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In order to evaluate the quantity and quality of safflower cultivars forage in three 
forage harvesting times based on plant phenological stages, the present study has 
been conducted in a randomized complete block design with split-plot in time 
arrangements with three replications at the Seed and Plant Improvement Institute 
(SPII), Karaj, Iran, during 2018-2019 and 2019-2020 cropping seasons. The 
main factor includes three safflower cultivars (Goldasht, Golmehr, and Parnian), 
with three forage harvesting time (namely stem elongation, branching, and 
flowering stages) considered as the sub-factor. The effect of year only on plant 
height and water-soluble carbohydrates (WSC) has been significant (P≤0.05). 
The results show that the interaction effect of cultivar × harvesting time on the 
fresh forage yield, plant height, WSC, and neutral detergent fiber (NDF) has 
been significant (P≤0.01). The highest fresh forage yield (52103 kg ha-1) is 
obtained by harvesting the Golmehr cultivar at the beginning of flowering; 
however, the highest dry matter yield is observed in Golmehr and Parnian 
cultivars. The highest dry matter yield has been observed in the branching stage 
(11900 kg ha-1), with the crude protein content in this stage being 14.57%. In 
contrast, the maximum crude protein content is observed in the flowering stage 
(19.22%), even though the mean dry matter yield at this stage has been 9937 kg 
ha-1. The maximum and minimum RFV (130.3% and 92.3%) are recorded in the 
forage of Goldasht and Golmehr cultivars, respectively. Therefore, among the 
studied cultivars, Parnian, and among the growth stages, forage harvesting at the 
branching stage is introduced as the superior treatment to achieve maximum 
yield and quality of safflower forage. 
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�) /0C61  S� �� ��BBCH �(&$ ��0��F � ����G ��� ��0 /G�H �C �b &aH�L  

T

)Flemmer et al., 2015( ./L1��  ��0 =�A��K�EL ) ��
] �C &O4�P�C���2 .J"� 	
T 	C��� (  

  
 F:��2 .��>�: ��� K����L��-� B��7� @�A�� �"���  

/G��� ��Zt�� 
@A� 

JT
EL �%� UL �� �2 

T� x � (���" &$ UF!a�) 	��%$ 	k ��2 	��%$ 
UL K� k��A k��A 
 Q" 

�
<�  �����  �����  �����  

T� 	��C ��X  255 (S�C��) ���  270  (S���C) ���  260 (S�C�� ��a<�) ���  

&��$ d�Q���  	�����2  
�E$�2  	�����2 &F   
��> J OM� ��> ��
$ ��> ��
$ ��> ��
$ 

  

JT��  &O4�P�C��� ��" �C /X �C&$ �C Y ���20  �13  � 
T =�v� 	���%�$� �JT�� �� 
O$ &E)�H($ ��.
T =�v� �  �0

&$ JT�� � C�$ ��a� ��%r q> ��%r U��T /������ ��� &a�2 ��� /P>�C J�� ���) &E)�H �$ /��060 /a�"  �a�

{�C� &E)�H)  30 /a�" &��$ ? $ &E)�H �(�a� /a�" ��%r �0  @���� � �a�83  /H�Z� �#$ ��k � �$ `$���a� �C &��$30  =�L�E �

 .
T =�v� ��aD0 �C��OHC C�
O� ���� �C .C�$ ���Qa� &H�EG JT�C�$ ���� ��F � '�P" �C ��� $� JT�C�$ &H�EG �C &EN�� 50 


)�C 
T� `��" &�0� L ����a"� � �
Tk<" UN��� �C ��� $� J$� �C &A�"� ���� �C JT�C�$ &H�EG �C &EN�� 50 
)�C 

&>�T/0C &>�T � &�0� L ����a"� ��
Tk<" UN��� �C ��� $� J$� &"���� �C � /0C JT�C�$ &H�EG �C &EN�� 
)�C ��2 

UL UN��� �C ��� $� J$� ��%r /0C&>�T �&�0� L ����a"� ��
Tk<"&��j � /0C .JH�L ���) /0C  

 S�"��$ /0CC�� �����W�> &�kv� &G�k� ��
]) 1 ( ��C�� & )�� �/T�2C�� &$ =�
A� )75  �� ~4�> �w��a  =�L�E �

 �=� ��� ��Q�H � 	��� �C�� `$���50 &$ ~4�> �w��a  =�L�E � �� �� &A�" `��" 
T� &EN�� �C W�" ���) �	��� �C�� `<

25 &$ ~4�> �w��a  =�L�E � &FD� &EN�� �C W�" ���)  � 	��� �C�� `<�� �� /0C50  ��Q�H �C�� `<�� �� �Q�H =�L�E �

{EG �$ 	���<� ���$ 
T� 	��C ��X �C .
T (=� ��� W�� ��0 ��0{EG ��$  .
T 	C�Qa"� ��k0 �C B� J<� &$ Ji�L V�  

&�F "��$ ���$ ���C�$ &H�EG /Q � � /F� ��Q) /S�"��$  &EN�� &" /X /������ ��0��F �50 
)�C  
T�

�&A�" `��"50 
)�C &>�T  � /0C5 UL 
)�C .
T =�v� /0C&$ ��b�� & T�N ���c� R#N &�F ���  ��� �0 �� ���C�$

 ?  O� J%] .
T =�v� /� � s�P> ��%a� � �
a$� �� �a� B� � ����� {�C� �C R#N �$ ��� �0 �C �� &H�EG C�DEFG

&��$ .

T ?���� &E)�H($ � JT�C�$ &A�X �i�$ �� �0&$ ��b�� O�  ?  �0 �� �B�> 	C�� C�DEFG��� ��2 &$ &��$  ��X

HC�Z�/ ��� � f�ta��? 
T&�F 
O$ &EN�� �C . ��C �$ ��� �C �0� 65 a�" &]�C/  C��L&$ �
� 48 J$�c ��) JG�"  �
T

 B�> (&�F ���

T�% �C .�J &�F ��� �0� B�> 	��
� 	
T L �� 
T  �S�"��$ � ��k &�F ��� V0��  � �0

�� B�> 	C�� 
)�C  C�DEFG ��0	C��  &<"�!� ��� �0 �C B�>
T��$ .� 	��
� L �� &��$ d�Q���  	� L ��X k  ���&� 

�%a� ��� UL z��? q> �� 	C�Qa"� �$ V�  �C10 &��$  &�&$ ��X  	
T f�ta� &H�EG JT�C�$ �� U<A &EN�� �C /HC�Z�

 .
T ?  O� �
C�$&$ ��b��  /$�����/L1�� ��0 &�F �&H�EG /Q �B�> ��0  ��� �!� &�"*� 	�l������ &$ 	
T
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Ul�]  .

T U�a�� `���� � �0���a!� ? ����2 ��a���> =�> � =�> R� 4� �$ 	C�Qan"� �� ��� C��
�a"� ��0? $ EEF4� �� /

&�F�0� f� "� 	��
� 	
T) 

T �� LAOAC, 2012B�> 	C�� @I0 J E$�A ?  O� ���$ .(1 ��� ��Horrocks & 

Vallentine  )1999���
 0�$�� ��k � � 
T 	C�Qa"� (���H ��� �� 	C�Qa"� �$ f� �C ��E!� ��0- B���Q4�"  
 "�

 ?  O�
T )Dubois et al., 1956 .(���a!� �
 "� 	
���T �C ��E!�� R� 4�2  ��E!�� R� 4� � (? �l 4 � k4�E" U��T)

/h�> 	
���T �C3  � ? �l 4 �k4�E" U��T)F0/ k4�E"=�D� ��� p<X k  (4 	��
� ) 
T �� LVan Soest, 2016 	C�� .(

=�C q"�� /H�Z� B�>5 ) &P$�� �� 	C�Qa"� �$1) 
T &<"�!� (Jahanzad et al., 2013.(  
 &P$��1(                                                                                                              DMI = 120 / NDF 

��� �C &�DMI   Y�N�$) =�C q"�� /H�Z� B�> 	C��=�C �
$ ��� �� 
)�C � (NDF  /h�> 	
���T �C ��E!�� R� 4�

 Y�N�$)/� (
)�C@I0 U$�A �#;� C��� U� .
T�$6  �� 	C�Qa"� �$) &P$��2 ( &<"�!�) 
TJahanzad et al., 2013.(  

 &P$��2                       (                                                                 TDN = (−1.291 × ADF) + 101.35 

��� �C &�TDN  ) @I0 U$�A �#;� C��� U�Y�N�$  � (
)�CADF ) �
 "� 	
���T �C ��E!�� R� 4�Y�N�$ 

/� (
)�C&�#;� /<� ���� .
T�$��7 G �� 	C�Qa"� �$ &H�E) &P$��3 () 
T &<"�!�Jahanzad et al., 2013.(  

 &P$��3      (                                                                                         RFV= DDM × DMI × 0.775  

�� �C &� � RFV&�#;� /<� ���� �(
)�C Y�N�$) ��DDM �  DMI&$Y ���  � @I0 U$�A B�> 	C�� 
)�C

) =�C q"�� /H�Z� B�> 	C��Y�N�$ =�C �
$ ��� �� 
)�C/� (.
T�$  

�	C�C Y��� u����� &�kv/0�L� J%] JE���$ ����� �� u2 �0 ?lF0 �� u����� �C�$W�E$ &��2 '�X S�"��$ ��0  ��0

? l� � &����� � /HC�Z� U��� &$ �0  UA�
N ����� ���R(a>� /�O� ) ��CLSD ��FaN� eP" �C (5  �� 	C�Qa"� �$ 
)�C

=� ����� ��kH�SAS   &t�)1/9@0 .
T =�v� (  ? �r? l� � &����� U$��a� ���c� ��0/�O� ��C��� &$ ��$=�v� /0C .
T  
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3 .1. �/ ����� ��8���  

u����� &�kv� ���a Y��� 	C�C  C�C ��� �0/�O� K�EL �� &H�EG C�DEFG �$ ��" �c� �C�< ��C  @A� /������ ��0��F � � co� ���

@0 � JT�C�$ ���� � @A� U$��a� �c� ? �r ×/�O� 
)�C B� ��FaN� eP" �C JQ) ?�� �$ JT�C�$ ����  C�$ ��C ��
])3( .

) K�EL �� &H�EG C�DEFG ?���i�$52103  �$ (��aD0 �C =�L�E � @A� &H�EG JT�C�$UL �%�  &EN�� �CUL ��j� /0C &$  J"C

) 
�� ��
]5@0 .(  ��F � �C ? �r &EN�� �C &H�EG JT�C�$&>�T  @A� k  /0CUL �%�  ? l� � �$41245  ���$ ��aD0 �C =�L�E �

&A�" &EN�� �C &H�EG JT�C�$ ��F � �C U$��� �C .C�$ �l�C @A� �C ��  �� &H�EG C�DEFG �b �� {Eat� =�A�� ? $ /���Q� /0C

 ��
]) 
� 	
0���5&$ .(/� �bV $ S��� $ 
 4�� 
"�  @A� �C ��UL �%� &$ S���C U 4C V $ &��$ d�Q��� � �C�$  �C ��

��
]) J"� 	C�$ �� �2 � JT
EL S�C�� � 	��%$ @A� �C �$ &�����  ��04  �5 B� ���a .("��$	C�C ��� /  J"�>o� �$ &� � 

JT�C�$ �C� &$ &H�EG C�DEFG �O� ��X/ ��C� �kH��V /� 
$��)Muhammad et al., 2002(.  

                                                                                                                                                            
1. Dry Matter Digestibility (DMD)  
2. Acid Detergent Fiber (ADF) 
3. Neutral Detergent Fiber (NDF) 
4. Ankom 

5. Dry matter intake (DMI) 
6. Total digestible nutrients (TDN) 
7. Relative feed value (RFV) 
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 F:��3 .�N. O�������: %� P����>�: ��� � %�-7" �?	8 : �
8A��0����2 ���� �� B��7� @   

���  ;� `<��  
 &]�C  

�C���  

��O$�� ? l� �  

&H�EG C�DEFG ��  	C�� C�DEFG B�>  &��$ d�Q���  =�> ? ����2 ���a!� 

��"  1  315495845ns 24973680ns 6/192 * 03/0 ns 

��"×  ���D�  2  54762175 7102683 0/7  05/0  

@A�  2  170225182** 9627092* 9/4536 ** 55/15 ns 

��" ×@A�  2  15111463ns 2006990ns 3/35 ns 03/0 ns 

/E)� ��� ��P>  8  11307442 2156243 5/22  41/5  

JT�C�$ ����  2  1171355791** 40752433** 1/7467 ** 51/105 ** 

��" ×JT�C�$ ����  2  3425548ns 2645973ns 6/32 ns 15/0 ns 

@A� ×JT�C�$ ����  4  40138870** 2893944ns 9/192 ** 02/2 ns 

��" ×@A� ×JT�C�$ ����  4  7453961ns 1855615ns 38/0 ns 03/0 ns 

�P>/G�H ��� �  24  2765063 1495609 1/27  1/7  

) ���  ;� Y��M%(  3/4  9/11  9/3  2/16   

ns � **/�O�� j :* �  � ��C/�O�eP" �C ��C ��FaN� 1  ��5 
)�C.  

  
 %���� F:��3 .�N. O�������: %� P����>�: ��� � %�-7" �?	8 : �
8A��0����2 ���� �� B��7� @  

���  ;� `<��  
 &]�C  

�C���  

��O$�� ? l� �  

���
 0�$�� ��0 ��E!� �C f�  �
 "� 	
���T �C ��E!�� R� 4�  4� R� �T �C ��E!���	
� h�>/  �a���> 

��"  1  47/21  * 36/0 ns 0/64 ns 32/0 ns 

��" × ���D�  2  70/0  66/1  6/8  16/0  

@A�  2  85/182 ** 50/174 ** 5/793 ** 74/0 ns 

��" ×@A�  2  32/0 ns 44/2 ns 7/9 ns 01/0 ns 

/E)� ��� ��P>  8  23/6  55/18  4/53  24/0  

JT�C�$ ����  2  4/49 ** 53/278 ** 7/898 ** 96/7 ** 

��" ×JT�C�$ ����  2  95/2 ns 52/3 ns 5/16 ns 01/0 ns 

@A� ×JT�C�$ ����  4  40/5 ** 00/1 ns 8/55 * 56/0 ns 

��" ×@A� ×JT�C�$ ����  4  47/0 ns 69/1 ns 7/9 ns 01/0 ns 

�P>/G�H ��� �  24  88/0  59/2  4/14  15/0  

) ���  ;� Y��M%(  4/7  1/5  7/6  1/4  

ns � **/�O�� j :* �  � ��C/�O�eP" �C ��C ��FaN� 1  ��5 
)�C.  

  
 %���� F:��3 .�N. O�������: %� P����>�: ��� � %�-7" �?	8 : �
8A��0����2 ���� �� B��7� @  

���  ;� `<��  
 &]�C  

�C���  

��O$�� ? l� �  

	C�� B�>   

U$�A @I0  

	C�� B�> /H�Z�  

 q"�� =�C   

U� C��� �#;�   

U$�A @I0  

���� /<�   

&�#;��� 

��"  1  22/0 ns 01/0 ns 6/0 ns 8/88 ns 

��" × ���D�  2  01/1  06/0  7/2  6/239  

@A�  2  92/105 ** 56/1 ** 7/290 ** 3/6500 ** 

��" ×@A�  2  48/1 ns 01/0 ns 0/4 ns 2/23 ns 

/E)� ��� ��P>  8  24/11  10/0  9/30  6/388  

JT�C�$ ����  2  99/168 ** 45/0 ** 2/464 ** 0/2137 ** 

��" ×JT�C�$ ����  2  13/2 ns 93/0 ** 8/5 ns 3/2141 ** 

@A� ×JT�C�$ ����  4  60/0 ns 06/0 ns 6/1 ns 3/211 ns 

��" ×@A� ×JT�C�$ ����  4  02/1 ns 07/0 ns 8/2 ns 7/180 ns 

�P>/G�H ��� �  24  5/1  08/0  3/4  232 

) ���  ;� Y��M%(  9/1  0/13  4/3  7/13  

ns � **/�O�� j :* �  � ��C/�O�eP" �C ��C ��FaN� 1  ��5 
)�C.  
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 F:��4.  �2 0����2 =��� : QA� RF�� �<���>�: ��� B��7� %�-7" �?	8 : �
8 

��F �  
&H�EG C�DEFG ��   

)kg.ha-1(  
	C�� C�DEFG B�>   

)kg.ha-1(  
 &��$ d�Q���  

)cm(  
 =�> ? ����2 ���a!�  

)%(  

��"      

��� ��"  35626 a 9581 a 1/131  b 52/16  a 

=�C ��"  40460 a 10941 a 9/134  a 47/16  a 

@A�      

JT
EL  35313 b 9799 b 2/116  c 98/16  a 

UL �%�  41374 a 10575 a 8/147  a 09/17  a 
�2 ��  37442 b 10408 a 1/135  b 43/15  a 

���� JT�C�$ &H�EG      

&EN�� &A�"0C/  30330 c 8943 c 5/114  c 71/15  b 
&EN�� &>�T0C/  37376 b 9937 b 7/129  b 22/19  a 

&EN�� UL0C/  46422 a 11900 a 8/154  a 57/14  b 

? l� �/�O� R(a>� 
A�H ��a" �0 �C W�a�� R�N B� UA�
N ����C ��0/�O� R(a>� UA�
N ����� ����� �b �� 
)�C ��2 ��FaN� eP" �C ����� ��C .
�a�0 ��C   

  
 %���� F:��4.  �2 0����2 =��� : QA� RF�� �<���>�: ��� B��7� %�-7" �?	8 : �
8 

��F �  
���
 0�$�� ��0 ��E!� 

�C ) f�%(  
 	
���T �C ��E!�� R� 4�

 �
 "�)%(  
4� R� �T �C ��E!���	
� h�> /

)%(  
 �a���>  

)%(  

��"      

��� ��"  02/12  b 01/31  a 87/54  a 85/9  a 

=�C ��"  29/13  a 17/31  a 04/57  a 70/9  a 

@A�      
 

JT
EL  18/15  a 25/28  b 21/49  c 0/10  a 

UL �%�  07/9  b 42/34  a 48/62  a 7/9  a 
�2 ��  72/13  a 61/30  b 17/56  b 6/9  a 

���� JT�C�$ &H�EG     
 

&EN�� &A�"0C/  95/10  c 00/27  c 40/48  c 92/9  b 
&EN�� &>�T0C/  75/12  b 43/31  b 07/57  b 35/10  a 

&EN�� UL0C/  27/14  a 85/34  a 40/62  a 05/9  c 

? l� �/�O� R(a>� 
A�H ��a" �0 �C W�a�� R�N B� UA�
N ����C ��0/�O� R(a>� UA�
N ����� ����� �b �� 
)�C ��2 ��FaN� eP" �C ����� ��C .
�a�0 ��C   

  
 %���� F:��4.  �2 0����2 =��� : QA� RF�� �<���>�: ��� B��7� %�-7" �?	8 : �
8 

��F �  
	C�� B�> U$�A @I0 

)%(    
	C�� B�> /H�Z� q"�� =�C   

)%(  
U� C��� �#;� U$�A @I0   

)%(  
���� /<� &�#;��� 

)%(  

��"      

��� ��"  7/64  a 21/2  a 3/61  a 0/112  a 

=�C ��"  6/64  a 18/2  a 0/61  a 6/109  a 

@A�      
 

JT
EL  8/66  a 50/2  a 8/64  a 3/130  a 

UL �%�  0/62  b 91/1   b 9/56  b 3/92  c 
�2 ��  0/65  a 17/2  b 8/61  a 5/109  b 

���� JT�C�$ &H�EG     
 

&EN�� &A�"0C/  8/67  a 47/2  a 4/66  a 8/129  a 
&EN�� &>�T0C/  4/64  b 10/2  b 7/60  b 8/104  b 

&EN�� UL0C/  7/61  c 92/1  c 3/56  c 8/91  c 

? l� � 
A�H ��a" �0 �C W�a�� R�N B� UA�
N ����C ��0/�O� R(a>�/�O� R(a>� UA�
N ����� ����� �b �� 
)�C ��2 ��FaN� eP" �C ����� ��C .
�a�0 ��C   
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F:�� 5.  �� �I�2 �2 QA� : 0����2 =��� 2�'�� �<���>�: ��� B��7� %�-7" �?	8 : �
8 

&H�EG JT�C�$ ����  @A�  
�� &H�EG C�DEFG  

)kg.ha-1(  

&��$ d�Q���  

)cm(  

���
 0�$�� ��0 ��E!� 

�C ) f�%(  

4� R� �T �C ��E!���	
� 

h�>) /%(  

&EN�� &A�"0C/ JT
EL  29964 a 103 c 29/12  a 85/41  c 

  UL �%�  30775 a 124 a 24/8  b 08/56  a 

  �� �2  30252 a 117 b 33/12  a 27/47  b 

&EN�� &>�T0C/  JT
EL 34782 c 113 c 59/15  a 07/47  c 

  UL �%�  41245 a 143 a 92/8  c 39/65  a 

  �� �2 36100 b 134 b 74/13  b 76/58  b 

&EN�� UL0C/ JT
EL 41190 c 133 c 65/17  a 71/58  c 

  UL �%� 52103 a 177 a 06/10  c 98/65  a 

  �� �2 45974 b 155 b 09/15  b 50/62  b 

? l� �/�O� R(a>� 
A�H ��a" �0 �C W�a�� R�N B� UA�
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