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

��� 

� �01� � 
(23( 4�01� � 0� 56 � �(0� �(78� � ��� 19 
�	��6 0:( 

��� �7
; �<� �� =�>�'��2�� ?	@A �B0� 

C�79 	D��� E�,��	�( ��E�F*

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

�7�1$ 

56 ?�	@*� 0��	8� 0:( ���0� ��G
� H� �� 7!� &�*I� "J(0� �� �*�	��� HK(� �01� � � 
2*
��*� 
	�7
�(0� 0� 4��� 19 
�	��6 �*+��

H��2� ����LM 4��� N�(0! OE9 �7
; ?0� 
�	�6 P0� Q'	< �� 
( 
	��	� �� �7! �0B �	� �� 
	� ��(��.RS.-�.TS.RH��2� �� 

7�6 �� (03( H� �(0�! �	U�K(� 
���	�� �71�K(� �9	8�8E9 .?0� �	 �9 ��6 "�	! ��A( 
	� �� ��� 19 
�	WXY� :
�	��6 ��7�)�[��(4

"J(0� �� 
�	��6 :"; 4C*�� \]^ 4C*�� H<	� ?0� �	 �9 4 HK(� �7! 0M � ��� "�	! ��0� 
	�_�	K H� �7
; �<� C�	[� � 	*[��;6 
	�S

`W ?0� �	 �9 ��� �>�0*�K ��� "�	! ��0� ��0� 
	�-40@A XY� Ra�.a��� �	*1� �� �0;���� .	*K �	[� �� 0� �� H� �(� �	�K b�

 HK��� O�(7� �(2�� 42*
��*� O�0� 4c�	��6 OG�^ 4
(CO2HK��� 0�� C*[�� H<	� H�J0� �� ��� 19 
�	��6 �	 �9 �� 4d0�9 O�0� � 
(

 �
�� 
090� 	��	 �9 0�	� H� O�+K O!(� �(� .�H0� �� 4��]�e(2�� 47!� &�*I� "J(0� �� � ��� 19 
�	��6 �	 �9 42*
��*� 
	�0*�(�	M �

HK��� O�(7� O�	� c�	� ���	��6 ?0� 0� �� �*�	��� 56 �(2�� c�	� 	� d0�9 � 
( .�( 4c�	[��6 �	� �� 0� �� HK(� �01� � C�0*���

 7! "A	J ��� �	 �9 �( �(78� C�0* � � C*�� H<	� H�J0� �� ��� 19 
�	��6 �	 �9 .0*�(�	M �(2�� C�0*��� 3( 4
2*
��*� 
	� � �01� � 
(2

 C*�� H<	� H�J0� �� ��� 19 
�	��6 
	��	 �9 c
1 �0� �( HK(� �01� �×C�	� �<� S,TXY� �.aH[� �	*1� �� �>�0*�K �0;���� O[��

7�6 .�	� �� C*�� H<	� H�J0� �� ��� 19 
�	��6.RS.-�.TS.RQ[�909 H[� 
�01� � c�(2�( H� 0g
� ��7[JFaa �FF, �� 47[A�� 

� H+�	8� 7��0; ��� �	 �9 	.�� 0GK H� 4C�(0�	
� � ��(� ��� �7
; �	<�( HK(� �01� � 0� 
��	� 0�:h9 C*�� H<	� H�J0� �� ��� 19 
�	��6 7��

 ?��A ��C��h9�� 	��(2 �� �� ��	� 56 �(� c�(2�( 0�(0� �� 	9 (� ��� �7
; �01� � 4Q�	
� �	�� �� ��� 19 
�	��6 =� 	� �(�9.

�>(� 
	� 
7��� :HK(� �01� � 42*
��*� 4
�	1 �� 4��� 19 
�	��6 4�7
; 7!� "J(0� 

H�78� 

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

 /�01& 
&�
-0��+ 2�!30)4 5 ��016 78!90  :& ,�;< �0+ �0. 

�4� �+ 54 7� �=4& :& 5*->& ?��@$1& ! 29	
 3�*-
 AB�. :& ,&-


 C�1 
� . 2�B ��0. 2��%-0D< ,&
�0+ E)�.(E�0D'& 2&
&� ,&�0	&

� &�$	34 5%G	! �. ?�-+ 2& 2�B ,�$H0+�
 I4�0J �0KLM4 #	& 2�0B 

�.2-N� &�O+�1 2�$.� /2:
!��. ?3=� &� /7�
�P  QR>& ! �S&
: ?�T� &��U�" C�" 
� ! :&��J7�
�P  QR>& ! �S&
: 
�	��$1& ?�T� &� /��.�;J 

V.��$1&! �S&
:7�
�P  QR>& /2:
!��. ?3=� &� /:&��J ?�T� &� 

*:5=� !�$=*& �H� /7�P
�=4 C-WH4 :yaemam@shirazu.ac.ir 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

20
 ]

 

                             1 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.13.2
https://jcpp.iut.ac.ir/article-1-776-fa.html


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

��� 

,�$H4: ! ��� ! X�% 504 Y-Z�4 ! ��1 2�B 30J�+ .#0	& 
�

 X30M% 30�*-
 
� 3	3J 7� �1-  [<-4 /E\M4�  5%3 
�+ OZ�M4

54 �-J .01 :& 50��+ 
� 5%30 
�+ ,�-0P  5��0. �DS �+C�/�0B

 �0	 ! ?�-0P  �0J&��+ I0+�' /�0B
&: E0	� :& 2��T��0] Q-L1

 &
 
-�0. X30M% I0. 30�*-
 ,&9�4 �. 3 
&� 5�. 
��H+ ��=D�S

 54 
&�' ��^_
 �)
 3B� .5DS /C�`4 2&�+ Ea
V/b
�0$=B ,-�D�4 

C�01 
� E0	� X30M% ��0. �	: cL1�b�� �!30" �0;M
 /�/V

�1& ?�-+ �J&��+ I+�' ,6 
�$=B ,-�D�4)�.(

�00 &�$	34 E�00D'& ,�$001& I4�00J /2& /5'�00J ,�00N	�+
d6 2�00B

 I�+�
& /,�N : /,�$1��. /5+�a ,�N	�+
d6)2��1��1 OZ�M4 (!

��H' �B	,�$1& :& 5/e
�� /2
��$f+ ! C�)4
�;] /#	!9' 2�B

 �1& 3�"& �	-+ ! �	-D�=;. ! ?�� �4�.)�.(��0. �0	: cL1

 �!30" OZ�0M4 #	& 
� E	� X3M%b�30>
� �0	: cL01 I0. :&

 54 I4�J &
 
-�. E	� X3M% ��. �-0J .�!30)4 E0;4 I04&-S

 I4�0J OZ�0M4 #0	& 
� 3�*-
 ?3MM. :Ig0� �0�6 ! C!& 5=�0�

 ?
�0;+ e
�0	� 2�4�1 ! � �$H4: 2�4�1 /3$�4 5=�� /5S&
:

54 3MJ�+)�.(

AM
 /h
&94 :& 2
��H+ 
� EB 
-Z �+ � �%3M] 2�B �0	 ,�04:

 e��K4 
� 5� 
� 5�2�B 
� 5%30 
&�:�+ A0K  7!�0@$4 5 �4: 

54 �@	& &
 5S&
: 78-g)4 -�  ! 3J
 3M	�� )Vb!V�.(AM


 E;4 5=�� 
� 5S&
: ,�B��% 3�*-
 
� ?3MM. �!3)4 I4�S #	�


 54 
��J �+ ��� ���  2:
!��. OZ�M4 �!
)b�(
� ,�B��% !

AM00.&! �00+ ?!R00S /5=�00� �00^& 7&�00��i
 /�00	j-*-	9�� 2�00B

j-*-��4 54 ,��  �-� :& 9�  �	 3MB�)b�.(E0B �0+ #�0+ AM0.

 AM0.&! ?30MM. #�0�k
 I04�S /E'
 ! l�)4 /�0	j-*-	9�� 2�0B

 54 ?��% 2-�  ! �	j-*-��4 3J�+)��.(?��% 3J
 /5=�� AM


 ?:&3 & ! � &� �&3k
 /m�+ 2��� /m�+ 9$M1-$� /5 : �NM� /5S&
:

54 
&�' ��^_
 �)
 &
 � &� 3B�)�!��.(

 & 54 5D��=
 2
��+6 X�N �	�U
 ! 
&3	�� 2��=D�S �+ 3 &-


 �-0J �0NM4 X30M% 2�B
&9�	� 
� Af+)bb.(2
�0�+6 E$H0�1

 ��H' 
� 8-�k4 5D��=
 ��0� OZ�0M4 Y-Z�4 2�B)b��n

��� 5D�4 � ��*�1 5%3 
�+ �$4 (54 
�. �+ �!
)V�.(5KZ�0M4 
�

 5*! /3J�+ 5��. ?��% 3J
 2&�+ 5%3 
�+ ,&9�4 �.,&
�+ AM.&��

 �-0P�. I0�*� �+ /� &� ��=D�S /3J�P  X3M% 3J
 ?
!� �+ [1�M$4

 5L	&�0J 
� 50$" ! �0��	 30B&-� AB�0. 730J �+ �+-Z


 �!�+ #�+ :& C-g)4 I. �1& #=�4 .�0. 5KZ�0M4 
� /#	&�+�M+

 5D��=
 2
��+6 /�1& [1�M$4�  5%3 
�+ 5 �4: AM.&�� ! 
&3K4

�' E	� X3M% Y-DL4 3�*-
 2&�+ �1& ��>-
 I+)V�.(


� Y6 2�!30)4 
&30K4 ��+
�0. /50D��=
 2
��+6 :& 
-\M4

 �
-+ 3J
 X!&3
 2&�+ 5��. Y6 �
 �1& 5%3 
�+ o'-
 ,�4: �0B

 � &� ��=D�S 7�P^ ! A	&9�& !#�4_0
 �-0J .#0	& �01& 5;	30+

 5��0. 50S&
: ?�0�% 30�*-
 2&�0+ 5	�0;M
 �+ /5��g4 Y6 
&3K4

 5%G	! :& #	&�+�M+ /�H�  �0k�PZ /5D��=
 2
��+6 2
!�U 2�B

�1& 2
��+6 ! ,&
�+ 5D��=
)V�!bb.(

e�01& �0+ 2
�=�	� OZ�M4 
� /�M�;+ 5D��=
 2
��+6b�0PM< 

54 X�N & �	: 51�1& �-J)V�:(�n��0=D�S �-P;+ 2&�+ lK� Y6 

?30J �$0J�. E0	� 7
-0> �0+ �0. 5S&
: ?��% )2
�0�+6 ,!30+ !

�
&� 5*-�k4 ��=D�S (
�. �+54�!
 .Vn5%3 
�+ �. 5L	&�J 
� 

E;4 pPM4 #	�
#�4_
 X�0N & 5 �04: 50D��=
 2
��+6 /�1& �+-Z
 

54 ! �-0P;+ 2&�0+ &
 2
!�0U �0+-Z
 30 &-$  5%30 
�+ �. �-J

 ��=D�S 2
&3	��#�4_
 3	��  .bn50D��=
 2
�0�+6 ,�04: ! 
&3K4 

54 29	
 �4� �+ 5

-> �+ Y6 
&30K4 #	�0$�. �0+ ,&-0$+ �. �-J

 �0+ /50S&
: ?�0�% 30J
 e�H0" I0"&�4 50Z 
� /e�$1� I+�'

 �M�;+ ��=D�S)�`.&3" ��=D�S 2�< �+ (���	 �1�)V�.(

54 5D��=
 2
��+6 �+ Y6 :& ,&-
 p+�M4 :& I>�" �!3)4 2�B

 �0M�;+ ?��@$01& E0	� OZ�0M4 
� ?3 -J 3	3N
 �
!6 I0�S �0+ 2& 

)�!Vq.(�00'-4 �00D�&34 �00	 500D��=
 2
�00�+6 /p00'&! 
� 

)Temporal intervention ( �1& ?3J 5"&�Z 2-)  �+ ! �1&

 &
 ?�0�% 50k�PZ r�0k
 �01& EB&�0� Y6 �0. 5 �4: 
� ,&-$+ �


 �&� A	&9�& .5%30 
�+ �0. 5 �04: 
� ,6 ��+
�0. /�T	� s�Z :&

 �1& [1�M4�  /�1& 5��. 5S&
: ?��% 3J
 2&�+)�b!Vq.(

=D�S l1-$4 �. /�K	��6 C��J ! ��16 Y�a 
� E0	� X3M% ��

 :& �0 &� ��0=D�S �0��i
 ?�!3)4 /�1& 
�$=B 
� #
 �	 �!3"

�/��
V! ,&
�0+ AM.&�� ?-)  ! ,&9�4 [H" �+ /
�$=B 
� #
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

20
 ]

 

                             2 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.13.2
https://jcpp.iut.ac.ir/article-1-776-fa.html


� �01� � 
(23( 4�01� � 0� 56 � �(0� �(78� � ��� 19 
�	��6 0:( ... 

��� 

I4�S ��i$4 /?��% 3J
 h-  ! t�� 29�fD>�" 3M �4 5S&
: 2�B

54 �0+ OZ�M4 #	& 
� X3M% ��=D�S I�H �$� �. 5*�" 
� /3J�+�

�
�E0B 
�0$=B 
� #
 504 301
 .2
�0�+6 /5L	&�0J #�0M] 
�

 54 5D��=
 Y6 2�!30)4 
&3K4 :& ?��@$1& �+ 3 &-
)I0"&�4 
�

 ?��% 3J
 5 &�)+ (X30M% � &� ��=D�S �\"R4 I+�' �-P;+ uS�+

 �-J)Vq.(�0+ X3M% ��=D�S l1-$4 9�  ��.�
 
-�. 2��*�$ 6 
�

 �0. 2
-Z �+ /?��. &3�� 5;<-
 ,�	�J �-P;+ 5D��=
 2
��+6 
� 

-� -. ,�$1&)Konyo(:& E	� X3M% � &� ��=D�Sq/��+�/V#


:& ! 
�$=B 
�b�+�/��1& ?3�1
 
�$=B 
� #
 )b�.(2
��+6

 EB /5D��=
 
� #�M]��
� �0. �	
-01 2�0B
&: E	� :& 3>
� 

54 ���B& 9	�" 7Ra 3�*-
 �
&� ��+
�. 3MJ�+)V�.(

5 �04: AM.&�� �+ �<-
 �+ /#	&�+�M+ 
� 5%30 
�+ [01�M$4� 

 �0+-  �0B 
� 78!90  7!�@$4 ,&9�4 ! X3M% 3J
 Ig� CR�

 e�H0" #�0�k
 /�0k*�L4 #	& :& s3B /
-�. 
� 5%3 
�+ #	�0


 AM00.&! 5001
�+ ! E00	� l	&�00J 
� X300M% 300J
 �00D"�4 2�00B

 5$��0	
� Y6 7!�0@$4 �	��0K4 �0+ ,6 �0 &� ��=D�S ! 29$M1-$�

 0$;+ ���M0J �0+ ,&-$+ �
 3	��% #��k
 �0+ 
&�0% ��^_0
 I04&-S �

��>-
 �+ /E	� X3M% � &� ��=D�S �0+ 5+��$01� 2&�0+ [1�M4 2&


&: E	� 
� Y-DL4 2��=D�S ���	 �1� �B.

i�� � �(�� 	�

50D��=
 2
�0�+6 ?&
 :& 5$��	
� Y6 �	��K4 �^& 51
�+ 
-\M4 �+

30J
 oD$f4 I"&�4 
� � &� ��=D�S ! 29$M1-$� 2�B3M	&�� �+

 X3M% E'
 !� �0S
94 AB!G0� /E0	� 2
�046 Q�0Z [0*�' 
� 2&

7�. ?3=�0 &� 5
�0K�K)
 �0S
94 
� /?30J ��0� 
�0+ !� 2�0B

 C�1 
� :&��J ?�T� &� 2:
!��. 50S&
: 2�B��n�b!��n��

346 
� &�<& �+.7�. 
���
 I4�0J 5D0>& 2�B�2
�0�+6 cL01 

5D��=
 :2
��+6 ,!3+)E	�(�'�01 I0"&�4 
� 50D��=
 2
�0�+6 /

/#$�
 I% /#$�
 sRa 7�0. 
�0��
 ! � &� ,3J �� ! 5B� 2�0B

 I4�J 5S�� :vX�  �+ X3M% E'
 #	�� ! �$1-%6 2�Bnwx
�0��
 !

7�. ,j!�$�  cL1 �1 I4�J 5S�� 5S�� 2�B :/�@>��!��

�-+ 
�$=B 
� X�%-D�. .30J X�0N & 
&�0=
 �01 
� A	�4:6 #	& .

)
 2
��+6 E$H�1 :& 5D��=
 2
��+6 X�N & 2&�+ 50L� 
��0� �

�+�^)(Sprinkler Line Source �0*-* l01-
 �0L' �0+ 5	�0B��

5D�4 ��y+6 ! 3	��% ?��@$1& 7�. �B 
� �$4 �0	 �0	�� �0+ 5	�B

 I>&-� �+ /�$4�[g0  5D0>& �0*-* 2!
 �0+ �T	30=	 :& �0$4 

3 3J .Y6 AJ�� ��H4 
� ?3J ?�&� Y6 
&3K4 ��� I0)4 :& /�B

 ,��@+6 
&�K$1& -' �D�1! �+ �B5Z?:&3 & �3k$4 2�B 54 2��% 3J.

5Z-' �L' �B��5$ �1 ��0y+6 �0+ �-0�S �0;< 
� ! �$4 �0+ �0B

 �D>��v��y+6 s�Z !� 
� ! �T	3=	 :& �$4 3M$0J&� 
&�0' �0B .

5Z-' cL1 :& ��fP
 �P1�)4 2&�+ /2
�0�+6 h!�0J 2&3$+& :& /�B

 ?�&� 
&�0' 7�. �B 
�M. 
� Y6 :& zf�4 h�@

& �+ 5Z-' �	

54 J
&3K4 �+ ��fP
 ,&9�4 �	�;  
� ! zf�4 ��fP
 ,&9�4 �
 3

3	��% ���U& 5Z-' �B Y6.


�0+ �0	 I4�0J /A	�04:6 C�1 !� �B 
� /#�4: ��;
 7��D�S

 
�+ �	 X&3. �B �*�4 ! �H	� :& ?��@$1& ! 5�D' #B6!�% �+ EfJ

�-+ .,�-0�  ?��0�� �0+ X&30'& /#�04: �0�;
 7�0�D�S X�0N & :& 3k+

6 2�B
���
3J 5�	�4: .7�. �B ��k+&{|×{|3	��% Y�f$ & �$4 .


�+ �&3k
 e�1& �+ 7�. �B 
� /X3M% E'
 !� �B 2�B{|| 

0+ E\M04 ~-0L� 
� ! E�\M
 p+�4 �$4 
� �
-+�?�T$01� �D�01!

E	� 
�. O��S)Chisel Seeder (3J �$J�. .X30M% �J�. �	
�


 C!& C�1 
�Vb,�+6 �b�b X!� C�1 
� !��,�0+6 �b�� �-0+ .

2
�0�+6 
�0��
 �0B 
� :��  �
-4 Y6 ,&9�4 ,�
!6 �1� �+ 2&�+

 ?:&30 & t�0� �+-Z
 /5 :! �!
 :& ?��@$1& �+ /5D��=
 2�0�%

 Y6 
&30K4 
��0� �)
 2
��+6 E$H�1 :& ?��@$1& �+ �y1 ! 3J

7�. �+ A	�4:6 �D"�4 �B 
� X:8 3	��% ���U& �B.

?:&3 & 2&�+ & �+ t�� 5 :! �+-Z
 2��% �0 -�  �0$4 :& ?��@$1

 O�S :& /2
&��+ �0
 �@0> 2�B��5$ �01 7
-0> �0S
94 2�0$4

 � -�  �y1 ! ���	�� 734 �+ ! #	:-
 �BV�
� ,!6 
� �S�1 

2�4�ºC���n��� 3J ?�&� 
&�' .�0 -�  �3N4 #	:-
 :& 3k+ �0B

3	��% �P1�)4 :��  �
-4 2
��+6 Y6 O�S �	: l+&!
 :& ?��@$1& �+:

dn = ( Fc −θm ) × ρb ×D / 100 

dn :  �+ �\  �
-4 t�� O�S ,3 �1
 2&�+ :��  �
-4 Y6 h�@

&

5$ �1 [H" �+ �S
94 ����� 3" �$4 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

20
 ]

 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.13.2
https://jcpp.iut.ac.ir/article-1-776-fa.html


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

��� 

��73,.�	� �� �� �;7K�	� �(2�� ��(�� 
	�.RS.-�.TS.R(mm) 

�;4�b,�+6�b
d6�b2��b#�;+�b3M@1&�b#	�
!������;P	�
&���&�����
: C�1 p�<5S&

��b������/����/��V�� 

�;4��,�+6��
d6��2���#�;+��3M@1&��#	�
!���� ��;P	�
&���&�����5S&
: C�1 p�<

��/q���V� �/����/�q���/b�� 

��73F.�7! ��(� 56 �(2�� (mm)��� 19 
�	��6 �*+�� N��9 �7
; �	<�( 7!� &�*I� "J(0� �� 

�D"�43J
 

� ?3J ?�&� Y6 ,&9�4

 5S&
: C�1��n�b

Y6 ! ?3J ?�&� Y6 h-�N4

 ,&
�+ :& I>�"��n�b


� ?3J ?�&� Y6 ,&9�4

 5S&
: C�1��n��

Y6 ! ?3J ?�&� Y6 h-�N4

 ,&
�+ :& I>�"��n��

#$�
 �'�1 �/b�V�V �/�qb�� 

#$�
 sRa q/��Vqb q/V�bq� 

I% 5B� �/��b�� �/����� 

,3J ��� &� �/��b�� �/�q�V� 

Fc : 5 :! 3>
� [H" �+ �S
94 ����� 3" 

θm:�0+ t�� 5 :! �+-Z
 �0 -�  ,:! I0U�@
 7
-0> 2�0B

� -�  ! Y-Z�4 ��� 2�B 

D:t�� :& 2
&��+ � -�  O�S �	 h�@

& 

ρb:[H" �+ t�� 2�B�� �-gf4 X�< g /cm3

&�0� ,�04: ! ,&
�0+ �	��0K4 /50S&
: C�1 !� 5Z 
� ,6 AM.

?:&3 & ,�04: /,&
�0+ �	��0K4 �0. 30J 2
&��0+ �0J&���	 ! 2��%

 �0B 
� 5$��0	
� Y6 h-�N4 ! ?3J ?�&� Y6 ,&9�4 /,6 AM.&��

 
� A	�4:6 C�1 !�C!3< 2�B �!V�1& ?3J ?�
!6 .

�M001 9$M001-$� ?�T$001� :& ?��@$001& �00+)C3004 Lci ���001 

,�$HDT &(/9$M1-$� �S�1 2�B�$4&
�� /:!
 �	&3B �0  m�0+ 2&

 �0\Da/ CO2�0 :!
 �0	: r�0k
 ! 2& I0"&�4 
� :#$0�
 �'�01 

)b�ZGS=()Zadoks Growth Stage ()��(#$00�
 sR00a /

)��(ZGS= I% �D"�4 /5B� )��ZGS= ( ,30J �0� �D"�4 
� !

� &�)��(ZGS= �
-+ 2!
 ! 5�	�4:6 7�. �B 
� 
� �0. 5	�B

 5Z-' :& �	 �B 7
!�N4 0' /Y6 ?3MM. ���	
� 2�B 3M$0J&� 
&�

?:&3 & 3J 2��% .?:&3 & AM.&! 2��% #	�
8�0+ :& 29$M01-$� 2�B

 �R4�. m�+ I0"&�4 :& �0	 �0B 
� ! 5D>& �'�1 �B 
� ?3J :�+ 

3J X�N & 3J
 !�
-+ p+�4 �$4 �	 :& 5	�;  �J&��+ p0'&! 2�B

 o	�
 
� 5Z-' 9.�4 
� �$��% 
&�' 2�B �0B 
� ?30J ��Pk
 2�B

���% 7
-> 7�. .

�� & �DPM1 :& X3M% 2�B 30J &30< �1� �+ ?3J �J&��+ 2�B

 � &� !2�4� 
� ! ,!6 
� �BºC�� 734 �+ �V?�&� 
&�' �S�1 

3J .� &� /e�H" 2!:&�
 :& ?��@$1& �+ �y1 �y01 ! #	:-
 �B

 �+-Z
 e�1& �+ � &� ��=D�S��3J �P1�)4 3>
� .�0+ �	�$ 

 2
�046 
&90�& X�  �+ ?346 �1�SAS !Excel ! �0	9N
 �
-04 

?�&� #�T ��4 ! ���% 
&�' I�D)
 �0+ #0= &� ,-04:6 �D�1! �+ �B

3	��% �H	�K4 EB .

jE� � b�	*K 

?:&3 & 7�@> ��D. �0	9N
 �
-04 A	�4:6 C�1 !� 
� ?3J 2��%

 2
&� 50Mk4 X30S ! 2
&� 50Mk4 �
 ���% 
&�' [.�4 � �	
&!

7!�@
 #�+ 2�B
�^6 
���
 AM=B�+ ! 5D>& zf�04 �0B ���0% 

)C!3<b.(
� 50D��=
 2
�0�+6 :& �� /9$M1-$� �S�1 51
�+

 �B 
� �. �&� ,��  X3M% 3J
 I"&�4 :& �	 �Bv50S&
: C�01 

��n�b!��n���0D"�4 
� 9$M01-$� �S�01 �	��0K4 #	�$��+ 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

20
 ]

 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.13.2
https://jcpp.iut.ac.ir/article-1-776-fa.html


� �01� � 
(23( 4�01� � 0� 56 � �(0� �(78� � ��� 19 
�	��6 0:( ... 

��q 

��73-.��(7K( ?	@A 
(0� c�	��6 �	� �� Q�0� kK	��(� H�2g9 �7! 
0�; 

4�T ��7�k+�4 #

p+�M47&���i
 2�&:6 �<
� ��=D�S 9$M1-$� CO2:� :!
 �	 &2&3B	& � :!
 �2r�k
 �S�1 


&�=
 VnsV�/���bq ns ���/�bns b�/��V� ns ���/ns �q/��

C�1 �nsb�/�qV��V ns q�/q�**�/��V **���/**V�/��

�L� Vq�/b���� �q/Vq��q/���/�b/

2
��+6 �**���/bV���Vq q�/b�� **��/����q *���/V**�V/��� 

C�1 ×2
��+6 �**��/����qV ns �b�/��**�V�/*��V/ns �V�/

E'
 �**��/���q�� **��/V���/V��b **���/**b�V/��

C�1 ×E'
 �**��/�qV� **��/V�**���/ns ��b/ns �b�/

2
��+6 ×E'
 �**��/V���q ns ��/��**V�/bV� *���/**��/�

C�1 ×��+6 2
 ×E'
 �**�b/V��b� ns ��/bq**bbq/ns ��V/**���/

,j!�$�  �-. V**��/��q����� *��/�q**��/���� **��q/**��/�V

C�1 ×�-. V*��/���V� ns ��/��**�b�/**���/ns �b�/

2
��+6 ×�-. �**��/q���� ns �V/�V**V�b/bV**���/**��/

C�1 ×2
��+6 ×�-. �**b�/�bb�� ns ��/b�**���/**���/ns �V�/

E'
 ×�-. Vns��/��q� **��/V�**��/V�**���/**�b/�

C�1 ×E'
 ×�-. V*��/��b�� ns ��/��**��� ns ���/**��V/

2
��+6 ×E'
 ×�-. �*��/��Vb ns ��/��**��/bq**���/**���/

C�1 ×2
��+6 ×E'
×�-. �*bb/�q�b **��/b�**���/**���/**���/

�L� ��� ��/�b�V ��/b���/����/�V�/

*!**:C��$"& cL1 
� ,�-+ 
&� 5Mk4 [�
�
 �+ ��/�!��/�ns :5Mk4 ��a 
&� 

��73R.�7
; �	<�( 7!� "J(0� �( =� 0� �� �7! ��(� 56 �(2�� H� 2*
��*� O�0� c
�(� )µmolCO2 m-2 s-1(

2
��+6
���
5D��=
 E	� 
���
 

C�1 

3J
 �D"�4 

��n�b��n����n�b��n��

#$�
 �'�1 a*�q/V�a��/V�aVV/��a��/��

#$�
 sRa b�q/V�b��/VVb��/�b��/q

I% 5B� c�b/��cq�/��cV�/�c��/�

� &� ,3J �� d�b/�bd��/��d��/bd�V/�

*:�T ��4 ,-$1 �B 
� #C��$"& cL1 
� #= &� ,-4:6 e�1& �+ �+��4 s!�" 2&
&� 2�B�%5Mk4 sR$�& 3 
&3  
&�.

! 3046 �01� �+ � &� ,3J �� �D"�4 
� ,6 #	�$�. ! #$�
 �'�1

 ?3B��04 2
&� 50Mk4 sR$0�& 50D��=
 2
��+6 2�B
���
 #�+ 
�

 /�0 &� ,30J�� �D"�4 �
 #$�
 �'�1 �D"�4 :& �. 2-)  �+ /3	��%


3 ! �&� ,��  &
 2
&� 5Mk4 AB�.)C!3<�(.5=	 5=�� AM


 E;4 :& 9$M01-$� �S�1 ��& [<-4 �. �1& 5L�)4 I4&-S #	�


54 �-J)�.(AB!G� :& 2
��H+ AB�0. �0. �01& ?�&� ,��0  �0B

 2�B300M	&�� 
� CR$00�& �00+ 5=�00� AM00
 l	&�00J 
� 9$M001-$�

 �001& lP
�004 5	����00J-�+)��!V�.(! O	300> A	�004:6 
� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

20
 ]

 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.13.2
https://jcpp.iut.ac.ir/article-1-776-fa.html


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

��� 

y = 0/2011x + 6/8938
R2 = 0/964

y = 0/2907x + 6/626
R2 = 0/9907

y = 0/3298x + 9/0945
R2 = 0/997

y = 0/3977x + 10/188
R2 = 0/985

0

5

10

15

20

25

30

0 5 10 15 20 25 30 35 40 45

(mm) ��	 ب داد�
���ان 

(µ
m

ol
C

O
2

m
-2

s-1
)�
���
��
� 
!"
�

#$%��'& 	�ن (
-,ف ر��(
�01ه.
3" 	�ن دا#2

 
"1!,.�	� �� ��� 19 
�	��6 
	��	 �9 �� �7! ��(� 56 �(2�� H� 2*
��*� O�0� c
�(�.TS.R

��73T.HK��� O�(7� 0� 7!� "J(0� �� ��� 19 
�	��6 &�*I� P�Y� 0�:	9 
()mol  CO2  m-2s-1 ( 

OG�^ �CO2HK��� 0�� 
()mol mol-1 (��� �7
; �	<�( 

HK��� O�(7� 
()mol CO2 m-2s-1 ( OG�^CO2HK��� 0�� 
()mol mol-1 (��� �7
; �	<�( 

3J
 �D"�4 2
��+6 E	� 2
��+6 E	� 

��n�b��n����n�b��n����n�b��n����n�b��n��

#$�
 �'�1 a*��/�a��/�aVq/�aV�/�aV�� aVbV aV�q aV�� 

#$�
 sRa bb�/�b�V/�b��/�b��/�bV�� bV�� b�q� b��� 

I% 5B� cV�/�cV�/�c�b/�c��/�cV�V cV�b c��� c��V 

� &� ,3J �� dV�/�dV�/�c�b/�c��/�d��b d��� d��b d��b 

*:#�T ��4 ,-$1 �B 
� C��$"& cL1 
� #= &� ,-4:6 e�1& �+ �+��4 s!�" 2&
&� 2�B�%5Mk4 sR$�& 3 
&3  
&�.

,&
�=�B/9�  �B 
� Y6 �-P�. I% ! 5�	!
 �D"�4 !� X�'
& 5B�

 3	��% 9$M1-$� AB�. [<-4 /X3M% .5=�0� /�U�" AB!G� 
�

 ,&90�4 �0+ 9$M01-$� AB�. [P1��!V�
� [0�
�
 �0+ 30>
� 

I00% ! 5�00	!
 300J
 �00D"�4 C�001 
� 500B���n�b!�V!b�

C�1 
� /I"&�4 ,��B 
� AB�. 3>
���n��3	��% .

X3M% X�'
& 9$M1-$� �S�1 �L+&
 �B 
� /5$��	
� Y6 ,&9�4 �+ 

?30J ?�&� Y6 ,&90�4 AB�0. �0+ ! �-0+ 50L� /A	�4:6 C�1 !�

 �0��	 AB�. 9$M1-$� �S�1)I=0J �.(?�&� Y6 ,&90�4 �0]�%&

 5S&
: C�1 
� ?3J��n�b50S&
: C�1 �+ �H	�K4 
� ��n��
�

5Z-' :& �	 �B I)4 �H0	�K4 /#=�0* /�-0+ �$��+ /?3J ��Pk
 2�B

 C�1 !� �	�$  54 ,��  50S&
: C�01 
� 9$M01-$� �S�1 �. 3B�

��n���
-+ 
� 5Z-' 7
!�N4 
� �. 5	�B �$�0�+ 3M$0J&� 
&�' �B

 �1& ?�-+ .
� �$�0�+ 5%30 
�+ ,&9�4 :& 5J�  8��$"& h-U-4 #	&

 �0
 5%30 
�+ �0. 2-)  �+ ?�-+ ,6 �
 [1�M4 AM.&�� ! C�1 #	&

?�4 �J&� �4&�& ��;P	�
& ! #	�
!�� 2�B)!3<C�.(

�0D"�4 
� 5D��=
 2
��+6 
���
 
� /2& � :!
 �	&3B ,&9�4

 2�0B
���
 �	�01 :& �$�0�+ A	�04:6 C�01 !� �B 
� #$�
 �'�1

 �-+ 5D��=
 2
��+6)C!30<�.(�	&30B AM0.&! 30 !
 501
�+

� :!
 �B 
� /3J
 I"&�4 :& �	 �B 
� 5$��	
� Y6 ,&9�4 �+ 2&

 504 ,��0  9�  A	�4:6 C�1 !� 0+ �0. 30B� Y6 ,&90�4 AB�0. �

�00 :!
 �	&300B ,&900�4 /5$��00	
� ! �001& �00$��	 AB�00.9�  2&

EB �0 :!
 �	&30B ,&90�4 #�0+ 2��0	: 5T$H0+ Y6 ,&90�4 ! 2&

 �0J&� �-0<! A	�04:6 �
-04 X�'
& l1-
 5$��	
�)I=0J V.(

�
-+ �. 54�TMB 
&�' 5=�� AM
 ��k4 
� X3M% 2�B /30 ��% 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

20
 ]

 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.13.2
https://jcpp.iut.ac.ir/article-1-776-fa.html


� �01� � 
(23( 4�01� � 0� 56 � �(0� �(78� � ��� 19 
�	��6 0:( ... 

��� 

y = 0/0038x + 0/0682
R2 = 0/9896

y = 0.0051x + 0/0788
R2 = 0/9907

y = 0/0066x + 0/1739
R2 = 0/9891

y = 0/0096x + 0/3345
R2 = 0/9431

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 5 10 15 20 25 30 35 40 45

(mm) ��	 ب داد�
���ان 

(m
ol

C
O

2
m

-2
s-1

)4
#ا
ز2
رو
 
�ا'
ه

#$%��'& 	�ن (
-,ف ر��(
�01ه.
3" 	�ن دا#2

 
"1!F.HK��� O�(7� �(2�� c
�(� 
(�	� �� ��� 19 
�	��6 
	��	 �9 �� �7! ��(� 56 �(2�� H�.TS.R

��73/.d0�9 �(2��)mmol H2O m-2 s-1 (�7
; 7!� &�*I� "J(0� �� ��� l9 
�	��6 
	��	 �9 �� 

5+6 
���
 E	� 
���
 

C�1 

3J
 �D"�4 

��n�b��n����n�b��n��

#$�
 �'�1 a*��/�Va��/�bab�/qaVq/q


 sRa#$� bq�/��b��/�Vb��/�b�b/�

I% 5B� c��/�c��/qcb�/�c��/�

� &� ,3J �� d��/�d�q/�db�/�db�/�

*:#�T ��4 ,-$1 �B 
� C��$"& cL1 
� #= &� ,-4:6 e�1& �+ �+��4 s!�" 2&
&� 2�B�%5Mk4 sR$�& 3 
&3  
&�.

9$M1-$� �S�1 
� 2��T��] AB�.)��(�0 :!
 �	&3B /! 2&

 �\Da 
� A	&9�&CO254 r�@
& 5*-D1 #�+ 3$�&)bV.(

/&
 5=�0� AM0
 C�0P � �0+ 9$M01-$� 
� AB�0. /,&�T�B!G�

 �0 :!
 �	&300B AB�0. �00+ [0Da& ?�&� �PH00 2& 30 &)��(.I004&-S

 �1�H0" I4�0J /E'
 �B 5=�� �+ �4!�K4 ?3MM. #��k
 5*��$"& �

C��P
 �S�1 �$�.CO2z*�0� Y�0< /5=�0� �0+ �PH  CO2

�PH  �+ �$��+ �0 :!
 �04!�K4 /Y6 ,�&� �01� :& Y6 
&30K4 /2&

5PH )��(54 AM
 l	&�J �)
 29�1& �$;+ E�\M
 !3MJ�+)�q.(

�\Da ���i
 3 !
CO2�0 :!
 �0	: o0D$f4 �	��0K4 
� 2&

 ��i
 �+��4 /3J
 oD$f4 I"&�4 
� 5D��=
 2
��+6 �	&30B 7&�

� :!
 �-+ 5D��=
 2
��+6 2�B
���
 
� X�'
& 2&)C!30<�.(�0+

 � :!
 �	&3B ,�-+ �
��	: I�*� I0"&�4 
� 2
�0�+6 
�0��
 
� 2&

 �\Da /3J
 oD$f4CO2� :!
 �	: 3J
 I"&�4 #	& 
� 9�  2&

 �-+ E	� 
���
 :& �$��+ .C!30< �	�$ �504 ,��0  �0+ �0. 30B�

 ��+ �;<&-4 ! ,�4: �J�% �0+-Z
 �-0P�. 7&�0^& �+ ,�B��% �$

 �\Da /t��CO2� :!
 �	: �0� �0D"�4 
� 2
��+6 
���
 
� 2&

 
&� 50Mk4 R4�0. AB�. #$�
 �'�1 
���
 �+ �H	�K4 
� � &� ,3J

 �&� ,�� .�� 
-. ! �*8 )V��V (�0)
 �0. 3M$0J&� ,�0�+ 90� 

 /29$M01-$� �0�*�k� AB�. I�*� #	�$��+ /5=�� AM
 l	&�J

54 &-
 �\Da AB�. :& 5J�  3  CO2#0	& �. 3J�+ 5*-D1 ,��4

� :!
 �	�!3)4 :& 5J�  9�  �-� 54 2& 3J�+.

I0"&�4 
� 50D��=
 2
�0�+6 2�B
���
 
� r�k
 ,&9�4 51
�+

 �
-+ r�k
 ,&9�4 #	�$��+ �. �&� ,��  3J
 oD$f4 
� /X3M% 2�B

 ,&90�4 #	�0$�. ! #$�
 �'�1 �D"�4
� 5D��=
 2
��+6 
���
 
� ,6

 �-+ � &� ,3J �� �D"�4 
� 5D��=
 2
��+6 
���
 )C!3<�.(,&9�4

 �0D"�4 
� /5D��=
 2
��+6 
���
 
� A	�4:6 C�1 !� �B 
� r�k
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

20
 ]

 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.13.2
https://jcpp.iut.ac.ir/article-1-776-fa.html


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

��V 

y = 0/1114x + 4/1635
R2 = 0/985

y = 0/1197x + 4/9757
R2 = 0/9895

y = 0/0988x + 9/3034
R2 = 0/9869 y = 0/0982x + 8/961

R2 = 0.9754

0

2

4

6

8

10

12

14

0 5 10 15 20 25 30 35 40 45

(mm) ��	 ب داد�
���ان 

(m
m

ol
H

2O
m

-2
s-1

ق(
"9
: 
!"
�

#$%��'& 	�ن (
-,ف ر��(
�01ه.
3"	�ن دا#2

 
"1!-.�	� �� ��� 19 
�	��6 
	��	 �9 �� �7! ��(� 56 �(2�� H� d0�9 O�0� c
�(�.TS.R

5D��=
 2
��+6 I"&�4 �	�1 :& �$��+ #$�
 �'�1 �-0+ .E0B #�0M]

 AB�0. 50+6 2�0B
���
 �0+ �H	�K4 
� E	� 
���
 
� r�k
 ,&9�4

 �00J&� 2��T��00])C!300<�.(900�  /E00	� 
�00��
 
� 300M]�B

 #	�0$�. ! ?�0�% #$�
 �'�1 ,�4: �+ ~-+�4 r�k
 ,&9�4 #	�$��+

 �-+ � &� ,3J �� �D"�4 
� ,6 .5%3 
�+ s��g04 �. /?
�;+ 2�B

 -+ ?��% #$�
 �'�1 �D"�4 �+ 04 ?��@$01& �0+ �0NM4 �01& ?���
�^

�
-+ 29$M01-$� �0�*�k� A	&90�& ! �-<-4 �+-Z
 :& X3M% 2�B

�
-+ 
�0��
 
� EB ! 5D��=
 2
��+6 2�B
���
 
� EB X3M% 2�B

 3J E	� .#$0�
 �'�01 �D"�4 ��1�H" ?3MB� ,��  h-U-4 #	&

 54 �+-Z
 �-P�. �+ X3M% 7
-0> 
� �. 3J�+ #�4_0
 �0+-Z
 

#	& 
� 5��. =4& Y-DL4 � &� ��=D�S �+ 5+��$1� /�D"�4 ,��	��

3J 3B&-�.

,&90�4 AM0.&! �. �&� ,��  �U�" AB!G� :& I>�" �	�$ 

 �0B 
� 50D��=
 2
��+6 2�B
���
 
� 5$��	
� Y6 
&3K4 �+ r�k


 EB /3J
 �D"�4 �$0J&� A	�04:6 C�01 !� �0B 
� 2��	: 5T$H+

 �1&)I=Jb.(,&�T�B!G�2
��H+ ?�&� ,��  50+6 AM
 �. 3 &

 � :!
 ,3J �$H+ [<-4 54 r�k
 �S�1 AB�. ! �B �-J )V�

!V�(�0��+ Y6 I�H0 �$� 
� AB�0. �0 -% �B !5B�0�% 2�0B

54 9$M1-$� AB�. [<-4 �-J)b�.(

� :!
 /5=�� AM
 �)
 r�0k
 30M	&�� 
� 50�;4 AK  �B

 54 2:�+ 9$M1-$� ! �M�;+ 
� 29$M01-$� ��*�k� 
� AB�. ! 3MM.

Z�\Da AB�. �+ 5=�� AM
 ?
!� 5CO25*-D1 ,��4 ?&��B 

1&�)�V.(,&
�=�B ! O	3> AB!G� 
� �. ?3J ?�&� ,��  9�  

50D��!94 �	&3B AB�.)���0
 �q30>
� (AB�0. :& �$�0�+

 � :!
 �	&3B 2&)���
��30>
� (E0B ! �-0+ 2��0	: 5T$H0+

)qq/(R²= &� �-0<! 5D��!94 �	&3B ! 9$M1-$� ,&9�4 #�+ �0J

 �S�01 AB�0. 
� 50D��!94 �	&30B �0�P*�a ?30MB� ,��  �.

54 AM
 �)
 ,�B��% 
� 9$M1-$� 3J�+ .

/A	�04:6 C�1 !� �B 
� �&� ,��  �	�$  ,&90�4 #	�$�0�+ 

LAI �'�01 �D"�4 
� 5D��=
 2
��+6 2�B
���
 AM=�B�+ :& 

#$00�
 ×#	�00� E00'
 n��cL001 !��
� ,j!�00$�  X�%-00D�. 

& ,6 #	�$�. ! 
�$=B E0	� 
�0��
 :×�$01-%6 E0'
 cL01 !

346 �1� �+ ,j!�$�  �@> .,&9�4 #	�$��+LAI �0�B 
� 9�  


�00��
 I00% �00D"�4 
� /A	�004:6 2�00B 30046 �001� �00+ 500B� .

EB #�M] � :!
 �	&3B /9$M1-$� �S�1 #	�
8�+ �0\Da! 2&

CO2�0 :!
 �	: 
� /50D��=
 2
�0�+6 
�0��
 :& /r�0k
 ! 2&

 + ?��% #$�
 �'�1 �D"�4�346 �1� .AB!G� :& I>�" �	�$ 

 �M�;+ 3" 
� t�� �+-Z
 ,&9�4 �. 5L	&�J 
� �. �&� ,�� 

 �
-+ �-+ 5 �04: ! �$0J&� &
 AM0.&! #	�$��+ /E	� X3M% 2�B

 �0+ �B30M	&�� �S�1 3 3J �<&-4 �+-Z
 �-P�. �+ X�'
& �.

 �0��	 AB�0. 73J .
� �0. �01& ,6 �0��B& 9��0" �0$= 

 &�� �;M
 �  /E	� l	&�J E0B ! ,&
�0+ 5 �4: AM. �0+ ,6 5 �04:

 5��0. ,&90�4 �0=D+ /�J&� ���B& /?��% 3J
 e�H" I"&�4

 2-0)  �0+ �-+ 2��	: ���B& 9	�" 9�  �
�+ �B 
� 78!9  

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

20
 ]

 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.13.2
https://jcpp.iut.ac.ir/article-1-776-fa.html


� �01� � 
(23( 4�01� � 0� 56 � �(0� �(78� � ��� 19 
�	��6 0:( ... 

��b 

��73m.c�	��6 �	� �� �� ��� 19 
�	��6 &�*I� 
	��	 �9 �� HK(� �01� � 

5D��=
 2
��+6 
���
 � &� ��=D�S )kgha-1(

��n�bE	� �+ �PH  A	&9�& 3>
� ��n��E	� �+ �PH  A	&9�& 3>
� 

#$�
 �'�1 �D"�4 
� 2
��+6 a*VV�b V�� aV�b� VVV 

#$�
 sRa �D"�4 
� 2
��+6 b�q�� ��� bV�qb ��� 

I% �D"�4 
� 2
��+6 5B� c���b ��� c�q�� ��� 

� &� ,3J �� �"�4 
� 2
��+6 d��/���� ��/��� d��/��bb �V/��� 

E	� e��/��V� ne�V/���� n

*:#�T ��4 ,-$1 �B 
� C��$"& cL1 
� #= &� ,-4:6 e�1& �+ �+��4 s!�" 2&
&� 2�B�%5Mk4 sR$�& 3 
&3  
&�.

�.EB?:&30 & 2�B�$4&
�� ,&9�4 #�+ 2��	: 5T$H+ ! ?30J 2�0�%

AM.&! �
-+ 
� 5$��	
� Y6 ,&9�4 �+ �B �0+ E0	� X3M% 2�B �01�

 346)I=J2�B�5*& b.(

� �0+ �	�$  �+ �<-
 �+ 
-0Z �0+ �0 &� ��0=D�S ?3046 �01

5Mk4 �0��% 
&�0' 50D��=
 2
��+6 2�B
���
 ��^_
 �)
 2
&�

)C!3<�.(:& �0 &� ��0=D�S #	�$�0�+ A	�4:6 C�1 !� �B 
�

 :& ,6 #	�0$�. ! #$0�
 �'�01 �0D"�4 
� 5D��=
 2
��+6 
���


 346 �1� �+ E	� 
���
 .04:6 
� ;Z A	� ! 5 �$01!�1 5P01��

,&
�=�B 30J
 I0"&�4 :& �0	 �B 
� 2
��+6 
���
 C��S& 9�  /

! 3	��% E	� 
���
 �+ �PH  � &� ��=D�S A	&9�& [P1 /X3M%

 �0+ �PH0  50D��=
 2
��+6 l	&�J 
� ��=D�S A	&9�& l1-$4

 3B�J 
���
)E	� l	&�J (�+&�+V�q 
�$=B 
� X�%-D�. )C��k4

�� 3>
� (�-+.

�	�$ C!3<�54 ,��  /3J
 oD$f4 I"&�4 #�+ 
� �. 3B�

 ��1�H" :& /I"&�4 �	�1 �+ �PH  X3M% ?��% #$�
 �'�1 �D"�4

 �01& 
&�
-0��+ �
��	: 2�B��=D�S �+ 5+��$1� �;< 2�$��+ .

�NM� �$��+ ��K+ �+ �NM4 �D"�4 #	& 
� 2
��+6 50��Z :& ! 3J �B

 #	& I�*� �++ ?��% �!
! :�a6 /�D"�4 #	& �.�. ?�-+ 5�	&: :�� �

�01& ?&��B 5	�;$ & 2-�  ��"�  
� � �%!� 5T$H<�+ I�=�
 �+

)V(�&30k
 /�DPM1 �&3k
 I4�J � &� ��=D�S 2&9<& ?3MM. #��k


 30B&-� � &� ��=D�S �	�;  
� ! �DPM1 
� ��D% �-0+)b.(
�

�D$M	& ! 2� A	�4:6)�V(uS�+ #$�
 �'�1 �D"�4 
� 5+6 AM
 

1 �&3k
 AB�. � &� ,:! ! �DPM ?3J �B �1& .230 �� AB!G� 
�

 ,&
�=�B !EB /5+6 AM
 �. 5 �4: 9�  I% I"&�4 �+ ,�4: ! 5B�

 � &� �&3k
 AB�. I�*� �+ /�-+ � &� ,3J 2���� �	 ��0=D�S /�0B

���	 AB�. � &�)b�(.

C!3< �	�$  �+ �<-
 �+�54 zf�4 /!� �0B 
� �0. ���%

 . 5	�B
���
 
� /A	�4:6 C�1 �0$��% 7
-0> 50D��=
 2
��+6 �

?�-0+ �
��0	: E0	� 
���
 �+ �H	�K4 
� /� &� ��=D�S ,&9�4 /�1&

�1& .I0"&�4 :& X&30. �B �. �1& ,6 ?3MB� ,��  h-U-4 #	&

 ��1�H" :& /5$��	
� Y6 �+ AM.&! �\  :& /?3J Y�f$ & 2-� 

 504 ! ?�-+ 
&�
-��+ 2��	: 2&90<& �0+ /�^�04 
-0Z �0+ 30M &-


 ! ��=D�S 
� 2
�0�+6 /C�`4 2&�+ /3MJ�+ 
&�% ��^_
 � &� ��=D�S 

�DPM1 �$;+ 3J
 uS�+ /#$�
 sRa �D"�4 
� 2
�0�+6 ! ?30J �B

 I% �D"�4 ��D% 5��KS :& 5B� �01& ?�
!6 I�S �+ �k ��4 �B

)b(A	&90�& �+ �NM4 � &� ,3J �� �D"�4 
� 2
��+6 �	�;  
� !

� &� ,:! 01& ?3	��% ,3J �� C�" 
� 2�B �0. �0 -% ,�0�B /�

 �01& �0$��% 
&�0' �0<-
 �
-04 90�  �0T	� ,&�T�B!G� l1-
 

)V/V�/b�!b�.(�D$M	& ! 2� ,��0  X30M% 2!
 5�B!G� 
� 

�&30k
 AB�0. u0S�+ /#$0�
 �'�1 �D"�4 
� 5+6 AM
 �. 3 �&�

�DPM1 � &� ,:! ! �B 504 �0B �-0J .�0 &� �$�0�+ ��0=D�S 30M]�B

�+ 
 ! �DPM1 �$�. �&3k
 �D�1! AB�. �DPM1 �B 
� � &� �$�. �&3k

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

20
 ]

 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.13.2
https://jcpp.iut.ac.ir/article-1-776-fa.html


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

��� 

���	 .,&
�0=�B ! 23 �� AB!G� 
� 
� 50+6 AM0
 �0. 5 �04: 

I% �D"�4 ��=D�S /3	��% C��S& X3M% 
� ,3J 2���� �	 5B�

�+ � &� � &� ,:! AB�. I�*� 3J E. �B)b�.(

I0"&�4 2&3$+& :& �+-Z
 �	�!3)4 �DS �+ /E	� 
���
 
�

 ��=D�S 2&9<& /?��% 5%3 : 
&�0' �-01 ��^_0
 �0)
 730J �+

 &3P4 ?:&3 & AB�. I�*� �+ �	�;  
� ! �$��%)Source Size ( 
�

 29$M01-$� �S�01 /?�0�% 5%30 : 2&3$+&)�(3g0K4 ?:&30 & !

�	j-*-	9��)Sink Size ( ���	 AB�.)V!q.(AB!G� 5.�" �B

 I�=�0
 �0D"�4 
� 2
�0�+6 Y6 
&3K4 
� AB�. �. �1& ,6 :&

�NM� . uS�+ �B 504 �0
-+ �0B 
� 
!
�0+ �'�01 �&3k
 AB� �-0J 

)��!V�.(,&
�=�B ! 23 �� A	�4:6 
� ��0=D�S 2&9<& ��B

 �0 &� �&30k
 �0]�%& /30 ��. &30�� �-0P;+ Y6 �0U�S A	&9�& �+

E;4 �-+ � &� ��=D�S �9< #	�
 .

/3J
 oD$f4 I"&�4 
� 5D��=
 2
��+6 /�U�" AB!G� 
�

 ��=D�S ��T��] A	&9�& �+ �NM4 E0	� 
�0��
 �+ �H	�K4 
� � &� 

3J)C!3<�.(
� #$0�
 �'�01 �0D"�4 
� 2
�0�+6 �. 2
-Z �+

 � &� ��=D�S A	&9�& �+ �NM4 E	� 
���
 �+ �H	�K4)� !30"V�� 

300>
� (C�001 
���n�b
� 2
�00�+6 
�00��
 
� 500$" ! 300	��% 

2
�0�+6 2�0B
���
 �	�01 �0+ �H	�K4 
� �. /� &� ,3J �� �D"�4

 � &� ��=D�S �!30" E	� 
���
 �+ �PH  9�  /�J&� 2�$�. ��� 

30	��% ?3B��04 ��0=D�S A	&9�& 3>
� .C�01 
���n��90�  

�!3" � &� ��=D�S A	&9�& �+ �NM4 #$�
 �'�1 �D"�4 
� 2
��+6

VV� 3J E	� 
���
 �+ �H	�K4 
� 3>
� .&�
�0=	& 
�)#�0+ 90.�4

 /��0� OZ�0M4 
� 2:
!��. 7�K�K)
 5DD�*& ICARDA (�


AB!G� �	�:& E	� X3M% ��=D�S /5D��=
 2
��+6 �*�1 V�/V

�+q/�5*�H=�� 
� ! �$��	 A	&9�& 
�$=B 
� #
 2�0B�q��!

�q�q 5%3 
�+ I. �+ Vb�5D�4 :& X3M% ��=D�S �$4�{/
� #0


 �+ 
�$=B�b/bs�g04 �0+ 
�$=B 
� #
 ��b 50D�4 
� Y6 �0$4

 �1& �$��	 A	&9�& 5D��=
 2
��+6)V�.(

54 ?346 �1� �+ �	�$  :& /#	&�+�M+ �0. ��. 2��% �N�$  ,&-


 
&� 50Mk4 2��^_0
 / X3M% 2�B
&: E	� 
� 5D��=
 2
��+6 C��S&

 30J
 e�H" I"&�4 
� �. #	& �+ �$H+ ! �$J&� � &� ��=D�S �+

 54 ��	�� X�N & �!3" �
 �B
&9�	� ��=D�S ?�:�+ �+ �NM4 3 &-
V

-J 5Dk� cL1 �+&�+�.?�&� ! AB!G� �	�$  �+ �<-
 �+ �0+ 2�0B

 ?&
 :& 5=	 /?346 �1� ?��@$01& /E	� X3M% ��=D�S A	&9�& 2�B

2j-*-M=
:& #	�
 e�H" 
� 5D��=
 2
��+6 2&�<& ! �^-4 2�B

 54 X3M% ?��% 3J
 I"&�4 3J�+ .�. ��. 3�	_
 AB!G� #	& �	�$ 

#�4_
 �1 �D"�4 
� 5D��=
 2
��+6 ?&
 :& 5��. Y6 X3M% #$�
 �'

54 E	� l	&�J �)
 C-P' I+�' � &� ��=D�S 3�*-
 �+ �NM4 3 &-


���%.

��	
� ���� ��	@*�( 

�./X�4& 2.�b��.7Ra �S&
:.:&��J ?�T� &� 7&
��$ & .

V.2 /X�4&.!X.�.54R18& �K^ .�b�� .�B3M	&�� ! 2j-*-	9�� /5S&
: ,�B��% ��=D�S .:&��J ?�T� &� 7&
��$ &.

b.&2 /X�4.!X.�&G  ��  .�b�b .�43K4 5S&
: ,�B��% 2j-*-	9�� �+ 2& .&:&��J ?�T� &� 7&
��$ .

�.h /:
!��../X.h /5*��. .Y.X /5 �KB�.�&G  3��" /2
3> /Y !!&.2
3�" .�b��.30�*-
 ! ��0=D�S A	&90�& Q�0Z �>R�

 
-�. E	� ! 5+6 X3M% .q�n�b��.2:
!��. ��;< 7
&:!.

�.P1��;Z : /5 �$1!�1 5.& /.e /5"!
 .h.X !.2- �^ e
34.�b�� .�. 7��>-g� 51
�+�0�0�
- j ��0=D�S 50@�. ! 52�0B

5D��=
 2
��+6 l	&�J �)
 E	� X3M% .N4,&�	& 5S&
: X-DS �D��:���n���.

�.2:
!��. ��;< 7
&:! .�b�� .�S&
: 7�SRZ& � �+ .7�SRZ& 2
!6 #� ! 
�46 �$��.

[Online] <http://www.agri-jahad.ir/portal/home/defult.> 
7. Arar, A. 1992. The role of supplemental irrigation in increasing productivity in the Near East Region. In:

International conference on supplementary irrigation and drought water management.Volume-10. Sept. 27-Oct. 
29, Bari. Italy 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

20
 ]

 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.13.2
https://jcpp.iut.ac.ir/article-1-776-fa.html


� �01� � 
(23( 4�01� � 0� 56 � �(0� �(78� � ��� 19 
�	��6 0:( ... 

��� 

8. Bradford, K. J. and T. C. Hsiao. 1982. Physiological response to moderate stress. PP. 263-324. In: Lange, O. L., P. 
S. Nobel, C. B. Osmond and H. Ziegler, (Eds.), Encyclopedia of Plant Physiology. Physiological Plant Ecology. 
II. Water Relations and Carbon Assimilation. Heidelberg: Springer Pub., New York. 

9. Brisson, N., E. Guevara, S. Meira, M. Maturano and G. Coca. 2001. Response of five wheat cultivars to early 
drought in the Pampas. Agron. J. 21:483-495. 

10. Cornic, G. and A. Massacci. 1996. Leaf photosynthesis under drought stress. In: Baker, N. R.(Ed.), Photosynthesis 
and Environment. Kluwer Acad. Pub., New York. 

11. Danko, J., M. Trakovicky and Z. Zmetakova. 2001. Effect of N-nutrition on gas exchange characteristics of wheat 
(Triticum aestivum L.). Acta fytotechnica et zootechnica, Vol.4, Procceding of the International Scientific 
Conference on the Occasion of the 55th Anniversary of the Slovak, Agricultural University in Nitra.  

12. Day, A. D. and S. Intalap. 1970. Some effects of soil moisture in the growth of wheat (Triticum aestivum L em 
Thell). Agron. J. 62:27-32. 

13. Economic and Social Commission for Western Asia (ESCWA) and the International Center for Agricultural 
Research in the Dry Areas. (ICARDA). 2003. Enhancing agricultural productivity through on-farm water-use 
efficiency: An empirical case study of wheat production in Iraq. United Nations. New York. 

14. Eitzinger, J., M. Stastna, Z. Zalud and M. Dubrovsky. 2003. A simulation study of the effect of soil water balance 
and water stress on winter wheat production under different climate change senarios. Agric. Water Manag. 
61:195-217. 

15. Evans, L. T., I. F. Wardlow and R. A. Fischer. 1975. Wheat. PP: 101-149. In: Evans, L. T. (Ed.), Crop Physiology: 
Some Case Histories. Cambridge University Press, Cambridge. 

16. Fredrik, J. R. and J. J. Camberto. 1995b. Water and nitrogen effects on winter wheat southeastern central plain: 
Physiological response. Agron. J. 87:527-533. 

17. Gabriela, M. and C. H. Foyer. 2002. Common components, network and pathway of cross tolerance to stress. The 
central role of redox and abscisic acid- mediated controls. Plant Physiol. 129:460-468. 

18. Graan, T. and J. S. Boyer. 1990. Very high CO2 partially restores photosynthesis in sunflower at low water 
potentials. Planta 181:378-384.  

19. Hafid, R. E. L., D. H. Smith, M. Karrou. and K. Samir.1998. Physiological responses of spring durum wheat 
cultivars to early-season drought in a Mediterranean environment. Ann. Bot. 81:363-370.  

20. Lawlor, D. W. 1995. The effect of water deficit on photosynthesis. PP. 129-160. In: Smirnoff, N. (Ed.), 
Environment and Plant Metabolism. Flexibility and Acclimation. Bios Scientific Publishers. Oxford. 

21. Lawlor, D. W. and C. Cornic. 2002. Photosynthetic carbon assimilation and associated metabolism in relation to 
water deficits in higher plants. Plant Cell Environ. 25:275-294. 

22. Lauer, M. J. and J. S. Boyer. 1992. Internal CO2 measures directly in leaves: abscisic acid and low leaf water 
potential cause opposing effects. Plant Physiol. 98:1010-1016. 

23. Loomis, R. S. and D. J. Connor. 1996. Crop Ecology: Productivity and Management in Agricultural Systems.
Cambridge Univ. Press, Cambridge. 

24. Mooney, H. A., W. E. Winner and E. J. Pell. 1991. Response of Plants to Multiple Stresses. Academic Press Inc., 
New York. 

25. Morgan, J. M. 1971. The death of spikelets in wheat due to water deficit. Aust. J. Exp. Agric. Anim. Husb. 11:349-351. 
26. Oweis, T. 1997. Supplemental Irrigation: A highly efficient water-use practice. International Center for Agricultural 

Research in the Dry Areas (ICARDA), Aleppo, Syria.  
27. Oweis, T., M. Pala and J. Ryan. 1998b. Stabilizing rainfed wheat yields with supplemental irrigation and nitrogen in 

a Mediterranean climate. Agron. J. 90:672-681. 
28. Oweis, T., A. Hachum and J. Kijne. 1999. Water harvesting and supplementary irrigation for improved water use 

efficiency in dry areas. System-Wide Initiative on Water Management Paper 7. Colombo, Sri Lanka: 
International Water Management Institute. 

29. Oweis, T. and A. Hachum. 2004. Water harvesting and supplemental irrigation for improved water productivity for 
dry farming systems in West Asia and North Africa. ICARDA. Aleppo. Syria for Presentation at the 4th 
International Crop Science Congress 26th Sept. to 1st Oct. 

30. Palta, J. A. and I. R. P. Fillery. 1995. N application increases pre-anthesis contribution of dry matter to grain yield in 
wheat grown on a duplex soil. Aust. J. Agric. Res.  46:507-518. 

31. Pandy, P. K., J. W. Maranville and A. Admou. 2001. Tropical wheat response to irrigation and nitrogen in a 
Sahelian environment. I. Grain yield, yield components and water use efficiency. Europ. J. Agron. 15:93-105. 

32. Siddique, M. R. B., A. Hamid and M. S. Islam. 1999. Drought stress effects on photosynthetic rate and leaf gas 
exchange of wheat. Bot. Bull. Acad. Sinica Taipei. 40:141-145.  

33. Tavakkoli, A. R. and T. Y. Owise. 2002. The role of supplemental irrigation and nitrogen in producing bread wheat 
in the highlands of Iran. Agric. Water Manag. 65:225-236. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

20
 ]

 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.13.2
https://jcpp.iut.ac.ir/article-1-776-fa.html


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

��� 

34. Tenkinel, O., R. Kanber, A. Yazar and B. Ozekici. 1992. Drought conditions and supplemental irrigation in Turkey. 
In: International Conference on Supplementary Irrigation and Drought Water Management. Vol. 7. Sep.27-Oct. 2, 
Bari, Italy. 

35. Wheeler, T. R., G. R. Batts, R. H. Ellis, P. Hadley and J. I. L. Morison. 1996. Growth and yield of winter wheat 
(Triticum aestivum) crops in response to CO2 and temperature. J. Agric. Sci. 127:37-48. 

36. Wilhite, D. A. 1993. Drought Assessment, Management and Planning: Theory and Case Studies. Kluwer Academic 
Publisher, Hingham, MA. 

37. Yordanov, I., V. Velikova. and T. Tsonev. 2003. Plant response to drought and stress tolerance. Bulg. J. Plant 
Physiol. Special Issue 187-206. 

38. Zadoks, J. C., T. T. Chang and C. F. Konzak. 1974. A decimal code for the growth stages of cereals. Weed Res. 
14:415-421. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

20
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.13.2
https://jcpp.iut.ac.ir/article-1-776-fa.html
http://www.tcpdf.org

