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Abstract 
Due to hot and dry climates of South Khorasan province, it is quite vital to choose the suitable crop and planting date. In this condition, pearl 
millet nutrifeed hybrid (Pennisetum americanum var. nutrifeed) can be a valuable forage in rotation with other plants. This experiment is 
carried out in 2017-2018 in strip split plots design in time in Azad University research field, Birjand. The treatments include 4 sowing dates 
(April 8, April 28, May 18, and June 7), 3 irrigation regimes (providing 100%, 75%, and 50% of the plant’s water needs based on the plant 
potential evatranspiration), and two cuttings in a completely random blocks design with three replications. The highest water use efficiency is 
observed when providing 50% of water needs on April 8, along with the first and second cuttings. Following the delay in planting date from 
April 8 to June 7, the forage dry matter yield of millet decreases by 24.4% when it is supplied with 100% of its water needs. This decrease is 
24.2 and 46.9, in case of supplying 75% and 50% of water needs, respectively. Therefore, by supplying 75% of pearl millet water needs and 
planting it on April 8, with a 25% reserve of water consumption, the dry matter yield is acceptable. 
 
Keywords: Number of leaves, number of tillers, plant hight, relative water content, water use efficiency. 
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=/�, 6)���> 5� 100 � 75 � 50 �F)2 5��� "�> 

�5)� � -���� p;�� =/�, "	X�)�2 6/7 � 13 6�F)2 

6���'� "7�� #> c�� .�
2�� 6���'� "7�� #> c�� 

)2 3�O ��� *7�� � 3�O ��2 5/4 �F)2 =/�, G�� 

"	X�)�2 ���� 2�2 )���� 2.(   

�/�� =	, (
)�� *+�, � 3�O �� 6��'� "7�� #> 

c�� ���� 2�2 , =�� ��3
 6��'� "7�� #> c�� 5� �k� 

62�; )2 (
)�� *+�, 20 2�2����� � 3�O ��2 � * 2 

��> , 5� 6���� "	X�)�2 � 11 6�F)2 *7�� � (
)�� 

*+�, �)�NO � 3�O ��� )�2)���� !2�� ��� "���8� 3�� 

3�O ��� � ��2 )2   (
)�� *+�, 20 3
2)��0 ���! 9 

*�N7
2)� ��� � 29 *�N7
2)� ��� 6��� 3
� *8F ��/��� 

��� ����) 3.(  

�, 6�/)�.�� )2 �
) 5� #> #n� =/�, !6)���>  !�/

 )�.�� � *7�� �5)� c�� #> "7�� 6��'� =/�, p;��

6���'� .�+ M��, 6)���> "7�� #> c�� ��2 3�O )2 ��h�� 

5� 3�O (
)�� )2 ���  *+�, 6�/9 *�N7
2)� ��� !29 

*�N7
2)�  � ���20 ���2�2�� =/�, th�.�K� .2��  "7����2 

3�O )2 (
)�� 3
� )2 ��� 3�O � *7�� ��2  !*+�, 6�/

=/�, p;�� 6���'� #> "7�� c�� 3�O )2 �5)�  ��+ ��2

�/ .* � 3
� � ��� �� 3�	O  ,c�� #> "7�� 6��'�  )2

 5� ��� 3�O *+�, (
)��20 3
2)��0  ��� ��2 3�O � *7��

=�� "� , !2�� �� � �����  4�'� 6h�� 6��2 M�Z2 3�O )2

=
�G0� !��2 .�+�� c�� *��\) =/�, L��� )2 � W�X�   
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K�.L 1. 2-N4�-� F�O�/� P$�/� �� /:7 *=<� ,���-�> ?=��� @
�A � 2-Q /�  E/� F��� �G�7 �.=�7�/�  

E����d� f��	�  
 �)2  

62�5>  

E�X��� 3�I����  

 "7�� 6���'�  

c�� #>  

%�8�)�  

��� 

��  �l�  

"�F� 

 )2 c�� 2��X�  

"�F� ��  

L	Y 2��X�  

��� )2 

��� �5�  

c�� 

 2�^�.;  

��� �2��  

 "
�)�,  

#> _�&�  

)��^�  2  97/5 ns 
*5/37 

*43/8 08/1 ns 41/1 ns 6/4814 ns 3/2191 ns 03/0 ns 

(
)�� *+�, )P(  2  91/4 ns **7/630 
**42/25 

*54/2 06/0 ns 
**40676  **103993 

*77/0 

6�l� ��� 4  02/5 16/3 63/1 31/0 13/0 3/1147 3/514918 03/0 

6)���> )I(   3  **6/728 
**7/1889 

**23/30 
**33/8  **17/36  **210697  **514919  **37/0  

I×P  6  5/4 ns 
**32/22 06/1 ns 5/0 ns 1/0 ns 6/1491 ns 7/3372 ns 11/0  

**6�l� ��2 18  58/13 02/2 14/1 33/0 42/0 8/1291 7/1730  03/1 

3�O )H(  1  **5/237  *12/66  **7/17  **42/12  **9/2  *7047  **22694  **17/0  

I×H  2  68/5 ns 8/8 ns 66/1 ns 36/0 ns 5/0 ns 2/2656 ns 
*5/7519  **11/0  

P×H  3  **18/65  **6/442  **15/4  19/4  4/0 ns 
*4333* 

**35263  **41/0  

I×P×H  6  3/13 ns 
*47/38  7/0 ns 92/0 ns 25/0 ns 9/1818 ns 35263ns 

**41/0  

6�l� ��   24 8/20 3/10 67/0 39/0 36/0 1438 7/1972 013/0 

-
�j E����d�   (%)  8/5 1/5  7/5 6/7 8/6 4/10 6/8 5/8 

ns! * � **: � -���� ��q "	X�)�2! "	X� )�2 )2 rl  5 � 1 2.�F)  

  

K�.L 2. �=��� 2-N4�-� F7/:7 ���+ *=<� ,���-�> ?=��� @
�A � 2-Q /�  E/� F��� �G�7 �.=�7�/�  

2�^�.; �2�� ���   

)g m-2(  

�5� ��� c��   

)g m-2( 

2��X� L	Y  

)2 ��� 

2��X� c�� )2   

��  "�F� 

�l� ��  "�F�   

)mm(  

6���'� "7�� #> c��   

)%( 
)�.��  

       �
S) 6)���> 

9/672 a 2/472 a 14/10 a 8/8 a 4/15 a 5/84 a 100 

4/486 b 3/356 b 9/8 b 1/8 b 6/14 b 1/78 b 75  

384c 3/287 c 69/7 c 7/7 c 2/13 c 5/73 b 50 

      (
)�� *+�,  

7/604 a 8/456 a - 7/8 a 7/15 a - 20/1  

7/529 b 2/384 b - 3/8 ab 9/14 b - 10/2  

503b 7/362 bc - 1/8 bc 9/13 c - 30/2  

5/420 c 8/300 c - 8/7 c 13d - 20/3  

      3�O  

2/532 a 5/398 a 7/8 b 6/8 a 9/14 a 9/76 b 1  

7/496 b 7/328 b 12/9 a 8/7 b 9/13 b 5/80 a 2  

3�I���� 6�/ "��8F , )2 �/ ���  6�)�2 _��K ���� "� !�	+�� ���0 _J��� "	X� )�2 )2 rl  5 �F)2 �	��/. 
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K�.L 3. *�/� R&A ?=��� @
�A � 2-Q /�  E/� F��� �G�7 �.=�7�/� 

P4 P3 P2 P1 )�.��  
*8F  H2 H1 H2 H1 H2 H1 H2 H1 

5/83 a 2/75 c  6/80 ab  76bc  1/80 abc  9/77 bc  78bc  6/78 bc 6���'� "7�� #> c�� (%) 

4/12 d 6/13 c  1/14 c  7/13 c  14c  8/15 ab  15b  4/16 a �l� ��  "�F� )mm(  
4/8 b 8/7 bc  4/7 c  2/8 b  5/7 c  1/9 a  9/7 bc  4/9 a 2��X� c�� )2 ��  "�F�  
2/271 c 4/380 b  9/359 b  4/365 b  5/370 b  9/397 b  4/463 a  3/450 a �5� ��� c�� )g m-2(  

344e 9/496 cd  3/527 c  3/478 d  3/536 bc  1/523 cd  579b  4/630 a 2�^�.; �2�� ��� )g m-2(  
���3�I� 6�/ "��8F , )2 �/ ���  6�)�2 _��K ���� "� !�	+�� ���0 _J��� "	X� )�2 )2 rl  5 �F)2 �	��/.  
P1! P2! P3 � P4 � -���� (
)�� *+�, 20 3
2)��0 ���! 9 *�N7
2)� ���! 29 *�N7
2)� ��� � 18 ���2�2��  
H1 � H2 � -���� 3�O ��� � ��2  

  

3. 2. )�*+ ,���-�.���  

�i� �2�  �
S) 6)���>! (
)�� !*+�, 3�O � �/ 3�	O 

�/�� =	, 6)���> )2 (
)�� !*+�, (
)�� *+�, )2 3�O 

� 6)���> )2 (
)�� *+�, )2 3�O �� %�8�)� ��� ��iT� 

"	X� 6)�2 *+�2 ����) 1.( �/�� =	, !6)���> (
)�� 

*+�, � 3�O �� %�8�)� ��� ���� 2�2 , =�� ��3
 %�8�)� 

��� �� 3�I���� 8/76 "���  ��� )2 )�.�� 6)���> !M��, 

(
)�� *+�, 20 3
2)��0 ��� � 3�O ��2 ��/��� �+ , 

5� 6���� "	X�)�2  85 6�F)2 *7�� � )�.�� 3��T� 50 

�F)2 5��� !"�> (
)�� *+�, 18 2�2����� � 3�O ��2 

)�2)���� 2�� ����) 4.( �/ 3�	O )2 [�l  6)���> 

3��T� 75 � 50 �F)2 5��� "�> )2 (
)�� *+�, 18 

2�2�����! %�8�)� ��� )2 3�O ��� *7�� � 3�O ��2 5� 

6���� "	X�)�2 � -����  7/26 � 6/24 6�F)2 )�2)���� 

2�� ����) 4.( �, ��3
 %�8�)� ��� 5� �k� 62�; )2 

)�.�� 6)���> � (
)�� *+�, �)�NO  - 3�O ��2 2�� 

����) 4.( � �k� "�� ) , )2 4
��+ 3��T� 75 � 50 

�F)2 5��� !"�> ��; " �� 2 ���� � #> "0�, �L	� � 

=/�, V��> Z�� " � �/ 3�	O �^u�� Z�� " ��+ , )2 

*
�N� 5� �\
g ,� ��+ X �� � �+) ���
�� 6�/ "
�N��� 

� "���� � ��\ ���� ��� �/ p;�� ,=/� %�8�)� ��  

"� .2�+ �/ 3�	O ���T� )2 (
)�� ,*+� -7  2)���� 

���� �� !���� ,=/� G�	 ��0 � ,=/� �+) "Z��  � 

L���)2 %�8�)� ���� "� 2�+.  

�
S) 6)���>! (
)�� !*+�, 3�O � �/�� =	, (
)�� 

*+�, � 3�O �� �l� ��  "�F� ��iT� "	X� 6)�2 *+�2 

����) 1.( =�� 3
�� � �, 3
�� �l� ��  "�F� )2 

6�/)�.�� 100 � 50 �F)2 6)���> V� ��� ��$7� 5� ���� 

��/��� �+ ����) 2.( =/�, 6)���> 5� 100 � 75 � 50 

�F)2 5��� "�> �5)� p;�� =/�, 2/5 � 3/14 6�F)2 �l� 

��  "�F� �+. " )�� �
�H� 3�I���� 6�/ ����� � �l� 

��  "�F� )2 (
)��6�/ o��$� *+�, ���� 2�2 , ���T� 

)2 !*+�, p;�� =/�, "	X�)�2 �l� ��  "�F� �5)� !�+ 

� 6)�\ , �l� ��  "�F� )2 (
)�� *+�, 20 3
2)��0 ��� 

*7�� � 20 2�2����� 2/17 �F)2 =/�, *0�
 ����) 2.( 

�l� ��  "�F� )2 3�O ��� *7�� � 3�O ��2 7/6 �F)2 

=�� �� 2�� )���� 2.( �/�� =	, (
)�� *+�, � 3�O �� 

�l� ��  "�F� ���� 2�2 , =�� 3
�� �l� ��  "�F� )2 

3�O ��� - (
)�� *+�, 20 3
2)��0 ��� � 9 *�N7
2)� ��� � 

�, 3
�� �l� ��  "�F� )2 (
)�� *+�, 18 ���2�2�� � 

3�O ��2 2�� )���� 3.( �� =
�G0� #> )2 V�� 2 ���� � 

4
��+ - �	� 6����� M&0 !�+) �5)� 5� 3
� 4
��+ ��N� 

�2�� � �� ���H� � X �� "Z��  - �	� �l� ��  �> =
�G0� 

.*0�
 3
����	� ���T� )2 (
)�� *+�, -��� =/�, 
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*��$j ��  ��+ , 3
� ��� "� ����� � M�Z2 �2�8� � ��N� 

���� 5� E���^�� "l�'� )2 *�, � f��� .�+�� 3
� v
��� 

g7l	� �� <)�G� 6�/ =/�wY ���� 6�I
2 * � 

)Mehrpuoyan & Faramarzi, 2011; Nasrabad Azari & 

Mirzaei, 2013.( 

6)���>! 3�O � �/�� =	, (
)�� *+�, � 3�O �� *8F 

2��X� c�� )2 ��  "�F� ��iT� "	X� 6)�2 *+�2 ����) 1.( 

=�� 3
�� � �, 3
�� 2��X� c�� )2 ��  "�F� 5� 6�/)�.�� 

100 � 50 �F)2 6)���> V� ��� ��$7� 5� ���� � * 2 

��> ����) 2.( =/�, 6)���> 5� 100 � 75 � 50 �F)2 

5��� "�> �5)� p;�� =/�, 8 � 5/12 6�F)2 2��X� c�� )2 

��  "�F� �+. <)�G� ��+ , �� =/�, ��G�� !6)���> 

2��X� c�� M�^�� ��+ 6�) ��  "�F� ���� 0��; 6� � M�Z2 

=/�, %�8�)� !��  ��; M�^�� c�� 6�/ �
�� � <G
) 

c�� 6�/ 3�� =/�, "� ���
 )Mehrpuoyan & 

Faramarzi, 2011.( =�� 3
�� 2��X� c�� )2 ��  "�F� )2 

(
)��6�/ *+�, 20 3
2)��0 ��� � 9 *�N7
2)� ��� � 

�, 3
�� 2��X� c�� )2 ��  "�F� )2 (
)��6�/ *+�, 29 

*�N7
2)� ��� � 18 ���2�2�� 2�� ����) 2.( 2��X� c�� )2 

��  "�F� )2 3�O ��� *7�� � 3�O ��2 3/9 �F)2 

=�� �� 2�� )���� 2.( �/�� =	, (
)�� *+�, � 3�O �� 

2��X� c�� )2 ��  "�F� ���� 2�2 , =�� 3
�� 2��X� c�� 

)2 ��  "�F� )2 3�O ��� - (
)�� *+�, 20 3
2)��0 ��� � 

9 *�N7
2)� ��� 2�� )���� 3.( � �k� "� � ) ����� � 

4
��+ - �	� ��� !M&0 ���� 5� 3
� 4
��+ �2�8� � �2�.� � 

2��X� c�� =�� 6�� ��Z�� �2�.� .* � <)�G� ��+ , )2 

(
)�� 6�/ *+�, ��2�5 ��\ �)�2 �+) "�
�) *7�� � 

(
)�� 6�/ *+�, ���
2 =
�G0� �0�
 � -7  W�7l�� MK��� 

�+) ���� �� �u,��K =��� Hl	� ��+ � ���� *F�0 "0�, 

6��� ��Z�� c�� �) 2)�2 )Eshraghi-Nejad et al., 2011.(  

�
S) 6)���> � 3�O �� 2��X� L	Y )2 ��� ��iT� 

"	X� 6)�2 *+�2 ����) 1.( =�� ��3
 2��X� L	Y )2 

��� ����� � 6�/)�.�� 100 �F)2 6)���> � �, ��3
 

2��X� L	Y )2 ��� ����� � 50 �F)2 6)���> V� ��� 

��$7� 5� ���� � * 2 ��> ����) 2.( =/�, 6)���> 5� 

100 � 75 � 50 �F)2 5��� "�> �5)� p;�� =/�, 2/12 

� 2/24 6�F)2 2��X� L	Y )2 ��� �+. � �k� "� � ) 

�� �, !6)���> rl  !c�� #n� )�� � G�	 ��0 =/�, 

�0�
 , �L	� � �, ��+ 2��X� L	Y  *7�� � �/�+ ��+ 

.* � 2��X� L	Y )2 ��� )2 3�O ��� *7�� � 3�O ��2 

8/4 �F)2 �, �� 2�� )���� 2.( �/�� =	, (
)�� *+�, 

� 3�O �� 2��X� L	Y )2 ��� ���� 2�2 , =�� ��3
 2��X� 

L	Y )2 ��� )2 3�O ��2 � (
)��  *+�, 20 

3
2)��0 ���! 9 *�N7
2)� ��� � 29 *�N7
2)� ��� � 

�, ��3
 2��X� L	Y )2 ��� )2 (
)�� *+�, 18 2�2����� 

� 3�O ��� 2�� )���� 3.(   

  
K�.L 4. *�/� R&A *=<� ���-�>, ?=��� @
�A � 2-Q /� ���F S����7 ��$� �  =7��A T/%� U> �G�7 �.=�7�/� 

I3 I2 I1 )�.��  
*8F  

P4 P3 P2 P1 P4 P3 P2 P1 P4 P3 P2 P1 
H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2  H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 

5/41 

m 

7/51 

ijk 

49 

kl 

1/50 

jk 

57 

ghi 

4/58 

gh 

5/57 

ghi 

4/55 

hij 

9/50 

jk 

5/64 

ef 

68 

cde 

6/61 

fg 

6/67 

cde 

7/65 

def 

1/68 

cde 

2/67 

cdef 

8/64 

def 

8/70 

abcd 

6/70 

bcde 

8/71 

abcd 

3/71 

abcd 

7/72 

abc 

8/76 

a 

1/73 

ab 
%�8�)� ��� )cm( 

59/0  
j 

52/1  
bcd 

42/1  
cde 

4/1  
def 

63/1  
bc 

65/1  
b  

89/1  
a  

93/1  
a 

88/0  
i 

34/1  
def 

43/1  
bcde 

1/1  
gh  

36/1  
def 

19/1  
fgh 

44/1  
bcde  

4/1  
def 

04/1  
hi 

28/1  
efg 

27/1  
efg 

31/1  
defg 

32/1 

efd 

33/1 

def 

5/1  
bcde  

48/1  
bcde 

"
�)�, _�&� #> )g m-2(  

3�I���� 6�/ "��8F , )2 �/ ���  6�)�2 _��K ���� "� !�	+�� ���0 _J��� "	X� )�2 )2 rl  5 �F)2 .�	��/  
I1! I2 � I3 � -���� 3��T� 100! 75 � 50 �F)2 #> 5���2)�� ���� V� ��� ��$7� � W�X� M�����Y ����  
P1! P2! P3 � P4 � -���� (
)�� *+�, 20 3
2)��0 ���! 9 *�N7
2)� ���! 29 *�N7
2)� ��� � 18 ���2�2��  
H1 � H2 � -���� 3�O ��� � ��2  
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� �k� "� � ) , � M�Z2 �+) #��l� �� ��� �/ )2 3�O 

��� (
)�� 6�/  *+�, 20 3
2)��0 ���! 9 *�N7
2)� ��� � 29 

*�N7
2)� ��� *7�� � 3�O ��2 3
� (
)�� 6�/ *�, � 

=/�, -
�$� ���)�/ !3��,� *�7Z�q ���� "
�N��� 

=
�G0� �0�
 � L���)2 2��X� L	Y =/�, �0�
 .�+�� O��� 

v
��� Mousavi et al. )2006( ���� 2�2 , 6)���> �i� 

"	X� 6)�2 �� 2��X� L	Y )2 ��� �5)� ��8
���� )2 3�O ��� 

� ��2 *+���! ���Nasrabad Azari & Mirzaei.  )2012( 

<)�G� ��2�, , (
)�� 6�/ *+�, ��� � 15 ���2�2�� � 

�/ 3�	O ��� ��� 5� �k� 2��X� L	Y *�Xj� - �	� 6�� 

*7�� � (
)�� *+�, 15 ������ .�	�+�2  

  

3. 3. /0
 ,12   

�
S) 6)���>! 3�O � �/�� =	, (
)�� *+�, � 3�O �� �5� 

��� c�� ��iT� "	X� 6)�2 *+�2 ����) 1.( =�� 3
�� � 

�, 3
�� �5� ��� c�� )2 6�/)�.�� 100 � 50 �F)2 

6)���> V� ��� ��$7� 5� ���� ��
2 �+ ����) 2.( =/�, 

6)���> 5� 100 � 75 � 50 �F)2 5��� "�> �5)� p;�� =/�, 
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