitige 
Stand dieser Standardisierung wird im Beitrag dargestellt und eigene eingebrachte Vorschläge 
werden erörtert.

SWmmCr[

Electronic animal identification systems are the key technology for the automation of single 
animal specific processes in animal husbandry. For this the standards ISO 11��� (structure 
of the code) and ISO 11��� (technical specification of the systems including communication) 
exist. Due to requirements from European Union countries the code structure was extended 
recently by one field each for the retagging of animals and for state-specific information 
(Amendment to ISO 11���). 

Future transponder generations exhibit read/write memory, integrated sensors, Anti-colli-
sion and/or protective mechanisms for bad manipulation and/or not permitted access. For this 
the standard ISO 1�233 is compiled at present. It is divided into the three parts: Interface, 
protocol structure and application. The present state of the work of this standardization proc-
ess and own brought in suggestions are discussed.
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1 EinfÒhrung

ENGMVTQPKUEJG TKGTGTMGPPWPIUU[UVGOG UKPF DGK FGT AWVQOCVKUKGTWPI KOOGT FCPP WPXGT\KEJV-
DCT YGPP GU FCTWO IGJV, GKPGO EKP\GNVKGT GKPG URG\KHKUEJG BGJCPFNWPI 
FWVVGT, WCUUGT, SQTVKG-
TWPI, WUY.� \WMQOOGP \W NCUUGP QFGT XQP KJO FKTGMV QFGT KPFKTGMV DCVGP \W GTHCUUGP. DGT\GKV 
YGTFGP KP FGP NCPFYKTVUEJCHVNKEJGP BGVTKGDGP PQEJ J·WHKI TTCPURQPFGT FGT GTUVGP GGPGTC-
VKQP, FKG CWU FKUMTGVGP BCWVGKNGP CWHIGDCWV UKPF GKPIGUGV\V. IOOGT OGJT FKTOGP JCDGP CDGT KP 
FGP HCNUDCPF-TTCPURQPFGTP OKVVNGTYGKNG ISO 11784�85 MQPHQTOG HCTFYCTG KPVGITKGTV. 

DGT HCNUDCPF-TTCPURQPFGT J·NV UKEJ UQ JCTVP·EMKI, YGKN GT 
 î CWHITWPF FGU JÌJGTGP PTGKUGU GKPGP JÌJGTGP UOUCV\ HÒT FKG FKTOGP UKEJGTUVGNNV. IO 

KNCTVGZV JGK­V FKGU, FKG FKTOGP JCDGP XQP UKEJ CWU ICT MGKP IPVGTGUUG FKG RTGKUYGTVGTGP 
OJT-TTCPURQPFGT CP\WDKGVGP WPF 

 î OJT-TTCPURQPFGT JCVVGP KP FGT VGTICPIGPJGKV WP\WTGKEJGPFG LGUGCDUV·PFG. 
DKG TCVUCEJG, FCUU OCPEJGT HGTUVGNNGT KP UGKPGO HCNUDCPF-TTCPURQPFGT \. B. PWT GKP 

32 OO NCPIGU GNCUKPLGMVCV KPVGITKGTV JCV CNNGKPG DGYGKUV UEJQP, FCUU UKG CWEJ YKUUGP, FCUU FKG 
LGUGCDUV·PFG XQP ISO-MQPHQTOGP TTCPURQPFGTP OKVVNGTYGKNG FGP APHQTFGTWPIGP FGT PTCZKU 
IGPÒIGP. EU GTHQTFGTV PKEJV FGUVQ VTQV\ DTWEM XQP SGKVGP FGT APYGPFGT CWH FKG HGTUVGNNGT, 
FCOKV FKGUG CWEJ FKG RTGKUYGTVGTG TGEJPQNQIKG CPDKGVGP. 

DKG DGKFGP SVCPFCTFU ISO 11784 WPF ISO 11785 UQTIGP FCHÒT, FCUU GKPGTUGKVU FGT GKPGO 
TKGT \WIGYKGUGPG CQFG YGNVYGKV GKPOCNKI KUV WPF CPFGTGTUGKVU OKV ISO-MQPHQTOGP LGUGIGT·-
VGP FKG TTCPURQPFGT CWEJ ÒDGTCNN IGNGUGP YGTFGP MÌPPGP. EU URKGNV HÒT FCU LGUGP RTKP\KRKGNN 
MGKPG RQNNG, QD FGT TTCPURQPFGT CW­GP 
\. B. CO OJT� QFGT KPPGP 
\. B. BQNWU, IPLGMVCV� CPIG-
DTCEJV YKTF. EKPG NGDGPUNCPIG KGPP\GKEJPWPI FGT TKGTG YWTFG OÌINKEJ. SGKV MWT\GO UKPF 
IGTKPIHÒIKIG MQFKHKMCVKQPGP DGKO SVCPFCTF ISO 11784 \W DGCEJVGP.

SGKV N·PIGTGT ZGKV UKPF CWEJ TTCPURQPFGT OKV DGUEJTGKDDCTGO SRGKEJGT QFGT KPVGITKGTVGP 
SGPUQTGP GTJ·NVNKEJ. DQEJ FKGUG S[UVGOG UKPF FGT\GKV PWT OKV FGP HKTOGPURG\KHKUEJGP LGUG-
IGT·VGP \W DGVTGKDGP. DCOKV CWEJ HÒT FKGUG WPF PQEJ NGKUVWPIUH·JKIGTG TTCPURQPFGT FGT JGT-
UVGNNGTWPCDJ·PIKIG BGVTKGD OÌINKEJ YKTF WPF FKGUG \WFGO \W FGPGP FGT GTUVGP GGPGTCVKQP 
MQORCVKDGN DNGKDGP, YKTF UGKV N·PIGTGO CP GKPGO SVCPFCTF HÒT UQ IGPCPPVG HQTVUEJTKVVNKEJG 

CFXCPEGF� TTCPURQPFGT 
ISO 14223� KP TC23�SC19�WG3 IGCTDGKVGV. DKG ATDGKVGP UKPF 
OKVVNGTYGKNG UQ YGKV HQTVIGUEJTKVVGP, FCUU FKG SVTWMVWT FGU PGWGP SVCPFCTFU MNCT \W GTMGPPGP 
KUV. DCOKV UKEJ FKG APYGPFGT OKV FGP MÌINKEJMGKVGP XGTVTCWV OCEJGP MÌPPGP, YGTFGP FKG 
GTWPFHWPMVKQPGP XQP ISO 14223 PCEJHQNIGPF DGUEJTKGDGP.

2 �nderung an ISO 11��4

ISO 11784 IKNV UGKV 15.05.1994 
GTUVG FCUUWPI� WPF JCV NGV\VGU JCJT PCEJHQNIGPF PQEJ P·JGT 
GTMN·TVG NWV\WPIU·PFGTWPI FWTEJ AOGPFOGPV 1 GTHCJTGP. DKG IGUCOVG CQFGUVTWMVWT XQP ISO 
11784 KUV GKPIGDGVVGV WPF GKPG GGUCOVUVTWMVWT, FKG ISO 11785 XQTIKDV. DGT\GKV IKNV FGT KP ADD. 
1 FCTIGUVGNNVG DCVGPTCJOGP HÒT FKG ÜDGTVTCIWPI FGU TKGTEQFGU \W GKPGO LGUGIGT·V. DGT TQV 
OCTMKGTVG BGTGKEJ \GKIV FKG ÄPFGTWPIGP FWTEJ AOGPFOGPV 1 CWH�
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ADD. 1� NGWG CQFG-
UVTWMVWT HÒT ISO 11784

 î DKG BKVU 2ä4 CWU FGO DKUJGT TGUGTXKGTVGP FGNF YGTFGP CNU Z·JNGT HÒT FKG AP\CJN FGT 
NCEJMGPP\GKEJPWPIGP IGPWV\V. BGK FGT ETUVMGPP\GKEJPWPI GPVJ·NV FGT Z·JNGT FGP 
WGTV 0. DCOKV MCPP FGT ëNCVKQPCNG IFGPVKHKECVKQPUEQFGé CWEJ DGK NCEJMGPP\GKEJPWP-
IGP WPXGT·PFGTV DNGKDGP, GU DNGKDV CDGT MQPVTQNNKGTDCT, YKG QHV GKP TKGT GKPGP TTCPURQP-
FGTYGEJUGN, CWU YGNEJGP GTÒPFGP CWEJ KOOGT, GTHCJTGP JCV.

 î DKG BKVU 5 DKU 9 UKPF HÒT N·PFGTURG\KHKUEJG APYGPFWPIGP TGUGTXKGTV. SKG FÒTHGP PWT 
DGPWV\V YGTFGP, YGPP KP FGP BKVU 17 DKU 26 FGT ISO-L·PFGTEQFG GKPIGVTCIGP KUV. 
IPPGTJCND FGT EU UQNNVGP FKGUG BKVU GKPJGKVNKEJ PCEJ PQEJ HGUV\WUEJTGKDGPFGP RGIGNP 
IGPWV\V YGTFGP, FQEJ FKGU KUV NGKFGT PKEJV KO SVCPFCTF HGUVIGUEJTKGDGP. DC LGFQEJ FKG 
ÄPFGTWPIGP FWTEJ FCU AOGPFOGPV CWH EU-WÒPUEJG \WT EKPHÒJTWPI GNGMVTQPKUEJGT 
KGPP\GKEJPWPIUU[UVGOG \WTÒEM IGJGP, UKPF FKG EU-SVCCVGP IWV DGTCVGP, FKGUG BKVU 
CWUUEJNKG­NKEJ PCEJ PQEJ \W FGHKPKGTGPFGP EU-RGIGNP \W PWV\GP.

 î WGTFGP DKG BKVU 5 DKU 9 PKEJV IGPWV\V UKPF UKG GDGPUQ YKG FKG BKVU FGU LGV\V XGTMÒT\VGP 
TGUGTXKGTVGP BGTGKEJGU 
10 DKU 14
15�� CWH ë0é \W UGV\GP.

EU KUV \W DGCEJVGP, FCUU FGT KP ADD.1 IGND OCTMKGTVG BGTGKEJ PQEJ PKEJV KO SVCPFCTF 11784 
FGHKPKGTV KUV, CDGT CD UQHQTV CNU MCTMKGTWPIUDKV HÒT GKPGP CFXCPEGF TTCPURQPFGT IGPWV\V YGT-
FGP UQNN. BGK FGT P·EJUVGP MQFKHKMCVKQP XQP ISO 11784 
\. B. DGKO RGTKQFKUEJGP RGXKGY� UQN-
NGP CNNG ÄPFGTWPIGP KP FGP SVCPFCTF CWHIGPQOOGP YGTFGP. MKV FGT NWV\WPI XQP BKV 15 HÒT 
CFXCPEGF TTCPURQPFGT WPF BKV 16 HÒT NWV\WPI FGU APJCPIU KUV GKPG GKPFGWVKIG, MQORCVKDNG 
ZWQTFPWPI IGY·JTNGKUVGV.

3 Der kÒnftige Standard ISO 14223

DGT PGWG KP BGCTDGKVWPI DGHKPFNKEJG PGWG ISO-SVCPFCTF YKTF HÒT TTCPURQPFGT GPVYKEMGNV, 
FKG PKEJV PWT FGO TKGT GKPG GKPFGWVKIG NWOOGT \WYGKUGP, UQPFGTP CWEJ CNU DCVGPURGKEJGT 
WPF�QFGT CNU MGUUYGTVGTHCUUWPIUU[UVGO PWV\DCT UKPF. DCTÒDGT JKPCWU DKGVGV GT MÌINKEJMGKVGP 
FGT KQOOWPKMCVKQP CWEJ YGPP OGJTGTG TTCPURQPFGT KO AMVKXKGTWPIUHGNF UKPF 
APVKMQNNK-
UKQPUOGEJCPKUOWU� UQYKG FWPMVKQPGP XQT VGT·PFGTWPIGP UEJÒV\GPUYGTVGT IPJCNVG WPF DKGVGV 
MÌINKEJMGKVGP \WT ZWITKHHUTGIGNWPI.

3�1 AufDau und RrinziRielle Funktionsweise

DCU ZWUCOOGPYKTMGP XQP LGUGIGT·V WPF TTCPURQPFGT OKV FGT APYGPFWPI UQYKG FKG ZWQTF-
PWPI FGT SVCPFCTFU \W FGP GGT·VGP D\Y. FGT ARRNKMCVKQP UKPF KP ADD. 2 FCTIGUVGNNV. DGT 
CFXCPEGF TTCPURQPFGT DNGKDV PCEJ YKG XQT RCUUKX WPF DGPÌVKIV MGKPGP MKMTQMQPVTQNNGT. DCHÒT 
YKTF FCU LGUGIGT·V GVYCU NGKUVWPIUH·JKIGT. EU OWUU FKG UOUGV\WPI FGT APHQTFGTWPIGP FGT 
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APYGPFWPI \WT KQOOWPKMCVKQP \WO TTCPURQPFGT DGYGTMUVGNNKIGP. BG\KGJV OCP FGP PGWGP 
ISO-SVCPFCTF HÒT FKG VGTPGV\WPI XQP CQORWVGTU[UVGOGP KP FGT LCPFYKTVUEJCHV OKV GKP, JCV 
FCU LGUGIGT·V FKG FWPMVKQPCNKV·V XQP \YGK SVCPFCTFU ISO 14223 WPF ISO 17532 \W GTHÒNNGP. 
EU YKTF CWUFTÒEMNKEJ FCTCWH JKPIGYKGUGP, FCUU ISO 14223 PWT NQIKUEJG FWPMVKQPCNKV·VGP HÒT 
FCU LGUGIGT·V HGUVNGIV. 

ADD. 2� ZWUCOOGPCTDGKV 
XQP LGUGIGT·V WPF TTCPU-
RQPFGT OKV FGT APYGPFWPI 
UQYKG ZWQTFPWPI TGNGXCP-
VGT ISO-SVCPFCTFU

3�2 Das Interface Leseger·t�TransRonder 
ISO 14223 Teil 1�

IP ADD. 3 KUV FGT \GKVNKEJG ADNCWH DGK FGT KQOOWPKMCVKQP PCEJ FGO DKUJGTKIGP SVCPFCTF 
ISO-
11785-MQFG� WPF PCEJ FGO PGWGP SVCPFCTF 14223 FCTIGUVGNNV. ANNG TTCPURQPFGT XGTJCNVGP 
UKEJ, YGPP UKG GTUVOCNKI CMVKXKGTV YGTFGP, YKG SVCPFCTF ISO-11785-TTCPURQPFGT. DCU JGK­V, 
\WP·EJUV YKTF YKG DKUJGT FGT ISO-11785-CQFG IGNGUGP WPF FCOKV FKG TKGTPWOOGT GTOKVVGNV. 

ADD. 3� ZGKVXGTJCNVGP 
FGT TTCPURQPFGT KP FGP 
XGTUEJKGFGPGP BGVTKGDU-
OQFK

DC CFXCPEGF TTCPURQPFGT BKV 15 CWH ë1é IGUGV\V JCDGP, MCPP DGTGKVU DGK FGT GTUVGP LGUWPI 
HGUVIGUVGNNV YGTFGP, QD FGT IGNGUGPG TTCPURQPFGT PGWGP T[RU 
CFXCPEGF� KUV. IUV FKGU FGT 
FCNN, YKTF HÒT OKPFGUVGPU 5 OU FKG AMVKXKGTWPIUHTGSWGP\ CDIGUEJCNVGV WPF GTPGWV CMVKXKGTV. 
AD FKGUGO ZGKVRWPMV YKTF HÒT FGP AXCPEGF MQFG HÒT FDX- D\Y. HDX-ADV TTCPURQPFGT 
WPVGTUEJKGFNKEJ XGTHCJTGP. BGK FDX-ADV YKTF PCEJ GKPGT MWT\GP VGT\ÌIGTWPI UQHQTV KP FGP 
AFXCPFEGF MQFG IGUEJCNVGV. DKGU IGUEJKGJV FWTEJ GKP URG\KGNNGU UOUEJCNVMQOOCPFQ QFGT 
GKPHCEJ FWTEJ FCU URG\KGNN EQFKGTVG SOH CO BGIKPP FGU KQOOWPKMCVKQPUTCJOGP 
U. ADD. 
4�. DGT PCEJHQNIGPFG IPJCNV FGU KQOOCPFQU IKDV FGO TTCPURQPFGT GKPGP AWHVTCI. DKGUGP 
CTDGKVGV FGT TTCPURQPFGT CD WPF UEJKEMV FKG IGHQTFGTVG IPHQTOCVKQP \WO LGUGIGT·V. W·JTGPF 
FGT IGUCOVGP KQOOWPKMCVKQP KO AFXCPEGF MQFG DNGKDV FCU FGNF CMVKX WPF YKTF GPVYGFGT 
XQO LGUGIGT·V 
DQYPNKPM� QFGT XQO TTCPURQPFGT
URNKPM� OQFWNKGTV. MGJTGTG AWHVT·IG 
MÌPPGP WPOKVVGNDCT JKPVGTGKPCPFGT CDIGCTDGKVGV YGTFGP. DGT HDX-ADV TTCPURQPFGT DGPÌ-
VKI \WP·EJUV GKPG LCFG\GKV. W·JTGPF FKGUGT ZGKV MCPP FGT LGUGT DGTGKVU HGUVUVGNNGP QD GKP 
FDX-TTCPURQPFGT KO FGNF KUV. IUV FCU PKEJV FGT FCNN MCPP LGFGT\GKV KP FGP AFXCPEGF MQFG 
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IGUEJCNVGV YGTFGP. DC\W YKTF PCEJ FGT LCFG\GKV FCU AMVKXKGTWPIUHGNF OKV FGO IGYÒPUEJVGP 
KQOOCPFQ OQFWNKGTV. NCEJ FGO KQOOCPFQ YKTF FKG AMVKXKGTWPIUHTGSWGP\ CDIGUEJCNVGV 
WPF FKG TTCPURQPFGTCPVYQTV CDIGYCTVGV. DKGUGT VQTICPI MCPP UKEJ DGNKGDKI QHV YKGFGTJQNGP. 
DGT AFXCPEGF MQFG YKTF XGTNCUUGP, YGPP FGT TTCPURQPFGT FCU AMVKXKGTWPIUHGNF XGTN·UUV QFGT 
HÒT OKPFGUVGPU 5 OU CWU FGO AMVKXKGTWPIUHGNF CDIGUEJCNVGV DNGKDV.

3�3 Die Protokollstruktur 
ISO 14223 Teil 2�

DKG KQOOWPKMCVKQPUUVTWMVWT HÒT FGP PGWGP SVCPFCTF KUV YGKVIGJGPF CP ISO 1800-2 CPIGNGJPV. 
DCOKV YKTF GU OÌINKEJ, INGKEJG HCTFYCTG HÒT MQOOGT\KGNNG APYGPFWPIGP YKG CWEJ HÒT FKG 
TKGTGTMGPPWPI \W XGTYGPFGP, YCU KQUVGPXQTVGKNG XGTURTKEJV. JGFGT DCVGPTCJOGP UQYQJN HÒT 
DQYP- CNU CWEJ HÒT URNKPM DGIKPPV OKV SOH WPF EOF, ADD. 4. BGKFGU UKPF URG\KGNN EQFKGTVG 
BKV-KQODKPCVKQPGP. ANNG ÜDGTVTCIWPIGP UKPF FWTEJ GKPGP 16 BKV NCPIGP CRC IGUKEJGTV. ANU 
KQOOCPFQU UVGJGP SEJTGKD-�LGUG-, KQPHKIWTKGTWPIU-, SEJTGKDUEJWV\- WPF ZWITKHHUDGHGJNG \WT 
VGTHÒIWPI. AWEJ MÌPPGP S[UVGOKPHQTOCVKQPGP CDIGTWHGP WPF IGUGV\V YGTFGP. EKPG PGWG 
EKIGPUEJCHV KUV FKG KQOOWPKMCVKQP DGK KQNNKUKQP. VQP GKPGT KQNNKUKQP URTKEJV OCP, YGPP UKEJ 
\YGK QFGT OGJTGTG INGKEJ\GKVKI KO FGNF DGHKPFNKEJG TTCPURQPFGT UVÌTGP. NCEJ FGO PGWGP 
SVCPFCTF OWUU FCU LGUGIGT·V KQNNKUKQPGP GTMGPPGP MÌPPGP. IUV GKPG UQNEJG XQTJCPFGP, MCPP 
KP GKPGP URG\KGNNGP MQFG IGUEJCNVGV YGTFGP WPF FCDGK LGFGT KO FGNF DGHKPFNKEJG TTCPURQPFGT 
IGNGUGP YGTFGP. DKGU MCPP GKPG YGTVXQNNG HKNHG UGKP, YGPP OGJTGTG PCJG \WUCOOGPUVGJGPFG 
TKGTG GTMCPPV YGTFGP UQNNGP.

ADD. 4� VQTIGUGJGPGT 
KQOOWPKMCVKQPUTCJOGP 
DGK ISO 14223 TGKN 2

3�4 Die Anwendungen 
ISO 14223 Teil 3�

DKG AWUCTDGKVWPI XQP TGKN 3 KUV PQEJ PKEJV UGJT YGKV HQTVIGUEJTKVVGP, UQ FCUU PCEJHQNIGPF PWT 
FGT FGT\GKVKIG DKUMWUUKQPUVCPF XQTIGUVGNNV YGTFGP MCPP. MCP UVTGDV \WP·EJUV CP, FCUU LGFG 
KO TTCPURQPFGT IGURGKEJGTVG IPHQTOCVKQP 
CNU IVGO QFGT EPVKV·V� \WP·EJUV KP GKPGT DCVGPDCPM 
IGO·­ D\Y. KP APNGJPWPI CP ISO 11788 IGURGKEJGTV YGTFGP UQNN. DKGUG DCVGPDCPM UQNN YGNV-
YGKV XGTHÒIDCT WPF ÒDGT FCU IPVGTPGV LGFGT\GKV \WI·PINKEJ UGKP; FKG EKPTKEJVWPI GKPGT GKIGPGP 
ATDGKVUITWRRG HÒT GKPG IGOGKPUCOG DCVGPDCPM HÒT WG1 DKU WG3 YWTFG CWH FGT NGV\VGP SC 
19-SKV\WPI XQTIGUEJNCIGP WPF UQNN TGCNKUKGTV YGTFGP. IP FKGUGT DCVGPDCPM YKTF LGFGO ODLGMV 
GKPG ETMGPPWPIUPWOOGT 
ODLGMVKFGPVKHK\KGTGT =OID?� \WIGQTFPGV. KGPPV OCP FKG OID, MCPP 
OCP CWU FGT DCVGPDCPM BG\GKEJPWPI, FQTOCVKGTWPI WPF GKPKIGU OGJT GTHCJTGP. FÒT J·WHKI 
DGPWV\VG IPHQTOCVKQPGP UQNN UQICT FGT SRGKEJGTRNCV\ KO TTCPURQPFGT CWU FGT DCVGPDCPM JGT-
XQTIGJGP. DGT TTCPURQPFGTURGKEJGT KUV KP GKPGP S[UVGO- WPF NWV\GTDGTGKEJ WPVGTVGKNV WPF 
GPVJ·NV KOOGT FKG DCVGP HÒT ISO 11785 KP HGUV XGTGKPDCTVGP SRGKEJGTDNÌEMGP, ADD. 5. WKG OKV 
FGP SGPUQTFCVGP KO TTCPURQPFGT XGTHCJTGP YKTF, KUV DKUJGT PQEJ QHHGP. DGT AWVQT GORHKGJNV 
GKPG UGSWGPVKGNNG ADNCIG OKV GKIGPGO VGT\GKEJPKU. IVGOU D\Y. EPVKV·VGP, DGK FGPGP GKPG J·W-
HKIG ADHTCIG \W GTYCTVGP KUV, UQNNGP PCEJ FGT\GKVKIGO DKUMWUUKQPUUVCPF CWH HGUVGP AFTGUUGP 
WPF FCOKV FKTGMV CFTGUUKGTDCT CDIGHTCIV YGTFGP MÌPPGP. NKEJV UQ QHV DGPÌVKIVG IPHQTOCVKQPGP 
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UQNNGP FCIGIGP UGSWGPVKGNN ä ·JPNKEJ FGT ADNCIG CWH GKPGT DKUMGVVG ä KO TTCPURQPFGT CDIG-
NGIV YGTFGP. DCOKV FKGUG IPHQTOCVKQP YKGFGT CWUIGNGUGP YGTFGP MCPP WPF FGT TTCPURQPFGT 
VTQV\FGO MGKPG GKIGPG ëIPVGNNKIGP\é DGPÌVKIV, OWUU FCU LGUGIGT·V UQ NCPIG FCU VGT\GKEJPKU 
CWUNGUGP, DKU GU FKG IGYÒPUEJVG OID OKV \WIGJÌTKIGT SRGKEJGTCFTGUUG IGHWPFGP JCV. 

ADD. 5� EORHQJNGPG 
SRGKEJGTDGNGIWPI WPF 
VGTYCNVWPI KP AFXCPEGF 
TTCPURQPFGTP

DGT ZWITKHH CWH FKG IPHQTOCVKQP MCPP FCPP OKV FKTGMVGT AFTGUUKGTWPI GTHQNIGP. DKGUG ATV FGT 
SRGKEJGTWPI XGTOGKFGV GKP AWHDN·JGP FGU SRGKEJGTXQNWOGPU WPF IGY·JTNGKUVGV GKPG MQOHQT-
VCDNG KQOOWPKMCVKQP, YGPPINGKEJ FKG ADHTCIG\GKV CWHITWPF FGT DGPÌVKIVGP ZGKV HÒT FCU LGUGP 
CWU FGO VGT\GKEJPKU N·PIGT YKTF.

3�5 AusDlick

MKV FGP ETI·P\WPIGP \W ISO 11784 WPF FGO PGWGP KP ATDGKV DGHKPFNKEJGP SVCPFCTF 14223 
YGTFGP PGWG APYGPFWPIUHGNFGT HÒT GNGMVTQPKUEJG ETMGPPWPIUU[UVGOG GTUEJNQUUGP. ODYQJN 
PQEJ XKGNGU WPUKEJGT KUV, MCPP FGT APYGPFGT CPJCPF FGT FCTIGNGIVGP GTWPFUVTWMVWTGP GTMGP-
PGP YKG XKGNH·NVKI FGT PGWG SVCPFCTF IGPWV\V YGTFGP MCPP. NQEJ YKTF GU \YGK DKU FTGK JCJTG 
FCWGTP DKU CNNG TGKNG XGTÌHHGPVNKEJV UKPF. APJCPF FGT IGIGDGPGP VQTCDKPHQTOCVKQP MÌPPGP 
RCTCNNGN \WT SVCPFCTFGPVYKEMNWPI ARRNKMCVKQPUGPVYKEMNWPIGP CPIGICPIGP YGTFGP.

4 Literatur

ARTMANN, R. 
2004�� RGEQOOGPFCVKQPU HQT DCVC MCPCIGOGPV 
ISO 14223 PCTV 3�. 
DQE TWG�N306.

CHARTIER, P. 
EF.� 
2003�� ISO�IEC WD 15962 RFID HQT KVGO OCPCIGOGPV - DCVC RTQVQEQN� 
FCVC GPEQFKPI TWNGU CPF NQIKECN OGOQT[ HWPEVKQPU. JTC 1�SC31�WG4 N0713.

ISO 11784 
1996�� RCFKQ FTGSWGPE[ IFGPVKHKECVKQP 
RFID� QH APKOCNU ä CQFG UVTWEVWTG.

ISO 11784 AMD1 
2004�� RCFKQ FTGSWGPE[ IFGPVKHKECVKQP 
RFID� QH APKOCNU ä CQFG UVTWEVWTG; 
AMENDMENT 1.

ISO 11785 
1996� RCFKQ-HTGSWGPE[ KFGPVKHKECVKQP QH CPKOCNU ä TGEJPKECN EQPEGRV.

ISO 14223-1 RCFKQ FTGSWGPE[ IFGPVKHKECVKQP QH CPKOCNU ä AFXCPEGF TTCPURQPFGTU ä PCTV 1� 
AKT IPVGTHCEG.

ISO�WD 14223�2 RCFKQ FTGSWGPE[ IFGPVKHKECVKQP QH CPKOCNU ä AFXCPEGF TTCPURQPFGTU ä PCTV 2� 
CQFG CPF CQOOCPF UVTWEVWTG.

ISO 18000-2 
2004� RCFKQ HTGSWGPE[ KFGPVKHKECVKQP HQT KVGO OCPCIGOGPV; PCTV 2� AKT KPVGTHCEG 
EQOOWPKECVKQPU DGNQY 135 MH\.
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Elektronische Tierkennzeichnung Xon Rindern ä Praktische Anwen�
dungsDereiche Xon „moDile ComRuting�LÌsungen“ als Management� 
und Informationshilfen in der landwirtschaftlichen Tierhaltung
'Nectronic tCgging of cCttNe ä prCcticCN Wse of émoDiNe compWting 
soNWtionsê for compreJensiXe mCnCgement informCtion s[stems in 
CnimCN CgricWNtWre processing

JOHANNES BRINKMANN, DIRK ALBERS

VGTGKPKIVG IPHQTOCVKQPUU[UVGOG TKGTJCNVWPI Y. V., HGKFGYGI 1, D-27283 VGTFGP 
ANNGT�

SchlÒsselwÌrter� Datenmanagement, Elektronische Tierkennzeichnung, Informationsmanagement, 
MoDilfunktechnologie, moDile comRuting, RFID, :ML
-e[Yords� &CtC mCnCgement� eNectronic tCgging� +nformCtion mCnCgement� moDiNe compWting� 4(+&� :/.

<WsCmmenfCssWng

Elektronische Verfahren der Tierkennzeichnung und -identifizierung sowie der Aufbau von 
umfassenden Managementinformationssystemen (Datenverbund- und Expertensysteme) 
unter standardisierten Bedingungen, können einen erheblichen Beitrag dazu leisten Ratio-
nalisierungsreserven in der Landwirtschaft zu nutzen. Darüber hinaus lassen sich die gesell-
schaftspolitischen Forderungen hinsichtlich einer artgerechten Tierhaltung und einer hohen 
Qualität der erzeugten Nahrungsmittel – einschließlich der Dokumentation – bei gleichzeitig 
schonenderer Nutzung von Umweltressourcen effizienter erfüllen. Das vorgestellte System 
„ITEK-Rind“ verdeutlicht eine Anwendung im inner- wie im überbetrieblichen Daten- und 
Informationsmanagement. Weiterentwicklungen in den Bereichen der RFID (Radio Frequen-
cy Identification) und moderner leistungsfähiger Datentransfermöglichkeiten (WLAN) werden 
zukünftig die mobile Datenkommunikation fördern und zunehmend im Themenumfeld Pro-
duktrückverfolgbarkeit und elektronischer Dokumentation Anwendung finden.

SWmmCr[

Electronic procedures of animal marking and identification as well as the construction of 
comprehensive management information systems (data-network- and expert-systems) under 
standardized conditions, can achieve a considerable contribution to using rationalization 
reserves in agriculture processing. Socio-political demands can be fulfilled more efficiently 
with regard to an adapted animal keeping and a high quality of food production – including 
documentation – at simultaneously milder use of environmental resources. The introduced 
system “ITEK” presents an application in farm internal and farm-wide data management.
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1 Einleitung

NGICVKXUEJNCI\GKNGP ÒDGT NCPFYKTVUEJCHVNKEJG PTQFWMVG UQYKG XGTDTCWEJGTRQNKVKUEJG FQT-
FGTWPIGP JKPUKEJVNKEJ FGT NCEJXQNN\KGJDCTMGKV NCPFYKTVUEJCHVNKEJGT PTQFWMVKQP 
IN·UGTPG 
PTQFWMVKQP�DQMWOGPVCVKQP�TTCPURCTGP\� JCDGP PGDGP FGP CITCTRQNKVKUEJGP RCJOGPDGFKP-
IWPIGP 
GAP-FN·EJG WPF GAP-TKGT� KP FGT VGTICPIGPJGKV \W GKPGT VKGN\CJN XQP HTGKYKNNKIGP 
VGTGKPDCTWPIGP WPF IGUGV\NKEJGP VQTICDGP IGHÒJTV. DKGUG DGFGWVGP UQYQJN HÒT FGP LCPFYKTV 
YKG CWEJ HÒT CPFGTG TGKNPGJOGT KP FGT PTQFWMVKQPU- WPF VGTOCTMVWPIUMGVVG GKPGP JQJGP 
MGJTCWHYCPF KO BGTGKEJ FGU DGVTKGDNKEJGP WPF ÒDGTDGVTKGDNKEJGP DCVGPOCPCIGOGPVU. 
DCDGK YCEJUGP FKG APHQTFGTWPIGP CP FKG 3WCNKV·V FGU DCVGPOCPCIGOGPVU CWH CNNGP EDGPGP 
UVGVKI CP. ZWU·V\NKEJ \W FGP DGVTKGDUYKTVUEJCHVNKEJ YKEJVKIGP KGPP\CJNGP OÒUUVGP XQTPGJO-
NKEJ DCVGP ÒDGT FKG EKPJCNVWPI GKPGT QTFPWPIUIGO·­GP, WOYGNVXGTVT·INKEJGP WPF PCEJJCNVK-
IGP LCPFDGYKTVUEJCHVWPI, ÒDGT CTVIGTGEJVG VGTUQTIWPI WPF HCNVWPI FGT TKGTG UQYKG HÒT FKG 
SKEJGTWPI FGT PTQFWMVSWCNKV·V DGTGKVIGUVGNNV YGTFGP. DKGUGU IGJV GKPJGT OKV GTJÌJVGP PTÒH-
HTGSWGP\GP XQP CFOKPKUVTCVKXGP WPF RTKXCVTGEJVNKEJGP KQPVTQNNKPUVCP\GP WPF GKPGO GTJÌJVGP 
VGTYCNVWPIUCWHYCPF KP NCPFYKTVUEJCHVNKEJGP OTICPKUCVKQPGP WPF BGJÌTFGP.

DKG VKGN\CJN CP RQNKVKUEJGP FQTFGTWPIGP, HTGKYKNNKIGP VGTGKPDCTWPIGP WPF IGUGV\NKEJGP 
RGIGNWPIGP JCDGP KP XKGNGP BGTGKEJGP \W UQI. TGKN- QFGT IPUGNNÌUWPIGP FGU DGVTKGDNKEJGP WPF 
ÒDGTDGVTKGDNKEJGP DCVGPOCPCIGOGPVU IGHÒJTV. DKGUG HWPMVKQPKGTGP VGKNU OCPWGNN, VGKNU GNGM-
VTQPKUEJ, YQDGK FKG SKEJGTJGKV, F. J. FKG VQNNUV·PFKI- WPF RKEJVKIMGKV FGT DCVGPGTJGDWPI, FGU 
-VTCPUHGTU, FGT DCVGPDGCTDGKVWPI WPF -CTEJKXKGTWPI GDGPUQ YKG FKG KQOOWPKMCVKQP \YKUEJGP 
FGP IPUGNNÌUWPIGP PKEJV QFGT PKEJV KOOGT IGIGDGP KUV.

2 Anforderungen an ein ÒDergreifendes Informationsmanagements[stem

IPHQTOCVKQPUOCPCIGOGPVU[UVGOG QFGT CWEJ DCVGPXGTDWPFU[UVGOG DCUKGTGP K. F. R. KP FGT 
JGWVKIGP IT-WGNV CWH UGJT JGVGTQIGPG HCTF- WPF SQHVYCTGMQORQPGPVGP. SQNNGP FKG WGNVGP 
FGT WPVGTUEJKGFNKEJGP PNCVVHQTOGP 
WKPFQYU, UPKZ, MCKP-FTCOG GVE.�, DCVGPDCPMGP 
OTCENG, 
AFCDCU, M[S3L, IPHQTOKZ GVE.� WPF ÜDGTVTCIWPIUOÌINKEJMGKVGP 
IPVGTPGV, MQDKNHWPM, WLAN� 
KP EKPMNCPI IGDTCEJV YGTFGP, WO FG\GPVTCNKUKGTVG DCVGP HÒT GKP GHHGMVKXGU MCPCIGOGPVU[U-
VGO \WUCOOGP\WHÒJTGP, YKTF FKGUGU KP XKGNGP F·NNGP OKV RTQRTKGV·TGP LÌUWPIGP TGCNKUKGTV, 
FKG KOOGT PWT OGJT QFGT YGPKIGT WOHCPITGKEJG TGKNDGTGKEJG KO KPVGTQRGTCVKXGP UOICPI 
CDFGEMGP MÌPPGP.

DCU PTQLGMV ITEK-RKPF 
IPHQTOCVKQPUU[UVGO RKPF� XGTHQNIV PGDGP FGT BGTGKVUVGNNWPI XQP 
CIITGIKGTVGP DCVGP HÒT MCPCIGOGPV\YGEMG KO TKGTDGTGKEJ, GDGPUQ LÌUWPIUCPU·V\G \WT 
RGCNKUKGTWPI XQP IPVGTQRGTCDKNKV·V, KQJ·TGP\ WPF FNGZKDKNKV·V DGK FGT APRCUUWPI XQP SQHVYCTG-
U[UVGOGP CP\WDKGVGP 
BODMER WPF HORVÁTH 2002�.

Interoperabilität: ITEK-RKPF MCPP CNU ëQHHGPGé S[UVGONÌUWPI GKPIGUVWHV YGTFGP. ÜDGT GKPG 
GPVURTGEJGPFG MKFFNGYCTG-PNCVVHQTO MCPP GKPG XÌNNKI RNCVVHQTO- 
MCKP-FTCOG, JGTMÌOONKEJG 
SGTXGTU[UVGOG� WPF FCVGPDCPM WPCDJ·PIKIG 
\. B. AFCDCU, OTCENG GVE.� KQOOWPKMCVKQP TGC-
NKUKGTV YGTFGP.

Kohärenz und Flexibilität: BGK FGT MQPXGPVKQPGNNGP SRGKEJGTWPI XQP DCVGP YGTFGP CNNG 
IPHQTOCVKQPGP, FKG \W GKPGO ODLGMV IGJÌTGP, KP GKPGO DCVGPUCV\ IGURGKEJGTV. JGFGT DCVGP-
UCV\ UGV\V UKEJ UQOKV CWU GKPGT HGUVGP AP\CJN XQP FGNFGTP \WUCOOGP. DC K. F. R. HÒT LGFGP 
ODLGMVV[R CPFGTG DCVGP IGURGKEJGTV YGTFGP, WPVGTUEJGKFGP UKEJ FKG DCVGPUCV\UVTWMVWTGP FGT 
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GKP\GNPGP ODLGMVV[RGP. IO PTQLGMV ITEK-RKPF YKTF FKGUG PTQDNGOCVKM WOICPIGP. GTWPFMQP-
\GRV KUV GU, FKG HGUVGP DCVGPUVTWMVWTGP CWH\WDTGEJGP WPF KP GKPG FQTO \W ÒDGTHÒJTGP, FKG GU 
GTNCWDV, SVTWMVWT·PFGTWPIGP PKEJV FWTEJ PTQITCOOKGTWPI, UQPFGTP FWTEJ AFOKPKUVTCVKQP, 
F. J. KQPHKIWTCVKQP XQTPGJOGP \W MÌPPGP. AWEJ FKG PTQITCOOCDN·WHG CWH FGP OQDKNGP EPF-
IGT·VGP 
PDA-TJKP-CNKGPV-ARRNKMCVKQPGP� YGTFGP PKEJV OGJT RTQITCOOKGTV, UQPFGTP GDGPHCNNU 
FWTEJ TGKPG KQPHKIWTCVKQP DGUVKOOV.

3 Architektur der Datenintegration des ITEK�Rind�S[stems

EKP ARRNKMCVKQPU-SGTXGT KUV FCU F[PCOKUEJ CFOKPKUVTCVKXG BKPFGINKGF \YKUEJGP FGT DCVGPSWGN-
NG 
JKGT MCKP-FTCOG VIT QFGT HI-TKGT� WPF FGO TJKP-CNKGPV. SVGNNV FGT TJKP-CNKGPV GKPG XML 
ä APHQTFGTWPI, TWHV FGT ARRNKMCVKQPU-SGTXGT PWT PQEJ GKPG DGUVKOOVG MGVJQFG CWH, FKG FKG 
APHQTFGTWPI PCEJ XQTJGTKIGT BGTGEJVKIWPIURTÒHWPI DGCPVYQTVGV. DGT TJKP-CNKGPV KUV GDGPHCNNU 
GKPG F[PCOKUEJG  SQHVYCTGMQORQPGPVG, FKG ÒDGT FGP ARRNKMCVKQPU-SGTXGT MQPHKIWTKGTV YGTFGP 
MCPP 
U. Q.�. DGT CNKGPV GTOÌINKEJV INGKEJ\GKVKI GKPGP DCVGPCWUVCWUEJ KO URNQCF WPF DQYP-
NQCF VGTHCJTGP. DGT KPPGTDGVTKGDNKEJG DCVGPVTCPUHGT XQO CNKGPV CWH FGP BGVTKGDU-PC MCPP CWH 
JGTMÌOONKEJGP WGIG ÒDGT GKPG DQEMKPI-SVCVKQP QFGT ÒDGT GKP WLAN-NGV\YGTM GTHQNIGP. 
DGT ÒDGTDGVTKGDNKEJG DCVGPVTCPUHGT \W GZVGTPGP DCVGPDCPMGP WPF IPHQTOCVKQPUU[UVGOGP 
GTHQNIV XKC IPVGTPGV WPVGT EKPDKPFWPI FGT WLAN- WPF MQDKNHWPMVGEJPQNQIKG 
UKGJG ADD. 1�.

4 Elektronische Tierkennzeichnung und ITEK�Rind

DGT NWV\GP FGT GNGMVTQPKUEJGP TKGTKFGPVKHK\KGTWPI NKGIV PKEJV CNNGKP KP FGT SKEJGTJGKV FGT 
KGPP\GKEJPWPI CNNGKP 
WENDEL GV. CN. 1998�. DKGUG ATV FGT TKGTMGPP\GKEJPWPI GTOÌINKEJV FKG 
YGKVGTIGJGPFG AWVQOCVKUKGTWPI XQP TKGTJCNVWPIUXGTHCJTGP 
PTQ\GUUVGEJPKM�. IP VGTDKPFWPI 
OKV GPVURTGEJGPFGP DCVGPDCPMGP MÌPPGP HGTPGT MCPCIGOGPVJKNHGP \WT VGTHÒIWPI IGUVGNNV 
YGTFGP 
SPILKE GV. CN. 2003�.

BGTGKVU KO AWIWUV 2003 YWTFGP CWH GKPGO RKPFGTXGTUWEJUDGVTKGD FGT LCPFYKTVUEJCHVUMCO-
OGT WGUGT-EOU EC. 160 MWVVGTVKGTG KPMNWUKXG FGT NCEJ\WEJV OKV GNGMVTQPKUEJGP OJTOCTMGP 
XGTUGJGP. MKV JCPFGNUÒDNKEJGT TTCPURQPFGTVGEJPQNQIKG UQYKG LGUGVGEJPQNQIKG PCEJ ISO 
SVCPFCTF, UQNNVG WPVGTUWEJV YGTFGP, KPYKGYGKV UKEJ FKG GNGMVTQPKUEJG TKGTMGPP\GKEJPWPI KP 
FCU V·INKEJG DCVGPOCPCIGOGPV WPF FKG BGVTKGDUCDN·WHG GKPGU NCPFYKTVUEJCHVNKEJGP BGVTKGDGU 
KPVGITKGTGP NCUUGP 
U. TCDGNNG 1�.

TCD. 1� GGT·VGURG\KHKMCVKQPGP HÒT OJTOCTMGP WPF LGUGIGT·V

Gerät Firma und Typbezeichnung

Elektronische Ohrmarke
Fa. Allflex Europe GmbH
HDX HP1 Ultra / 134,2 kHz
LOM programmiert (read only) und aufgedruckt

Mobiles Lesegerät
Fa. Texas Trading
Gerätetyp HL-01

Wiegeeinrichtung mit Ringantenne
Fa. Texas Trading
Eigenbau
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ZGKVINGKEJ YWTFG GKPG MQTTGURQPFKGTGPFG CNKGPV-SGTXGT-TGEJPQNQIKG HÒT GKPGP FCVGPDCPM-
ÒDGTITGKHGPFGP DCVGPCWUVCWUEJ GPVYKEMGNV WPF KO VIT 
VGTGKPKIVG IPHQTOCVKQPUU[UVGOG 
TKGTJCNVWPI Y. V.� KPUVCNNKGTV 
UKGJG ADDKNFWPI 1�. IO WGUGPVNKEJGP UQNNVG FWTEJ FCU VQTJCDGP 
GKPG 3WCNKV·VUXGTDGUUGTWPI WPF GKPG ETNGKEJVGTWPI FGU DGVTKGDNKEJGP WPF ÒDGTDGVTKGDNKEJGP 
DCVGPOCPCIGOGPVU FWTEJ C� RGFWMVKQP XQP RGIKUVTKGT- W. MGNFGHGJNGTP, D� XGTDGUUGTVG RGCM-
VKQPU\GKVGP, E� AWHYCPFUTGFW\KGTWPI DGK FGT DCVGPOGNFWPI W. -ÒDGTOKVVNWPI UQYKG F� QRVK-
OKGTVG ADUVKOOWPI XQP PTQ\GUUGP GTTGKEJV YGTFGP.

ADD. 1� ATEJKVGMVWT CNKGPV-SGTXGT S[UVGO ITEK-RKPF

ZWT ZGKV DGHKPFGV UKEJ FCU PTQLGMV ITEK-RKPF KP GKPGT WOHCPITGKEJGP TGUVRJCUG. MKV FGT 
XGTYGPFGVGP TGEJPQNQIKG KUV GKPG UKEJGTG HGJNGTHTGKG TKGTKFGPVKHK\KGTWPI OÌINKEJ. MKV 
HKNHG XQP HCPFNGUGTP YKG CWEJ OKV ITQ­HN·EJKIGP UVCVKQP·TGP LGUGIGT·VGP YKTF FKG TTCPU-
RQPFGTKPHQTOCVKQP 
JKGT FKG 15-UVGNNKIG OJTOCTMGPPWOOGT ä KFGPVKUEJ OKV FGT SKEJVQJT-
OCTMG� CWUIGNGUGP WPF FKTGMV KO TJKP-CNKGPV 
PDA� CDIGNGIV. EU UKPF EKP\GN-LGUWPIGP YKG 
CWEJ GTWRRGP-LGUWPIGP FWTEJHÒJTDCT. NCEJ ZYKUEJGPURGKEJGTWPI FGT OJTOCTMGPPWOOGT 
MÌPPGP XGTUEJKGFGPG TTCPUCMVKQPGP XQTIGPQOOGP YGTFGP�
 î KQOOWPKMCVKQP OKV FGT PCVKQPCNGP RKPFGTFCVGPDCPM HI-TKGT 
\. B. ADHTCIG XQP TKGT-

RCUUKPHQTOCVKQPGP, VGTUCPF XQP BGYGIWPIUOGNFWPIGP, TQFOGNFWPIGP, OJTOCTMGP-
NCEJDGUVGNNWPIGP GVE.�.

 î KQOOWPKMCVKQP OKV VIT KPVGTPGP DCVGPDCPMGP 
\. B. ADUVCOOWPIUPCEJYGKU CWU HGTF-
DWEJFCVGP, LGKUVWPIUÒDGTUKEJVGP \W NCMVKGTGPFGP TKGTGP�.

5 ErgeDnisse

ANNG OJTOCTMGP FGT IGMGPP\GKEJPGVGP RKPFGT YWTFGP MQPVKPWKGTNKEJ OKV GKPGO OQDKNGP 
HCPFNGUGIGT·V WPF OKV GKPGT UVCVKQP·TGP RKPICPVGPPG CWUIGNGUGP. DKG TCDGNNG 2 \GKIV, FCUU 
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CNNG LGUWPIGP QJPG FGJNGT FWTEJIGHÒJTV YGTFGP MQPPVGP. IPUIGUCOV YWTFG UQOKV GKPG ETMGP-
PWPIUTCVG XQP 100 � GTTGKEJV.

TCD. 2� ETMGPPWPIUTCVGP HÒT GNGMVTQPKUEJG OJTOCTMGP CP 334 IGMGPP\GKEJPGVGP TKGTGP

AWIWUV 2003 DKU JWNK 2004�

Reader Anzahl Lesungen Erkennungsrate (%)

Mobiler Handleser 5008 100

Stationäre Ringantenne 1180 100

IP GKPGO YGKVGTGP VGTUWEJUCPUCV\ YWTFG GKP WKGIGM·HKI \W GKPGT DWTEJNCWHYCCIG WOHWPM-
VKQPKGTV. ÜDGT GKPG VGTUWEJFCWGT XQP 30 TCIGP YWTFGP FKG MKNEJMÒJG DGK WGKFGCWUVTKGD 
WPF RÒEMMGJT \WO SVCNN \YGK OCN V·INKEJ KFGPVKHK\KGTV WPF INGKEJ\GKVKI IGYQIGP. HKPVGTITWPF 
FKGUGT VGTUWEJUCPQTFPWPI YCT, FKG ZWXGTN·UUKIMGKV FGU AWUNGUGXQTICPIU DGK TKGTGP \W RTÒHGP, 
FKG UKEJ KP BGYGIWPI DGHKPFGP 
DWTEJNCWHGTMGPPWPI�.

IPPGTJCND GKPGU VGTUWEJ\GKVTCWOGU XQP 30 TCIGP YWTFG DGK FKGUGT VGTUWEJUCPUVGNNWPI 
GKPG DWTEJUEJPKVVNKEJG ETMGPPWPIUTCVG XQP 98,41 � GTTGKEJV, F. J. PKEJV KP LGFGO FCNNG MQPPVG 
FKG IFGPVKHK\KGTWPI FWTEJ FKG GNGMVTQPKUEJG OJTOCTMG GTHQNIGP 
UKGJG ADD. 2�.

ADD. 2� SVCVKQP·TG DWTEJNCWHNGUWPIGP KO MQPCV JWPK 2004 
95 TKGTG; 5371 LGUWPIGP�

GTWPFU·V\NKEJ NCUUGP UKEJ OKV FGT CPIGYGPFGVGP TGEJPQNQIKG DGNKGDKIG DCVGP WPVGTUEJKGF-
NKEJGT HGTMÒPHVG XGTCTDGKVGP WPF FCTUVGNNGP 
SMCNKGTDCTMGKV�. DGT IPHQTOCVKQPUCWUVCWUEJ 
HKPFGV FKTGMV CO OTV FGU GGUEJGJGPU UVCVV 
LWUV QP FGOCPF�. DWTEJ FKG EKPDKPFWPI KP GKP 
DGVTKGDNKEJGU WLAN-NGV\YGTM, MÌPPGP MGNFWPIGP YKG CWEJ IPHQTOCVKQPGP FKTGMV ä QJPG 
BTÒEJG ä XQTIGPQOOGP D\Y. \WT VGTHÒIWPI IGUVGNNV YGTFGP, UQ FCUU FKG RGCMVKQPU\GKVGP FGU 
BGVTKGDUNGKVGTU UGJT MWT\ IGJCNVGP YGTFGP MÌPPGP. TTQV\ FG\GPVTCNGT DCVGPSWGNNGP CTDGKVGV 
FCU GKPIGUGV\VG S[UVGO UGJT RGTHQTOCPV. IP YGKVGTGP AWUDCWUVWHGP UQNN FKGUGU S[UVGO CWEJ 
CPFGTGP NWV\GTITWRRGP YKG TKGT·T\VGP WPF BGTCVWPIUQTICPKUCVKQPGP \WT VGTHÒIWPI IGUVGNNV 
YGTFGP. DKG EKPDG\KGJWPI FGT XQTIGUVGNNVGP TGEJPQNQIKG YWTFG GDGPHCNNU KP GKPGO SEJNCEJV-
JQH GTRTQDV WPF GTYKGU UKEJ CWEJ WPVGT WPIÒPUVKIGP BGFKPIWPIGP CNU \WXGTN·UUKI WPF UVCDKN.
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Call�recognition of farm animals to recognize animal conditions
.CWterMenner \Wr $estimmWng des StCtWs Xon 0Wt\tieren

GERHARD JAHNS1, KLAUS WALTER2

1  IPUVKVWVG QH TGEJPQNQI[ CPF BKQU[UVGOU EPIKPGGTKPI, FGFGTCN AITKEWNVWTCN RGUGCTEJ CGPVTG 
FAL�, 
BWPFGUCNNGG 50, D-38116 BTCWPUEJYGKI

2  IPUVKVWVG HQT PTQFWEVKQP EPIKPGGTKPI CPF BWKNFKPI RGUGCTEJ, FGFGTCN AITKEWNVWTCN RGUGCTEJ CGPVTG 
FAL�, 
BWPFGUCNNGG 50, D-38116 BTCWPUEJYGKI

Ke[words� Call�recognizer, animal Xocalization, Hidden MarkoX Model, sound anal[sis
ScJNÒsseNYÌrter� .CWterMenner� tieriscJe .CWt·W­erWng� *idden /CrMoX /odeN� CMWstiscJe #nCN[se

SWmmCr[

Call-recognition leads to a method to recognize animals state and condition. It is based on 
standard PCçs and is a non invasible method.

Using the experience in speech recognition the Hidden Markov Model is used successfull 
within a system of recording, digitizing and (pre)processing calls of cows.

<WsCmmenfCssWng

Die Lauterkennung ist ein methodischer Ansatz zur Bestimmung des Status und der Befind-
lichkeit von Tieren. Die Software ist für Standard PCçs mit handelsüblichen Mikrofonen ent-
wickelt und dass Abhören wird von den Tieren nicht wahrgenommen.

Das Hidden Markov Model wird erfolgreich in der Spracherkennung eingesetzt, und des-
sen Anwendung empfiehlt sich auch bei der Erkennung von Rufen der Rinder.
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1 Introduction and ODLectiXes

IP VJG EQWTUG QH GXQNWVKQP, CPKOCNU GXQNXGF FKHHGTGPV OGCPU HQT URGEKGU-URGEKHKE EQOOWPKEC-
VKQP. SQWPF KU QPG QH VJG OQUV KORQTVCPV OGCPU VQ GZRTGUU GOQVKQPCN UVCVGU CPF EQPFKVKQPU. 
TJGTGHQTG WPFGTUVCPFKPI WVVGTCPEGU HTQO HCTO CPKOCNU OC[ UGTXG CU CP GHHKEKGPV OCPCIGOGPV 
VQQN VQ GPJCPEG CPKOCN JGCNVJ, YGNHCTG, CPF HCTO GHHKEKGPE[. TJG HKPCN IQCN KU C CCNN-RGEQIPKU-
GT, C FGXKEG VJCV CWVQOCVKECNN[ VTCPUETKDGU XQECN WVVGTCPEGU QH CPKOCNU VQ VGZV OGCPKPIHWN VQ VJG 
HCTOGT, CV NGCUV VQ CNN JWOCPU. TJKU YQWNF CNNQY VJG HCTOGT VQ OQPKVQT HCTO CPKOCNU EQPVKPW-
QWUN[ YKVJQWV CP CFFKVKQPCN YQTMNQCF. APF DGECWUG CEQWUVKE OQPKVQTKPI PGGFU PQ EQPVCEV, 
KV FQGU PQV KPVGTHGTG YKVJ VJG PCVWTCN DGJCXKQWT QH CPKOCNU. TJG EQUVU QH JCTFYCTG VQ OQPKVQT 
JGTFU QH CPKOCNU EQPVKPWQWUN[ CTG PGINKIKDNG, CPF VJG RGTHQTOCPEG QH VQFC[çU EQOOQP PCçU 
KU OQTG VJCP UWHHKEKGPV HQT VJKU RWTRQUG. MQTGQXGT VJG JCTFYCTG WUGF HQT C ECNN-TGEQIPKVKQP KU 
CNUQ CRRTQRTKCVG VQ OQPKVQT VJG VGEJPKECN GSWKROGPV KP C DCTP G. I. EQPXG[QTU, CWIGTU, HGGFGTU. 
MGVJQFU VQ OQPKVQT OCEJKPGT[ D[ KVU UQWPF CTG UVCVG QH VJG CTV KP KPFWUVT[.

HQYGXGT HQT ECNN-TGEQIPKVKQP CRRTQRTKCVG UQHVYCTG KU PQV LGV CXCKNCDNG. TJGTGHQTG VJG HQNNQY-
KPI EQPEGPVTCVGU QP VJG FGXGNQROGPV QH UQHVYCTG CDNG VQ WPFGTUVCPF WVVGTCPEGU QH C URGEKGU 
CPF VJKU KPFGRGPFGPV HQT VJG KPFKXKFWCN CPKOCN. SWEJ CP CPKOCN KPFGRGPFGPV ECNN-TGEQIPKVKQP 
OC[ DG EQORCTGF YKVJ URGCMGT KPFGRGPFGPV YQTF URQVVKPI KP URGGEJ TGEQIPKVKQP. TQ CEJKGXG 
VJKU, VJG U[UVGO OWUV DG CDNG VQ URQV WVVGTCPEGU QH FKUVKPEV OGCPKPI CPF KIPQTG CNN VJG QVJGT 
PQKUG CPF WVVGTCPEGU KP VJG GPXKTQPOGPV. IV OWUV TGEQIPK\G VJG WVVGTCPEG PQ OCVVGT YJKEJ 
CPKOCN WVVGTU VJG ECNN. TJG NCVVGT KU KORQTVCPV, DGECWUG KH VJG U[UVGO YQWNF PQV DG CPKOCN KPFG-
RGPFGPV KV YQWNF DG PGEGUUCT[ VQ VTCKP VJG U[UVGO VQ VJG KPFKXKFWCN ëRTQPWPEKCVKQPé QH GCEJ 
CPKOCN WPFGT EQPVTQN. TJKU YQWNF DG CDUQNWVGN[ WPCEEGRVCDNG HQT RTCEVKECN RWTRQUGU. 

2 Utterances of indiXiduals

TJG éRTQPWPEKCVKQPê QH C YQTF KU PGXGT GZCEVN[ VJG UCOG GXGP KV KU URQMGP D[ VJG UCOG URGCMGT 
CPF KV KU GXGP OQTG FKHHGTGPV, KH VJG YQTF KU URQMGP D[ FKHHGTGPV URGCMGTU. TJKU JQNFU VTWG 
CNUQ HQT WVVGTCPEGU QH CP[ NKXKPI DGKPI. BGUKFG VJKU KPVGT- CPF KPVTC-KPFKXKFWCN FKHHGTGPEGU CP[ 
WVVGTCPEG KU VGEJPKECN URQMGP C PQP UVCVKQPCT[ UKIPCNU, XCTKCDNG KP VKOG CPF HTGSWGPE[. TJCV 
KU VJG TGCUQP YJ[ EQOOQP UVCVKUVKE OGVJQFU CTG PQV GHHKEKGPV QT HCKN KP URGGEJ TGEQIPKVKQP =2, 
3? CPF VJGTGHQTG CNUQ KP ECNN-TGEQIPKVKQP. MCP[ GHHQTVU JCXG DGGP OCFG KP URGGEJ TGEQIPKVKQP 
VQ QXGTEQOG VJKU RTQDNGO G. I. F[PCOKE VKOG YCTRKPI. TJG OQUV GHHKEKGPV OGVJQF UQ HCT CTG 
VJG HKFFGP MCTMQX MQFGNU 
HMM�. HMMU CTG FQWDNG UVQEJCUVKE RTQEGUUGU =1?. TJG TGUWNVU 
RTGUGPVGF DGNQY, WUKPI EQY WVVGTCPEGU CU CP GZCORNG, TGXGCN VJCV HMMU CTG YGNN UWKVGF HQT 
ECNN-TGEQIPKVKQP.

3 Methods

FKIWTG 1 FGRKEVU VJG UKIPCN HNQY QH CP WVVGTCPEG. AEEQTFKPI VJG UVCVG QT EQPFKVKQP QH VJG CPKOCN, 
KVU UGPUQT[ U[UVGO VTKIIGTU C ECNN UGSWGPEG C. TJKU ECWUGU KP XGTVGDTCVGU VQ TGNGCUG RTGUUWTKUGF 
CKT HTQO VJG NWPIU VJTQWIJ XQECN EQTFU, VJTQWIJ TGUQPCPEG EJCODGTU ä RJCT[PZ, OQWVJ CPF 
PQUG ECXKVKGU ä CPF HKPCNN[ VJG TCFKCVKQP HTQO VJG NKRU QT PQUG. IH VJG XQECN EQTFU CTG VGPUGF VJG 
CKT YKNN XKDTCVG RGTKQFKECNN[ CEEQTFKPI VJG VGPUKQP CPF C XQKEGF UQWPF YKNN DG RTQFWEGF. IH VJG[ 
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FQPæV XKDTCVG C XQKEGNGUU UQWPF KU RTQFWEGF. TJG TGUWNV KU KP CNN ECUGU C RTGUUWTG TGURGEVKXGN[ 
FGPUKV[ XCTKCVKQP KP VJG CKT, VJG ECNN. TJG ECNN KU RKEMGF WR D[ C OKETQRJQPG, YJKEJ EJCPIGU 
VJG RTGUUWTG XCTKCVKQP KP EQTTGURQPFKPI XCT[KPI GNGEVTKECN UKIPCNU, YJKEJ KU CORNKHKGF CPF FKIK-
VK\GF. B[ FKIKVCN UKIPCN RTQEGUUKPI C ECNN FGEQFGT RTQFWEGU C UVTKPI QH ECNNU GSWKXCNGPEGU C VJCV 
OQUV NKMGN[ TGRTGUGPVU VJG WVVGTGF UVTKPI QH ECNNU. AP KPVGTRTGVGT VTCPUETKDGU VJG UVTKPI QH ECNNU KP 
C VGZV, YJKEJ OQUV NKMGN[ TGRTGUGPVU VJG UVCVG QT EQPFKVKQP QH VJG CPKOCN W.

FKI. 1� SKIPCN HNQY KP ECNN-RTQFWEVKQP CPF ECNN-TGEQIPKVKQP 
Signalfluss bei der Lauterzeugung und -erkennung
C � ECNN UGSWGPEG
D � FKIKVCN QPG-FKOGPUKQPCN VKOG UGTKGU
C � UVTKPI QH ECNN-GSWKXCNGPEGU VJCV OQUV NKMGN[ TGRTGUGPVU VJG WVVGTGF UVTKPI QH ECNNU 
W � VGZV VJCV OQUV NKMGN[ TGRTGUGPVU VJG UVCVG QT EQPFKVKQP QH VJG CPKOCN

FKI. 2� TYQ OCLQT EQORQPGPVU QH HGCVWTG GZVTCEVKQP CPF ENCUUKHKECVKQP
Zwei Hauptkomponenten der Bestimmung und Klassifikation von Eigenschaften

CCNN- CU YGNN CU URGGEJ-TGEQIPKVKQP KU C RCVVGTP ENCUUKHKECVKQP 
FKIWTG 2�. TJG HKTUV UVGR KU VQ 
GXCNWCVG UQOG TGRTGUGPVCVKQPU QH VJG KPRWV RCVVGTP. TJGTGHQTG HTQO VJG FKIKVK\GF UKIPCN QH VJG 
ECNN, YJKEJ KU C HNQY QH PWODGTU C QPG-FKOGPUKQPCN VKOG UGTKGU, CRRTQRTKCVG HGCVWTGU JCXG VQ 
DG GZVTCEVGF, YJKEJ EJCTCEVGTK\G VJG ECNN. TJGUG HGCVWTGU CTG VJGP ENCUUKHKGF. ECEJ ENCUU TGRTG-
UGPVU C URGEKHKE ECNN. 

BGECWUG CP[ WVVGTCPEG KU C PQP UVCVKQPCT[ UKIPCN, VJG HGCVWTGU CTG PQV GZVTCEVGF HTQO VJG 
YJQNG ECNN, DWV YKVJKP UWEEGUUKXG YKPFQYU YJKEJ QXGTNCR 
UGG FKI. 3�. TJGTGD[ VJG ECNN KU 
EJCPIGF KP C VKOG UGSWGPEG QH HGCVWTG XGEVQTU. TJG UK\G QH VJG YKPFQY JCU VQ DG UOCNN, UQ VJG 
CUUWOVKQP ECP DG OCFG, VJCV YKVJKP GCEJ YKPFQY VJG UKIPCN KU UVCVKQPCT[.TJG CRRTQRTKCV UK\G 
QH VJG YKPFQY FGRGPFU QP VJG URGEKGU. FQT GZCORNG HQT URGGEJ C UKIPCN KP C YKPFQY QH CDQWV 
20ä30 OU ECP DG TGICTFGF CU UVCVKQPCT[. IP IGPGTCN, VJG EJQKEG QH HGCVWTG XGEVQTU KU QPG QH 
VJG OCLQT KUUWGU KP VJG UVWF[ QH RCVVGTP TGEQIPKVKQP. TJG IGPGTCN IQCN QH HGCVWTG GZVTCEVKQP KU 
QP QPG JCPF VQ TGFWEG VJG XCTKCDKNKV[ QH HGCVWTGU HTQO GZCORNGU DGNQPIKPI VQ VJG UCOG ENCUU 
CPF QP VJG QVJGT JCPF VQ KPETGCUKPI VJG XCTKCDKNKV[ QH HGCVWTGU HTQO GZCORNGU VJCV DGNQPI VQ 
FKHHGTGPV ENCUUGU. FQT VJG TGUWNVU RTGUGPVGF DGNQY MGN FTGSWGPE[ CGRUVTCN CQGHHKEKGPVU 
MFCC� 
YKVJ NQI. GPGTI[ CPF VJGKT FGNVC CPF CEEGNGTCVKQP EQGHHKEKGPVU JCXG DGGP EJQUGP. 

FQT GXGT[ ECNN QT YQTF C TGHGTGPEG RCVVGTP JCU VQ DG DWKNF. TJKU KU FQPG KP C NGCTPKPI RJCUG 

WRRGT CPF TKIJV RCTV QH FKIWTG 4�. CCNNU TGRTGUGPVGF D[ VJGKT TGHGTGPEG XGEVQTU CTG UVQTGF KP TGH-
GTGPEG RCVVGTPU. SKOWNVCPGQWUN[ VJG U[UVGO KU KPHQTOGF CDQWV VJG OGCPKPI QH GCEJ TGHGTGPEG 
RCVVGTP. TQ ECPEGN QWV KPVGT- CPF KPVTC-KPFKXKFWCN XCTKCVKQPU, CNN TGHGTGPEG RCVVGTPU YKVJ VJG 
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UCOG OGCPKPI CTG UWOOCTK\GF. TQ DWKNF WR VJGUG TGHGTGPEG RCVVGTPU C FCVC EQTRWU, EQPVCKP-
KPI VJG TGEQTFU QH MPQYP ECNNU KU KPFKURGPUCDNG. TQ TGEQIPK\G CP WPMPQYP ECNN 
NQYGT RCTV QH 
FKIWTG 4�, VJKU ECNN KU RTG-RTQEGUUGF KP VJG UCOG YC[ CU VJG ECNNU FWTKPI NGCTPKPI RJCUG. IVU RCV-
VGTP, VJG UGSWGPEG QH KVU HGCVWTG XGEVQTU KU VJCP EQORCTGF YKVJ VJG UVQTGF TGHGTGPEG RCVVGTPU. 
TJG U[UVGO FGVGTOKPGU VJG TGHGTGPEG RCVVGTP YJKEJ KU OQUV UKOKNCT VQ VJG WPMPQYP QPG CPF 
QWVRWVU KVU OGCPKPI. OPG RTQDNGO JCU VQ DG OGPVKQPGF� YKVJQWV URGEKCN RTGECWVKQPU VJG U[U-
VGO YKNN CNYC[U RTQFWEG C TGUWNV, DGECWUG KV LWUV EJQQUGU VJG OQUV UKOKNCT TGHGTGPEG RCVVGTP. 

FKI. 3� FGCVWTG XGEVQT 
Eigenschaftsvektors

FKI. 4� PTKPEKRNG QH ECNN-TGEQIPKVKQP
Prinzip der Lauterkennung

TJG PWODGT QH VTCKPKPI ECNNU UJQWNF DG NCTIG CPF VJG OGCPKPI QH GXGT[ ECNN OWUV DG MPQYP HQT 
VTCKPKPI. TJKU KU C EJCNNGPIG HQT CPKOCN DGJCXKQWTKUV. TJG[ OWUV GKVJGT DG CDNG VQ FKUVKPIWKUJ 
VJG ECNNU DGECWUG QH VJGKT GZRGTKGPEG QT VJG[ YKNN JCXG VQ EQPFWEV URGEKCN VGUVU VQ RTQORV VJG 
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CPKOCN VQ GNKEKV ECNNU YKVJ C URGEKCN OGCPKPI. TQ GUVCDNKUJ C TGNKCDNG FCVC EQTRWU QH C UWHHKEKGPV 
UK\G KU C VKOG EQPUWOKPI VCUM YJKEJ PGGFU C NQV QH UMKNN. AU OGPVKQPGF DGECWUG QH VJG KPVGT- 
CPF KPVTC-KPFKXKFWCN VKOG XCTKCDKNKV[ QH WVVGTCPEG QH NKXKPI DGKPIU, OCP[ UVCVKUVKECN OGVJQFU CTG 
PQV RGTHQTOKPI YGNN QT HCKN. TJG ECNN RTQFWEVKQP KP XGTVGDTCVGU KU XGT[ UKOKNCT VQ URGGEJ RTQ-
FWEVKQP KP JWOCPU, KV KU EQPUGSWGPV VQ NGCTP HTQO URGGEJ TGEQIPKVKQP. AOQPI CNN CRRTQCEJGU 
KP URGGEJ TGEQIPKVKQP HKFFGP MCTMQX MQFGNU 
HMMU� JCXG RTQQHGF OQUV GHHKEKGPV UQ HCT. 
TJGTGHQTG VJG[ CTG CNUQ WUGF JGTG VQ DWKNF WR C U[UVGO HQT ECNN-TGEQIPKVKQP. HKFFGP 

MCTMQX MQFGNU 
HMMU� CTG C FQWDNG UVQEJCUVKE RTQEGUU YKVJ N UVCVGU CPF K QWVRWVU. TJG[ 
CTG FGHKPGF D[ L � 
 P, A, B�. TJG N-FKOGPUKQPCN XGEVQT P FGHKPGU VJG RTQDCDKNKVKGU QH VJG 
KPKVKCN EQPFKVKQPU. TJG VTCPUKVKQP RTQDCDKNKVKGU CTG FGHKPGF D[ N ¥ N FKOGPUKQPCN RCTCOGVGT 
OCVTKZ A. TJG GZKV RTQDCDKNKV[ KU FGVGTOKPGF D[ N ¥ K FKOGPUKQPCN OCVTKZ B. 

FKI. 5� CCNN-TGEQIPKVKQP WUKPI HKFFGP MCTMQX MQFGNU
Lauterkennung mittels Hidden Markov Model

FKI. 6� SKZ UVCVG, UKZ QWVRWV NGHV-TKIJV HKFFGP MCTMQY MQFGN 
Sechs gliedriges, beidseitiges Markov Model

FKIWTG 5 CPF 6 UJQY UWEJ C NGHV-TKIJV OQFGN YKVJ 6 UVCVGU. TJG UVCVGU CTG NCDGNNGF D[ KPVGIGTU. 
LQQRU TGVWTPKPI VQ VJG UCOG UVCVG OQFGN NGPIVJGPKPI KP VKOG. LQQRU UMKRRKPI C UVCVG OQFGN 
UNWT QT UMKRRKPI. FQT GXGT[ ECNN QPG HMM JCU VQ DG FGUKIPGF CPF VTCKPGF. IP VJG TGEQIPKVKQP 
RJCUG VJG UGSWGPEG QH HGCVWTG XGEVQTU QH VJG WPMPQYP ECNN KU EQORCTGF YKVJ VJG QWVRWV QH 
GCEJ VTCKPGF HMM. TJG ECNN CUUQEKCVGF YKVJ VJG HMM QH JKIJGUV NKMGNKJQQF KU FGENCTGF VQ DG 
VJG TGEQIPK\GF ECNN. 
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4 Results

FKIWTG 7 UJQYU VJG TGEQIPKVKQP TCVG QH VJG U[UVGO HQT ECNN QH EQYU. TJG U[UVGO YCU VTCKPGF 
YKVJ 478 ECNNU 
70 �� CPF 210 ECNNU 
30 �� YGTG WUGF HQT XCNKFCVKQP. HMMU CTG YGNN UWKVGF HQT 
ECNN-TGEQIPKVKQP. APF OQUV RTQDCDN[ VJG TGUWNVU ECP DG KORTQXGF D[ HKPG-VWPKPI QH VJG HKFFGP 
MCTMQX MQFGNU CPF CP GPNCTIGOGPV QH VJG FCVC EQTRWU QH ECNNU. FWTVJGTOQTG RTGNKOKPCT[ VGUV 
KPFKECVG VJCV VJGTG CTG PQ FQWDVU VJCV HMMU CTG UWKVCDNG HQT ECNN-TGEQIPKVKQP QH QVJGT URGEKGU 
VQQ.

FKI. 7� RGEQIPKVKQP TCVG QH FKHHGTGPV ECNNU HTQO EQYU WUKPI HKFFGP-MCTMQX-MQFGN
Erkennungsrate für verschiedene Laute mittels Hidden Markov Model

5 Future work

TJG HWVWTG YQTM YKNN EQPEGPVTCVG QP VJG URQVVKPI QH WVVGTCPEG QH FKUVKPEV OGCPKPI COQPI CNN 
QVJGT WVVGTCPEGU KP PQKU[ GPXKTQPOGPV. APQVJGT HWVWTG VCUM YKNN DG VQ CRRN[ VJG HMMU VQ QVJGT 
URGEKGU VJCP EQYU QPN[. TQ KPETGCUG VJG RGTHQTOCPEG QH VJG U[UVGO CPF VJG PWODGT QH WVVGT-
CPEGU VJG U[UVGO KU CDNG VQ WPFGTUVCPF VJG FCVC EQTRWU, VJG DCUKU HQT VJG UVCVKUVKECN OQFGNU, JCU 
VQ DG KPETGCUGF. TQ FQ UQ, VJG EQQRGTCVKQP YKVJ CPKOCN DGJCXKQWTKUVU KU PGEGUUCT[. TQ GCUG 
VJGKT YQTM, C RTQITCO JCU DGGP FGXGNQRGF, D[ YJKEJ DGJCXKQWTKUV YKNN DG CDNG VQ EQORCTG 
WVVGTCPEGU XKUWCNN[ CPF CEQWUVKECNN[ KP C EQOHQTVCDNG CPF WUGT HTKGPFN[ YC[. 
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FeasiDilit[ of electronic ear tags for identification and registration� 
the sheeR and goat case
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Ke[words� Identification, registration, RFID, ear tags
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SWmmCr[

The requirements for an Identification and Registration system (I&R) for farm animals are 
mainly based on European legislation. It is essential for the husbandry in view of preventing 
the spreading of contagious diseases and in view of food safety. In the sheep and goat hus-
bandry system, animal identification is based on ear tags with visual numbers. This system is 
not capable to perform a fast and complete tracking and tracing. Electronic identification of 
animals could be the basis of a system, which facilitates tracking and tracing.

The conclusion of the Dutch part of the IDEA project is that electronic ear tags for cattle 
could be applied to 100 � of the animals at a young age. Sheep and goats were not in the 
Dutch IDEA project therefore a research is made to investigate the practical value of elec-
tronic ear tags for sheep and goats. The technical feasibility of the electronic ear tags as well 
as all other devices for receiving and handling the electronic signals from the ear tags are 
studied.

<WsCmmenfCssWng

Die Durchführbarkeit eines Identifikations- und Registrierungssystem (I & R) für landwirt-
schaftliche Nutztiere ist hauptsachlich basiert auf Europäische Gesetzgebung. Es ist wichtig 
für die Viehwirtschaft im Hinblick auf die Nahrungsmittelsicherheit und der Prävention des 
Verbreiten von Infektionskrankheiten. In der Schaf- und Ziegenhaltung ist die Tiererkennung 
basiert auf Ohrmarken mit visueller Nummer. Dieses System ist jedoch nicht ausreichend für 
ein schnelles und komplettes Tracking und Tracing. Elektronische Identifizierung von Tieren 
gibt eine gute Basis für ein modernes Tracking- und Tracingsystem.

Im Holländischen IDEA Projekt wurde festgestellt, dass elektronische Ohrmarken für die 
Identifizierung von Rindvieh bei 100 � der jungen Tiere angewendet werden können. Scha-
fe und Ziegen wurden nicht betrachtet, daher wurde eine weitergehende Untersuchung mit 
elektronischen Ohrmarken für Schafe und Ziegen durchgeführt.
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1 Introduction 

TJG TGSWKTGOGPVU HQT CP IFGPVKHKECVKQP CPF RGIKUVTCVKQP U[UVGO 
I � R� HQT ECVVNG CTG OCKPN[ 
DCUGF QP EWTQRGCP CPF PCVKQPCN NGIKUNCVKQP. TJG KORNGOGPVCVKQP QH VJG I � R TGIWNCVKQP KU RCTV 
QH VJG APKOCN HGCNVJ CPF WGNHCTG TGIWNCVKQP 
CQWPEKN DKTGEVKXG 98�58�EC�. IFGPVKHKECVKQP CPF 
TGIKUVTCVKQP QH ECVVNG KU GUUGPVKCN KP XKGY QH RTGXGPVKPI VJG URTGCFKPI QH EQPVCIKQWU FKUGCUGU 
CPF KP XKGY QH HQQF UCHGV[. IP VJG U[UVGO, YJKEJ KU WUGF VQFC[ KP TJG NGVJGTNCPFU, CPKOCN 
KFGPVKHKECVKQP KU DCUGF QP GCT VCIU YKVJ XKUWCN PWODGTU CPF TGIKUVTCVKQP KP HCTO TGIKUVGTU. TJKU 
U[UVGO KU PQV ECRCDNG VQ RGTHQTO C HCUV CPF EQORNGVG VTCEMKPI CPF VTCEKPI. 

IP CP GXCNWCVKQP KP TJG NGVJGTNCPFU KV YCU EQPENWFGF VJCV VJG GZKUVKPI I � R U[UVGO PGGFGF 
TGXKUKQP. A PGY I � R U[UVGO UJQWNF DG DCUGF QP VJTGG RKNNCTU� 1� KPFKXKFWCN KFGPVKHKECVKQP, 
2� EGPVTCN TGIKUVTCVKQP CPF 3� WUG QH GNGEVTQPKE KFGPVKHKECVKQP OGCPU. TJG FGEKUKQP VQ WUG 
GNGEVTQPKE GCT VCIU KP C PGY I � R U[UVGO YCU VJG OCKP TGCUQP VQ UVWF[ VJG VGEJPKECN CPF 
HKPCPEKCN HGCUKDKNKV[ QH GNGEVTQPKE KFGPVKHKECVKQP. TJG WUG QH GNGEVTQPKE KFGPVKHKGTU KU KP NKPG YKVJ 
VJG EQPENWUKQP QH VJG IDEA RTQLGEV 
RIBO GV CN., 2002�. IORQTVCPV HKPFKPIU KP VJG DWVEJ RCTV QH 
VJG IDEA RTQLGEV 
SMITS GV CN., 2002� YGTG VJCV KP ECVVNG GNGEVTQPKE GCT VCIU EQWNF DG CRRNKGF 
VQ 100 � QH VJG CPKOCNU CV C [QWPI CIG CPF VJCV VJG KFGPVKHKECVKQP YKVJ GNGEVTQPKE GCT VCIU 
HKVU KP YKVJ VJG RTGUGPV RTCEVKEG. TJG WUG QH GNGEVTQPKE GCT VCIU KP RKIU YCU CNUQ UVWFKGF KP TJG 
NGVJGTNCPFU 
HUISKES GV CN., 2000�. IV YCU EQPENWFGF VJCV CNUQ KP RKIU GNGEVTQPKE GCT VCIU CTG 
VGEJPKECN PQ RTQDNGO.

OP DGJCNH QH VJG DWVEJ MKPKUVT[ QH AITKEWNVWTG, NCVWTG CPF FQQF 3WCNKV[ VJG IPUVKVWVG AITQ-
VGEJPQNQI[ CPF FQQF IPPQXCVKQPU CPF VJG APKOCN SEKGPEGU GTQWR, DQVJ HTQO WCIGPKPIGP 
UR, ECTTKGF QWV VJKU UVWF[. TJG RTCEVKECN XCNWG QH GCT VCIU YKVJ VTCPURQPFGT HQT KFGPVKHKECVKQP 
CPF TGIKUVTCVKQP KP UJGGR CPF IQCV YCU UVWFKGF 
SCHUILING GV CN., 2004�. 

2 Materials and Methods

TJG WUG QH TCFKQ HTGSWGPE[ KFGPVKHKECVKQP 
RFID� GSWKROGPV HQT UJGGR CPF IQCVU YCU GXCNW-
CVGF. ECT VCIU YKVJ C VTCPURQPFGT CPF CNUQ 
RQTVCDNG CPF UVCVKE� VTCPUEGKXGT GSWKROGPV YGTG 
UVWFKGF.

DGOCPFU HQT VJG ISO11784�11785 GNGEVTQPKE GCT VCIU CPF VTCPUEGKXGT GSWKROGPV YGTG 
FKUVTKDWVGF VQ VJG OCPWHCEVWTGTU QH RFID GSWKROGPV. TJG OCPWHCEVWTGTU YGTG CUMGF VQ OCMG 
GSWKROGPV CXCKNCDNG VJCV EQWNF OGGV VJQUG TGSWKTGOGPVU. TJG OCPWHCEVWTGTU OCFG 13 VCIU 
YKVJ C VTCPURQPFGT, 8 RQTVCDNG VTCPUEGKXGTU CPF 5 UVCVKQPCT[ VTCPUEGKXGTU CXCKNCDNG HQT VJG NCDQ-
TCVQT[ GXCNWCVKQP. DWTKPI NCDQTCVQT[ GXCNWCVKQPU VJG RFID GSWKROGPV YCU UVTGUUGF YKVJ VJG 
TGSWKTGOGPVU. TJG GXCNWCVGF TGSWKTGOGPVU HQT VJG VCIU YGTG DCUGF QP VJG FKCOGVGT, YGKIJV, 
VTCEVKXG HQTEG, TGCFKPI TCPIG, UWKVCDNGPGUU UJCRG, RTKEG CPF VJG RQUKVKQPKPI QH VJG VTCPURQPFGT 
CV VJG VCIU. FQT RQTVCDNG VTCPUEGKXGT VJG TGCFKPI TCPIG, VJG RQUUKDKNKV[ QH FCVC KPRWV D[ C MG[-
DQCTF CPF VJG RQUUKDKNKV[ QH UVQTKPI CPF GZEJCPIKPI FCVC YCU CPCN[UGF. IP VJG GPF QPN[ QPG 
OCPWHCEVWTGT YCU RTGRCTGF VQ KORNGOGPV VJG RQTVCDNG VTCPUEGKXGT UQHVYCTG CPF OGPW VJCV KU 
TGSWKTGF HQT VJG GZRGTKOGPV. FQT UVCVKE VTCPUEGKXGTU VJG TGCFKPI TCPIG YCU CP KORQTVCPV UGNGE-
VKQP ETKVGTKC.

AHVGT VJG NCDQTCVQT[ GXCNWCVKQP C UGNGEVKQP QH HKXG VCIU YCU VGUVGF HQT HQWT YGGMU KP VJG HKTUV 
RKNQV GZRGTKOGPV. TJKU GZRGTKOGPV HQEWUGF QP VJG VCI NQUUGU CPF CPKOCN YGNN DGKPI, TGCFKPI 
GSWKROGPV YCU PQV GXCNWCVGF. NWODGT QH CPKOCNU WUGF KP VJKU GZRGTKOGPV� 393 IQCV NCODU 
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QP C HCVVGPKPI HCTO�, 188 OKNM IQCVU 
QPG HCTO�, 360 UJGGR NCODU CPF 161 GYGU 
CNN QP QPG 
HCTO�. AHVGT VJG HKTUV GZRGTKOGPV VJG OCPWHCEVWTGTU YGTG EQPUWNVGF CPF EQPHTQPVGF YKVJ VJG 
TGUWNVU QH VJG GZRGTKOGPV. TJG[ YGTG CUMGF VQ UWRRN[ KORTQXGF RTQFWEVU. TJG HKXG PGY VCI 
V[RGU YGTG CICKP GXCNWCVGF KP VJG NCDQTCVQT[. AHVGT VJG NCDQTCVQT[ CEEGRVCPEG VJGUG HKXG VCIU 
YKVJ C VTCPURQPFGT YGTG VQIGVJGT YKVJ QPG EQPXGPVKQPCN VCI V[RG 
VJG EQOOQPN[ WUGF QPG 
QP DWVEJ UJGGR HCTOU� GXCNWCVGF HQT NQUUGU CPF CPKOCN YGNN-DGKPI CURGEVU KP C UGEQPF HQWT 
YGGMU RTCEVKECN RKNQV GZRGTKOGPV. IP VJKU GZRGTKOGPV 241 UJGGR NCODU CPF 187 GYGU QH VJTGG 
FKHHGTGPV HCTOU YGTG WUGF.

OP VJG DCUGU QH VJG TGUWNVU QH VJG UGEQPF RKNQV HTQO VJG HKXG VCIU HQWT YGTG UGNGEVGF HQT VJG 
HKPCN GZRGTKOGPV QH PKPG OQPVJU. IP VJKU HCTO GZRGTKOGPV 2620 OCVWTG IQCVU CPF 2383 IQCV 
NCODU QP 10 IQCV HCTOU CPF 3319 GYGU CPF 5623 UJGGR NCODU QP 21 UJGGR HCTOU YGTG WUGF. 
OPG VCI V[RG KU PQV WUGF QP CFWNV UJGGR VJG VJTGG QVJGT QPGU CTG WUGF HQT CNN URGEKGU. TJG NQUU 
TCVGU CPF VJG CPKOCN YGNN DGKPI CURGEVU YGTG TGIWNCTN[ EJGEMGF. DWTKPI VJKU GZRGTKOGPV VJG 
WUG QH UVCVKQPCT[ TGCFKPI GSWKROGPV YCU GXCNWCVGF.

3 Results and discussion

3�1 LaDorator[ eXaluations

IP HKTUV KPUVCPEG VJG OCPWHCEVWTGTU UWRRNKGF 13 VCIU. AHVGT C NCDQTCVQT[ GXCNWCVKQP QPN[ HKXG VCIU 
YGTG UGNGEVGF HQT VJG HKTUV RKNQV. TJG TGCUQP HQT PQV UGNGEVKPI VJG QVJGT GKIJV YCU� VJTGG VCIU 
YJGTG VJG VTCPURQPFGT YCU DWKNF KPVQ VJG OCNG RCTV QH VJG VCI EQWNF PQV OGGV VJG CPVK HTCWF 
ETKVGTKC; VJG RKP QH QPG VCI EQWNF GCUKN[ DG DTQMGP; VYQ VCIU JCF C VQ DKI FKCOGVGT 
  30 OO� 
CPF QPG VCI YCU TGLGEVGF DGECWUG KVU UJCRG YCU KFGPVKECN VQ CPQVJGT VCI. TJG TGOCKPKPI UKZ 
VCIU YGTG UGNGEVGF, DWV QPG VCI EQWNF PQV DG UWRRNKGF, CPF UQ QPN[ HKXG VCIU YGTG GXCNWCVGF 
FWTKPI C HQWT YGGMU NCUVKPI GZRGTKOGPV. AHVGT VJG HKTUV RKNQV VJG OCPWHCEVWTGTU IQV VJG QRRQTVW-
PKV[ VQ KORTQXG VJG HKXG VCIU QP C PWODGT QH RQKPVU. ANN VJG KORTQXGF VCIU YGTG CNUQ GXCNWCVGF 
KP VJG UGEQPF RKNQV GZRGTKOGPV. IP VJKU VGUV C EQPXGPVKQPCN VCI YCU VGUVGF CU C TGHGTGPEG.

FKI. 1� IPHNCOOCVKQP TCVG GCTU 1UV RKNQV CHVGT 4 YGGMU 
RGT VCI V[RG CPF CPKOCN ECVGIQT[�
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3�2 Field eXaluations

FKIWTG 1 IKXGU VJG KPHNCOOCVKQP TCVG RGT VCI CPF RGT CPKOCN ECVGIQT[ CV VJG GPF QH VJG HKTUV RKNQV 
GZRGTKOGPV. DWTKPI VJKU GZRGTKOGPV HQWT UJGGR NCODU JCXG NQUV VJG VCI QH VJG V[RG I, HQT VJG 
TGUV VJGTG YGTG PQ NQUUGU. TJG TGEQXGT[ QH VJG YQWPF YCU XGT[ RQQT CHVGT HQWT YGGM HQT CNN VJG 
VGUVGF VCIU, UQ CNN VJG OCPWHCEVWTGTU YGTG CUMGF VQ KORTQXG VJGKT RTQFWEV. TJG HKXG KORTQXGF 
VCIU YGTG HKTUV NCDQTCVQT[ VGUVGF. 

FKI. 2� IPHNCOOCVKQP TCVG GCTU 2PF RKNQV CHVGT 4 YGGMU 
RGT VCI V[RG CPF CPKOCN ECVGIQT[�

FKIWTG 2 IKXGU VJG KPHNCOOCVKQP TGUWNVU CV VJG GPF QH VJG UGEQPF GZRGTKOGPV. IP VJKU GZRGTK-
OGPV VJGTG YJGTG PQ NQUUGU. MQTG VJGP 50 � UGXGTG KPHNCOOCVKQP TCVGU YCU HQWPF KP VJG VCIU 
S HQT NCODU CPF GYGU CPF R HQT GYGU. TCI N JCF OQTG VJGP 40 � UGXGTG KPHNCOOCVKQPU HQT 
GYGU. TJG VCIU N, O, P CPF 3 YGTG UGNGEVGF HQT VJG HKPCN GZRGTKOGPV, DWV KV YCU FGEKFGF VJG 
WUG N QPN[ HQT OKNM IQCVU CPF UJGGR CPF IQCV NCODU.

IP HKIWTG 3 CP QXGTXKGY QH KPHNCOOCVKQP TCVGU RGT HCTO QH VJG VJKTF GZRGTKOGPV. TJG GZRGTK-
OGPVU UJQYGF VJCV VJG TGEQXGT[ QH VJG YQWPFU IQGU KP IGPGTCN DGVVGT HQT UJGGR VJGP HQT IQCV. 
EURGEKCNN[ VJG TGEQXGT[ QH VJG IQCV NCOD GCTU FKHHGTU UVTQPIN[ RGT HCTO. TJKU EQWNF DG GZRNCKPGF 
CU CP KPFKECVKQP VJCV VJG UVCNN ENKOCVG ECP KPHNWGPEG VJG YQWPF TGEQXGT[. FQT UJGGR NCODU VJCV 
CTG PQTOCNN[ MGRV WPFGT DGVVGT ENKOCVG EQPFKVKQPU VJG PWODGT QH KPHGEVKQP CHVGT VJTGG OQPVJU 
KU NQY.

TCD. 1� PJ[UKECN CPF HWPEVKQPCN NQUU QH VJG VCIU =�? CHVGT 8 OQPVJU

Tag type N O P Q Mean

Physical loss 3,6 2,7 7,4 1,4 3,9

Functional loss 1,5 0,4 0,2 0,6 0,7
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FKI. 3� IPHNCOOCVKQP TCVG GCTU 3TF GZRGTKOGPV CHVGT 3 OQPVJU 
RGT HCTO CPF CPKOCN ECVGIQT[�

TCDNG 1 IKXGU CP QXGTXKGY QH VJG VCI NQUU CHVGT 8 OQPVJU. TJG RJ[UKECN NQUU TCVGU 
VJG VCI KU 
PQ NQPIGT KP VJG GCT QH VJG CPKOCN� CTG JKIJ; GURGEKCNN[ VJG NQUU QH VCI P KU XGT[ JKIJ. FQT CNN 
VTCPURQPFGTU HWPEVKQPCN NQUUGU 
VJG VTCPURQPFGT QH VJG VCI FQGU PQV UGPF KVU EQFG CP[OQTG� 
CTG TGIKUVGTGF. TJGUG HWPEVKQPCN NQUUGU CTG EQORCTGF YKVJ VJG IDEA VTKCNU CHVGT QPN[ 7 OQPVJU 
TCVJGT JKIJ. 

FKXG RQTVCDNG VTCPUEGKXGTU FKF PQV JCXG VJG TKIJV KPVGTHCEG RQUUKDKNKVKGU CPF YGTG FKTGEVN[ 
FGENCTGF WPUWKVCDNG. TYQ QH VJG TGOCKPKPI VJTGG RQTVCDNG VTCPUEGKXGTU EQWNF PQV OGGV VJG UQHV-
YCTG TGSWKTGOGPVU UQ VJGTG YCU QPN[ QPG RQTVCDNG VTCPUEGKXGT NGHV. TJKU RQTVCDNG VTCPUEGKXGT 
YCU WUGF KP VJG VJKTF GZRGTKOGPV QH VJG TGUGCTEJ.

TCD. 2� RGCFKPI RGTHQTOCPEG =EGPVKOGVTG? QH VJG UVCVKQPCT[ VTCPUEGKXGTU

Transceiver RA RB RC RD RE

Reading distance 31 14 51 37 34

TCDNG 2 VJG IKXGU TGCFKPI RGTHQTOCPEG QH VJG UVCVKQPCT[ VTCPUEGKXGT GSWKROGPV. TJG OGP-
VKQPGF TGCFKPI FKUVCPEG KU VJG CXGTCIG XCNWG QH VJG TGCFKPI TCPIGU QH 4 FKHHGTGPV VTCPURQPFGTU 
CPF 2 QTKGPVCVKQPU QH VJQUG VTCPURQPFGTU 
QRVKOWO CPF OKPKOWO�. A TGCFKPI TCPIG QH CTQWPF 
45 EGPVKOGVTGU KU TGSWKTGF. TJG TGCFKPI RGTHQTOCPEG QH C VTCPUEGKXGT KU C EQODKPCVKQP QH VJG 
RGTHQTOCPEG QH VJG VTCPUEGKXGT CPF VJG RGTHQTOCPEG QH VJG VTCPURQPFGT. TJG VTCPURQPFGTU N 
CPF O RGTHQTOGF IQQF, DWV VJG RGTHQTOCPEG QH VTCPURQPFGT 3 YCU SWKVG RQQT CPF HTQO P VJG 
TGUWNVU YGTG GXGP YQTUG. TJG VTCPUEGKXGT RC RGTHQTOGF XGT[ YGNN WPFGT NCDQTCVQT[ EKTEWO-
UVCPEGU, DWV WPHQTVWPCVGN[ VJKU VTCPUEGKXGT YCU PQV CXCKNCDNG HQT C RTCEVKECN GXCNWCVKQP. TJG 
VTCPUEGKXGTU RD CPF RE YGTG VGUVGF WPFGT RTCEVKECN EQPFKVKQPU. 
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TCD. 3� IFGPVKHKGF CPKOCNU =�? YKVJ UVCVKQPCT[ TGCFKPI GSWKROGPV

Animal category Transceiver type Tag N Tag O Tag P Tag Q

Ewes RD 98 100 3 55

RE – 35 0 33

Milk goats RD 99 55 8 33

RE – 72 8 49

TJG TGUWNVU QH VJG GZRGTKOGPVU YKVJ VJG UVCVKQPCT[ TGCFKPI GSWKROGPV CTG IKXGP KP VCDNG 3. 
WKVJ VJG VTCPUEGKXGT RE KV YCU KORQUUKDNG VQ TGCF VJG N VCI V[RG. TJG TGCFKPI RGTHQTOCPEG 
YCU UVTQPIN[ KPHNWGPEGF QP YJKEJ UKFG VJG CPKOCN ECTTKGF VJG VCI. IH VJG VCIU YGTG KP VJG GCT 
ENQUG VQ VJG CPVGPPC QH VJG VTCPUEGKXGT VJGP C JKIJGT TGCFKPI RGTEGPVCIG EQWNF DG CEJKGXGF. 
IP IGPGTCN ECP DG UVCVGF VJCV VJG RGTHQTOCPEG QH VJG WUGF GSWKROGPV 
VCIU CPF VTCPUEGKXGTU� 
YCU WPUCVKUHCEVQT[.

4 Conclusions

AHVGT VJG HKTUV RKNQV YJGP VJG OCPWHCEVWTGTU JCXG JCF VJG RQUUKDKNKV[ VQ KORTQXG VJGKT GCT VCIU 
VJG KPHNCOOCVKQP TCVG QH VJG GCTU CTG UVKNN QP C JKIJ NGXGN. BWV VJG TGHGTGPEG GCT VCI IKXGU GXGP 
C NKVVNG YQTUG UEQTG. ANUQ KP VJG RTCEVKECN GZRGTKOGPV VJG KPHNCOOCVKQP TCVG QH VJG GCTU QH VJG 
CFWNV UJGGR CPF IQCVU CTG JKIJ. TJG KPHNCOOCVKQP QH VJG GCTU QH VJG NCODU UGGOU NQYGT. CQP-
ENWFGF KV KU RQUUKDNG VQ VCI [QWPI CPKOCNU YKVJ C UOCNNGT TKUM QP KPHGEVKQPU.

TJG NQUU QH GCT VCIU KU JKIJGT VJCP GZRGEVGF. A NQUU QH VCIU QH 3.7 � FWTKPI C RGTKQF QH UGXGP 
OQPVJU CHVGT VJG CRRNKECVKQP KU JKIJ. FWPEVKQPCN NQUUGU UJQWNF DG RTGXGPVGF CPF VJGTGHQTG KV KU 
KORQTVCPV VJCV VJG GNGEVTQPKE RGTHQTOCPEG KU NCDQTCVQT[ VGUVGF KPVGPUKXGN[ DGHQTG VJG VCIU CTG 
CRRNKGF KP RTCEVKEG.

TQ TGCF VJG VTCPURQPFGTU EQTTGEVN[ KV KU KORQTVCPV VQ JCXG TGNKCDNG VTCPUEGKXGTU. TJG TGCFKPI 
FKUVCPEG HQT VJG UVCVKQPCT[ VTCPUEGKXGTU OWUV QHH-EQWTUG DG UWHHKEKGPV, DWV QH GSWCN KORQTVCPEG 
KU VJCV C VTCPURQPFGT OWUV UGPF VJG KF-EQFG VQ VJG VTCPUEGKXGT YKVJ UWHHKEKGPV UVTGPIVJ. 
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Energetische Nutzung Xon Biogas in Brennstoffzellen
'nergeticCN WtiNisCtion of DiogCs YitJ fWeN ceNNs

THORSTEN AHRENS, PETER WEILAND

IPUVKVWV HÒT TGEJPQNQIKG WPF BKQU[UVGOVGEJPKM, BWPFGUHQTUEJWPIUCPUVCNV HÒT LCPFYKTVUEJCHV 
FAL�, 
BWPFGUCNNGG 50, D-38116 BTCWPUEJYGKI

SchlÒsselwÌrter� Biogas, Brennstoffzelle, Entschwefelung, SRurengas, GC�MS, nachwachsende Rohstoffe
-e[Yords� $iogCs� fWeN ceNN� desWNfWrisCtion� trCce gCs� reneYCDNe ressoWrces� energ[ crops

<WsCmmenfCssWng

Im Rahmen eines dreijährigen Forschungsvorhabens wurde erstmalig die Aufbereitung von 
Biogas aus einer landwirtschaftlichen Biogasanlage zu biogenem Wasserstoff im halbtech-
nischen Maßstab erprobt. Themenschwerpunkte der durchgeführten Forschungsarbeiten 
waren die Ermittlung und Bewertung der Abbaubarkeit und der erreichbaren Biogasqualität 
(inklusive enthaltener Spurengaskomponenten) bei der anaeroben Vergärung von Silagen 
unterschiedlicher nachwachsender Rohstoffe und weiterhin die Untersuchung, Optimierung 
und Bilanzierung der Aufbereitung von Biogas aus einer landwirtschaftlichen Biogasanlage 
zu biogenem Wasserstoff, einschließlich der Verstromung des biogenen Wasserstoffs in einer 
Niedertemperatur-Brennstoffzelle.

SWmmCr[

Within a three-year scientific project first hot-testing of upgrading of biogas out of an agricul-
tural biogas plant into Hydrogen was done. Major scientific topics were:
 î Acquisition and evaluation of degradability of different ensiled energy crops,
 î acquisition and evaluation of reachable biogas quality (including trace gas com-

pounds),
 î appraisal, optimisation and evaluation of upgrading of biogas into biogenous hydrogen 

and
 î production of electricity out of biogenous hydrogen in PEM Fuel Cells.
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1 G·rtestergeDnisse

VGTINGKEJGPFG FKUMQPVKPWKGTNKEJG WPF MQPVKPWKGTNKEJG G·TVGUVU XQP SKNCIGP WPVGT-UEJKGFNKEJGT 
PCEJYCEJUGPFGT RQJUVQHHG \WT ETOKVVNWPI FGT CPCGTQDGP ADDCWDCTMGKV WPF FGT GTTGKEJDCTGP 
BKQICUSWCNKV·V \GKIVGP \CJNTGKEJG MÌINKEJMGKVGP HÒT GHHK\KGPVG SWDUVTCVUVTCVGIKGP CWH. DKG 
GT\KGNDCTGP MGVJCPCWUDGWVGP ÒDGTUEJTGKVGP DGK GHHGMVKXGO WPF IWV CDDCWDCTGO PHNCP\GP-
OCVGTKCN FKG GTGP\G XQP 100 N CH4 LG MI \WIGHÒJTVGT FTKUEJOCUUG, WPVGT EKPDG\KGJWPI FGT 
OÌINKEJGP GT\KGNDCTGP FN·EJGPGTVT·IG FGT GKP\GNPGP SWDUVTCVG UKPF FKG DKHHGTGP\GP PQEJ 
FGWVNKEJGT, ADDKNFWPI 1.

ADD. 1� MGVJCPCWUDGWVGP XQP SKNCIGP PCEJYCEJUGPFGT RQJUVQHHG DG\QIGP CWH FKG APDCWHN·EJG

DKG BKQICUSWCNKV·V FGT PCEJYCEJUGPFGP RQJUVQHHG GTTGKEJVG KP BG\WI CWH FKG HCWRVMQORQ-
PGPVGP KPUIGUCOV GKP 3WCNKV·VUPKXGCW, YGNEJGU FKG AWHDGTGKVWPI \W DKQIGPGO WCUUGTUVQHH 
RTQDNGONQU GTOÌINKEJV. 

2 SRurengasanal[tik

BGK FGT ETOKVVNWPI FGU SRWTGPICUURGMVTWOU KO BKQICU CWU NCPFYKTVUEJCHVNKEJGP BKQICUCPNCIGP 
OKVVGNU GKPGU GC-MS-S[UVGOU YWTFGP JCWRVU·EJNKEJ SEJYGHGN-WCUUGTUVQHH, MGTECRVCPG WPF 
KQJNGPYCUUGTUVQHHG KP UGJT IGTKPIGP KQP\GPVTCVKQPGP FGVGMVKGTV. AWHITWPF FKGUGT PWT IGTKPIGP 
KQP\GPVTCVKQP CP RQVGPVKGNNGP SVÌTUVQHHGP GKIPGP UKEJ UQNEJG BKQICUIGOKUEJG HÒT FKG WPVGT-
UWEJVGP MCVCN[UCVQTWPVGTUVÒV\GP APYGPFWPIGP UGJT IWV. WGKVGTJKP \GKIVG UKEJ, FCUU BKQICU 
CWU PCEJYCEJUGPFGP RQJUVQHHGP KO VGTINGKEJ \W BKQICU CWU FGT VGTYGTVWPI WPF EPVUQTIWPI 
XQP ADHCNNUVQHHGP GKPG FGWVNKEJ IGTKPIGTG KQP\GPVTCVKQP WPF VCTKCVKQP CP SRWTGPICUGP CWH-
YGKUV, TCDGNNG 1. 
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TCD. 1� VGTINGKEJUVCDGNNG BKQICUIGOKUEJG

Spurengas Gülle/Mais BGA 08 BGA 16 BGA 48 BGA 54

Carbonylsulfid X X X

Propen X X X X X

Carbondisulfid X X X

2-Methyl-1-Propen X X X

Pentan X X X X X

Methanthiol X X X X X

2-Methyl-1,3-Butadien X X X X

Ethanthiol X X X X

Heptan X X X

2-Methyl-Furan X X X X X

2-Propanthiol X X X X

1-Propanthiol X X X

2-Methyl-Furan X X X X

2-Methyl-Hexan X X X X

2-Butanthiol X X X X

Toluen X X X X X

Ethylbenzol X X X

2-Butanon X X X X X

2,3-Butandion X X X

ADD. 2� ÜDGTDNKEM ÒDGT FKG VGTUWEJUCPNCIG CO SVCPFQTV FAL BTCWPUEJYGKI
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DKG BGYGTVWPI WPF BKNCP\KGTWPI FGT KP FCU APNCIGPMQP\GRV, UKGJG ADDKNFWPI 2, KPVGITKGTVGP 
DKQNQIKUEJGP EPVUEJYGHGNWPIUCPNCIG 
BEA� HÒJTVG \W FGO ETIGDPKU, FCUU GKPG VKGN\CJN FGT 
DGINGKVGPFGP KQORQPGPVGP KO BKQICU CDIGDCWV YGTFGP, GKPKIG CNU SVQHHYGEJUGNRTQFWMVG FGT 
DGUWNHWTKMCPVGP PGW GPVUVGJGP WPF DGUVKOOVG KQORQPGPVGP XQNNUV·PFKI KPGTV UKPF. DCDGK 
UKPF FKG ADDCWXQTI·PIG CWEJ XQP FGT LGYGKNKIGP SWDUVTCV- WPF BGVTKGDUUKVWCVKQP CDJ·PIKI.

3 VerfahrensDewertung

DKG XGTHCJTGPUVGEJPKUEJG BGYGTVWPI FGT DKQNQIKUEJGP EPVUEJYGHGNWPIUCPNCIG \GKIVG, FCUU FKG 
APNCIG DGK GKPGT BGNCUVWPI XQP 9 O3 BKQICU RTQ SVWPFG OKV GKPGO SEJYGHGNYCUUGTUVQHHIGJCNV 
XQP DKU \W 2000 RRO EPVUEJYGHGNWPIUITCFG XQP EC. 99 � FCWGTJCHV GTTGKEJGP MQPPVG. DKG 
GNGMVTKUEJG EHHK\KGP\ FGT APNCIG GTTGKEJVG KP BG\WI CWH FGP FWTEJIGUGV\VGP MGVJCPXQNWOGP-
UVTQO EC. 96 �. DWTEJ GKPG VGTFQRRNWPI FGU BKQICUXQNWOGPUVTQOGU KUV DGK INGKEJDNGKDGPFGT 
RGKPKIWPIUNGKUVWPI GKPG SVGKIGTWPI FGT EHHK\KGP\ CWH DKU \W 98,5 � OÌINKEJ. 

DCU HQV-SVGCO-RGHQTOKPI \WT ET\GWIWPI GKPGU YCUUGTUVQHHTGKEJGP S[PVJGUGICUGU CWU FGO 
IGTGKPKIVGP BKQICU YWTFG CWH GKPGP GCUFWTEJUCV\ XQP 1 O3 BKQICU LG SVWPFG CWUIGNGIV. IO 
RCJOGP FGT FWTEJIGHÒJTVGP UPVGTUWEJWPIGP YWTFGP \CJNTGKEJG ORVKOKGTWPIGP CP FGO 
RGHQTOGTU[UVGO FWTEJIGHÒJTV, WO GKPGP RTQDNGONQUGP WPF UVÌTWPIUHTGKGP BGVTKGD OKV BKQ-
ICU \W GTOÌINKEJGP, FKG LCWH\GKVGP FGU S[UVGOU GTTGKEJVGP ZGKVT·WOG XQP 100 SVWPFGP WPF 
OGJT. DGT TGIGPGTCVKXG EPGTIKGVT·IGT BKQICU UVGNNVG CP FCU S[UVGO XÌNNKI PGWCTVKIG APURTÒEJG, 
FGPGP OCP KO PTQLGMVXGTNCWH IGTGEJV YGTFGP OWUUVG. DWTEJ FKG IPVGITCVKQP FGT DKQNQIKUEJGP 
EPVUEJYGHGNWPI KP FCU APNCIGPMQP\GRV GPVJKGNV FCU GPVUEJYGHGNVG BKQICU RGTOCPGPV GKPGP 
IGYKUUGP APVGKN 
EC. 1,5 VQN.-�� CP SCWGTUVQHH. DKGU YCT PKEJV \W XGTOGKFGP, FC FKG DKQNQIK-
UEJG EPVUEJYGHGNWPI \WT FCWGTJCHVGP SKEJGTUVGNNWPI FGT QDGP CPIGHÒJTVGP RGKPKIWPIU-NGKU-
VWPI OKV GKPGO IGYKUUGP SCWGTUVQHHÒDGTUEJWUU IGHCJTGP YGTFGP OWUU. DGT SCWGTUVQHHCPVGKN 
DGYKTMVG KO RGHQTOGT GKPG AMMWOWNCVKQP XQP GNGOGPVCTGO KQJNGPUVQHH, FKGU HÒJTVG \W GKPGT 
XQNNUV·PFKIGP VGTDNQEMWPI FGT HQV-SVGCO-KCVCN[UCVQTUEJÒVVWPI. DKGUGO PTQDNGO YWTFG 
FWTEJ FKG IPVGITCVKQP GKPGT MCVCN[VKUEJGP SCWGTUVQHH-SJKHV-SVWHG KO RGHQTOGT DGIGIPGV, KP YGN-
EJGT FWTEJ GKPG UGNGMVKXG OZKFCVKQP FGT SCWGTUVQHH CWU FGO EKPUCV\ICU GPVHGTPV YKTF, DGXQT GT 
OKV FGO HQV-SVGCO-KCV KP KQPVCMV VTGVGP MCPP. EKP YGKVGTGU PTQDNGO DGUVCPF FCTKP, FCUU FGT 
Y·JTGPF FGT MCVCN[VKUEJGP UOUGV\WPI FGU MGVJCPU CNU PQTOCNGU RGCMVKQPURTQFWMV GPVUVGJGP-
FG KQJNGPUVQHH FKG KCVCN[UCVQT-UEJÒVVWPI WPVGT WPIÒPUVKIGP UOUV·PFGP OGEJCPKUEJ DNQEMKG-
TGP MCPP. EKPG UQNEJG RCTVKGNNG BNQEMCFG MCPP CWEJ FWTEJ CWU FGT SEJÒVVWPI CWUIGVTCIGPGP 
NQUGP KQJNGPUVQHH CWH FGO YGKVGTGP GCUYGI KO KQRHXGTFCORHGT FGU RGHQTOGTU GTHQNIGP. 
DKGUGT TCVUCEJG YWTFG FWTEJ GKPG APRCUUWPI FGT RGHQTOGTDGVTKGDUYGKUG DGIGIPGV, DGK FGT 
PWP KP RGTKQFKUEJGP ADUV·PFGP, \. B. DGK XQNNUV·PFKIGT FÒNNWPI FGU WCUUGTUVQHH-URGKEJGTU, FGT 
BKQICUXQNWOGPUVTQO FWTEJ FGP RGHQTOGT DGK CPUQPUVGP WPXGT·PFGTVGP BGVTKGDURCTCOGVGTP 
FWTEJ GKPG SVKEMUVQHHCVOQURJ·TG GTUGV\V YKTF. DWTEJ FKG BGKDGJCNVWPI FGT WCUUGT\WICDG DGK 
INGKEJ\GKVKIGT TGORGTKGTWPI FGU RGHQTOGTU GTHQNIV KP FGT KCVCN[UCVQTUEJÒVVWPI GKPG RGCMVKQP 
FGU WCUUGTU OKV GXGPVWGNN CDIGNCIGTVGO KQJNGPUVQHH \W KQJNGPOQPQZKF WPF WCUUGTUVQHH, 
YGNEJG FWTEJ FKG SVKEMUVQHHCVOQURJ·TG CWUIGVTCIGP YGTFGP WPF KO GCUCWUVTKVV FGU RGHQTOGTU 
CPCN[VKUEJ PCEJYGKUDCT UKPF. WGPP FGT WCUUGTUVQHHCPVGKN KO CWU FGO RGHQTOGT CWUVTGVGPFGP 
SVKEMUVQHH GKPG KQP\GPVTCVKQP XQP NWNN PTQ\GPV GTTGKEJV, KUV FKG SGNDUVTGKPKIWPI FGT SEJÒVVWPI 
CDIGUEJNQUUGP WPF FCU RGHQTOKPI MCPP YKGFGT CWHIGPQOOGP YGTFGP. 
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NCEJ DWTEJHÒJTWPI CNNGT ORVKOKGTWPIUUEJTKVVG KUV FKG FCWGTJCHVG WCUUGTUVQHH-RTQFWMVKQP 
CWU BKQICU OÌINKEJ, FCU HQV-SVGCO-RGHQTOKPI XQP BKQICU GTTGKEJV FCDGK KP BG\WI CWH FCU 
EKPUCV\ICU GPGTIGVKUEJG WKTMWPIUITCFG XQP EC. 75 �, YQDGK FWTEJ ORVKOKGTWPI FGT BGVTKGD-
URCTCOGVGT XQP GKPGT YGKVGTGP SVGKIGTWPI CWU\WIGJGP KUV. 

DCU YCUUGTUVQHHTGKEJG S[PVJGUGICU YWTFG OKVVGNU GKPGT DTWEMYGEJUGNCFUQTRVKQPUCPNCIG, 
MWT\ DWA, \W JQEJTGKPGO WCUUGTUVQHH CWHDGTGKVGV. ÜDGT FGP UPVGTUWEJWPIU\GKVTCWO \GKIVG 
UKEJ, FCUU FKG DWA PCEJ GKPGT IGYKUUGP EKPNCWH\GKV QJPG EKPUEJT·PMWPI WCUUGTUVQHH KP FGT 
IGYÒPUEJVGP RGKPJGKV 
CO-KQP\GPVTCVKQP � 10 RRO� DGTGKVUVGNNGP MQPPVG. 

OJPG LGINKEJG GPGTIGVKUEJG ORVKOKGTWPI GTTGKEJVG FCU S[UVGO CWU DWA WPF RGHQTOGT 
DG\QIGP CWH FKG BTGPP- D\Y. HGK\YGTVG FGT EKPICPIU- WPF AWUICPIUICUG GPGTIGVKUEJG WKT-
MWPIUITCFG XQP NGFKINKEJ 20 �. UPVGT BGTÒEMUKEJVKIWPI FGT WKTMWPIUITCFG FGT XQTIGUEJCNVG-
VGP DKQNQIKUEJGP EPVUEJYGHGNWPIUCPNCIG TGFW\KGTV UKEJ FGT WKTMWPIUITCF WO GKPGP YGKVGTGP 
PTQ\GPVRWPMV CWH 19 �. DWTEJ YGKVGTIGJGPFG ORVKOKGTWPIGP, FKG QJPG MQPUVTWMVKXG EKPITKHHG 
KP FKG APNCIG TGCNKUKGTV YGTFGP MÌPPGP, UKPF HÒT FCU GGUCOVU[UVGO, DGUVGJGPF CWU DKQNQ-
IKUEJGT EPVUEJYGHGNWPI, RGHQTOKPI WPF DWA, TGEJPGTKUEJ WKTMWPIUITCFG XQP ÒDGT 75 � 
OÌINKEJ. MKV DCWNKEJGP EKPITKHHGP KP FCU APNCIGPMQP\GRV MCPP FGT WKTMWPIUITCF PQEJOCNU 
FCTÒDGT JKPCWU IGUVGKIGTV YGTFGP. 

BGK FGT GKPIGUGV\VGP BTGPPUVQHH\GNNGPVGEJPKM YWTFGP MGUUWPIGP WPF EZRGTKOGPVG CP OGJ-
TGTGP S[UVGOGP OKV GKPGT PQOKPGNNGP GNGMVTKUEJGP LGKUVWPI XQP 25ä100 WCVV FWTEJIGHÒJTV. 
DCDGK GTTGKEJVGP FKG S[UVGOG GNGMVTKUEJG WKTMWPIUITCFG XQP OCZKOCN 35 � WPF BTGPPUVQHH-
CWUPWV\WPIUITCFG XQP OCZKOCN 40 �.

IPUIGUCOV GTTGKEJVG FCU KPUVCNNKGTVG VGTHCJTGP PWT IGTKPIG WKTMWPIUITCFG, YCU CWH FGP 
VGTUWEJUEJCTCMVGT FGT PTQ\GUUMGVVG \WTÒEM\WHÒJTGP KUV. DKG KPUVCNNKGTVG APNCIGPVGEJPKM YWTFG 
KP FGT HCWRVUCEJG CWH FWPMVKQPCNKV·V CWUIGNGIV, FKG \CJNTGKEJGP MÌINKEJMGKVGP \WT GPGTIGVK-
UEJGP ORVKOKGTWPI DNKGDGP CWU XGTUWEJUVGEJPKUEJGP GTÒPFGP YGKVGUVIGJGPF WPIGPWV\V. DKG 
FWPMVKQPCNKV·V FGT PTQ\GUUMGVVG KUV PCEJ LÌUWPI FGT XGTHCJTGPU- WPF RTQ\GUUVGEJPKUEJGP PTQ-
DNGOG XQNN WPF ICP\ IGIGDGP WPF FKG ETIGDPKUUG \GKIGP, FCUU FKG HGTUVGNNWPI XQP DKQIGPGO 
WCUUGTUVQHH CWU TGIGPGTCVKXGO BKQICU GKP VGEJPKUEJ ICPIDCTGT WPF CWUIGURTQEJGP UKPPXQNNGT 
BGKVTCI \WT UPVGTUVÒV\WPI GKPGT \WMÒPHVKIGP WCUUGTUVQHH-IPHTCUVTWMVWT KUV. 
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Nachhaltige Nutzung Xon EnergieRflanzen in einer 2,3 MW�Biogasanlage
SWstCinCDNe WtiNi\Ction of energ[ crops in C ��� /9 DiogCs pNCnt

ELHUSSEIN HASSAN, PETER WEILAND

IPUVKVWV HÒT TGEJPQNQIKG WPF BKQU[UVGOVGEJPKM, BWPFGUHQTUEJWPIUCPUVCNV HÒT LCPFYKTVUEJCHV 
FAL�, 
BWPFGUCNNGG 50, D-38116 BTCWPUEJYGKI

SchlÒsselwÌrter� Biogas, EnergieRflanzen, BiodÒnger, AnaeroDXerfahren
-e[Yords� $iogCs� energ[ crops� $io fertiNi\er� CnCeroDic process

<WsCmmenfCssWng

In der aktuellen Zeit bei steigendem Energieverbrauch und den damit verbundenen zuneh-
menden Umweltproblemen ist es gerade bei der Energiebereitstellung notwendig, nachhaltige 
Verfahren zu etablieren. Für eine nachhaltige Nutzung von Energiepflanzen in Biogasanlagen 
spielt die Bereitstellung von Nährstoffen, die beim Anbau von Energiepflanzen vom Boden 
entzogen werden, eine wichtige Rolle. Die in dem Gärrückstand enthaltenen Nährstoffe aus 
den verwendeten Energiepflanzen können allein die fehlende Nährstoffe nicht vollständig 
decken. Die Ko-Vergärung von Energiepflanzen mit agrarindustrialen Reststoffen bzw. Gülle, 
wie in der Biogasanlage-Lüchow, ergänzen den fehlenden Nährstoffanteil und verbessern die 
Nachhaltigkeit.  

Die Nutzung überschüssiger Wärmeenergie (2,� MW) aus der Biogasstromproduktion zur 
Eindampfung des Gärrückstands, verbessert die Düngewirkung des Gärsubstrates.

SWmmCr[

The current growth of energy consumption and the related environmental problems make it 
necessary to establish sustainable energy generation. For a sustainable utilisation of energy 
crops in biogas plants the covering of nutrients, which are extracted from the soil with the cul-
tivation of energy plants, plays an important role. The return of the reactor effluent of energy 
plants to the cultivated land can not cover alone the withdrawal nutrients completely. The 
co-fermentation of energy crops with agrarindustrial residuals and/or manure as in the biogas 
plant in Luechow supplements the missing nutrient portion and improves the sustainability.

The use of excess heat energy (2.� MW) from the production of biogas electricity for reduc-
ing the quantity of effluent, improves the fertilization effect of the fermenting substrate.
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1 Einleitung

IP FGP NGV\VGP JCJTGP PCJO FKG EPGTIKGGT\GWIWPI CWU BKQICU KP DGWVUEJNCPF UVCTM \W. DWTEJ 
FKG KO AWIWUV 2004 KP KTCHV IGVTGVGPGP EEG-NQXGNNG 
ETPGWGTDCTG-EPGTIKGP-GGUGV\� YKTF 
GKP YGKVGTGU WCEJUVWO FGT NCPFYKTVUEJCHVNKEJGP BKQICURTQFWMVKQP GTYCTVGV. EKPG ITQ­G 
RQNNG URKGNV JKGT FKG BKQICUGT\GWIWPI CWU PCEJYCEJUGPFGP RQJUVQHHGP, FC UKG CWEJ CWH SVKNN-
NGIWPIUHN·EJGP CPIGDCWV YGTFGP MÌPPGP. FÒT FKG WKTVUEJCHVNKEJMGKV FGT BKQICUCPNCIG XQP 
ITQ­GT BGFGWVWPI UKPF KPUDGUQPFGTG EPGTIKGRHNCP\GP OKV JQJGT URG\KHKUEJGT GCURTQFWMVKQP. 
ZWU·V\NKEJ \WT RGFW\KGTWPI FGT EOKUUKQP WOYGNVTGNGXCPVGT SEJCFICUG KUV GU ZKGN, FKG NWV\WPI 
XQP PCEJYCEJUGPFGP RQJUVQHHGP KP BKQICUCPNCIGP HÒT FKG EPGTIKGIGYKPPWPI PCEJJCNVKI \W 
TGCNKUKGTGP. MCKU CNU EPGTIKGRHNCP\G JCV JKGTDGK GKPG \GPVTCNG BGFGWVWPI.

2 NutzungsXerfahren Xon EnergieRflanzen

EKP YKEJVKIGT PWPMV HÒT FKG NWV\WPI XQP WOYGNVUEJQPGPFGP GTPGWGTDCTGP EPGTIKGP CNU ETUCV\ 
HÒT FKG DGITGP\VGP HQUUKNGP EPGTIKGVT·IGT KUV KJTG NCEJJCNVKIMGKV. DGT NWV\WPIUMTGKUNCWH XQP 
EPGTIKGRHNCP\GP KP BKQICUCPNCIGP KUV KP ADDKNFWPI 1 FCTIGUVGNNV. FÒT FKG NCEJJCNVKIMGKV OÒU-
UGP FKG XQO BQFGP DGKO APDCW FGT EPGTIKGRHNCP\G GPV\QIGPGP N·JTUVQHHG YKGFGT CNU BKQ-
FÒPIGT \WTÒEM IGHÒJTV YGTFGP. ODYQJN DGK FGT CPCGTQDGP VGTI·TWPI GKPG VGTDGUUGTWPI FGT 
N·JTUVQHHXGTHÒIDCTMGKV UVCVVHKPFGV, MÌPPGP FKG KO G·TTÒEMUVCPF GPVJCNVGPGP N·JTUVQHHG PKEJV 
XQNNUV·PFKI XQP FGT PHNCP\G CWHIGPQOOGP YGTFGP 
PKEJV 100 � XGTHÒIDCT HÒT FKG PHNCP\GP�. 
DGUJCND OW­ FGT HGJNGPFG TGKN OKV OKPGTCNKUEJGO D\Y. BKQ-DÒPIGT IGFGEMV YGTFGP. 

ADDKNFWPI 1� DCTUVGNNWPI FGT PCEJJCNVKIGP NWV\WPI XQP EPGTIKGRHNCP\GP
Representation of sustainable utilisation of energy crops
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3 BeisRiel� Biogasanlage LÒchow

3�1 SuDstrate

IP FGT BKQICUCPNCIG LÒEJQY YWTFGP KPPGTJCND FGU BGVTCEJVWPIU\GKVTCWOU 
GKP JCJT� EC. 
53348 V KCTVQHHGNHTWEJVYCUUGT, 7295 V KCTVQHHGNRÒNRG, 27697 V MCKUUKNCIG, 4367 V RQJUVQHHG 
CWU FGT NCPFYKTVUEJCHVNKEJGP ÜDGTRTQFWMVKQP, 6932 V SEJYGKPGIÒNNG WPF 7442 V RKPFGTIÒNNG 
XGTCTDGKVGV. DGT APVGKN FGT MCKUUKNCIG 
EPGTIKGRHNCP\G� UVGNNV EC. 26 � FGT SWDUVTCVOKUEJWPI 
FCT. DKG YGUGPVNKEJGP SVQHHFCVGP FGT XGTYGPFGVGP SWDUVTCVG UKPF KP TCDGNNG 1 FCTIGUVGNNV.

TCD. 1� SVQHHFCVGP FGT SWDUVTCVG
Characteristics of the substrates

Substrate
CSB TR oTR NH4-N Gesamt-N PO4-P

[g/kg] [% FM] [% FM] [g/kg] [g/kg] [g/kg]

Fruchtwasser 42,32 3,70 2,63 0,50 1,89 0,41

Kartoffelpülpe 199,47 15,89 14,78 0,47 3,51 0,45

Maissilage 453,46 36,02 32,25 0,30 3,03 0,62

Rindergülle 95,05 6,54 5,28 1,33 2,47 0,44

3�2 Herstellung Xon BiodÒngern

DCU XGTIQTGPG SWDUVTCV CWU FGT BKQICUCPNCIG 
G·TIWV� YKTF GKPGO VJGTOKUEJGP KQPFKVKQPKG-
TWPIUU[UVGO HÒT FKG ET\GWIWPI GKPGU JQEJMQP\GPVTKGTVGP BKQFÒPIGTU \WIGHÒJTV. VQT FGT KQP-
FKVKQPKGTWPI YKTF FCU G·TIWV \WT ADVTGPPWPI FGT FGUVUVQHHG GKPGT OGEJCPKUEJGP EPVY·UUG-
TWPIUCPNCIG \WIGHÒJTV, YQDGK EC. 16 � FGT IGUCOVGP MGPIG, FKG GKPG JÌJGTG KQP\GPVTCVKQP 
CP QTICPKUEJGO TTQEMGPTÒEMUVCPF CWHYGKUV, CDIGVTGPPV YKTF. DKG APCN[UGP \GKIGP, FCUU UKEJ 
FKG N·JTUVQHHMQP\GPVTCVKQPGP FGU HGUVGP G·TIWVU XGTXKGNHCEJV JCDGP 
TCDGNNG 2�. DKG HNÒUUKIG 
PJCUG FGT EPVY·UUGTWPI YKTF FWTEJ GKPGP 3-UVWHKIGP EKPFCORHWPIURTQ\GUU GKPIGFKEMV. DKG 
GTOKVVGNVGP GGJCNVG CP N·JTUVQHHGP FGU BKQFÒPIGTU \GKIGP GDGPUQ JÌJGTG KQP\GPVTCVKQPGP 
CNU FCU G·TIWV 
TCDGNNG 2�. 

TCD. 2� SVQHHFCVGP FGT ZW- WPF ADN·WHG FGU VGTFCORHGTU
Characteristics of in- and outflow of the evaporator 

Substrate
CSB TR OTR NH4-N Gesamt-N PO4-P

[g/kg] [% FM] [% FM] [g/kg] [g/kg] [g/kg]

Gärgut 41,25 3,92 2,73 1,14 2,61 0,37

Gärgut (fest) 224,05 16,38 14,33 3,03 6,16 1,21

Gärgut (flüssig) 34,38 3,69 2,37 1,08 2,41 0,35

Biodünger 43,12 4,63 2,92 1,35 2,99 0,41
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4 ErgeDnisse und Diskussion

4�1 Energieerzeugung

DKG GKP\GNPGP SWDUVTCVG FGT BKQICUCPNCIG-LÒEJQY YWTFGP CO IPUVKVWV HÒT TGEJPQNQIKG WPF 
BKQU[UVGOVGEJPKM KP BTCWPUEJYGKI CWH KJTG MGVJCPCWUDGWVG WPF KJTGP OCZKOCN OÌINKEJGP 
ADDCWITCF WPVGTUWEJV 
TCDGNNG 3�. DKG ETIGDPKUUG KP TCDGNNG 3 \GKIGP, FCUU FKG URG\KHKUEJG 
MGVJCPRTQFWMVKQP XQP MCKUUKNCIG XQP 90 N�MI FTKUEJOCUUG 
FM� FKG IGUCOVG MGVJCPRTQFWM-
VKQP UVCTM DGGKPHNWUUGP MCPP.

TCD. 3� SRG\KHKUEJG MGVJCPRTQFWMVKQP FGT GKP\GNPGP SWDUVTCVG
Specific methane production of individual substrate 

Substrate Spez. Methanproduktion [l/kg FM] CSB-Abbaugraud [%]

Maissilage 90,1 62,1

Fruchtwasser 9,9 73,3

Kartoffelpülpe 48,1 76,4

Rindergülle 12,6 42,0

EKP GPVUEJGKFGPFGT FCMVQT HÒT FKG HÌJG FGT MGVJCPRTQFWMVKQP D\Y. FGT RTQFW\KGTVGP GNGM-
VTKUEJGP WPF VJGTOKUEJGP EPGTIKG KUV FKG MGPIG FGU XGTYGPFGVGP SWDUVTCVGU 
SWDUVTCV\WHWJT�. 
ADDKNFWPI 2 \GKIV FKG V·INKEJG MGVJCPRTQFWMVKQP KO VGTINGKEJ \WT SWDUVTCV\WHWJT. DGT 
HCWRVVGKN FGT VJGTOKUEJGP EPGTIKG, GVYC 80 � 
2,8 MW� FGT XQP FGP BHKWçU RTQFW\KGTVGP 
W·TOGGPGTIKG, YKTF KP FGT VJGTOKUEJGP G·TIWV-KQPFKVKQPKGTWPI XGTYGPFGV. DGT RGUV YKTF KO 
PTQ\GUU XGTYGPFGV 
\. B. AWHY·TOGP, H[IKGPKUKGTWPI�.

ADD. 2� SVTQORTQFWMVKQP FGT BKQICUCPNCIG-LÒEJQY
Electricity production in Lüchow biogas plant 
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4�2 Prozessnachhaltigkeit

BGK FGT VGTYGPFWPI XQP 27697 TQPPGP MCKU CNU EPGTIKGRHNCP\G HÒT FKG BKQICUGT\GWIWPI 
YGTFGP ITQ­G MGPIGP XQP N·JTUVQHHGP FGT CPIGDCWVGP LCPFHN·EJGP GPV\QIGP 
TCDGNNG 4�. 
ÜDGT FKG BKQICUCPNCIG D\Y. FKG KQPFKVKQPKGTWPI YGTFGP MGKP SVKEMUVQHH 
GGUCOV-N� WPF MGKP 
PJQURJQT 
PO4-O� CDIGDCWV. APFGTGTUGKVU PKOOV FWTEJ FKG VGTI·TWPI FGT HÒT FKG PHNCP\G 
FKTGMV XGTHÒIDCTG AOOQPKWO-SVKEMUVQHH 
NH4-N� \W. DKG RTQ\GPVWCNG BKNCP\ FGT NH4-N, 
GGUCOV-N WPF PO4-P UKPF KP ADDKNFWPIGP 3, 4 D\Y. 5 FCTIGUVGNNV.

TCD. 4� MGPIG FGT YKEJVKIGP N·JTUVQHHG KP FGP XGTYGPFGVGP SWDUVTCVGP 
Amount of important nutrients in the used substrates 

Substrate NH4-N [t] Gesamt-N [t] PO4-P [t]

Maissilage 8,1 81,8 16,7

Diodünger 217 353 59,2

EKPG CWUUEJNKG­NKEJG RÒEMHÒJTWPI FGT KO MCKU GPVJCNVGPGP N·JTUVQHHG Y·TG HÒT GKPGP PCEJ-
JCNVKIGP EPGTIKGRHNCP\GP-APDCW PKEJV CWUTGKEJGPF, FC PKEJV U·OVNKEJG N·JTUVQHHG XQP FGT 
PHNCP\G CWHIGPQOOGP YGTFGP MÌPPGP. DKG VGTYGPFWPI XQP CITCTKPFWUVTKGNNGP RGUVUVQHHGP 
D\Y. GÒNNG KP FGO BKQICUMTGKUNCWHU[UVGO GTJÌJV FGT APVGKN FGU BKQFÒPIGTU WPF HÒJTV \W 
OGJT NCEJJCNVKIMGKV. EKPG ANVGTPCVKXG FC\W KUV, FCUU FGJNGP PQVYGPFKIGT N·JTUVQHHG OKV 
OKPGTCNKUEJGO DÒPIGTP \W FGEMGP. DGT BKQFÒPIGT JCV LGFQEJ FGP VQTVGKN, CWEJ N·JTUVQH-
HG, FKG PKEJV KO OKPGTCNKUEJGP DÒPIGT GPVJCNVGP UKPF, KP FGP BQFGP GKP\WDTKPIGP. BGK FGT 
HGTUVGNNWPI XQP BKQFÒPIGTP CWU CPCGTQDGO G·TUWDUVTCV MCPP FKG G·TUWDUVTCVOGPIG DKU \W 
40 � TGFW\KGTV YGTFGP. DKGU XGTDGUUGTV FKG DÒPIGYKTMWPI FGU G·TUWDUVTCVGU WPF MCPP FCJGT 
CWHITWPF FGT JÌJGTGP N·JTUVQHHMQP\GPVTCVKQP IG\KGNVGT GKPIGUGV\V YGTFGP. AW­GTFGO \GKIV 
FKG AWUDTKPIWPI GKPGT IGTKPIGTGP MGPIG XQP BKQFÒPIGTP YGKVGTG YKEJVKIG YKTVUEJCHVNKEJG 
WPF ÌMQNQIKUEJG VQTVGKNG.

ADD. 3� PTQ\GPVWCNG BKNCP\ FGT AOOQPKWOUVKEMUVQHHHTCEJV FGT BKQICUCPNCIG-LÒEJQY
Percentage balance of ammonium-nitrogen in Lüchow biogas plant
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ADD. 4� PTQ\GPVWCNG BKNCP\ FGT SVKEMUVQHHHTCEJV FGT BKQICUCPNCIG-LÒEJQY
Percentage balance of total nitrogen in Lüchow biogas plant 

ADD. 5� PTQ\GPVWCNG BKNCP\ FGT PJQURJQTHTCEJV FGT BKQICUCPNCIG-LÒEJQY
Percentage balance of phosphor in Lüchow biogas plant 

5 Schlussfolgerungen

DKG VGTYGPFWPI XQP CITCTKPFWUVTKGNNGP RGUVUVQHHGP UQYKG GÒNNG OKV FGT VGTI·TWPI XQP 
MCKUUKNCIG KP FGT BKQICUCPNCIG-LÒEJQY UVCDKNKUKGTV FCU GNGKEJIGYKEJV FGU N·JTUVQHHMTGKUNCWHU 
KO BQFGP WPF MCPP GKPG \WU·V\NKEJG VGTYGPFWPI XQP OKPGTCNKUEJGO DÒPIGT ÒDGTHNÒUUKI 
OCEJGP. LCPFYKTVUEJCHVNKEJG BKQICUCPNCIGP OKV JQJGT EPGTIKGGT\GWIWPI YKG FKG BKICUCPNCIG 
KP LÒEJQY 
2,3 MW SVTQO WPF 3,5 MW PÒV\NKEJG W·TOGGPGTIKG� MÌPPGP GKPGP YKEJVKIGP 
BGKVTCI HÒT FKG WKTVUEJCHVNKEJMGKV FGT AITCTRTQFWMVKQP NGKUVGP WPF GKPG XKGNXGTURTGEJGPFG 
EPGTIKGCNVGTPCVKXG HÒT FKG ZWMWPHV UGKP.
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Faktoren, die ÒDer die Wirtschaftlichkeit einer landwirtschaftlichen 
Biogasanlage entscheiden
+mpCcts of seNected fCctors on econom[ of CgricWNtWrCN DiogCs pNCnts

PETER J�GER, ANKE NIEBAUM, HELMUT D¤HLER

KWTCVQTKWO HÒT TGEJPKM WPF BCWYGUGP KP FGT LCPFYKTVUEJCHV G. V. 
KTBL�, D-64289 DCTOUVCFV

SchlÒsselwÌrter� Landwirtschaftliche Biogasanlagen, Einflu­faktoren, Wirtschaftlichkeit
-e[Yords� #gricWNtWrCN DiogCs pNCnts� econom[� fCctors of econom[

<WsCmmenfCssWng

Der Betrieb landwirtschaftlicher Biogasanlagen unter den Bedingungen des Erneuerbaren 
Energien Gesetzes von 200� eröffnet Einkommensalternativen und bietet Gewinnchancen 
für landwirtschaftliche Unternehmen. Die ökonomischen Einflussfaktoren liegen in ihrer 
Rangfolge bei hohen konstanten Leistungen, günstigen Rohstoffkosten, angepasster bedarfs-
gerechter Dimensionierung der Anlage bei angemessener Investition und überschaubaren 
Reparaturrisiken. Den Arbeitskosten und dem Düngerwert der Gärreste ist nur ein geringerer 
Einfluss auf den wirtschaftlichen Erfolg beizumessen.

SWmmCr[

The new conditions of the EEG (RENEWABLE ENERG; ACT, 200�) offer farmers new chances 
and perspectives for income by energy production with agricultural biogas-plants. The most 
important economical values are high and constant performance of the plant, favourable cost 
for raw material, straight dimension of the plant with appropriate investments and accept-
able risks for repairs. Costs of Labour and fertilisation value have only small influence on 
economic success.
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1 Einleitung

DKG WKTVUEJCHVNKEJMGKV XQP BKQICUCPNCIGP YKTF FWTEJ XGTUEJKGFGPG LGKUVWPIU- WPF KQUVGPRQ-
UKVKQPGP DGUVKOOV. WGNEJG PCTCOGVGT HÒT GKPG GTUVG BGWTVGKNWPI FGT WKTVUEJCHVNKEJMGKV YKEJVKI 
UKPF WPF YGNEJGU EKPHNWUUXGTOÌIGP UKG CWH FKG WKTVUEJCHVNKEJMGKV JCDGP YKTF KO HQNIGPFGP 
GTÌTVGTV�

1�1 Ertr·ge

1�1�1 StromeinsReiseXergÒtung

MKV FGT NGWHCUUWPI FGU ETPGWGTDCTGP EPGTIKGIGUGV\GU 
EEG� \WO 1. AWIWUV 2004 JCDGP UKEJ 
FKG RCJOGPDGFKPIWPIGP HÒT FGP YKTVUEJCHVNKEJGP BGVTKGD GKPGT NCPFYKTVUEJCHVNKEJGP BKQICU-
CPNCIG FGWVNKEJ XGTDGUUGTV. BG\ÒINKEJ FGT GT\KGNDCTGP LGKUVWPIGP DGUVGJV FCOKV GKPG ICP\ 
GTJGDNKEJG WPF DGFGWVUCOG PNCPWPIUUKEJGTJGKV, WPF FKGU HÒT FKG DCWGT XQP 20 JCJTGP. VKGT 
SEJYGTRWPMVG JCV FGT GGUGV\IGDGT KP FGT PTGKUIGUVCNVWPI IGUGV\V�
 î DKG PTGKUUVCHHGNWPI FGT GTWPFXGTIÒVWPI PCEJ FGT APNCIGPITÌ­G 
KPUVCNNKGTVG LGKUVWPI�

HKGTOKV YKTF XGTUWEJV, FGP JÌJGTGP URG\KHKUEJGP IPXGUVKVKQPUMQUVGP MNGKPGTGT APNCIGP 
IGTGEJV \W YGTFGP.

 î DGT VGTIÒVWPIU\WUEJNCI ëNCWCRQ-BQPWUé HÒT FKG CNNGKPKIGP VGTYGTVWPI XQP PHNCP\GP- 
WPF PHNCP\GPDGUVCPFVGKNGP WPF�QFGT GÒNNG. MKV FGO NCWCRQ-BQPWU YGTFGP APTGK\G 
IGUEJCHHGP, FCU XQTJCPFGPG BKQOCUUGRQVGP\KCN YKTVUEJCHVNKEJ DGUUGT \W GTUEJNKG­GP, 
QJPG FCDGK MKVPCJOGHHGMVG CWU\WNÌUGP.

 î DGT VGTIÒVWPIU\WUEJNCI ëKWK-BQPWUé DGK FGT VGTYGTVWPI XQP W·TOG CWU FGO KWK-
PTQ\GUU ÒDGT GKPGP GZVGTPGP W·TOGCDPGJOGT

 î DGT VGTIÒVWPIU\WUEJNCI ëTGEJPQNQIKG-BQPWU
DCU HQNIGPFG BGKURKGN \WT BGTGEJPWPI FGT SVTQOGKPURGKUGXGTIÒVWPI OKV FCTCWU CDIGNGK-

VGVGP ÜDGTNGIWPIGP UQNN HÒT GKPGP FGT YKEJVKIGP EKPHNWUUHCMVQTGP CWH FKG WKTVUEJCHVNKEJMGKV 
UGPUKDKNKUKGTGP�

FÒT APNCIGP DKU 15� kW installierter Leistung, FKG KO JCJT 2��5 CPU NGV\ IGJGP, FGP 
Nawaro�Bonus GTJCNVGP WPF DGK FGPGP 35 � FGU SVTQOGU CNU Kraft�W·rme�KoRRlung CP\W-
TGEJPGP UKPF, GTTGEJPGV UKEJ GKPG SVTQOXGTIÒVWPI XQP 18,03 CGPV�MWJ GKPIGURGKUVGT SVTQO 

11,5 CGPV � 0,985 
HÒT 2005� 
 6 CGPV 
NCYCTQ-BQPWU� 
 2 CGPV � 0,35 
KWK-APVGKN�. MKV 
JÌJGTGP KPUVCNNKGTVGP LGKUVWPIGP H·NNV FWTEJ UKPMGPFG ETVT·IG CWU FGT GTWPFXGTIÒVWPI UQYKG 
FGT NCWCRQ-BQPWU-VGTIÒVWPI FGT SVTQOGTVTCI MQPVKPWKGTNKEJ CWH \. B. 14,16 CGPV�MWJ 

� 79 � FGU AWUICPIUYGTVGU� DGK GKPGT APNCIG OKV 2000 MW 
2 MW� 
U. ADD. 1�. SKPMGPFG 
EKPURGKUGXGTIÒVWPIGP ITQ­GT APNCIGP OÒUUGP FGOPCEJ FWTEJ TGNCVKXG EKPURCTWPIGP DGK FGT 
IPXGUVKVKQP 
� OCEJDCT�, FGP SWDUVTCVMQUVGP 
� DGFKPIV OCEJDCT, GXVN. FWTEJ ETNÌUG� WPF FGP 
YGKVGTGP NCWHGPFGP BGVTKGDUMQUVGP 
� DGFKPIV OCEJDCT� \WOKPFGUV VGKNYGKUG CDIGHCPIGP 
YGTFGP. KCPP W·TOG IGO·­ FGP RGIGNWPIGP FGT KTCHV-W·TOG-KQRRNWPI IGPWV\V YGTFGP, 
FCPP YKTF FKG SVTQOOGPIG, FKG GT\GWIV YGTFGP OWUUVG, WO FKG CWUIGMQRRGNVG W·TOG \W 
GT\GWIGP, OKV GKPGO BQPWU XQP 2 CGPV�MWJ JÌJGT XGTIÒVGV. WKTF GKPG TGEJV JQJG W·TOG-
PWV\WPI GTTGKEJV, KO BGKURKGN 35 � DQPWUDGTGEJVKIVG SVTQOOGPIG FGU KPUIGUCOV GT\GWIVGP 
GNGMVTKUEJGP SVTQOGU, FCPP MÌPPVG FKGUG GKPGP APVGKN CP FGT IGUCOVGP SVTQOXGTIÒVWPI XQP 
3,9 DKU 4,9 � GTTGKEJGP. DGT APVGKN KUV DGK ITQ­GP APNCIGP JÌJGT, FC FQTV KPUIGUCOV GKP 
PKGFTKIGTGU PTGKUPKXGCW DGUVGJV. DKG VGTIÒVWPI HÒT KWK-NWV\WPI MCPP FKG WKTVUEJCHVNKEJMGKV 
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FGT IGUCOVGP APNCIG PKEJV OC­IGDNKEJ DGGKPHNWUUGP. DC\W OWUU PQEJ GKP ETVTCI CWU FGT 
W·TOGPWV\WPI MQOOGP, FGT FKG \WU·V\NKEJGP KQUVGP HÒT FKG W·TOGXGTYGPFWPI WPF�QFGT 
-XGTVGKNWPI OGJT CNU CDFGEMV.

ADD. 1� SVTQORTGKUXGT-
IÒVWPI� NCYCTQäAPNCIGP 
OKV KTCHV-W·TOG-KQRRNWPI

1�2 Kosten

1�2�1 Rohstoffe

DKG BKQICUVGEJPQNQIKG JCV GPVUEJGKFGPFG IORWNUG CWU FGT APYGPFWPI FGT GKPUVTGWNQUGP TKGT-
JCNVWPIUXGTHCJTGP DGMQOOGP, FGPP FGT GTWPFUVQHH ëGÒlleé JCV KP GTUVGT LKPKG GKPGP DÒPIG-
YGTV \W DKGVGP. DKGUGT DÒPIGYGTV YKTF FWTEJ FKG BKQICUPWV\WPI PKEJV IGUEJO·NGTV, UQPFGTP 
\. B. FWTEJ DGUUGTG PHNCP\GPXGTVT·INKEJMGKV WPF -XGTHÒIDCTMGKV CWHIGYGTVGV. GÒNNG KUV VTQV\ 
DGUEJGKFGPGT BKQICUCWUDGWVG WPF FCOKV IGTKPIGT TTCPURQTVYÒTFKIMGKV CVVTCMVKX, FC UKG CWH FGP 
DKQNQIKUEJGP PTQ\GUU UVCDKNKUKGTGPF YKTMV WPF KJP FCOKV RQUKVKX DGGKPHNWUUV. VQTCWUUGV\WPI KUV 
CDGT, FCUU UKG KO BGVTKGD MQUVGPNQU CPH·NNV QFGT PWT MWT\G TTCPURQTVYGIG DGUVGJGP. DKG AWU-
DGWVG CP GNGMVTKUEJGT EPGTIKG 
SVTQOGTVTCI� NKGIV DGK FWTEJUEJPKVVNKEJGP BKQICUGTVT·IGP 
PCEJ 
RKEJVYGTVGP� WPF GKPGO CPIGPQOOGPGP GNGMVTKUEJGP WKTMWPIUITCF XQP 32 � \YKUEJGP 
32 
RKPFGTIÒNNG�, 37 
SEJYGKPGIÒNNG� WPF 42 
RKPFGTIÒNNG OKV FWVVGTTGUVGP� MWJ LG TQPPG 
FTKUEJOCUUG. BGK PTGKUGP XQP 17 DKU 14 CGPV�MWJ DGFGWVGV FKGU GKPGP SVTQOGT\GWIWPIUYGTV 
\YKUEJGP 4,50 WPF 7,10 €�V GÒNNG. NCEJ AD\WI FGT VGTCTDGKVWPIUMQUVGP KP FGT BKQICUCPNCIG 
DNGKDV CNUQ PWT PQEJ GKP IGTKPIGT ETVTCI. DKGUGT UVGNNV FKG GTGP\G FGT TTCPURQTVYÒTFKIMGKV FCT. 
GÒNNG KUV UQOKV FKG ëBKNNKIMQORQPGPVGé KP FGT MKUEJWPI. MWUU UKG \WIGMCWHV YGTFGP, UQ KUV FGT 
ETVTCI IGPCWGUVGPU \W RTÒHGP. SVGJV GÒNNG CO SVCPFQTV FGT BKQICUCPNCIG \WT VGTHÒIWPI, MÌP-
PGP GXGPVWGNN IPXGUVKVKQPGP FWTEJ FKG VGTYGPFWPI XQTJCPFGPGT LCIGTUV·VVGP IGUGPMV YGTFGP. 
Nachwachsende Rohstoffe UVGJGP KP GKPGO YKTVUEJCHVNKEJGP WGVVDGYGTD KP FGT VGTYGTVWPI. 
FÒT FGP ET\GWIGT XQP \. B. MCKUUKNCIG WPF RQIIGP DGUVGJGP FKG ANVGTPCVKXGP FGT VGTYGTVWPI 
ÒDGT FKG FNGKUEJ- QFGT MKNEJRTQFWMVKQP QFGT FGP VGTMCWH FGT PTQFWMVG \W MCTMVRTGKUGP. DKG 
VGTYGTVWPI ÒDGT GKPG BKQICUCPNCIG OWUU FGOPCEJ VQTVGKNG IGIGPÒDGT CPFGTGP VGTYGTVWPIU-
OÌINKEJMGKVGP DKGVGP. IP TCD. 1 UKPF FKG SVTQOGKPURGKUGGTNÌUG HÒT GKPKIG YKEJVKIG RHNCP\NKEJG 
SWDUVTCVG DGK VGTIÒVWPIUU·V\GP XQP 17 WPF 14 CGPV�MWJ CWHIGHÒJTV.
UO HGUVUVGNNGP \W MÌPPGP, QD FCU SWDUVTCV MQPMWTTGP\H·JKI YKTVUEJCHVNKEJ XGTYGTVGV YKTF, UKPF 
XQP FKGUGP SVTQOGTNÌUGP FKG IGUCOVGP KQUVGP FGT ET\GWIWPI, LCIGTWPI WPF VGTCTDGKVWPI KP 
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FGT BKQICUCPNCIG \W\ÒINKEJ FGT AWUDTKPIWPI FGU G·TTGUVGU CD\W\KGJGP. EKPG MCKUUKNCIG OKV 
35 � TS MCPP DGK IWVGT VGTYGTVWPI GKPGP SVTQOGTVTCI XQP 335 MWJ LG TQPPG NKGHGTP. DGT 
ETNÌU DGK GKPGT VGTIÒVWPI XQP 17 CGPV�MWJ DGVT·IV 56,95 €�V. HKP\W MQOOV FGT DÒPIGTYGTV 
XQP 5,08 €�V. DKGUGP ETNÌUGP UVGJGP KQUVGP HÒT FKG ET\GWIWPI IGIGPÒDGT. SKG DGNCWHGP UKEJ 
PCEJ KTBL-DCVGPUCOONWPI 2004�05 =1?, MQPXGPVKQPGNNG ET\GWIWPI, 50 V�JC, 2-JC-PCT\GNNGP 
CWH 23,30 €�V MCKUUKNCIG DKU \WT EKPNCIGTWPI. DKG \WU·V\NKEJGP LCIGTMQUVGP UKPF OKV 5,84 €�V 
GTOKVVGNV. AD LCIGT DGVTCIGP FKG KQUVGP UQOKV 29,14 €�V FTKUEJOCUUG, QJPG LCIGTXGTNWUVG. DCU 
UKPF 8,70 CGPV LG MWJ GT\GWIVGT SVTQO. BGTÒEMUKEJVKIV KUV CNNGTFKPIU GKPG KQUVGPGTURCTPKU XQP 
45 €�JC, FKG UKEJ CWU FGT EPGTIKGRHNCP\GPCPDCWRT·OKG GTIKDV. FN·EJGPRT·OKGP, FKG FWTEJ FKG 
EU-NGWTGIGNWPIGP KP ZWMWPHV CDIGUGPMV WPF TGIKQPCNKUKGTV YGTFGP, DTCWEJGP PKEJV DGTÒEM-
UKEJVKIV \W YGTFGP, YGKN UKG \WMÒPHVKI PWT IGVTGPPV PCEJ AEMGT- WPF DCWGTITÒPNCPF IGY·JTV 
YGTFGP. ZWU·V\NKEJ \W DGTÒEMUKEJVKIGP Y·TGP MGJTMQUVGP HÒT�
 î NWV\WPIUMQUVGP, YGPP GKPG FTWEJV OKV DGUUGTGT WKTVUEJCHVNKEJMGKV XGTFT·PIV YÒTFG,
 î PCEJV WPF GGOGKPMQUVGP, FKG CWH FKG FN·EJGP WOIGNGIV YGTFGP,
 î KQUVGP HÒT FKG DGPCVWTKGTWPI DGK EPGTIKGRHNCP\GPCPDCW CWH SVKNNNGIWPIUHN·EJGP. PHNG-

IGMQUVGP CWH FGT SVKNNNGIWPIUHN·EJG YGTFGP FCPP GKPIGURCTV. DKG GTURCTVGP KQUVGP UKPF 
CP\WTGEJPGP.

TCD. 1� SVTQOGTNÌUG LG V FTKUEJOCUUG XGTUEJKGFGPGT PCEJYCEJUGPFGT RQJUVQHHG

Stromeinspeisevergütung Cent/kWh
Stromertrag
kWh / t FM

Stromerlös 
je t Frischmasse [€]

17 14
Maissilage, 35 % TS 335 56,95 46,9
Grassilage, 25 % TS 213 36,21 29,82
Getreidekörner 1012 172,04 141,68
Kartoffel, mittl. Stärkegehalt 251 42,67 35,14
Rübenblattsilage, 18 % TS 149 25,33 20,86

DKG KQUVGP FGT VGTCTDGKVWPI, GKPUEJNKG­NKEJ FGT EPVPCJOG CWU FGO LCIGT DGNCWHGP UKEJ DGK FGT 
WPVGTUVGNNVGP APNCIG OKV 150 MW CWH 14,13 €�V FTKUEJOCUUG. DCTKP UKPF FKG IGUCOVGP HGUVGP 
KQUVGP FGT BKQICUCPNCIG, FGU \WU·V\NKEJGP G·TTGUVNCIGTU, UPVGTJCNVWPI WPF RGRCTCVWTGP, FKG 
ATDGKVUMQUVGP UQYKG FKG KQUVGP HÒT FKG AWUDTKPIWPI FGU G·TTGUVGU GPVJCNVGP. EU YKTF GKP ÜDGT-
UEJWUU XQP 18,76 €�V MCKUUKNCIG GT\KGNV. DKGUG BGTGEJPWPI UQNN XGTFGWVNKEJGP, FCUU PWT FGT 
APUCV\ XQP VQNNMQUVGP GKP \WN·UUKIGU ETIGDPKU IGY·JTNGKUVGV. LGKFGT UEJGKPV FKGU KP FGT PTCZKU 
PKEJV KOOGT FGT FCNN \W UGKP. BGHTCIVG BGVTKGDG ICDGP OGKUV IGTKPIGTG ET\GWIWPIUMQUVGP XQP 
FWTEJUEJPKVVNKEJ 8 CGPV�MWJ CP. NCEJ PNCPWPIUTGEJPWPIGP YWTFG FCIGIGP OKV FWTEJUEJPKVV-
NKEJ 14 CGPV�MWJ MCNMWNKGTV. DKG VGTYGTVWPI XQP Kofermenten, FKG PKEJV WPVGT FGP ëNCYCTQ-
BQPWUé HCNNGP, JCV DGVT·EJVNKEJG YKTVUEJCHVNKEJG AWUYKTMWPIGP, FC FKGU GKPG ETVTCIUOKPFGTWPI 
CWU FGO SVTQOXGTMCWH WO TWPF 1�3 DGFGWVGV. JG PCEJ GKPIGUGV\VGO MCVGTKCN MÌPPGP PQEJ 
KQUVGP HÒT H[IKGPKUKGTWPIUOC­PCJOGP WPF CPFGTG AWHNCIGP JKP\WMQOOGP. EKPG KPFKXKFW-
GNNG KCNMWNCVKQP FGT WKTVUEJCHVNKEJMGKV KUV WPWOI·PINKEJ. GTWPFU·V\NKEJ OÒUUGP KQHGTOGPVG 
GTVTCITGKEJ WPF RTGKUYGTV UGKP. DCU DGFGWVGV, FCUU EPVUQTIWPIUGTNÌUG GTHQTFGTNKEJ UKPF, FKG 
UQYQJN FGP WGIHCNN FGU NCWCRQ-BQPWU UND IIH. \WU·V\NKEJG IPXGUVKVKQPGP IGYKPPDTKPIGPF 
MQORGPUKGTGP. MKV FGO NCYCTQäBQPWU KUV HÒT NCPFYKTVUEJCHVNKEJ CWUIGTKEJVGVG BKQICUCPNCIGP 
FKG VGTCTDGKVWPI XQP NKEJV-NCWCRQU WPF�QFGT GÒNNG \WPGJOGPF DGFGWVWPIUNQU.
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1�2�2 InXestitionen

DKG KQUVGP, FKG OKV FGT ETTKEJVWPI WPF FGO BGVTKGD FGT BKQICUCPNCIG XGTDWPFGP UKPF, DKNFGP 
FGP \YGKVGP YKEJVKIGP KQUVGPHCMVQT. EU KUV WPWOI·PINKEJ, FKG GKP\GNPGP KQUVGPRQUKVKQPGP 
IGPCWGT \W DGVTCEJVGP. VQP EZRGTVGP YGTFGP CNU FCWUV\CJN OGKUV IPXGUVKVKQPGP \YKUEJGP 4.500 
HÒT MNGKPGTG APNCIGP WPF 3.000 €�MW KPUVCNNKGTVGT LGKUVWPI DGK ITÌ­GTGP APNCIGP IGPCPPV. 
DKGUG RKEJVITÌ­G YKTF FWTEJ ETJGDWPIGP DGK BGVTGKDGTP YGKVIGJGPF DGUV·VKIV. DKG UTUCEJG 
HÒT PKGFTKIGTG URG\KHKUEJG IPXGUVKVKQPGP UKPF TGEJV QHV CWH ÒDGTFKOGPUKQPKGTVG, CWH LGKUVWPIU-
TGUGTXGP CWUIGNGIVG APNCIGP \WTÒEM\WHÒJTGP. DGT PCTCOGVGT ëURG\KHKUEJG IPXGUVKVKQPé JCV 
PWT FCPP AWUUCIGMTCHV, YGPP FKG DGVTCEJVGVG APNCIG OKV CNNGP BCWVGKNGP NGKUVWPIUO·­KI IWV 
CWHGKPCPFGT CDIGUVKOOV WPF CWUIGNCUVGV KUV. AWU YKTVUEJCHVNKEJGT 
WPF CWEJ XGTHCJTGPUVGEJPK-
UEJGT� SKEJV UQNNVG GKPG VQNNCWUNCUVWPI FGU BHKWU ÒDGT 8.000 J KO JCJT CPIGUVTGDV YGTFGP.

1�2�3 ReRaraturen und Instandhaltung

MCPIGNU DGUUGTGT XGTHÒIDCTGT WGTVG YKTF FKG KQUVGPRQUKVKQP ëRGRCTCVWTGP, WCTVWPI WPF 
IPUVCPFJCNVWPIé J·WHKI OKV 2 DKU 3 � XQO APUEJCHHWPIUYGTV FGT BKQICUCPNCIG MCNMWNKGTV. 
DKGUGT WGTV YKTF FWTEJ AWUYGTVWPIGP XQP UOHTCIGP CP TWPF 40 APNCIGP DGUV·VKIV. UOIG-
TGEJPGV CWH FKG GT\GWIVG SVTQOOGPIG UKPF UQOKV OKV TWPF 1,4 CGPV RTQ GT\GWIVG MWJ SVTQO 
CP WCTVWPIU-, IPUVCPFJCNVWPIU- WPF RGRCTCVWTMQUVGP \W TGEJPGP. EKP ITQ­GT TGKN FGT CWUIG-
YGTVGVGP APNCIGP MCPP CWH WGTVG WPVGT 1 CGPV�MWJ XGTYGKUGP, CDGT CWEJ GZVTGOG AWUTGK­GT 
UKPF HGUVIGUVGNNV YQTFGP. FÒT KCNMWNCVKQPGP KUV OCP IWV DGTCVGP, XQTUKEJVKI XQT\WIGJGP WPF 
NCPIHTKUVKI OKV 1,5 ct�kWh \W MCNMWNKGTGP.

2 SensitiXit·tsanal[se 

KQUVGP WPF LGKUVWPIGP NCUUGP UKEJ PKEJV CWH FGP EWTQ IGPCW XQTCWUUCIGP, FC\W IKDV GU \W 
XKGNG UPY·IDCTMGKVGP. MKV GKPGT SGPUKVKXKV·VUCPCN[UG N·UUV UKEJ CDGT ëFWTEJURKGNGPé, YKG 
GORHKPFNKEJ FKG WKTVUEJCHVNKEJMGKV CWH DGUVKOOVG LGKUVWPIU- WPF KQUVGP·PFGTWPIGP CPURTKEJV. 
DKG DGUQPFGTU MTKVKUEJGP BGTGKEJG YGTFGP GTMCPPV WPF MÌPPGP KP FKG IPXGUVKVKQPUGPVUEJGK-
FWPI GKPDG\QIGP YGTFGP. GTWPFNCIG FGT BGVTCEJVWPI DKNFGV FCU HQNIGPFG APNCIGOQFGNN OKV 
150 MW KPUVCNNKGTVGT LGKUVWPI 
UKGJG CWEJ =2?��

DKG EKPUCV\UVQHHG UKPF 6.000 V GÒNNG CWU RKPFGT- WPF SEJYGKPGJCNVWPI RTQ JCJT WPF NCEJ-
YCEJUGPFG RQJUVQHHG OKV 1.000 V MCKUUKNCIG, 200 V GTCUUKNCIG WPF 365 V RQIIGP 
KQTP� KO 
JCJT. DKG BKQICUCPNCIG MQRRGNV TWPF 43 � FGT GT\GWIVGP W·TOG CWU WPF XGTMCWHV FKGUG HÒT 
2,5 EV�MWJ. ZWU·V\NKEJ YKTF HÒT FKG MQTTGURQPFKGTGPFG SVTQOOGPIG FGT KWK-BQPWU KP HÌJG 
XQP 2 EV�MWJ IGY·JTV. DCU BHKW N·WHV 8.000 J RTQ JCJT WPVGT VQNNNCUV. EKPG SKEJGTJGKV KP 
HÌJG GKPGT TGEJPGTKUEJGP GTÌ­G XQP 5 TCIGP GCUGTVTCIUCWUHCNN RTQ JCJT FWTEJ WPXQTJGTIGUG-
JGPG ETGKIPKUUG GTMN·TV FKG GKPIGURGKUVG SVTQOOGPIG XQP TWPF 1,113 MWJ. 

NCEJ ÒDNKEJGT KCNMWNCVKQP UQNNVG FKG APNCIG GKPGP JCJTGUIGYKPP XQP TWPF 64.000 € GTYKTV-
UEJCHVGP 
TCD. 2�. DKG FTCIG KUV LGFQEJ� WKG UKEJGT KUV FKGUGU ETIGDPKU! WKG UVCTM OWUU UKEJ 
GKP GKP\GNPGT FCMVQT ·PFGTP, WO \.B. GKPGP GGYKPPGKPDTWEJ CWH 50 � � TWPF 32.000 €�JCJT 
JGTXQT\WTWHGP! DKG SGPUKVKXKV·VUCPCN[UG \GKIV� 

GewinneinDu­en in HÌhe Xon 5� � kÌnnen herXorgerufen werden durch�
 1 16� Leistungsminderung in der Stromerzeugung� 
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  SKPMGPFG LGKUVWPIGP KP FKGUGT GTÌ­GPQTFPWPI MÌPPGP \. B. CWH GKPG WKTMWPIUITCFXGT-
OKPFGTWPI XQP 28 CPUVCVV 33 � \WTÒEMIGHÒJTV YGTFGP. AWEJ GKPG UWDQRVKOCNG AWU-
NCUVWPI FGU BHKWU OKV YGPKIGT CNU 6.900 VQNNNCUVUVWPFGP CPUVGNNG CPIGUVTGDVGT 8.000 
SVWPFGP RTQ JCJT KUV GKP FGPMDCTGT LGKUVWPIUOKPFGTWPIUITWPF. DKGU IKNV CWEJ HÒT GKPG 
GPVURTGEJGPF IGTKPIG GCUCWUDGWVG FGT SWDUVTCVG QFGT GKP IGTKPIGTGT MGVJCPIGJCNV CNU 
KO VQTRNCPWPIUUVCFKWO MCNMWNKGTV. ÄJPNKEJGU IKNV VJGQTGVKUEJ CWEJ HÒT FKG EKPURGKUGXGT-
IÒVWPI, FKG KUV CDGT IGUGV\NKEJ HGUVIGNGIV WPF FGUJCND PKEJV ëUGPUKDGNé.

 2 4� � Mehrkosten fÒr Nachwachsende Rohstoffe�
  DKG RQJUVQHHMQUVGP UKPF FGOPCEJ FKG \YGKVYKEJVKIUVG UGPUKDNG GTÌ­G.
 3 Ca� 6� � hÌhere InXestitionen�
  DGT GGYKPPGKPHNWUU KUV DGFGWVGPF, HQNIV CDGT KO RCPI GKPFGWVKI FGP RQJUVQHHMQUVGP.
 4 ErhÌhung der ReRaraturkosten auf ca� 4,2 Cent�kWh�
  RGRCTCVWTTKUKMGP UVGNNGP CNUQ GKP PQEJ KOOGT GTJGDNKEJGU YKTVUEJCHVNKEJGU RKUKMQ FCT. 
 5 RelatiX unsensiDel sind die ArDeitskosten� 
  WÒTFGP FKGUG WO 25 � VGWTGT QFGT YÒTFG 25 � OGJT ATDGKV DGPÌVKIV, YÒTFG UKEJ FGT 

GGYKPP NGFKINKEJ WO EC. 7 � OKPFGTP. 
 6 Der Wert des DÒngers ist auch Xon geringerer Bedeutung� 
  EKP WO 25 � IGTKPIGTGT DÒPIGTYGTV 
YGIGP \. B. PKGFTKIGT DÒPIGTRTGKUG� YÒTFG FGP 

GGYKPP NGFKINKEJ WO 5� OKPFGTP.

TCD. 2� KQUVGPMCNMWNCVKQP HÒT APNCIGOQFGNN OKV 150 MW KPUVCNNKGTVGT LGKUVWPI

453.000 € Gesamt-Invest Kosten Leistungen Anteil
18,03 Ct/kWh Vergütungssatz €/Jahr €/Jahr [%]
Erlöse von 1.113.143 kWh/Jahr 200.700 89,4
Wärmenutzung 13.157  5,9
Düngerwert in NaWaRos 10.473  4,7
Summe der Leistungen 224.330 100,0
Kosten der Anlage
Abschreibungen der Anlage 34.062 21,2
Zinsansatz bei 5% Zinssatz 13.619 8,5
Versicherung  2.270 1,4
Unterhalt und Reparaturen 14.988 9,3
Zündölkosten 11.806 7,3
Arbeitskosten 1095 AKh x 15 Euro 16.425 10,2
Summe der Anlagekosten 93.170 58,0
Rohstoffkosten
Maissilage 1000 t x 30 Euro 30.000 18,7
Grassilage 200 t x 42  8.400 5,2
Roggen 365 t x 80 29.200 18,2
Summe der Rohstoffkosten 67.600 42,0
Summe der Kosten 160.770 100,0
Jahresüberschuss 63.854
Kosten Ct je kWh 14,44

3 Literatur

=1? DCVGPUCOONWPI BGVTKGDURNCPWPI LCPFYKTVUEJCHV 2004�2005, KTBL G. V. 
HTUI.�, DCTOUVCFV.

=2? HCPFTGKEJWPI BKQICUIGYKPPWPI WPF -PWV\WPI 
2004�, FNR G. V. 
HTUI.�, LGKR\KI.
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H[gieneXorgaDen fÒr Biogasanlagen und deren technische Umsetzung
SCnitCtion�4eSWirements for DiogCs�pNCnts Cnd tJeir tecJnicCN 
impNementCtions

SUSANNE KLAGES1, ROSEMARIE CHRISTIAN�BICKELHAUPT2, HANS�WALTER SCHNEICHEL3, 
WERNER PHILIPP4, ELEONORE MARCINISZYN5, MARKUS HELM6

1 KWTCVQTKWO HÒT TGEJPKM WPF BCWYGUGP KP FGT LCPFYKTVUEJCHV G. V. 
KTBL�, D-64289 DCTOUVCFV, 

2 HGUUKUEJGU MKPKUVGTKWO HÒT UOYGNV, L·PFNKEJGT RCWO WPF VGTDTCWEJGTUEJWV\, D-65189 WKGUDCFGP

3 SGD NQTF, D-56002 KQDNGP\

4 IPUVKVWV HÒT UOYGNV- WPF TKGTJ[IKGPG, UPKXGTUKV·V HQJGPJGKO, D-70593 SVWVVICTV

5 IPIGPKGWTDÒTQ HÒT UOYGNVRNCPWPI, GGUEJ·HVUDGTGKEJ PLCPCQTGE, D-37297 NGW-EKEJGPDGTI

6 BKQEPGTI[ BKQICU GODH, D-32505 BCF OG[GPJCWUGP

SchlÒsselwÌrter� Biogasanlagen, Recht, H[gienisierung 
-e[Yords� $iogCs�pNCnts� NegCN reSWirements� sCnitCtion

<WsCmmenfCssWng

In Abhängigkeit von den in der Biogasanlage eingesetzten Substrate, sind die Hygienisie-
rungsanforderungen sehr unterschiedlich. Eine thermophile (�� uC) Betriebsweise, bei der 
das gesamte Substrat hygienisiert wird, ist in nach der Verordnung (EG) Nr. 1���/2002 nicht 
vorgesehen. Für Kofermentationsanlagen ist eine Vollstromhygienisierung weder nach nati-
onalem noch nach EU-Recht derzeit zwingend vorgeschrieben. Bei Gemeinschaftsanlagen 
kann aus seuchenhygienischen Gesichtspunkten solch eine Behandlung angebracht sein. 
Mit dem Vorschlag der KTBL-Agru zur Überarbeitung von Anhang 2 BioAbfV (www.ktbl.de) 
werden einige Rechtsvorgaben künftig leichter umsetzbar, ohne dass dabei das vorhandene 
Sicherheitsniveau reduziert würde. Mit dem Ziel der Kostenminimierung sollten Hygienisie-
rungsanforderungen schon im Vorplanungsstadium mit den zuständigen Veterinärämtern und 
Genehmigungsbehörden geklärt werden. 

SWmmCr[

In biogas-plants, sanitation requirements differ with respect to the digested substrates. A 
thermophilic operating mode (�� uC) with sanitation of the complete substrate is not suf-
ficient according to European standards. For co-digesting plants, a �0 uC-heat treatment für 
the complete substrate is not compulsory according to national or European law. Neverthe-
less, under pest-control aspects, such a treatment is recommended for plants treating manure 
from many different animal keepers. As proposition of a KTBL-working-group, the draft for 
an amendment of the present hygiene-rules of the biowaste ordinance would faciliate the 
implementation of legal rules without reducing existing safety standards. During the plan-
ning-phase of a project the responsible authorizing agency should be contacted in time in 
order to align sanitation-requirements.
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1 Einleitung

DKG BGFGWVWPI XQP BKQICUCPNCIGP CNU EPGTIKGNKGHGTCPVGP JCV KP FGP NGV\VGP JCJTGP UVCTM \WIG-
PQOOGP. DKGUG EPVYKEMNWPI YKTF FWTEJ FKG NQXGNNG FGU EPGWGTDCTGP EPGTIKGP-GGUGV\GU 

EEG� XQO AWIWUV 2004 PQEJ XGTUV·TMV. MKVVNGTYGKUG YGTFGP DWPFGUYGKV EC. 2000 APNCIGP 
DGVTKGDGP, HÒT EPFG 20061 YGTFGP 4000 APNCIGP RTQIPQUVK\KGTV.

DKG VQTUEJTKHVGP HÒT FGP BGVTKGD XQP BKQICUCPNCIGP WPF FKG G·TTGUVXGTYGTVWPI YWTFGP OKV 
IP-KTCHV-TTGVGP FGU TKGTKUEJGP NGDGPRTQFWMVG-BGUGKVKIWPIUIGUGV\GU 
TKGTNGDG� EPFG JCPWCT 
2004, YGNEJGU FGT UOUGV\WPI FGT FKTGMV YKTMUCOGP VGTQTFPWPI 
EG� NT. 1774�2002 XQO 
03. OMVQDGT 2002 
H[IKGPGXQTUEJTKHVGP HÒT PKEJV HÒT FGP OGPUEJNKEJGP VGT\GJT DGUVKOOVGP 
VKGTKUEJGP NGDGPRTQFWMVGP� FKGPV, ITWPFNGIGPF PGW UVTWMVWTKGTV. DKG VGTQTFPWPI GTUGV\V FCU 
PCVKQPCNG TKGTMÌTRGTDGUGKVKIWPIUIGUGV\ 
TKGT KBG 2001�, FKG TKGTMÌTRGTDGUGKVKIWPIUCPUVCNVGP-
VGTQTFPWPI 
TKGTKBAPUVV 2001� WPF FKG FWVVGTOKVVGNJGTUVGNNWPIU-VGTQTFPWPI 
FWMKHGTUVV 
1993�, YGNEJG UQOKV CW­GT KTCHV IGUGV\V YWTFGP. RGFCMVKQPGNNG ÄPFGTWPIGP YWTFGP KO 
TKGTUGWEJGPIGUGV\ 
TKGTSG 2004�, KO FNGKUEJJ[IKGPGIGUGV\ 
FIHG 2003� WPF KO GGHNÒIGN-
HNGKUEJJ[IKGPGIGUGV\ 
GFNHG 1996� XQTIGPQOOGP WPF GU YWTFG GKPG PGWG ADITGP\WPI 
\WO KTGKUNCWHYKTVUEJCHVU- WPF ADHCNNIGUGV\ 
KTW-�ADHG 1994� IGUEJCHHGP. DKG APYGPFDCTMGKV 
CDHCNNTGEJVNKEJGT VQTUEJTKHVGP, YKG \. B. FGT BKQCDHCNNXGTQTFPWPI 
BKQADHV 1998�, KUV PWP KO 
WGUGPVNKEJGP CWH SVQHHG RHNCP\NKEJGP UTURTWPIU DGUEJT·PMV. DÒPIGOKVVGNTGEJVNKEJG VQTICDGP 
CWH PCVKQPCNGT WPF EU-EDGPG DGUKV\GP YGKVGTJKP GÒNVKIMGKV. 

GGNVGPFG RGEJVUXQTUEJTKHVGP DGUVKOOGP, QD WPF IIH. YGNEJG H[IKGPKUKGTWPIUGKPTKEJ-
VWPIGP HÒT BKQICUCPNCIGP XQT\WUGJGP UKPF. APJCPF XQP APNCIGPOQFGNNGP YGTFGP LGYGKNU 
CP\WYGPFGPFG RGEJVUXQTUEJTKHVGP GTN·WVGTV. EU YGTFGP HKPYGKUG \WT TGEJPKM IGIGDGP WPF 
FKG KQUVGP GKPGT H[IKGPKUKGTWPI GZGORNCTKUEJ DGTGEJPGV. 

DKG TGEJVNKEJGP RCJOGPDGFKPIWPIGP HÒT BKQICUCPNCIGP UKPF CWEJ YGKVGTJKP KO WCPFGN 
DGITKHHGP. IO AWHVTCI FGU BWPFGUOKPKUVGTKWOU HÒT UOYGNV 
BMU� ÒDGTCTDGKVGVG FKG KTBL-
ATDGKVUITWRRG ëH[IKGPG-PTÒHU[UVGO HÒT VGTI·TWPIUCPNCIGP 1é APJCPI 2 FGT BKQADHV OKV 
H[IKGPGXQTUEJTKHVGP HÒT DKQNQIKUEJG ADHCNNDGJCPFNWPIUCPNCIGP. AWH GKPGO BMU-FCEJIG-
URT·EJ YWTFG FGT XGTCDUEJKGFGVG TGZVXQTUEJNCI CO 1. OMVQDGT 2004 L·PFGTXGTVTGVGTP, VGTVTG-
VGTP FGU BWPFGUOKPKUVGTKWOU HÒT VGTDTCWEJGTUEJWV\, ETP·JTWPI WPF LCPFYKTVUEJCHV 
BMVEL� 
WPF YGKVGTGP FCEJNGWVGP XQTIGUVGNNV.

2 Geltende RechtsXorschriften fÒr unterschiedliche Anlagenmodelle

TCDGNNG 1 XGTCPUEJCWNKEJV H[IKGPKUKGTWPIUGTHQTFGTPKUUG KP ADJ·PIKIMGKV XQP SWDUVTCVGP, 
RGEJVUXQTICDGP WPF FGT ATV FGT G·TTGUVXGTYGTVWPI. DKG APNCIGPOQFGNNG 1C DKU 1E XGTCT-
DGKVGP PGDGP WKTVUEJCHVUFÒPIGT VKGTKUEJGP HGTMWPHV 
WD� CWUUEJNKG­NKEJ RHNCP\NKEJG SVQHHG 

NCEJYCEJUGPFGP RQJUVQHHGP 
NCWCRQU� WPF�QFGT RHNCP\NKEJG ADH·NNG�. 1E KUV CNU GGOGKP-
UEJCHVUCPNCIG MQP\KRKGTV. DKG VGKNYGKUG CNU GGOGKPUEJCHVUCPNCIG DGVTKGDGPGP APNCIGP 2C DKU 
2F XGTCTDGKVGP PGDGP FGP WD CWEJ YGKVGTG SVQHHG VKGTKUEJGP UTURTWPIU. 

BGVTKGD 1C H·NNV FWTEJ FKG WD WPVGT FKG VQTICDGP FGT VGTQTFPWPI 
EG� NT. 1774�2002 
UQYKG FKG DÒPIGXGTQTFPWPI 
DÒPIGV�.

1 Fachverband Biogas e. V.: Der Spiegel 40/2004
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TCD. 1� ETHQTFGTPKUUG \WT H[IKGPKUKGTWPI KP ADJ·PIKIMGKV XQP RGEJVUXQTICDGP, SWDUVTCVGP WPF VGTYGTVWPI 
FGU G·TTGUVU 

Mo-
dell 

Substrate
relevante 

Rechtsvorgabe
Verwertung 

des Gärrests

Betriebswei-
se der Bio-
gasanlage

Art der Hygienisierung

1a WD1, NaWaRos2 EG-V 1774/20025

DüngeV6 eigen mesophil  keine

1b
WD1, Getreide-
abfälle3 (Zukauf)

EG-V 
1774/20025,  
BioAbfV, 
DüngeV6

eigen
a)  thermo-

phil9

b) mesophil

a) keine
b)  Pasteurisierung des 

Bioabfalls (70 °C, 
1 h) oder aerobe 
Nachrotte

1c
WD1, NaWaRos2, 
Getreideabfälle3

(Zukauf)

BioAbfV, Dün-
gemittelV, EG-V 
1774/20025, 
DüngeV6

In-Verkehr-
Bringen, 
(Gemein-
schaftsanlage, 
3 Landwirte)

a)  thermo-
phil9

b) mesophil

a) keine
b)  Pasteurisierung des 

Bioabfalls (70 °C, 
1 h) oder aerobe 
Nachrotte10

2a WD1
DüngemittelV, 
DüngeV6 EG-V 
1774/20025

In-Verkehr-
Bringen, 
(Gemein-
schaftsanlage, 
viele Land-
wirte)

thermophil9

oder 
mesophil

 keine10

2b

WD1, 4, NaWa-
Ros2, Fettabschei-
derinhalt tieri-
schen Ursprungs

EG-V 1774/2002, 
Tierseuchenrecht7

(ViehVerkV), Dün-
geV6

eigen
thermophil9

oder 
mesophil

 Pasteurisierung des 
tierischen Reststoffs 
(70 °C; Fettab-
scheideinhalt)

2c

WD1, 4, NaWa-
Ros2, Küchen- und 
Speiseabfälle 
(nicht Kategorie 1)

EG-V 
1774/20025, 
DüngeV, Tierseu-
chenrecht8 (Vieh-
VerkV)

eigen
thermophil9

oder 
mesophil

Pasteurisierung des 
tierischen Reststoffs 
(70 °C; Küchen- und 
Speiseabfälle)

2d

WD1, ehemalige 
Lebensmittel tieri-
schen Ursprungs 
(Kategorie 3), 
pflanzl. Abfälle 
(behandlungs-
pflichtig nach 
BioAbfV)

EG-V 1774/2002, 
BioAbfV, Dünge-
mittelV, DüngeV6

In-Verkehr-
Bringen

a) thermo-
phil9

b) mesophil

a)  Pasteurisierung von 
Material der Kate-
gorie 3 (70 °C);

b)  Pasteurisierung von 
Material der Kate-
gorie 3 und Pasteu-
risierung der Bioab-
fälle (70 °C) oder 
aerobe Nachrotte

1 Wirtschaftsdünger tierischer Herkunft, wie Gülle, Jauche und Festmist; WD pflanzlicher Herkunft bleiben 
außer Betracht,  2 Nachwachsende Rohstoffe,  3 pflanzlicher Bioabfall laut BioAbfV, Anhang 1,  4 Betrieb mit 
Klauentierhaltung  5 Nur Zulassung nach Art. 15 (einschließlich HACCP  6 derzeitiger Rechtsstand;  7 wegen 
Fettabscheider  8 wegen Küchen- und Speiseabfällen  9 thermophil im Sinne des Anhangs 2, BioAbfV  10 Pas-
teurisierung im Vollstrom ist rechtlich nicht erforderlich, wäre jedoch aus fachlicher Sicht sinnvoll
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DKG APNCIG MCPP OGUQRJKN DGVTKGDGP YGTFGP, FC FKG EU-VGTQTFPWPI KP FKGUGT KQPUVGNNCVKQP 
HÒT WD FGT\GKV MGKPG H[IKGPKUKGTWPIUCPHQTFGTWPIGP UVGNNV. WGTFGP GGVTGKFGCDH·NNG, FKG PKEJV 
KO GKIGPGP BGVTKGD CPHCNNGP, OKVXGTYGTVGV 
1D� ITGKHV \WU·V\NKEJ PGDGP FGP Q. I. RGEJVUXQT-
UEJTKHVGP FKG BKQADHV. 

DKGUG UKGJV HÒT FKG GGVTGKFGCDH·NNG GKPG H[IKGPKUKGTWPI KP FQTO GKPGT VQTRCUVGWTKUKGTWPI 

70 uC�1J� XQT. 

ANVGTPCVKX MCPP FKG APNCIG VJGTOQRJKN DGVTKGDGP QFGT FGT IGUCOVG G·TTGUV PCEJ FGP VQT-
ICDGP FGT BKQADHV PCEJRCUVGWTKUKGTV D\Y. MQORQUVKGTV YGTFGP. AWHITWPF FGU IGOGKPUEJCHVNK-
EJGP BGVTKGDGU FGT APNCIG 1E FWTEJ FTGK LCPFYKTVG YKTF FGT G·TTGUV KP FGP VGTMGJT IGDTCEJV. 
EU ITGKHGP FCJGT CWEJ VQTICDGP FGT DÒPIGOKVVGNXGTQTFPWPI 
DÒMV�. ODYQJN FGT TGEJVNKEJG 
RCJOGP GKPG H[IKGPKUKGTWPI FGU WD-APVGKNU PKEJV XGTNCPIV, YKTF CWU UGWEJGPRTQRJ[NCMVK-
UEJGT SKEJV FKG H[IKGPKUKGTWPI CWEJ FGU WD GORHQJNGP. 

AWEJ HÒT FKG PWT WD XGTI·TGPFG GGOGKPUEJCHVUCPNCIG 2C KUV FKG H[IKGPKUKGTWPI FGU WD 
PKEJV XQTIGUEJTKGDGP, CNNGTFKPIU IKNV CWHITWPF FGT JQJGP ZCJN DGVGKNKIVGT LCPFYKTVG, FCUU \WT 
VGTOKPFGTWPI FGU ÜDGTVTCIWPIUTKUKMQU XQP KTCPMJGKVU- WPF TKGTUGWEJGPGTTGIGTP IPHGMVKQPU-
MTGKUN·WHG OKVVGNU PCUVGWTKUKGTWPI QFGT VJGTOQRJKNGT BGJCPFNWPI WPVGTDTQEJGP YGTFGP UQNN-
VGP. FÒT FKG BGVTKGDG 2D WPF 2E IGNVGP CWHITWPF FGT DGJCPFGNVGP FGVVCDUEJGKFGTTÒEMUV·PFG VKG-
TKUEJGP UTURTWPIU D\Y. FGT KÒEJGP- WPF SRGKUGCDH·NNGP PGDGP FGP DGTGKVU CPIGURTQEJGPGP 
RGEJVUXGTQTFPWPIGP \WU·V\NKEJ FKG VKGJXGTMGJTUXGTQTFPWPI 
VKGJVGTMV 2004�, CWHITWPF FGT 
GKPG ETJKV\WPI FGU DGVTGHHGPFGP KQHGTOGPVU VKGTKUEJGP UTURTWPIU CWH 70 uC GTHQTFGTNKEJ YKTF. 
BGK BKQICUCPNCIGP CWH NCPFYKTVUEJCHVNKEJGP BGVTKGDGP OKV NWV\VKGTJCNVWPI KUV FKGUG PCUVGWTKUKG-
TWPI 
70 uC, 1 J� XQT FGO VGTDTKPIGP FGT KQHGTOGPVG CWH FGP BGVTKGD FWTEJ\WHÒJTGP. 

APNCIG 2F XGTCTDGKVGV PGDGP WD DGJCPFNWPIURHNKEJVKIG BKQCDH·NNG WPF LGDGPUOKVVGN VKG-
TKUEJGT HGTMWPHV 
KCVGIQTKG 3-MCVGTKCN PCEJ VGTQTFPWPI 
EG� NT. 1774�2002 �. SQOKV ITGKHGP 
FKG VGTQTFPWPI 
EG� NT. 1774�2002 ä, FKG BKQADHV UQYKG FKG DÒMV WPF FKG DÒPIGV. 
EKPG H[IKGPKUKGTWPI PCEJ FGT BKQADHV MCPP FWTEJ VJGTOQRJKNGP BGVTKGD FGU BKQICUTGCMVQTU 
IGY·JTNGKUVGV YGTFGP, YQDGK FKG KCVGIQTKG 3-MCVGTKCNKGP \WU·V\NKEJ GKPGT PCUVGWTKUKGTWPI \W 
WPVGT\KGJGP UKPF. ANVGTPCVKX MCPP PCEJMQORQUVKGTV YGTFGP 
PCEJ FGUVUVQHHUGRCTCVKQP�. DKG 
UGRCTKGTVG FNÒUUKIHTCMVKQP OWUU XQT GKPGT NCPFDCWNKEJGP VGTYGTVWPI GDGPHCNNU RCUVGWTKUKGTV 
YGTFGP. 

3 Technische Ausgestaltung der H[gienisierung

DKG VJGTOQRJKNG BGVTKGDUYGKUG KUV PWT PCEJ BKQADHV, PKEJV PCEJ VGTQTFPWPI 
EG� NT. 
1774�2002 CNU VGTHCJTGP FGT H[IKGPKUKGTWPI DGPCPPV. DKG BKQADHV UKGJV JKGTDGK 55 uC 
BGVTKGDUVGORGTCVWT DGK 24 J MKPFGUVXGTYGKN\GKV WPF 20 TCIG J[FTCWNKUEJG VGTYGKN\GKV KO 
RGCMVQT XQT. 

IP RÒJTMGUUGNHGTOGPVGTP YGTFGP SWDUVTCVG UGJT UEJPGNN XGTVGKNV WPF UKPF QHVOCNU DGTGKVU 
PCEJ YGPKIGP SVWPFGP KO ADNCWH PCEJYGKUDCT. SQNNGP FKG 24 J VGTYGKN\GKV ICTCPVKGTV YGTFGP, 
KUV GKPG UVQ­YGKUG BGUEJKEMWPI WPF EPVPCJOG KO 24-SVWPFGP-RJ[VJOWU GTHQTFGTNKEJ. DKGUG 
BGVTKGDUYGKUG KUV CWU RTQ\GUUDKQNQIKUEJGT SKEJV WPIÒPUVKI, FC UKG \W GKPGO UGJT UVÌTCPH·NNKIGP 
G·TRTQ\GUU HÒJTV. 

IP PHTQRHUVTQOHGTOGPVGTP MQOOV GU \W GKPGO WPVGTUEJKGFNKEJGP VGTJCNVGP XQP FGUVUVQHHGP 
WPF IGNÌUVGP SVQHHGP� Y·JTGPF UKEJ FGUVUVQHHG YKG GKP PHTQRHGP XQP FGT EKPVTCIU- \WT AWU-
VTCIUUGKVG DGYGIGP, XGTVGKNGP UKEJ IGNÌUVG SVQHHG KPPGTJCND YGPKIGT SVWPFGP KO IGUCOVGP 
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FCWNTCWO. EU MCPP FCJGT CWEJ KP FKGUGO FCNN PKEJV CWUIGUEJNQUUGP YGTFGP, FCUU SWDUVTCV KP 
YGPKIGT CNU 24 J YKGFGT CWUIGVTCIGP YKTF. 

PCUVGWTKUKGTWPI� PCUVGWTKUKGTWPIUGKPJGKVGP MÌPPGP XQT QFGT PCEJ FGO VGTI·TWPIURTQ\GUU 
GKPIGUGV\V YGTFGP. BGK FGT PCUVGWTKUKGTWPI XQT FGO PTQ\GUU MCPP GKPG TGKNUVTQORCUVGWTKUKG-
TWPI 
PWT FGT RCUVGWTKUKGTWPIURHNKEJVKIG ADHCNNCPVGKN� QFGT GKPG VQNNUVTQORCUVGWTKUKGTWPI 
CWEJ 
PKEJV RCUVGWTKUKGTWPIURHNKEJVKIG SWDUVTCVG, YKG \. B. GÒNNG DGK FGT KQHGTOGPVCVKQP� FWTEJIG-
HÒJTV YGTFGP. BGK FGT PCUVGWTKUKGTWPI PCEJ FGT VGTI·TWPI OWUU KP LGFGO FCNN FGT IGUCOVG 
MCVGTKCNUVTQO GTJKV\V YGTFGP.

FÒT PKEJV RWOR- QFGT HNKG­H·JKIG ADH·NNG 
\. B. BKQCDH·NNG CWU HCWUJCNVGP� KUV GKPG PCUVGW-
TKUKGTWPI XQT FGT VGTI·TWPI ITWPFU·V\NKEJ UEJYKGTKI \W TGCNKUKGTGP, UQHGTP PKEJV GKPG VGTHNÒU-
UKIWPI, \. B. OKV FNÒUUKIOKUV, GTHQNIV. NCEJ DWTEJNCWHGP FWTEJ FGP RGCMVQT KUV FCU G·TIWVU 
JQOQIGPGT, GKPG PCEJIGUEJCNVGVG PCUVGWTKUKGTWPI KUV FCJGT YGPKIGT UVÌTCPH·NNKI, YGKN AD- WPF 
APNCIGTWPIGP YGPKIGT J·WHKI CWHVTGVGP. DC LGFQEJ FCU IGUCOVG G·TIWV DGJCPFGNV YGTFGP 
OWUU, KUV FKG NCEJRCUVGWTKUKGTWPI DGK KQHGTOGPVCVKQPUCPNCIGP QHV VGWTGT.

DKG PCUVGWTKUKGTWPI MCPP KP TCPMU OKV KPPGP- QFGT CW­GPNKGIGPFGP W·TOGVCWUEJGTP GTHQN-
IGP. FÒT MNGKPGTG APNCIGP YGTFGP KP FGT RGIGN RTGKUYGTVG KPPGP NKGIGPFG W·TOGVCWUEJGT 
GKPIGUGV\V, YQDGK FKG GGHCJT XQP APDCEMWPIGP QFGT ADNCIGTWPIGP CWH FGP HGK\URKTCNGP KP 
KCWH IGPQOOGP YKTF. UO JKPTGKEJGPFG W·TOGÒDGTICPIUYGTVG \W GTTGKEJGP, OWUU FGT AWH-
JGK\DGJ·NVGT GKP RÒJTYGTM DGUKV\GP. AD EC. 25ä35 Ox�F \W GTJKV\GPFGO MCVGTKCN UEJYKPFGV 
FGT PTGKUXQTVGKN XQP S[UVGOGP OKV KPPGPNKGIGPFGP W·TOGVCWUEJGTP. 

W·JTGPF DGK TGKNUVTQOXGTHCJTGP QHV GKP H[IKGPKUKGTWPIUDGJ·NVGT KO BCVEJ-BGVTKGD IGHCJTGP 
YKTF 
AWHJGK\-, VGTYGKN- WPF EPVNGGTWPIURJCUG PCEJGKPCPFGT�, DKGVGV UKEJ DGK FGT VQNNUVTQO-
J[IKGPKUKGTWPI CP, GKP S[UVGO OKV \YGK QFGT KFGCNGTYGKUG FTGK BGJ·NVGTP \W KPUVCNNKGTGP. 
W·JTGPF FGU BGVTKGDGU DGHKPFGP UKEJ FCDGK KOOGT GKP BGJ·NVGT KO EPVNGGTWPIU-, GKPGT KO 
BGHÒNNWPIU- WPF GKPGT KO VGTYGKNOQFWU. DWTEJ FCU RCTCNNGNG BGHÒNNGP WPF EPVNGGTGP YKTF 
GKP MQPVKPWKGTNKEJGT APNCIGPDGVTKGD 
BGUEJKEMWPI, PTQ\GUUDKQNQIKG� GTTGKEJV WPF GU MCPP GKP 
GTQ­VGKN FGT W·TOG CWU FGT H[IKGPKUKGTWPI \WTÒEMIGYQPPGP YGTFGP.

4 KTBL�Vorschlag zur NoXellierung des Anhangs 2 BioADfV

MKV FGT H[IKGPKUKGTWPIUNGKUVWPI XQP BKQICUCPNCIGP WPF FGT ORVKOKGTWPI FGU H[IKGPG-PTÒH-
U[UVGOU FGT BKQADHV JCDGP UKEJ XGTUEJKGFGPG FWTEJ FKG DGWVUEJG BWPFGUUVKHVWPI UOYGNV 
G. V. 
A\. 08965 WPF 15008� D\Y. KO RCJOGP FGU UFOPLAN 
FKZ. 200 33 331� IGHÌTFGTVG 
VQTJCDGP DGHCUUV. DCU KTBL YCT KP FKG VQTJCDGP GKPIGDWPFGP OKV FGO BMU-AWHVTCI 
UFO-
PLAN-FKZ. NT. 903 33 397�, FKG CWU FGP YKUUGPUEJCHVNKEJGP UPVGTUWEJWPIGP IGYQPPGPGP 
ETMGPPVPKUUG HÒT FKG PTCZKU WO\WUGV\GP WPF OKV FGT FCEJÌHHGPVNKEJMGKV CD\WUVKOOGP. IO RCJ-
OGP FKGUGT HCEJVGEJPKUEJGP BGINGKVWPI YWTFG FKG KTBL-ATDGKVUITWRRG ëH[IKGPGRTÒHU[UVGO 
HÒT VGTI·TWPIUCPNCIGPé IGITÒPFGV, FKG CWEJ FGP PWP XQTNKGIGPFGP TGZVXQTUEJNCI \WT ÜDGTCT-
DGKVWPI FGU APJCPIGU 2, BKQADHV XGTCDUEJKGFGV JCV. 

APJCPI 2 BKQADHV YWTFG PGW UVTWMVWTKGTV, WO UGKPG PTCMVKMCDKNKV·V HÒT FKG XQNN\KGJGPFGP 
BGJÌTFGP \W XGTDGUUGTP. DKG EPVYKEMNWPI KPPQXCVKXGT LÌUWPIGP YKTF WPVGTUVÒV\V; FKGUG UQNNGP 
OKV HKNHG GKPGU SCEJXGTUV·PFKIGP CWH KJTG H[IKGPKUKGTWPIUNGKUVWPI JKP ÒDGTRTÒHV YGTFGP. 

AWEJ FKG IGY·JNVGP PGWGP BGITKHHNKEJMGKVGP UQNNGP FKG VGTUV·PFNKEJMGKV GTJÌJGP� 
 î FKG ëFKTGMVG PTQ\GUURTÒHWPIé YKTF KP ëPTQ\GUURTÒHWPIé, 
 î FKG ëKPFKTGMVG PTQ\GUURTÒHWPIé KP ëPTQ\GUUÒDGTYCEJWPIé WPF 
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 î FKG ëEPFRTQFWMVRTÒHWPI FGT J[IKGPKUKGTVGP BKQCDH·NNGé KP ëPTÒHWPI FGT J[IKGPKUKGTVGP 
BKQCDH·NNGé WODGPCPPV.

FÒT FKG VCNKFKGTWPI GKPGT PCUVGWTKUKGTWPI KUV KO VQTUEJNCI FGT KTBL-ATDGKVUITWRRG MGKPG PTQ-
\GUURTÒHWPI XQTIGUGJGP. FÒT FKG VJGTOQRJKNG VGTI·TWPI YKTF GKPG PTQ\GUURTÒHWPI KP VGTDKP-
FWPI OKV FGT BGUVKOOWPI FGT MKPFGUVCWHGPVJCNVU\GKV XQP PCTVKMGNP KP FGT APNCIG YGKVGTJKP 
CNU GTHQTFGTNKEJ CPIGUGJGP, CNNGTFKPIU DGK VGT\KEJV CWH FGP PTÒHRCTCOGVGT TCDCM-MQUCKM-VKTWU 

TMV�. FÒT FKG KQORQUVKGTWPI YKTF FKG DGTGKVU RTCMVK\KGTVG PTQ\GUURTÒHWPI ÒDGTPQOOGP. 

DC OKV VGT\KEJV FGU PCTCOGVGTU TMV FGT IGIGPÒDGT FGT KQORQUVKGTWPI IGYQPPGPG 
IPHQTOCVKQPUIGJCNV HÒT FKG VJGTOQRJKNG VGTI·TWPI CDIGUGPMV YKTF, YGTFGP CWU VQTUQTIGITÒP-
FGP AWHDTKPIWPIUDGUEJT·PMWPIGP HÒT UGPUKDNG APYGPFWPIUDGTGKEJG KO TCDCMCPDCW WPF 
GCTVGPDCW XQTIGUEJNCIGP. ZWT BGUVKOOWPI FGT PTÒHWPIU\GKVTCWOU 
KQPVCMV\GKV FGT PTÒHQT-
ICPKUOGP KO FGTOGPVGT� KP VJGTOQRJKNGP BKQICUCPNCIGP OÒUUGP VGTYGKN\GKVDGUVKOOWPIGP 

MKPFGUVXGTYGKN\GKV� FWTEJIGHÒJTV YGTFGP. DCOKV GPVH·NNV FKG HÒT FGP DKQNQIKUEJGP PTQ\GUU UQ 
WPIÒPUVKIG UVCTTG 24 SVWPFGPHTKUV.

W·JTGPF ITWPFU·V\NKEJ FKG PTÒHWPI FGT J[IKGPKUKGTVGP BKQCDH·NNG DGKO VGTNCUUGP FGT 
APNCIG FWTEJIGHÒJTV YKTF, MCPP DGK NCPFYKTVUEJCHVNKEJGP KQHGTOGPVCVKQPUCPNCIGP, YGNEJG 
RCUVGWTKUKGTVG BKQCDH·NNG WPF GKIGPGT\GWIVG DKQNQIKUEJ CDDCWDCTG MCVGTKCNKGP GKPUGV\GP WPF 
FKG DGJCPFGNVGP G·TTGUVG CWUUEJNKG­NKEJ KO GKIGPGP NCPFYKTVUEJCHVNKEJGP BGVTKGD XGTYGTVGP, 
FKGUG PTÒHWPI FKTGMV JKPVGT FGT PCUVGWTKUKGTWPIUGKPTKEJVWPI FWTEJIGHÒJTV YGTFGP, UQFCUU FKG 
DCMVGTKQNQIKUEJGP KTKVGTKGP KPUIGUCOV GKPIGJCNVGP YGTFGP MÌPPGP. DCOKV YKTF XGTOKGFGP, 
FCUU KP FKGUGP APNCIGP \. B. CWEJ FGT WKTVUEJCHVUFÒPIGT-APVGKN IIH. GKPGT H[IKGPKUKGTWPI 
WPVGT\QIGP YGTFGP OWUU. ÜDGTCTDGKVGV YWTFG FGT MGVJQFGPVGKN FGU APJCPIU 2, WO FGP 
PTÒHNCDQTGP GKPFGWVKIG HCPFNWPIUCPYGKUWPIGP \W IGDGP WPF FCOKV FKG RGRTQFW\KGTDCTMGKV 
FGT UPVGTUWEJWPIGP \W GTOÌINKEJGP.
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<WsCmmenfCssWng

Der Wasserversorgung der Tiere wird in vielen Fällen nur wenig Beachtung geschenkt. Die 
sich daraus ergebenden Probleme sind nicht immer offensichtlich und werden deshalb nur 
schlecht erkannt. Um die Wasserversorgung für die Tiere zu optimieren ist es erforderlich, 
Schwachstellen in den Anlagen zu analysieren und abzustellen. Ebenfalls ist es erforderlich, 
die Planung von Trinkwasseranlagen bis auf Abteilebene zu systematisieren, um eine ausrei-
chende Dimensionierung zu erreichen, die den Anforderungen zu jederzeit genügt. Hier ist 
insbesondere die Auswahl der richtigen Tränken und deren Einstellung von Bedeutung.

Unter gewissen Bedingungen kann auch die Erfassung des Wasserverbrauchs der Tiere von 
Bedeutung sein, um so frühzeitig auf Veränderungen im Gesundheitszustand des Bestandes 
hinzuweisen. 

SWmmCr[

Little attention is often payed to watersupply for animals. The resulting problems are not nec-
essarily obvious and therefore often not well recognized. It is necessary for optimal animals 
watersupply to analyze weak points and to remedy deficiencies. Right from the planning 
stage it is recommended to optimise water supply installations down to compartment level. 
Only by sufficient dimensioning it is poosible to comply demands at any time. Especially, the 
use of appropriate drinking systems and correct justification is important.

Determining water consumption of animals will be of importance to detect changes in 
health condition of livestock at an early stage.
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1 Einleitung

DKG VGTUQTIWPI XQP SEJYGKPGP OKV TTKPMYCUUGT KP CWUTGKEJGPFGT MGPIG WPF 3WCNKV·V KUV 
YGUGPVNKEJ HÒT FKG LGKUVWPIUDGTGKVUEJCHV WPF FKG GGUWPFJGKV FGT TKGTG. DGPPQEJ YKTF FKGUGO 
AURGMV FGT TKGTRTQFWMVKQP PWT UGNVGP FKG PQVYGPFKIG AWHOGTMUCOMGKV IGYKFOGV, QDYQJN 
WCUUGT FGT RTGKUYGTVGUVG N·JTUVQHH HÒT FKG TKGTG KUV.

HCWRVCWHICDG KUV GU, FGP TKGTGP GKPG IGGKIPGVG TT·PMGVGEJPKM CP\WDKGVGP, FKG GKPG MWT\G 
APNGTPRJCUG, GKPG DGFCTHUIGTGEJVG WPF UVTGUUHTGKG WCUUGTCWHPCJOG WPF GKPG MKPKOKGTWPI 
FGT WCUUGTXGTIGWFWPI OKVGKPCPFGT XGTDKPFGV 
KAMPHUES 1997�.

ZKGN FGT ATDGKV KUV GU, FKG U[UVGOCVKUEJGP SEJYCEJUVGNNGP KP FGT WCUUGTXGTUQTIWPIUVGEJPKM 
CWH FGP BGVTKGDGP \W CPCN[UKGTGP WPF \W DGUEJTGKDGP. 

UO CWH FGT TKGTGDGPG GKPG CWUTGKEJGPFG WCUUGTXGTUQTIWPI WPF GKP NGKEJVGU APNGTPGP \W 
IGY·JTNGKUVGP, UQNNGP OKV HKNHG XQP MGUUTGKJGP UPVGTUWEJWPIGP \W FGP BGV·VKIWPIUMT·HVGP 
WPF \WO DWTEJHNWUU XGTUEJKGFGPGT TT·PMGP FWTEJIGHÒJTV YGTFGP.

ZWU·V\NKEJ UQNN GTHCUUV YGTFGP, KP YKGYGKV UKEJ FKG ETHCUUWPI FGU WCUUGTXGTDTCWEJU CNU 
MCPCIGOGPVHCMVQT KP FGT SEJYGKPGJCNVWPI GKIPGV. DKGUG IPHQTOCVKQP MCPP FGO LCPFYKTV 
JGNHGP, FKG GGUWPFJGKVU\WUVCPFGU UGKPGU TKGTDGUVCPFGU \W ÒDGTYCEJGP WPF INGKEJ\GKVKI HTÒJ-
\GKVKI YCTPGP, YGPP ETMTCPMWPIGP KO VGT\WI UKPF.

2 Material und Methoden

2�1 FrageDogenerheDung

IO RCJOGP FGT UPVGTUWEJWPIGP YWTFG GKP FTGKVGKNKIGT FTCIGDQIGP GPVYKEMGNV, OKV FGO 
SEJYCEJUVGNNGP KO BGTGKEJ FGT WCUUGTXGTUQTIWPIUCPNCIGP GTMCPPV YGTFGP MÌPPGP. DKGUGT 
BQIGP YWTFG CWH 25 BGVTKGDGP KP NQTFTJGKP-WGUVHCNGP GKPIGUGV\V. ET YWTFG \WUCOOGP OKV 
FGO LGYGKNKIGP BGVTKGDUNGKVGT KO RCJOGP GKPGU SVCNNTWPFICPIGU CWUIGHÒNNV. AWH FGP BGVTKGDGP 
YWTFGP XGTUEJKGFGPG MGUUWPIGP XQP LGKVWPIUSWGTUEJPKVVGP, TT·PMGCPDTKPIWPI WPF DWTEJ-
HNWUUOGUUWPIGP FWTEJIGHÒJTV. 

2�2 Untersuchungen an Tr·nken zur Durchfluss� und Bet·tigungskr·fte 

IP FGP LCDQTWPVGTUWEJWPIGP YWTFG FGT DWTEJHNWUU WPF CWEJ FKG BGV·VKIWPIUMT·HVG KP ADJ·P-
IKIMGKV \WO WCUUGTFTWEM GTHCUUV. DKG DWTEJHNWUUOGUUWPI KUV GTHQTFGTNKEJ, YGKN DCWINGKEJG 
TT·PMGP KP FGT PTCZKU DGK INGKEJGT EKPUVGNNWPI FWTEJ FGWVNKEJG UPVGTUEJKGFG KP FGP DWTEJ-
HNWUUTCVGP CWHHCNNGP. DKG BGV·VKIWPIUMT·HVG UKPF XQP ITQ­GT BGFGWVWPI, YGKN XQT CNNGO MNGKPG 
FGTMGN GKPGP OÌINKEJUV GKPHCEJGP ZWICPI \WO WCUUGT JCDGP UQNNVGP, WO FKG WCUUGTCWHPCJ-
OG CWU ZCRHGP- WPF BGEMGPVT·PMGP UEJPGNNUVOÌINKEJ \W GTNGTPGP. 

2�3 WasserXerDrauchsmessung als ManagementgrÌ­e

AWH GKPGO CWUIGY·JNVGP MCUVDGVTKGD OKV GKPGO KCOOUVCNN YWTFGP FTGK ADVGKNG OKV GKPGT 
WCUUGTXGTDTCWEJUGTHCUUWPIUCPNCIG CWUIGUVCVVGV. DKG RGIKUVTKGTWPI FGU VGTDTCWEJU GTHQNIV 
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ÒDGT GKPG WCUUGTWJT LG ADVGKN. DKG ETHCUUWPI FGU VGTDTCWEJU GTHQNIV YKGFGTWO ÒDGT GKPGP 
KNKOCEQORWVGT, FGT KP FGT LCIG KUV, FCU SKIPCN FGT WCUUGTWJT \W GTHCUUGP WPF CP FKG SQHVYCTG 
YGKVGT \W NGKVGP. DKG SQHVYCTG KUV KP FGT LCIG, MKVVGNU GKPGU OCVJGOCVKUEJ-UVCVKUVKUEJGP MQFGNNU 
YKTF FGT WCUUGTXGTDTCWEJ CWUIGYGTVGV WPF GKPG GXGPVWGNNG ÄPFGTWPI FGU CMVWGNNGP WCUUGT-
XGTDTCWEJU YKTF XQP FGT SQHVYCTG KO NCEJICPI CPIG\GKIV. BGK UVCTMGP ADYGKEJWPIGP XQO 
GTTGEJPGVGP WCUUGTXGTDTCWEJ YKTF GKPG ANCTOOGNFWPI JGTCWU IGIGDGP, FKG FGT LCPFYKTV 
FCPP FGWVGP OWUU.

3 ErgeDnisse 

AWHITWPF FGT VKGNHCNV FGT ETIGDPKUUG MCPP JKGT PWT DGKURKGNJCHV FCTCWH GKPIGICPIGP YGTFGP. 

3�1 Schwachstellenanal[se auf den BetrieDen

ETYCTVWPIUIGO·­ IKDV GU DGK FGT AWUYGTVWPI FGT FTCIGDQIGPGTJGDWPI BGVTKGDG, DGK FGPGP 
GKPG H·WHWPI XQP SEJYCEJUVGNNGP \W DGQDCEJVGP KUV 
TCDGNNG 1�.

BGK BGVTKGDGP OKV GKPGT H·WHWPI FGT SEJYCEJRWPMVG FCXQP CWU\WIGJGP, FCUU GU EPIR·UUG 
DGK FGT WCUUGTXGTUQTIWPI FGT TKGTG IKDV. IP YKGYGKV FKGUG EPIR·UUG \W LGKUVWPIUFGRTGUUKQ-
PGP HÒJTGP, KUV QHHGP. DQEJ UKPF NGKEJVG LGKUVWPIUGKPDW­GP UGJT YCJTUEJGKPNKEJ. DKG QDGP 
IGOCEJVGP AWUUCIGP \WT H·WHWPI FGT SEJYCEJUVGNNGP CWH FGP BGVTKGDGP N·UUV UKEJ GDGPUQ CWH 
ADVGKNGDGPG GTUVGNNGP, YQDGK GU GDGPHCNNU \W GKPGT H·WHWPI GKPKIGT BGVTKGDG MQOOV.

3�2 Messung Xon Durchflussraten und zu Bet·tigungskr·ften Xerschiedener Tr·nken 
fÒr den Einsatz in der Schweinehaltung

BGK FGT MGUUWPI FGT DWTEJHNWUUTCVGP XQP TT·PMGP UKPF KPUDGUQPFGTG TT·PMGP HÒT FGP SCWI- 
WPF ADUCV\HGTMGNDGTGKEJXQP XQP ITÌ­GTGT BGFGWVWPI. DKG TKGTG VTKPMGP PQEJ XGTJ·NVPKUO·­KI 
NCPIUCO, YGUJCND FKG TT·PMGP PWT IGTKPIG DWTEJHNWUUTCVGP TGCNKUKGTGP UQNNVGP. 

AWU FKGUGO GTWPF UKPF XKGNG TT·PMGP KP KJTGT DWTEJHNWUUTCVG OGJT QFGT YGPKIGT IGPCW 
GKPUVGNNDCT. DGPPQEJ KUV XQT CNNGO HÒT SCWIHGTMGN FGT GKPUVGNNDCTG BGTGKEJ FGT YGUGPVNKEJ ITÌ-
­GT CNU FGT PWV\DCTG BGTGKEJ. FGJNGKPUVGNNWPIGP KP FKGUGO BGTGKEJ HÒJTGP UQOKV \W FGWVNKEJ \W 
JQJGP DWTEJHNWUUTCVGP, UQ FCUU OKV JÌJGTGP WCUUGTXGTNWUVGP \W TGEJPGP KUV 
ADD. 1�. 

ÄJPNKEJG BGQDCEJVWPIGP GTIGDGP UKEJ DGKO VGTINGKEJ WPVGTUEJKGFNKEJGT TT·PMGP HÒT GKPGP 
HCNVWPIUDGTGKEJ WPF CWEJ DGKO FKTGMVGP VGTINGKEJ XQP DCWINGKEJGP TT·PMGP, FKG DGK FGT 
UGNDGP EKPUVGNNWPI FGPPQEJ WPVGTUEJKGFNKEJG DWTEJHNWUUTCVGP TGCNKUKGTGP. DKGU N·UUV UKEJ CWEJ 
KP FGT PTCZKU KOOGT YKGFGT DGQDCEJVGP, QJPG FCUU UKEJ KOOGT GTÒPFG HÒT FKG UPVGTUEJKGFG 
HKPFGP NCUUGP. 
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TCD. 1� PTQDNGOJ·WHWPI CWH FGP BGVTKGDGP

Betrieb
Pump-
leistung 
gering

Kleiner 
Druck-

speicher

Große 
Entfernung 
zum Stall

ohne 
Verteil-
station

Ohne 
Druck-

minderer

Eisen im 
Wasser / 

ohne Aufbe-
reitung

Wasser-
qualität Summe

S 1 X X 2

S 2 X X X X 4

S 3 X X X 3

S 4 X 1

S 5 X X 2

K 1 X X X 3

K 2 X X X X 4

K 3 X X X 3

K 4 X X 2

K 5 X X 2

K 6 X X X X 4

K 7 X X X 3

M 1 X X X X 4

M 2 0

M 3 X X X 3

M 4 X X X 3

M 5 X X X 3

M 6 X X X X 4

M 7 X X X 3

M 8 X X X X 4

M 9 X 1

M 10 X X X 3

AM 1 X X 2

AM 2 X X X 3

FA 1 X X 2

(Auffällig, wenn Pumpenleistung � 2.500 l/h, wenn Druckspeicher � 500 l, wenn Stallentfernung ≥ 75 m 
und wenn Wasserqualität kritisch)

FÒT FCU UEJPGNNG ETNGTPGP FGU TTKPMGPU CP GKPGT TT·PMG UKPF FKG BGV·VKIWPIUMT·HVG XQP BGFGW-
VWPI. ZKGN OWUU FKG UGJT NGKEJVG BGV·VKIWPI FGT TT·PMG UGKP. DKG MGUUWPIGP \GKIGP, FCUU 
DGFKPIV FWTEJ FGP VGEJPKUEJGP AWHDCW FGT TT·PMGP FWTEJCWU FGT WCUUGTFTWEM GKPGP ITÌ­G-
TGP EKPHNWUU CWH FKG BGV·VKIWPIUMTCHV XQP TT·PMGP JCDGP MCPP 
ADD. 2�.
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AWEJ JKGT IKDV GU ITÌ­GTG UPVGTUEJKGFG \YKUEJGP XGTUEJKGFGPGP BCWV[RGP XQP TT·PMGP. 
BGK CNNGP INGKEJ KUV LGFQEJ FKG EKIGPUEJCHV, FCUU FKG BGV·VKIWPIUMT·HVG XQO WCUUGTFTWEM 
CDJ·PIKI UKPF. 

ADD. 1� DWTEJHNWUUTCVG GKPGT BGEMGPVT·PMG HÒT SCWIHGTMGN KP ADJ·PIKIMGKV XQO WCUUGTFTWEM DGK XGTUEJKGFG-
PGP DÒUGPFWTEJOGUUGTP

ADD. 2� T[RKUEJG VGTNCWHUMWTXG BGV·VKIWPIUMT·HVG 
KTCHVCWHYCPF DKU \WT XQNNUV·PFKIGP VGPVKNÌHHPWPI�

3�3 WasserXerDrauch als ManagementgrÌ­e

BGVTCEJVGV OCP FGP WCUUGTXGTDTCWEJ CWH ADVGKNGDGPG, UQ NCUUGP UKEJ UGJT IWV ADJ·PIKIMGKVGP 
\. B. XQP FGT SVCNNVGORGTCVWT GTMGPPGP. 
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SQNN FGT WCUUGTXGTDTCWEJ LGFQEJ CNU MCPCIGOGPVITÌ­G IGPWV\V YGTFGP, UQ UVGNNV UKEJ FKG 
FTCIG, CD YGNEJGT ADYGKEJWPI XQO MKVVGNYGTV GKP HKPYGKU HÒT FGP TKGTDGVTGWGT GTHQNIGP 
UQNN. AWU FGO WCUUGTXGTDTCWEJ FGT XGTICPIGPGP TCIG N·UUV UKEJ JQEJTGEJPGP, YKG JQEJ FGT 
VGTDTCWEJ CO CMVWGNNGP TCI UGKP UQNN. MKVVGNU XQP ANCTOITGP\GP MCPP FGHKPKGTV YGTFGP, QD 
FGT TCIGUYCUUGTXGTDTCWEJ PQEJ KO PQTOCNGP RCJOGP KUV, QFGT QD GKP DGUQPFGTG ETGKIPKU 
XQTNKGIV. 

DGT WGTV GKPGT MCPCIGOGPVUQHVYCTG J·PIV LGFQEJ UGJT GPI OKV FGT ZCJN FGT VQTH·NNG WPF 
FGTGP GTÒPFG CD. DKG ZCJN FGT VQTH·NNG FCTH KO NQTOCNHCNN PKEJV \W JQEJ UGKP WPF LGFGT VQT-
HCNN OWUU CWEJ GKPGP DGFGWVGPFGP GTWPF JCDGP. VQTH·NNG, FKG XQO LCPFYKTV PKEJV IGFGWVGV 
YGTFGP MÌPPGP WPF MGKPG AWUYKTMWPIGP DGK FGP TKGTGP \GKIGP, FÒTHGP PWT UGJT XGTGKP\GNV 
CWHVTGVGP. WKG DGK CPFGTGP ANCTOU[UVGOGP YKTF GKPG ANCTOOGNFWPI PWT FCPP CWEJ DGCEJVGV, 
YGPP GKP GTWPF HÒT FKG ANCTOKGTWPI XQTNKGIV, FGT HÒT FGP LCPFYKTV YKEJVKI KUV. IUV FKG ZCJN FGT 
FGJNCNCTOG \W ITQ­, UKPMV FCU VGTVTCWGP KP FCU S[UVGO. IO EZVTGO MCPP GU \W GKPGT ëGEJVGPé 
ANCTOKGTWPI MQOOGP, FKG FCPP CWHITWPF XKGNGT FGJNOGNFWPIGP KIPQTKGTV YKTF.

EDGPUQ MCPP ÒDGT ADYGKEJWPIGP XQO MKVVGNYGTV HGUVIGUVGNNV YGTFGP, YKG UVCTM FKG ADYGK-
EJWPI KUV WPF QD GKP HKPYGKU GTHQNIGP UQNN. DKG HQNIGPFG ADDKNFWPI \GKIV YKG QHV IGTKPIGTG 
WPF ITÌ­GTG ADYGKEJWPIGP CWHVTGVGP. 

ADD. 3� TCIGUYCUUGTCWHPCJOG RTQ TKGT DGKO MCUVFWTEJICPI XQP AWIWUV DKU DG\GODGT 2003 WPF RTQ\GPVWC-
NG ADYGKEJWPIGP XQP OGJT CNU 5, 10 D\Y. 15 �
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Chronik

Internationale Tagungen „Bau, Technik und Umwelt in der 
landwirtschaftlichen Nutztierhaltung“

Nr. Veranstalter Vorträge und Teilnehmer Ort und Termin

1 Justus-Liebig-Universität Gießen, 
Institut für Landtechnik

23 Vorträge
einzügige Veranstaltung
126 Teilnehmer

Gießen
15.03. Exkursion
16./17.03.1993

2 Institut für Agrartechnik Bornim
Humboldt-Universität zu Berlin, 
Institut für angewandte 
Nutztierwissenschaften

49 Vorträge
zweizügige Veranstaltung
180 Teilnehmer

Potsdam
13.03. Exkursion
14./15.03.1995

3 Christian-Albrecht-Universität Kiel, 
Institut für landwirtschaftliche 
Verfahrenstechnik

68 Vorträge
dreizügige Veranstaltung
225 Teilnehmer

Kiel
11./12.03.1997

4 Technische Universität München, 
Institut und Bayerische Landesanstalt für 
Landtechnik Freising-Weihenstephan

70 Vorträge
25 Poster
dreizügige Veranstaltung
315 Teilnehmer

Freising
09./10.03.1999

5 Universität Hohenheim, 
Institut für Agrartechnik

65 Vorträge
40 Poster
dreizügige Veranstaltung
331 Teilnehmer

Hohenheim
06./07.03.2001

6 Georg-August Universität Göttingen, 
Forschungs- und Studienzentrum für 
Veredelungswirtschaft Weser-Ems

63 Vorträge
42 Poster
dreizügige Veranstaltung
348 Teilnehmer

Vechta
25.03. Exkursion
26./27.03.2003

7 Bundesforschungsanstalt für Landwirt-
schaft, Institut für Betriebstechnik und 
Bauforschung

65 Vorträge
50 Poster
dreizügige Veranstaltung
ca. 350 Teilnehmer

Braunschweig
01.03. Exkursion
02./03.03.2005




