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PREFACE

International Seminar on Livestock Production and Veterinary Technology is an
activity that very in-line with the mandate of Indonesian Agency for Agricultural
Research and Development (IAARD), particularly for Indonesian Center for Animal
Research and Development (ICARD) in coordinating research activities in animal health
and production. The Seminar provided an excellent opportunity to share the expertise and
experiences, also to identify challenges and explore innovative solutions for the benefit
of all conference participants. The main theme of International Seminar is “Smart
Livestock Management to Support Breeding Stock Availability Toward Modern
Agriculture”. The aims of Seminar are: (1) To carry out the exchange of information on
science and technology in an effort to develop livestock and veterinary production; (2)
To improve networks between research institutions, universities and stakeholders; (3) To
promote collaboration between research institutions, universities and stakeholders in
research and development of livestock and veterinary production; and (4) To make
information related to science and technology in the field of animal husbandry and
veterinary results of the implementation of international seminars and workshops in a
proceeding.

The participants of the Seminar come from research and development institutions,
universities, agriculture-services in the country as well as overseas and also practitioners.
There were six invited speakers in plenary session, the first speaker, Director General of
IAARD; Dr. Roger Merkel with the tittle “Smallholder Livestock Production and
Commercialization”; Dr. Hendrik C Knipscheer with the tittle “Improving
Agricultural Commodities Value Chains: How to Collaborate with the Private
Sector for the Benefit of Smallholder Farmers”; Dr. Stefan Muetzel with the tittle
“Adaptation and Mitigation of Animal Agriculture to Climate Change”; Dr. Sabine
Douxchamps and Dr. Sekou A Traore, representing Dr. Godefroy Grosjean with the tittle
“The Asia Climate Policy Hub: Prioritizing Climate Smart Livestock Interventions
for Indonesia”; and Drs. Ade M Zulkarnain with the tittle “Empowering Local
Chicken Farmers Group for the Green Economy.”

There were also 143 of participants attending and 49 participants present their paper
in this seminar. The overseas participants came from America (American Institute for
Goat Research, School of Agriculture and Applied Sciences, Langston University), New
Zealand (New Zealand Agricultural Greenhouse Gas Research Centre), Vietnam
(International Center for Tropical Agriculture/CIAT), Malaysia (Universiti Putra
Malaysia), Thailand (Prince of Songkla University), Sri Lanka (University of Ruhuna),
Australia (The University of Adelaide and Queensland University), Netherlands
(Wageningen University), Germany (University of Hohenheim), Washington DC, Fort
Collins, and United Kingdom. The Indonesian participants came from universities in
Indonesia, research institutes under the Ministry of Agriculture, Ministry of Research,
Technology and Higher Education, Indonesian Institute of Science, and private
institution. Beside the international seminar, discussion group was also held in Parapat,
North Sumatra for one day after the seminar.
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All the papers published in the Proceedings have been revised as suggested by
reviewers before the seminar was undertaken. Some papers that meet Journal
requirement, are published in the Indonesian Journal of Animal and Veterinary Sciences
(IJAVS) or Indonesian Bulletin of Animal and Veterinary Sciences (WARTAZOA) -
ICARD scientific journal online.

Bogor, December 2018

Director of ICARD,

Dr. Atien Priyanti, MSc.



vii

REPORT FROM CHAIRMAN OF COMMITTEE
INTERNATIONAL SEMINAR ON LIVESTOCK PRODUCTION

AND VETERINARY TECHNOLOGY

His Excellency Director General of Indonesian Agency for Agricultural Research and
Development (IAARD), Prof. Dr. Ir. Muhammad Syakir, MS. Director of Research
Center under IAARD, Head of Provincial and District Livestock Services of North
Sumatera, and Dean of Animal Husbandry Faculty, North Sumatra University and
invited speakers:

 Dr. Roger Merkel (American Institute for Goat Research, Langston University,
Langston, OK, USA)

 Dr. Hendrik C Knipscheer (Winrock International, 2101 Riverfront Drive,
Little Rock, Arkansas 72202, USA)

 Dr. Stefan Muetzel (AgResearch Limited, Grasslands Research Centre, New
Zealand)

 Dr. Godefroy Grosjean (International Center for Tropical Agriculture (CIAT),
Regional Office for Asia, Hanoi, Vietnam)

 Drs. Ade M Zulkarnain (Chairman of Indonesian Local-Chicken Farmer
Association)

Participants come from: expert, researcher, observer on animal husbandry and
veterinary and also practitioners.

Assalamu’alaikum Warohmatullaahi Wabarokaatuh

Good morning, ladies and gentlemen

First of all, let us thank to Allah Almighty for merciful and blessing to all of us, so
we can gather in good health and be assembled here in the Opening Ceremony of the
International Seminar on Livestock and Veterinary Technology. On behalf of organizing
committee, I would like to welcome you all to this Seminar in Kualanamu. A deep
appreciation is extended to you, especially to the overseas participants, who have come a
long way from your home country.

As the Chairman of Organizing Committee, I am proud to organize this International
Seminar on Livestock Production and Veterinary Technology with the main theme is
“Smart Livestock Management to Support Breeding Stock Availability Toward
Modern Agriculture.” The theme is facing current livestock condition in Indonesia and
highly strategic to deliver our innovation to users.

His excellency, distinguished guest, ladies and gentlemen

As the committee, I would like to report that there is a total of 143 participants
attending this seminar. There are 72 submitted paper were evaluated and selected by the
committee. The overseas participants are from America (American Institute for Goat
Research, School of Agriculture and Applied Sciences, Langston University), New
Zealand (New Zealand Agricultural Greenhouse Gas Research Centre), Vietnam
(International Center for Tropical Agriculture/CIAT), Malaysia (Universiti Putra
Malaysia), Thailand (Prince of Songkla University), Sri Lanka (University of Ruhuna),
Australia (The University of Adelaide and Queensland University), Netherlands
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(Wageningen University), and Germany (University of Hohenheim). The Indonesian
participants come from universities in Indonesia, research institutes under the Ministry of
Agriculture, Ministry of Research, Technology and Higher Education, Indonesian
Institute of Science, and private institution.

His excellency, distinguished guest, ladies and gentlemen

There will be five invited speakers, one come from Indonesia and four others from
overseas. Director General of IAARD will give a keynote speech that related to the
theme of this Seminar. The first speaker is Dr. Roger Merkel with the tittle of paper
“Smallholder Livestock Production and Commercialization”. The second speaker is
Dr. Hendrik C Knipscheer with the tittle of paper “Improving Agricultural
Commodities Value Chains: How to Collaborate with the Private Sector for the
Benefit of Smallholder Farmers”. The third speaker is Dr. Stefan Muetzel with the title
of paper “Adaptation and Mitigation of Animal Agriculture to Climate Change”.
The fourth speaker is Dr Sabine Douxchamps and Dr. Sekou A Traore, representing Dr.
Godefroy Grosjean with the title of paper “The Asia Climate Policy Hub: Prioritizing
Climate Smart Livestock Interventions for Indonesia”. The fifth speaker is Drs. Ade
M Zulkarnain with the tittle “Empowering Local Chicken Farmers Group for the
Green Economy”.

His excellency, distinguished guest, ladies and gentlemen

As it is always the case, nothing in the world is perfect. On behalf of the organizing
committee, I apologize for any shortcomings in organizing this seminar. Nevertheless, I
would like to thank to the steering committee for the direction and to all members of the
organizing committee for their hard work which has made possible for us to be here
today.

Finally, please allow me, to request His Excellency, The Director General of IAARD
to give keynote speech and officially open this Conference.

Wassalamu’alaikum Warahmatullaahi Wabarakaatuh

Kualanamu, October 16th, 2018

Chairman of Organizing Committee,

Prof. Dr. Ismeth Inounu
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FRQGLWLRQV�DQG� ORFDO FOLPDWH �-DEEDU 	�$NWHU ����� DQG %DERYLF HW�DO� ������� ,Q� IDFW�
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WKH�SRWHQWLDO PDUNHW�RI�SLJ�LV�KLJK��EXW�RQ�WKH�RWKHU�KDQG�WKHUH DUH VWLOO�SUREOHPV�LQ�WKH
FRQWLQXRXV�IHHG��ZKHWKHU�LW�LV�DYDODELOLW\��TXDOLW\ RU FRVW��7KXV�LW�LV�QHFHVVDU\�WR�XVH WKH
LQJUHGLHQWV�IURP�DJULFXOWXUH�DQG�IRRG�LQGXVWU\�E\SURGXFWV DV DQ DOWHUQDWLYH�RI�SLJ�UDWLRQ
�.DVDSLGRX HW�DO� ����� .DWVRXOLV HW�DO� ������

0$7(5,$/�$1'0(7+2'6

$QLPDO� UDWLRQ�DQG�H[SHULPHQWDO�GHVLJQ

7ZHOYH� PDOH� ORFDO� SLJV ZLWK� DQ� LQLWLDO� ERG\� ZHLJKW RI ���������� NJ� ZHUH
DUUDQJHG�LQ�D�FRPSOHWHO\�UDQGRPL]HG�GHVLJQ�ZLWK���WUHDWPHQWV�DQG���UHSOLFDWLRQV��7KH
DQLPDO�ZHUH�KRXVHG�LQ�WZHOYH�LQGLYLGXDO�FDJHV�

5DWLRQ� XVHG� LQ� WKLV� H[SHULPHQW� ZHUH� IRUPXODWHG� IURP� DJULFXOWXUDO� DQG� IRRG
LQGXVWU\ E\SURGXFWV� L�H�� ILVK ZDVWH�� VR\EHDQ� FXUG� ZDVWH�� WDUR� VNLQ�� VR\EHDQ� VNLQ�
YHJHWDEOHV� ZDVWH� DQG� FRPPHUFLDO� SLJ� UDWLRQ�� 7KH� DJULFXOWXUDO� DQG� IRRG� LQGXVWU\
E\SURGXFWV�ZHUH FROOHFWHG IURP� WZR� WUDGLWLRQDO�PDUNHWV�� ILYH UHVWDXUDQWV� DQG �� IRRG
LQGXVWULHV LQ�0DQRNZDUL�5HJHQF\� 7KH�IRXU�WUHDWPHQWV ZHUH 5DWLRQ ,� &RPELQDWLRQ�RI
����DJULFXOWXUDO�DQG�IRRG�LQGXVWU\�E\SURGXFWV�DQG�����FRPPHUFLDO�UDWLRQ� 5DWLRQ ,,�
&RPELQDWLRQ�RI�����DJULFXOWXUDO�DQG�IRRG� LQGXVWU\�E\�SURGXFWV DQG�����FRPPHUFLDO
UDWLRQ� 5DWLRQ ,,,� &RPELQDWLRQ�RI ����DJULFXOWXUDO�DQG IRRG� LQGXVWU\�E\SURGXFWV�DQG
����FRPPHUFLDO�UDWLRQ� 5DWLRQ ,9� �����FRPPHUFLDO�UDWLRQ� 5DWLRQV ,��,,� DQG�,,, ZHUH
IRUPXODWHG� EDVHG� RQ� GU\� PDWWHU� EDVLV� ZLWK� LVRSURWHLQ� DQG� LVRHQHUJ\ FRQFHSW�� 7KH
FRPPHUFLDO� SLJ� UDWLRQ� �&3� ����� XVHG� LQ� WKLV� H[SHULPHQW� ZDV� SURGXFHG� E\ &KDURHQ
3RNSKDQG��,QGRQHVLD� )RUPXODWLRQ�RI�SLJ�UDWLRQ�LQ�VWDUWHU�SHULRG LV SUHVHQWHG�LQ 7DEOH ��

7DEOH �� 7KH�SRWHQWLDO�DQG�QXWULHQWV�FRQWHQW�RI�LQJUHGLHQWV�LQ�SLJ�UDWLRQ

,QJUHGLHQWV
1XWULHQWV FRQWHQW

'0 ��� &3 ���� *( �NFDO�NJ�� 0( �NFDO�NJ��

)LVK�ZDVWH ����� ����� �������� �����

6R\EHDQ�FXUG ����� ����� �������� �����

6R\EHDQ�VNLQ ����� ����� �������� �����

7DUR�VNLQ ����� ���� �������� �����

9HJHWDEOHV�ZDVWH ���� ����� �������� �����

:DVWH�RI�UHVWDXUDQW ����� ����� �������� �����

&RPPHUFLDO SLJ�UDWLRQ��&3����� ����� ����� � ��������

�'U\�PDWWHU�EDVLV� �%DVHG�RQ�FDOFXODWLRQ

([SHULPHQWDO�SURFHGXUH

7KH� H[SHULPHQW� ODVWHG IRU ��� GD\V� DQG�ZDV� FRPSULVHG� RI� ��� GD\V� IRU
UDWLRQ� DGDSWDWLRQ�� IROORZHG�E\ ���GD\V IRU� IHHG� LQWDNH�GDWD� FROOHFWLRQ��7KH
UDWLRQV ZDV� RIIHUHG WZLFH� D� GD\� �DW ������ DQG� ������ K� DG� OLELWXP�� )UHVK
ZDWHU ZDV DYDLODEOH DG� OLELWXP� ,QGLYLGXDO� UDWLRQ� UHIXVDOV� LI� DQ\�� ZHUH
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FROOHFWHG��ZHLJKHG�GDLO\�DQG�VDPSOHV ZHUH FROOHFWHG IRU�DQDO\VLV��%HIRUH�WKH
VWDUW� RI� WKH� H[SHULPHQW�� SLJV ZHUH� GHZRUPHG� ZLWK ���� PO�NJ� %:� RI
$OEHQGD]ROH��37 .LPLD�)DUPD��,QGRQHVLD���7KH�DQLPDOV ZHUH�ZHLJKHG�HDFK
ZHHN�WKURXJKRXW�RI�WKH H[SHULPHQW�

6WDWLVWLFDO DQDO\VLV

'DWD�ZHUH� VXEMHFWHG WR� DQDO\VLV� RI� YDULDQFH� IRU� D� FRPSOHWHO\� UDQGRPL]HG�GHVLJQ
XVLQJ� 6366� YHUVLRQ ��� &RPSDULVRQ� RI� PHDQV� ZDV� FDUULHG� RXW� XVLQJ� WKH� 'XQFDQ¶V
PXOWLSOH�UDQJH�WHVWV��ZKHQ�WKH�HIIHFW�RI� WUHDWPHQW ZDV�VLJQLILFDQW��3������� 7KH�OLQHDU
PRGHO RI H[SHULPHQWDO�GHVLJQ�DV IROORZV�

<LM������7L�� LMܭ

<LM � 7KH�VFRUH�IRU�REVHUYDWLRQ�RI�LWK�YDULDEOH DQG MWK�UHSOLFDWLRQ
� � 7KH�RYHUDOO�SRSXODWLRQ�PHDQ
7L � 7KH�HIIHFW�RI�LWK�WUHDWPHQW OHYHO �W\SH�RI�UDWLRQ�
LMܭ � 7KH�HUURU�HIIHFW�DVVRFLDWHG�ZLWK�LWK�WUHDWPHQW OHYHO�DQG�MWK�UHSOLFDWLRQ�
L ���� �� �� �
M ���� �� �

5(68/76�$1'�',6&866,21

$JULFXOWXUDO�DQG IRRG�LQGXVWU\�ZDVWHV�LQ�0DQRNZDUL�5HJHQF\�DUH�FRPPRQO\�IRXQG
LQ� WKH�PDUNHWV� DQG� IRRG� LQGXVWULHV� FHQWHU��$JULFXOWXUDO�ZDVWHV� DUH�PRVWO\� YHJHWDEOHV�
ZLWK�ZDWHU�VSLQDFK�DV� WKH�GRPLQDQW�FRPPRGLW\��9HJHWDEOH�ZDVWHV�DUH� WKH�SDUWV�ZKLFK
DUHQ¶W� XVHG� IRU� KXPDQ� FRQVXPSWLRQ�� VXFK� DV� WKH� VWHP� DQG� URRW�� RU� WKH� RQHV� WKDW� KDV
DOUHDG\�URWWHQ�RU�QRW�VROG��$VLGH�IURP�YHJHWDEOH�ZDVWHV��WKHUH�LV�DOVR�ILVK�ZDVWH�ZKLFK�LV
IUHH��2WKHU�ZDVWHV�LQFOXGH�RQHV IURP�WRIX�LQGXVWU\��WDUR�FKLSV�LQGXVWU\��DQG�ODVWO\�IURP
UHVWDXUDQWV�� 7R� WKLV� GDWH�� WKRVH� ZDVWHV� KDYHQ¶W� EHHQ� XWLOL]HG� DQG� XVXDOO\� MXVW� WKURZQ
DZD\� 7KH� PRVW� LPSRUWDQW� IDFWRU� LQ� OLYHVWRFN¶V� UDWLRQ� IRUPXODWLRQ� LV� WKH� EDODQFH
EHWZHHQ� HQHUJ\� DQG� SURWHLQ� FRPSRVLWLRQ�� 7KDW� LV� ZK\� SUR[LPDWH� DQDO\VLV� ZDV
FRQGXFWHG� DV VKRZQ LQ 7DEOH ��

:DVWH�XWLOL]DWLRQV�DV�VKRZQ�LQ�7DEOH � ZHUH�DGMXVWHG�WR�JURVV�SURWHLQ�DQG�HQHUJ\
UHTXLUHPHQWV� IRU� VWDUWHU�SLJV¶� PHWDEROLVP� ZKLFK� ZHUH� ������ DQG� ����� NFDO�NJ�� 7KH
IHHG� XVHG� ZHUH� YHJHWDEOH� ZDVWH�� ILVK� ZDVWH�� WRIX� ZDVWH�� WDUR VNLQ�� DQG� ZDVWHV� IURP
UHVWDXUDQWV��7KH�UHDVRQ�IRU�WKH�XWLOL]DWLRQ�RI�WKRVH�ZDVWHV�ZDV�WKH\�ZHUH�HDVLO\�REWDLQHG
LQ�0DQRNZDUL� 7ZR�NLQGV RI�LQJUHGLHQWV ZKLFK�ZHUH ILVK�ZDVWH�DQG WRIX�ZDVWH XVHG�LQ
WKLV� VWXG\ ZHUH LQFOXGHG� DV� SURWHLQ� VRXUFHV� ZKLOH� RWKHUV� VXFK� DV� YHJHWDEOH� ZDVWH�
UHVWDXUDQWV¶�ZDVWH�� DQG� WDUR� VNLQ�ZHUH� XVHG� DV� WKH� HQHUJ\� VRXUFHV�� 7DUR� VNLQ KDG� WKH
ORZHVW�&3�FRQWHQW� ��������� RWKHUZLVH� WKH KLJKHVW &3�FRQWHQW� REWDLQHG ZDV� IURP ILVK
ZDVWH� ���������� 7RIX ZDVWH� ZDVH� WKH� OHIWRYHUV� IURP� WKH� WRIX�PDNLQJ� SURFHVV�� DQG
ZHLJKHG�DURXQG��������RI�WKH�ILQDO�WRIX�SURGXFW��7KH�WRIX�ZDVWH�XVHG�LQ�WKLV VWXG\ KDG
�������&3�FRQWHQW�� WKLV�ZDV� FRQVLVWHQW�ZLWK� WKH� VWDWHPHQW� IURP�0DWKLXV� GDQ�6LQXUDW
�������WKDW�WRIX�ZDVWH�FRXOG�EH�XWLOL]HG�DV�SURWHLQ�VRXUFH�IHHG�VLQFH�WKH\�KDG�KLJK�JURVV
SURWHLQ�YDOXH� DURXQG���������7KH�FRPPHUFLDO�IHHG��&3������ZDV�XVHG�LQ�WKLV VWXG\ DV
WKH�FRQWURO�
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7DEOH �� 7KH�FRPSRVLWLRQ�RI�SLJ�UDWLRQV�����LQ�VWDUWHU�SHULRG

)HHGVWXIIV 5DWLRQ�, 5DWLRQ�,, 5DWLRQ�,,, 5DWLRQ�,9

)LVK�ZDVWH ����� ����� ���� �

7RIX ZDVWH ����� ����� ���� �

7DUR�VNLQ ���� ���� ���� �

9HJHWDEOHV�ZDVWH ����� ����� ���� �

5HVWDXUDQW�ZDVWH ����� ����� ���� �

&RPPHUFLDO�UDWLRQ �� �� �� ���

7RWDO ��� ��� ��� ���

&RQWDLQHG�FRUQ� ULFH�EUDQ��VR\EHDQ�PHDO��FRFRQXW�PHDO��PHDW�DQG�ERQH�PHDO��ZKHDW�PHDO�
FDQROD��FDOFLXP��SKRVSKRUXV��YLWDPLQ��WUDFH�PLQHUDO��DQG�DQWL�R[LGDQW

7KUHH� NLQGV� RI� WUHDWPHQWV� ZHUH� PDGH� IURP� ZDVWHV�� ZKLOH� WKH� ODVW� RQH� ZDV
FRPPHUFLDO� IHHG� DV� WKH� FRQWURO�� 7DEXODWLRQ DQG� VWDWLVWLF� WHVWV� UHVXOWV� RI� DJULFXOWXUDO
ZDVWH�XVDJH�DV�VWDUWHU�SLJV¶�IHHG�DUH SUHVHQWHG LQ�7DEOH ��

7DEOH �� $QDO\VLV�UHVXOW�RI 5$/ VWDWLVWLF�IRU $'*��IHHG�LQWDNH�DQG�IHHG�FRQYHUVLRQ

9DULDEOHV
7UHDWPHQWV

3�YDOXH 6LJ�
3� 3� 3� 3�

$YHUDJH GDLO\ JDLQ
�NJ�KHDG�GD\�

���������� ���������� ���������� ���������� ����� QV

)HHG LQWDNH
�NJ�KHDG�GD\�

���������� ���������� ���������� ���������� ����� QV

)HHG FRQYHUVLRQ UDWLR ���������� ���������� ���������� ���������� ����� QV

1V��1RQ�VLJQLILFDQW

*URZWK� LV GHILQHG�DV� WKH� LQWHUDFWLRQ�EHWZHHQ�JHQHWLF�� IRRG�� DQG� WKH�HQYLURQPHQW
�+DUGMRVXEURWR ������ /LYHVWRFNV¶�JURZWK�DV� WKH� UHVXOW�RI�HIILFLHQW�PDLQWHQDQFH�FRXOG
EH�PHDVXUHG�E\�IHHG�LQWDNH��ERG\�ZHLJKW�JDLQ��DQG�WKH�IHHG�FRQYHUVLRQ�UDWLR��'HYL HW�DO�
���� DQG 5RFDGHPERVFK HW�DO� �������7KH�UHVXOW�LQGLFDWHG�WKDW�WKH�XWLOL]DWLRQ�RI�DOO IRXU
NLQGV�RI�UDWLRQ�ZDV�DEOH�WR�LQFUHDVH�WKH�SLJV¶�GDLO\�ZHLJKW�JDLQ��ZLWK�WKH�KLJKHVW�DYHUDJH
IURP�UDWLRQ ,,, ������������NJ�GDLO\��IROORZHG�E\ UDWLRQ�,9� ,,� DQG�,�

,Q�IHHG�LQWDNH�DVSHFW��WKH�KLJKHVW�LQWDNH IRXQG LQ�SLJV�IHG�ZLWK UDWLRQ�,��IROORZHG�E\
UDWLRQ� ,,� ,,,�� DQG ,9� �7DEOH ��� 7KLV� FRXOG� EH� GXH� WR UHODWLYHO\� KLJKHU� SDODWDELOLW\� RI
DJULFXOWXUDO�DQG�IRRG�LQGXVWU\�ZDVWHV� )HHG�FRQWDLQHG�FRPSOHWH�LQJUHGLHQWV ZHUH�PRUH
OLNHG�E\ WKH�SLJV��7KLV DJUHHV ZLWK SUHYLRXVO\ VWXGLHG�E\�:HD������� WKDW LQFUHDVLQJ XVH
RI�PDUNHW�ZDVWHV� VXFK� DV�ZDWHU� VSLQDFK�� ILVK�ZDVWH�� DQG� FKDII� DV� D�PL[WXUH� IRU� SLJV¶
UDWLRQ FDXVHG�KLJKHU WKH IHHG�LQWDNH�

)HHG�FRQYHUVLRQ UDWLR LV�WKH�DPRXQW�RI�IHHG�ZKLFK�QHHGHG�WR�EH�FRQVXPHG�WR�JDLQ
�� NJ� RI� ERG\� ZHLJKW�� 7KH� ORZHU� WKH� YDOXH�� WKH� KLJKHU� WKH� HIILFLHQF\� RI� WKH� IHHG� WR
LQFUHDVH� WKH� OLYHVWRFNV¶� ERG\� ZHLJKW�� 7KH EHVW IHHG FRQYHUVLRQ� UDWH� ZHUH UDWLRQ� ,9
������FRPPHUFLDO� IHHG��� IROORZHG�E\ UDWLRQ� ,,,� ,,�� DQG ,� 7KLV DJUHHV ZLWK�%HKQNH¶V
������ FLWHG� E\ %ULJJV HW� DO� ������� WKDW� IHHG� LQ WKH IRUP� RI� SHOOHWV� KDG� KLJK
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GLJHVWLELOLW\��EHFDXVH�WKH\�QHHG�OHVV�HQHUJ\�WR�EH�GLJHVWHG��7KHUHIRUH��WR�LPSURYH�SLJV¶
DELOLW\�WR�GLJHVW�IHHG�PDGH�IURP�DJULFXOWXUDO�DQG�IRRG�LQGXVWU\�ZDVWHV�LQ�WKH�IXWXUH��LW�LV
QHFHVVDU\�WR�FRQVLGHU� WKH�SURGXFWLRQ�SURFHVV�� WR GHWHUPLQH�ZKLFK�NLQG�RI�VL]H�RU�IRUP
WKDW�LV�HDVLHU�WR�GLJHVW�

6WDWLVWLFDO�WHVW�VKRZHG�WKDW�WKHUH�ZDV�QR VLJQLILFDQW GLIIHUHQFH�EHWZHHQ�WUHDWPHQWV�
ZKHWKHU� LW� ZDV UDWLRQ� ,� ,,�� RU ,,, DJDLQVW UDWLRQ� ,9 �WKH� FRQWURO�� IRU� WKH� SLJV¶
SHUIRUPDQFH�� ZKLFK� ZHUH� GHQRWHG� E\� GDLO\� ZHLJKW� JDLQ�� IHHG� LQWDNH�� DQG IHHG
FRQYHUVLRQ�

,Q�WKH�IDUP�EXVLQHVV��WKH�IHHGLQJ�SDUW�LV�WKH�PRVW�H[SHQVLYH�RI�DOO�WKH�RSHUDWLRQDO
FRVW��$�VWXG\�FRQGXFWHG�E\�6DOD 	 'HOLD��������LQGLFDWHG�WKDW�WKH�IHHGLQJ�SDUW�FRYHUHG
����RI�WKH�OLYHVWRFN SURGXFWLRQ FRVW� ,Q�WKH�SUHYLRXV�VWXG\�RI :DURXZ HW�DO� �������DQG
.XHDLQ HW�DO� �������VKRZHG�WKDW SURSRUWLRQ�RI IHHGLQJ�FRVW DSSUR[LPDWHO\ ����� WR����
RI WRWDO SURGXFWLRQ�FRVW��6XFK�KLJK�SHUFHQWDJH�FRXOG�EH�UHGXFHG�E\�ILQGLQJ�DOWHUQDWLYH
VRXUFH�RI�IHHG� ZKLFK ZLWKRXW UHGXFH�WKH�RXWSXW�TXDOLW\�

&21&/86,21

5HVXOWV� RI� WKLV� VWXG\� VKRZHG WKDW� WKHUH ZHUH QR VLJQLILFDQW GLIIHUHQFH RQ SLJ
SHUIRUPDQFHV� )HHGLQJ UDWLRQ ZLWK WKH�FRPELQDWLRQ�RI�����ZDVWH�DQG�����FRPPHUFLDO
IHHG KDG WKH�KLJKHVW�)&5�

$&.12:/('*0(17

7KLV VWXG\�ZDV�IXQGHG�E\�7KH�'LUHFWRUDWH�*HQHUDO�RI 6WUHQJWKHQLQJ�5HVHDUFK�DQG
'HYHORSPHQW� ,QGRQHVLDQ 0LQLVWU\� RI� 5HVHDUFK�� 7HFKQRORJ\� DQG� +LJKHU� (GXFDWLRQ
WKURXJK ³+LEDK� 3URGXN� 7HUDSDQ´� VFKHPH �FRQWUDFW� QXPEHU ����63�+�/7�'530�
,9�������

5()(5(1&(6

%DERYLF -��&DULF�0� 'MRUGMHYLF�'� /D]LF�6��������)DFWRUV�LQIOXHQFLQJ�WKH�HFRQRPLF�RI�WKH
SRUN�PHDW�SURGXFWLRQ� $JULF�(FRQRP� �����������

%ULJJV -� 0DLHU�'(��:DWNLQV�%$� %HKQNH�.&��������(IIHFW�RI� LQJUHGLHQWV�DQG�SURFHVVLQJ
SDUDPHWHUV�RQ�SHOOHW�TXDOLW\� - 3RXOW�6FL� �������������

'HYL� 60�� 'HYL 86� .LP ,+�� ������ (YDOXDWLRQ� RI� GLHWDU\� VRXUFHV� RI� SURWHLQ� RQ� JURZWK
SHUIRUPDQFH�LQ�SLJV� 9HW 0HG� �����������

+DUGMRVXEURWR� :�� ������ )LHOG� EUHHGLQJ DSSOLFDWLRQ� -DNDUWD �,QGRQHVLD�� *UDPHGLD
:LGLDVDUDQD�,QGRQHVLD�

+DULNXPDU 6� 'DYLV -� $QLO .6�� ������ 8VH� RI� XQFRQYHQWLRQDO� IHHG� LQ� SLJ� SURGXFWLRQ�� -
,QGLDQ�9HW�$VVRF� ��������

,\DL�'$��5DKD\X %:,��6XPSH ,��6DUDJLK�'������� $QDO\VLV�RI�SLJ�SURILOH�RQ�VPDOO�VFDOH�SLJ
IDUPHU�LQ�0DQRNZDUL�:HVW�3DSXD� -�,QGRQHVLDQ�7URS�$QLP�$JULF� �����������

-DEEDU 0$� $NWHU� 6�� ������ 0DUNHW� DQG� RWKHU� IDFWRUV� DIIHFWLQJ� IDUP� VSHFLILF� SURGXFWLRQ
HIILFLHQFH LQ�SLJ�SURGXFWLRQ�LQ�9LHWQDP��-�,QWHU )RRG�$JUL�0DUNHWLQJ� ���������
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.DVDSLGRX (��6RVVLGRX (� 0LWOLDQJD�3��������)UXLW�DQG�YHJHWDEOH�FR�SURGXFWV�DV�IXQJVLRQDO
IHHG� LQJUHGLHQWV� LQ� IDUP� DQLPDO� QXWULWLRQ� IRU� LPSURYHG� SURGXFW� TXDOLW\�� $JULFXOWXUH�
������������

.XHDLQ <$��6XDPED�,.� :LMD\DQWL 38��������%XVLQHVV�ILQDQFLDO�DQDO\VLV�RQ SLJJHU\��D FDVH
VWXG\� RI� SLJJHU\� RI� 8'� .DUDQJ� DW� -DJDSDWL� 9LOODJH�� 6XE�GLVWULFW� RI� $ELDQVHPDO�
%DGXQJ���-�$JULELVQLV�$JURZLVDWD� ���������

.DWVRXOLV�.��/HRQWLGH /� .RQWRSLGLV�*�� ������/RFDOO\�SURGXFHG� DJULFXOWXUDO� E\SURGXFW� DV
IHHG�VRXUFHV�IRU�SLJV��-�9HW 6FL�0HG� ������

0DWKLXV� ,:�� 6LQXUDW� $3�� ������ 8WLOL]DWLRQ� RI� LQFRQYHQWLRQDO IHHGVWXIIV� IRU� DQLPDO
SURGXFWLRQ��:DUWD]RD� ���������

5RFDGHPERVFK -��$PDGRU�-��%HUQDXV�-��)RQW�-� )UDLOH�/-��������3URGXFWLRQ�SDUDPHWHU�DQG
SLJ�SURGXFWLRQ�FRVW� WHPSRUDO�HYROXWLRQ������������3RUFLQH�+HDOWK�0DQDJHPHQW� ����
���

6FKDGHU�&��0XOOHU $��6FLDODEED 1(��+HFW�-��,VHQVHH $��(UE .+��6PLWK�3��0DNNDU 3� .ORFNH
+36�� /HLEHU� )�� 6FKZHJOHU� 3�� 6WRO]H�0� 1LJJOL� 8�� ������ ,PSDFW� RI� IHHGLQJ� OHVV� IRG
FRPSHWLQJ�IHHGVWXIIV WR OLYHVWRFN RQ JOREDO IRRG V\VWHP VXVWDLQDELOLW\� - 5R\DO 6RFLHW\
,QWHUIDFH� ��������

6DOD )� 'HOLD� (�� ������ 7KH� HIIHFW� RI� SHOOHW� IHHG� RQ� WKH� SHUIRUPDQFH� DQG� QXWULHQW¶V
GLJHVWLELOLW\�RI�ZHDQHG�SLJOHWV� $OEDQLDQ�- $JULF�6FL� ����������

:DURXZ�=0��3DQHOHZHQ 99-� 0LUDK�$'3��������3LJ�IDUP�DQDO\VLV�RI�.DVHZHDQ�FRPSDQ\
DW�.DNDVNDVHQ�,,�RI�7RPRKRQ�0XQLFLSDOLW\��-�=RRWHN� ����������

:HD 5�� ����� 3URGXFWLRQ SHUIRUPDQFH� RI� SLJV¶� ZKLFK� FRQVXPH�PDUNHW¶V� RUJDQLF ZDVWHV�
3DUWQHU�-� �����������

:R\HQJR 7$�� %HOWUDQHQD� (� =LMOVWUD� 57�� ������ &RQWUROOLQJ� IHHG� FRVW� E\� LQFOXGLQJ
DOWHUQDWLYH�LQJUHGLHQWV�LQWR�SLJ�GLHW� $ UHYLHZ� - $QLP�6FL� �������������
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