
���� �� � 	
��
����� � ����� ������ ��� /��� ��� / ��!"#$%& /'()* 

�� 

+
, ����  -�� ��	� .��/ 012
� 	3�4
& ��5 �6�- -�7�!� �2
�89: 

����
 ;
��
2�*��6�<�� ;
=��'

)����	
 ��	�� :��/�/��������� ��	�� �:��/�/����(

>7
 	

+
, ���� �	��3� ?�� ��� -�7�!� � 	"� �2
� ��& ���

@
 AB=C  -�� D3��
 � 	
��
 A�E���2� �� F���� G� �H6���� � I�H� J<H�

 	6�
K ���L �M��<� -��� N�C .+
, ���� A�P�Q �M��<� �- �	��3� ��&�$����, AR�S%T� U3��" �- ��5 -�7�!� �2
�  -�%$�� �� ��VW� ��&

  -�- �� X3��
 �� F���� ��& ��� �- Y�$Z� ?"�V ��& ��&'([8 �
 '(\*  -�- � R�S%T� �]<2� �- H&�^, �3�H� �H� F���� ��& �- R��1=

	3-�K -����� �
6- Y�$Z� F�]6 .G� �6���� � I�� J<� AB=C  -�� A�E���2� �� F���� �6���� ���

@
 A-�7�!� � 	"� �	� ��  -�%$�� ��

 ���2"��& �6���� ���� _3�` �� N�C)�K	6��� R�b
� � +��
 ��	]� A�cV�	Q ���- A0L�	Q ���- (R�H3�, �- -�H7�!� ef� � 	" �4����

0�� +
, 	"� 	3-�K �2
� .-�	Q �M��<� ;3� �-  	"  	&�=� -�7�!�''(89 �
 'g889 ;
16�
� �� ��$7& �- ��K��
/ '('(9 �- ��K��
/ 

+
, -�7�!� ���

@
 �2��- �/ ���Q �- h-�� ��$7&  	" �2
�'*::9 �
 'g::9 ;
16�H
� �� ��$i& �- ��K��
/ '(([9 ��H$7& �- ��K�H�
/ 

-�� .�	� ���3��� +
H, �3-�H]� 0H��]� �-  	H"  	&�=H� -�Hi�!� R�
H��K� j3��HP �HV -�- R�=6 R�  	H" �H2
�)'(\9±(*((a= �

'*/9±88/9b= ( R�2
!`� -�	Q ��24� ��)g%�2M� lm$C� UC j3��P �� ���-':')9a =�'b =(	2$"�	6 .��	H]�R2�	H� ���H� )*%

	" -����� .������6� ��M��� ;
16�
� �Wo ;
2p!& ����� g89 ��K��
/ ����� ���

@
 j3�P � ��$7& �-(/:%�H� 	H�� ?H�- .A;3����H2�

�� �	� �/ 	" F�42$��+
, ?So �4��2� ?L- �� R�S%T� U3��" ���� 	6��
	"�� ��-��C�� ��5 -�7�!� �2
�.

 E�� �&�V�
	�:�	� Aq&�
K r�&�
4"I�� J<� AB=C  -�� A�E���2� A���� 

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

�.+�)�) /��01 23�-4  5(	 �#6 789' !�"#$%
 &�'%	( ! �) 

*:4 :8;.4<�% �.� &=�0��<$ �>�</:ben_torabi@yahoo.com 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.7

.5
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
29

 ]
 

                             1 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.7.5.4
https://jcpp.iut.ac.ir/article-1-1803-en.html


���� �� � 	
��
����� � ����� ������ ��� /������ / ��!" #$%& /'()* 

�� 

��	]� 

:?4 
�3	�@ :�AB 	
 �'�AC DA3 5(	 �#A@ 	
 5��8�E4�@ 5�F

 �C% G�%H�% .:?4 3% /'%	( +�F��) ?I	 5�F 5%�A3 58J 5�F	%H

G�� /4 
�<9K' =%���L� /-�3 ?-I�3)��.(:8�M4 N� 
�<9K'

 /O�M4  />���?4 P4%8' =%���L� PQ�B &+�<4 N� 	
 /'%	(

�C% .5	�K�3 &=��R &S�T U8$ P4�I /O�M4 P4%8' �381	 &�F

 	
 %8F  VR D$%( 	 =%���L� &�I�@ +�4( 	
 !?I !��TW S�T

 �?A4 P4%8'  ?I	 P�� :81 ��	�A� &!�A�) X@%�A� P4�AI />��

 PQ�B &�I�@ !(	�A04 5%�A3 /���K�I 5�F	�K��  5	��3R &5H�T

 5	�AK�3  =�A�R �3 ?->.AF �AF)�.(� 	 5%�A3 /AY9>Z4 5�AF

X�K�� !�A[3 G�%HA�% �A[\ ]8A� P4%8' 5��) GF�A6  5	 

 ?A$	%
 
8A\  /�%8AF  VR ^A9>Z4 _�%�I 	
 =%�OT)�` 

�� .(:?4 /'%	( +�F��) 5�F 5(�AC DA-�[3 5%�3 58J 5�F	%H3% &

?->.F /�%8F  VR ^9>Z4 _�%�I �M� /��K�K�� a�-b)��

 c�.(	
 DA@ �AC% aA�% :?A4 NA� +
	 R 
8\  D3 (% d?F

 /38AT DA3 %	 :8�AM4 eA� 
�A<9K' &/AO�M4 ^9>Z4 _�%�I

G��?-6 /-�3.

!8�AI  
 /A96 	81 D3 =	W 
�f9K'  ?I	 5(�C D�0I 	


 
	%
 
8\  .�I 	
 :?4 &: % !8 D�0I 5�F 
8A\  /48AK' 5(�AC

 D>��� D�C8� ?I	 /96 5�F?-�%�� g�C% �3 D6 ?$	%
 5%�A3  ?A$%

 /4 !
�Y>C% =	W D9K\ (% ^9>Z4 +�F��) :?A4 Ph4 &?$8I 5�AF

SUCROS &WOFOST &INTERCOM)��(&STIC)`( 

CropSyst)��.(:?4 &7 
 !8�I 	
 D�0AI 5�AF  ?AI	 5(�AC

 	W i�T 
�f9K' PAh4 &?A$	%
 	%�J =CERES-Maize)��( 

	
 +R 5%�\%DSSAT)�c( 8j�6�4 _C8� !?I D>T�C :?4  

+%	�AAAfKF)��( +8.AAA9�  _AAAC8� +R !?AAAI klAAAQ%  

+%	�fKF)c�.(

?AA$	%
 dl>AAT% XAAF �AA3 m�AAM� 	�AA[b (% !8�AAI  
 aAA�% :�(

:?4 D�0AI 5�F 5�A>K6 5
 	  5�AF�>4%	�� DA3 /48AK' 5(�AC

 :?4 D3 �0.$ �>4%	�A� a�A-nKF  ?A$	%
 (�A�$ =	W i�T 5�F

 /4 a�KZ� %	 5�>K6?-$( .�(:?4 	
 =	W 8K$D�0I 5�F 5(�AC

 H>-C8>� o��1 (% !
	 �� 
%84 /C�>C
 ��93�J D3 pq8Q% /48K'

 �C% D>.3%  .:?4 	
 D6 /��B 	
 PA4�' �A4
 &=	W i�T 5�F

 /4 D�� % r�M4?I�3 .�(:?4 	
 D�0I 5�F /48K' 5(�C 5%�A3 &

D0AC�M4 5	%?["$  ?I	 &sY-� t9u% e#T !
�4 ?��8� a����

/4?$8I .:?4 	
 �4% DA3 e#AT !
�A4 ?A��8� &=	W i�T 5�F

 /�R	�A6 �A� !?AI V�\ 5?�I	8T G3�� o��1 (% X�v>.4 	81

 /4 D0C�M4 G3�� d��4
8I .�(:?4 /48AK' 5(�C D�0I 5�F

 PA) DA9B�4 5�-h>AC% D3 &5w8�8-� /AC	�3 %	 &/AF
 /AK$ ?A--6 .

:8A1 DA3 ��C�.AB PAh4 ^9>Z4 5�F?��0�F dl>T% a�-nKF

 +�#A$ %	 D$%
 +?I�� �'�C P�.$�>�  D$%
 
%?�� P�.$�>� &( 	

/K$?-F
 .:?4 D6 /��B 	
 DA9B�4 a�?A-b &=	W i�AT 5�AF

/4 a�KZ� %	 ?��0�F =��Q8�T  e�w8�8-� ?-$()�.(

D�0AI :?A4 e� (% !
�Y>C% G�A� 5%�A3 5(�AC /A-�3  ?AI	

 	
 :?A4 +R 5
 	  5�AF�>4%	�� DA3 /C�>C
 +%H�4 D3 &
�f9K'

 
	%
 /">.3 �x$ 
	84 DvO-4 .:?4 (% /T�3 a�-nKF aAfK4 �AF

 
�Af9K'  ?I	 ^9>Z4 5�F?-�%�� a�3 _3% 	 �� =q
��4 �C%

 �3 %	 !��) =��Q8�T D3 y83�4 �>4%	�� e� 	%?v4 />B ��  !��)

 D3 /-��4 DvO-4 X�9J% D3 D\8� o1�A-4 	
 DA6 ?-I�3 !
	 R �C


 ?-AI�3 D>AI%?$ /�8A0J P3�J /�R	�6 �� &?-I�0$ !
�Y>C% P3�J �"�


)�&�� c�.(G�� �[\ a�%�3�-3 eA� 
�Af9K'  ?AI	 /A-�3

 5�F?-�%�� a�3 _3% 	 �� =q
��4 5	�)(�C ?��3 :?4 �3 :8�M4

 +%H�4 &�x$ 
	84 DvO-4 /K�9J% _�%�I �3 
�f9K'  ?I	 ^9>Z4

C
 	
 :?A4 /�R	�A6 +%HA�4  :?4 5
 	  5�F�>4%	�� D3 /C�>

G��
%
 	%�J �x$ ?4 %	 
�f9K'  ?I	 /-�3.

?A$%8>3 DA@ 
8A3 !
�AC :?4 N� 
�,�% &D���O4 a�% (% d?F

 ?AI	 +%HA�4 &N#T !
�4 2�(8�  ?��8� &5w8�8-� D3 %	 
�<9K'

 +%8A-' D3 ?$%8>3 :?4 a�%  ?F
 �0.$ S�T VR D$(%84  z�3

�G�� 5%�3 !
�C 5
�3	�@ 	%H3% N	�A@ DA3 =	W 
�A<9K' /A-�3


8I D>��).

s�� � -����&

�	� Y
T�
 

+%	�A<KF  /$�O9C :?4 D3�#4 p�0��v� &!
�Y>C% 
	84 :?4)�` 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.7

.5
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
29

 ]
 

                             2 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.7.5.4
https://jcpp.iut.ac.ir/article-1-1803-en.html


+
, ����  -�� ��	��7�!� �2
� .��/ 012
� 	3�4
& ��5 �6�- -89: 

�� 

�� (�9f-�AC  /$�O9AC  )��(
8AA3 .8AAK$  ?AI	 &:?AA4 aA�%

 ?A-@ /A4 D0C�M4 %	 S�T VR D$(%84  :8�M4 .�A3 5w8A�8-�

4 g�AAC% +%	�AA<KF  X��AA) =�AA���O)�� ��( /$�O9AAC &

+%	�fKF)�c ��(/3%��  )�`(?I D0C�M4 .+%HA�4 D0AC�M4

  /$�O9AAC � 	 D3�#AA4 p�AA0��v� z�AA3 {OAAC D�AAC8�  ?AAI	

 +%	�<KF)��(/$�O9C  )��(���) 7�,$% .�A3 g�A48�3 2K,�

 G3�� d��4 /�R	�@  ����	
 78[Y4 g�C%)��&�` ��( 

0C�M4 |T�AI G�%HA�% +%HA�4 g�AC% �A3 D$%
 
�<9K' +%H�4 D

D$%( 	 �I%
�3)�� ��(?I 7�,$% .DA3 (�A�$ %�A\% 5%�A3 :?4

 	
 D@ �I%
 5
 	  5�C N� : ?\ ��AC% !?I !
%
 +�#$ .

23�A-4 (% DA@ :?A4 (�A�$ 
	84 5
 	  5�F�>4%	�� D�9@ a�-nKF

 	
 �C% !?I D>��) ^9>Z4 : ?A\�
	 R �AC% !?AI !.aA�%

 /4 5
 	  5�F�>4%	�� a�% (% !
�Y>C% �3 :?4 %	 =�0AC�M4 ?$%8�

 U8J  +�4(  ?F
 7�,$% D$%( 	 =	8Q D3 /)?�C	 �� �I�@ (%

 
�A<9K' &:8�AM4 DA$%( 	 ?I	 �'�C &58K$ ^9>Z4 PB%�4

 G�� %	 z�3 {OC  �I%
�3 |T�I &D$%
 ?A-@ /A-�3 .aA�% 	


  5	��3R (��$ 
	84 VR &VR D$(%84 5%H\% :?4 5	�A�3R =�A��
 

/4 
	 R�3 H�$?$8I.

�E���2� 

G�� /)}�  (% /'%	( +�F��) 5w8�8-� o�J
 /-�3 5	 �A~ 5�AF

:?4 /A4 	�KAI D3 /'%	( +�F��) 5(�C D�0I 5�F
 	 . ?A��8�

 :?4 	
 e#T !
�4 X[�.� �A� /A'%	( +�AF��) 5(�C D�0I 5�F

 /A4 X�x-� 8K$ PB%�4 5?-3 +�4( D9�C  D3 5
��( ?B 
8AI)�`

 ��.(�'�AC DA@ �AC% /O�M4 P4%8' a������4 (% /<� �4


 /A4 	%�J ����� �M� %	 =	W !��) 8K$ ?AF
 . /AOT =q
�A�4

 	
 58AK$ 5�F?A-�%�� PA3�v4 	
 �A4
 G-@%  5
?�>4 /OT��u

 !
�@ ^�Q8� %	 ^9>Z4 +�F��) ?A$%)�&��&��&�c&�c&�� 

cc .(G�� =	W !�A�) 	
 8AK$ ^9>Z4 PB%�4 /-�3 DA3 DA\8� �A3

 |T�AI g�AC% �A3 �4
  8K$ �'�C a�3 DO3%	 /A�	%�B 5�AF

 /4 7�,$%
��) .|T�I /K�8Av� +�A4( DA3 �0.A$ /�	%�B 5�F

 o�J
 /9�T %	 58K$ ^9>Z4 PB%�4 G�� �� /A4 /-�3 ?A--@)��.(

*�%	 !
�Y>AC% 
	8A4 /�	%�B |T�I a���GDD /A4 DA@ ?AI�3

G�AA� 5%�AA3 DAA-4%
 	
 8AAK$ ^AA9>Z4 PAAB%�4 /AA-�3 (% 5
 ?AAM4

��	�� ��'  �I�6 5�F /4 !
�Y>C% /����%�L\ 5�F 
8I)�c.(

DAvO-4 	
 %8AF 5�A4
 _AC8>4 D<-�% D3 D\8� �3 &D���O4 a�% 	


 (% pq8Q% D���O4 
	84��/K$ �>#�3 g8�.9C D\	
 H�$  ?I�3

 t���� D3 =	W 5%�3 V89O4  D��� 5�4
 D@ a�% D3 D\8� �3��

 ��g8�.AA9C DAA\	
 )�(�AAC% !?AAI �	%HAA)): ?AA\ �(&

58K$ ^9>Z4 PB%�4 ^�Q8� 5%�3 {O.4 :?4 N� (% &a�%�3�-3

 D0C�M4  GDD?I !
�Y>C% ��( =	8Q D3 :

T <= TB �)% �GDD =  

]�[TB < T < TO                    �)% GDD = T – TB 

T => TO �)% GDD = TO - TB 


 D@+R 	T&TB  TO DA��� 5�4
 &%8F 5�4
 _C8>4 t���� D3

?->.F g8�.9C D\	
 t.B �3 V89O4 5�4
  .GDD 5%�A3 

?AI +�A�3 /A�K,� =	8Q D3 8K$ ^9>Z4 PB%�4 .(% &a�%�3�A-3

 D9B�4 +R +���� �� 58K$ D9B�4 �F U �IGDD D0C�M4 D$%( 	 

XF �3 sEC  $ 	
  ?�
�) 2K\ Dj%	% /�K,� =	8Q D3 ���[

 ?I)P<I�(.

G�A� 5%�3 &D���O4 a�% 	
 �A� �AI�@ (% +�A4( =?A4 /A-�3

 D�
��4 (% !
�Y>C% �3 &8K$ ^9>Z4 PB%�4�!
%
 (% &D3 y83�4 5�F

 g%�6 P"-�C g	��
 =	W ?��0�F��� +�>AC% _�%�AI �AM� 

�I�@ ��	�� DC 	
 +�[YQ%�� �� �#A[0�
	% ��
%
�AT 

���� >C% ?I !
�Y)���: ?\�.(GDD 58AK$ PAB%�4 5%�A3 

G�� 
	84 &z�A3 ?AI	 +���� &+?I H0C PB%�4 �� �I�@ (% /-�3

 tA���� DA3 �I%
�3 /)?�C	  D$%
 ?I	 +���� &D$%
 ?I	 U �I

 �3%�3��&����&���� &���� ��c� ( 	 	
 g8�.9C D\	
 

?$
83.

B=C  -�� D3��
 � 	
��
 

:?4 (% 5	��.3 0I 5�F DA$%( 	 G�%HA�% &/'%	( +�F��) 5(�C D�

 !?�C	 5?�I	8T G3�� V�~ �3 %	 e#T !
�4)�>4 �3 : w�"4

 ( 	 	
 23�4( !�A�) D9�AC  D3 !?I ����	
 G3�� �.6 &RUE 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.7

.5
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
29

 ]
 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.7.5.4
https://jcpp.iut.ac.ir/article-1-1803-en.html


���� �� � 	
��
����� � ����� ������ ��� /������ / ��!" #$%& /'()* 

c� 

��	o'.��5 �	� ��
6 -��� �-��� ��&�$����, 

�>4%	��)^YZ4(?B%  

/K�9J%  /C�-I%8F 5�F !
%
 

5�4
 �h@%?B D$%( 	 )TMAX(g8�.9C D\	
 

D$%( 	 5�4
 PJ%?B )TMIN(g8�.9C D\	
 

D$%( 	 5?�I	8T G3�� )SRAD(( 	 	
 23�4 �>4 	
 : w�"4 

D$%( 	 /)?$	�3 )RAIN(/9�4�>4 

/)}� S�T 5�F 

 ?�0�R )SALB(
	%?$ 

/#<F( t��~ )DRAINF(/9�4 �3 �>4/9�4�>4 

/)
�4}� DOv$ 	
 �381	 /K,B �.@ )IDUL(/>$�C/>$�C �3 �>4�>4 

/'%	( ����� DOv$ 	
 �381	 /K,B �.@ )ILL(/>$�C/>$�C �3 �>4�>4 

U�0I% DOv$ 	
 �381	 /K,B �.@ )ISAT(/>$�C/>$�C �3 �>4�>4 

S�T /-M-4 !	�KI )CN(
	%?$ 

�?4/'%	( ��� 

�I�@ ��	�� )PDOY(D�8$%w : % (% :�C ( 	 

X@%�� )DEN(23�4 �>4 	
 D�83 

�I�@ 2J84 	
 S�T �381	 )ISW(/9�4�>4 

5	��3R 7�,$% 5%�3 S�T ]��� P3�J VR �.@ )IRGLVL(
	%?$ 

)!?I ����	
 G3�� : w�"4 �3 7�) (/A4 
	 R�A3 ?A--6)`&��&

�� &��&��&�� c�.(e#AT !
�A4 ?A��8� H�$ D���O4 a�% 	


?�
�) D0C�M4 ��( :84�� (% !
�Y>C% �3 D$%( 	:

]�[BDM = PAR × FINT × RUE 

+R 	
 D@PAR !�A�) D3 !?�C	 D$%( 	 5H>-C8>� :��� G3�� P@ 

)MJ.m-2.d-1(&FINT � !?I ����	
 G3�� �.@ �C% !��) _C8 .

	%?v4PAR /I84�T t��~ D3 )kPAR ( z�A3 {OAC |T�I  

)LAI ( /<��AC  /.A$�4 DO3%	 o01  
	%
 /">.3)(% PAv$ DA3

�` (/4 D0C�M4 ��( =	8Q D3

�):

]�[FINT = 1 – exp (-kPAR × LAI) 

v4 	%?kPAR a�3 =	W 5%�3 ��/���`�/��AC% !?AI �	%HA) 

)c&�&�`&�� ��.(+%	�AA<KF  /$ 
�AA4)��( g%�AAA3  

+%	�<KF)c(	%?Av4 DA6 ?$
%
 +�#$k/F�A�) X@%�A� DA3 D>.A3 

/4 ?I�3 ��L>4 ?$%8� .+%	�<KF  = 
	  o01)��(	%?Av4kPAR 

	
 �~�B :?4 	
`/�?�
�) ��0h� ): ?\�.(	%?Av4LAI �A3 

:?4 D3 D\8�EPIC ?I D0C�M4 )��.(RUE 	W G3�A� 5%�3 =

a�3 D$%
 +?I�� (% ?�3  P0J PB%�4 	
 5H>-C8>� :�����/���

��/��C% !?I !
( a�KZ� : w�"4 �3 7�) )��&�� �c.(	


5��-�@  H$8\ D@ /��B)��(%	 +R 	%?v4c: w�A"4 �A3 7�A) 

?$
83 !
�@ �	%H) .+%	�<KF  �.�j8@?-��)��(?A$
%
 +�#A$

 d��A4 /�R	�@ 	%?v4 D@/#A� 	 ?AI	 !	 
 :8A1 	
 G3�A� 

)IRUE1 ( /#�%(  )IRUE2 ( /#AF�@ DA$8) ��F  �C% �3��

 
%
 ?F%8Z$ +�#$ %	 .GF�A@ 7?'IRUE2 /A4 �A9' DA3 ?A$%8�

 5%�A3 !
	 �A� 
%8A4 	%?Av4 GF�A@ 7?'  ?I	 V89O4 _�%�I

 ?I�3 D$%
 5�~�v�)�`.(8j�@�4)��(
�A@ !?F�#A4IRUE2 DA3 

w �>�$ 
?,4 :�v>$% �9' /A4 GF�A@ DA$%
 D3 z�3 +?A3�� .aA�%

 /4 =	?$ D3 D@ 
83 D$%
 5�~�v� P��
 D3 +w �>�$ :�v>$% �.$%8�

 
8I V�\ a�4( (% .:
�A�4 p�A0��v� G3�A� PA6 d��A4 /�R	�6 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.7

.5
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
29

 ]
 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.7.5.4
https://jcpp.iut.ac.ir/article-1-1803-en.html


+
, ����  -�� ��	��7�!� �2
� .��/ 012
� 	3�4
& ��5 �6�- -89: 

c� 

��	o*. ��	6� 	Q�� A��6��5 �	� �- �-��� ��&�$����, ;
!Z
 D42� � ;
!Z
 ��	]� A��
K 

�>4%	��)^YZ4(?B%  a�KZ� 4a�KZ� 20- 

8K$ 5%�3 D��� 5�4
)TB(g8�.9C D\	
 ���

8K$ 5%�3 V89O4 5�4
)TO(g8�.9C D\	
 ���

G3�� d��4 /�R	�@ 5%�3 D��� 5�4
)TBRUE(g8�.9C D\	
 �c�

G3�� d��4 /�R	�@ 5%�3 /$�>M� V89O4 5�4
)TO1RUE(g8�.9C D\	
 ��c�

G3�� d��4 /�R	�@ /$�J8� V89O4 5�4
)TO2RUE(g8�.9C D\	
 ��c�

G3�� d��4 /�R	�@ 5%�3 ^vC 5�4
)TCRUE(g8�.9C D\	
 c�c�

+?AI �� (% P0J 	
 V89O4 _�%�I 	
 5H>-C8>� :��� G3�� d��4 /�R	�@

 D$%
)IRUE1(

: w�"4 �3 7�) ��/���

+?AI �� !	 
 /1 V89O4 _�%�I 	
 5H>-C8>� :��� G3�� d��4 /�R	�@

 D$%
)IRUE2(

: w�"4 �3 7�) ��/��c

5H>-C8>� :��� G3�� 5%�3 /I84�T t��~)KPAR(
	%?$ `/���

�I%
�3 |T�I G�%H�% �'�C)DHI(( 	 	
 7�) ��c/��� ��

DOv$�X@%�� P3�v4 	
 /0.$ z�3 {OC |T�I /-M-4 5 	 )P1()23�4 �>4 	
 D�83 &
	%?$()�/�&c/c(�

DOv$�|T�I /-M-4 5 	 X@%�� P3�v4 	
 /0.$ z�3 {OC )P2()23�4 �>4 	
 D�83 &
	%?$()�/�&�(�

DOv$�!H���4�$ 8K$ D9B�4 P3�v4 	
 /0.$ z�3 {OC |T�I /-M-4 5 	 

!?I)D1(

)
	%?$ &
	%?$()�c/�&�c/�(��

DOv$�!H���4�$ 8K$ D9B�4 P3�v4 	
 /0.$ z�3 {OC |T�I /-M-4 5 	 

!?I)D2(

)&
	%?$
	%?$()�c/�&c�/�(��

DvO-4 	
 !?I !?F�#4 z�3 {OC |T�I �h@%?B)LAIMX(
	%?$ �/���

N#T !
�4 ?��8� GF�@ U �I 7�"-F 	
 g�>C
 P3�J VR �.@)WSSG(
	%?$ �c/��� ��

z�3 {OC ?��8� GF�@ U �I 7�"-F 	
 g�>C
 P3�J VR �.@)WSSL(
	%?$ �c/���

@ 5%�3 /I84�T t��~  �A�Z0� X�.Av� D0AC�M4 	
 5?�AI	8T G3�A� P

]���)KET(


	%?$ c/���

!��) 5 ?�0�R t��~)CALB(
	%?$ ��/���

S�T (% VR �%�Z>C% ��84 oK')SOLDEP(�>4 /9�4 ���� ��

/A4 5H>-C8>� :��� G3�� d��4 /�R	�6 ^�$ ?AI�3 .:?A4 	


 +%	�<KF  8j�@�4)��(�� P6 d��4 /�R	�@ 	%?v4 PA0J 	
 G3

 5 	 t���� D3 D$%
 +?I �� U �I (% ?�3  `/� �/��A3 7�) 

?AAI X�AAx-� : w�AA"4 .+%	�AA<KF  �q% )��(/�R	�AA@ 	%?AAv4

 DA3 z�A3 2��AC +?I ��� (% ?�3  P0J 	
 %	 G3�� P6 d��4

 �3%�3 t�����/� c/�?A$
( a�AKZ� : w�A"4 �3 7�) .aA�% 	


 	%?v4 &D���O4IRUE1 �� G3�� 5%�3 5�A�-�@ o01 5H>-C8>� :�

 +%	�<KF  )��(�3%�3��/� : w�A"4 �A3 7�) IRUE2 5%�A3

 %�A9�)R  	�A-�8� oA01 5H>-C8>� :��� G3��)�c(�/��A3 7�A) 

?$?I !
( a�KZ� : w�"4): ?\�.(

5�3	�@  8j�@�4)��(z�A3 /�8-@ D�C8� D6 ?$
%
 +�#$

 �1 aA�% (%  DA>��) 	%�AJ _�AM4 5�A4
 ����A� �M� 	%?Av4 oA� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.7

.5
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
29

 ]
 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.7.5.4
https://jcpp.iut.ac.ir/article-1-1803-en.html


���� �� � 	
��
����� � ����� ������ ��� /������ / ��!" #$%& /'()* 

c� 

0

0.2

0.4

0.6

0.8

1

1.2

0 10 20 30 40 50

(در�� ���
�س) � د��ي ه�ا����

��
� 

�!
 "

#$
�

07"'.J<t� �	� U��
 ��5 �- ��- �� �4t6 �!6 ?��� +2/�� 

��	o(. -�-  	"  -�%$�� �	� ���3��� �3 �	� ��&�$����, �C�� ;
!Z
 ���� �S6� �� �V �3�& �?�

G��4(R :�C  PM4 /����%�L\ ��' 

)/��KI(

	�K�� G��4(R 20-4 

&+�[YQ%��`� ��`◦�� �@ G�%	R  X@%���I�

&
�3R ��80@��``  ��`� ��c◦�� �I�@ ��	�� ��

&
�3R ^,$ S	8���`` ���◦�� X�w	5	��3R ^9>Z4 5�F ��

&
�3R ^,$ S	8����c ���◦�� XJ	 cc

&+�\	 l� +%
 �I���� ���◦�� �I�@ ^�
	  X@%�� ��

&+�\	 l� +%
 �I���� ���◦�� �I�@ ��	�� ��

 z�3 {OC |T�I a�A��� /�8-@ _C8� G3�� ����	
 �0.$ 

/4
8I .	%�AJ ����A� �M� %	 !��) ?I	 =?4 :81 a�-nKF �4


/4 /4 G3�� D@ /$�4( �h@%?B  ?F
 
	8AT�3 /�8A-@ DA3 ?A$%8�

 /4 GF�@ &?-@?3�� ./4 a�%�3�-3 DA@ 
�A3 /A� DA><$ aA�% D3 +%8�

 /4 G3�� d��4 /�R	�@ ?��K$ ���L� �4
 ����� �M� ?$%8�)�� 

c� .( /OT _3% 	 G-A@%  ^�AQ8� 5%�A3 5
?�>4 /OT��u  

	%�AJ /AC	�3 
	84 =	W 	
 �4
 D3 �0.$ G3�� d��4 /�R	�@

D>��) ?$%)�&�� ��.( DA��� 5�A4
 	%?Av4 &�A~�B :?A4 	


 �3%�3 t���� D3 G3�� d��4 /�R	�@ 5%�3 ^vC� c�DA\	
 

a�A3 V8A9O4 5�A4
  g8�.9C���A� ��g8�.A9C DA\	
 

?$?I !
( a�KZ�)c�: ?\ ��.((% !
�Y>AC% �3 &�~�B :?4 	


 DA\8� �A3 H�$  G3�� d��4 /�R	�@ 5%�3 !?I �	%H) 5�F�4


 _�%�AI 	
 5H>-AC8>� :��� G3�� d��4 /�R	�@ &��( DO3%	 D3

?�
�) {�M�� /��4
 V89O4�$:

]�[RUE = IRUE1 × DVRUE × TCFRUE 

D@ +R 	
RUE _�%�I 	
 5H>-C8>� :��� G3�� d��4 /�R	�@ 

&/��4
 ^9>Z4IRUE1 5H>-AC8>� :�A�� G3�� d��4 /�R	�@ 

&/��4
 V89O4 _�%�I 	
 /#� 	 ?I	 !	 
 :81 	
DVRUE 

/4 5H>-C8>� :��� G3�� d��4 /�R	�@ t��~ 	%?Av4  ?AI�3

 �A3 �A3%�3 D$%
 +?I�� (% P0J +R��A3%�3 DA$%
 +?AI�� (% ?A�3  

RRUE /4?I�3 .	%?v4RRUE d��A4 /�R	�A@ �0.A$ �3 �3%�3 

5H>-C8>� :��� G3�� +?AI �� (% P0J D3 D$%
 +?I �� (% ?�3 	
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.7

.5
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
29

 ]
 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.7.5.4
https://jcpp.iut.ac.ir/article-1-1803-en.html


+
, ����  -�� ��	��7�!� �2
� .��/ 012
� 	3�4
& ��5 �6�- -89: 

c� 

/4 D$%
3?I� .TCFRUE G3�A� d��4 /�R	�@ {�M�� t��~ 

�C% D$%( 	 5�4
 a�"$��4 5%�3 5H>-C8>� :���)���P<I�.(

#AT !
�A4 2AK,� (% /�3�A� +%8A-' DA3 D$%
 
�<9K' 2K,�  e

DA$%( 	 �AI%
�3 |T�AI /OT G�%H�%)DHI ( ?AI ^�AQ8�

)�c.(DA3 =	W �AI%
�3 |T�AI D@ �C% !
%
 +�#$ =����O4

 /4 G�%H�% D$%
 +?I �� !	 
 :81 	
 /OT 	81 	%?Av4  ?A3��

 a�3 +R /OT G�%H�%���/�����`�/�!?AI �	%HA) ( 	 	
 

�C%)��&�� c�.(	%?v4 &:?4 a�% 	
DHI �A3%�3 ��c/�	


( 	)�� ��(?AAI !
( a�AAKZ�): ?AA\�.(DAA@ /��AA,$R (%

 /A4 e#AT !
�4 P6 D3 D$%
 +(  �0.$ �I%
�3 |T�I &?AI�3

 /4 7�,$% /$�4( �� �I%
�3 |T�I 	
 G�%H�% �h@%?AB D@ 
��)

 	
 �AI%
�3 |T�I /-M-4 +R (% ?�3  ?�R �C
 D3 D$%
 +( 

 /A4 %?A�� {O.4 ���B N� /�	%�B +�4( P3�v4 ?A-@)�� ���

PfI�.(

I�� J<� 

:?A4 �A3 D3�#A4 p�0��v� /I 	 �3 z�3 {OC D3 y83�4 =�0C�M4

EPIC)c�(:?4 	
 D@SBEET)�� ��(!?AI D>��) 	�@ D3

���) 7�,$% &
83 .{OAC |T�I +%H�4 &� 	 a�% (% !
�Y>C% �3

 �A�( DA�
��4 oA��1 (% �AI%
�3 �A� �AI�@ (% ( 	 �F 	
 z�3

?I D0C�M4:

]c[LAI = RLAI × LAIMAX 

+R 	
 D@LAIMAX X@%�A� 5%�A3 z�A3 {OC |T�I �h@%?B 

 �x$ 
	84RLAI �0.$ LAI �h@%?AB DA3 
8A\84 LAI PA3�J 

/4 :8�M4 _C8� :8�B?I�3 .LAIMAX DAO3%	 (% !
�Y>C% �3 

D3 ��(?4R �C
:

LAIMAX = (PDEN / PDEN + EXP (Al – Bl × PDEN) 
]`[

&D�
��4 a�% 	
PDEN /4 23�4 �>4 	
 =	W !��) X@%�� D@ ?I�3

 
8I !
%
 :?4 D3 ?��3 5
 	  N� =	8Q D3.Al  Bl t�%�A~ 

DOv$  
 +
83 �C
 	
 �3 D@ ?->.F D�
��4P1  P2 o��1 (%  

/A4 �C
 D3 DOv$  
 +R 5%�3 ]8� D�
��4 +�4HKF PB ?A�R .	


	%?Av4 :?A4 a�%)�/�&c/c= (P1 	%?Av4  )�/�&�= (P2 	
 

?$?I D>��) �x$): ?\�.(P1 /4 +�#$ X6%�� 	
 D6 ?F
c/c

�A3%�3 /0.$ z�3 {OC |T�I &23�4 �>4 	
 D�83�/� �AC% 

H�$P2 /4 +�#$ X6%�� 	
 D6 ?F
�|T�AI 2A3�4 �>4 	
 D�83 

�3%�3 /0.$ z�3 {OC�/��C% .

	%?v4RLAI $ DA9B�4 DA3 DA\8� �A3 !?AI 
	%?$�>AC% 58AK

)NGS �AI�@ (% /�	%�B +�4( D3 
8\84 /�	%�B +�4( �0.$ &

/)?�C	 ���I%
�3 (D3 ��( =q
��4 o��1 (%?4R �C
:

NGS < BLS �)% RLAI = NGS/(NGS+EXP(a+b×NGS)    

NGS => BLS �)% RLAI = BSGLAI × ((1 - NGS) / (1 – BLS)) 

]�[

BLS 	
 !?I 
	%?$�>C% 8K$ D9B�4 DA@ �C% D$%
 +?I�� U �I 

z�3 {OC |T�I �h@%?B +R 	
)BSGLAI ( /4 PQ�B 
8AI

 /4 GF�@ z�3 {OC |T�I +R (% ?�3  ?3��)P<I�.(a b

DAOv$  
 +
83 �C
 	
 �3  ?->.F D�
��4 t�%�~D1  D2  

�AC
 DA3 DAOv$  
 +R 5%�A3 ]8� D�
��4 +�4HKF PB o��1 (%

/4?�R .	%?v4D1  D2 % 	
 /$�O9C GF }� o01 �3 D���O4 a�

)��(�AA3%�3 tAA���� DAA3)�c/�&�c/�( )�c/�&c�/�(�AAx$ 	


 ?I D>��)): ?\�.(D1/4 +�#$ +?I /1 (% s� D@ ?F
�c

�AI%
�3 �A� �AI�@ (% /�	%�B +�4( ?Q	
LAI DA3 c?AQ	
 

/4 
8T �h@%?B  ?C	D2 % +R !?A-F
 +�#$ DA@ �ACLAI �A3 

+?I 5�ECc�%+�4( D3 /�	%�B�c%/4 
8T �h@%?B?C	.

N�C G� �6���� 

7(q 
�<9K'  ?I	 �3 _0��4 /���4 VR 	%?v4 /-�3 G�� 5%�3

 
�A�) =	8Q S�T oK' 	
 VR D$(%84 D@ �C% .DA$(%84 5%�A3

 VR &S�T VRVR (% S�AT DA3 5
 	  5�AF (% /A\ �T 5�AF

 /4 �.@ S�T 

�))�� ��.(:84�� (% S�T VR D$(%84 5%�3 

?I !
�Y>C% ��(:
SWCi = SWCi-1 + ERAIN + IRGWi – DRAINi – SEVPi – Tri 

]`[

	
 DAA@ +R SWCi ( 	 	
 S�AAT 	
 
8AA\84 VR 	%?AAv4 i&7% 

SWCi-1 ( 	 	
 S�AT 	
 
8A\84 VR 	%?Av4 i-1 &7% ERAIN 

&���4 /)?$	�3 +%H�4IRGWi ( 	 	
 5	��3R o��1 (% VR +%H�4 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.7

.5
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
29

 ]
 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.7.5.4
https://jcpp.iut.ac.ir/article-1-1803-en.html


���� �� � 	
��
����� � ����� ������ ��� /������ / ��!" #$%& /'()* 

c� 

0

0.2

0.4

0.6

0.8

1

1.2

0 10 20 30 40 50 60

(در�� ����%
�س) � د��ي ه�ا����

TC
FR

U
E

07"*.
��
 j3�P +2/�� �b$2��$� ��M� +��
 l��� �3���/ J)TCFRUE (��5 �- ��- �� 

0

0.2

0.4

0.6

0.8

1

1.2

1000 1500 2000 2500 3000

(در�� ���
�س در روز) �ز��ن /$ار.

��
� 

"
ا1

$د
23

4�
1

07"(.��5 �- �6�- R	"�, R�3�, �
 u��" �� �M!�
 �
���Q R��� 0��]� �- ?"�-�� vC�" R�b
� ���

@
 +2/�� 

0

0.2

0.4

0.6

0.8

1

1.2

0 0.2 0.4 0.6 0.8 1 1.2

561 57
8��$  �!  ��/$�

��
� 

گ
$2

:;
�

3
4�1

07":.�4t6 �!6 ��Q�� 0��]� �- �4t6 I�� J<� vC�" ���

@
 )
����6 	"  b (��5 �- 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.7

.5
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
29

 ]
 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.7.5.4
https://jcpp.iut.ac.ir/article-1-1803-en.html


+
, ����  -�� ��	��7�!� �2
� .��/ 012
� 	3�4
& ��5 �6�- -89: 

cc 

y = 0.7713x + 3233.1
R2 = 0.9159

10000

11000

12000

13000

14000

15000

16000

10000 11000 12000 13000 14000 15000 16000

(kg/ha) 561 56ه�G� د$H�!#

(k
g/

ha
)5

6%1
�I


2
J


K
$د

H�!
#

07"g.�7�!� 	"  	&�=� -�7�!� 0��]� �-  	" ���� �
4" -.UC j

�
 �� ;
> �<]6 � ;
> UC A�,�
 UC':'A

	2$t& R�
��K� UC R�2
!`� -�	Q � R�
��K� ��-�M�.

i&7% DRAINi #<F( +%H�4 �	�AT D#A�	 PAM4 (% D@ /vK' /

?I &�C% !SEVPi  S�AT {OAC (% �A�Z0� +%H�4 TRi +%HA�4 

!��) D$%( 	 ]���/4?I�3 .��Z0�  /#<F( D3 y83�4 =�0C�M4

 /$�O9C GF }� o01 �3 ]���  )��(?AI 7�A,$% .5�AF�>4%	��

 !
�A4 ?A��8� {�M�A� t��A~ P4�I S�T VR D$(%84 D3 y83�4

 VR G-A� 5%�A3 N#T)WSSG(��>.A) {�M�A� t��A~ &

VR G-� 5%�3 z�3 {OC)WSSL(P@ 5%�3 /I84�T t��~ &

� D0AC�M4 	
 5?�AI	8T G3�� �A�Z0� X�.Av�]�A�� )KET(&

!�A�) 5 ?�0�R t��~)CALB ( (% VR �%�Z>AC% ���A4 oAK'  

S�T)SOLDEP (/4	
 �A~�B :?4 5%�3 �[$R 	%?v4 D@ ?-I�3

 : ?\��C% !?I !
	 R .

w�� � x3�$6 

	
P<I c�A3 !?AI !?F�#A4 
�A<9K'  !?I 5(�C D�0I 
�<9K' 

!?I D.��v4 �"�?<� ?A$% .P<AI aA�% 	
 a�A-nKF _AT�:�_AT &

!?I !
	 R +8�C�)	 _T +�-�K1% 
 ?B  +8�C�)	 ?A$% .
�A<9K'

!?F�#AA4 =%�AA��L� DAA-4%
 5%	%
 5%����� �AA� �c��� 	
 7�)8AA9�6 

a�"$��4 �3  	�><F����� DA6 /��AB 	
 �
8A3 	�A><F 	
 7�)89�6 

G�� 
�<9K' =%���L� D-4%
 !?AI /A-�3�����  �c��� 7�)8A9�6 

�4 5%	%
  	�>fF 	
 a�"$����`� 
8A3 	�><F 	
 7�)89�6 ./�R	�A@

 �A��) 	%�AJ /3�A�(	% 
	8A4 ^A9>Z4 5�F�>4%	�� D3 D\8� �3 :?4 .

a�A3 !
�AC /OT +8�C�)	 t�%�~ :?4 /3��(	% 5�F	���4 (% /<�

 G�� 
�<9K' !?I !?F�#4 
�<9K'  !?I /-�3)a b(
8A3)��.(

t�%�~a bT d%�M$% 	%?v4 !?-F
 +�#$ t���� D3 +8�AC�)	 _

_AT (% +8�AC�)	 _T t�	% 	%?v4  =��>Z4 �?04 (%�:�)_AT

�c D\	
 (/4?-I�3 .+8�AC�)	 :?A4 t�%�A~)����±����a=  

��/�±��/�b= ( +�AA-�K1% 
 ?AAB 5�AA-04 �AA3�c/�)��(dl>AAT%

/AA-�4 _AAT t�%�AA~ �AA3 5	%
�:�)�a=   �b= (?AA$
%?$ +�#AA$ .

/4 a�%�3�-3 !
%
 D6 
�6 y�0->C% +%8� _AT :8AB /38AT DA3 �F�:�

?$	%
 	%�J .	%?v4 a�-nKFR2)a��0� t��~ (:?4 5%�3��%
8A3 .

D3 	
 :?4 5��)	�@ G�� 5%�3 �F 	%?v4 &
�<9K' /-�3R2G�A3 ?A��3 

(%`�%?I�3)��(
	%
 
8A\  �~�B :?4 	
 y�I a�% D@ .	�A\

 =�AA�%�M$% =�AA�3�4 a�"$�AA�4)RMSD(&c�� 	�AA><F 	
 7�)8AA9�6 

&
83 D@�/�%G��  !?I !?F�#4 a�"$��4  
 �F 
8A3 !?AI /A-�3 .

=%�A��L� t��A~ DA@ �AC% /��B 	
 a�%)CV ( G��A4(R 	
 5�AF

D'	H4 a�3 5%������/4 ?Q	
 ?I�3.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.7

.5
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
29

 ]
 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.7.5.4
https://jcpp.iut.ac.ir/article-1-1803-en.html


���� �� � 	
��
����� � ����� ������ ��� /������ / ��!" #$%& /'()* 

c` 

��
$6r�
K 

/4 �~�B :?4 &/9@ 	81 D3G�� 5%�3 ?$%8� =	W 
�A<9K' /-�3

 ��	�� !
 ?M4 	
 D3 +�[YQ% 78C�4 �I�6 5�F D>��) 	�@ 
8AI .

a�% 5%�32�C  D-4%
 	
 ?$%8>3 :?4 D@��	�� (% 5�� �AI�6 5�F

 ��'  �3 ( 	 :81 ��% �C% 7(q 
8I !
�Y>C% /����%�L\ 5�F

 
��) 	%�J /C	�3 
	84 =	W 8K$ ^9>Z4 PB%�4 .5%�3 a�-nKF

 DA3 NA�w8�8�H�� :?A4 N� (% z�3 {OC G�%H�% +%H�4 D0C�M4

 :?4 5�\EPIC ��O4 a�% 	
 D@ &&�AC% !?AI DA>��)	�@ DA3 D�

DA3 /�%8AF  VR _�%�AI ���C 5%�3 ?$%8>3 :?4 �� 

�) !
�Y>C%

 a;KO4 =	8Q D3 5�� 
 	 	�@ .VR DA$(%84 5%�A3 &:?A4 a�% 	


 DA@ �AC% !?AI DA>��) �x$ 	
 D�q N� =	8Q D3 S�T &S�T

 D�q =��Q8�T �C% 7(q VR DA$(%84 �A[\ +R ^A9>Z4 5�F



�) m�M� S�T.

D��2� -���  -�%$�� 

1. Akbari, G. 1991. The effects of plants and planting pattern on growth, yield and yield components of corn in Isfahan. 
MSc. Thesis, Isfahan University of Technology, Isfahan, Iran. 

2. Andrade, F. H., M. E. Otegui and C. R. C. Vega. 2000. Intercepted radiation at flowering and kernel number in 
maize. Agronomy Journal 92: 92-97. 

3. Birch� C. J., G. L. Hammer and K. G. Rickert. 1998. Temperature and photoperiod sensitivity of development in five 
cultivars of maize (Zea mays L.) from emergence to tassel initiation. Field Crops Research 55: 93-107. 

4. Bonhomme, R., M. Derieux and G. O. Edmeades. 1994. Flowering of diverse maize cultivars in relation to 
temperature and photoperiod in multilocation field trials. Crop Science 34: 156-164. 

5. Borras, L., G. A. Maddonni and M. E. Otegui. 2003. Leaf senescence in maize hybrids: Plant population, row spacing 
and kernel set effects. Field Crops Research 82: 13-26. 

6. Brisson, N., C. Gary, E. Justes, R. Roche, B. Mary, D. Ripoche, D. Zimmer, J. Sierra, P. Bertuzzi, P. Burger, F. 
Bussiere, Y. M. Cabidoche, P. Cellier, P. Debaeke, J. P. Gaudillere, C. Henault, F. Maraux, B. Seguin and H. 
Sinoquet. 2003. An overview of model STICS. European Journal of Agronomy 18: 309-332.  

7. Cavero, J., I. Farre, P. Debaeke, and J. M. Faci. 2000. Simulation of maize yield under water stress with the 
EPICphase and CROPWAT models. Agronomy Journal 92: 679-690. 

8. Dobermann, A., T. Arkebauer, K. Cassman, R. Drijber, J. Lindquist, J. Specht, D. Walters, H. Yang, D. Miller, D. 
Binder, G. Teichmeier, R. Ferguson and C. Wortmann. 2003. Understanding corn yield potential in different 
environments. Annual report to the fluid fertilizer foundation on grant "Yield potential and optimal soil 
productivity in irrigated corn systems of the north-central USA". 

9. Duchon, C. E. 1986. Corn yield prediction using climatology. Journal of Climatology and Applied Meteorology .25: 
581-590. 

10. Dwyer, L. M., D. W. Stewart, L. Carrigan, B. L. Ma, P. Neave and D. Balchin. 1999. A general thermal index for 
maize. Agronomy Journal 91: 940-946. 

11. Ellis, R. H., R. J. Summerfield, G. O. Edmeades and E. H. Roberts. 1992. Photoperiod, temperature and the interval 
from sowing to tassel initiation in diverse cultivars of maize. Crop Science 32: 1225-1232. 

12. Grimm, S. S., J. W. Jones, K. J. Boote and D. C. Herzog. 1994. Modeling the occurrence of reproductive stages after 
flowering for four soybean cultivars. Agronomy Journal 86: 31-38. 

13. Grimm, S. S., J. W. Jones, K. J. Boote and J. D. Hesketh. 1993. Parameter estimation for predicting flowering date 
of soybean cultivars. Crop Science 33: 137-144. 

14. Jones, C. A. and J. R. Kiniry. 1986. CERES-Maize: A simulation model of maize growth and development. Texas 
A&M Univ. Press, College Station. 

15. Jones, J. W., G. Hoogenboom, C. H. Porter, K. J. Boote, W. D. Batchelor, L. A. Hunt, P. W. Wilkens, U. Singh, A. 
J. Gijsman and J. T. Ritchie. 2003. The DSSAT cropping system model. European Journal of Agronomy 18: 
235-265. 

16. Kiniry, J. R. and D. P. Knievel. 1995. Response of maize seed number to solar radiation intercepted soon after 
anthesis. Agronomy Journal 87: 228-234. 

17. Kiniry, J. R., J. R. Williams, R. L. Vanderlip, J. D. Atwood, D. C. Reicosky, J. Mulliken, W. J. Cox, H. J. Mascagni, 
Jr., S. E. Hollinger and W. J. Wiebold. 1997. Evaluation of two maize models for nine U.S. locations. Agronomy 
Journal 89: 421-426. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.7

.5
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
29

 ]
 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.7.5.4
https://jcpp.iut.ac.ir/article-1-1803-en.html


+
, ����  -�� ��	��7�!� �2
� .��/ 012
� 	3�4
& ��5 �6�- -89: 

c� 

18. Lindquist, J. L., T. J. Arkebauer, D. T. Walters, K. G. Cassman and A. Dobermann. 2005. Maize radiation use 
efficiency under optimal growth conditions. Agronomy Journal 97: 72-78. 

19. Lizaso, J. I., W. D. Batchelor, K. J. Boote and M. E. Westgate. 2005. Development of a leaf – level canopy 
assimilation model for CERES- Maize. Agronomy Journal 97: 722-733. 

20. Maddoni, G. A., M. E. Otegui and A. G. Cirilo. 2001. Plant population density, row spacing, and hybrid effects on 
maize canopy architecture and light attenuation. Field Crops Research 71: 183-193. 

21. Muchow, R. C. 1990. Effect of high temperature on grain-growth in field-grown maize. Field Crops Research 23: 
145-158. 

22. Muchow, R. C. and P. S. Carberry. 1989. Environmental control of phenology and leaf growth in tropically adapted 
maize. Field Crops Research 20: 221-236. 

23. Muchow, R. C. and T. R. Sinclair. 1991. Water deficit effects on maize yields modeled under current and 
greenhouse climates. Agronomy Journal 83: 1052-1059. 

24. Muchow, R. C., T. R. Sinclair and J. M. Bennett. 1990. Temperature and solar radiation effects on potential maize 
yields across locations. Agronomy Journal 82: 338-342. 

25. Olsen, J. K., G. W. Blight and D. Gillespie. 1990. Comparison of yield, cob characteristics and sensory quality of 
six supersweet (sh.) corn cultivars grown in a subtropical environment. Australian Journal of Experimental 
Agriculture 30: 387-393. 

26. Rajcan, I. and M. Tollenaar. 1999. Source: sink ratio and leaf senescence in maize: I. Dry matter accumulation and 
partitioning during grain filling. Field Crops Research 60: 245-253. 

27. Rezaei, A. and A. Soltani. 2007. An Introduction to Applied Regression Analysis. Isfahan University of 
Technology, Isfahan. Iran. 

28. Sarmadnia, G. 1995. The effect of planting date on grain yield of maize cultivars in Isfahan. Iranian Journal of 
Agricultural Sciences 26: 17-25. 

29. Sharifi, M. R. 1995. Photoperiod and temperature effects on development, growth and yield of corn. MSc. Thesis, 
Isfahan University of Technology, Isfahan, Iran. 

30. Shaykewich, C. F. 1995. An appraisal of cereal crop phenology modeling. Canadian Journal of Plant Science 75: 
329-341. 

31. Sinclair, T. R. and R. C. Muchow. 1999. Radiation use efficiency. Advances in Agronomy 65: 215-265. 
32. Sinclair, T. R. and R. C. Muchow. 2001. System analysis of plant traits to increase grain yield on limited water 

supplies. Agronomy Journal 93: 263-270. 
33. Soltani, A. 2009. Mathematical Modeling in Field Crops. JDM Press. 
34. Soltani, A., B. Torabi and H. Zarei. 2005a. Modeling crop yield using a modified harvest index-based approach: 

Application in chickpea. Field Crops Research 91: 273-258. 
35. Soltani, A., G. L. Hammer, B. Torabi, M. J. Robertson and E. Zeinali. 2006a. Modeling chickpea growth and 

development: Phenological development. Field Crops Research 99: 1-13. 
36. Soltani, A., K. Ghassemi-Golezani, F. Rahimzadeh-Khooie and M. Moghaddam. 1999. A simple model for chickpea 

growth and yield. Field Crops Research 62: 213-224.  
37. Soltani, A., M. Gholipoor and H. Hajizadeh. 2005b. SBEET: A simple model to simulate growth and yield of sugar 

beet. Journal of Agricultural Science and Technology 19: 11-26. 
38. Soltani, A., M. J. Robertson, A. Rahemi-Karizaki, J. Pooreza and H. Zarei. 2006c. Modeling biomass accumulation 

and partitioning in chickpea (Cicer arietinum L.). Journal of Agronomy and Crop Science 192: 379-389. 
39. Soltani, A., M. J. Robertson, B. Torabi, M. Yousefi-Daz and R. Sarparast. 2006b. Modelling seedling emergence in 

chickpea as influenced by temperature and sowing depth. Field Crops Research 138: 156-167. 
40. Soltani, A. and T. R. Sinclair. 2011. A simple model for chickpea development, growth and yield. Field Crops 

Research 124: 252-260. 
41. Soltani, A. and B. Torabi. 2009. Crop Modeling: Case Studies. JDM Press. 
42. Stöckle, C., M. Donatelli and R. Nelson. 2003. CropSyst, a cropping systems simulation model. European Journal 

of Agronomy 18: 289-307. 
43. Talebian-Mashhadi, M. 1993. Effect of row spacing and plant density on growth, yield and yield components of 

maize hybrids. MSc. Thesis, Isfahan University of Technology, Isfahan, Iran. 
44. Tavakoli, H. 1988. Effects of different irrigation regimes on vegetative and reproductive growth of corn. MSc. 

Thesis, Isfahan University of Technology, Isfahan, Iran. 
45. Tollenar, M. and A. Aguilera. 1992. Radiation use efficiency of an old and a new maize hybrid. Agronomy Journal 

84: 536-541. 
46. Torabi, B. 2004. Prediction of phenological development in chickpea. MSc. Thesis, Agricultural Sciences and 

Natural Resources University of Gorgan, Gorgan, Iran. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.7

.5
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
29

 ]
 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.7.5.4
https://jcpp.iut.ac.ir/article-1-1803-en.html


���� �� � 	
��
����� � ����� ������ ��� /������ / ��!" #$%& /'()* 

c� 

47. Van Ittersum, M. K., P. A. Leffelaar, H. Van Keulen, M. J. Kropff, L. Bastiaans and J. Goudriaan. 2003. On 
approaches and applications of the Wageningen crop models. European Journal of Agronomy 18: 201-234. 

48. Verdopdt, V., E. V. Ranst and L. Ye. 2002. Daily simulation of potential dry matter production of annual field 
crops. Agronomy Journal 96: 1739-1753. 

49. Wallach, D., B. Goffinet, J. E.Bergez, P. Debaeke, D. Leenhardt and J. N. Aubertot. 2001. Parameter estimation for 
crop models: A new approach and application to a corn model. Agronomy Journal 93: 757-766. 

50. Williams, J. R., C. A. Jones, J. R. Kiniry and D. A. Spanel. 1989. The EPIC crop growth model. Transactions of the 
ASAE 32: 497-510. 

51. Willson, D. R., R. C. Muchow and C. J. Murgatroyd. 1995. Model analysis of temperature and solar radiation 
limitation to maize potential productivity in a cool climate. Field Crops Research 43: 1-18. 

52. Xie Y., J. R. Kiniry, V. Nedbalek and W. D. Rosenthal. 2001. Maize and sorghum simulation with CERES-Maize, 
SORKAM, and ALMANAC under water-limiting condition. Agronomy Journal 93: 1148-1155. 

53. Yang, H. Y., A. Dobermann, J. L. Lindquist, D. T. Walters, T. J. Arkebauer and K. G. Cassman. 2004. Hybrid– 
maize – a maize simulation model that combines two crop modeling approaches. Field Crops Research 87: 131-
154. 

54. Yazdandoost-Hamedani, M. 1996. Assessment of growth, yield and yield components of corn hybrids and yield of 
corn hybrids. MSc. Thesis, Isfahan University of Technology, Isfahan, Iran. 

55. Yin, X., M. J. Kropff and R. H. Ellis. 1996. Rice flowering in response to diurnal temperature amplitude. Field 
Crops Research 48: 1-9. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
92

.3
.7

.5
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-1

2-
29

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1392.3.7.5.4
https://jcpp.iut.ac.ir/article-1-1803-en.html
http://www.tcpdf.org

