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Introduction: Increased livestock production can be achieved through the cultivation of 

high-quality forages with high-yielding capacity. Napier grass has been introduced to all 
tropical and subtropical areas of the world and is used as a forage crop with high potential 

productivity in terms of annual dry matter yield. However, both dry matter yield and 

nutritional quality of this grass have been affected by different cutting interval. This grass 
has been neither grown nor studied as a source of forage for ruminant nutrition in Iran.This 

research was conducted to identify the appropriate cutting interval for Napier grass to 

produce the maximum nutritive value and yield.  
Material and methods: Napier grass was cultivated in a complete randomised block design with 

three replicates. During the growth season, the cutting intervals were 16-20, 24-28, 43 d or 136 d 

after planting to corresponding cutting heights of 50, 100, 150 and 300 cm. Hence, from each plot 
6, 4, 2, or 1 cuts were harvested, respectively. Cell wall fractions, organic matter, and crude protein 

of Napier grass from different cuts were determined. Dry matter and organic matter digestibility 

and in-vitro ruminal fermentation kinetics of the forages were also determined. Biomass production 
of Napier grass under different cutting interval programs was also assessed. 

Results and Discussion: The highest yield of dry matter of Napier grass (25.1 tons per hectare) 

was observed when only one cut was harvested at the end of vegetative stage (height of 300 cm). 
The digestibility of organic matter (OMD) ranged from 60 to 70 % in all treatments and the highest 

OMD was observed at the height of 50 cm. The maximum dry matter and digestible organic matter 

per hectare (15.9 and 14.2 tons, respectively) was produced when forage was harvested in one cut 
at the height of 300 cm. There was no difference in the yield of digestible dry matter and digestible 

organic matter of the forage harvested at the height of 50 and 100 cm. The concentration of crude 

protein in forages from different cuts ranged from 7.1 to 14.2 % and neutral detergent fiber ranged 
65.7 to 76.2 %. The highest concentration of crude protein and the lowest cell wall components 

were observed at the height of 50 cm. The lowest and the highest gas production potential and 

fractional rate of gas production were observed at the cutting height of 300 cm and 50 cm, 
respectively. 

Conclusion: The present study showed that it is possible to obtain higher quality of Napier 

grass by shortening the harvesting intervals. However, this resulted in a pronounce decrease 
in the yield of organic matter and digestible dry matter yield per hectare. The highest organic 

matter and digestible dry matter per hectare was produced when Napier grass was harvested 
only once (136 d after planting and height of 300 cm) at the end of vegetative stage. 

 

Cite this article: Taherabadi, L., & Kafilzadeh, F. (2023). Effect of harvesting interval in different stages of growth 

on yield and  nutritive value of Napier grass. Journal of Animal Production, 25 (2), 169-181.  

DOI: https://doi.org/10.22059/jap.2023.355929.623735 

 

 

© The Author(s).                                                                Publisher: University of Tehran Press. 

DOI: https://doi.org/  10.22059/jap.2023.355929.623735   

 



  

  

 
گاه ���ان  ا��شارات دا�ش

  �و��دات دا�ی
Homepage: https://jap.ut.ac.ir/ 

 X۹۹۴-۲۳۸۲شا! ال��رو�ی�ی: 

 

���� ��� 	
�� ���� � ������ �� ��� ����� ����� �� ������ ����  �!�  
  

��������	 
��1 | ���� ��� ����2 
  

1 :������	
 .�	�	 �������� ���	
 �����	� ���
���� �����	� ���	� ���� ��� ��� !� ��"!��� .taherabadi.le@razi.ac.ir  

2� ���� ��� .:������	
 .�	�	 �������� ���	
 �����	� ���
���� �����	� ���	 kafilzadeh@razi.ac.ir  

  

����� ���
	�  �����   

 :�����  !"��$�%& '(�)�  

  

  

#�$%& #�%'��: 06/12/1401 

#�$%& ��("��� :11/03/1402  

#�$%& )*%+� :13/03/1402  

#�$%& #�,-"� :15/04/1402  

  

  

  

��.��/�0 :��   

01	�2  �34	�5  

��5 6789 ��"9  

 ����6764 :6�9  

6;� <�� .  

 =�> �?(�@��5 
�A"�  B�
	 � �6(�9 ���7� 5 �4
 <�C8� 0>	� 
� 34	�5 01	�2 D	 �E
5

�5 6;� <�� ��	FG�2��� HI"� J� �	�"� �5 �2��K9 0��� L��5 MN :(�O 
� ��	�	 
� ���P �	13 

�4 ��Q�	 
	�9 �E � 
�769R6S . $ 01	�2 
� �$16  �920 �24  �928  �43 �� ��
 136  �	 U& ��


�5 �� ���4 34	�5 (����
 ��>� ����&) 34��X�Y9
	 
� :699 �I�)9 ��$50 �100 �150  �300 

�C��EC� �5 34	�5 01	�2 R�	 .����5 Z�I6�9 .�4 34	�5 R6S J� � �� �
�[S �\4 �5 Q"� :699

� ���6764 �I7�4 6789��5 �	�5 �"9��	��	 6;� <�� �6(�9 ���7� �	7$ .�4 �6�\65 9 R�

) J�] ���� ���7�1/25  X�Y9
	 
� 34	�5 J� �5 ^)2 (
�C�$ 
� R9300 �C��E .32� Z
�1 C�

R6S ��79 
� �(_ ���� � J�] ���� `a$ 36�5�O �$60  �970  � ��5 �1
�\65 9 
� �_ ���)� R� �2���

34	�5  X�Y9
	 
� ��450 �C��E34	�5 �2��� .�4 ��$��� C�  X�Y9
	 
� ��4300 �C��E C�\65 9 R�

�5) `a$ 05�O �(_ ���� � J�] ���� �6(�9 :6999/15  �2/14  .34	� 	
 (
�C�$ 
� R9\65 9 R�

 � ��] R6 9�& 3A�G`� 9
� R6"�6( � �d"] ��"��4 
� ���e��� f�6(	 R�  X�Y9
	50 �C��E ��$��� C�

 .�4`� 9 � ��6(�9 ��� 06!��C& R�\65 9�5 6789 g� R� X�Y9
	 
� :699300  �50 �C��E.��5 C� 

�� `a$ 05�O �(_ ���� ���7� d�	�> �5 �5�6CE� �	5 �01�> h��C� i�E	5 ���5 	
 6;� <�� 3!��5

R6S ��7�	��
 ��>� ����& 
� � �2�=	 ��$) ��136  X�Y9
	 � 34�� �	 U& ��
300 �C��E (C�

.��7� 34	�5  
  

:��1-2� ��5_$�N � j6( ��Y�60 ��	� g2 �)1402 .(D	 01	�2 34	�5 
� 0>	� <�C8� �4
 5 ���7� � B�
	 	FG�� <�� ;�6 . ������	� Z	�6(�9 �

25)2 �(169-181. DOI: https://doi.org/10.22059/jap.2023.355929.623735  

  

:�3�" �	[9 �����	� Z	
��C�	 �!El�          .             © .����"!���  
  

 

 

 

 

 
   



�4� �5�!� '3���� #� �6��� 7.-8� �3# �� ���.9� 0 +�#� �):;% 7.� <"��  /���� ��� 0 ��������	 
�� ����   171 

1 #��$� .  

��	�6> �"6 9�& H5�"� R6�m9 3[P �
�;�	� 3?"1 �?E�9 � �5 ���YCE	�	� ���
H9	� �	 �$ ��6� :IE ��"�	n2�	 �5 �6(�9 

 H5�"��2�����4 
��� 
� �	 3E	i	� .�$ � ���(�$ �	 ��7P H5�"� �2����	 �"C!$ �� �5
�N ��7� 
� ��Fo9 �	� 

���YCE	 �����4 .
� 
��� �� 3�� Z
p �2����	 � �Q��� \65 �	 ��E �2����$ h�	
 ���4�5. ��E 
� ���	 6]	 ��$

6"S 
� .3E	 ���7� �P	�� 0��� �5 	
 ��$�6� R�	 3�� 
��� �5_ H5�"� ��I7��5 ��@�	4 R�� A� � 3]�"4 �E


362q �	 ���YCE	 :IE 
��� �5_ H5�"� �	 �"6[5 ���YCE	 5 ��j� r�5 ��6(�9 ���7� �5 ���P H��"� �	 �2��� �6(�9 ��$

�2��� H5�"� 
� X�"9 � iCE�
� �	R6�m9 \65 9  .��� �	� ��Fo9 3[P �2���  

 �7�� ��� �5 6;� <��Pennisetum purpureum L. ��	���] �	 � �(�E�"S �$�6� Poaceae  ����	 ��6� R�	 .3E	

L�] 
� �4
 �5 � �
	� 	
 6)2 �C> � <�C8� ��$`� �5_ ��
�765 � Z�2_�$ ) 3E	 ���)�., 2010; et alIshrath 

., 2005et al Zewdu 6;� <�� �4
 ���� �"�	� .(10  �940 �C��E �P
��� �	�	� ��6� R�	 .�4�5 � �4
 3�E �	


�5 �3Er�5 ��6(�9 ���7��
�N R65 6;� <�� ��r�E ��6(�9 ���7� ���1/27  �92/90  
�C�$ $ 
� J�] ���� R9

 ��4 B
	n� <�C8� ��$
��� �	53E	 )., 2017et alNegawo ( �	�	 
� 6;� <�� �6(�9 ���7� .8/26  ���� R9

) 3E	 ��4 B
	n� 
�C�$ 
� J�]Kafilzadeh, 2023 &adi Taherab �	
	� C6;� <�� ����6764 Z�I6�9 A� �	 .(

 �9 ��) ��] R6 9�& :E�"� 3A�G1/13  �d"] ��"��4 
� ���e��� f�6(	 3A�G � (�1
�50  �96/69  .3E	 �1
�

r�5���� `a$ 36�5�O ���5) �(_65  �975 �5 6;� <�� (�1
��Ce� 06(�	) R6��& R6"�6( �9/3  \4 �9 �_ (�1
�

�5 :IE r�5 �6(�9 ���7� �	7$ �� ��4 ) ��4 ���YCE	 �	� ��Fo9 
� ��6� R�	et , 2017; Rambau .et alNegawo 

al., 2016; Zewdu et al., 2005.(   

�2��� ��$�6� ��E �5��� 3e9 6;� <�� �Y6� � �7� Z�61�K] �	6Dm9 �� 
	O �C���� � �@6e� 0�	��  .�6�

�� �	 ��� 0�	�� 34	�5 01	�2 3���� 6;� <�� ��	FG B�
	 � ���7� 5 Dl� �C�����4�5 ) Mutimura et 

al., 2012; Rusdy, 2016.( �4
 �
�5�� �5 6;� <�� 06(� 5	5 
� 3���)� ����	�9R6S���E��5 3�E � 
�� ��$ 

��%�� �	 ��� ��� �_�"6[5 :IE �� 3E	 ���$ 9 
� �_ fK� ���5 �	� ��Fo�� ��4 ), 2017.et alNegawo  .(

 R65 ��1�2R6S s�N �	 ��6� R�	 34	�5 ��$6Dm9 3I!� 
�  t5�5 �O�E  �_ ���6764 Z�I6�9 � ���7� 5Dl� 

3E	 )1997 .,et alSunusi (. �5 	
 34	�5 01	�2 D	 Z�?(�@� h��C��5 ���7� \�	n2	 Z
�136Y6� \$�� �	7$ 

)., 2011et alkul Rengsiri( �� �  ���5 r�5 ���7���	� ���� 6;� <�� ���6764 :6�9 
� 66o9 ��	)Wanghchuck 

et al., 2015.( R�	 �5��> �34	�5 01	�2 � ���� R66?9 ���5 6;� <�� �5���� �	�9 ��4 ��Q�	  36Y6� uY> 
�"� 
�

 �6(�9 �5 �2���\65 9 .32�� 3E� v@E �>	� 
�  

P� �5��  ��E 
� �_ w�K]
� �?(�@� J� �["9 �$
��� �	 �
�6!5 
� 6;� <�� �	 ���YCE	 ���C!�1398  �	�	 
�

 ^E�9\$�%& �	� ) 3E	 �C2� Z
�1 =�> �?(�@�Kafilzadeh, 2023 &Taherabadi  �E
5 �5 �_ 
� �� (

 ��4 �C]	�& 6;� <�� ��	FG B�
	 � ���7����Q�_ �	 �R�	5�"5 .3E	 �	 �$��_ ��6Dm9  
� 6;� <�� 34	�5 3����

�[5 �
�\65 9  �	� ��Fo9 3[P �_Dl� R6S 01	�2 D	 �E
5 f�$ �5 �?(�@� R�	 x3E	 0>	� 
� 34	�5 ��$

�5 6;� <�� ��	FG B�
	 � �6(�9 ���7� 5 �4
 <�C8��2��� HI"� J� �	�"�.�4 ��Q�	 
��� 
� ���P �	  

  

2'�(�) .* +),-�  

 �6(�9��	�6> �"6 9�& H5�"� �5 �	n6�
� iCE� �5 L	
�] ���5 �2��� H5�"� � 36Y6��	  �	� ��Fo9 3[P 6;� <�� .�
	� ��C!5



172                                        ���� ����	
�� ��� ���� � ���� ���� � ����1402 

 �3E	 f�?� n6� 062 <�� �5 ���5�2��� �	�"�
� y�Ie� �	 �76� � �6!�� sN�"� �	 �
�6!5  3�� ��[P �6!��

��.��4 5 �6(�9 ���7� 06!��C&��5 ���YCE	 5 ��j� �� 3E	 ��4 :IE �_ y��@� ��	FG B�
	 �	7$ �nIE Z
�1

J�]  ) ��4 ���YCE	 n6� 3?"1 
� ����65 � ����9	 �6(�9 3[P �	� ��Fo9 
� ��4��6E � ��4Negawo et al., 2017; 

Zewdu et al., 2005(.  

�� ��r�E J�] ���� �r�5 �6(�9 ���7� �	
	� 6;� <��.�4�5  ��6� R�	 ��r�E ���7�60  
� J�] ���� R9

B
	n� �]5 
� � 
�C�$ R65 n6� �$9/14  �978 ) �4 B
	n� 
�C�$ 
� J�] ���� R9 , 2017;.et alNegawo 

., 2011et alRengsirikul R�	 �5 .( h��C� 
� Z��Y9 ���>��7� ��4 B
	n� �DmC�  �	 ^�	4y_ 	�$��� � ��64 ��$

C����� 3E	.   

 R6"�6( � ��6E	 ��"��4 
� ���e��� f�6(	 ��d"] ��"��4 
� ���e��� f�6(	 �	n6� �6;� <�� ���6764 Z�I6�9 w�K]
�

�5 ��6� R�	 :69955  �970  ��1
�28  �944  �9 h"& � �1
�10  �_ ��] R6 9�& �	n6� � �1
�5/7  �97/15 ���� 
� �1
� 

��4 B
	n� J�] � `a$ 36�5�O .3E	 R65 �4
 <�C8� 0>	� 
� 6;� <�� �(_ ���� � J�] ���60  �980  ��$��� �1
�

) 3E	 ��4., 2005et al2005; Cook ., et al ., 2017; Zewduet alNegawo .( R�	 �5 ���> 6Dm9 3e9 �2��� 36Y6�

y_ ��7P �	 �
�6!5 0�	��  �0K2 �L�] �	�$� ^�	4C���� ���� ��$�  .�
	� 
	O�	 ���  �@5	
 
� �P�9�
�� �C���� ^�	4

`C!6E 
� 6;� <�� �	 ���YCE	 �5�� �4
 �
�� J� 
� �_ �	 R6S �"S 34	�5 ����	 ��Fo9 3[P �	� B
�& <�C8� ��$ �4�5

)Cook et al., 2005(.  

R6S ���� � 01	�234	�5 ��$ �_ ���6764 :6�9 � 	nP	 
� 6Dm9 s�N �	 6;� <��6o9 :IE �$
� 6  �6(�9 ���7�

�_ ��	FG B�
	 � �2��� ��.��4  �	�Ce���] R6 9�& �505�O 
�N  �	 �[P�92/28 34	�5 
� �1
���1�2 �5 ���$ 40 ��
 �5 

8/8 
� �1
� 34	�5 01	�2 80 ��
 \$�� ) 32��., 2015et alWanghchuck ., 1998;et alMacandog -Magcale .(

 ���7� �� 3E	 ��4 B
	n�R6S J�] ���� �6(�934	�5 ��$   ��1�2 �5 6;� <�� ��460   ��180  (�4
 0K2 ����&) ��


 34	�5 01	�2 �5 3I!�30 `$ .��5 9r�5 ��
 `� �?(�@� R�	 
� �R6"S  
� 
�C�$ 
� `a$ 05�O J�] ���� �6(�9 ���7� R�9

34	�5 ��1�2 �5 ���$30  �4 ��$��� ��
)1997 Sunusi et al.,( 34	�5 01	�2 ���� �?(�@� 
� .60 ��
  �4
 0K2 
�

3[P  ���5 r�5 ���7� uY>\$�� 
� �Y"� 6Dm9  �Fo� �	��6;� <��  �61�9 �4)Wanghchuck et al., 2015.(   

�2��� ��$�6� 
� �HO	� 
��
	� ��P� R6S�"S 34	�5 ����	 �� �	�  34	�5 01	�2 �S�	`� 9  �5 �5�6CE� �	5

Y6�R6S �	�?9 � 9r�5 36 ��$\65 9  �2����P�9�
�� 3E	�  �2��� �6(�9 ���7� �	n6� ��	���5 �P�9�
��  .�6� 
	O

R6S 34	�5 01	�2 � ���� �R�	5�"5��64 �5 ���5 �@6e� 0�	�� RC2�A�
� �5 �P�9 �5 6;� <�� ��$ ��4 R66?9 �	

5 �2��� ��	FG B�
	 `$ � �6(�9 ���7� `$ �� .�E5 ��] d�	�> �  

  

3�� .�,-�+) 	/0'�    

 ��E 
� �2��K9 0��� L��5 MN :(�O 
� �?(�@� R�	1401  �	 U& �
�A"� R��5 .�4 ��Q�	9 Z�6�7�� v6@! _���� ���E

R6��� ) 6;� <�� 
F525  0��4 R6�� �?@O J� 
� (
�C�$ 
� ����6�12 h"& 
� (L��5 $ 
� Z� 
�[S) L��5 �E 
� Z� 

Z� ��?5	 .�4 3�� ����	�] �$10 C� ×�5 3�� � ��5 C� \43E� Z
�1 R6S 34	�5 .�4 ��Q�	 B�& �	 6;� <�� ��$

X�Y9
	 
� L��5 $ 
� Z� $ �I�)9 ��$50 �100 �150  �300 �C��E�5 � C� $ 01	�2 
� :69916  �920 �24  �928 �43 

 �� ��
136  ����&) 34�� �	 U& ��
�5 .�4 ��Q�	 (����
 ��>��
�NR6S �	 R6S R6(�	 34	�5 ���34	�5 ��$  
� ��4

 X�Y9
	50 �C��E C�54 R6S �U;E � 32� Z
�1 (����
 ��>�) 34�� �	 U& ��
�5 �_ `�4 �9 ��� ��$ 
� :69970 



�4� �5�!� '3���� #� �6��� 7.-8� �3# �� ���.9� 0 +�#� �):;% 7.� <"��  /���� ��� 0 ��������	 
�� ����   173 

 �(����
 ��>�)86  �(����
 ��>�)102  �(����
 ��>�)118 ����
 ��>�)16� ( 138  �	 U& ��
 (����
 ��>� ����&)

R6S �	 R6S R6(�	 34	�5 .32� Z
�1 34��34	�5 ��$  X�Y9
	 
� ��4100 �C��E C�70  ��>�) 34�� �	 U& ��


�5 �_ �
�[S �9 ��� R6S 34	�5 �U;E .32� Z
�1 (����
 
� :69994  �(����
 ��>�)116  � (����
 ��>�)144 

 ��>� ����&) X�Y9
	 
� ��	 R6S 34	�5 .�4 ��Q�	 34�� �	 U& ��
 (����
150 �C��E �C�95  ��>�) 34�� �	 U& ��


 
� �_ ��� R6S 34	�5 � (����
137  R6S ���5 6;� <�� 34	�5 .�4 ��Q�	 (����
 ��>� ����&) 34�� �	 U& ��


 
� �2�=	136 �Y9
	 � (����
 ��>� ����&) 34�� �	 U& ��
 X300 �C��ER��5 .�4 ��Q�	 C�R6S ��79 �Z
�1 34	�5 ��$

�5 Z
�113  ��6� ��4 nIE �	 U& �
�65_ .�4 �C2� A�
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�[S +\4) ������_ 
�769J� �CY$ $�5 
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 ��	
�5<�� �5 ��
�I� � 32� Z
�1�5 �$ ��$.�4 ��Q�	 �CE� R6P� Z
�1  

�	 U& �9 ���7� R66?9  X�Y9
	 �	 Z� $ 0��� 34	�515 �C��E .32� Z
�1 3E� �5 R6�� v@E �C�

���7� �	 U& J�] ���� ���7� ��	��	 � Z� $ �	 ��4 34	�5 �2��� �	 �
	�5 �	
	� ��_ 
� �_ J�] ���� �6�

 ���� 
� 	�$ ���P60 �C��E �P
��5 �	� Z��72  .�4 ��Q�	 3��E  

��	��	�I6�9 �6� ���6764 Z���7��$ �E_6y� �5 ��4  J(	�J �6��C� ��d"] ��"��4 
� ���e��� f�6(	 0��4 �

 f�6(	 R6"�6( � ��6E	 ��"��4 
� ���e���)Van Soest et al., 1991(�  �9	 �
�K� � �(_ ���� ���] R6 9�&

)AOAC, 2000( ��Q�	 �4\����_ ��Q�	 3[P .	 6789 J6C"6� � `a$ 36�5�O ��$J� 2�5 � �����)McDougall, 

1948 (�6[9 �I7�4 �5	64 � �(�C!62 � �"YE�� �	 ��4 �
	F� L
	�] �	 0IO �5�Q"E �	%� ��4 ���YCE	 vI1 ���� �$�

�5 `a$ 36�5�O R66?9 .�4��5 B�
�5 `a$ ��>� 0��4 �"9 32� Z
�1 ��6E	 R6!;& `a$ ��>� � ��	�$

)Tilley & Terry, 1963(�	 .05�O �| ) �@5	
 �	 ���YCE	 �5 `!6(�5�C�1(  �4 �
�_5)Minson, 1984(.  

 �@5	
1 (  ME (MJ/kg DM) = 157/0  DOMD + 059/0  CP – 073/1  

��@5	
 R�	 
�ME 05�O �|�	 �  x`!6(�5�C�DOMD�  � J�] ���� 
� `a$ 05�O �(_ ���� �1
�CP �1
� �

.�"C!$ ��] R6 9�&  

9 J6C"6� R66?9 �	5678 )Theodorou et al., 1994( ��6(�9 ��� �200 ��6����7� �	 J�] ���� �� 
� �� �$

����  ��$100 �E ���> �E30 �E ���� �5 
	��64 
�9�5���	 
� � ��4 �2�5 �I7�4 H��� ���e� �E39 �P
� �C��E �	�


� ���4 ��	� 
	O ������$ �Y1  �3�$ �
�[S ���12� 18� 24� 36� 48� 72� 96 � 120  ���YCE	 �5 ��6E�5���	 �	 U& 3��E

��	��	 h"E
��2 ���CE� �	 �6� �4��	� .�6(�9 ��$ ��� �?7Q9 �5 (�E �E � 
	�9 �E) ���YCE	 �	 �@5	
 ) �@]6G2 (B�	�& 

 �4)McDonald, 1981.(  

 �@5	
2                                                            (                                                  P=b (1-e 
–c (t -L)

)  

�@5	
 R�	 
�� P��6�) ��6(�9 �?7Q9 ��� �x(C6(b 06!��C& � ��� ��6(�9 )��6�C6((x c� 35�D g� �6(�9  ���)1-
h(x t �

 x(3��E) ����L� ��2 6]m9 3��E)( .�"C!$  

��	� 06�e9 � ��nQ9��$ ) ��� s5�@� �2��K9 0��� L��5 MN :(�O 
� ���6764 :6�9 � ���7�3 J6C"6� � (

) ��� s5�@� 67894 .32� Z
�1 (  

 �@5	
3       (                                                    Yij= µ+ Ti + Bj+ eij  

�@5	
 4    (                                                     Yij= µ+ Ti + Bj+ eij + seijk  

�� ��_ 
� Yij� x(�C!5	� 6oC�) 3Y1 �5 }�5� ��$��� µx0� R6���6� D	 � Ti �D	 i x
�769 R6�	Bj�  D	j  R6�	

�L��5eij  � � ������_ ��@] D	seijkD	 � ���7� ��@]�
	�5   .�"C!$  
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 4#� 0
 .23� � ,-�+) 40-  

�6(�9 ���7�  �� �2��� RE \�	n2	 �5 6;� <��6]m9 32�� \�	n2	 34	�5 R6(�	 ���� 
� )05/0<P ���P x1 .(

\65 9 X�Y9
	) ����
 �4
 �����& ��>� 
� R6S J� ^)2 34	�5 
� 6;� <�� J�] ���� � 9 ���� ���7� R�300 

�C��E�5 �� �4 ��$��� (C� :6992/123 �1/25 C� .��5 
�C�$ 
� R9 � 9 �2��� ���7� \$�� �$�� Z�!��)� h��

 X�Y9
	 
� ��4 34	�5 6;� <�� J�] ����50 �C��EX�Y9
	 ��E 
� 34	�5 �5 3I!� 	
 C�) �	� ���� �$05/0<P .(

�5�
�NX�Y9
	 
� J�] ���� ���7� R6���6� ��� 50 �C��E34	�5 
� �2��� ���7� �5 3I!� C�Z
�1 ��$  �C2�


�  X�Y9
	150  �300 �C��E�5 C� :6996/37  �8/69  �1
�`� 9 .��5  

 �	 6;� <�� J�] ���� ���7�3/25  �99/65 �4 B
	n� 
�C�$ 
� R9 )., 2017et alNegawo ( ��4 ��	� ���� .

R6S 
� J�] ���� ���7� �� 3E	34	�5 ��$  $ 
� ��4100  ��
39 !� �� ��5 
�C�$ 
� J�] ���� R9 �5 3I

34	�5Z
�1 ��$  $ 
� �C2�40 �60  �80  ��
\65 9��5 
	�)� R� )., 2000et alQueiroz ( .`$ R6"S ���7� �

 6;� <��34	�5  $ 
� ��445 �65  �85 �5 ��
 :6995/37 �8/48  �8/52  �4 B
	n� ��E 
� 
�C�$ 
� R9

)Sotomayor-Rı et al., 1997(. �?(�@� 
�J� �N �� �	 
� J�] ���� ���7� �E
5 32� Z
�1 ��E

34	�5 Z
�1 ��$ �J� $ 
� �C2�  � \4 ��E ���12  �� �	� ���� ���`� 9) 6;� <�� J�] ���� ���7� R�29 

34	�5 �5 (��E 
� J�] ���� R9Z
�1 ��$ ) ��5 s�?C� �$�� J� 01	�2 
� �C2�., 2011et alRengsirikul ( .  

 ��IO h��C��%&\$ �	� ) =�> �?(�@�Kafilzadeh, 2023 &Taherabadi �5 �� �	� ���� (  X�Y9
	 � RE \�	n2	

�O�E J�] ���� 3I!� ��6�  .32�� \�	n2	`$ R6"S�?(�@� 
� �R6S �_ 
� �� �	 ��� �� �� J� 01	�2 
� 6;� <�� ��$

 ��\65 ��4 ��Q�	 �4
 �
�� ����& 
� 34	�5 ^)2 �5 �O�E 3I!� R�9 R6S34	�5 ��$  s�?9 �4
 �
�� ����& 
� ��4

) 34	�Sunusi et al., 1997���7� \�	n2	 .(  X�Y9
	 
�300 �C��E�� C��5 ��	�9�	7$ \�	n2	  H���9 � ��6� X�Y9
	

�	�� ��4nC"E�C2 \65 �9 �5 �� �4�5 �O�E ��6� \�	n2	 �5 ���eCE	 \85 ��	�$ �� `$	2 	
.�
�_ �5�
�N��� 
� 

0>	� �6(�	 �4
 `[E `� �O�E �5 J�] ���� �	 �9 w�KC]	 ��R6S \�	n2	 �2N �	 .�5��34	�5 ��$ �� ��4 ��	�9

�5R65 �	 06(� \85 ��5�	��	 R�	 06��9 �	5 ���� \�	n2	 � 6;� <�� nC"E�C2 �� !� ��$ ���7� \$�� :IE �$

) ���Queiroz et al., 2000.(  

R6S D	 ��$�Ce� 5 34	�5	 ���P 
� 6;� <�� ���6764 :6�9 � J�] ���� �)2(  h��C� .3E	 ��4 B
	n�

34	�5 �2��� J�] ���� �1
� �� �	� ���� �$�� Z�!��)�  X�Y9
	 
� ��450 �C��E34	�5 �2��� �5 3I!� C�  ��4

 X�Y9
	 
�300 �C��E C�`� 9 ) ��505/0<P�2��� �5 3I!� ���	 .( ��$34	�5 X�Y9
	 ��E 
� ��4�"?� Z��Y9 �$ �
	�

R6S �	�?9 \�	n2	 �5 J�] ���� �1
� .34	�� X�Y9
	 
� �$50  �100 �C��E) 32�� \$�� C�05/0<P .(  

�5 6;� <�� 36Y6��5 6;� <�� J�] ���� �1
� .�
	� 
	O 34	�5 �@6e� ^�	4 � 01	�2 �RE 6Dm9 3e9 Z�4  
�N

E	 R6��& ��7� R65 �4
 <�C8� 0>	� 
� � 320  �930 \65 � 3E	 ��4 B
	n� �1
�  �5 �4
 �
�� ��N 
� �_ 
	�)� R�9

 ^I9� ��6� ���	� ��>�) 3E	Negawo et al., 2017; Rambau et al., 2016�	�Ce� \$�� .(  �5 ��6� J�] ����

R6S �	�?9 \�	n2	 X�Y9
	 
� 34	�5 ��$50  �100 �C��E�� C��9�5 ��	 �1
� \$�� � t5 �5 �O�E 3I!� \�	n2	 06(�

) �4�5 ��6� 0� J�] ���� �	�Ce� \$�� �Q6C� 
� � �O�E J�] ����., 2011et alRengsirikul .(  

 � ��6E	 ��"��4 
� ���e��� f�6(	 ��d"] ��"��4 
� ���e��� f�6(	 0��4 �(��E �
	��� �	nP	 \�	n2	 �?(�@� R�	 h��C�

� 
� R6"�6(�2��34	�5 ��$ ��9�� �5 ��4 (����
 ��>� ����&) 34	�5 R6S J� �5 �2��� �5 3I!� 	
 34	�5 01	�2 R�9

) �	� ����05/0<PR65 
� R6"�6( � ��6E	 ��"��4 
� ���e��� f�6(	 ��d"] ��"��4 
� ���e��� f�6(	 ���)� .( R6S ��$



�4� �5�!� '3���� #� �6��� 7.-8� �3# �� ���.9� 0 +�#� �):;% 7.� <"��  /���� ��� 0 ��������	 
�� ����   175 

34	�5 X�Y9
	 
� ��4  �1�] ���
 �	 �5��� ��$�"?� Z��Y9 �$�� Z�!��)� h��C� .��� 36?I9 ���)� R6���6� 
� 	
 �
	�

R6S 
� R6"�6( � �d"] ��"��4 
� ���e��� f�6(	34	�5 ��$  X�Y9
	 
� ��450 �C��E �5 C�100 �C��E 
� .�	�� ���� C�

�(�>�2��� R65 A� R�	 �	 ���34	�5 ��$  X�Y9
	 
� ��450 �C��E�� �5 C��2�34	�5 ��$ R6S 
� ��4 X�Y9
	 �5 ���$150  �

300 ) 34	� ��P� Z��Y905/0<P  .(  

  
 B0�C1 .R6S 
� 6;� <�� �6(�9 ���7�<�C8� 34	�5 01	�2 �5 ���$  

#�9�$1  
  

�$ ���.9�  

(#�-�� /F$)  

H,I ���� ���.9�  

(#�-�� /F$)  ;-"�2) '3����  ��$#�(�-�  F��  

50  

��	    e06/6 e12/1 

���    cde53/8  cde44/1 

��E    de24/8  cde 59/1  

�
�[S    cde09/9  de 34/1  

`Q"&    cde44/8  e07/1 

`�4    de50/7  e02/1  

100  

��	    cde39/12  cd45/2 

���    cde16/15  c61/2  

��E    cd30/14 cde91/1  

�
�[S    cde15/12  de37/1 

150  
��	    b21/34 b89/5 

���    b07/36  b24/6 

300  ��	    a26/123  a13/25 

SEM    10/2  38/0  

P-value    001/0<  001/0<  

�$
�769 �$�� Z�!��)�      
P-value 

50  05�)� 
�100 �C��EC�   001/0<  002/0  

50  05�)� 
�150 �C��EC�   001/0<  001/0<  

50  05�)� 
�300 �C��EC�   001/0<  001/0<  

a-d :R6���6� Z��Y9��CE $ 
� �$ �5  f�> �5�����"?��
	� ) 3E	05/0P<(.  

1.  X�Y9
	50 �C��EC� :R6S x��	 54 ��
 U& �	 ��>�) 34�� �(����
 R6S  x���70 ��
 U& �	 34�� ��>�) �(����
 R6S  x��E86 
 34�� �	 U& ����>�) (����
x�
�[S R6S � 102  ��


 34�� �	 U&��>�) �(����
 x`Q"& R6S 118� �	 U& ��
 34���>�) �(����
 x`�4 R6S � 138  34�� �	 U& ��
��>� ����&) (����
 X�Y9
	 .100 �C��EC� :R6S  x��	70 ��
 U& �	 

34�� ��>�) �(����
 R6S  x���94 ��
 U& �	 34�� ��>�) �(����
 ��E R6S x116  34�� �	 U& ��
��>�) (����
 x�
�[S R6S � 144  34�� �	 U& ��
����&) ��>� .(����
  X�Y9
	

150 �C��EC� :R6S x��	 95 ��
 U& �	 34�� ��>�) (����
 � R6S x��� 137 ��
 U& �	 34�� ��>� ����&) (����
 .X�Y9
	 300 �C��EC�: 136 ��
 U& �	 34�� ��>� ����&) .(����
  

  

) 32�� \$�� ��6� RE \�	n2	 �5 6;� <�� ��] R6 9�& �	n6�05/0<P.(  �� �	� ���� �$�� Z�!��)� h��C�

R6S 
� ��] R6 9�&34	�5 ��$  X�Y9
	 
� ��450 �C��E C�\65 9X�Y9
	 ��E �5 � ��5 
	�)� R� 34	�5 ��$

) 34	� Z��Y905/0<P) �4 ��$��� ����
 �
�� ����& �9 �4
 �6(�	 0>	� �	 �(_ ���� 
	�)� \�	n2	 .(05/0<P (

� Z�!��)� h��C� �34	�5 6;� <�� �(_ ���� \$�� �$�  X�Y9
	 
� ��450 �C��E �5 3I!� 	
 C�150  �300 

�C��E) �	� ���� C�05/0<P�Ce� 5 RE \�	n2	 .(	 6;� <�� �9	 �
�K� �6Dm9 �"?� \�	n2	 .34	�� �
	�

Z	
�6$�5� ������ Z�!��)� h��C� .�4 ��$��� ��6� RE \�	n2	 �5 �I626G ��$ \�	n2	 �$

Z	
�6$�5� 34	�5 
� �I626G ��$��Q�	 ��$  X�Y9
	 
� ��4100 �C��E�2��� �5 3I!� 	
 C�34	�5 ��$  ��4

 X�Y9
	 
�50 �C��E) �	� ���� C�05/0<P  .(  
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F
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��
  

  
50  

��	    ab185    bcde697  cde299  cde36    abc123  bcd894 9/30  cd6/42  

���    abc165    bcd712  e  274 de35   ab135  bcd898  0/28  d8/22  

��E    a194    ed664  e277  e34    a142  bc906  8/29  cd4/45  

�
�[S    bcd 148    e657  e286  bcd44    abc128  cd884  1/31  abc2/67  

`Q"&    d126    cde684  e273  bcde42    abc118  bcd892  2/27  abc1/63  

`�4    cd135    cde682  bcd312  bcd44    ed91  d880  3/30  abc2/76  

100  

��	    a198    bcde693  bc322  cde36    bcd106  bc907  5/31  abc4/76  

���    abc171    bcde708  bcd311  cde38   cde100  bcd898  3/27 abc5/62 

��E    cd134    de678  bc323  bc46   de85  bcd891 6/26 a6/99 

�
�[S    d113    bcde705  de296  bc45    e71  bcd889  0/26  ab7/86  

150  
��	    abc172    ab741  ab329  b47    de88  ab909  2/28  bcd1/52  

���    abc172    abc728  b325  b49    de85  ab912  9/28  abc5/69  

300  ��	    a203    a762  a350  a61    e75  a930  1/26  abc1/67  

SEM    05/12    48/14  39/7  83/2    03/9  03/7  46/2  25/11  

P-value    001/0<    001/0<  001/0<  001/0<    001/0<  002/0  747/0  008/0  

�$
�769 �$�� Z�!��)�        P-value 

50  05�)� 
�100 �C��EC�   549/0    634/0  001/0<  176/0    001/0<  411/0  238/0  001/0<  

50  05�)� 
�150 �C��EC�   195/0    001/0<  001/0<  002/0    001/0<  002/0  579/0  397/0  

50  05�)� 
�300 �C��EC�   002/0    001/0<  001/0<  001/0<    001/0<  001/0<  187/0  254/0  

a-d: R6���6� Z��Y9��CE $ 
� �$ �5  f�> �5�����"?��
	� ) 3E	05/0P<(.  

1.  X�Y9
	50 �C��EC� :R6S x��	 54 ��
 U& �	 ��>�) 34�� �(����
 R6S  x���70 ��
 U& �	 34�� ��>�) �(����
 R6S  x��E86 
 34�� �	 U& ����>�) (����
x�
�[S R6S � 102  ��


 34�� �	 U&��>�) �(����
 x`Q"& R6S 118 34�� �	 U& ��
��>�) �(����
 x`�4 R6S � 138  34�� �	 U& ��
��>� ����&) (����
 X�Y9
	 .100 �C��EC� :R6S  x��	70 ��
 U& �	 

34�� ��>�) �(����
 R6S  x���94 ��
 U& �	 34�� ��>�) �(����
 ��E R6S x116  34�� �	 U& ��
��>�) (����
 x�
�[S R6S � 144  34�� �	 U& ��
��>� ����&) .(����
  X�Y9
	

150 �C��EC� :R6S x��	 95 ��
 U& �	 34�� ��>�) (����
 � R6S x��� 137 ��
 U& �	 34�� ���&)��>� � (����
. X�Y9
	 300 �C��EC�: 136 ��
 U& �	 34�� ��>� ����&) .(����
  

2Z	
�6$�5� . x�I626G ��$NFC x��] R6 9�& �CP x�9	 �
�K� �EE x�d"] ��"��4 
� ���e��� f�6(	 �NDFxC!��] �ASH .  
NFC=100–(%CP+%EE+%NDF+%ASH) 

  

��e��� f�6(	 3A�G �� 3E	 ��4 B
	n���] R6 9�& � ��6E	 ��"��4 
� ���e��� f�6(	 ��d"] ��"��4 
� � 6;� <�� 

\65 9 3e9 6Dm9 ��1�2 34	�5 
	O ���6� �9 36?O�� ���62	oP �� ) 0K2., 2003et alWang �?(�@� h��C� .(  ���� �	

 
� ���e��� f�6(	 �	n6� \�	n2	 U;E � \$�� :P�� ��� J� 34	�5 01	�2 �� �	� �4 t5 � �O�E �d"] ��"��4

)., 1997et alSunusi  34	�5 ��1�2 �=�> �?(�@� h��C� �5��� .(12  J� �� �� ��E �\4 $ 34	�5 01	�2 �5 3I!� ���

) �4 ��6E	 ��"��4 
� ���e��� f�6(	 \�	n2	 �5 Q"� ���., 2011et alRengsirikul  f�6(	 3A�G R65 �!�� �@5	
 .(

"��4 
� ���e���) 3E	 ��4 B
	n� 6;� <�� �(��E ��
� Z���Ce� � �d"] ��., 1997et alSunusi  0K2 ������ ^�	4 .(

�� ��
 ��N 
� ��6� 34	�5 ���� �C> � 
� ���e��� f�6(	 3A�G �Q6C�
� � �(��E Z���Ce� ���6764 :6�9 � 
	�)� 5 ��	�9

��7$ =�> �?(�@� 
� .�4�5 
	F�D	 �d"] ��"��4���� �� 
�AC�	 ��Z	
�6$�5� Z	66o9 32
 <(�8� 6;� <�� �I626G ��$

Z	
�6$�5� ��7� \85 .��5 �d"] ��"��4 
� ���e��� f�6(	Z	
�6$�5� �	 0��C� 6;� <�� �I626G ��$ 
� ���e� ��$

�� ��P�� ��6� �O�E 
� �� 3E	 y_Z	
�6$�5� �	n6� �� �4 ��	� ���� .�4�5� ���e� ��$ 01	�2 
� 6;� <�� y_ 


 � 3�$ �\4 �
�[S ��� $ 34	�5 <�C8�10  \$�� �5 0��79 �_ �	 U& � \�	n2	 �5 0��79 �CY$ \4 �9 �� �	 �CY$
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) 34	�Manyawu et al., 2003Z	
�6$�5� \�	n2	 =�> �?(�@� 
� �R�	5�"5 .(�2��� 
� �I626G ��$34	�5 ��$  ��4

 X�Y9
	 
�100 �C��EC���  Z	
�6$�5� 3A�G \�	n2	 �	 �4�� ��	�9.�4�5 ���e� ��$  

\65 =�> �?(�@� h��C� �5 �!7$ .�4 ��$��� �(_ ���� 3A�G \�	n2	 �?(�@� R�	 
� 34	�5 ���� \�	n2	 �5  R�9

`� � 34	�5 
� �(_ ���� �1
� R�9 ��$12 ) �4 ��$��� ��� J� $ � ���., 2011et alRengsirikul  .( ��$�%& 
�

 $ 34	�5 01	�245 �"?� \�	n2	 �5 6;� �2��� 36Y6� ��I[5 �5 Q"� ��
) ��] R6 9�& 
	�5/10  \$�� � (�1
�

) ��] I628/26 �(�> 
� ��4 (�1
� 34	�5 01	�2 ��75  ��6(�9 J�] ���� �6(�9 
� �P�9 05�O \�	n2	 �5 Q"� ��


) �4., 2018et alIshrath �C� R�	 �� (Z�?(�@� .��5 �!7$ =�> �?(�@� h��C� �5 h�  <�� ��] R6 9�& 3A�G <�C8�

 	
 6;�4/4  �920 �1
� 
� ���� �5 � J�]J�] ���� � RE \�	n2	 �5 �_ 
	�)� ��$�� ���
 �	7$ B
	n� ��� ��	

)., 2016et al., 2015; Rambau et alMutimura  .(G!� �O�E 
� 6;� <�� ��] R6 9�& 3A�`� t5 �5 3I  9

��] R6 9�& \$�� .3E	 R6S 
� 34	�5 ��1�2 \�	n2	 �� � ��6� RE \�	n2	 �5	
 <�C8� ��$ ���	�9 �5 ��7� 
�N �5 

�1
� \�	n2	 X�Y9
	 \�	n2	 �5 �	7$ �O�E `$ \$�� �5 Q"� �	 R�	 �� �	� 3I!����� �	n6� ��] R6 9�& H7Q9 � 

H�E �	nP	 �
	��� �(��E 6��� ��) ���., 2015et alMutimura .(  

) 32�� \$�� 6;� <�� J�] ���� � �(_ ���� `a$ 36�5�O 6;� <�� RE \�	n2	 �505/0<P ���P x3 
� .(

R6S �2��� �(_ ���� `a$ 36�5�O \�	n2	 ��$�� Z�!��)�34	�5 ��$  X�Y9
	 
� ��450 �C��E �5 3I!� C�

X�Y9
	 ) �4 ��$��� ��� ��$05/0<P05�O �(_ ���� .( �"?� Z��Y9 ��6� �4
 ��	�	 �5 J�] ���� 
� `a$ ���� 	
 �
	�

) �4 ��$��� ��6� RE \�	n2	 �5 `!6(�5�C� 05�O �|�	 \$�� ���	 .�	��05/0<P ��$�� Z�!��)� .(\65 9 �|�	 R�

�2��� 
� 	
 `!6(�5�C� 05�O34	�5 ��$ R65 34	�5 ���� ��1�2 0O	�> �5 ��4 R6S X�Y9
	) �$50 �C��E �	� ���� (C�

�2��� �5 �!��)� 
� ��X�Y9
	 ��E �	 01�> ��$) 34	� Z��Y9 34	�5 ��$05/0<P .(  

36�5�O `a$ ��� �	 �Y(l���$ `[� 36Y6� �2��� �� �� 3E	��	�9 3e9 6Dm9 ���	�� �"��� �^6e� ~��5 ��|�(�2
��  ��6�

R6S ��1�2 � 
	O 34	�5 ��$J� ��N 
� 6;� <�� J�] ���� `a$ 36�5�O \$�� =�> �?(�@� h��C� �5 �!7$ .�6� ��E

R6S 
�34	�5 ��$  $ 
� ��435  �940 �50  �955 �65  �970  �80  �985 �5 ��
 :6994/81 �0/75 �4/67  �0/62  �1
�

) �4 B
	n�Cook et al., 2005.( �� ��7C>	34	�5 ��1�2 \�	n2	 �5 ��
 \$�� `a$ 36�5�O �$��5��  	���2�������� �$ ��

�� 34	�5 ��] �4
 �6(�	 0>	� 
��"C!$ �9r�5 ��CI!� ��] R6 9�& �	�Ce� �	
	� ���4.  ���� ��E �	 ��6� RE \�	n2	 �5

	 �	nP�(��E �
	��� )�d"] ��"��4 
� ���e��� f�6(	� ��6E	 ��"��4 
� ���e��� f�6(	  (R6"�6( ��� \�	n2	  �5 Q"� �� �5��

J�] ���� `a$ 36�5�O \$�� �(_ ���� � �� ��4 )., 1997et alSunusi ., 2016; et al Zailan .( �nP �R6"�6(

��	�P ��6� �����D �(��E �
	��� �F&��  � `a$ 36�5�O ��""����e� �6(�	 0����7$ � n(��E ��K9	 s�N �	 R6"�6( .3E	  n(��E

CE	 � `a$ H����_ Dl� ���Yy��6� ^E�9 �$�� �I7�4 ��$ ��4 ), 2017.et alNegawo .( �� ��7C>	 �R�	5�"5 ��P� ��


�"?� �Y"� ��C!I7$) `a$ 36�5�O �5 R6"�6( � ��6E	 ��"��4 � �d"] ��"��4 
� ���e��� f�6(	 R65 
	�Rusdy, 2016; 

., 2016et alRambau 5 6;� <�� `a$ 36�5�O \$�� :IE (`$ .3E	 ��4 RE \�	n2	 � �"?� \$�� ��� �R6"S 
	�

R6S 
� J�] ���� � �(_ ���� `a$ 36�5�O�5 
�� ��$�"?� \�	n2	 ��� 06(�.�4�5 �C2� Z
�1 �(��E �
	��� �	nP	 
	�  

34	�5 ��6� �	Z
�1 ��$ X�Y9
	 
� �C2� �Z��YC� ��$`� 9� `a$ 05�O J�] ���� � �(_ ���� ���7� R� <�

34	�5 
� 6;�  X�Y9
	 ��$50  �100 �C��E � C�\65 9��Q�	 34	�5 J� 
� �_ R�  X�Y9
	) ����
 ��>� ����& 
� ��4

300 �C��E 34	�5 �2��� `a$ 05�O �(_ ���� ���7� .�4 ��$��� (C�  X�Y9
	 
� ��450 �C��E C�61/4  
�C�$ 
� R9

 X�Y9
	 �5 3I!� �� ��5150  �300 �E�C� C��5 :699 7/34  �5/67  �1
�`� 9 ) ��505/0<P ���P x4.(  
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 B0�C3 .�|�	 � `a$ 36�5�O 05�O R6S 
� 6;� <�� `!6(�5�C�<�C8� 34	�5 01	�2 �5 ���$  

#�9�$1  

  

 ST� '�.��U ����

H,I  

(K�V!.�� #� K�V)  

 ST� '�.��U ����

;��  

(K�V!.�� #� K�V)  

 ���� #� ST� ���U ;�� ����

IH,  

(H,I ���� K�V!.�� #� K�V)  

 SW��!��-� ���U �/�"�  

 ���� K�V!.�� #� B0/�(�)

(H,I  

;-"�2) '3����  ��$#� -

(�-�  
F��  

50  

��	    abc704  a712  637 a6/9  

���    ab712 abc675  608  ab2/9  

��E    abc706  ab704  638  a8/9  

�
�[S    bcde667  abcd653  577  bcd7/8  

`Q"&    cde653  bcd649  575  abc0/9  

`�4    bcde664  abc668  588  bcd8/8  

100  

��	    a728  abc675  613  ab2/9  

���    bcde666  cd641 577  bcd5/8  

��E    e638  cd645 570  cd4/8  

�
�[S    e645  cd636  566  d2/8  

150  
��	    bcde663  abcd652  594  cd3/8  

���    de650  cd630  575  cd4/8  

300  ��	    e635  d610  565 d2/8  

SEM    7/16  6/18  0/18  22/0  

P-value    005/0  029/0  060/0  001/0<  

�$
�769 �$�� Z�!��)�    P-value  

50  05�)� 
�100 �C��EC�   184/0  021/0  051/0  001/0<  

50  05�)� 
�150 �C��EC�   048/0  023/0  186/0  001/0<  

50  05�)� 
�300 �C��EC�   011/0 001/0  049/0  001/0<  

a-d: R6���6� Z��Y9��CE $ 
� �$ �5  f�> �5�����"?��
	� ) 3E	05/0P<(.  

1.  X�Y9
	50 �C��EC� :R6S x��	 54 ��
 U& �	 ��>�) 34�� �(����
 R6S  x���70 ��
 U& �	 34�� ��>�) �(����
 R6S  x��E86 
 34�� �	 U& ����>�) (����
x�
�[S R6S � 102  ��


�� �	 U& 34��>�) �(����
 x`Q"& R6S 118 34�� �	 U& ��
��>�) �(����
 x`�4 R6S � 138  34�� �	 U& ��
��>�) (����
 X�Y9
	 .100 �C��EC� :R6S  x��	70 ��
 U& �	 34�� 

��>�) �(����
 R6S  x���94 ��
 U& �	 34�� ��>�) �(����
 ��E R6S x116  34�� �	 U& ��
��>�) (����
  �x�
�[S R6S 144  34�� �	 U& ��
��>�) .(����
  X�Y9
	150 �C��EC� :

R6S x��	 95 ��
 U& �	 34�� ��>�) (����
 � R6S x��� 137 ��
 U& �	 34�� ��>�) (����
 .X�Y9
	 300 �C��EC�: 136 ��
 U& �	 34�� ��>�) .(����
  

  
 B0�C4 . ���� ��(_ ���� �J�] ���� �6(�9 ���7�R6S 
� 6;� <�� `a$ 05�O �(_ ���� � `a$ 05�O J�]<�C8� 34	�5 01	�2 �5 ���$  

#�9�$1  
  (#�-�� #� F$) ���.9�  

  H,I ����  ;�� ����  ST� ���U H,I ����  ST� ���U ;�� ����  

�C��E) 34	�5 X�Y9
	(C�        

50    c57/7  c77/6 c22/5  c61/4 

100    c34/8  c49/7  c64/5  c88/4  

150    b14/12  b07/11  b98/7  b06/7  

300    a13/25  a06/23  a98/15  a21/14  

SEM    61/0  50/0  36/0  43/0  

P-value    001/0<  001/0<  001/0<  001/0<  
a-d: R6���6� Z��Y9��CE $ 
� �$ �5  f�> �5�����"?��
	� ) 3E	05/0P<(.  

1.  X�Y9
	50 �C��EC� :R6S x��	 54 ��
 U& �	 �>�) 34��� �(����
 R6S  x���70 ��
 U& �	 34�� ��>�) �(����
 R6S  x��E86 
 34�� �	 U& ����>�) (����
x�
�[S R6S � 102  ��


 34�� �	 U&��>�) �(����
 x`Q"& R6S 118 34�� �	 U& ��
��>�) �(����
 x`�4 R6S � 138  34�� �	 U& ��
��>� ����&) (����
 X�Y9
	 .100 �C��EC� :SR6  x��	70 ��
 U& �	 

34�� ��>�) �(����
 R6S  x���94 ��
 U& �	 34�� ��>�) �(����
 ��E R6S x116  34�� �	 U& ��
��>�) (����
 x�
�[S R6S � 144  34�� �	 U& ��
��>� ����&) .(����
  X�Y9
	

150 �C��EC� :R6S x��	 95 ��
 U& �	 34�� ��>�) (����
 � R6S x��� 137 ��
 U& �	 34�� ��>� ����&) (����
 .X�Y9
	 300 �C��EC�: 136 ��
 U& �	 34�� ��>� ����&) .(����
  

  

05�O J�] ���� � �(_ ���� ���7� �1
� \�	n2	  X�Y9
	 
� 6;� <�� `a$300 �C��E �C���P� �5  36�5�O \$��

 `a$DmC�  \�	n2	 �	\65 9 � �(_ ���� � J�] ���� ���7�34	�5 �5 3I!� ��>� R�	 
� 
�C�$ 
� 6;� <� ��$
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Z
�1 X�Y9
	 ��E 
� �C2��� �$ RE \�	n2	 �5 
�C�$ 
� `a$ 05�O �(_ ���� ���7� ��?(�@� R�	 h��C� �5 s2	�� .�4�5

2�� \�	n2	 6;� <�� RE \�	n2	 �5 `a$ 05�O �(_ ���� ���7� 	�� .�� 36?I9 �@] �@5	
 �	 6;� <�� \�	n2	 � 3

 �(_ ���� ��7� g�\65 9 ��5 �(_ ���� `a$ 36�5�O g� \$�� �	 )., 1999et alMuia (.  

��� 06!��C& ) ��6(�9b( �5 \�n2	 RE ��6� \$�� 34	� ) ���P5.(  <�� ��6(�9 ��� 06!��C& \$�� �$�� Z�!��)�

 X�Y9
	 
� 6;�300 �C��ER6S �5 3I!� 	
 C�34	�5 ��$ � ��4 X�Y9
	 
50 �C��E) �	� ���� C�05/0<P �$�� Z�!��)� .(

�6(�9 6789 g� �� �	� ���� ��� 34	�5 6;� <�� X�Y9
	 
� ��4 ��$50 �C��EX�Y9
	 ��E �5 3I!� C� 34	�5 ��$

\65 ) ��5 
	�)� R�905/0<P�"?� Z��Y9 34	�5 01	�2 \�	n2	 �5 .(��2 
� �
	� 6]m9 ��� ��$���.  

:6�9 ���6764 ���� ��	
�] 6Dm9 �7[� 5 �6(�9 ���  ��4 �8�� .�
	���
� Z���Ce� �� 3E	 `a$ 05�O �(��E R�9

�@5	
 � 3E	 ��6� \85 ����n� R65 36�5�O `a$ �(��E �
	��� � `Q> 0� ��� ��4�6(�9 ��P� `$ .�
	� ��4 ��["�6& �R6"S 

�2 yS ��$�6E	 �6(�9 �5 ��� �6(�9 �� �	7$ 	C!5�E 6789 D	 
� 
	�5 .3E	�
�N\65 6789 ���  �6(�9 �5 	C!5�E J� 9

\65 ) 3E	 }�I9
	 
� ��� 9., 2008et al Huhtanen 05�O �|�	 ��(_ ���� `a$ 36�5�O R65 �CId� ��C!I7$ �2N �	 .(

) 3E	 ��4 B
	n� 6;� <�� 
� ��� �6(�9 35�D g� � `!6(�5�C�., 2015et alMutimura .( �5�� ��7C>	 3[P R67$ 
� ��


`� ��� =�> \����_ \85 �	 �9`� ��$ X�Y9
	 \�	n2	 �� ��6� RE \�	n2	 �5 6;� <�� `a$ 05�O 9 R6S �2��� ��$

 .34	� ��	�87$ n6� �?(�@� R�	 
� `a$ 36�5�O �	n6� �5 h��C� R�	 �� ��4 �6(�9 34	�5  

  
 B0�C5. �Q"E	2 ��$ J6C"6� R6S 
� 6;� <�� 6789<�C8� 34	�5 01	�2 �5 ���$  

#�9�$1    �Y12��� ��� H�-1�� ��98$  

;-"�2) '3����  ��$#�(�-�  F��    2
b 3

c 4
L 

50  ��	    a8/181  ab0466/0  79/1  

  ���    a9/180  a0486/0  81/1  

  ��E    ab2/179  ab0467/0  74/1  

  �
�[S    ab7/177  abc0455/0  97/1  

  `Q"&    bc3/172    a0480/0  76/1  

  `�4    ab1/174  a0478/0  16/2  

100  ��	    a8/182  cd0402/0  75/1  

  ���    bc4/172  bc0428/0  83/1  

  ��E    ab4/178  abc0444/0  76/1  

  �
�[S    a8/181  d0382/0  99/1  

150  ��	    abc0/173  cd0414/0  83/1  

  ���    ab5/177  abc0439/0  85/1  

300  ��	    c9/167  cd0417/0  93/1  
SEM    05/3  002/0  085/0  

P-value    001/0<  001/0<  205/0  

�$
�769 �$�� Z�!��)�     P-value    

50  05�)� 
�100 �C��EC�   674/0  001/0<  377/0  

50  05�)� 
�150 �C��EC�   159/0  001/0<  408/0  

50  05�)� 
�300 �C��EC�   001/0<  001/0  515/0 

a-d: R6���6� Z��Y9$��CE $ 
� � �5  f�> �5�����"?��
	� ) 3E	05/0P<(.  

1.  X�Y9
	50 �C��EC� :R6S x��	 54 ��
 U& �	 ��>�) 34�� �(����
 R6S  x���70 ��
 U& �	 34�� ��>�) �(����
 R6S  x��E86 
 34�� �	 U& ����>�) (����
x�
�[S R6S � 102  ��
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