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|¿|��[Zzf¿Y�cZ¨� . ¼m�,ºÅ{�¶�¿��{Ì�d2P )�»M��Y�¶/�Zu�/Ì�§{Z/�e���Ê 3P (�Ä/]  ��§{Z/�e��Â/�Ê�

»MÌ�� �{ ¼m�Á�Ã|��Ã{YÌd  P���Å��YËY��Y�®ËÓ�¾Ë¾��ZÅ·ÂeÌÃÁ�³�Á{��{�Á�|�]Zzf¿YÊ��ÁY����{�|ÅZ�Ë��
Zf�Á�ÊË )�Z^À¸e (���Á�aË|Àf§Z .�dÌ ¼mP��dÌ ¼m�Ê«Ôe��Y�|ÅZ��ÃÁ�³��{2P���¾/ËÓ��Y�¶/�Zu ��ÉZ/Å

3P�|��|Ì·Âe�Ê]Zzf¿Y�Ì£ .»M��b�ÌÄfz�ZÅÉ F1�·ÂeÌ�|ÃÁ�³��{�Á�ZÅÉ�]Zzf¿Y�Á�|ÅZ�Ê�Ä] �Â��½Z»�¼Å��
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��Ä/]�¹�Z/Æq�¾��ÉZÅÁ�Ó�Ê§��»�±�]�Ã|�Á�¾Ì·ÁY��b��Á�|Àf§ZË���Á�a�µÁY|f»�ÉZÅ{�Y|¿Zf�Y ����Â/�
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�Z³|¿Z»É�¨��Á�Á�ÓÌ¨À»��Z^e�Y�{ÂmÁ�Ä¯�|Àf§�³��Y�«�Ä ·Z�»�{�Â»�Ã�Ê ]Ì»�Ä]��Â]�»�cZ¨��¾�d»ÁZ¬
·Âe�cZ¨��ÁÌ|É�{Y{�½Z�¿�Y� .Zf¿Ë¬ve�lÌ»�½Z�¿���Zu�ªÊ�|Å{ �yZ���Y�Ã{Z¨f�Y�Ä¯�zf¿Y��]�ÃÁÔ��[Z

·Âe�{�°¸¼��{Â^Æ]Ì|É�»M�É{Z�f«Y�ÁÌÄfz�ZÅÉ��]Y�¹�¯Ëº� ÌiZe¨À»��Ê�Á�É������Ä/]�d^/�¿�Z/Æ¿M�d/»ÁZ¬»
]Ì�Z¼É�»�ZÅÊ�{�Y~³.�Y~· Ê»�ÄÌ�Âe��ÅÁ�a�¾ËY�lËZf¿�Ä]�ÄmÂe�Z]��«Y�\ËY�/��{Â���Á�É{Z/�f��ÉZ/Å�f»Y�Za

|Ì·Âe�cZ¨��Ê°Ìf¿�ÉÉY�]�¾Ë|·YÁ�[Zzf¿Y��b��Á�{Â��{�ÁM�]�0Z»YÂe�Ä¸Ìa�Ê=¼¯�cZÌ�Â�y�Á�d»ÁZ¬»�, 
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Ä»|¬»  
     ]Y�Ë·Y�Ä//°¸»�½YÂ//À��Ä//]�º//�//Ì¿{��{�¥Z//Ì�Z

Z///Å{�]�Z¯É�Y�Ã{�f///�³É�����Y��Y�Á�Äf///�Y{
Y�Ã{Z// ·Y�©Â//§�Ã{Á�//§YÉ�//»��Y{�Â//y�]Ê |//�Z] .

��]Y�¹�//¯���Á�//aË·Âe�Á�º//�//Ì�cZ�ÂÀ//�»�|
�]YË¼�Ê�ZÀ���YË��{�¾Æ¯��M�Ì³|¿��Á�Ã{Â]�ZÊ�
�]Ì�ZÉ��d/�Y�Äf�]YÁ�½M�Ä]�¹{�»��Y .�Â/���YÊË�
{Ë¼¯�{Â^Æ]�Ä¿Â³��Å��´Ê�¯�ÁÌ¨Ê�ze��½Z/£Â¿�º

�ZneÉ��iZ/e�{Ây�Ä]Â¿�Ä]�,�Â�¯Ì�¬f/�»��Ì���/]�º
 »���ÁÌf�Ê�·Âe�½Y��ÁZ�¯Ì�]Y�Ã|ÀÀ¯|Ë��Á�º/�

¿ÌiZe��Ì£��Ì¬f�»��Ì��³|/¿���/]�ºÊ���Á�½Z³|/À§Z]
�|ÅYÂy���§�d À��½Y�Z¯�|¿Y�d�{d�Y{. 

     ����Á�///a��Z///�Y�]��Â///�¯�É�Y|///¿Z£Â¿
ÄfzÌ»M ZÅÉ )F1 (Ó��Y�¶�Zu�/Ë¾��Z/ÅÉ����·Z/y
�ZneÉ Y�Ã|��É�Ë��ÄËZa����d/Æm�¾/ËY�Ä/]�Á�d�

¾ËÓ�|Ì·Âe�����Y�\/�ZÀ»�Ê/°Ìf¿��{Y| f�Y�Z]�ÉZÅ
��\/�ZÀ»�{Â��Ã|ÀÀ¯�¾Ì¼�e�ºÆ»��ZÌ�]�¶»YÂ�

�d À��¾ËY��{�d/�Y. ���/f¼Æ»�[Z/zf¿YË���Y�/]Y�¾
{Y�¿�sÔ�YÉ����{Z/�f«Y�{�/°¸¼��{Â/^Æ]�dÆmÉ�

YËÓ�¾Ë¾�»�ZÅÊ�|�Z] )�( .�[Zzf¿Y�Ê»Â¼��¥|Å
�Ä/]�cZ¿YÂÌu�{Y�¿�sÔ�Y��{����¶/�¿�½{�ÁM�d/�{

|Ë|m���Ä/]�d^/�¿�É�eÓZ]�ÊËY�Z¯��Y�Ä¯�d�Y�É
|//�Z]��Y{�Â//y�]�Ê//¸ §�¶//�¿ )� .(��Y�Ã{Z¨f//�Y

���{�Ê/°Ìf¿��d§��Ìa�¾Ë�f�Ì]�[Zzf¿Y��yZ�
��ËZ//��Ä//]�d^//�¿�Y��¾//°¼»�½Z//»��¾Ë�fÅZ//eÂ¯

�Á��Ä]�[Zzf¿Y�ÉZÅ ��d�Y{�|ÅYÂy�µZ^¿{)�.(  
     �[Zzf¿Y��yZ�·ÁYÌ���µZ/���{��Z/]�¾�����

���ÂedÌ¼�Y�Y�]É��Y��{�Ã{Z¨f�Y�Á�cZeZ^¿�sÔ
�µZ//���{��b//��������//�Âeµ�Z//Å�Y�//]É�

��{�³�Ä/WY�Y�¹Y{�{Y�/¿�sÔ�Y��{�Ã{Z¨f�Y�/Ë�|)� .(
Ä]�[Zzf¿Y��yZ�  ���cY|ÅZ/�»��Y�Ê ]Z/e�c�Â�
�Ê/»�¦Ë� e�¦¸fz»������cZ/¿YÂÌu�Ê/f«Á�Ä/¯�{Â/�

Ê»�[Zzf¿Y�½M��Z�Y�]����d§�/�Ìa�½Y�/Ì»�|¿Â�
�Ê°Ìf¿�)������Ê ]Z/e�Ä/¯�¶/¯�Ê/°Ìf¿�����Y�®/Ë

���Y��Y�Ê�y��d¨��®Ë�ÉZÅ����d¨/��|/Àq�Z/Ë
d�Y�Ã|��¦Ë� e (Ê»��j¯Y|u�{Â�. �¶Ì°�e��{

����d/�Y�¹�Ó�,d¨/��|/Àq�ÉY�]�[Zzf¿Y��yZ�
ZÅ�f»Y�ZaÉ�f¿�Ì°Ê���cZ¨/��É{Z�f«Y�\ËY���Á

�iÂ»���|¿Â/��{�ÁM�/]�[Zzf¿Y��{ .»Ì�/�u�ÌÀÊ��Á
�½Y�Z°¼Å)�� (¿Ì�����Y�{�ÁM�/]��Y��/a����Z/ÅÉ�
{Z�f«YÉ�ZÅ�f»Y�Za�ÁÉ�f¿�Ì�/°Ê��a�cZ¨/�Ì��,Ä/¸

�yZ//��Z//ÅÉ�[Z//zf¿Y�Y�//]�Y�É��YÁ��//�Ë�Ä//f
�ZneÉ��]Y�¹�¯Ë e�º�ÌÌ|¿{�¯�¾.  
     �{Â///^Æ]�Ä///¿Â³�Å�{�///�¿ZfaÌf¿��¶Ì///°Ê�
�YÁËÄf�ZÅÉ�Y�]�Ã{Z¨f�Y�{�Â»É�·ÂeÌ�½Z£Â¿�ºze�|
¸yY{Ê��YÁ�ÄWY�Y�ÁËÄf�ZÅÉ�]�Ä]�¹ÁZ¬»Ì�Z¼É��Z/ÅÉ�
Z//�Ë�Y�//§Y�\//mÂ»�,�ËY�Z//¯��ÊË��|//»M�{�Á

·Âe�½Y��ÁZ//�¯Ì�]Y�Ã|//ÀÀ¯|Ë|//��|//ÅYÂy�º//� .
Y�³�É�Z¼Ì]����Ê/�Á�ËÁ�{Z/u�ÉZ/ÆË�Z¼Ì]��Y�É��

��Z/�y�\mÂ»�Ä¯�d�Y�º�Ë�]Y�¹�¯Y��É{Z/Ë��c
�Ê/»�½Y�Y|¿Z£Â¿�Ä] �{Â/� .����,É�Z/¼Ì]��Á�/]�¶/»Z�

Äf�Å��Ì�Á�|ÌÅ�Ê¸a��Á�ËÁ�ÉY�����Ä/¯�d/�Y
��Á�d//Ì¼¯��//]�,ÉÁ�Ó�cZ//¨¸e�{Z//nËY��//]�ÃÁÔ//�
�����Ê/¨À»��ÌiP/e�Ã|/��|/Ì·Âe�º�Ë�]Y�Ä¸Ìa�dÌ¨Ì¯

Ê»�{ZnËY�|ËZ¼¿ )��( .Y�mYÉ�s����Z/ÅÉ��sÔ/�Y�
{Y�¿É����Z/�Y|m��Â/�À»�Ä]É����½{Â/¼¿��·Z/y�Á
ÓËZÆÀÉ�]�Ä]�¹ÁZ¬»Ì��Z/¼É��YÁ��{Ë�Ä/f��Z/ÅÉ���/a 
·ÂeÌ·Âe�t����ÅZ¯�½Á|]�|ÌZ]�|ËÂ·ÁY��{�|Ë�d

³��Y�«�/Ì{�. �ÂÌ¯Z/Å���½Y�Z/°¼Å�Á)�(�,�¾ÅÂ/���Á
�½Y�Z°¼Å)�� (�Á½ZmY�Z³ZÌe���½Y�Z/°¼Å�Á)�� (

]�Á��É�Ì³�Z///°�ÉZ///Å�{Y�///¿�Ä///]É�,{Â///mÁ�
�YÁËÄf�ZÅÉ�|mË·Âe�a�|Ì»�|�]�Ä/]�¹ÁZ¬Ì��Z/¼É��Y�

|¿{�¯���Y�³ )��,����Á��.( �ÃÁÔ��Ä]�[Z/¿ZeYÁ 
)�� (Ä¯�{Y{�½Z�¿�]�Ä]�d»ÁZ¬»Ì�Z¼É���¹�/¯��{

1- Nuclear Polyhedrosis Virus 
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�]YËiZe�dve�,º�Ìf¿��¶»YÂ���Ì°Ê�d�Y .�¾ËY��Y
��½{�ÁM�|///Ë|a��{�Y��{Y�///¿�sÔ///�Y��///¬¿�Á�

�YÁËÄf ZÅÉ�·Âe�aÌ��¹ÁZ/¬»�|��/a �²/¿� ��{Â/¼¿��/e .
{�½Y�´//�ÅÁ�aË�º//Å��//´¹ÁZ//¬»�ÃÂ//v¿��Z//��É

¾ËÓ���/]Y�]��{�º�Ë�]Y�¹�¯�ÉZÅ��]�¶/»Z�Ì��Z/¼É�
�//�Y�³É Ë//À Ê�Á//Ë//¸a��Á�Ê�ÅÌ//�Á�|Ì��
Äf//�Å YÉ��//�e�Y�Ë�|//¿{�¯�t)����Á��(. �Á�Á�

�½Y�Z°¼Å)�� (����{�d/»ÁZ¬»�|/¿{�¯���Y�³��Ì¿
Á��]Y�]�/Ë�/¸a��Á�Ê�ÅÌ�/�Á�|Ì�Y�Äf/�Å��É���{
�]Y�¹�¯Ë���/=¼¯�g�YÂ/e��Y�º/�Ê-�¯Ì�/¨Ê� ^e�/Ì�d

»Ê�|À¯ .�]Y�¹�¯��»YÂm��{Ë�»M�,º/��/Ì�� �Z/ÅÉ�
§{Z�eÊ�¶�¿��{ ZÅÉ�·YÂf»Ê���[Z/zf¿Y�ÃY�¼Å�Ä]
^�Ì Ê½��Ê¿YÁY�§��ËY�§Y�h�Z]�,�ZÅÉ��̧/�YÊ��Á
½� ZÅÉ��/�ÀeÌ���|/��|/ÅYÂy�Ã|/ÀÀ¯�º .��¥�/���Y
{Ë�Ä//¿Â³��//j¯Y��{��//´�Z//ÅÉ��{Â//mÁ�½Y�Y|//¿Zm

´f//�^¼ÅÊ�f¿�Ì//°Ê�//¨À»Ê Ì//]//�Â�y�¾Ì�cZ
�Â�y�Á�d»ÁZ¬»Ì·Âe�cZÌ|É����cZ^iY�Ä]Ì�Ã|

d�Y .Y�]ZÀ]Ë»��Z�f¿Y�¾Ê����{Â/mÁ�c�Â/���{�{Á�
»MÌ�§{Z/�e���Ê^��,Ì�����¾fyZ/��¹ÁZ/¬»�Z/]�d/ 
uÌv»��]Y�]��{�cZ¿YÂÌm�Zy��Ê�»Â]Ê��µ{Z/ e�,

{�ZÅÉ�YÁË·Âe�cZ¨��±�^À�/Ì|É����¥Ô/y��/]�Y�
¤e�½Z�¿Y��§ZÀ»�Á�d�YÂyÌÌ|Å{�� .Y�Ä]Ë�d¸��¾

u�Ä¯�d�YÌ»Â]�cZ¿YÂÊ�Y�Y{É��[Â¸�»�d»ÁZ¬»
�·Âe�cZ¨//���//j¯Y��{�Á�Ã{Â//]//Ì|É�¼¯��Y//Ì�d

]Â¸�»Z¿Ê�]|¿�Y{�Ây� .�Á��[Z/zf¿Y�Z]��°���]É�
�Â�yÌ·Âe�cZÌ|É�ÓË¾��Z/ÅÉ���]Y�¹�/¯Ë��Á�º/�
Y�//§YË´¼//�q��Ì·Âe�½YÂ//e��//Ì|É���{�Z//Æ¿M
¶�¿�ZÅÉ�·YÂf»Ê��ÅZ¯�c|��Ä]�ZÆ¿M�d»ÁZ¬»�,

a�/Ì��{�/¯�|/ÅYÂy�Y| .���Â/�Â»�¾/ËY�Z]�/Ë�¹Z//´ÀÅ�|
uY��Ê�Ä»Z¿�]�ZÅÉ�uÔ�YÊ�Ó�[Zzf¿Y�Á�/Ë¾���Z/Å

»��Y�«���¿�|�Ì³�{e�Z��Z/]��¾f§�/³��/�¿��{�����Y
{Z�f«YÉ��/]�Ä�]Y��ÁÌ�¾�cZ¨/�,���Y��¹�Ó�µ{Z/ e

{Â¼¿��Y�«�]. Ã�Æ] �Y�É�Ì³ ��Á���yZ��[Zzf¿Y
Ó�{�°¸¼��{Â^Æ]��]�ÃÁÔ�Ë¾ iPe�,ZÅÌ�́ ¼/�q��Ì��

£�Á///Ì�Z///°¿Y�¶///]Z«��É���{�ËY�///§Y�·Âe///Ì�|
»MÌÄfz ZÅÉ��]Y�¹�¯Ë�{�Y{�º�)��.( �½Y�Y|¿Z£Â¿

�]Y�¹�¯Ë»M�º�Ì�Äfz)F1 (Ê»���Á�a�Y���|/ÀÅ{ .
�]ZÀ]ÄfzÌ»M�d»ÁZ¬»�¾ËY�����Ä/]�º/�Ë�]Y�¹�/¯�ÉZÅ

{�Y{�É{ZË��dÌ¼ÅY�É��Y�³. �] �¹�Ó��Z�Y�¾ËY
�d//�YiZ//eÌÄ//]�[Z//zf¿Y���//�ÁÌÁ���yZ//��Ä¸É�

»M�d»ÁZ¬»ÌÄfz��ZÅ)���Y��aÊ��¶uY�»3P�,2P�
�ÁP ({Â��Ê���] .�«YÁ��{���µZ/¼fuY�Ä]�ÄmÂe�Z]

´f�^¼Å�{ÂmÁÊ�¨À»Ê�]Ì·Âe�¾�/Ì��,d/»ÁZ¬»�Á�|
�d//�Y�¹�Ó»M�{�//°¸¼�ÌÄ//fz Z//ÅÉ���Y�¶//�Zu

ÓË¾ ZÅÉ��[Zzf¿Y��yZ���Á��Ä]�Ã|��[Zzf¿Y
���]�{�Â»Ê�³��Y�«Ì{� .¬ve��Y�¥|ÅÌ���/�Zu�ª

���]Ê��iP/eÌ��Ä/]�[Z/zf¿Y�� ��/�ÁÌ���{��yZ/��Ä¸
ÓË¾�ZÅÉ 3P�»M�d»ÁZ¬»��]ÌÄfz��Z/ÅÉ F1���¹�/¯
�]YËÁ�Ä]�º�Ë�/¸a��Á�Ê�ÅÌ�/�Á�|Ì�Äf/�Å���YÉ�
»Ê�|�Z].  
  

�Á��Á�{YÂ»ZÆ  
     ��ÅËÓ��Y�®�/Ë¾��Z/ÅÉ���Z/neÉ ����,����,
�����Á��� �t����{3P���Ê ����d/ve�¶�¿

Ä]�[Zzf¿Y�Ä»Z¿�] ��ÁÌ��|/Àf§�³��Y�/«��yZ��Ä¸.�
Y��ËY�]�Ã|��Ã{Z¨f�Y�[Zzf¿Y��yZ��\É����/Å
ËÓ��Y�®Ë¾�ZÅÉ��ZneÉ��µÁ|m��{���Ã{Y{�½Z�¿

�d�Y�Ã|�)�.( Za��{Ë��,º/Æ¿�¶�¿��{�[Zzf¿Y�½Z
 ¼mÌ�d2P� Ó��Y�[Zzf¿Y�¹Zn¿Y�½Á|]�/Ë¾��Z/ÅÉ�
]Zzf¿YÊ )3P(�·ÂeÌ{�³�|�/Ë| . ¼m�/Ìd��Z/ÅÉ 2P�

���Á�aË����{Z/»�½Z/£Â¿�º/ze�Á�Äf§Z )P(����½Á|/]
·Âe�[Zzf¿YÌ{�³�|�/Ë| . ¼m�/Ì�dP��]Z/zf¿YÊ���{

Y�//�ËZf//�Á���ÊË )�Z//^À¸e (���Á�//aËf§Z|//À .
Àr¼ÅÌ��½Z/£Â¿�ºze�¾P��Ó��Y�¶/�Zu�/Ë¾��Z/ÅÉ�

1- Great grand parent                                            2- Grand parent                                                   3- Parent 
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£Ì]Zzf¿Y�Ê� ¼m�½YÂÀ��Ä]ÌÆe�|ÅZ��dÌ�Ä/]�Á�Ä  
|¿|��Ã{Y{���Á�a�½Z»�¼Å��Â�.����Â/Æ���Y��a

Ä¿YÁ�a�ZÅÄ¿YÁ�a�,�Ä]�Ã{Z»�Á��¿�ÉZÅ  Ä¿Â³���º/Å�Z]�ÉY
«ÔeÊ �½Z£Â¿�ºze�Ä¯�|¿|��Ã{Y{»MÌ�Ä/fz��Z/ÅÉ 
F1 ËÀ Ê�ÄfzÌ»M��ÊÀaY���{Z»�ÉZÅ��������Á

�������Ä///fzÌ»M�Á���Ê///ÀÌq��{Z///»�ÉZ///Å
��������Á������ {Â///��|///Ì·Âe.���///Å

��]Z/zf¿Y�Á�|ÅZ/��ÃÁ�³�Á{��{�ÄfzÌ»MÊ ����Á�/a
|��Ã{Y{ .Á�³ÄfzÌ»M�¶»Z��|ÅZ��Ã���ÊËZ/Å��{Â/]

�¾Ë|·YÁ��{�Ä¯3P ����[Z/zf¿Y��yZ/���Á��Z/Æ¿M
��{Â/]�Ã|/�¿�µZ¼�Y .���Ê]Z/zf¿Y�ÃÁ�/³���¶»Z/��º/Å

ÄfzÌ»M��ÊËZÅ����¾Ë|/·YÁ��{�Ä/¯�{Â/]3P ��Z/Æ¿M��Ä/]
���Ê·YÂ/f»�¶/�¿�Ä¿�c|»���[Z/zf¿Y��yZ/���Á�

{Â]�Ã|��µZ¼�Y .�ÄfzÌ»M��Å��Y�°e�����{)��Å
��¶»Z/���Y�°e����Á�Ó (����Á�/aË�d/§Z. ��Ä/Ì¸¯

Ó��ËZ»�M�ÉZÅÁ����d/�¸£�Z/]LD50�Á��Y�/Ë��Á�
¸aÊ ÅÌ�Á�|ÌÄf�Å�� YÉ )NPV (|��Ã{Â·M|¿ .
Ä]  ��Ã{Â/·M��Â/�À» ��Z/�É���§�/�»�cÂ/e�±�/]�,Ê�

f�z¿Ì�Y~/£�Ã|�Á�¾ÊË�����¹�Z/Æq�¾/���Á�/���{
Á�ÓZÅ�Ä]��ÁÌÆe�µÂ¸v»�Ä¸�/Ì�Á��Y�Ã|/��Ä�/Ë��Á�
Ã{Â·M��Z�É�|� .  
     Za��{//Ë��Y�É{Y�//¨¿Y�ÉZ//Å{�Â¯����Á�//a�½Z

a�½�Á�¶Ì^«Ì,Ä¸�a���«�½�ÁÌ�Ä/¸ ����/�«�|/��{�Á
aÌ�Ä¸|��d^i .��½�Á�ºÌ/�¬e��Y�Ä¸Ìa�½�Á�ÃZ/nÀa�

Ä¸Ìa���Y�°e��Å�[Ây)����Á��¿���Ã{Z» (��]�{|�
ÃZnÀa�|��Ä^�Zv». ����ºÌ/�¬e��Y�Ä/¸Ìa��/�«�½�Á

���«�½�Á�ÃZnÀaÄ¸Ìa ���Y�°e��Å�[Ây)�����Á��/¿
���Ã{Z» (��]�ÃZ/nÀa�{|����|/��Ä^/�Zv» .��ÉY�/]

Ã�Y|¿Y�,Ä¸Ìa���«�½�Á�É�Ì³ ]Y�Y|f�¢Ìe�Z]�Ä¸Ìa���
�|/Ë{�³�k�Zy�½M�Äf�Âa�Á�Ã�Ì¨��Á�Ã|��Ã|Ë�], 

|Ë{�³�¾Ë�Âe�Ã|¿Z¼Ì«Z]���«�½�Á��b� .�|��{
���/�«�½�Á�ºÌ�¬e��Y�ºÅ�Ä¸Ìa���«��ÃZ/nÀa�Ä/¸Ìa�

�[Ây)����Á��¿���Ã{Z» (��]��Y�°e��Å��¶/¯�½�Á
�ÃZnÀaÄ¸Ìa��[Ây½M��Y�°e��c�Â��Ä]�Á�Ä^�Zv»

|Ë{�³�½ZÌ]�|��{.��Ã�Ì¨/���Ìz�e�ÉY�] ��ÉZ/Å
�,�´Ë|°Ë��Y�Ã{Z»�Á��¿�dËQ��¹Y|/¿Y����Ê/�Àm�ÉZ/Å

Ã�Ì¨��d§�³��Y�«�¶¼��­Ô»�ZÅ,�Ä] �\Ìe�e�¾ËY
Ã�Ì¨��Ä¯�¹Y|¿Y�ÉY�Y{�ÉZÅ��Ê�Àm�ÉZÅX��¶°�

|¿|��Äf§�³���¿��{��¿�Ê¬]Z»�Á�Ã{Z».  
     ¾ÌÀr¼Å�³{YÂ¿Zy�ÉZÅ{�Â¯�Ê����Ä/]��Â/]�»
·ÂeÌa�|��{�|À¿Z»�d»ÁZ¬»�Á�|ÌÄ¸��Z/ÅÉ���,[Â/y

� //��,�//�Âf»Ì{�Á�¦�a�¶//¯�½�Á�,Ä//¿Z³ÁÌ�Ä//¸
·Âe///Ì|É�Z³|///¿Z»�|///��{�,É��|///��{�,Á�Ó

�Z³|¿Z»É��̈ /�Ì�[Â/y�Ã����̈ /��¶/¯�ÁÌ³�Ê ���/Ì¿
Ã�Y|¿Y�³�/Ì�É �|/Ë{�³. ���a��Â/�À»�¾/ËY�Ä/]Ì�Ä/¸ ��Z/Å

�ÅZ��¹�§��Z�Y�]É�fz/��,Ê��/»�¿�ÁÊ���Á��/�«
¼eÌ�É�¸yY{�sÂ��Ê�]�ÁÌ¿Á�Ê�����Z/Æq�Ä/]���«

a�Äf�{ÌÄ¸ ZÅÉ� ��,��Âf»�,[ÂyÌÁ{�Á�¦�Ä¿Z³
Äf�{�|À]É�Á�Ã|��a�|��{ÌÄ¸ ZÅÉ���Y�Äf�{��Å

Ä¸Ìa�{Y| e�ºÌ�¬e����¶/¯�{Y|/ e��]�Äf�{�½M�ÉZÅ
Ä//¸Ìa��|//��Ä^//�Zv»��Y�//°e�½M�ÉZ//Å .�|//��{

�Ã|¿��ÉZÅÁ�Ó�{Y| e�ºÌ�¬e��Y�ZÅÁ�Ó�É�Z³|¿Z»
��{Â/mÂ»�ÉZÅÁ�Ó�{Y| e��]���Á�a�Ã�Á{�ÉZÆf¿Y
�Ä//]�Ä//¯�|//��¶//�Zu���Á�//a�Ã�Á{�ÉY|//f]Y��{

���|/Ë{�³�½Z/Ì]�|/��{�c�Â� .�/Àr¼ÅÌ¸¯�¾�/Ì�Ä
aÌÄ¸ �d»Ô����¿��Y�ZÅË]�ZÌ�Z¼É�¨��cZ¨¸e�ÁÌ�Ã�

��/���]�{�Â//»�½M�¶/yY{Ê��d/§�³��Y�//«.��|//��{
É�Z³|¿Z»�¨�Ì�Ã�����Y�/°e��/Å��{¿�/Ì����ºÌ/�¬e��Y

Ã�Ì¨��{Y| e��Ã|¿��ÉZÅ�Ä¸Ìa�Èf�{��Å��{�{ÂmÂ»
��Y�°e�½MÃ�Ì¨��¶¯�{Y| e��]���Ç{�/»�Á�Ã|¿��ÉZÅ

����Y�/°e�½M��{�Ä/¸Ìa�Äf�{�½M�{�³�Ä^/�Zv»�/Ë| .
�Z³|¿Z»�|��{¨��¶¯�ÉÌ¿��Y�°e��Å��{�Ê³��/Ì��

Ã�Ì¨��{Y| e�ºÌ�¬e��Y��Ã|¿��ÉZÅ��½M��{�{Â/mÂ»
��Y�°eÃ�Ì¨��¶¯�{Y| e��]���½M�Ç{�/»�Á�Ã|¿��ÉZÅ
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{�³�Ä^�Zv»��Y�°e�/Ë| .���b/�Ã{Y{ ��Z/Å���/�Âe
¹�¿���Y�§YEXCEL �d/^i��eÂÌb»Z¯��{��Ã�/Ìy}�Á�

|¿|�.  

  
�µÁ|m� -�Y��Ë�[Zzf¿Y��yZ��\)É{Z�f«Y�\ËY�� (�YÁ��{ËÄf�ZÅÉ�»�{�Â»�Ä ·Z�  

�YÁËÄ ·Z�»�{�Â»�Äf  a�½�ÁÌÄ¸  ��«�½�Á  ��«�|��{  
���  ��/�����-  ��/������  ��/����-  
���  ��/����  ��/�����  ��/����  
��� ��/�����-  ��/������  �/����-  
��� ��/����  ��/�����  ��/���  

          Y���½{Â]�Ê¨À»Ë�Ä]�[Zzf¿Y��yZ��\�¾ËY�¹ÂÆ¨»»�Ê°Ìf¿��d§��Ìa�Ä¯�d�Y,Ä�Â]���»d�Ì¿�[Â¸.  

  
     ��Ë��É�Z»M�µ|»��Y�Ã{Z¨f�Y�Z]��cZ/�Ô�Y�¶¯
�¼m�Y�]�Ã|��É�ÁMÉ�{Y�¨¿Y�cZ¨�É��/ÅÁ�³�ÁÊ�

|¿|��¶Ì¸ve�Á�ÄË�ne.�Ä]��ne��Â�À»Ë¸ve�Á�ÄÌ�¶
Á���Y�cZ¨�Ë�ÄGLM���Y�§Y�¹�¿SASÁ�,�/ËY�Ë��

6.12�{�³�Ã{Z¨f�YË| .�Y�/]É�Z¬»Ë�»�Ä/��/Ì´¿ZÌ�¾
ÃÁ�³��{�cZ¨��ZÅÉ��cÁZ¨e�Á�¦¸fz»M�¾Ì]��½Z/¿

��Y½Â//»�M �¾//°¿Y{��µZ//¼fuY�t�//���{��/� 
|��Ã{Z¨f�Y )�(.  

)�         (Yijk=+Gi+Hj+Sk+(GH)ij+eijk 

Yijk :Ã|ÅZ�»��Y|¬»  
 :»Ì´¿ZÌdÌ ¼m�¾  

Gi :��iY i¾Ì»Y�Z»�M�ÃÁ�³Ë�Ê )�Á�|ÅZ�Y]Zzf¿Ê(  
Hj :���iY j�ÄfzÌ»M�¾Ì»Y)ÄfzÌ»M�ZÆq(  
Sk :��iY i��Àm�¾Ì»Y)Ã{Z»�Á��¿(  

ij)GH( :f»��///iY�¶///]Z¬ j��{�Ä///fzÌ»M�¾Ì///»Y  
i ÃÁ�³�¾Ì»Y  

eijk :«Z]�¶»YÂ�ÌÃ|¿Z¼  
  
Zf¿Ëhv]�Á�l  

     ½Z¼Å Ä¯�Ä¿Â³�µÁ|m � �½Z�¿Ê»�|Å{ eiZÌ�   
ÃÁ�³�Z»�MË�Ê )]Zzf¿YÊ�|ÅZ�� Á (¿� ÁÌ� �ÌiZe   

  

»MÌÄfz�ZÅÉ�¦¸fz» � cZ¨�� �]{Y�¨¿YÉ aÌÄ¸�
�]ÌÀ »� �ZÊ�{� �Y{Â] )��/�<P(.�À »Ê �½|���Y{

»M��iYÌÄfz�Å½Z�¿�Z�Y�Ã|ÀÅ{Ë»�Ä¯�d�Y�¾Ì�½Y�
d»ÁZ¬»�Ä]���Â�ÊÀ »��É�Y{�ÌiZe�dve��¿ZfaÌ�¶

f¿�Ì°Ê� ¼mÌd�� ZÅ�Y�«�{�Y{ .»MÌÄfz ZÅÉ�
¦¸fz»��Y�f¿�� �ÂÀeÌ°Ê�¿Â³Z¿Â³��Y{�Ây�]� Ê
Á�Ã{Â]�Z¿YÂeÊË�ZÅÉ�eÁZ¨f»Ê�»��Á�]�Y�Ê�|Å{ .�¾ËY
ÊËZ¿YÂe� ]ZeÊ���Y�ZfyZ��f¿�Ì°Ê ��Å»MÌ��{�Äfz
Y��Ëv»� �Zy� �Ì�Ê�»Ê��Z]|.��¾ËY� �Y� �Ìa
� ºÅ¿Z¬¬v»Ê��¿Ì� ½Y�Z°¼Å� Á� ½Z»�Z]� �)� (Á 

� ½Y�Z°¼Å� Á� ¾�)�� (]� ¥ÔfyY� {ÂmÁÌ�¾
»MÌÄfz�ZÅ {�¯���Y�³� Y�|¿ .ºÆ»� �Y� Ê°Ë��¾Ë�e

¶¸��»M�cÁZ¨eÌÄfz�ZÅ��Z]Ë|°Ë»��´Ê��cÁZ¨e�|¿YÂe
f¿�� �ZfyZ�Ì°Ê�Ä¨·Â»� Á�ZÅÉ��{�°¸¼�� �]� �iÂ»
�|�Z]�ZÆ¿M)���Á��.(  

     �ÌiZe �Àm�¿Ì� Á�É��cZ¨��½�Á�,Ä¸Ìa�½�Á
���«�|��{�Á�Ä¸Ìa���«aÌÀ »�c|��Ä]�Ä¸Ê���Y{

Ê»�|�Z] )��/�<P(. � ¾ÌÀr¼Å�¶]Z¬f»� �iY
»MÌ�ÃÁ�³�Á�ÄfzºÅ Y�]��¬§É����«�½�Á�d¨�
aÌÀ »�Ä¸Ê��{Â]��Y{)��/�<P(.  
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         µÁ|m � -��neË�YÁ�ÄËa�cZ¨���¿ZÌ�Ä¸)»Ì´¿ZÌcZ ]�»�¾( Y�]É�¤e��]ZÀ»ÌÌ¦¸fz»��  
¤e��^À»ÌÌ�  {Y�M�Äm�{É  a�½�ÁÌÄ¸  a���«�½�ÁÌÄ¸  a���«�|��{ÌÄ¸  

ÃÁ�³  �  **���/�  **���/�  **���/���  
»MÌÄfz �  **���/�  **���/�  **���/��  

�Àm  �  **���/��  ���/�  **���/����  
»MÌÄfz×ÃÁ�³  �  ���/�  *���/�  ���/�  

*              :ÊÀ »��{��Y{��t����/� �Á** :ÊÀ »��t����{��Y{��/�.  

     
�µÁ|m��]ÌZ¬»��´¿ZËa�½�Á�cZ¨��Ä�Ì�½�Á� ,Ä¸
a���«Ìa���«�|��{�Á�Ä¸ÌÃÁ�³��{�Ä¸�ZÅÉ��|ÅZ�

]Zzf¿Y� ÁÊ�d�Y .Ä]�¸¯� �Â�Ê�Y�]É�YË�cZ¨�� ¾

]Ì]Zzf¿Y� Á� |ÅZ�� ÃÁ�³� ¾Ê�cÁZ¨e�À »� ZÅÊ���Y{
�|¿{Â])��/�<P.(  

 
  

�µÁ|m� -�Z¬»Ë»�Ä�Ì´¿ZÌ¾   ±�y{�Y|¿Zf�Y�ÉZ )SE (�cZ¨�aÌ]�Ä¸Ì�ÃÁ�³�Á{�¾�Á�|ÅZ�]Zzf¿YÊ  

ÃÁ�³    �Ä¸Ìa�½�Á)¹�³(  �Ä¸Ìa���«�½�Á)¹�³(  Ä¸Ìa���«�|��{  

Ê]Zzf¿Y    ���/�± 
 a���/�  ���/�± 

 a���/�  ���/�± 
 a���/��  

|ÅZ�    ���/�± 
 b���/�  ���/�± 

 b���/�  ���/�± 
 b���/��  

¾Ì´¿ZÌ»�½Âf���Å��{�Y�Y{�ÉZÅÉ�¨f»�¥Á�uÊÀ »�cÁZ¨e�É�Z»M���¿��Y�cÁZ�|¿�Y{��Y{ )��/�<P(.  

     
     µÁ|m � Ä¯�d�Y�½M��´¿ZËZ¼¿ a�½�ÁÌ��{�Ä¸
� �Å�ÌiPe� dve� ,ÄfzÌ»M��¿Zfa� ¶]Z¬f»� �iYÌ�¶
fiY�ÁÊ {�Y{��Y�«�Ê�Ìv»��ËY���Á�ÄfzÌ»M�½M .

Ê»� �iR»�Ê�Ìv»��ËY���¾Ì]� �Y�� Ä]� ½YÂe�ÃÂv¿
~¤eËcÂe�±�]��Y�ÄÊ´¿Â´q�Á�,�e�Á�¶»Z°e�Ä �Â
Ã|£�ZÅÉ��]YË¼�Ê {Â¼¿� Ã�Z�Y )�(. Zf¿ËÄ]� l 

�� µÁ|m� �{� Ã|»M� d�{� ]Ì�e�]� �´¿ZÉ��ÃÁ�³
]Zzf¿YÊ�]��»M� Á{� �{� |ÅZ�� ÃÁ�³Ì�Äfz
���×�����Á���×��� Y�]É�a�½�Á�d¨�Ì�Ä¸

»Ê�|�Z].�YË»�½Z�¿�¾Ê��Ä¯�|Å{¸�Ìº£��Y�§YË��
·Âe�{�°¸¼�Ì|É�YË»M�Á{�¾Ì�[Zzf¿Y���Âe�Äfz

Ä] ��ÁÌ��Ä¸Ì�yZ��ºf��ÅZ¯�,Ê��{�°¸¼���{
f»ÁZ¬»Ê�Ä]� ZÆ¿M�¿� {ÂmÁÌd�Y� Ã|»Z. Äf^·Y�Y�]É   

  

»M� Á{Ì� Äfz���×����� Á���×��� �ËY�§Y 
�Z�uÌ� d� Ä]� d^�¿� É{ZË�v»� ¶»YÂ�Ì�Ê 

)ÁË¸a� �Á�Ê�ÅÌ�Á�|ÌÄf�Å� ��YÉ (�{ÂmÁ
d�Y{ .� Y~·� {�°¸¼�� Ä¸Ìa� ½�Á� Á]Zzf¿Y� ÃÁ�³Ê 

{�°¸¼��Ä]Z�» �Ä¸Ìa�½�Á�Á�|ÅZ��ÃÁ�³{Â] .�Ä]
{�c�Z^�Ë·{�Ä]��´ÌY���¶Ëv»�|�Z�»Z¿��Ì�Ê�

eÂ¿�� ¶]Z¬f»� �iY� ÁÌv»� Á� `Ì��{Â^Æ]� ½Z°»Y� ,
�¿ZfaÌ·Âe� ¶Ì�ºf�Ì�� �Y� Ã{Z¨f�Y� �iY� �]� |

d�Y|¿� {ÂmÁ� [Zzf¿Y� �yZ�.�»M� �{Ì�Äfz
���×����ZÅÁ�ÓÉ�Y�Y{É�f¿�� ½YÂeÌ°Ê��ÓZ]
Y�]É�a� ½�ÁÌ��� �Y� ¶^«� Ä¸Ì�Ä¸u�»� Ä]� ½|
aÌÄ¸�ÀeÊ�]� �YÌf§��¾|À .�»Y�¾ËY�¯�\mÂ»��ÅZ
»Ì´¿ZÌa�½�Á�¾ÌZÅÁ�Ó�Ä¸É�«Z]Ì{�³�Ã|¿Z¼Ë|.  
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»M� �{� Äf^·YÌ� Äfz���×��� ¸�Ìº£��À »Ê���Y{
Z¬»�½|�¿Ë�Ä�ZÅ,�dÆm��¹Zn¿Y�[Zzf¿Y�½{Â]� �Y{

»� Y�� Äf§�³Ê���� �Y� ½YÂeË»� ªÌ¿Z´Ì¾�{|�É�
Ä]��eÓZ]�Ã|»M�d�{�]Zzf¿Y� ÃÁ�³��{Ê��Ä]�d^�¿
f¿� |ÅZ�ÌÄn�³Ì�É�{Â¼¿ .Z¬»Ë»� Ä�Ì´¿ZÌ¾�ZÅÉ�

f¿Y� Á� |ÅZ�� ÃÁ�³� Á{]ZzÊ�»M� �{Ì�Äfz
���×���Y� ÃÂ¬·Z]� {Y| f�Y� �´¿Z�¿� ,Ë��ÂÀe� ¾
f¿�Ì°Ê�]� Ä]� Ôf]Y� �{Ì�Z¼É��Z¿Ê�� �Y�{ÂmÁ

Ê¸a� �Á�ËÁ�Äf�Å� �Ì�Á�|ÌÅ�� ÉY)NPV (�Á
�Àe�ZÅÉ�v»Ì�Ê�]Ì�Z¼Ë»� Y�Ê�|�Z]. �Y�Ë�
½Z¼Å�� Ä¯� É�Â��{�� µÁ|m���Ã{Y{� ½Z�¿� ºÅ

»�|��{� ,d�Y� Ã|��¾ËY�Ê³�Ì¨��¶¯�É�Z³|¿Z
� �{�ÄfzÌ»M��ËY��� Á�|ÅZ���´Ë|°Ë� Z]�Ê]Zzf¿Y

ÊÀ »�¥ÔfyY�{�Y{�É�Y{ .�¹ÂÆ¨»�¾ËY�Ä]��»Y�¾ËY
��ÅZ¯�\^��[Zzf¿Y��yZ��µZ¼�Y� Ä¯�d�Y

ÊÀ »��d»ÁZ¬»� �Y{��ËY����{�ÄfzÌ»M�¾ËY��Àe
Ê»� É�Z¼Ì]�{{�³ .¼Å� �{Ì�Á� Ê·� Zf�Y�� ¾
�½Y�Z°¼Å)�� (ÄfË�YÁ�Êy�]�|¿{�¯�½YÂÀ��ºÅ �ZÅ

�d»ÁZ¬»��Zv·� �Y�É��Y�³�É�Z¼Ì]� �Á�]� ¹Z´ÀÅ
ÊÀ »� cÁZ¨e�ÄfË�YÁ� �ËZ�� Z]� É�Y{�½Z�¿� ZÅ 

Ê»�|ÀÅ{.

  
�µÁ|m� -��¾Ì´¿ZÌ»�Ä�ËZ¬» ±{�Y|¿Zf�Y�ÉZ�y �¾Ì´¿ZÌ»)SEM (»M�®Ì°¨e�Ä]�Ä¸Ìa�cZ¨�ÌÄfz�ZÅÉ�¦¸fz»  
»MÌÄfz  ÃÁ�³  �Ä¸Ìa�½�Á)¹�³(  �Ä¸Ìa���«�½�Á)¹�³(  Ä¸Ìa���«�|��{  

���×��� 
Zzf¿Y]Ê  ���/�±  ���/�  ���/�±  a���/�  ��/�±  a���/��  
|ÅZ�  ���/�±  ���/�  ���/�±  b���/�  ��/�±  b���/��  

���×��� 
]Zzf¿YÊ  ���/�±  a���/�  ���/�±  a���/�  ��/�±  a���/��  
|ÅZ�  ���/�±  b���/�  ���/�±  b���/�  ��/�±  b���/��  

���×��� 
]Zzf¿YÊ  ���/�± 

 ���/�  ���/�±  a���/�  ��/�±  a���/��  
|ÅZ�  ���/�±  ���/�  ���/�±  b���/�  ��/�±  b���/��  

���×��� 
]Zzf¿YÊ  ���/�±  a���/�  ���/�±  a���/�  ��/�±  a���/��  
|ÅZ�  ���/�±  b���/�  ���/�±  b���/�  ��/�±  b���/��  

�½Âf���Å��{�,ÄfzÌ»M��Å�Ä]��Â]�»¾Ì´¿ZÌ»�Y�Y{�ÉZÅÉ�É�Z»M���¿��Y�cÁZ¨f»�¥Á�u�ÊÀ »�cÁZ¨e�|¿�Y{��Y{ )��/�<P(.  

  
     �d//»ÁZ¬»//Ë//=¼¯�d¨//��®Ê�Y�Y{É��Âe//Ë��
aÌ�½���Y��iP/f»�Á�Ã{Â]�Äf�Â��Z/ÅÉ�Y�Y{É���cY�/iY

¸//�YÊ�¿�Á//Ì½����Z//ÅÉ�Y�Y{É��//W�m�cY�//iYÊ 
»Ê �|/�Z] .�²/À» )�� (�Á�¾/q���½Y�Z/°¼Å�Á)� (

Á��]Y�]��{�d»ÁZ¬»�Ä¯�|¿{�¯�¹Ô�Y�/Ë�/¸a��Á�Ê�
ÅÌ�Á�|ÌÄf�Å�� YÉ��Á�Ä]Ì�Ä¸Ë�/¨m�®�½��d

Á��\//·Z£É��¹Á�Â//»Á�¯�Z//Ë�Ê¿|//]£//Ì//�Àm��Ê�
�µ�fÀ¯»Ê {Â� .Àr¼Å�ZÆ¿MÌ��Ä/¯�|¿{Y{�½Z�¿�¾

Y///Ë///�Â�y�¾Ì½��µ�///fÀ¯�d///ve�d�Z///ÅÉ  
�ÀeÌÁ��Ã|ÀÀ¯�ºÉ��Àm�¹Á�Â»Á�¯Ê��{�Y{��Y�/«  

  

)���Á��.(  
     ���]Ê eiZÌÓM��ËÃ|À�ZÅÉ�]Ì�Â·ÂË��¶»Z/��®

NPV���yZ///��Z///]LD50�Á�É�ÅÌ�^///ËZÅ|É�
�]Y�¹�¯�Ä¿Z³�ZÆqË��]�º��d¨�a���«�½�ÁÌ�Á�Ä¸

a���«�|��{Ì»�½Z�¿�Ä¸Ê��|Å{�Ä¯�½Á|]�[Zzf¿Y
�{Â^Æ]�h�Z]�º�Ë�]Y�¹�¯�d»ÁZ¬»��]�Ê¨À»��ÌiPe

Ê»�cZ¨��¾ËY�{�°¸¼��|¿Â� .����/´Ë{�c�Z/^��Ä]
ÓMË�Ã|/À��Z/ÅÉ�]Ì�Â·Â�/Ë��Ã|/¿�Y{�Z]��/iY�®�ÉY�Á�É   
¨�Z§�c|¿�Y|¿�©Â .�Y~·�{Â^Æ]����/�«�½�Á�d¨/�
aÌa���«�|��{�Á�Ä¸ÌÄ]�[Zzf¿Y���Âe�Ä¸ ��ÁÌ�Ä¸  
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»�Y���yZ�Ê��Z¬»��{�½YÂ/eË��/]�Ä/�Ì��ÃÁ�/³�Á{�¾
]Zzf¿YÊ�Y���dve�Á{��Å�Ä¯�|ÅZ��ÁË��Ë�½Z�°
v»Ì�Ê�Ã{Â]�|¿Y{Â¼¿�Ä�uÔ»�,.  

     »M��{ÌÄ//fz�Z//ÅÉ ���×�����Á���×����
¸�//Ì//À »�cÁZ//¨e�¹|//��º£�Ê�»��Y{//Ì´¿ZÌ�½�Á�¾
aÌÄ¸,�Ã|ÅZ�»�»Ê��»�Ä/¯�{Â��/Ì´¿ZÌ���/�«�½�Á�¾
aÌÄ//¸��//�«�|//��{�Á aÌÄ//¸�]Z//zf¿Y�ÃÁ�//³��{Ê�

d�Y��eÓZ]�½ZÀr¼Å .Y�]ZÀ]Ë¾�»��ÅZ¯�/Ì´¿ZÌ�¾
a�½�ÁÌf¿��{�Á�Ä//¸Ì�Á�Ó�½�Á��ÅZ//¯�Ä//nÉ�Á 

)¨�Ì³�Ê (·{�Ä]Ì¶�§�cÓÔfyYÌ�Ë�Â·ÂË�Ã{Â]�®
ZÅÁ�Ó�ÁÉ�Y�Y{É��½�ÁaZÌË¾����½YÂ/e�½Z/Àr¼Å�,�e

·ÂeÌ�]Y�|ËÃ{Â¼¿��¨u�Y��{Ây�º� �|/¿Y�Y�Ä/¯�,�/Ë¾�
�»Y�·{ÌY�§Y�¶Ë��a��/�«�|/��{�Á�½�Á��Ì���{�Ä/¸

]Z//zf¿Y�ÃÁ�//³Ê�//»Ê�|//�Z] .�¹|//��Ä//]�Ä//mÂe�Z//]
Ã�Y|¿Y������,Ê/¸ §��ËZ/»�M��{�Z/Å�Âf¯Z§�¾/ËY�É�Ì³

�ËZ»�M��{�d�Y�¹�Ó��Á�ÉÁ�Ó�½�Á�,É| ]�ÉZÅ
�Ê³�Ì¨��½�Á�ºÅ�Ã�Y|/¿Y������¾/ËY�Z/e�|¿Â/��É�/Ì³

{{�³�d]Zi�µÓ|f�Y .»Ê ½YÂe�f¿ÌÄn�³Ì�É��{Â¼¿
�Ä¯»Ìa���«�Á�d»ÁZ¬»�cZ¨��½ZÌ´f�^¼Å�Ä¸Ê�

·Zu��{�,{�Y|¿�{ÂmÁÌ�/]�Ä°ÌÁ�Ó�½�Á�¾É �Á)�{ 
f¿Ìa�½�Á�Ä///nÌÄ///¸ (´f///�^¼Å�d///»ÁZ¬»�ÁÊ�

À »Ê��Y{É��{ÂmÂ»d�Y.��¾ËY��Y|¬»�¾ËY��Y��Ìa
�Ê´f///�^¼Å�Ê///°Ìf¿�¾Ì///] ��/�-��/����{

ÄfË�YÁ����{Â/]�Ã|/����Y�³�¦¸fz»�ÉZÅ)���Á�(. 
�µÁ|m��{���Z/f¿Ë�ne�l�/Ë�YÁ�Ä�/Ë�/y�]��¿ZÊ���Y
·Âe�cZ¨�Ì|É�f»ÁZ¬»�ÁÊ�aÌ�Ã|��Ã{Y{�½Z�¿�Ä¸

d�Y .�¿ZfaÌ·Âe�¶Ì�|��Å�{ÂmÂ»Ã|¿��ÉY���Z^e�Y
¬f�»Ì�Â�y�Z]�ºÌ�d»ÁZ¬»�cZ�½M{�Y{ .Y��YË�¾
�Á��cZ¨���Å�{ÂmÂ»Ä]�Ã|¿���f/�{�Á{È���cZ¨/�
·ÂeÌ|É��Á��cZ¨/���/�¬e�d/»ÁZ¬»Ì�/»�ºÊ �Â/�¿|.�

����{�d/»ÁZ¬»��/z]�Á{�Ä]�{Ây�d»ÁZ¬»�cZ¨�

Á�Ó�½Y�Á{É�¬»�Á¨///��½Y�Á{��{�d///»ÁZÌ³�Ê�
Ê//»�®//Ì°¨e�|¿Â//�. É�Z³|//¿Z»���É�Z//Ì »�Ä//¯

Ã�Y|¿Y�ÉY�]�Ê»Â¼����Ä/]�d»ÁZ¬»�Á�É�Á�Z]�É�Ì³
d�Y�½YÂÌu��{�É�Z¼Ì] .�ZÌ »�¾ËY����º/Å�ÊÅZ/³

Ä]  LZ¬]�c�Â�����É|/Ì·Âe��/¼��µÂ��ZË�Á����½Z/Ì]
Ê»�{Â� .¸]Z«Ì�Z³|¿Z»�dÉ�¨�ÌÃ�����¶/yY{��{�Z/Å
aÌÄ]�Ä¸�·{Ì���̧/�¿��Y�cZ¨/��¹Z/¼e�µZ¬f¿Y�¶Ê���Ä/]

{�¶�¿Ë¨����Âe��´ÌÃ����̧]Z«�ÃÂ¬·Z/]�Ä/¯�ZÅ�/Ì�d
|^eË�]�,|¿�Y{�Y��¢·Z]�Ã��u�Ä]�½|��¶Ì��WZu��Z
¼ÅYÌd�Y�d .]�Z�Y���µÁ|m� Z»�M�ÃÁ�³Ë�Ê 

)]Zzf¿YÊ�|ÅZ��Á (À »��iYÊ��Y{É���]e�cZ¨���ÂÀ
·ÂeÌ|É�{�Y{�d»ÁZ¬»�Ä]��Â]�» .eiZÌ»M��ÌÄfz��ZÅ

a�|��{��]Ì�/»�[Ây�Ä¸Ê�� »�|/¿YÂe�/Ì�̂/�ZÀ»��ZÊ�
�]YÉ�]Ì�½ZË·Âe�d¨��®�/Ì|É ��{Â/��[Â/�v» .
eiZÌÄfzÌ»M����Z/Å���Á�Ó�d/»ÁZ¬»��/]É��/À »Ê���Y{

{Â^¿e�Â���{�,Ê��Z³|¿Z»�|��{��]�Ä¯É�¨�Ì�Ã�
�[Â//y)��/�<P (��Z³|//¿Z»�|//��{�ÁÉ��¶//¯

¨�Ì³�Ê )��/�<P (À »Ê�{Â]��Y{.  
     �µÁ|//m��Ä//�ËZ¬»��Y�É�//´Ë{�t�//��ÉZ//Å�

��Z/]�Ä¯�Êf»ÁZ¬»�Á�É|Ì·Âe�cZ¨��ÉY�]�¾Ì´¿ZÌ»
Y��É�Ì³{�Â//¯��Ê³{YÂ¿Z//y�ºf//�Ì���Y�Ã{Z¨f//�

Ã|����Ê³{Â/·M��Z¼Ìe�dve�Ä¯�Ê�ËY����{�Y��|¿Y
Ê//¸a��Á�//ËÁ�Z//]�Äf//�Å��Ì//�Á�|ÌÅ���Y�//«�ÉY

Äf§�³�Ê»�½Z�¿�Y��|¿Y�|Å{ .Ê»�½Z�¿�lËZf¿���|/Å{
�Ä¯ÊÀ »�¥ÔfyY��Y{É���Á�Ê]Z/zf¿Y�ÃÁ�³�Á{�¾Ì]

�É|Ì·Âe�cZ¨��ÉY�]�|ÅZ�Y|¿�{ÂmÁ�Ä¸Ìa�d/��,
�¾Ì´¿ZÌ»�{ÂmÁ�¾ËY�Z]��Ä/¸Ìa�|��{�d¨��É{|�

ÄfzÌ»M�ÄÌ¸¯�ÉY�]�[Ây����Ä/]�Ä/ ·Z�»�{�Â»�ÉZÅ
�ÄfzÌ»M��m���×������[Z/zf¿Y�ºf�Ì����Âe

Ä] d§ZË�{Â^Æ]��yZ��Ä¸Ì�Á .  

   1- Longevity                                                     2- Stability                                                 3- Productive Life 
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µÁY�µZ��Ê»Y{�cY|Ì·Âe�ÉZÆ�ÅÁ�a /Ã�Z¼� � /�ZÆ]�½Zf�]Ze�Á ���� ................................................................................................................................. �� 
  

�µÁ|m�- �d»ÁZ¬»�Á�É|Ì·Âe�cZ¨���¿ZË�YÁ�ÄË�ne)cZ ]�»�¾Ì´¿ZÌ» (¦¸fz»��ÌÌ¤e��]ZÀ»�ÉY�]  

�ÌÌ¤e��^À»  
�Äm�{
É{Y�M  

�Ä¸Ìa�|��{
[Ây  

¸Ìa�|��{�Ä
��Âf»  

�Ä¸Ìa�|��{
¦Ì �  

�|��{
�Ä¸Ìa
Ä¿Z³Á{  

�¶¯�½�Á
�Ä¸Ìa
É|Ì·Âe  

�|��{
�É�Z³|¿Z»

Á�Ó  

�|��{
�É�Z³|¿Z»
[Ây�Ã�Ì¨�  

�|��{
�É�Z³|¿Z»
�¶¯

Ê³�Ì¨�  
ÃÁ�³  �  ���/���  *���/���  ���/�  ���/�  *���/���  ���/����  *���/���  **���/���  
ÄfzÌ»M �  ���/���  ���/��  **���/��  *���/��  ��/���  ���/����  *���/���  **���/���  
ÄfzÌ»M×ÃÁ�³  �  ���/���  ���/��  ���/�  ���/�  ���/��  ���/����  ���/��  ���/���  
Z�y  ��  ���/��  ���/��  ���/�  ���/�  ���/��  ���/����  ���/��  ���/��  

* :ÊÀ »��t����{��Y{��/� �Á** :ÊÀ »��t����{��Y{��/�.  
  
  

�µÁ|m�-��¾Ì´¿ZÌ»�Ä�ËZ¬» ±{�Y|¿Zf�Y�ÉZ�y�ZÌ»�¾Ì´¿)SEM (®Ì°¨e�Ä]�|ÅZ��Á�Ê]Zzf¿Y�ÃÁ�³�Á{�¾Ì]�d»ÁZ¬»�Á�É|Ì·Âe�cZ¨�  
�����������ÄfzÌ»M ¦¸fz»�ÉZÅ  

ÄfzÌ»M  ÃÁ�³  
�Ä¸Ìa�|��{

[Ây  
�Ä¸Ìa�|��{
��Âf»  

�Ä¸Ìa�|��{
¦Ì �  

�Ä¸Ìa�|��{
Ä¿Z³Á{  

�Ä¸Ìa�¶¯�½�Á
�É|Ì·Âe)¹�³(  

�|��{
Á�Ó�É�Z³|¿Z»  

�|��{
É�Z³|¿Z»  

�[Ây�Ã�Ì¨�  

�É�Z³|¿Z»�|��{  
¶¯�Ê³�Ì¨�  

���×��� 

Ê]Zzf¿Y  ��/�±  ���/��  ��/�±  ���/��  ��/�±  ���/�  ��/�±  ���/�  
��/��±  

��/���  
��/�±  ���/��  ��/�±  ���/��  ��/�±  b���/��  

|ÅZ�  ��/�±  ���/��  ��/�±  ���/��  ��/�±  ���/�  ��/�±  ���/�  
��/��±  

��/���  
��/�±  ���/��  ��/�±  ���/��  ��/�±  a���/��  

���×��� 

Ê]Zzf¿Y  ��/�±  ���/��  ��/�±  ���/��  ��/�±  a���/�  ��/�±  ���/�  ��/�±  ��/���  ��/�±  ���/��  ��/�±  ���/��  ��/�±  b���/��  

|ÅZ�  ��/�±  ���/��  ��/�±  ���/��  ��/�±  b���/�  ��/�±  ���/�  
��/��±  

��/���  
��/�±  ���/��  ��/�±  ���/��  ��/�±  a���/��  

���×��� 

Ê]Zzf¿Y  ��/�±  ���/��  ��/�±  ���/��  ��/�±  ���/�  ��/�±  ���/�  ��/��±  ��/���  ��/�±  ���/��  ��/�±  ���/��  ��/�±  ���/��  

|ÅZ�  ��/�± 
 ���/��  ��/�± 

 ���/��  ��/�± 
 ���/�  ��/�± 

 ���/�  
��/��± 

 

��/���  
��/�± 

 ���/��  ��/�± 
 ���/��  ��/�± 

 ���/��  

���×��� 
Ê]Zzf¿Y  ��/�± 

 ���/��  ��/�± 
 ���/��  ��/�± 

 ���/�  ��/�± 
 ���/�  

��/��± 
 

��/���  
��/�± 

 ���/��  ��/�± 
 ���/��  ��/�± ���/��  

|ÅZ�  ��/�±  ���/��  ��/�±  ���/��  ��/�± ���/�  ��/�±  ���/�  ��/�±  ��/���  ��/�±  ���/��  ��/�±  ���/��  ��/�±  ���/��  

ÄfzÌ»M��Å�Ä]��Â]�»�½Âf���Å��{¾Ì´¿ZÌ»�,�ÊÀ »�cÁZ¨e�É�Z»M���¿��Y�cÁZ¨f»�¥Á�u�ÉY�Y{�ÉZÅ��|¿�Y{��Y{)��/�<P.(  

 
     Y�//]É��Á�Ó�½Y�Á{��{�d//»ÁZ¬»�d¨//�É��Á
¨�Ì³�Ê�¿ÌÀ »�¥ÔfyY��Ê�Y{�É�]Ì��ÃÁ�/³�Á{�¾

]Zzf¿Y�Á�|ÅZ�Ê�Y|¿�{ÂmÁd�Y�Z]�,Ë��Z]�{ÂmÁ�¾
ºÅ��e�]É�»Ì´¿ZÌ{|��¾É�»MÌ��Ä/fz���×��� 
]Ì]Zzf¿Y�ÃÁ�³�Á{�¾Ê �|ÅZ��Á��Z/��Ä/]�d^�¿Ë��
»MÌÄ//fz�Y�//���{�[Z//zf¿Y�Ä//]�x//�Za��{�Z//ÅË��
Y�§YË�Z�u��Ìv»�dÌ�Ê��{ÂÆ�»»Ê�|�Z].��Ä¯  
  

Y�d//¸��º//Å��Z//]//Ë�Ä¸X//�»�¾//»�Y�Ê��Ä//]�½YÂ//e�
g�YÂe�~aË�É�ÓZ]É )��/�-��/� (�YÁË�/fÄ��Z/ÅÉ�

Ä]���Ã|/¿�ÁM�{ÂmÁY�/Ë»M�¾Ì��Ä/fz�{Y{�d^/�¿ )�(. 
Â///mY��ÁÊi�Â»ZÀ///�Ë�¯ )�� (�{�///°¸¼���///Ì¿

»MÌÄfz�ÅZ��Y���¥Ôf/yY�Á�|¿{Y{��Y�«�Ê���]�{�Â»
��̀ /ÌeÂ¿��É|/Ì·Âe�½YÂe�����|/ÌËZe�Y��¦/¸fz»�ÉZ/Å

|¿{Â¼¿ .�Ä�]Y��¾Ì¼Å��{�ËY���Á�½Y|/ÀËÁÂ³ )�� (  
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�{�//°¸¼������{�Â//»�Y��º//�Ë�]Y�¹�//¯�Ä//fzÌ»M
�����½YÂ/e��{�¥Ôf/yY�{Â/mÁ�Á�|/¿{Y{��Y�«�Ê���]

ËY�É|Ì·ÂeÄfzÌ»M�¾�|¿{�¯�½YÂÀ��Y��ZÅ .  
     aÌY��Y���/Ë���Ã|/����Y�/³�º/Å�¾����Ä/¯�{Â/]

]Ì�f�ËiZe�¾Ì¨À»��Ê�Á�/Ë�e�e�Ä/]�,�Á��/ÌÁ��\É�
//�Â�yÌ�̈ //��{Y|// e�cZÌ��|//��{�Á�Ã|//¿��Ã�
�Z³|¿Z»É�¨�Ì»��ÅZ��Ã�Ê��{{�/³ .Y�/Ë��Ä¸X/�»�¾
�½Z�¿»Ê �]�kÁY�Ä/¯�|Å{Ì��Z/¼ËY�ÊË�Á�/Ë��{��Á�

¨//��Ä//¸u�»Ì³�Ê���ÅZ//¯�\//mÂ»�Ä//¯�d//�Y
¯Ì¨//Ìa�dÌ�]Y�Á�Ä//¸Ë·Z//�vf�Y�º//�Ê��|//ÅYÂy

{�³Ë| .f¿��{Ì��Z�f¿Y�Än»Ê ��Z/�y�{Á��Ã{�YÁ�c
f¿��{Ì��Y��Á�/]�Ä/n//Ë]�¾Ì��Z/¼É���cZ//n¿Zy�Z¯��/]
�]YË�¯�º�Ê�·Âe��¯Y�»�ÁÌ��½Z/£Â¿�ºze�Ã|ÀÀ¯�|
]Ì·Âe�½Y�Y|¿Z£Â¿��Y��f�Ìa�Ã|ÀÀ¯�|Ì|�Z]�Ä¸ )� .(
�Ì½Y�Z°¼Å�Á�²À )�� (�eZ/��Y�³�ºÅÊ��/À^»Ê�

�d»ÁZ¬»��{�cÁZ¨e�{ÂmÁ��]»MÌ�Ä/fz �Z/ÅÉ���¹�/¯
�]YËY����{�º�Ë^���Ì Ê����Ä/¯�|ÀfyZ/����fÀ»
Zf¿Ëve�l¬ÌZe���Zu�ªÌË»�½M�Ã|ÀÀ¯�|Ê |�Z].  

     Zf¿Ë¬ve� lÌ�Ä¯� dyZ�� �Z°�M� ��Zu� ª
�� {�]�Z¯ÌÓ� �{� [Zzf¿Y� �yZ�� ºf�Ë¾�ZÅÉ�
�]Y� ¹�¯Ëº�,�·Âe� {�°¸¼�� {Â^Æ]� �]� ÃÁÔ�Ì|É�

»MÌÄfz�ZÅÉ��]Y� ¹�¯Ë� º�iPeÌÀ »� �Ê��Y{É���]
»M�d»ÁZ¬»ÌÄfz�ZÅÉ�{�Y{�Ä ·Z�»�{�Â» .�Á{� �{

»MÌ� Äfz���×����� Á���×���, �c�Â�� �{
���Y�Ã{Z¨f�YÌ�,[Zzf¿Y��yZ��ºf�´f�^¼ÅÊ�

»Ê¨À�]Ì·Âe�cZ¨��¾Ì|É�f»ÁZ¬»�ÁÊ Ä] �ÂmÁ�{
¿Ê¼�MË|. � ¾ËY�]ZÀ]Y� �Y� Ã{Z¨f�YË»M� Á{� ¾Ì�Äfz

Y�]É Y�§YËËM�Z¯��Ê�{Z�f«YÉ��Ì·Âe�ºf�Ì�Á�|

{Â ��|¿Á�É��ÁM{Â�É�¸»�t����{�d À�Ê�
�Á��É�Ä]  � ��¿»Ê |�� .�¾ËY� lËZf¿� ª^�

�,ªÌ¬vef¿Y��yZ�Á��[ZzÉ��Ä]��Â]�»�cZ¨�
Á�Ó�d»ÁZ¬»É�]�Ä]�d^�¿Ì�Z¼É�iPe�ZÅÌ¨À»��Ê�

»Ê�{�Y~³ .�¾ËY�]ZÀ]¬ve�d�Y�¹�ÓÌ]�cZ¬Ì�f�É�
Y�Ã�Z]�{Ë{Â��¹Zn¿Y�cZ¨���Y�ÃÁ�³�¾ .�¾ÌÀr¼Å

d�Y� ¹�Ó��ÉZÅ�f»Y�Za� Á� É{Z�f«Y� \ËY��
|Ì·Âe�cZ¨��Ê°Ìf¿�É�cZÌ�Â�y�Á�d»ÁZ¬»� ,

� 0Z»YÂe� Ä¸Ìa� Ê=¼¯� Á� �ËY����Z�Y�]� Áºf�Ì� �
¾ËÓ� �Ìj°e� Á� �¨u� �¯Y�»� ÊfË�Ë|»��¹�¯� ÉZÅ

�Â�¯�º�Ë�]Y Â��{�ÁM�]{ .|ËZ]�ÃÁÔ��Ä]��[Zzf¿Y
� sÂ��ÉY�]� ¾Ë|·YÁ ��É�Zne� ½Z£Â¿� ºze� |Ì·Âe

� �Z�Y�]� º�Ë�]Y� ¹�¯�Á� É{Z�f«Y� \ËY��� ¾ËY
Ê°Ìf¿��ÉZÅ�f»Y�Za�� ,{�Ë~a�¹Zn¿Y��Â¼n»��{�Ze

½YÂf]�¸¯� {�°¸¼�Ê��Z¿Ê�Z¼�Y� �Y�� µÌ�ºf�
¿Y��yZ�Y�§Y�Y��[ZzfËY{��{.��ÄÌ�Âe�Ã|ÀËM��{

Ê»�� {Â�� ,|Ë|m� Ê�ËZ»�M� ÊuY��� Z]�¾Ì]
ÄfzÌ»M��Á�Ã|��¹Zn¿Y�ÊeZ�ËZ¬»��Ì¿�¦¸fz»�ÉZÅ

�Y��{�°¸¼��¾Ë�fÆ]�ÄfzÌ»M�¹Y|¯�{{�³��z�»
{�Y{�Ê³{Â·M��ËY����{ .  

  
Ê¿Y{�|«�Á��°�e:  

     ¬veÌ�Z°¼Å�Á�c|�Z�»�Z]���Zu�ªÉ���¯�»
¬veÌ�]Y�¹�¯�cZ¬Ë��º/���Â/�¯��Â/��d/§�³�c� .
|]Ë�Á�¾Ì¨·R»�Ä¸Ì���¿Y{�|/«�Á��°/�e�\/eY�»�¾Ê�

��Y�Y��{Ây�,d�ZË���¯�»�½ZÀ¯�Z¯�Á�½Z�ZÀ��Z¯
»��Y�]YÊ�|¿�Y{.  
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Effect of Selection Index on Resistance of Silkworm F1 Hybrids to Nuclear 

Polyhedrosis Virus  
 
 

P. Pouresmaeli1, M. Ghanipoor2, S.Z. Mirhosseini3 and A.R. Seidavi4 

 
 

Abstract 
     This experiment was conducted to determine the effect of selection index in four 
iranian commercial silkworm lines (107, 110, 153, 154) on resistance of their hybrids 
including 107×110, 110×107, 153×154, 154×153 under stress of nuclear polyhedrosis 
virus (N.P.V) Infection. Selection index program was performed on 3P commercial 
lines during 9 generations. Later generation parents of 3P lines were selected in each 
generation, by forming selection matrix based on heritability parameters, correlation 
between cocoon weight, cocoon shell weight and cocoon shell percentage and 
phenotypic mean of traits. In the 10th generation, 2P populations (produced by random 
cross of 3P) were mated randomly and P (parent) silkworm eggs were produced by 
random mating of 2P population. P populations in selected and random groups were 
reared in village conditions (growths silkworm rearing house silkworm). Control P 
population was produced by crossing 2P population (produced by non-selected 3P 
lines). F1 hybrids of control group (non-selected) were reared simultaneously. From the 
obtained results, the hybrids of 110×107 and 154×153 significantly showed the highest 
performance for individual cocoon traits (P0.05).The best cocoon percentage, middle 
cocoon percentage, low cocoon percentage, double cocoon percentage, total cocoon 
weight, larva survival rate and pupation rate were studied, that showed negative 
relationship between resistance and production characteristics. The results demonstrated 
that selection index method have a negative effect on resistance of silkworm hybrids as 
well as improving production and economic performance of silkworm hybrids. It is 
recommended that economical coefficients and genetically parameters are estimated for 
productive, resistance and quantitative cocoon characters together. Then parents would 
be selected on the basis of those parameters. 
 
 
Keywords: Selection Index, Hybrid, Silkworm, Cocoon, Nuclear Polyhedrosis 
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