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Comprehensive abstract 

Introduction 
The increasing demand for diverse fodder plants, along with the challenges of its production such 

as the pressure on pastures, has led to increased attention to strategies for maximizing the production 

of these plants per unit area. Millets are a good choice for crop rotation and production patterns in 

different regions due to their high diversity, high adaptability, high dry matter production, and high 

nutritional value. However, the appropriate planting date and the compatibility of the growth stages of 

millet with environmental conditions are essential for maximizing production. This study was 

conducted to evaluate the effect of different planting dates on the growth indices of proso millet and 

how its growth stages are compatible with environmental conditions. 

Materials and methods 
To achieve the objectives of the research, a two-year field experiment was conducted in 2016-2017 

and 2017-2018 at the research farm of the Faculty of Agricultural Sciences of the University of 

Guilan. A randomized complete block design with four replications and four planting dates was used 

(May 29, June 27, July 29, and August 29 in the first year; and June 4, July 7, August 5, and 

September 6 in the second year). Plant growth indices, plant response, and the compatibility of plant 

growth stages with environmental conditions were investigated through repeated sampling, 

measurement of plant leaf area and dry matter of different plant parts, and recording of phenological 

stages. 

Research findings 
The results of this experiment showed that the planting date influenced the dry matter 

accumulation, by changing in plant growth indices such as leaf area index (LAI), crop growth rate 

(CGR), relative growth rate (RGR), net absorption rate (NAR), leaf area ratio (LAR), and leaf weight 

ratio (LWR). In the first cropping year, the highest total dry matter accumulation of proso millet, with 

an average of 1030.8 grams per square meter, was obtained by planting it on June 27. This was due to 

the maximum LAI (5.14) and crop growth rate (35.5 g·m²·day⁻¹) obtained in the second planting time, 

which led to a significant increase in dry matter compared to the other three planting dates. However, 

in the second year of the experiment, planting proso millet on June 4 resulted in a significant increase 

in LAI (3.69), CGR (25.99 g·m²·day⁻¹), and NAR (18.13 g per square meter of leaf area per day) 

compared to the other three planting dates. As a result of the aforementioned growth indices, the total 

dry matter accumulation of proso millet was 734.66 grams per square meter, which showed a 

significant increase compared to the other three planting dates. 
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Conclusion 
Overall, the results of this experiment suggest that the optimal planting date for proso millet in 

Rasht is between June 4 and June 27. Planting during this period resulted in the highest accumulation 

of dry matter and the most favorable growth indices. The findings of this study can be used to improve 

the cultivation practices of proso millet in Rasht and other similar regions. 

Keywords: Dry matter, Growth and development, Leaf area, Planting date 

 

 

 

Received: September 8, 2023                                                                      Accepted: October 24, 2023 
 

 

 

Cite this article: 

Ghorbannezhad, F., Zavareh, M. and Rahmani, M. 2023. Optimizing proso millet production according to 

planting date and growth analysis. Cereal Research, 13(1), pp. 77-97. 
   

78 



��� ������	  

�
 ��� ����� ������� ����� 1402 )97-77(  

 

doi: 10.22124/CR.2023.25514.1786 

 

            "#�$% &'��(                                                                                                                                      � "
)*
��+, 

 

���&-+�
. '/	�0 ��	 &� &1/	 �� /
)% 2+��34 �5	  6��73& 8�	 �9 0��  
 

2��): &�;�<��$=1���+ >?�( �2  "=��@� 0��(3  

  

1-  �����	 �
���	 ��������� ���� � ���
� ������� �� ��!��	 ��"#���� $
%& ��'��	 ����(� �)*# �  

2- #����	�  ���� � ���
� ����������� ����� �� ��!��	 ��"#���� $
%& ��'��	 ����(� �)*# � )*  :/
01� ���1(


mzavareh@guilan.ac.ir(  

3- ���45�! ���
� � )67 8�9�9:� ;1�
� �#<=  �/�����(� �>�� ��"#���� ?(��� � @"
�A �8�9�9:� ���"�� �  

  

BC��0 �1D(  

:&(0�( B��C #��� #	 ;D
%& ;= ��ED�"�# "��F���� �= #��D ���� �A ���
� ����  �G�� #	 ���
� B(�ED� ���#�'��# ;= ;H
�

;D
%& ������ I�
� JK��� B(�ED� �# ��;D
%& ������ ���� #	 .��	�"#� ��� ��;= �M�= ���
� �M�= �#��"�� �	�(" I
�� N��	

 E� � ��O �	���� �����D �(�<P @"#�;= ��
� #��Q R%�S� TU��� ���
� ���
!�� � �&�#" V���� #	 W���� �=�S�� ��
�&

 X(��* �= �A ��*# R%�S� NG��� Y�6K� �!
!C �= �(��*A � ���� Z(� )�� W���� [(#�� "� ����A ���"�� #�� Z(� .����

 �A #�� � )�� �� )�� )�� ;9K�� �(�
� � VA ���� ���
� B(�ED� ;=
*[(#�� ��7\� �=�("#� ]�� �= B��45 Z(� .	 ���

^O�* �= )*�� R%�S�_� �!
!C � 
���5 �"#� ��*# ����K�:� X(��* �= �A �*# NG��� �(�
� .�* ��H� � �G��U  

F�  ��/(:��  �&�#" /�� �	 #	 ��(��"A �B��45 ]���� ;= ����# ���=97 -1396  �98 -1397 &#E� #	 ����45 ;

 � �� ��!��	 �"#���� $
%& ��'��	W��Q #	 d
%= e�U /�� /�� #	) )*�� [(#�� #��C � #��'� #��C �= �D	�f� N��� ���

8  �	�	�O6  ����7  � 	�	��7  $�	 /�� #	 � #
(��*14  �	�	�O16  ����14  � 	�	��15 ;
i �= .�* $��� (#
(��*�#�	�= ���

�"��� � V������^O�* ��(�
�
�D NG��� )67 #��� #	 ;�
= R%�S� ��EH� ��O �	�� � j�= JK� ��� [��5 � ��*# ���

 �K�:� X(��* �= ���� �
i NG��� Y�6K� � ���� ��O �	�� 	�'%i&)D�� #��Q �=�("#� 	#
�.  

&*<�3:G���	 .�� ;�D�( )*�� [(#�� ;� 	�	 ��� B(��"A Z(� ������k� �= ^O�*# ��� ;l��K� 	#
� ��* ^O�* ����

) j�= JK�LAI) �&�#" ���� �*# )&�� �(CGR) �61 �*# )&�� �(RGR) ^��O V<H )&�� �(NAR JK� )61 �(

) j�=LAR) j�= �"� )61 � (LWR ( #�<���7\� ��O �	�� )*�6� �=	
=)�� � ��&�#" /�� Z��1S #	 B��45 Z(� #	 .

B�=�"#� N� ��O �	�� )*�6� Z(��  Z�!��� �= 
���51030,8 #	 �A )*�� �= F=�� ��� �= $�� [(#�� _�* ������  No�G

;= j�= JK� ^O�* �7p� B9 ;= )*�� ���" Z���	 #	 
���5 �"#� ��O �	�� B(�ED� .�*_�� ��
�& ���
� F6�� Z(��

��5 �	��# �&�#" ���� �*# )&�� � �	 q�6�#�)*�	;= .� ^O�* ;����= ��!(	 8#�6&) j�= JK5,14 ���� �*# )&�� � (

)35,5 ;= )*�� ���" Z���	 #	 
���5 �"#� #	 (F=�� ��� #	 $�� �= $�� #	 �# �A ��O �	�� )1�
� ��� Z(� ;� ��A )�	

Z(� �= .��	 B(�ED� �!(	 )*�� [(#�� ;� �= ;1(�9� ���" Z��1S #	 
���5 �"#� )*�� �= �B(��"A /�� Z���	 #	 �/�G

) )*��14 ) j�= JK� ^O�* �(	�	�O3,69) ���� �*# )&�� �(25,99  ^��O V<H )&�� � (F=�� ��� #	 $�� �= $��

)18,13 ;= ("�# #	 j�= JK� F=�� ��� �= $�� [(#�� ;� �= ;1(�9� #	 ��H
� N=�Q 8#
o )*�� ����5 .)D�( B(�ED� �!(	

  
 ا�ش�ده ع�وم 	شاورزی د

97  



^O�* B(�ED�� ��O �	�� )*�6� B(�ED� ���* �#�*� ��*# ���;= 
���5 �"#� N ��E��734,66  ;� 	
= F=�� ��� �= $��

��l� B(�ED� [(#�� ;� �= ;1(�9� #	 �#�	 )*��.	�	 ��� �!(	 

&5�*=:.)�H ;�D�( ;= ;H
� �= N� #	�� B(��"A Z(� ��� ���" �"�= #	 
���5 �"#� )�� �= ;� )*�	 #�r�� ��
�14 

	�	�O���  ��_�* " ��
�= )*# #	 ������)1(B�= �	
���� [(#�� �= ;1(�9� #	�!(	 )*�� ��� .	�� ���
�  

�I�:.0�87 .��  �j�= JK� �
i � �*#^O�* ��*# �����O �	��  

  

  

[(#��  :)D�(#	17/01/1402                                                                                                  :@�(<5 [(#�� 02/03/1402  

  

  

:&'��( >3� &� ��-*
� �/�=  

2��): ���$= �&�;�<���+�  >?�("=��@� � 0��( .1402. �=�;�"��� �
��� #�� ;= ;H
� �= 
���5 �"#�([ E�� � )*��(; %:� ��N 

�*# .8 P 8�9�9:� �13)1 :(97-77.  
 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

80 



�=�;�"��� �
��� #�� ;= ;H
� �= �"#�([ E�� � )*��(; %:� ��N �*#                  ��� �#�	 /8 P 8�9�9: �#�i* /_�	E/��/ #��= 1402 

&(0�(  

/�� #	= ���H ��t�9� ���O� ����D ���A�	#� ���

�= �*# ����	;9=��;�*�	 �� )�� ;��	� �*# Z(� � #�	

;�D�( .�* ���
O�� ��� ����45 ��� �� ;� ���	 /��

2050 _�1��
�� "� #��'� 	#��%�� �( ;= �(	E ���

;= �l�6UN��	  ;= ��ED� "�# "�� � )�liH ���(�ED �*#

�	#�A�D ���	 ���_�1��
�� ;="#���� ��� N(�6� �

���� ;� �
* ��1(" I
�� � )1(" X�:� )� � ��
�

;= �#	"��� �KO )Heggenstaller et al., 2009; Zhang 

et al., 2019a.(  ��� #	 �*# ;= �# "�� Z(� �	�� _���D

B��C �= ��* �# ;= �# � ;D
%& Z���� #	 �	�(" ���

�	�� �(������ �A #�� � )�� ���= Z��" � VA� .)�� �

NG ��# �Z(��=��= �G�� #	 �	"�= B(�ED� �= ���6� ���

�� JK� B(�ED� #��D �"�� 	#
� ;D
%& ���
� #��� #	 ��
�

 �G�� #	 �	"�= B(�ED� .��	 B��� �# )�� �(" JK�

 	
H� �= JK�� VA F=��� 	
6i�  ��(�5 	��O#_�%Q� ���k� 

)Kouchaki and Nasiri, 2008(;���= ���"�� � �"��

;D
%& ������ )�� )(�(�� ;%iH "� ��� ������ ;= ;H
�

;D
%&_� �=A "�� �= �u#	�" ���� B�� ;= Ni:�� � ���

�"#� ���� �K�:�_�1�� ;= �A �	�� 	#�� � �� ���

)�� )�� ���
!�� � �&�#" )Ullah et al., 2017.(   

#	 ���H =�B "� 200 v�H � ;
� ����� )�� 

��	
* ;� "� A�� ;= ��* �	�= $� �"#� ��
�& )�� �"� 

��l�]��(Z ��A ����
� ;= �"#� #����(��Cenchrus 

americanus (L.) Morrone  $� �= ;�Pennisetum 

glaucum (L.) R. Br. ��* ;�O��* _�� �"#� $	��=�#� 

 ](L.) P. Beauvois Setaria italica[� �"#� 
���5 

)Panicum miliaceum L.( � �"#� ��!�� )Eleusine 

coracana (L.) Gaerth	�� �#�*� ( )Wen et al., 

2014.( �"#� 
���5 ����� (��;��� ����
�"�# 	(w
%x�� 

)2n=36 (� 	
OZ��  Z�*�	 �= ;� )���"� =A�  � _�

#��"��� ��* ;= W����(X �
� � VA�( ��O ��  ��
��
�

%=�Q�) =
O� ��=� G�
 #	 )���  R%�S�	#�	 )Turgut 

et al., 2006.( ;O�C ��"� �(Z ���� =�Z 60 �� 90 "�# 

k���� )�� � "� �(Z�# ����
� ;= ��
�&(� ���� %o�� 

 � ;��1=��(� ;=� ��
�&��� ;= $�	 ;��1�" 8 P ���i�

	
* )�� )Ventura et al., 2020.(  

	�'%i&  ���D(����� X6��� �= ��A �� ;=��� :���X 

�
&�� N�(�(�� _��= � B��=�Z �A "� .)�� ;�1=�� ��

�� N��
& ;%iH(�(�� 7�� ;��� "(	�� �
� � 	�'%i& �=�� 

"()1)*�� ���" V�S�� �	#�	 �	
� W���� )�� 

)Ferrise et al., 2010 �("(�� )�� #	 #��([��� R%�S� 

W6� ��	
*  ;���*(X :��K� ���y���  ���	 �r "�


U � )=
U# �B=����*�# �#�	 /�( � �*# ;O�C #	��� 

�(	�� 	
* )Srivastava et al., 2016(� k� �= ;���� 

 � �*# )&���E " NG��� /
U()1	��� ����
� �= 

�	"�= ���� � ;y�
���� 7�� �A �= X6����� 	#�<!= )Kalra 

et al., 2008.(  

�"#� 
���5 ����� )��	���� )�� ;� ��=� �
��� M�= 

�=(� #	 #��([��� �=�;� )�� 	
* .#�r�� ��	�# ;� �= 

O���� #	 �)*�� D�z�) F=��� E���
�D� 	��:� 	
* ;� 

B��� #	()D� #
 � /�9�� 	�
� �	#��5 ;= $������ 

#	()D� ;= �# �����)*�	 ���
O /�6	 )Bonelli et al., 

2016.( (;�D���� 
� ��#�'i� � )Lu et al., 2017( 
�(� 

�(Z 	(����  .)��
��(/�� � ���y )Twidwell et al., 

1992 (O�� ;� �	�	 @#�E���  "� )*�� #	 Zw��) 	�	�O

��� ;= (M
H� )���� (���
� �	�� ��O �"#� $	 ��=�#� 

�# 45 �o#	 B��� ��	 .�A�� �(Z B��� �	�� ��O �# 

;= @#�=��� ��� #	 W�����(N  "� .�	�	 )61 �*# NfD

D�U��  �#	��� ��#���
(� )Dera and Mativavarira, 

2018 (��	 	
H�� �5�(Z ;= �# �*# NfD /
U #	 ��
�&

i�� N��&� )�� #	 ��O �	�� 	�'%i& B��� #	��� 

O����� ;=
� .�	#�A #�i*(; ��#�'i� � )Gueye et al., 

2015 ( ;� �	�� ������ E�O�� �=��  )*�� #	 �"#�

 
�
D ���" "�;���= �i&	�'% "()1�	
� ;=8�* B��� 

��(�=�. �A�� �(Z B��� 	�'%i& �# ;= ��#�=���� 1=�#� 

"(�	� ���
� ��* /
U "�# � 	
6i� VA U� ;%G�� �"(�� 

;=�(�4 �#�	 ��*�5 ;�	 )61 �	�	��#�'i� � {�� . 

)Zhang et al., 2019b (���45 $��� �=� #	(���D�  �= ;�

O���� 	 �"#� )*�� #	$��=�#�� �
���  �A ��O �	��

;=�	�N #	 B���()D� *#
O B=����� U�  �*# NfD

� B����(�=�	# .� � �(�1 )Reddy and Visser, 

1993( =��� �
� ;� �	���|��� #���� �"#� R%�S�(�� 

��1G�) M�=�( �5
�D ;=(	
 ;= � �#�	i��Z O�� �)%&�� 

�# �#�	 /
U B��� �= )*�� #	(�� 7���� y��� �
� �=�� 

"()1#���� �"#� #	 .	#�	 �A �	
�(�� ��* ������ )�� 

;� �ED�(B �� ;H#	 1%��u
 ��	 #	 ;%G�� �"(�� 

����
�  	��G �# �A �#�	 /
U�	  ��	 B��� "�# ;�

;= 	�'%i& �A /�6	 ���� E� B�����(�=� )Prasad et 

al., 2020.(  

81 



��=�Q�'i� � 	�4                                                                      ��#        � /8 P 8�9�9:_�	E�� �#�	/  �#�i*/��/ #��= 1402 

�#���� #	 )�	 )�� ;� ��� ����	  	�" )��

 $�!���E 7���� y��� " � ;�	 	�'%i& �=()1	#�	 �	
� 

)Bruns and Abbas, 2006; Van Roekel and 

Coulter, 2011(� �� ;
i ���= ;�;�D�( ;= ��
� ���

 � "#���(�
1��
 )Saunders and Johnson, 1998( 

 � 8#} #	��#�'i� � ������ )Castro et al., 2000(  #	

 $
�#
�	�� �#�*� .�= �(Z�/�G @#�E����( �E 	
H� 	#�	 

;� ��� ����	 #	 )�����  �*# NfD /
U �$�!��	�"

���� �ED�(B ���=�( )Jan et al., 2015(  � ;��� #	"�# - 

 	#
� ;H#	�"� ��=� �#��� �# ;%G�� ;=���� 

D�E(�
�
(� M
U ���" #	���� ����Z �* ���
O 

)Maurya et al., 2015.( ��=��=(�Z  )o�D=�B���  #	

�O��#� ���� " ;� 	#�	 	
H�()1= �	
��B��� �
��� ��� 

)Dera and Mativavarira, 2018.( ;
i ���=�  B(�ED�


���5 �"#� #	 $�!��	�" )�� �= ��O �	�� 

)Anderson, 1994( $
�#
� � )Wiedenfeld and 

Matocha, 2010(  ������.)�� ��*  

R�o
� ���=  �K�:� X(��* ;= ������ B���� ���= �

�A �*# �#�	�� �� �*# �i� N�%:� � ;(E�� "� ��
�

	�� �	�y��� )Russelle et al., 1984.(  @�# Z(�

Zi'%= X�
� #�= Z��1S )Blackman, 1919(  	�����5

 �	�� ���
� ��*# N�%:� � ;(E�� �r�� "� .�* �	�y��� �

_��= "� ���� �( ��Oy�
� B��; � �(�
�
(E�D ���

;= �(�
�
D#
��� )�	 ���= �A )�D�z �!�(�i ;� �(A

 "� �	�y��� �(�#�� � �*# ����� 	��:� F=��� ;= �=����	

)�� F=��� �A )Heggenstaller et al., 2009.(  )�D�z

 ��E���
�D _�1�� �"��� ;= ���� �( ��O �	�� ���
�

=�� �A �*# �#�	 /
U E� � �A )���lD)�� ;�1 

)Watson, 1947.( ���� Z(� #	�  j�= JK� B9

;= � #
 )D�(#	 #	 ����� E���
�D �%o� $��� ��
�&

)1(" ;= �A N(�6�)�� )�i�� Ew�G #��1= �	
� )Zhang 

et al., 2015; Xie et al., 2017.(   

�
1��� )Watson, 1958(  JK� B9 Z��l� ���=

$
�y� ����� �( 
i � �*# #	 j�=  j�= JK� ^O�*

)LAI;= �# ( Z��" JK� ;= E6� j�= JK� )61 8#
o

 �E���
�D ��!��	 �"��� ^O�* Z(� .	�� �D�l� �A �("

�� ��� ���*#
O B=�� )D�(#	 ���= �#��	 )Virk et 

al., 2020.( #	 �(Z �����# D�z�) (� ���� ��=� #	()D� 

B=�� /�lD E���
�D� � E��� �
=���8�#� ;=8#
o (� 

F=�� P��KO�  "�LAI )�� )Elings, 2000.( ;= �(Z 

�l�� �;� �(Z ^O�* �= �ED�(B Z� ���� �� �G o�O� 

�ED�(B (;�D� � vx� B��� ��(�=� )Gardner et al., 

2017.( @#�E� JK� ^O�* ��(<5��7�� �= ��6� �(��

���" "� j�=;= .)�� )�	 #	 )*�� R%�S� ��� ��
�&

� E���%(� �;
i �����
)1( )Williams and 

Lindquist, 2007( )*�� #	 ��O�� ;� ���D�(#	  _�* "�

�� ��� )16  ;= ()��6(	#�21  Zw��)31 	�	�O( �� ��
�

 Z�= �# 8#} j�= JK� ^O�*27 ��44  B��� �o#	

;�D�( #	 I
t
� Z(� .��	 � �i:� ��� ��#�'i�

)Muhammad et al., 2019( ��#�'i� � #���� � 

)Moshaver et al., 2016(  8#} ���� ��# E�;= )�	

 .)�� ���A#	 �N=�9� *#�E� ;� 	#�	 	
H� _� �;= 

�ED�(B ^O�* JK� j�= $
�#
� #	 )�� 	($�!���  #	

 ;�����E6�� =�B��  j�=�� #	 )����� O����� 

	#�	 �#�*� )Wiedenfeld and Matocha, 2010.(  �=

Z(� ^O�* )6~� ��7�� �/�G �	�� ���
� �= j�= JK�

�
: ;= ��O ) ^��O V<H )&�� ��(<5��7��NAR (

)�� ;�1=�� �A "��  "� �#��l� �^��O V<H )&�� ��("

j�= �E���
�D �(�#��;= ����� ;l��H �( #	 �� #�i*

�� �(A j�= JK� B(�ED� ;� ��#
o #	 � ���� ;=

;(��j�= N=�9�� �"��� ��# ��_� � �A #��9� �	
* E

�� B����=�( )Watson, 1958.( @#�E� �(�� _� 	
H�

#�	 ��(<5��7�� ;= ;� �NAR ���" "� )*�� ���)�M	 

	#�	 ;� �� ;
i ���=;�D�( ;= ��
���#�'i� � u�6& ��� 

)Abbas et al., 2019( �#�*� .	��  

 �61 �*# )&�� �(RGR )Briggs et al., 1920( 

^O�* "� �!(	 �'(5 �*# ��� �	�=#��  ;� )��#	 /
U 

NfD �*# � �= �ED�(B Z� ����  B(�ED� �)D�=��� 

#��O��� /�lD��P #	 )O
�"��� B��� ���=�( )Evans, 

1972.( ��(i� �o �(T )Karimi and Siddique, 

1991( 61 �*# )&�� B����  ;= �# �*# NfD /
U #	

��(;"���� N=�9�� j�=�� )61 �	�	 � #	(���D� �; 

�ED�(B 	��l� j�=��� 5�� �� #��9� ��
�RGR  #	 �#

����� y�� �G ;= �*# NfD� .��	 B���  �N=�9� #	

 �&�#" ���� �*# )&�� �(CGR )Watson, 1947(  ;�

 �!(	 ���= ;= � Z��" JK� �G�� #	 ���
� )&��

_��=�� ��� �# E���
�D � vy�� B����	 )Pearce et 

al., 1985 �((���= ;=N'* Z� �� �# �*# $
�y����# .

 ^O�* Z(�"� No�GV�t LAI  #	NAR E� ;=)�	 

��A(�� �= .(Z = �u����B��(Z CGR ��!��� ;= )�	

28  



�=�;�"��� �
��� #�� ;= ;H
� �= �"#�([ E�� � )*��(; %:� ��N �*#                  � �#�	 /8 P 8�9�9:�� �#�i* /_�	E/��/ #��= 1402 

��A(� j�= B*
5 ;��� N��� �*�=. �(Z )��G ��� 

����	 ��
� �~���G�( �
��� � �~���G � ��O �	�����E 

�6�(N ���� *#
O��� � #	��� )�� )Evans, 1972.( 

�	A-�A
� ��#�'i� � )Addo-Quaye et al., 2011(  ;=

� �*# )&�� �= j�= JK� ^O�* �7
� B9��� &�#"� 

	�� �#�*�� � #	(���D� ;� =�B��(Z #��9� )&�� �*# 

���� &�#"� #	 X���� �#�	 �*# ���� ;=�� )�	�(A. 

�
1%(� )Wilson, 1981(  "� �	�y��� �= ;� )�� �9�l�

* �	 ^O�RGR  �CGR  ������ )*�� ���" "� ;�

�� �7\���
* )Patterson, 1993; Loveys et al., 

2002�( �� Z(� #	 .	�� ��#�= ���= �# ���� �*# ��
�

��#�'i� � �%
= �����# )Bonelli et al., 2016(  @#�E�

)�� �y�� �7� ;� �	�����O�� ���  �=CGR  WH
�

 8#} ��O �	�� )*�6� B�����	
* ���" ��7�� .

 �= )*��CGR ;�D�( #	��� 8�9�9:� �	�i�	 � �	�i�	 

)Dahmardeh and Dahmardeh, 2010( _(�� � �	�"

��#�'i� � ���*#
� )Karimzadeh Soureshjani et 

al., 2019( E� ��* @#�E� .)�� 

 	
6 � � �� #	 ;D
%& ���
� )�i�� ;= ;H
� �=

� [(#�� "� ���� 8�& U��"#� )�= � ;9K�� Z(� #	 �� �

Z(� ;= ;H
��= $�� Z���� W���� )*�� [(#�� Z��l� ;� ��

 ���H�B��45�� ���� �( �= X6��� ����*�=  N��
& "� �

��4(� ;� )�� �i�� �( �(�
�
D#
� � �(�
�
(E�D ���

�� #��Q ��7�� ):� �# ���� ]�� �= B��45 Z(� ���	

 ��#�=[(#�� �7�R%�S� ��� ^O�* �= )*�� �*# ���

)*# #	 
���5 �"#� .�* $��� 

  

F�  ��/(��  

 B��45 Z(�W��Q #	 d
%= e�U �= �D	�f� N��� ���

 /�� /�� #	) )*�� [(#�� #��C � #��'� #��C8  �	�	�O6 

 ����7  �	�	��7  $�	 /�� #	 � #
(��*14  �	�	�O16  ����

14  � 	�	��15  (#
(��*�U  �&�#" /�� �	97 -1396  �

98 -1397  �"#���� $
%& ��'��	 ����45 ;&#E� #	

 � �� ��!��	d�O 8��%i& .�* ��H� _S* N��* �"#�

��	���= Z�A��� �= #��= N(��� #	 T�i& $��� #�	 v5 .�*

�� 	�O � J�K1� ���= ��A "�;O
%� �	 �1(	 �	 "� ��

 B(��"A ���H� "� B�5 .�* �	�y��� ��
� � _� �= 	
i&� 

;=��4(� Z��l� #
r�� d�O ���;&#E� �(��"A� ;
i �

��4(� � ;��� d�O "� �6����"��� �A ��� �* ����

 /��H)1;= ?(�� u��� �= vx� .(;= � ���A )�	 #
r��

 #��9� ����� "�� 	#
� �(�<P �o��& Z����150  $��
%��

 � Nx(�� 8�y1D �5
� #��'� #	50  #��'� #	 $��
%��

8�y�
�  Z��" �;��	� #	 .�* /�i&� )*�� "� B�5 _����5

d
%= �B(��"A8�� � ���= .�* ���= 	�l=�8�� ��3,5×3 

 ���)10,5  ���F=��( #	 8�� �� #	 � �* ;�D�� �r� 

 ;%o�D �= ���� ;� R(	# )y�50 ���� ���R(	# Z�= ��

 .�* )���"#� #<= 
���5  � e o� 8�9�9:� ;1�
� "�

/�� ;���  .�* ;��� #<= �#<=�� ;= _����� 8#
o ��#	 �

;= �(��#��*���� ;� Ti&;= ��� )�� ���	 8#
o

.�* _�)*�� �= ���"�  #��9�150  	
� #��'� #	 $��
%��

;= �#�� �#�
 8#
o�	�y���  .�*;����� #��9��� "� v5�� 

�  ;%G�� #	4 -3  ��� 8��%i& ����= � $��� ;%o�D

;�
=���  ��#R(	# �� 	��G #	���� �	 .�* _�r�� ���

_�R%& �= �"#�6� ���� �= ���" "�� ��� ��'* ;%� � E�

 .�* $���;= �#��=A��KQ 8#
o ���#�
 "� �	�y��� �= � ��

.�* $��� �#��=A  � )*�� "� v5 ;%o�D = �#��=A Z����

�#��=A��� ;= ��l=�( "�# )y� �� ;%o�D.�* $��� #�=   

= ����=�("#� ^O�* ��"#� �*# ���;
i ;= �#�	�=

 �6(�S� @�#;��5 ;%G�� "� ;%o�D �= �(�� )*�	�= �� �"

 ��7  �10 �( "�#;= #�= W����$�	 � /�� /�� #	  $���

;
i .�*�= )*�	�= "� v5 �� ��!�(��"A ;= {#	 N9���

j�= �� �A ��EH� �(�� � ;Q�� �vx� .��* ��H ��

�1� )Gj�= ��!��	 "� �	�y��� �= ���"��� N=���5���� 

 /��) j�= JK�LI3000C(�'(��A )O�� �� �"��� ����

;= ���= .�*;
i ���O �"� �	#�A )�	 ��'y� ���

;*
O � ;Q�� �j�= N��* ��*� ;= 8��48  ��A #	 )&��

;(
�� #�	#	  ���	72 ;H#	  �= vx� � ��O u
�1%�

��"���  u�1G	 �= )Q0,001  $�� /��)G.C.L. 

BUBBLE ETCH TANKS �"� (���1%!� )O�� �

��*. = ���� u�	�	 ���)G�1�  ���O �"� � j�=

 �(��^O�*�� � ^O�* ���) j�= JK�LAI�����( 

)Watson, 1958( �)&�� �*# ) �&�#" ����CGR������( 

)Watson, 1947() ^��O V<H )&�� �NAR������( 

)Watson, 1947(1 �*# )&�� �) �6RGR������( )Briggs 

et al., 1920() j�= �"� )61 �LWR������( )Koller, 

1972 () j�= JK� )61 �LAR������( )Poorter and 

Remkes, 1990�= ( #�X=� )1�� ( )6( :��* ;6��:� 

  

38  



��=�Q�'i� � 	�4                                                                      ��#        �9: /8 P 8�9�_�	E�� �#�	/  �#�i*/��/ #��= 1402 

 /��H1 - ��4(� d�O ���;&#E� �(��"A#	 �  �&�#" /�� �	1397-1396  �1398-1397 

Table 1. Soil properties of the experimental field in 2017-2018 and 2018-2019 cropping years 

Year 
Depth  

(cm) 

Soil 

texture 

EC † 

(dS.m-1) 

pH 

 

N  

(%) 

P  

(ppm) 

K  

(ppm) 

CEC † 

(meq.100g-1) 

OC † 

(%) 

2017-2018 
0-30 Silty clay 0.51 6.05 0.14 4.35 58.45 24.69 1.75 

30-60 Silty clay 0.54 5.11 0.13 1.5 73.35 28.19 1.4 

2018-2019 
0-30 Silty clay 0.46 6.8 0.10 4.4 110 33.5 0.82 

30-60 Silty clay 0.59 6.8 0.04 0.8 120 31.5 0.44 
† EC, electrical conductivity; CEC, cation exchange capacity; OC, organic carbon.  
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Figure 1. Changes in leaf area index (LAI) of proso millet in different planting dates in two cropping years, 

2017-18 (A), and 2018-19 (B). Vertical bars shows standard error. 
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Figure 2. Maximum ratio of leaf area index of proso millet in two consecutive crop years, 2017-18 and 2018-19. 

The months represented in parentheses are related to the second year of the experiment. 
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Figure 3. Changes in dry matter accumulation of proso millet in different planting dates in two cropping years, 

2017-18 (A), and 2018-19 (B). Vertical bars shows standard error. 
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Figure 4. Maximum ratio of total dry matter of proso millet in two consecutive crop years, 2017-18 and 2018-19. 

The months represented in parentheses are related to the second year of the experiment. 
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Figure 5. Changes in net assimilation rate (NAR) of proso millet in different planting dates in two cropping 

years, 2017-18 (A), and 2018-19 (B). Vertical bars shows standard error. 
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Figure 6- Changes in crop growth rate (CGR) of proso millet in different planting dates in two cropping years, 

2017-18 (A), and 2018-19 (B). Vertical bars shows standard error. 
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Figure 7. Changes in leaf area ratio (LAR) of proso millet in different planting dates in two cropping years, 

2017-18 (A), and 2018-19 (B). Vertical bars shows standard error. 
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Figure 8. Changes in relative growth rate (RGR) of proso millet in different planting dates in two cropping years, 

2017-18 (A), and 2018-19 (B). Vertical bars shows standard error. 
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Figure 9. Changes in leaf weight ratio (LWR) of proso millet in different planting dates in two cropping years, 

2017-18 (A), and 2018-19 (B). Vertical bars shows standard error. 
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