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ABSTRACT
A sheep population of about 120,000 ewes was simulated: 6 months old test rams were used by natural mating 
ZLWKLQ�ÀRFN��ZKLOH�������\HDU�ROG�HOLWH�UDPV�ZHUH�XVHG�DFURVV�ÀRFNV�E\�$,��)RU�HDFK�RI�WKUHH�VHOHFWLRQ�LQGLFHV�
ZLWK�GL൵HUHQW�EUHHGLQJ�JRDO�ZHLJKWV�IRU�FDUFDVV�YV��PDWHUQDO�WUDLWV��DOWHUQDWLYHV�ZHUH�VRXJKW�WR�PD[LPLVH�JHQHWLF�
JDLQ� LQ� WKH�DJJUHJDWHG�JHQRW\SH� IRU� D� UDWH�RI� LQEUHHGLQJ��������SHU�JHQHUDWLRQ��6LPLODU�EUHHGLQJ�SURJUDPV�
UHVXOWHG� IRU����������RU�����EUHHGLQJ�JRDO�ZHLJKWV� WR�PDWHUQDO� WUDLWV��:LWK������QXPEHU�RI� HZHV�PDWHG�
WR�HDFK�WHVW�UDP�ZDV�UHGXFHG�IURP����WR����DQG�WKH�HOLWH�PDWLQJ�SHUFHQWDJH�LQFUHDVHG�IURP����WR�����IRU�DQ�
XQFKDQJHG�QXPEHU�RI�HZHV�PDWHG�WR�HDFK�HOLWH�UDP��������$OWKRXJK�WKH�VFKHPHV�ZHUH�UREXVW�WR�WKH�LQGLFHV��
JHQHWLF�JDLQ�YDULDQFH�SHU�WUDLW�ZDV�QRW��*HQHWLF�JDLQ�LQ�PDWHUQDO�WUDLWV�LV�DFKLHYDEOH�LI�WKHVH�WUDLWV�DUH�VX൶FLHQWO\�
ZHLJKWHG��

.H\ZRUGV��$JJUHJDWHG�JHQRW\SH��FRPSOH[�EUHHGLQJ�JRDO��JHQHWLF�JDLQ��JHQHWLF�JDLQ�SHU�WUDLW��UDWH�RI�
LQEUHHGLQJ��YDULDWLRQ�LQ�JHQHWLF�JDLQ�

<),5/,7
Ræktunarskipulag sauðfjár á Íslandi með áherslu á mæðraeiginleika
Útbúið� YDU� W|OYXOtNDQ� VHP� OtNWL� HIWLU� E~VW UèXP�RJ� VNLSXODJL� tVOHQVNUDU� VDXèIMiUU NWDU�P�Y�� Dè� KHLOGDUIM|OGL�
VDXèIMiU�Y UL���������NLQGXU��Ë�OtNDQLQX�YRUX�ODPEKU~WDU�QRWDèLU�i�KHLPDE~XP�HQ�HOGUL�KU~WDU�PHè�V èLQJXP�i�
|OOXP�E~XP��8QQLè�YDU�PHè�þrjár�N\QEyWDHLQNXQQLU�PHè�PLVPXQDQGL�Y JL�i�VNURNNJ èD�RJ�P èUDHLJLQOHLND��
/tNDQLè�PLèDèL�Dè�ìYt�Dè�KiPDUND�HUIèDIUDPI|U�YLè�DXNQLQJX� t� VN\OGOHLNDU NW�XQGLU������ t�KYHUUL�N\QVOyè��
1iQDVW�VDPD�QLèXUVWDèD�IpNNVW�þegar�Y JL�P èUDHLJLQOHLND�t�VDPVHWWUL�HLQNXQQ�YDU����������HèD������9Lè�
����Y JL�P èUDHLJLQOHLND�HU�EHWUD�Dè�QRWD�ODPEKU~WD�i�I UUL� U�LQQDQ�KYHUV�E~V����� U�t�VWDè�����RJ�V èD�PHLUD�
�����t�VWDè������HQ�KiPDUN�����V èLQJDU�i�KYHUQ�V èLVKU~W��ëy�QLèXUVWDèD�KYHUUDU�VDPVHWWUDU�HLQNXQQDU�Vp�VNêU�
YDU�HUIèDIUDPI|U�HLQVWDNUD�HLJLQOHLND�ìDè�HNNL��(UIèDIUDPI|U�t�P èUDHLJLQOHLNXP�HU�K JW�Dè�Qi�VpX�HLJLQOHLNDU�
YHJQLU�UpWW�VDPDQ�t�VDPVHWWUL�HLQNXQQ��
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6KHHS� SURGXFWLRQ� LV� LPSRUWDQW� LQ� ,FHODQG�� ,Q�
������ LW� FRQWULEXWHG� WR� ���� RI� WKH� QDWLRQDO�
PHDW� FRQVXPSWLRQ� �6WDWLVWLFV� ,FHODQG� �������
7KH� 1RUWK� (XURSHDQ� VKRUW�WDLOHG� ,FHODQGLF�

VKHHS� LV� WKH� RQO\� EUHHG� LQ� WKH� FRXQWU\�
�'êrmundsson & 1LĪQLNRZVNL �������FRXQWLQJ�
�������� ZLQWHUIHG� VKHHS� LQ� 'HFHPEHU� ������
LQ� DERXW� ������ ÀRFNV� �7KH� ,FHODQGLF�5HJLRQDO�
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'HYHORSPHQW�,QVWLWXWH��������,Q�����������RI�
WKH�ZLQWHUIHG�VKHHS�ZHUH�OLVWHG�LQ�WKH�,FHODQGLF�
VKHHS� UHFRUGLQJ� �7KH� ,FHODQGLF� $JULFXOWXUDO�
$GYLVRU\� &HQWUH� ������� DQG� DERXW� �������
ewes are inseminated annually, mainly with 
IUHVK� VHPHQ� �'êUPXQGVVRQ� HW� DO�� �������7ZR�
DUWL¿FLDO� LQVHPLQDWLRQ� �$,�� VWDWLRQV� DUH� LQ�
VHDVRQDO� RSHUDWLRQ�� ZLWK� WKH� FDSDFLW\� RI� ���
HOLWH� UDPV� LQ� WRWDO��6KHHS�EUHHGHUV� LQVHPLQDWH�
WKHLU�RZQ�HZHV�LQWUDYDJLQDOO\��%HFDXVH�,FHODQG�
LV�GLYLGHG� LQWR� LVRODWLRQ�]RQHV� �WR�SUHYHQW� WKH�
VSUHDG�RI�GLVHDVHV���$,�QRW�RQO\�FRQWULEXWHV�WR�
WKH� VSUHDG� RI� JHQHWLF� LPSURYHPHQW� EXW�PLJKW�
DOVR�EH�XVHG� WR�HVWDEOLVK�DQ�H൶FLHQW�EUHHGLQJ�
VFKHPH�� &XUUHQWO\�� %/83� �%HVW� /LQHDU�
8QELDVHG� 3UHGLFWLRQ�� H�J��� /\QFK� 	� :DOVK�
������ EUHHGLQJ�YDOXHV� DUH� FDOFXODWHG� IRU� IRXU�
WUDLWV� �FDUFDVV� FRQIRUPDWLRQ� JUDGH�� FDUFDVV�
IDWQHVV� JUDGH�� SUROL¿FDF\� DQG� SURGXFWLYLW\� RI�
HZHV���EXW�WKH\�DUH�QRW�ZHLJKWHG�WRJHWKHU�LQWR�
RQH� LQGH[�� (FRQRPLF� ZHLJKWV� RI� WUDLWV� XQGHU�
VHOHFWLRQ�KDYH�QHYHU�EHHQ�FDOFXODWHG��

To supply information as to future planning 
RI� VKHHS� EUHHGLQJ� LQ� ,FHODQG�� WKH� VWRFKDVWLF�
VLPXODWLRQ� DSSURDFK� RI� (LNMH� HW� DO�� �������
ZDV� DGRSWHG�� XWLOLVLQJ� LQIRUPDWLRQ� UHOHYDQW�
IRU�,FHODQG��(LNMH�HW�DO���������UHFRPPHQGHG�
D� VFKHPH� IRU� 1RUZD\� ZLWK� \RXQJ� WHVW� UDPV�
���PRQWKV�ROG��XVHG�LQ�QDWXUDO�PDWLQJ�LQ�UDP�
FLUFOHV�DQG�DOO�HOLWH�UDPV��������\HDU�ROGV��XVHG�
LQ�$,�DFURVV�DOO�ÀRFNV��FDOOHG�10$,��LQ�WKDW�
VWXG\��� )RU� RQH� VHW� RI� ZHLJKWLQJ� RI� WUDLWV�� D�
VFKHPH�ZDV�SUHIHUUHG� WKDW� KDG���� �� ��� HZHV�
SHU�WHVW�UDP������HZHV�SHU�HOLWH�UDP��DQG�����
HOLWH�PDWLQJ��7KH�¿UVW�REMHFWLYH�RI� WKLV�VWXG\�
ZDV� WR� H[DPLQH� WKH� VHQVLWLYLW\� RI� WKH� UHVXOW�
WR� WKH� ZHLJKWLQJ� RI� WKH� WUDLWV�� 7KH� VHFRQG�
REMHFWLYH� ZDV� WR� VWXG\� FKDQJHV� LQ� JHQHWLF�
JDLQ�SHU� WUDLW��HVSHFLDOO\� WKH�HZH� WUDLWV�� IURP�
FKDQJLQJ�WKH�ZHLJKWV��$�WKLUG�REMHFWLYH�ZDV�WR�
FDOFXODWH�WKH�YDULDQFH�LQ�JDLQ�SHU�WUDLW��WR�DGG�
information as to how ewe traits should be 
LQFOXGHG�LQ�IXWXUH�EUHHGLQJ�VFKHPHV�IRU�VKHHS��
,Q� WKH� IXWXUH� RQH� FDQ� H[SHFW� D� GHYHORSPHQW�
WRZDUGV� ODUJHU� VKHHS� ÀRFNV�� UHTXLULQJ� ³HDV\�
FDUH´� HZHV�� 7KXV�� HZH� WUDLWV� ZLOO� EHFRPH�
VWHDGLO\�PRUH�LPSRUWDQW�

0$7(5,$/6�$1'�0(7+2'6
Simulation
)ROORZLQJ� (LNMH� HW� DO�� ������� D� IXOO�VFDOH�
VKHHS�SRSXODWLRQ�ZDV� VWRFKDVWLFDOO\� VLPXODWHG��
%HFDXVH� WKH� ÀRFN� VL]HV� DUH� H[SHFWHG� WR�
LQFUHDVH�LQ�,FHODQG��WKH�����ODUJHVW�ÀRFNV�ZLWK�
!� ���� HZHV� IRU� WKH� \HDUV� ����� �� ����� ZHUH�
VLPXODWHG� �$SSHQGL[� ���7DEOH�$���� DPRXQWLQJ�
WR�DERXW���������HZHV��)RU�HDFK�ÀRFN�WKH�VL]H�
ZDV� GHWHUPLQHG� E\� XWLOLVLQJ� WKH� FXPXODWLYH�
GLVWULEXWLRQ� IXQFWLRQ� WKDW� FDQ� EH� GHULYHG� IURP�
7DEOH� $�� LQ� $SSHQGL[� ��� 7KH� ÀRFN� VWUXFWXUH�
ZDV� NHSW� WKH� VDPH� WKURXJKRXW� WKH� UHSOLFDWHV��
,Q� WKH� EDVH� SRSXODWLRQ�� HZHV� DQG� UDPV� ZHUH�
DVVLJQHG�DJH�GLVWULEXWLRQV�IURP�WKH�FXPXODWLYH�
GLVWULEXWLRQ�IXQFWLRQV�FDOFXODWHG�IURP�7DEOH�$��
LQ�$SSHQGL[����)RU�DOO�LQGLYLGXDOV��WUXH�EUHHGLQJ�
YDOXHV� ZHUH� DVVLJQHG� IRU� ZHDQLQJ� ZHLJKW�
�GLUHFW� DQG� PDWHUQDO�JHQHWLF��� FDUFDVV� ZHLJKW��
FDUFDVV� FRQIRUPDWLRQ� DQG� IDWQHVV� JUDGHV�� DQG�
number of lambs borne of the ewe at one, two 
DQG� WKUHH� \HDUV� RI� DJH�� UHVSHFWLYHO\�� XWLOLVLQJ�
WKH�JHQHWLF�SDUDPHWHUV�LQ�7DEOH�$��LQ�$SSHQGL[�
��� 7KH�PXOWLYDULDWH� WUXH� EUHHGLQJ� YDOXHV� ZHUH�
YDULDQFH�FRUUHFWHG�IRU�LQEUHHGLQJ�DQG�FDOFXODWHG�
FRQYHQWLRQDOO\�� DV� GHVFULEHG� E\� (LNMH� HW� DO��
��������,QGLYLGXDO�LQEUHHGLQJ�FRH൶FLHQWV�ZHUH�
FDOFXODWHG�E\�XVH�RI�WKH�DOJRULWKP�RI�0HXZLVVHQ�
	� /XR� �������� (DFK� \HDU�� PDWXUH� HZHV� ZHUH�
FXOOHG� DFFRUGLQJ� WR� WKH� FXPXODWLYH� SUREDELOLW\�
RI�EHLQJ�FXOOHG�SHU�DJH�FODVV�DV�JLYHQ�LQ�7DEOH�
$��LQ�$SSHQGL[����,Q�DGGLWLRQ��HZHV�ZHUH�FXOOHG�
LI� WKH\� GLG� QRW� FRQFHLYH� DIWHU� WZR� RHVWURXV�
F\FOHV�� EXW� IRU� WKRVH� EHLQJ� RQO\� KDOI� D� \HDU�
ROG� HYHU\� VHFRQG�ZDV� QHYHUWKHOHVV� NHSW��:LWK�
QDWXUDO� PDWLQJ� DQG� $,�� FRQFHSWLRQ� UDWHV� RI�
����DQG�����ZHUH�DVVXPHG��UHVSHFWLYHO\��7KH�
,FHODQGLF�$JULFXOWXUDO�$GYLVRU\� &HQWUH� �������
)RU� WKH� VHOHFWLRQ� FDQGLGDWHV�� %/83� EUHHGLQJ�
YDOXHV� ZHUH� FDOFXODWHG� DV� GHVFULEHG� LQ� (LNMH�
HW� DO�� �������� DQG� VHOHFWLRQ�ZDV�RQ� D� VHOHFWLRQ�
LQGH[��SI��FDOFXODWHG�DV�

where EBVi LV�WKH�SUHGLFWHG�EUHHGLQJ�YDOXH�IRU�
trait i, vi LV� WKH� FRUUHVSRQGLQJ� EUHHGLQJ� JRDO�
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weight, and iAV LV�WKH�DGGLWLYH�JHQHWLF�VWDQGDUG�
GHYLDWLRQ�� (ZH� DQG� UDP� ODPEV� ZHUH� ERWK�
VHOHFWHG�ZLWKLQ�ÀRFN��UDQNHG�E\�FRPELQLQJ�WKH�
SI�RI�WKH�VLUH�DQG�GDP�WKH�SUHFHGLQJ�\HDU�DQG�WKH�
ODPE¶V�ZHDQLQJ�ZHLJKW�GHYLDWLRQ�IURP�WKH�ÀRFN�
DYHUDJH�� IRU� GHWDLOV�� VHH� (LNMH� HW� DO�� ��������
2OGHU�HZHV�DQG�UDPV�ZHUH�VROHO\�VHOHFWHG�RQ�SI, 
ZLWKLQ�ÀRFN�IRU�HZHV�DQG�DFURVV�ÀRFNV�IRU�UDPV��
(ZH� ODPEV� UHSODFLQJ� ROGHU�� FXOOHG� HZHV� ZHUH�
DOZD\V�UDQNHG�LQIHULRU�WR�WKH�ROGHU�RQHV��6XUSOXV�
DQLPDOV�ZHUH�VODXJKWHUHG��(OLWH�UDPV�LQ�$,�ZHUH�
mated with the best elite ewes, at random, and 
the remaining ewes were mated at random to 
WHVW� UDPV�� ,QVHPLQDWHG� HZHV� WKDW� GLG� QRW�
FRQFHLYH� ZHUH� PDWHG� WR� D� WHVW� UDP�� ,I� WKH�
FDOFXODWHG� LQEUHHGLQJ� FRH൶FLHQW� �F�� RI� WKH�
SURJHQ\� H[FHHGHG� ������ WKH� PDWLQJ� ZDV� QRW�
DFFHSWHG�� +RZHYHU�� DIWHU� �� XQVXFFHVVIXO�
DWWHPSWV�WR�¿QG�D�UDP�UHVXOWLQJ�LQ�R൵VSULQJ�ZLWK�
the desired F�� WKH� PDWLQJ� ZDV� DFFHSWHG��
)XUWKHUPRUH�� IRU� UHFUXLWPHQW� SXUSRVHV�� LW� ZDV�
QHFHVVDU\�WR�VLPXODWH�SKHQRW\SHV�IRU�QXPEHU�RI�
ODPEV�ERUQ��DOORFDWHG�E\�XWLOLVLQJ�WKH�LQIRUPDWLRQ�
IRU� IHPDOH� IHUWLOLW\� JLYHQ� LQ� 7DEOH� $�� LQ�
$SSHQGL[����IRU�GHWDLOV��VHH�(LNMH�HW�DO����������
A random half of all lambs born were assigned 
WR� HDFK� VH[�� IRU� ZKLFK� WKH� IUDFWLRQV� JLYHQ� LQ�
7DEOH�$��LQ�$SSHQGL[���ZHUH�UDQGRPO\�DVVLJQHG�
WR�VXUYLYH�XQWLO�ZHDQLQJ�

Simulated breeding schemes
)RU� WKH� GHVFULEHG� VFKHPH� 10$,��� ZLWK� KDOI�
\HDU� ROG� UDPV� VHOHFWHG� DQG� XVHG� IRU� QDWXUDO�
PDWLQJ�ZLWKLQ�ÀRFN�DQG�����\HDUV�DQG�ROGHU�HOLWH�
UDPV�VHOHFWHG�DQG�XVHG�DFURVV�ÀRFNV�E\�$,��WKH�
IROORZLQJ�DOWHUQDWLYHV�ZHUH� VLPXODWHG� IRU�HDFK�
RI�WKH�WKUHH�VHOHFWLRQ�LQGLFHV�SI1, SI2 and SI3:

D��HOLWH�PDWLQJ�SHUFHQWDJHV��(0�����������DQG�
���

E�� QXPEHUV� RI� HZHV� PDWHG� WR� HDFK� WHVW� UDP�
�Q(ZH7HVW����������DQG�����DQG

F�� QXPEHUV� RI� HZHV� LQVHPLQDWHG� WR� HDFK� HOLWH�
UDP��Q(ZH(OLWH������������������������DQG�
������

7KH� LQGLFHV� SI1, SI2 and SI3 were assigned 
������� ������ DQG������� EUHHGLQJ� JRDO�ZHLJKWV�

WR� FDUFDVV� YV�� PDWHUQDO� WUDLWV�� UHVSHFWLYHO\��
DFFRUGLQJ�WR�WKH�vi�YDOXHV�JLYHQ�LQ�7DEOH���

Replicates and statistics
(DFK�VFKHPH�ZDV�UXQ�IRU����\HDUV�DQG�UHSOLFDWHG�
��� WLPHV� �h��� ,Q� HDFK� UHSOLFDWH�� WKH� DQQXDO�
JHQHWLF�JDLQ�LQ�WUDLW i was estimated as a linear 
UHJUHVVLRQ�FRH൶FLHQW�RI�WKH�WUXH�EUHHGLQJ�YDOXH�
IRU�\HDU��bi��RYHU�WKH�ODVW����\HDUV�RI�VHOHFWLRQ��
*HQHWLF�JDLQ�LQ�WKH�DJJUHJDWH�JHQRW\SH�SHU�\HDU�
�¨*��LQ�UHSOLFDWH�h�ZDV�FDOFXODWHG�DV�

$FURVV�UHSOLFDWH�JHQHWLF�JDLQV�LQ�WKH�DJJUHJDWHG�
JHQRW\SH� �¨*�� ZHUH� RQO\� FRPSDUDEOH� ZLWKLQ�
HDFK�VHOHFWLRQ�LQGH[��ZKLOH�FKDQJHV�LQ�HDFK�WUDLW�
ZHUH�FRPSDUDEOH�DFURVV�LQGLFHV�

,Q� DGGLWLRQ�� LQ� \HDU� ��� RI� WKH� VLPXODWLRQ�
WKH� DYHUDJH� FXPXODWLYH� JHQHWLF� JDLQ� SHU� WUDLW�
ZDV� FDOFXODWHG� DFURVV� UHSOLFDWHV� �G20���$FURVV�
UHSOLFDWH� YDULDWLRQ� SHU� WUDLW� ZDV� REWDLQHG� DQG�
JLYHQ�DV� WKH�UHODWLYH�VWDQGDUG�GHYLDWLRQ��ZKLFK�
ZDV� WKH� DEVROXWH� YDOXH� RI� WKH� FRH൶FLHQW� RI�
YDULDWLRQ��|CV|�.

7R� FDOFXODWH� WKH� UDWH� RI� LQEUHHGLQJ� SHU�
JHQHUDWLRQ�LQ�UHSOLFDWH�h the following formula 
was used:

where Ft� LV� WKH� DYHUDJH� LQEUHHGLQJ� FRH൶FLHQW�
in year t, and LSS, LSD, LDS and LDD are 
FRUUHVSRQGLQJ� FDOFXODWHG� JHQHUDWLRQ� LQWHUYDOV�

7DEOH����%UHHGLQJ�JRDO�ZHLJKWV��vi��SHU�WUDLW��i��LQ�WKH�
WKUHH�VHOHFWLRQ�LQGLFHV��SI1, SI2 and SI3��UHVSHFWLYHO\��

Trait (i) SI1 SI2 SI3

:HDQLQJ�ZHLJKW��LQGLYLGXDO��NJ� ���� ���� ����
&DUFDVV�ZHLJKW��NJ� ����� ����� ����
&DUFDVV�FRQIRUPDWLRQ�JUDGH ����� ����� ����
&DUFDVV�IDWQHVV�JUDGH ����� ����� ����
:HDQLQJ�ZHLJKW�� 
PDWHUQDO�JHQHWLF��NJ� ����� ����� �����

Number of lambs born, 1 year ���� ���� �����
Number of lambs born, 2 years ���� ���� �����
1XPEHU�RI�ODPEV�ERUQ����\HDUV ���� ���� �����
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of sire to son, sire to daughter, dam to son and 
GDP� WR� GDXJKWHU�� UHVSHFWLYHO\�� $OWHUQDWLYHV�
were sought that resulted in the largest possible 
DFURVV�UHSOLFDWH�¨*� IRU� D� FRUUHVSRQGLQJ�¨)� ��
�����SHU�JHQHUDWLRQ��DV�LQ�(LNMH�HW�DO���������

5(68/76�$1'�',6&866,21
7ZR� RI� WKH� WKUHH� VHOHFWLRQ� LQGLFHV� VLPXODWHG�
�SI1 and SI2�� KDG� WKH� ODUJHVW� JHQHWLF� JDLQ� LQ�
WKH� DJJUHJDWHG� JHQRW\SH� IRU� Q(ZH7HVW�  � ����
(0�� ����DQG�Q(ZH(OLWH� ������ZKLOH�SI3 had 

)LJXUH����$FURVV�UHSOLFDWH�DQQXDO�JHQHWLF�JDLQ�LQ�DJJUHJDWH�JHQRW\SH�SHU�\HDU��ǻ*��IRU�YDU\LQJ�(0���IRU�LQ�
FUHDVLQJ�QXPEHU�RI�HZHV�LQVHPLQDWHG�ZLWK�HOLWH�UDPV��Q(ZH(OLWH��ZLWKLQ�QXPEHU�RI�HZHV�PDWHG�WR�WHVW�UDPV�
�Q(ZH7HVW���LQ�WKUHH�VHOHFWLRQ�LQGLFHV��SI1, SI2 and SI3���7KH�WULDQJOH�VKRZV�WKH�KLJKHVW�JHQHWLF�JDLQ�IRU�D�FRQ�
VWUDLQW�RQ�WKH�DFURVV�UHSOLFDWH�UDWH�RI�LQEUHHGLQJ��������SHU�JHQHUDWLRQ�



��

WKH� ODUJHVW�JDLQ� IRU�Q(ZH7HVW� �����DQG�(0��
 � ��� IRU� WKH� VDPH� Q(ZH(OLWH� �)LJXUH� ���� 7KH�
ODWWHU�DOWHUQDWLYH�PHDQV�DQ�HQODUJHG�QXPEHU�RI�
ERWK�VHOHFWHG� WHVW�DQG�HOLWH� UDPV��$OWKRXJK� WKH�
SDUDPHWHUV�ZHUH�VHW�IRU�,FHODQG��WKH�VDPH�UHVXOWV�
ZHUH� REWDLQHG� DV� WKRVH� E\�(LNMH� HW� DO�� ��������
L�H��WKDW�WKH�WHVW�UDPV�VKRXOG�EH�LQWHQVLYHO\�XVHG�
�������HZHV�HDFK���WKH�HOLWH�PDWLQJ�SHUFHQWDJH�
VKRXOG�EH�PHGLXP��������DQG�QXPEHU�RI�HZHV�
LQVHPLQDWHG� E\� HDFK� HOLWH� UDP� VKRXOG� EH� KLJK�
�������

7KXV�� WKH� GHVLJQV� FKRVHQ� IRU� WKH� WKUHH�
VHOHFWLRQ�LQGLFHV��SI1, SI2 and SI3��UHVSHFWLYHO\��
ZHUH�VLPLODU��7KLV�GHPRQVWUDWHV�WKDW�WKH�SUHIHUUHG�
EUHHGLQJ� GHVLJQ� FKRVHQ� IRU� DQ� DJJUHJDWHG�
JHQRW\SH� IRU� WKH�JLYHQ�SDUDPHWHUV� LV� UREXVW� WR�
FKDQJHV�LQ�WKH�EUHHGLQJ�JRDO�ZHLJKWV��,Q�SI3, the 
UDWH�RI�LQEUHHGLQJ�ZDV�FRQWUROOHG�IURP�VHOHFWLQJ�
PRUH� UDPV� VLQFH�SHGLJUHH� LQIRUPDWLRQ�EHFDPH�
PRUH�LPSRUWDQW�ZLWK�DQ�LQFUHDVHG�(0��ZKLFK�
LV�H[SHFWHG�WR�HQKDQFH�FR�VHOHFWLRQ�RI�UHODWLYHV�
DQG�LQFUHDVH�WKH�LQEUHHGLQJ�UDWH��+RZHYHU��QRWH�
that with SI3� DQG� Q(ZH7HVW�  � ��� DQ� DOPRVW�
FRPSDUDEOH�UHVXOW��)LJXUH����ZDV�SURGXFHG�IRU�
(0�� ����DQG�Q(ZH(OLWH� ������L�H���WKDW�HOLWH�
UDPV�DOWHUQDWLYHO\�KDG�WR�EH�XVHG�OHVV�WR�FRQWURO�
FR�VHOHFWLRQ�DQG�UDWH�RI�LQEUHHGLQJ�

'HVSLWH�URXJKO\�WKH�VDPH�EUHHGLQJ�SURJUDP�
DGYLVHG� E\� XVH� RI� HLWKHU� RI� WKH� WKUHH� VHOHFWLRQ�
LQGLFHV��WKH�SUHGLFWHG�JHQHWLF�JDLQ�LQ�WKH�YDULRXV�
WUDLWV�YDULHG�FRQVLGHUDEO\�EHWZHHQ�SI1, SI2 and 
SI3��UHVSHFWLYHO\��)LJXUH�����,Q SI1�ZLWK��������
EUHHGLQJ� JRDO� ZHLJKWV� WR� FDUFDVV� YV�� PDWHUQDO�
WUDLWV� �LQ� DOO� WKUHH� LQGLFHV� KDOI� WKH� ZHLJKW� IRU�
PDWHUQDO�WUDLWV�DOORFDWHG�WR�WKH�PDWHUQDO�JHQHWLF�
H൵HFW�RQ�ZHDQLQJ�ZHLJKW�DQG�WKH�RWKHU�KDOI� WR�
QXPEHU�RI�ODPEV�ERUQ��DQQXDO�JHQHWLF�UHVSRQVH�
ZDV� WKH� ODUJHVW� LQ� FDUFDVV� WUDLWV�� ����� RI� RQH�
JHQHWLF� VWDQGDUG� GHYLDWLRQ� IRU� FDUFDVV� ZHLJKW��
OHVV� WKDQ� ����� IRU� PDWHUQDO�JHQHWLF� H൵HFW� RQ�
ZHDQLQJ� ZHLJKW�� DQG� ����� �� ����� IRU� QXPEHU�
RI� ODPEV� ERUQ�� $SSO\LQJ� ZHLJKWV� RI� �������
�SI2��)LJXUH����LQFUHDVHG�JDLQ�LQ�PDWHUQDO�WUDLWV�
FRQVLGHUDEO\� UHODWLYH� WR� SI1� E\� ����� WLPHV� IRU�
PDWHUQDO�JHQHWLF� H൵HFW� RQ� ZHDQLQJ� ZHLJKW�
DQG� ����� WLPHV� IRU� WKH� DYHUDJH� RYHU� QXPEHU�
RI� ODPEV�ERUQ�� UHVSHFWLYHO\�� ,Q�SI2�� UHODWLYH� WR�
SI1�� VRPH� UHGXFWLRQ� LQ� JDLQ� IRU� FDUFDVV� WUDLWV�
ZDV�REWDLQHG��RU������WLPHV�IRU�FDUFDVV�ZHLJKW�
�)LJXUH� ����$� IXUWKHU� FKDQJH� LQ� EUHHGLQJ� JRDO�
ZHLJKWV� WR� ������� IRU� FDUFDVV� YV�� PDWHUQDO�
WUDLWV� �SI3�� )LJXUH� ��� UHVXOWHG� LQ� DQ� DGGLWLRQDO�
LQFUHDVH� LQ� JDLQ� IRU� PDWHUQDO�JHQHWLF� H൵HFW�
on weaning weight and for number of lambs 

%5((',1*�237,0,6$7,21�,1�6+((3

)LJXUH����$FURVV� UHSOLFDWH�DQQXDO�JHQHWLF�JDLQ� LQ�DGGLWLYH�JHQHWLF� VWDQGDUG�GHYLDWLRQ�XQLWV� LQ� WUDLW� i� �ZZG� �
ZHDQLQJ�ZHLJKW��LQGLYLGXDO��NJ���FZ� �FDUFDVV�ZHLJKW��NJ���FF� �FDUFDVV�FRQIRUPDWLRQ�JUDGH��FI� �FDUFDVV�IDWQHVV�
JUDGH��ZZP� �ZHDQLQJ�ZHLJKW��PDWHUQDO�JHQHWLF��NJ���QO���QO��DQG�QO�� �QXPEHU�RI�ODPEV�ERUQ�DW������DQG���
\HDUV�RI�DJH��UHVSHFWLYHO\���IRU�WKH�VFKHPH�ZLWK�WKH�ODUJHVW�JHQHWLF�JDLQ�LQ�WKH�DJJUHJDWHG�JHQRW\SH�DQG�ZLWK�D�
UDWH�RI�LQEUHHGLQJ��������SHU�JHQHUDWLRQ��SHU�VHOHFWLRQ�LQGH[��SI1, SI2 and SI3��UHVSHFWLYHO\��
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ERUQ�� WR������DQG�!������� UHVSHFWLYHO\�� RI� RQH�
JHQHWLF�VWDQGDUG�GHYLDWLRQ��0RUHRYHU��ZLWK�SI3 
D�QHJDWLYH� JHQHWLF� GHYHORSPHQW�ZDV�REWDLQHG�
LQ�WKH�GLUHFW�H൵HFW�RQ�ZHDQLQJ�ZHLJKW�EHFDXVH�
WKH� GLUHFW� DQG� WKH� PDWHUQDO�JHQHWLF� H൵HFW�
RQ� ZHDQLQJ� ZHLJKW� ZHUH� DVVXPHG� WR� KDYH� D�
QHJDWLYH� JHQHWLF� FRUUHODWLRQ� �$SSHQGL[� ���
7DEOH� $���� &RQVHTXHQWO\�� DOPRVW� QR� JHQHWLF�
JDLQ�ZDV�REWDLQHG�LQ�FDUFDVV�WUDLWV��,Q�DOO�WKUHH�
LQGLFHV��FDUFDVV�FRQIRUPDWLRQ�JUDGH� LQFUHDVHG�
ZKHUHDV� FDUFDVV� IDWQHVV� JUDGH� ZDV� UHGXFHG�
�)LJXUH� ���� 7KLV� ZDV� H[SHFWHG� ZLWK� SRVLWLYH�
EBVV� DVVLJQHG� IRU� OHDQ� DQLPDOV� �UHYHUVLQJ�
WKH�VFDOH��DQG�ERWK� WUDLWV�DVVXPHG�JHQHWLFDOO\�
XQFRUUHODWHG�ZLWK�WKH�UHPDLQLQJ�WUDLWV��)RU�ERWK�
WKHVH�WUDLWV��JHQHWLF�FKDQJH�YDULHG�ZLWK�WKH�VL]H�
RI� WKH� EUHHGLQJ� JRDO�ZHLJKWV� DOORFDWHG�� EHLQJ�
the largest in SI1��)LJXUH����

,Q�JHQHUDO��WKH�UHVXOWV�VKRZQ�FRQ¿UP�6PLWK�
������� ZKR� IRXQG� WKDW� WKH� UHVSRQVH� LV� ODUJHVW�
LQ� WUDLWV�ZLWK�D� ODUJH�SURGXFW� IRU� WKH�HFRQRPLF�
ZHLJKW�DQG�WKH�DFFXUDF\�RI�VHOHFWLRQ��L�H���FDUFDVV�
ZHLJKW�DQG�PDWHUQDO�JHQHWLF�H൵HFW�RQ�ZHDQLQJ�
weight, depending on whether SI1 or SI3 apply 
�7DEOH�����6HFRQGO\��WKH�UHVXOWV�GHPRQVWUDWH�WKDW�
WKH� VLPXODWHG� EUHHGLQJ� VFKHPH� ZLOO� SURGXFH�
JDLQ�LQ�FDUFDVV�WUDLWV��ZKLFK�LV�QRW�XQH[SHFWHG��
EXW� FDQ� DOVR� SURGXFH� JDLQ� LQ�PDWHUQDO� WUDLWV� LI�

WKHVH� DUH� VX൶FLHQWO\� ZHLJKWHG�� 7KLV� FRPHV��
KRZHYHU��DW� WKH�H[SHQVH�RI�FORVH� WR�QR�JHQHWLF�
JDLQ� LQ� FDUFDVV� WUDLWV�� DQG� HYHQ�ZLWK� D� JHQHWLF�
GHFOLQH� LQ� WKH� GLUHFW� H൵HFW� RQ�ZHDQLQJ�ZHLJKW�
�)LJXUH� ����7KXV��ZKHQ� WKH� JHQHWLF� FRUUHODWLRQ�
EHWZHHQ� WKH� GLUHFW� DQG� WKH� PDWHUQDO�JHQHWLF�
H൵HFW�RQ�ZHDQLQJ�ZHLJKW�LV�DV�ODUJH�DV�DVVXPHG�
KHUH� ��������� DVVLJQLQJ� D� KXJH� ZHLJKW� WR� WKH�
PDWHUQDO�JHQHWLF� H൵HFW� RQ� ZHDQLQJ� ZHLJKW� LQ�
IDFW�KDV�WKH�SRWHQWLDO�WR�VWRS�D�JHQHWLF�LQFUHDVH�
LQ�WKH�DGXOW�ZHLJKW��+RZHYHU��WKH�VXPPHG�H൵HFW�
RI�WKH�GLUHFW�DQG�WKH�PDWHUQDO�JHQHWLF�H൵HFW�RQ�
ZHDQLQJ� ZHLJKW� ZDV� VWLOO� VOLJKWO\� SRVLWLYH�� RU�
�����RI�WKH�VXPPHG�JHQHWLF�VWDQGDUG�GHYLDWLRQV�

7KH� DFURVV�UHSOLFDWH� FXPXODWLYH� JHQHWLF�
JDLQ� LQ� \HDU� ��� DQG� WKH� UHODWLYH� VWDQGDUG�
GHYLDWLRQ�� L�H��� WKH� DEVROXWH� YDOXH� RI� WKH�
FRH൶FLHQW� RI� YDULDWLRQ�� IRU� WKH� WKUHH� SIs are 
JLYHQ� LQ� 7DEOH� ��� )LUVW�� QRWH� WKDW� IRU� QXPEHU�
of lambs born, those traits being simulated 
LQGHSHQGHQW�RI�RWKHU�WUDLWV��$SSHQGL[����7DEOH�
$���DQG�IRU�PDWHUQDO�JHQHWLF�H൵HFW�RQ�ZHDQLQJ�
ZHLJKW� WKH� UHODWLYH� VWDQGDUG� GHYLDWLRQV� ZHUH�
UHGXFHG�FRQVLGHUDEO\�IURP�SI1 to SI3��L�H���ZLWK�
LQFUHDVLQJ�EUHHGLQJ�JRDO�ZHLJKWV�WR�HZH�WUDLWV��
6HFRQGO\�� LQ� SI2� UHODWLYH� WR� SI1� WKH� UHODWLYH�
VWDQGDUG� GHYLDWLRQ� ZDV� FORVH� WR� XQFKDQJHG�
IRU� FDUFDVV� ZHLJKW�� EXW� LQFUHDVHG� IRU� FDUFDVV�

7DEOH����$FURVV�UHSOLFDWH�FXPXODWLYH�JHQHWLF�OHYHO�LQ�\HDU�����G20��DQG�DEVROXWH�YDOXH�RI�FRH൶FLHQW�RI�YDULDWLRQ�
�LOOXVWUDWLQJ�UHODWLYH�VWDQGDUG�GHYLDWLRQ���_CV_20���LQ�WUDLW�i��IRU�WKH�VFKHPH�ZLWK�WKH�ODUJHVW�JHQHWLF�JDLQ�LQ�WKH�
DJJUHJDWHG�JHQRW\SH�DQG�ZLWK�D�UDWH�RI�LQEUHHGLQJ��������SHU�JHQHUDWLRQ��SHU�VHOHFWLRQ�LQGH[��SI1, SI2 and SI3, 
UHVSHFWLYHO\��

Trait (i)

SI1 SI2 SI3

G20 |CV|20 G20 |CV|20 G20 |CV|20

:HDQLQJ�ZHLJKW��LQGLYLGXDO��NJ� ���� ���� ���� ���� ����� ����
&DUFDVV�ZHLJKW��NJ� ���� ���� ���� ���� ���� ����
&DUFDVV�FRQIRUPDWLRQ�JUDGH ���� ���� ���� ���� ���� ����
&DUFDVV�IDWQHVV�JUDGH ����� ���� ����� ���� ����� ����
:HDQLQJ�ZHLJKW��PDWHUQDO�JHQHWLF��NJ� ���� ���� ���� ���� ���� ����
Number of lambs born, 1 year ���� ���� ���� ���� ���� ����
Number of lambs born, 2 years ���� ���� ���� ���� ���� ����
1XPEHU�RI�ODPEV�ERUQ����\HDUV ���� ���� ���� ���� ���� ����



��

TXDOLW\�WUDLWV��L�H���PRVW�IRU�WKH�WZR�WUDLWV�ORZHVW�
LQ� DFFXUDF\�RI� VHOHFWLRQ�RI� WKH� WKUHH��&DUFDVV�
TXDOLW\�WUDLWV�ZHUH�DVVXPHG�WR�EH�XQFRUUHODWHG�
ZLWK� ZHDQLQJ� ZHLJKW�� ZKLOH� FDUFDVV� ZHLJKW�
ZDV� FRUUHODWHG� �$SSHQGL[� ��� 7DEOH� $��� DQG�
ZHDQLQJ�ZHLJKW�ZDV�REVHUYHG�IRU�DOO�DQLPDOV��
,Q�DGGLWLRQ��IURP�SI2 to SI3�WKH�UHODWLYH�VWDQGDUG�
GHYLDWLRQ�LQFUHDVHG�IRU�DOO�FDUFDVV�WUDLWV��VLQFH�
the breeding goal weights for these traits were 
lowest in SI3��)LQDOO\��7DEOH���DJDLQ�LOOXVWUDWHV�
WKDW� PRYLQJ� IURP� SI1 to SI2� D� ODUJH� JHQHWLF�
LPSURYHPHQW� ZDV� REVHUYHG� IRU� WKH� PDWHUQDO�
WUDLWV� IRU� D� VPDOO� UHGXFWLRQ� LQ�JDLQ�RI� FDUFDVV�
WUDLWV�� ,Q SI2�� WKH� PRUH� EDODQFHG� JDLQ� DFURVV�
traits was followed by a substantially lowered 
PD[LPXP�UHODWLYH� VWDQGDUG�GHYLDWLRQ������� LQ�
SI2�YV�������LQ�SI1��L�H���IRU�OHVV�ULVN��,Q�SI3��ULVN�
DJDLQ� LQFUHDVHG� VLQFH� EUHHGLQJ� JRDO� ZHLJKWV�
EHFDPH� PRUH� XQHYHQO\� GLVWULEXWHG� DFURVV�
WUDLWV�� DPRXQWLQJ� WR� ����� IRU� FDUFDVV� IDWQHVV�
JUDGH��6R��LQ�JHQHUDO��WKH�YDULDWLRQ�LQ�RXWFRPH�
ZDV�ODUJHVW�IRU�WKH�OHDVW�ZHLJKWHG�WUDLWV�

:LWK�HZH�WUDLWV�EHFRPLQJ�PRUH�LPSRUWDQW��
DQ� DOWHUQDWLYH� WR� SXUH� EUHHGLQJ� ZRXOG� EH� WR�
GHYHORS� D� VLUH� OLQH� DQG� D� GDP� OLQH� WKDW� FRXOG�
EH� XWLOLVHG� WKURXJK� FURVVEUHHGLQJ� �6PLWK�
������� ,Q� WKHRU\�� WKLV� FDQ� EH� UHOHYDQW� ZLWK� D�
QHJDWLYH�JHQHWLF�FRUUHODWLRQ�EHWZHHQ�ZHDQLQJ�
ZHLJKW�DQG�PDWHUQDO�JHQHWLF�H൵HFW�RQ�ZHDQLQJ�
ZHLJKW�� DV� DVVXPHG� KHUH� �$SSHQGL[� ��� 7DEOH�
$���� $Q� DVVXPSWLRQ� IRU� WKH� UHVXOW� RI� 6PLWK�
�������LV� WKH�H[LVWHQFH�RI�D�KLJK�UHSURGXFWLYH�
UDWH�� +RZHYHU�� FURVVEUHHGLQJ� FDQQRW� EH�
XVHG� IRU� WKH� HZHV� WDNLQJ�SDUW� LQ� WKH�EUHHGLQJ�
SURJUDP�LQ�WKH�GDP�OLQH��UHOHYDQW�IRU�10$,���
FRXQWLQJ� �������� HZHV� �IURP� $SSHQGL[� ���
7DEOH�$����0RUHRYHU��LW�FDQQRW�EH�XVHG�LQ�WKH�
FRPPHUFLDO�KHUGV�IRU�WKH�IUDFWLRQ�RI�WKH�HZHV�
QHHGHG� WR� UHFUXLW� WKH� GDP� OLQH�� ,I� HZHV� RQ�
DYHUDJH� SURGXFH� IRU� �� \HDUV� �IURP�$SSHQGL[�
���7DEOH�$����JLYLQJ�ELUWK�WR�DQ�DYHUDJH�RI�����
ODPEV� �IURP�$SSHQGL[����7DEOH�$����RI�HTXDO�
VH[�UDWLR�� IURP�ZKLFK�����RI� WKH�IHPDOHV�DUH�
UHFUXLWHG��WKH�IUDFWLRQ�UHFUXLWHG�EHFRPHV������[�
����[�����[������ �������7KLV�FRUUHVSRQGV�WR�D�
WRWDO�RI���������HZHV��DVVXPLQJ���������HZHV�
LQ�,FHODQG�DQG�VXEWUDFWLQJ�WKH���������HZHV�LQ�
WKH�EUHHGLQJ�SURJUDP��7KXV��D�WRWDO�RI���������

HZHV�FDQQRW�EH�DOORFDWHG�WR�FURVVEUHHGLQJ��L�H���
D� IUDFWLRQ�RI� �����RI� WKH� HZHV��&RQVHTXHQWO\��
the proportion of slaughter from the dam line 
�d�LQ�$SSHQGL[����EHFRPHV�KLJK��PHDQLQJ�WKDW�
WKH�EUHHGLQJ�JRDO�RI� WKH�GDP� OLQH�DSSURDFKHV�
WKH� EUHHGLQJ� JRDO� RI� WKH� RQH� OLQH�� 7KLV� ORJLF�
GHPRQVWUDWHV� WKDW� WKH� REYLRXV� FKDOOHQJH� WR�
IXWXUH� VKHHS� EUHHGLQJ� LV� WR� GHYHORS� VFKHPHV�
WKDW�DUH�H൶FLHQW�LQ�SXUH�EUHHGLQJ�ZLWK�UHVSHFW�
WR�HZH�WUDLWV�

(LNMH� HW� DO�� ������� KDYH� VKRZQ� WKDW� WKH�
10$,��VFKHPH�RXWSHUIRUPHG�D�VFKHPH�GHQRWHG�
10$,���LQ�ZKLFK�HOLWH�UDPV�ZHUH�XVHG�RQH�\HDU�
ORFDOO\�EHIRUH�EHLQJ�VHOHFWHG�IRU�$,�DW�����\HDUV�
RI�DJH��DV�KDV�EHHQ�SUDFWLVHG� LQ�1RUZD\��:LWK�
ERWK� VFKHPHV��RQH� VWUDWHJ\� WR� LQFUHDVH�JHQHWLF�
JDLQ� LQ� HZH� WUDLWV� FRXOG� EH� WR� LQFUHDVH� WKH�
JHQHUDWLRQ� LQWHUYDO� WR� DOORZ� IRU� D�SURJHQ\� WHVW�
IRU�WKHVH�WUDLWV��7KLV�PHDQV�WR�H[SORUH�VFKHPHV�
LQ�ZKLFK�VLUHV�DUH�¿UVW�VHOHFWHG�RQ�SURJHQ\�WHVW�
UHVXOWV� DW� ���� \HDUV� RI� DJH� UDWKHU� WKDQ� DW� WKH�
DVVXPHG�����\HDUV�RI�DJH��DV�FRQYHQWLRQDOO\�GRQH�
LQ�VKHHS�EUHHGLQJ�SURJUDPV�IRFXVLQJ�RQ�FDUFDVV�
WUDLWV��ERWK�10$,��DQG�10$,����/LOOHKDPPHU�
HW� DO�� ������� KDYH� VLPXODWHG� VXFK� D� SURJHQ\�
WHVWLQJ�VFKHPH�ZLWK�D�SURJHQ\�JURXS�VL]H�RI�WHVW�
UDPV�RI�FD������5HODWLYH�WR�WKH�10$,��VFKHPH�
SUDFWLVHG� LQ� 1RUZD\�� WKH� SURJHQ\�WHVWLQJ�
VFKHPH�SURGXFHG� DQ� LPSURYHPHQW� LQ�PDWHUQDO�
WUDLWV� RI� DERXW� ����� IRU� D� VLPLODU� UHGXFWLRQ� LQ�
FDUFDVV� WUDLWV��2QH�VKRXOG�H[SHFW� WKH�UHVXOWV� LQ�
VXFK�D� VFKHPH� WR�EH�KHDYLO\�GHSHQGHQW�RQ� WKH�
SURJHQ\�JURXS�VL]H�RI�WHVW�UDPV�WKDW�QHHGV�WR�EH�
RSWLPLVHG��3URJHQ\�WHVWLQJ�DQG�GHOD\HG�VHOHFWLRQ�
WLOO� ���� \HDUV� RI� DJH�ZRXOG� DOVR� EH� UHOHYDQW� LI�
RWKHU�PDWHUQDO�WUDLWV�ZHUH�WR�EH�FRQVLGHUHG�PRUH�
LPSRUWDQW�� H�J���PDVWLWLV�� VLQFH� VXFK� D� WUDLW� FDQ�
EH�DVVXPHG�WR�EH�DQWDJRQLVWLFDOO\�UHODWHG�WR�WKH�
PDWHUQDO�JHQHWLF�H൵HFW�RQ�ZHDQLQJ�ZHLJKW�DQG�
SRVVLEO\�FDUFDVV�ZHLJKW��7KLV�LV�LQ�DQDORJ\�ZLWK�
WKH� XQGHVLUDEOH� JHQHWLF� UHODWLRQVKLS� WKDW� H[LVWV�
EHWZHHQ� SURGXFWLRQ� DQG� KHDOWK� WUDLWV� LQ� GDLU\�
EUHHGLQJ��H�J���+HULQJVWDG�HW�DO���������

2Q� WKH� RWKHU� KDQG�� VLQFH� 10$,��
RXWSHUIRUPHG� 10$,�� �(LNMH� HW� DO�� ������� D�
IXUWKHU� VKRUWHQLQJ� RI� WKH� JHQHUDWLRQ� LQWHUYDO�
FRXOG� EH� DGYDQWDJHRXV� LQ� D� FRQYHQWLRQDO�
VFKHPH�� +RZHYHU�� ZKHQ� HLWKHU� VHOHFWLQJ� $,�

%5((',1*�237,0,6$7,21�,1�6+((3
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VLUHV�DW�����RU�����\HDUV�RI�DJH��WKH�DFFXUDF\�RI�
VHOHFWLRQ�IRU�HZH�WUDLWV�LV�ORZ��EXW�PLJKW�EHFRPH�
LPSURYHG� WKURXJK�JHQRW\SLQJ�RI� DOO� WHVW� UDPV��
XWLOLVHG�WKURXJK�JHQRPLF�VHOHFWLRQ��/LOOHKDPPHU�
HW�DO���������KDYH�VLPXODWHG�ERWK�WKHVH�VWUDWHJLHV�
XQGHU� JHQRPLF� VHOHFWLRQ� DQG� REWDLQHG� D�
FRQVLGHUDEOH�LQFUHDVH�LQ�JDLQ�RI�HZH�WUDLWV�UHODWLYH�
WR� WKDW� LQ� WKHLU�10$,��VFKHPH������DQG������
UHVSHFWLYHO\��� IRU� VRPH� UHGXFWLRQ� LQ� JDLQ� IRU�
FDUFDVV�WUDLWV��+RZHYHU��UDWHV�RI�LQEUHHGLQJ�DOVR�
LQFUHDVHG��HVSHFLDOO\�ZKHQ�VHOHFWLQJ���PRQWK�ROG�
VLUHV�� OHDGLQJ� WR� UHFRPPHQG� VHOHFWLRQ� RI� VLUHV�
ZLWK� JHQRPLF� VHOHFWLRQ� DW� ���� \HDUV� RI� DJH�� ,Q�
JHQRPLF�VHOHFWLRQ�VFKHPHV��DGGLWLRQDO�JDLQ�FDQ�
EH�REWDLQHG�IURP�JHQRW\SLQJ�RI�HZHV��+RZHYHU��
WKH� ELJJHVW� FKDOOHQJH� LV� WR� UHFRUG� SUHFLVH�
SKHQRW\SHV�IRU�WKH�PRVW�LPSRUWDQW�HZH�WUDLWV�

&21&/86,216
A similar design of a breeding program was 
FRQFOXGHG� EDVHG� RQ� WKH� UHVXOWV� RI� WKH� WKUHH�
VHOHFWLRQ� LQGLFHV�� ZLWK� HLWKHU� ����� ���� RU�
����EUHHGLQJ�JRDO�ZHLJKWV� WR�PDWHUQDO� WUDLWV��
UHVSHFWLYHO\�� DQG� ZLWK� WKH� UHPDLQLQJ� ZHLJKWV�
WR� FDUFDVV� WUDLWV�� +RZHYHU�� ZLWK� WKH� ����
DOWHUQDWLYH� Q(ZH7HVW� ZDV� UHGXFHG� IURP� ���
WR� ��� DQG� (0�� LQFUHDVHG� IURP� ��� WR� ��� IRU�
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