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Abstract 
To evaluate the interaction effects of season and dietary forage particle size on milk yield and composition, 100 early lactation Holstein cows in two 
seasons of spring and summer (each season with 50 heads) in the form of two treatments containing alfalfa forage with large particle size (geometric 
mean 7.7 mm) and fine particle size (with a geometric mean of 4.2 mm) were used. The amount of dry matter intake of cows was recorded in groups 
and the milk production of cows was recorded individually.The results showed that milk yield, protein, lactose and total solid percentage of milk were 
higher within spring compared to summer (P< 0.01). Milk yield (P= 0.09) and milk lactose percentage (P = 0.08) for cows fed fine forage particle size 
trended to be higher than cows fed long forage particle size. The amount of dry matter intake within two hours after feeding for summer was higher 
than spring (P< 0.01). Overall, results of the predent study indicated that cows fed with fine forage particle size had more homogeneous feeding 
behavior pattern within both studied season than cows fed long forage particle size.  
 
Keywords: Early lactating, Holstein cows, Forage particle size, Heat stress, Milk. 
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) )[��� )��� ��( W"e�% �"(ECM �� �,�H��� �� (

 
q���)2(  .�( 
&��e�  

 
q���)2                (                                ECM =  

((Fat%×383) + (Protein%×242) + 

(Lactose%× 4/165 ) + 7/20 )/  3140  

�,�, �*) $�%�" � '�%��&" (�" 
' X� 7��� �*)  ��Y�

������ �"+) �(� �� �� �,�H��� �� ��,��
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� P
���c ���L ���'���
 2×2  ?$�@ �, z�X\p��' 

�,��%�   v��%S�� ��D�����c)   SAS 
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���3 4":��"� � 

D<%  �, � �'�% 7���c �� �,�H��� �� �*

�	-� Wq� .���( 
�
��� �L�, O	/ )��,   

 
q���)3(                Yjkl = µ + Sj + Pk + (S×P)jk +ejkl 

 
' �, .
q��� 4
�Yjkl�  
� t���� ��*�5�j ���"4 

����k  ���"4 �� �������� �µ. �4":��" �' �Sj. ��� ��� �

Pk.  
��, ���� ������ ���
�� ! �(S*P)jk. ���  ��� ������

 
��, ���� ������ �
�� !   �ejkl. �qJ) ���cP
 .;��  
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���c )�*��� ��X �, ;��X�
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�%���= yJ�(– ��X� ��8� ��� )��� ��60  )��� �
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	">' 4"	M
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���c ���,- ;��X�

 �� P"�72 = P	% ,�#� �:��"� � ;�� �,�� �, �%���

 ��-$�q� .;�� 7�����% ��� �, P
���c S�<�� �X

 ���, �
��� �"$�%�/ )�*��+ �, 
' ;�� �,�, 7�5� 
�(Q+

 I5J �,�� � �"( �"$�% �� �%���= P	% ��� .�*,�"(

 �
,��� �� �����68 �� �*��% 
� ���( �-� 
� ] �	'17.[  


� �n�= P*�k/ �, S�, �*��+ 

QR% �"$, �<�� 7�Y�� �* S

 ����� I5J �,�� ����� 
<	���� )��� )���c 
�
���

 �*��>"% 4":��"� 
� t���� ,��!� ��e	
� �� ;(��� ,�#�

) ���# �,3 .;�� ��( �,��c (S�J �"( �"$�%.  �"(

"e�%W )[��� )��� ��(. 4"�%��/ �L�,.  ���'N D"� �

 �, �"( ���M D# 
� ���# ,��� �' �L�, ��8� ���

P"� % ��� �� �% 7�����,�� 
�� ! ���� ������ �� ��# .

 �, ��8� ��� )��� )�"$�% �"( ����� .��"# �, ,�#��
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�
���  �� 7c ; ! � ;�� �%
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  ��8� ���   7�����% ���    P-value  

������ ����  ;(�,  D
�   ;(�,  D
�  SEM  ���  ������ ����  ���× ���� ������  

(S�+� "') ����� I5J �,��  03/24  10/24   15/23  92/22  - - - - 

(S�+� "')S�J �"( �"$�%  33/38  ab 36/40  a  56/35 c 39/36  bc 904/0  < 01/0  09/0  48/0  

W"e�% �"( �"$�% (S�+� "') )[��� )��� ��(  46/37  ab 48/39  a  56/34  c 15/35  bc 934/0  < 01/0  16/0  44/0  

���M (�L�,) �( 31/3  31/3   42/3  39/3  101/0  37/0  89/0  85/0  
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4"�%��/  �"((�L�,)  93/2 a 91/2 a  65/2 b 67/2 b 036/0  < 01/0  98/0  60/0  

4"�%��/  �"((S�+� "') 12/1 a 17/1 a  94/0 b 97/0 b 027/0  < 01/0  15/0  62/0  

���'N (�L�,) �"( 94/4 a 87/4 a  56/4 b 47/4 b 045/0  < 01/0  08/0  85/0  

(S�+� "') �"(���'N 89/1 a 96/1 a  62/1 b 63/1 b 043/0  < 01/0  35/0  45/0  

,��� ���# 7��� (�L�,) ���M 16/8 a 11/8 a  63/7 b 55/7 b 065/0  < 01/0  29/0  80/0  

�' ,��� ���# (�L�,) �"( 59/11 a 50/11 a  98/10 b 90/10 b 138/0  < 01/0  55/0  98/0  

7[���"�  �"` �%��/�	" ( �"� "� ?�=��)  �, S�+100 (�"( S�+  33/23 b 22/24 b  10/31 a 94/30 a 889/0  < 01/0  67/0  55/0  

7[���"� ���� � "� ?�=��) �"( )�  �, S�+100 (�"( S�+  97/10 b 38/11 b  62/14 b 54/14 b 768/0  < 01/0  57/0  52/0  

,��-% �� � )�* I"%���� )�"(log10( 95/4 ab 12/5 a  72/4 b 99/4 ab 127/0  18/0  08/0  69/0  

a-c+�L���% 4���# : � d% �
�;%�� S�!* �
 &62� !� �� �� ) F�0 �0�05/0<P.(  

SEM.+�L���% ��0$��2�0 ��e@ :  

  

 ���#4. ���  ����� 
�� ! ���� ������ �  �� U/ ��!�� �X I5J �,�� T��� ��(V���J �*, 

  ��8� ���  7�����% ���  P-value 

������ ����  ;(�, D
�  ;(�, D
� SEM ��� ���� ������  ���× ���� ������ 

�����  I5J �,������� (S�+� "') 

�HL-2 �;!� b 12/5 ab 08/6  
a 83/7 ab 71/6 624/0 02/0 90/0 12/0 

4-2 ;!�� a 93/2 ab 81/1  
c 46/0 bc 28/1 373/0 01/0< 68/0 02/0 

8-4 ;!�� 51/3 36/3  35/2 19/2 551/0 06/0 77/0 98/0 

24-8 ;!�� 47/12 86/12  50/12 73/12 577/0 93/0 60/0 89/0 

�����  I5J �,������� ))�L�, 
����� ����� I5J �,�� �' ��( 

�HL-2 ;!�� c25/21 bc 16/25  
a 63/33 ab 21/29 924/1 01/0< 89/0 05/0 

4-2 ;!�� a 00/12 b50/7  
c 08/2 bc 64/5 408/1 01/0< 74/0 01/0 

8-4 ;!�� 23/14 90/13  03/10 45/9 883/1 04/0 81/0 94/0 

24-8 ;!�� 51/52 44/53  25/54 71/55 329/3 56/0 73/0 94/0 

a-c+�L���% 4���# : � d% �
�;%�� S�!* �
 &62� !� �� �� ) F�0 �0�05/0<P.(  

SEM.+�L���% ��0$��2�0 ��e@ :  

  

P*�k/ )�* ��'Q� ; ! �� �, ��� 7��� )��+���� 

P"� �% V���J �, 
&>Y( ,� )�*��>"% )��= 
�� ! �� ������ 

���� ;(�, )
� �k
� P_� �� !
 )� ( .�	����, v&%��

K* 
' ��,�' 7�"� 4"	M ��$�) )�"� �, 
$���+ �*) 

T��� ��		' ��"# )�* )��= 
�� ! ;(�, 
� �"$, ,�<
� 

�+�(�/ �Y
D"� 
&>Y( �� D"� 
� ����%  ����! �� �Y
 7��	!
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�(�� z�q� ��j� . ��-$�q�)�:
, 7�5� ��,�, 
' 7�D"� �,�� 

I5J ����� �� P
�D�� ������ ���� 
�� ! �, ��"# P*�' 

�� ���
 ]13 .19  �21[ .  

���H% �	-� ��,) 4"� ���� i �_� )7�����% � ��8� (�� 

d�e$ ����� V���J ���T ��( )?�=�� S�+� "' (�X �, 

;!�� 
"$�� U/ �� V���J �*, W&L ,�#� ;(�,. 


� )��X '
 ����� �,�� I5J ����� �X �, ;!�� 
"$�� 

U/ �� V���J �*, W&L )��� ��� 7�����% 
� ��X 

�	-� ��,) P"� �% �� ��� ��8� ,�� )05/0P<( .�,�$�= 
' 

����� �,�� I5J ����� �X ��� 7��� �, �$� ��8M 

;!�� � K* 4"	M ��8M �$� ;5* ;!�� U/ �� 

V���J �*, W&L )��� ��� ��8� P"� �% �� ��� 7�����% 

�,�� ;�� )���# 4.(  

��� T��� V���J ?�=�� �L�, D"� �� �
�:$� 
��5� 

����� �,�� I5J ����� ?�=�� S�+� "' ;"-&% �,�>� 

;��. 
� )��X 
' S�, �* �, ��� 7�����% �X �, ;!�� 
"$�� 

U/ �� V���J �*, W&L 31 �L�, �� �' �,�� I5J 

����� 
����� �� T��� ,�>�� ���. �,�$�= 
' 4
� 7�D"� 

)��� ��� ��8� �8	% 23 �L�, �,�� ;�� � ����� �,�� 

I5J ����� )?�=�� �L�, ()��� ��� 7��� �, �$� 

��8M ;!�� U/ �� V���J �*, W&L. )��� 7�����% �8	% 

5/3 �L�, � )��� ��� ��8� 10 �L�, �,�� ;�� .K* 4"	M 

����� �,�� I5J ����� )?�=�� �L�, ()��� ��� 

7��� ��8M �$� ;5* ;!�� U/ �� V���J �*, W&L. )��� 

7�����% 10 �L�, � )��� ��8� 14 �L�, �,�� ;�� .  

O
��� 4
� P*�k/ 
� z�n� 7�5� �� �*, 
'. ���� �� 

������ ���� 
�� ! ,�#�� �, .V���J )��� ��� ��8� 

)�*��+ �5
���c �� )�:$� T��� V���J J��	Y
; )�% 

�, ��X ��� ��J����, ��,��. �,�$�= 
' 4
� �:$� �, 

��� 7�����% 
� ��+
 )� ;�� 
' �*��+ 
� �"$, 2�% �� 

 ��X �, V���J T��� �� �(�� )�"$�% ����= P
�D��

P	% ���, �%���=. W"#�% �� �	*, 
' P_� ��>! �,�� 

I5J ����� �� �X ��!�� 
"$�� W&L )
� �"$, 

	JI 7,�� ��* (� ��!�� ��! 
� �-� 
' ,����� ��* 

I	J �� �(,. ������ �	*, .  

�, P*�k/ �n�= ���H% �	-� ��,) 4"� )�*��>"% 

)��= 
�� ! �*) �� ������ ���� i �_� );(�, �, ����� 

D
� (�� d�e$ ����� V���J T��� ��( ?�=�� S�+� "' 

� �
 ?�=�� �L�, �X ��!�� �$���� U/ �� V���J �*, 

W&L ,�#� ;(��� )���# 4 .(�, k/�5*� 
' �� T�* 

����� ��� ������ )�f� ��Jc � ������ ���� 
�� ! )���� 

,�Y >! � ��( T��� V���J �, 
$���+ �*) �,�� 

4
��5 * S�<�� ;��+ �	���
�, 
' �X �, ;!�� 
"$�� U/ �� 


n�! V���J 7�D"� V���J ����� )��� ��>"% D
� ;&�� 


� ��>"% ;(�, P"� �% �,�� ;�� ]23[ .  

��� ������ ��� � ������ ���� 
�� ! �� ����� �,�� 

I5J ����� )?�=�� �L�, (�, P*�k/ �n�=  ��*�5�

�( )���# 4( 
� )��X 
' �X ��� 7��� �HL �$� �, 

;!�� U/ �� V���J �*, W&L.   ����� I5J �,�� �����

)��� ��>"% )��= 
�� ! �� ������ ���� ;(�, �, ��� 

7�����% P"� �%4
 )33 �L�, (� )��� ��� ��8� K' �%4
 

)21 �L�, (����� �,�� ;�� � )��� )�*��>"% )��= 
�� ! 

�� ������ ���� D
� �X ��� )�* ��8� � 7�����% ;$�= 

�	"��	"� ;(�, .K* 4"	M ����� �,�� I5J ����� )?�=�� 

�L�, (�X ��� 7��� �, �$� ��8M ;!�� U/ �� 

V���J �*, W&L )��� ��>"% )��= 
�� ! �� ������ ���� 

;(�, �, ��� 7�����% K' �%4
 )�, �L�, (� )��� ��� 

��8� P"� �%4
 )12 �L�, (����� �,�� ;�� )���# 4( � 

)��� ��>"% )��= 
�� ! �� ������ ���� D
� �X ��� �*) 

��8� � 7�����% ;$�= �	"��	"� ;(�, .�, �'  
-$�q� O
���

,�, 7�5� �n�= 
' �
�*��+ 
' �� V���J )��= 
�� ! �� 

������ ���� D
� 

QR% �(� ��� �� )�:$� T��� V���J 
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;J��	Y
 )�% �,  ��X��� )�* 7�����% � ��8� ��,��J�� 

,��� ��� � 4
� 
�Y� �� ���%� �Y
 �� )�
�D� 

QR% 

���JV )�* )��= 
�� ! �� ������ ���� D
� �, ��X ��� 

�(����-$�q� O
��� Z@���, . �"� D"� 
�(Q+ 
' ;�� 4
� �:�

 w
�X �� 
' ����, �
�>% �%���= P	% ;e% )�*��+

��� ��'�!� ,��-% P
�D�� �	��>* �
�*� ���J )�*V  .7,��J

,��J V���J ����� P*�'�  ������ D"� � ��!� �* �X ��(

 �	����� ��� I	J ��!�� 
� ����� I5J �,�� ��>!

 �� ��� �% S�+ ��!�� �X �, ����� I5J �,�� P*�'

 �	
�>� 7��&#]1 .4 .7  �10[.   

  

���� ��� 	 �� ! 

 S� ! ���+ �5*�k/ � �(���c 
!�D� �	��/ ���>% ��

7��8% ��:5��, �-"&X Z��	� � )����5' 7�+�Y5��, ���,. 

 �Y5% ���,��@ ��� .,,�+  

  

��"!#$�%� &  

�"* ,���� ,�#� 7�+�	�
�� v��% Z��	� ���-% 
��+.  
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