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Ä»|¬»  
     � \^�� Ä]� {Â^¼¯� �]ZÀ»��{� ¹Y{� ­Y�Ây
�Â�¯,�{Á|v»Ë^�� �]ZÀ»� dÌ Ê�Á��eY�»�,

v�� Ã{Z¨f�Y� c�Á��ÌZ¬]� �Y� tËZÉ��Y��Ê�Á 
�§MÃ{�Á� ÉZÅÊ��§ � cZn¿Zy�Z¯�ZÀËY~£� �ÊË 
� �{�ÄË~¤e�Ã{Z¨f�Y�Ä]� �{Z«�Ä¯�½Z³|ÀÀ¯�YÂz�¿
��Y�¾ËY�cÓÂ�v»�,|À�Z]�Ê»�Á����Y�ÊËZ�ZÀ�

ÄË~¤e½M�ÉY,ZÅ Y��Zv·��YWZu�É{Z�f«���dÌ¼ÅY
|�Z]�Ê» .�¥��»�Ê§����Y¯Y�Ây��]ZÀ»�¾ËYÊ�

�z]�¾Ì»Ze� �]� ÃÁÔ�Ê�ZÅ�ZÌ¿� �YÉ�~¤»�{YÂ»É�
� ,¹Y{�� cÔ°�»� Ê�Ìv»� d�Ë� Y�� �Ì¿��ÅZ¯  

|Å{�Ê» )�, ���Á ��.( Ê°Ë��Y �¾ËY�cÓÂ�v»
Ê«Z]� Ä¯� d�Y� �Â´¿Y� Ä·Z¨e� Ê��§�� Ã|¿Z» À�d

Ã�Ì�� É�Ì³)[MÉ�Ì³� ÃÂÌ» (�ÉÁZu� Á� d�Y
d^�¿Å��Â´¿Y�Ä¿Y{�Á�Ä·Z¨e�,Äf�Âa��Y�É�Ì¤f»�ÉZ
� d�Y)� .(�½ZÆm� �{� �Â´¿Y� d�¯� �Ë�� t��

� �Y� �Ì]�/���|Ì·Âe� ��Âf»� Á� �Zf°Å� ½ÂÌ¸Ì»
� �Y��Ì]� ½ZÆm� �{� �Â´¿Y�����{� Á� ¾e� ½ÂÌ¸Ì»

� ½Y�ËY� {Á|u� �Â´¿Y� d�¯� �Ë�� t��� �Ì¿����
� �Zf°Å� �Y�Å� Á�{Á|u� �Â�¯� �Â´¿Y� Ä·Z¨e� |Ì·Âe

��/��Ê»� µZ�� �{� ¾e� ½ÂÌ¸Ì»Z]� |�)�(.�
�ÄË~¤e� �{� cÓÂ�v»� ¾ËY� �Y� Ã{Z¨f�Y

��{�½Z³|ÀÀ¯�YÂz�¿ZÌ¿{�Ä¬�À»�¾ËY��{�Ã�ËÁ�Ä]�,
Ê»�|¿YÂeuZ�W��dÌ¼ÅY�ÊËY���Ä]|�Z]. 

     � ¥��»� ÄÀÌÆ]mÌ� Ã��{��½Z³|ÀÀ¯�YÂz�¿
� �ÌiZe� dve¯�eÌ�� \Ì¼ÌZÊË�Ã�Ìm�Á 

�Â�yÌ§� cZÌ�Ë°Ê � ½M»� �Y�«Ê³Ì{�.�
�Â�yÌ§� cZÌ�Ë°Ê Ê¯Y�Ây� {YÂ» � Ã�Ìm�] 

fyY�¥��»Ì�ZÉ ­Y�Ây�½Z»�� ,É�Z³|¿Z» �{YÂ»
¯Y�ÂyÊ�� �{� ,�Â^�� w�¿� ,Ä^¼°�� w�¿º�Å��Á

u�{�°¸¼�Ìe�½YÂPiÌ��ÊËY���Ä]�{�Y{. År¼ÀÌ�¾
�Â�yÌ§� cZÌ�Ë°Ê Ê¯Y�Ây� {YÂ» �Ã�Ìm  

»Êf»Ô��|¿YÂeÊ�uÌ¼ze�,½YÂÌ�{YÂ»�Ã{Z¨f�Y�Á��
~¤»É��{�iZe�dve� Y��Ä^¼°�ÌÅ{��Y�«��À| .��{

¹Y{� Ã�ÌmZÅÉ��|Ì·Âe�a�¾ÌÌ e� �Â�À»�Ä]�d^�¿
�\�ZÀ»�Ä]�Ä§Â¸�Ã�f¿Z�À¯��cZÌ�Â�y�Ä]�ÄmÂe
°Ë�Ì§Ê�Ê¯Y�Ây� {YÂ» �f�Ì]� dÌ¼ÅY� Ã�ÌmÉ�

»Ê�|]ZË. Y� {ÂmÁ� Z]Ë� �{� ¾ºÌ�Àe�mÌÃ�ZÅÉ�
� ½Z³|ÀÀ¯�YÂz�¿� Ê°Ë�Ì§� cZÌ�Â�y�{YÂ»

¯Y�ÂyÊ�]� ½Z³|ÀÀ¯�YÂz�¿� ÉY�]Ä��cZÌ�Â�y
°Ë�Ì§Ê�»��Y�«�ÄmÂe�{�Â»��f¼¯�Ã�ÌmÊ {�Ì³. 

� ¾Ë�f¼Æ»�Â�yÌ§� cZÌ�Ë°Ê � {YÂ»¯Y�ÂyÊ 
�Ã�ÌmcY�}�Ã�Y|¿Y�¶»Z�,��¶»Z��iR»�§Ì�Ë°Ê��Á
Âfv»É ¥ZÌ·Y �iR»�§Ì�Ë°Ê� d�Y )��.( �Å 

cZ¬Ì¬ve�¾¼n¿Y�|Àq ¸»Ê )��(ZÅ�ZÌ¿� ,É �¹Y{
� ÊËZÌ¼Ì�� \Ì¯�e� Á� \¸£Y�Ä]� Y�� Ê¯Y�Ây� {YÂ»

,d�Y� Ã{�¯� ½ZÌ]� ªÌ«{� �Â� ��Â�y� �{� � Z»Y
� Ã�Ìm� Ê°Ë�Ì§� ¶°�¯Y�Ây� {YÂ»� ÁÊ °�e�¶Ì

�Ã|ÀÅ{�Ã�ÌmÄÌ�Âe�ÉYÃ|�¿�d�Y.��Ê¸¼��ÉY�]
�¾fyZ��¾ËY�Ä���»�t����{�¹ÂÆ¨»�d�Y�¹�Ó

Ze�� É�Ì³� Ã�Y|¿Y� ÉY�]� Y�� Ê¼f�Ì�¥ZÌ·Y �iR»�
°Ë�Ì§Ê �cZmZÌfuY� ¾ÌÌ e� Á� Ê¯Y�Ây� {YÂ»� �{
�¹Y{�½M�Ä]�Ä �ÂeËZ]| .�¾ÌÌ eËZ]�ºf�Ì��¾ËY|�

,¹Y{� cZmZÌfuY� ÉZÀ^»� �] �,ÉY� ÄË~¤e� �ËY�� �
Ìm� \Ì¯�e� Ã�|�Z]� Ê¿YÂÌu� ¶»YÂ�� Á .½M� �Y 

ZmËÊ �Ä¯¥ZÌ·Y �iR»�ÄË~¤e�¹ÂÆ¨»�®Ë�d�Y�ÉY
Ä¯ ËZ]|�� �Y� Ã{Z¨f�Y� Z]Á�� �ËZ»�MÉ �¹Y{  

Ã�Y|¿Y{Â��É�Ì³, �¹ÂÆ¨»¥ZÌ·Y �iR» °Ë�Ì§Ê �Ä]
�{� �Â�À»f�� �Y� É|uYÁ� ®Ë� Ä]� Ê]ZÌ¸�Ä¯� Ä§Â

�Z]� Ä�]Y�� �{� Y��½M�Ê°Ë�Ì§� Á�ÊËZÌ¼Ì��dÌÅZ»
,|Å{� ½Z�¿� Ä^¼°�� ¶¼� �� �Y|]Y|Ã�� Á��{

u� d¬Ì¬�� �Y� Ê�z]�Ã|ÀËÂ�� �{� µÂ¸v»Z¿� ¥ZÌ·Y
jÀyÊ��tÌv�e� cY�}� Ã�Y|¿Y��Z�Y�]� Ä¯�d�Y

d�Y� Ã|� )���� Á��(. ¥ZÌ·Y �iR»��Ê°Ë�Ì§
1- Physically effective NDF (PeNDF) 
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Z�Á�ÊÅ{�c{ � ���Á�¾ÌÌ e¹Y{�½|ËÂm�dÌ·Z § 
�¹Zn¿Y�| .�ÉÁ���ËZ»�M���ZÆqO��¿�|À¨�Â³��

WÂ¯Z//»�Ã|//��Ä//fyYÊ��¢·Z//]Z//]�»//Ì´¿ZÌ//¿�Á�¾Ê  
�/� ±���¯Ì�¹�³Â//¸�|//��¹Z//n¿Y. ��Z//]�Ã��Z//^»  

¶//´¿YZ//ÅÉ�m�Z//yÊ�//¸yY{�ÁÊ�¿�Á//Ì�¶//¼���
�¯YÁÌ�ZÀÌ½Â �Ä/Ì¸���] ���/°§�]�\/e�,¾]�Z/�Ê��Á

¼�¯ÂeÁ�f¿MÊ Á�É �½Y|À¨/�Â³��¶/^«��/���Y��Á�
n¿Y��ËZ»�MZ�¹|� .m�/ÌÃ��Z/ÅÉ �§�/�»Ê��Y�/]É�

uÌ�Y|Æ´¿�t����{�cZ¿YÂÉ���µÁY|/m��Z�Y�]�Á
�{�Y|¿Zf�Ye~¤ÄËYÉ )ARC,1989 (�ÀeÌ|��º�|¿

)µÁ|m � .(�ÃZ´f�{��Y�Ã{Z¨f�Y�Z]�¦¸��¾¯{�y
f�{Ê�,�¦¸� Än¿ÂË �{�/y ���b/��Á�{�~¤e�/Ë�Ä
uÌ�cZ¿YÂ�Ã{Z¨f�Y�{�Â»f§�³��Y�«|À .Ä·Z¨e�Z/ÅÉ�

¨��Á��»�«��Â´¿YÌ�|�MÌ�Ã|��[Z��d^/�¿�Ä])�� 
:�� (�Z]Än¿ÂË�®�y�¦¸� �Á��Â¸z»�Z/mË�´Ë�¾

|¿|�. �¾ÌÀr¼Å���c�Â/��Ä/]�®¼¿�²À��Á�[M
Y{WfyY��{�ºÌ��Z�½Y|À¨/�Â³��{Â/] .���{YÂ/»�¶/¼°»

¿| »Ê�Á�ÁË»ZfÌ¿�ÊÀÌ��m�Ä]�/ÌÃ��¹Y{��Z/ÅY�Ã{Á�/§�
|�. �ÁZ/�»�d¼�«�Á{��{�Ä¿Y�Á��­Y�ÂyÉ���{�Á

�cZ�Z//����Á�����{¹Y{��Z//ÌfyY{Y{��Y�//«�Z//Å�Ã
|�|¿.  
     �{YÂ»� cY�}� Ã�Y|¿Y� �Ë�Âe� ¾ÌÌ e� ÉY�]

Ã�Ìm�Á�Ê¯Y�Ây�Ã{Z¨f�Y�®�y�®·Y��Á���Y�ZÅ
|Ë{�³ .Y�]É�� �Y� �Â�À»� ¾ËYÄf�{�®·Y�ÉZÅ

�Ä¯� |Ë{�³� Ã{Z¨f�Y� ZÌ¿YÂ¸Ì�Àa� d·ZËY� |Ë|m
� ~¨À»� ��«� Z]� ®·Y� Ä�� ÉY�Y{��� ,��� Á��/��

Ê»� ÊËZÆf¿Y� Äv¨�� ®Ë� Á� É�f»� Ê¸Ì»�|À�Z]
)� .(�Ã�Y|¿Y�ÉY�]É�Ì³®·Y� Y|f]Y� ,cY�}�Ã�Y|¿Y�ZÅ

�t���®Ë�ÉÁ���b��Á�\e�»�Ê·Á�¿�c�Â��Ä]
�µÂ��Ä]�¥Z����Êf¿Z��Z]�Á��Z]�lÀa�ÉY�]��f»  

�c|��/��½Z°e�d�³�]�Á�d§��c�Â��Ä]��e�Å  

|¿|�� Ã{Y{ .®·Y��b��½Y�Ì»� Ä]� ZÅ����Äm�{
��{� d¯�u� ¾ËY� Á� Ã|�� Ã|¿Zy�q� d�Y�� Ä]

|Ë{�³� �Y�°e� �Z]� d�Å� ÉY�]� �Â¼n» .�a���Y
Ê«Z]� {YÂ»� �Y|¬»� ½{Y{� ½Z°e� ¹Z¼eY�ÉÁ�� Ã|¿Z»

®·Y� |Ë{�³� ¾Ë�Âe� ZÅ)� .(�Á� Ê�|ÀÅ� ¾Ì´¿ZÌ»
�cY�}�Ê�|ÀÅ�¾Ì´¿ZÌ»�{�Y|¿Zf�Y��ZÌ »�¥Y�v¿Y
�Ê�|ÀÆ»� Ä »Zm� �Z�Y�]� Ê¯Y�Ây� {YÂ»

Z¨f�Y� Z]� Z°Ë�»M� É��ÁZ�¯��Ë�� �]YÁ�� �Y� Ã{
�|Ë{�³�Ä^�Zv»)�(:  

  
  
  

  

     � Ä�]Y�� ¾ËY� �{� Ä¯dgwÅ� ¾Ì´¿ZÌ»� ,�Ê�|À
cY�}, Sgw�¾Ì´¿ZÌ»� {�Y|¿Zf�Y� �ZÌ »� ¥Y�v¿Y� ,

Ê¯Y�Ây�{YÂ»�cY�}�Ê�|ÀÅ, di,��®·Y�~¨À»���«
)Ê¸Ì»�f» (�ÁWi�ÉÁ���{�Ã{Z»�Ê ¼ne�|��{�,

Ê»� ®·Y� �Å|À�Z] .�cY�}� Ê°Ë�Ì§� �iR»� ¶»Z�
�Ã{Z»� d^�¿� �Â¼n»� �Z�Y�]� Ê¯Y�Ây� {YÂ»

Ê«Z]�®�y®·Y�ÉÁ��Ã|¿Z»ZÅÉ��Z]�®·Y��Y��eÓZ]
�~¨À»���«��/���®�y�Ã{Z»�¶¯�Ä]��f»�Ê¸Ì»

� |Ë{�³� Ä^�Zv»)� .(��{�µÂ¸v»Z¿�¥ZÌ·Y�¾ÌÌ e
jÀy� Ã|ÀËÂ�Ê��Ã�Y|¿Y� [��� Z]� Ê°Ë�Ì§� �iR»

��{� Ê¯Y�Ây� {YÂ»� cY�}� Ê°Ë�Ì§� �iR»� ¶»Z�
Âfv»��Y|¬»É�jÀy�Ã|ÀËÂ���{�µÂ¸v»Z¿�¥ZÌ·YÊ�

Ê¯Y�Ây� Ã{Z»��|Ë|m�®·Y� Ä��ÉÁ�� Ã|¿Z»�Ê«Z]
d·ZËY��Àa� |»M� d�{� Ä]� ZÌ¿YÂ¸Ì)�.(���Y|¬»

�Á� �Á�� �{� ¹�³Â¸Ì¯� c�Â�� Ä]� ½M� ¥��»
|�� Ä^�Zv»� Ê§��»� Ã�Ìm� �Y� É|��{.�����

½Z»�¹Y{� �YÂz�¿� Á� ­Y�Ây� ¥��»� ÉZÅ�Ä]� ZÅ
Ä¬Ì«{�lÀa�Ê¿Z»��¶�YÂ§�Ä]�Á�Ê¼�q�c�Â��ÉY  

Ã�Á{��{�ÉZÅ�����{�Äf�Z����Ä]Z�»��Á��Ä¿Z^�
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GLMSPSS

Yijk=µ+pi+Tj+p*t(ij)+eijk

Yijkµ

pTj

p*t(ij)

eijk

 

pH 
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    XeÁ�a� �Y|¬»Ì¨�� �Â´¿Y� Ä·Z¨e� �{� ¹Zy� ¾Ì�|
]Ì¿Y� Ä·Z¨e� �Y� �f�{Â]� �»�«� �Â´ .Y� �]� ÃÁÔ�Ë�¾  

¨�� �Â´¿Y� Ä·Z¨eÌ¯�e� |Ì¸À§� cZ^Ê��¾¿Ze� ¶¯� Á
�f¼¯É�d�Y{��»�«��Â´¿Y�Ä·Z¨e��Y .�Ã{Z»���¿��Y

·M� Ã{Z»� Á� ®�yÊ�eÁZ¨eÊ��Ë]� {ZÌ��Â¿� Á{� ¾
·Á�d�Y|¿�{ÂmÁ��Â´¿Y�Ä·Z¨eÊ�¬]��{Ì¯�e�ÄÌ�cZ^

�� cÁZ¨eË{ZÉ�]� �{Ìd�Y{� {ÂmÁ� Ä·Z¨e� Á{� ¾ .
Zf¿ËY�lË¬ve�¾ÌY�]�ªÉ NDF�¯�e�ÁÌ¸À§�cZ^Ê 

�ª§YÂ»Zf¿�Z]Ë¬ve�lÌ¸��cZ¬Ì�½Y�Z°¼Å�Á��Âb)� (
�½Y�Z°¼Å�Á�¶e�Z´»Â]�Á)� ({Â] .Àr¼ÅÌ��Y|¬»�¾

XeÁ�aÌY� �Y�¶�Zu�¹Zy�¾Ë¬ve�¾ÌY�]�ªÉ��Ä·Z¨e
�Â]� Ã|�� ��Y�³� �Y|¬»� Z]� Ä]Z�»� �Â´¿YÌ�Ä¸

¸�Ì� ½Y�Z°¼Å� Á� �Âb)� (·Á� {Â]Ê��¥Ôy�]  
ZÅ� Ã{Y{É�·{�Ä¯�{Â]�¶e�Z´»Â]ÌY�¶ËfyY�¾�¥Ô

�Á� �Â´¿Y� Ä·Z¨e� ÄfË�YÁ� ��Zy� Ä]� d�Y� ¾°¼»
ZÆ�Á��cÁZ¨eÉ��Ì³�Ã�Ì�É�|�Z] .��Â¼n»��{�Z]

ZÅ� Ã{Y{� Ä]� ÄmÂeÉ���Â]�»¯�e�µÁ|m� Ä]Ì�cZ^
�Ì¼ÌZÊË�¯Y�Ây� {YÂ»Ê�Z»�M� {�Â»Ë� ���{

� µÁ|m�� ,»��z�»Ê��¶]Z«�¥ÔfyY� Ä¯� {Â�
ÆmÂeÊ�]Ì¯�e� ¾Ì~¤»� cZ^É�Ä·Z¨e�{ÂmÁ� ZÅ
{�Y{.  

�cY�}�Ã�Y|¿Y  
     ZÌ»�{�Y|¿Zf�Y��ZÌ »�¥Y�v¿Y�Á�Ê�|ÀÅ�¾Ì´¿
�ÂeËm�cY�}� Ã�Y|¿Y� �Ì� Ã�|ÅZ� )�¦¸���®�y

Än¿ÂË (m� ÁÌZÅ� Ã�É �ËZ»�MÊ�µÁ|m� �{ ��
d�Y� Ã|�� Ã{Y{� ½Z�¿ .�ÂeËÃ�Y|¿Y� ���{� cY�}�

mÌ� Ã�|ÅZ��m� ÁÌZÅ� Ã�É��ËZ»�MÊ 

)���/� <P(��|ÅZ�� Ã�Ìm�Ê�|ÀÅ�¾Ì´¿ZÌ»� Á
)� ¦¸��Än¿ÂË� ®�y (�ÉÁZu� ÉZÅ� Ã�Ìm� Z]  

Ä·Z¨e�|Ì¨�� Á� �»�«� �Â´¿Y� ÉZÅ )���/� <P (
�Z»M�cÁZ¨eÉ�À »Ê��Y{É��Z]Ë|°Ë|Àf�Y{��´ .�Ä]

�Â�É�m�Ä¯Ì�Ã�|ÅZ��Y�Y{É�»Ì´¿ZÌ�|ÀÅ�¾Ê�

]Ì�f�É�m�Ä]�d^�¿Ì� Ã��ËZ»�MÊ d�Y{,�·ÁÊ�
 »� ¥Y�v¿Y� ¶]Z¬»� �{Ì�f¼¯� {�Y|¿Zf�Y� �ZÉ�

m� Ä]� d^�¿ÌÃ�ZÅÉ �ËZ»�MÊ�Y{d� .�¥Y�v¿Y
 »Ìm� {�Y|¿Zf�Y� �ZÌ� Ã��ËZ»�MÊ��Ä·Z¨e� ÉÁZu

m��Y��f¼¯��»�«��Â´¿YÌ�Ã��ËZ»�MÊ��Ä·Z¨e�ÉÁZu
¨���Â´¿YÌ{Â]�| )�µÁ|m�.( �ÂeËÃ�Y|¿Y����cY�}
Ã|¿Z¼Ì«Z] �ÉÁ�ZÅ�®·YÉ �� )����/� <P(, � 

)����/� <P( � Á��/� )����/� <P(   
� É�f»� Ê¸Ì»m� ÉY�]Ì� Ã�|ÅZ��m� Z]ÌZÅ� Ã�É�

� �Â¸z»�Z»M� ��¿� �YÉ�À »� ¥ÔfyYÊ��Y{É�
|Àf�Y{ .Àr¼Å�¶»Z��¾Ì�iR»��Ã�Ìm��{�Ê°Ë�Ì§
|ÅZ����Â´¿Y�Ä·Z¨e�ÉÁZu�Ê�ËZ»�M�ÉZÅ�Ã�Ìm�Z]

À »�¥ÔfyYÊ��Y{É��|Àf�Y{)����/�<P(��Z»Y
À »� cÁZ¨e� ¾ËY� Ê�ËZ»�M� Ã�Ìm� Á{� ¾Ì]Ê���Y{

{Â^¿, Z»Y ¥ZÌ·Y��ºÅ�Z]�Ã�Ìm�Ä���Å�Ê°Ë�Ì§��iÂ»
¥ÔfyY |Àf�Y{� É�Y{� ÊÀ » )���/�<P( 

)µÁ|m �.(  
     mÌZÅ� Ã�É ËZ»�M�Ê�ÁZuÉ�eY�}Ê��Ã�Y|¿Y� Z]

m�Ä]�d^�¿��f°qÂ¯Ì�Ã�|ÅZ��Á�Ã{Â]�»Ì´¿ZÌ�¾
�|ÀÅÊ��f¼¯É�m�Ä]�d^�¿Ì�Ã�|ÅZ��Y{Àf�| .

m� cY�}� Ã�Y|¿Y� �ÅZ¯Ì��ÅZ¯� \^�� ZÅ� Ã�
À »Ê�«Z]� ®�y� Ã{Z»� |��{� �Y{ÌÁ�� Ã|¿Z¼É�

ÓZ]� ®·YÊË )���»Ì¸Ê��f»É (Y�§Y� ÁËY� �Ë�¾
ZÅ� ®·Y� �{� �Y|¬»É�ZaÌË� ¾)��/��� Á��»Ì¸Ê�

�f»É (Y�]� ¾Ë�Ë�� Äv¨�� ÁÉ�mÌZÅ� Ã�É 
�ËZ»�MÊ {�³Ë�|)µÁ|m � .(�Âe��aË�Ã�Y|¿Y��

m� �{� cY�}Ì� Ã�|ÅZ��m� ÁÌZÅ� Ã�É �ËZ»�MÊ�
iZe� dveÌ��{� {ÂmÂ»� ¦¸fz»� cY�}� Ã�Y|¿Y� �

eÌZÅ�Z¼É�Z»�MË�Ê�d§�³��Y�«.��®·Y��Y�Ã{Z¨f�Y
�¹Â�)��/��»Ì¸Ê��f»É (Z�Ë³�Ã�Y|¿Y��{�|Ì�É�

ZÅY~£�cY�}�Ã�Y|¿YÉ��MÌ�Á�Ã|��[Z��]ZÀ»§ZÌ·YÊ 
Ä§Â¸��Ì£�ÉY�¨»Ì�|�Z]�|)�.(  
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Ä¯� {Â]� ®�y� Ã{Z»� |��{�� �Y� �eÓZ]Âfv»É 
mÌÃ�ZÅÉ�Â¸z»��Y�Ä¯�{Â]ËY�]��Y|¬»�¾É�mÌ�Ã�

��»�«��Â´¿Y�Ä·Z¨e��Â¸z»Z] �¦¸�Än¿ÂË�®�y��Á
¨�� �Â´¿Y� Ä·Z¨eÌ� |Z] � ¦¸�Än¿ÂË� ®�y��Ä]

e�eÌ�\��/���,��/���|��{ �®�y�Ã{Z»{Â] .
� �ÅZ¯¸�� d^�¿¦�Än¿ÂË�� �{mÌ�\^�� Ã�
� �ÅZ¯°Ë�Ì§� �iR»� ¶»Z�Ê�Âfv»� ÁÉ��¥ZÌ·Y

jÀy� Ã|ÀËÂ�� �{� µÂ¸v»Z¿Ê�°Ë�Ì§� �iR»Ê |�, 
ËÀ Ê�mÌZÅ� Ã�É �ËZ»�MÊ�u� Ä¯ÁZÉ��Ã�Y|¿Y

�f°qÂ¯�cY�}É�m�Ä]�d^�¿Ì�Ã�|ÅZ���|Àf�Å
Y�Y{É °Ë�Ì§� �iR»� ¶»Z�Ê�Âfv»� ÁÉ��¥ZÌ·Y

jÀy� Ã|ÀËÂ�� �{� µÂ¸v»Z¿Ê�°Ë�Ì§� �iR»Ê 
�f¼¯É�|Àf�Å.   

,­Y�Ây�¥��»�½Z»� Á��YÂz�¿ �dÌ·Z §�¶¯
ÂmË½|  

     ���¿��Y­Y�Ây�¥��»�½Z»� ]Ì�¾Ã�Ìm�ÉZÅ
ÉÁZu� Ê�ËZ»�M�Ä·Z¨eZÅÉ��Â´¿Y�� Ä�ËZ¬»� �{�Z]

|ÅZ�� Ã�Ìm�À »� cÁZ¨eÊ�Y{É � {ÂmÁd�Y{   
)���/� <P( .]� �{ÌÁ{� ¾�Ã�Ìm�Ê�ËZ»�M� É

Ä·Z¨e� ÉÁZu, ¥��»� ½Z»�� ,¥��»� ½Z»�� ¶¯�
­Y�Ây��{��Á���{�¥��»�½Z»��Á�\���{��Ã�Ìm
ÉÁZu�]� �»�«� �Â´¿Y� Ä·Z¨eÌ�Y� �f��ÉÁZu� Ã�Ìm�

¨���Â´¿Y�Ä·Z¨eÌ�|{Â]]�|Àq��Å�,�Ä�½Z»���{��m
� ÄÌ¬]� �{� \�� �{� ¥��»)�Á� ¥��»� ½Z»�� ¶¯
�Á�� �{� ¥��»� ½Z»� (À »� cÁZ¨eÊ�É�Y{

|Àf�Y|¿ .]Ì�c�Â��Ä]�­Y�Ây�¥��»�½Z»��½Z
f^�¿Ê��,®�y�Ã{Z»�¹�³�|���Y�µÂ¸v»Z¿�¥ZÌ·Y

jÀy�Ã|ÀËÂ���{Ê�Á �Ã|ÀËÂ���{�µÂ¸v»Z¿�¥ZÌ·Y
jÀyÊ�°Ë�Ì§� �iR»Ê §��»Ê��Z]� Ä¯� {Y{� ½Z�¿

�\^��Ä]�Ä·Z¨e�½{Á�§Y��ÅZ¯�|ÀÅ�¾Ì´¿ZÌ»Ê 
cY�}� Ã�Y|¿Y Ã�ÌmZÅÉ��ËZ»�MÊ �¥��»� ½Z»�
»��ÅZ¯ÊË|]Z .�LY�Y�Ä]�­Y�Ây�¥��»�½Z»���{

�®�y�Ã{Z»�¹�³�|�)���/� <P( ¹�³�|��Á   
jÀy� Ã|ÀËÂ�� �{� µÂ¸v»Z¿� ¥ZÌ·YÊ�§��»Ê 

)���/� <P( ]� �{Ì� ¾� ¦¸�Än¿ÂË� ®�y��Á
Ä·Z¨eÀ »�cÁZ¨e�ZÅÊ��Y{É�d�Y{�{ÂmÁ .  
     � Ä]� �YÂz�¿� ½Z»�Y�YÉ � �Å�Ã{Z»� ¹�³� |�

,®�y jÀy� Ã|ÀËÂ�� �{� µÂ¸v»Z¿� ¥ZÌ·YÊ�Á 
jÀy�Ã|ÀËÂ���{�µÂ¸v»Z¿�¥ZÌ·YÊ�°Ë�Ì§��iR»Ê 

§��»Ê�¿��Ì�Z]ÀË�´ËZmÊ�Ä·Z¨e�Á�ZÅ�Ã�Y|¿Y��ÅZ¯
cY�}���ÅZ¯ËZ�d§)µÁ|m �(. �Ã�Ìm|ÅZ���Ä¯

cY�}� Ã�Y|¿Y� ÉY�Y{ ±��] �Ä]� d^�¿� É�e  
Ã�Ìm ÉZÅ�Ä·Z¨e� ÉÁZu {Â]���YÂz�¿� ½Z»�

� É�f�Ì]{�Yd .Âz�¿� ½Z»�� ¶¯� �{]� �YÌ�¾  
Ã�Ìm � Á� �Â´¿Y� Ä·Z¨e�ÉÁZu�Ê�ËZ»�M�ÉZÅ¦¸��

Än¿ÂË�®�y À »�cÁZ¨eÊ��Y{É��d�Y{�{ÂmÁ
Á ÊÀ »�cÁZ¨e�¾ËY �Ê�ËZ»�M�Ã�Ìm�Á{�¾Ì]��Y{

Ä·Z¨e� ÉÁZu �d�Y{� {ÂmÁ� �Ì¿� �Â´¿Y� ÉZÅ  
)���/� <P( .cY�}� Ã�Y|¿Y� �ÅZ¯� Z],��¶»Z�

§��iR»Ì�Ë°Ê���ÅZ¯ËZd§ ��ÌiZe�Ä]�ÄmÂe�Z]� Y~·
�Ì§��iÂ»�¥ZÌ·Y°ËÊ��½|ËÂm�dÌ·Z §�®Ë�ve��{
��ÅZ¯�¾ËYÊ»�h�Z]�|¿YÂe��ÅZ¯��YÂz�¿�½Z»�
� ½|ËÂm� Á{Â� .Zf¿ËY� lË¬ve� ¾ÌZf¿� Z]� ªË�l

Z»�MË��Á¼�Y� Á� p·Ìd )��( {Â]� Ä]Z�».��ZÆ¿M
»�Ä·Z¨e�cY�iYÌÃÂ Á�É�·Z §Ì�Ä ·Z�»�Y���YÂz�¿�d

�{�ÁË��YÂz�¿�½Z»��Ä¯�|Àf§Z�{�oÂ« ÄË~¤e�ZÅ�
� Ã|�»� ®�y� Ä·Z¨e� Z]ÌZa� ÃÂËÌ¾� �Y� �e�½Z»�

��YÂz�¿�{�oÂ«ZÅÉ��Z]�Ã|��ÄË~¤eÁZu�Ã�ÌmÉ 
�¦¸��®�y{Â]�Ã|��{�y.  
     Ã�Ìm� Á� |ÅZ�� Ã�Ìm� ¾Ì]�Ê�ËZ»�M� ÉZÅ

Ä·Z¨e� ÉÁZu�cÁZ¨e� ½|ËÂm� �Zf§�� �Zv·� �Y� ZÅ  
� d�Y{� {ÂmÁ� É�Y{� ÊÀ »)��� /� <P( .�Z]

�ÅZ¯���ÅZ¯�½|ËÂm�½Z»��¶¯� ,cY�}� Ã�Y|¿Y
d§ZË .�}�Ã�Y|¿Y�Ä¯�|ÅZ��Ã�Ìm��e�±��]�½M�cY  
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ZÅ� Ã�ÌmÉ��ËZ»�MÊ�ÁZuÉ |Ì¨�� �Â´¿Y� Ä·Z¨e�
{Â]�Ä¯�0ÓZ¼fuY�\^�� Ä]�� {ÂmÁ¥ZÌ·Y��iR»�

� �f�Ì])��/���¬»� �{� ¶]Z��/���|��{ (��{
� Ä]� d^�¿� �»�«� �Â´¿Y� Ä·Z¨e�Â´¿Y� Ä·Z¨e��|Ì¨�

d�Y )µÁ|m �(.�ºÅ�½|ËÂm��Zf§��½ZÌ]�¾ÌÀq
� LY�Y� Ä]®�y� Ã{Z»� ¹�³� |� )���/� <P(�,

jÀy�Ã|ÀËÂ���{�µÂ¸v»Z¿�¥ZÌ·YÊ )���/� <P( 
Á jÀy� Ã|ÀËÂ�� �{� µÂ¸v»Z¿� ¥ZÌ·YÊ���iR»

°Ë�Ì§Ê � Ê§��»)���/� <P( �cÁZ¨e  
� Y�� É�Y{� ÊÀ »� ¾Ì]� Ã�Ìm|ÅZ��Ã�Ìm� Á�ÉZÅ

Ä·Z¨e� ÉÁZu� Ê�ËZ»�M��Â´¿Y�{Y{� ½Z�¿ .�½Â¸¯
½Y�Z°¼Å�Á��|¿Y�] )�(���ÅZ¯�Z]�Ä¯�|¿{Y{�½Z�¿

�cY�}�Ã�Y|¿Y¦¸��Än¿ÂË�®�y�·Z §Ì��YÂz�¿�d
ZÅÁZ³� �{É�Ã{�Ì��»� �ÅZ¯ÊË|]Z .Àr¼ÅÌ�¾

¿Â¯Z� ½Y�Z°¼Å� Á� ¥Â¿)� (���]� Z]Ê��Ã�Y|¿Y� �iY
�c�}�cY�}�]�ÊËÂ¸Ì���Ây��Zf§�Âm�Á�½{Ë�½|

ZÅÁZ³É�� Ã{�Ì�Y�§Y� Z]� Ä¯� |¿{�¯� Ã|ÅZ�»Ë��
�Á{��Å�cY�}�Ã�Y|¿Y��Â¿Y�§Y��Zf§�Ë»��ÊË|]Z Ä¯ 

� Z]�lËZf¿�¾ËY� �Y�¶�ZuZ»�MË��¿YÂz¼ÅÊ��Y{{ .
Àr¼ÅÌ¾ ZÅ�Ã{Y{É�YË¬ve�¾Ì�Z]�ªÄ ·Z�»�lËZf¿ 

eÌ�Â¼É�½Y�Z°¼Å� Á )�� (� �Ì¿Y{�d¬]Z�»d�. 
·Z §ÌÂm� dË� ½|ÉY�Y� Ä] � �Å¯Ì�Ã{Z»� ¹�³Â¸

�®�ydve�Ê§��» eiZÌÃ�Y|¿Y�,{Y�¿���¹Y{�½|]�,
¥��»�t���t���,­Y�Ây ��{�µÂ¸v»Z¿�¥ZÌ·Y
|Ì�Y� Ã|ÀËÂ�É�Ã|ÀËÂ�� �{� µÂ¸v»Z¿� ¥ZÌ·Y� ,

jÀyÊ�Á jÀy�Ã|ÀËÂ���{�µÂ¸v»Z¿�¥ZÌ·YÊ���iR»
°Ë�Ì§Ê mÌÃ� � �Â¿� ÁuÌ� ½YÂ��ËY��� Á

� Ã|ÀÀ¯� ¥��»� ¹Y{� Ê°Ë�Â·ÂË�Ì§ºÅÀqÌ�¾
Âfv»� É� dÌÅZ»� Á¥ZÌ·Y�»� �Y�«� Ã�Ìm{�Ì³� Ê 

)����Á��.( 

     ����/jÀy�Ã|ÀËÂ/���{�µÂ¸v»Z/¿�¥Z/Ì·YÊ���iR//»
°Ë�Ì§Ê Ë³�Ã�Y|¿Y�®�/Ì�É�Za�/Ë���Ä/]�d^/�¿��e�Y|
�¶»Z��iR» §Ì�Ë°Ê�Y�]É �½ZÌ]·Z §�/Ì���YÂz/�¿�d

�Å�¯Ì§��»�®�y�Ã{Z»�¹�³Â¸Ê d�Y �Y�Ë����/]
Ä//ËZa�//�Â�y�Á{Ì//�Z�Y�cZÊ Ê¯Y�Â//y�{YÂ//»   

)¥ZÌ·Y�ZË�ÊËZÌ¼Ì� ��Ã|ÀËÂ/���{�µÂ¸v»Z¿�¥ZÌ·Y
jÀyÊ cY�}�Ã�Y|¿Y�Á�Ê¯Y�Ây�{YÂ» (É�Y~³�ÄËZa�

d�Y�Ã|�,��Ä¯��Zf§�ÂmË�½|�¹Y{�iZ/e�dve�Y�Ì��
»��Y�«Ê��|/ÀÅ{ )����Á��(. �Z/f¿Ë��/»�½Z/�¿�lÊ�
]�,|Å{Ì� �eË�½Z»��¾·Z §ÌÂm�dË�½|¹Y{ )�Ä¯

����YÂz/�¿�Á�­Y�Â/y�¥��»�½Z»���Â¼n»��Y��Ä/]
d�{�»Ê MË| (m�Ä]��Â]�»Ì�Ã��|ÅZ/����d/�Y�Á

¼ÅY�Ã|//ÀÅ{�½Z//�¿//Ì�}�{Â//mÁ�d��{�|//À¸]�cY
�veË·Z §�®ÌÂm�dË»�½|Ê�|�Z] )µÁ|m �.(  
     Àr¼ÅÌ]� �{� ¾Ì� ¾Ëu� Z]� {Y�¿� ®Ì½YÂZÅÉ�

Âm� �Zf§�� �{� �ÂÀe� Ä]Z�»Ë¿� ½|Ì{�Y{� {ÂmÁ� �. 
� Ä¯� |�� Ã{Y{� ½Z�¿mÌÃ�ZÅÉ uZÁÉ �¥ZÌ·Y

jÀy�Ã|ÀËÂ���{�µÂ¸v»Z¿Ê ·Z §ÌÂm�dË��{�½|
¯Ì§��»�®�y�Ã{Z»�¹�³Â¸Ê�]�Y�Ì�ve��f�Ë�®
»Ê|À¯ .]� cY�}� �Y� �f³����/��»Ì¸Ê���f»

�ve�µR�»�0Ze|¼�ËÂm�Á��YÂz�¿�®Ë|Àf�Å�½| 
)��(�,Y�]ZÀ]Ë�¾{ÂmÁ�§Z¯��Y|¬»Ê��|À¸]�cY�}��Y
Ë� ZjÀy� Ã|ÀËÂ�� �{� µÂ¸v»Z¿� ¥ZÌ·YÊ Y�]É�

� �ËY�§Y·Z §� ¶¯ÌÂm� dËÁ� ½|��Á� ©Y�]� t��e
ºÌ�Àe pH�v»ÌY�]�Ä^¼°���É��Á�\�ZÀ»�º�Å
�´�ÌaÉ � �Y� �Á�]]Ì�Z¼ÉZÅÉ�·Â]Zf»Ì°Ê ��{
�Ã�Ìm�¹�Ó|�Z]�Ê» )��, �� �Á��.(��¾ËY�]ZÀ]

� Á�­Y�Ây�cY�}� Ã�Y|¿Y�É�Ì³� Ã�Y|¿Y��Y� Ã{Z¨f�Y
�½M�®Ë�½YÂÀ��Ä]�yZ� � Y�Z¯��{�Ã�Ìm�ºÌ�Àe

�½Z³|ÀÀ¯�YÂz�¿��ZÌ�]d�Y�|Ì¨» .f¿��{ÌÄn��Z]
Y� Ä]� ÄmÂeË¾Y�Y{� �Â´¿Y� Ä·Z¨e� Ä¯É��Â�yÌ�cZ

§Ì�Ë°Ê Á�Y�Y{É�XeÁ�aÌ� ¾»� ¹ZyÀZ^�Ê��,d�Y  
Y�]ZÀ]Ë�¾»Ê��|¿YÂe½YÂÀ��Ä] Ë�®¯Y�Ây� Ã{Z»Ê 
§ZÌ·YÊ��\�ZÀ»�{ ~¤eË� ¹Y{� ÄÃ�ËÁ�Ä]�m� �{Ì�Ã�

�Y|Æ´¿É�¹Y{� Á� |À¨�Â³ ZÅÉ�·Âe� º¯Ì� |�{�Â»
�Ã{Z¨f�Y{�Ì³��Y�«.   
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Investigation of Physical Effectiveness of Grape Pomace in Comparison to Alfalfa 

Hay in Makui Sheep 
 
 

R. Pirmohamadi1, A. Teimouri Yansari2, A. Bbaeei3 and L. Zali karehnab4 
 
 
Abstract 
     This research was carried out to compare the physical effectiveness of grape pomace 
(GP) with alfalfa hay in Makui sheep. Four adult male Makui sheep with 40±1.2 Kg live 
body weight were selected. In this experiment, three treatments including alfalfa hay as 
a basal diet (control), white GP (WGP) and red (RGP) were separately substituted at 
50:50 in a ratio with alfalfa hay as experimental diets. The diets were fed over 10 days. 
Chewing activity of sheep was determined by direct visual observation over 24 h and 
physical effectiveness factors was done using Penn state separator sieves method. The 
result of this study showed that the value for physical effective NDF in basal diet was 
significantly more than WGP and RGP. The physical effective NDF of basal, RGP and 
WGP was 0.96, 0.68 and 0.61, %, respectively. The distribution of particle on 19 
(P<0.0004), 8 (P<0.0001), 1.18 (P<0.0037) sieves were significantly different. Chewing 
time for basal ration, RGP and WGP mixes was significantly different. The results of 
the current experiment showed that substitution of alfalfa hay with GP significantly 
decreased total chewing activity and rumination time in experimental animals in 
comparison to those were fed with alfalfa hay. 
 
 
Keywords: Grape pomace, Alfalfa hay, Physical effective NDF, Chewing activity, 
                    Sheep   

1- Assistant Professor, University of Urmia 
2- Assistant Professor, College of Animal Science and Fisheries, Sari Agricultural Sciences and 
     Natural Resources University 
3- M.Sc. Student, University of Urmia 
4- Former M.Sc. Student, University of Urmia 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

ap
.s

an
ru

.a
c.

ir
 o

n 
20

25
-0

7-
05

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

http://rap.sanru.ac.ir/article-1-148-en.html
http://www.tcpdf.org

