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

��� 

,-.� �� ��� � �/�.%�- 01�2 � 3!� .� ��� � �/�.%�- $�	4%� .5� 

67��� 
�	�(*8��%9� ."#�
�(��	�� ��:;<

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

�3�7# 

6��� �� =>� �� �/�.%�- ��.;� �����.�2 � ����� 
	�?�0�� 0�� �� @	A �� ��	� �BC ��	� ���- .���� =	'3E � ��� 0� � .F;� G.� 

? �- � H�A I�	
� ?� �;	J ���� 6;� H�A@	A 	�	;KC	�0�� �;	! 83
%&� .L
� 6;� �� �;>	� =	%�&- ��M�� 
�	N 
�	��C 
.,;	E%-

 �� �	�- O	4�4:' �� P�	� �� ��� 
>	� Q�R� S�� .�5T' �/�.%�- 3
-	� .U	
� �A.� ���M�� ?� 3�� 3�� .���.� 0"J � ��� P
7 �.� 

?-	V�W P;	��C ,-.� �;	� �! X��.' � 3!� .� �/�.%�- 
�?�O��U Y�	� Q.� XB	Z �� $;��%�	� "��E� \RE� P! 	� ���	L' )8.9EU

^/<8^8(_8<_�`_���� �.W @	A �.W���� �� ?�O��U H;��� 3��� (�/�.E%�- \R� �	"# �)8.9EU+^8(^_ �)__ �E��� �.EW �� 

�.W���� @	A?�O��U ���� (3! �	b-� �7�C @	A H; �� ��.7' ?� 	�.	E� � 3E;�.W �;��� 0 &Z H�A ��� P�	� X�� ��� �.��	�

 ��� 0� � �/�.%�- G.L�?��c;� 0�	; P�	� �C 6�;	d Q�R� �� .?���Y� ,-.E� �;��E� 0 &Z �� �� �/�.%�- � ��� 01�2 ��� ���M�� 

��� P;�M�� .�- 01�2 �/�.%�- G.L� ��� P�	� �	�W �� ��� 01�2 �B� P;�M�� �� �/�.% .$���.�� 01�2 � �/�.%�- 01�2 ���3E-� .E�W 


$���.�� 0e�.Z P;�M�� 	� �;	� �! f�� ?� �3! 3-��� 
���U .�� .%� .0�	; P�	� ��� \R� P;�M�� 	� $���.�� 01�2 .�/�.%�- ���M��

 � 
>	� Q�R� S�� .�5T' � P;�M�� �� $���.�� 01�2 ��� P�	� �� .%���	d 6;� .� �� .�� �	�- P��cd 6;� ,;	%- �� ?� 3��@	A 	E� 	E� 


�� P;�M�� �� ,-.� 3!� ��� 0� � S�� O�.5� P�	g 	� �/�.%�- �.��	� 8>	� ��� 3��.

�/�� 
	� 
3��� :��� ?� ���	%d � ��� ?� ��&�� 0�&- 8 ,-.� 8��� 0� � 8�/�.%�- 

?�34� 

��� ����� ! �" #�$% �&' % () *
+, *� - #�$% �� �.�/0 1& 

2�3 �3�, 	
 ��4 �" 
+56) &�7 �8& 9�, 	� :, *
�;% �;, <�;=

 *>=�?% 9�, �7"�%@
+)��.(>;@	 B&�;, C19 ����� ! �DEF

 G , *� - C&>!& � >@	 (E4�% H*� - I/J K�8&�, L+EM%����

>@�, �% � N�% *� - O?3 �1� >.	
)��.(

+, , P�3 Q+ER% 	
 	S�;@ (H3BO3
	&
 
+;J�.ST;@

 L�J S,�U ��;=� - (?;�	 <&�, �" H3BO3�!"�+;  �;= 	+;, <

�8& .9+6V% "1& �;�6) *�; - X?3 *
�% 	
 	+, �DEF �-&��

�E % C�- , C�-+E ) 	
 >@�H1& ��? , �-& � 
+56) �YY �E % C�;- 

6�R% ��=� - ZEF& <&�, �" � %+6:% >@�, C�-+E ) 	
 �8& S

)��.([�&�, �&	�T6= �)�(
�\ �	&'->!����� ! 
�,	�\ (\ ��

]M8^__ 	�;�T= 	
 C�-+E \ (;!&
 
�;TE60 >;=
 `�&';�& &	 .

B	�;;= �&	�;;T6= �)��(*>=�?;;% >;;!
�\ #�$;;% (;;\ a__ 

�.Z ��� (, 1&� @ *�b?!&
 HB1	��?\ *>T?!&
 HP�3 C+E0 
��8& � >@	& [8�/@	�\ c,�8 B+d?!&
 

�.1&� @ *�b?!&
 HB1	��?\ *>T?!&
 He���5! fg.& � �0&	1 
��8& 

*:[T !���T7& �:� He�5��T% Q+h:% :Koohkan_7001@yahoo.com 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.1

3.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             1 / 12

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.13.3
https://jcpp.iut.ac.ir/article-1-877-en.html


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

��� 

����;;� ! C�-+;;E \	�;;�T= 	
 
&>;;V� � (;;!&
 �1� `�&';;�& �;;, 

(@+3 �;� &	 (!&
 
�TE60 � *
+, *&�6= ]M8 >4&� 	
 i!�, B�=

^ja*
&
 `�&'�& >.	
 �8&.

���+- �&	�T6= �)�k(B> 8& P�3 O� 	
 (V7�M% �, ��?;!

 >!
&
 
�TE60 �l\&>4(, C>/- � +J Z ���	
]M8 �YY ��YY 

[E % C�- ����� ! 	
P�3 C�-+E \ 	+;, f+M;8 (, (J+� ��>,

(, �8
 �8& *>%" .	+;, �;DEF �;-& >;!
�\ �	&';- �;m!" 	


 [�&+= C&>!& 	
 G��	 #gF (E4�% (, C>/- � +J ��?; , Z ���

 1&^n�^o[E % C�- C�-+E \ 	
 	+, @p�;, 	�;q
 ��;=� - 
+

 P+;! 	
 [b�3+8 p�;, �;= � *>;@ SU&>;4 �
�;\ (��;r&s_

[E % C�- ����� ! 	
	+, � 68 P�3 C�-+E \ &	`=�\ 
&
.

�+�t% � *&+u8�v8 )kY(	
 	+;, � 6;8 (\ >!
�\ �	&'- 

(�:;;�(;;E\ � [%&
�;;, (;;, [J+;;U $;;% �;;, Z;; ��� #��Y��YY 

C�-��T % ����� ! C�;- 	
 P�;3 [;% `=�;\ >;,�� .� G6��;q

+E:!&�)�(
�,	�\ >!
&
 ��?! ����� ! 	
 	+, � 68 Q��/\ 	


 �8& �w+% e�5\�% .x;= G ;/q �;��+- �&	�;T6= �)�y((;d �!

>/���- (\
�,	�\ ����� ! 
��1 H>@eg;F 	
 	+;, � 68 e&	

[% `=�\ >=
 � wz� �� �t:;� x ;8��� ��;8&	 G;�& 	
 1& �;�6\

�8& ����� !.

	+, � 68 *� - 	
 %�8& GT6 1& [T� Q+EV% �;7�4 �;= B

>@�, ��1 :)�(P�3 �=[�(;) (;, 	+;{ [�9�;, 	+;, B&	&
 [;�&| 

>/�:=H)�(*
�t�8& 
��1 � �6�:% 1&B�;=
+\ 	
 � 9�;, 	+;, �;,

 ���m!)k(1& *
�t�8& �{�3 (,L"�=	+, B��4 B	� ," B(\ 9�, 

[% P�3 	
 	+, }6d� ~0�, >!+@ )��(.

H	+, � 68 �, (E,��% B&�,*&	 �=(E6J 1& [���t�% B[�+?;," 

P�3 �=	+, 
��1 �DEF �, B*>@ 
�m/? � H[;% Z5;8 (;\ 

�;-

 

�;- �	�3 P�3 1& �$/0 G�& 1& [mJ+� S,�U 	&>�% .G;�& �;%&

 �5:;! �DEF �, L" [mJ+� S,�U 	&>�% (, 1� ! ��	 	+;, �;�6\ ��


	&
 ��: ! B
�$�U& � [E60 �&>/q )��(.L�;u�!& �b�
 *&	

 � �+!� � C�U	& (;, �5:! ��9�, [5:! �%���% 1& (\ �8& [��=

 [;% 	&
	+;3�, P�;3 	
 	+, 
��1 �DEF >/;@�, )��(��	 �

&� 3& (\ C+8 "	
 	+;, � 6;8 `=�;\ (;���- 	&�U (J+� 
	+%

 �.�/0 1& [�V, #�$% �, ��=� - B	��r [�&�F >/!�% ����� ! 

[% B�	 �>@�,)��.(

1& 	+?;) c{�/% 1& <	� :, 	
 	+, � 68 x�g0 (\ �d!" 1&

 x;U � ��d/:;�	 H��;%�) HC�;mJ H
';� H�;�� J HL�;/ % (E6J

 *>@ *>=�?% �8& )k.((;V7�M% &�7*&	 �;= �&+;�, (;\ [;E60 [�

 ;J+� �;, 
&
 `�&';�& 	+;, � 68 (, &	 i!�, [5:! �%���% (;, (

�;8& 	&
	+;3�, [;.�3 �;�+7& 1& H�" B
�$�U& � 6=& .G;�&

 #>= �, `=��� :[5:;! S6R� `�&'�& �, ����� ! � wz� [,��1	&

>@ C�d!& 	+, � 68 1& [@�! `/� (, i!�,.

���� �f��	�

[RM;8 c;�& 1& `��;%1" 
	+% P�3)kY�Y[�!�;8 �;�% (B�;8

 ��?;\ *>T?;!&
 [;0&	1 *�b�:�& 	
 }U&� B
�d%&	 *�b?;!&
 B1	

 1&� ;;@};;6J 	�&>;;�
�- B.�';;J P�;;3 G;;�&P�;;3 �;;= B

+mU*B&)Brown soils ( P�;3 [%+!+:;\�� 	
 �" #
&�;�% � *
+,

)fine, mixed, mesic, Fluventic Haploxerepts ( >;@�, [%)�.(

�
�\ O?3 1& I� P�3 [;E % �
 O7& 1& 	+50 � &+= 	
 B�;�%H

[3�, 1&�-��� �=<�" [�� 6 @+T�' � >;@ G ; V� )Q�>;J ^.(

�mJ [8	�, ?;��	 >;@	 B�;=��%&	�� �;, ����� ! � 	+, � wz� [

i!�, 	+, ]M8 `@ 1&)_Hs/aHsH^_Ha_�n_[E % C�- 	
 

P�3 C�-+E \(,(	�;mq � O�	+, > 8& e	+. 	&>;�% ����;� ! 

)_H�sH^s_ �j__ [;;E % C�;;-P�;;3 C�-+;;E \ 	
 ����;;� ! (

(, e	+. 8& *	�& *
�t� >@H(,() B	+{ ����� ! �;,+! �
 	
 (;, 

�&>E- �=>�
�- (��r& .!�t$ �?\ 1& S5U ����� ! f+M8 1& 	�, 

�b�
 �$! �I� (�t= 	�mq �?\ 1& (;, e	+;. 
	+;% 2�;8 

���- 	&�U *
�t�8& .`��%1" (;, e	+;. ;�	+�\�� Sy×�Z;7�U 	
 

>@ C�d!& 	&�T� (8 �, [�
�$� S%�\ P+E, f�{.+% ��
��% 1� ! 
	

 *>;@ G  V� P�3 �+%1" K�8&�, I% � B�	 H'/b/% HG=" H�t:�

 , �@�) 1& S5U �(},�;/% 1& Z ��� (, Q+ER% e	+. e�t:;�+!+%

 Hx 8��� G=" eg\)(Fe-EDDHA �e�t7+8 �=<� B�	 H'/b/% 

I%(,	+{ C�6� (, �3&+/�� �&>E- �=>;@ *
&
 .&>;V�
^s
>;0 

	�, i!�, 0 	
 [�@>7&�$;U xU	 c;6��;� k[�!�;8 �;�% P�;3 B

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.1

3.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             2 / 12

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.13.3
https://jcpp.iut.ac.ir/article-1-877-en.html


,-.� �� ��� � �/�.%�- 01�2 � 3!� .� ��� � �/�.%�- $�	4%� .5� 

��k 

��3J(.�Wc;� �� �A.� P;	��C ���� @	A �;	� �! � �7;M�� 
	� 

��
��% P�3 [-��� 

�y K	)>.	
(

yy �E 8)>.	
(

k/� pH)��5@& � 63 	
(

y�/Y P�3 ��5@& *	�$0 	
 [T���T7& ��&>= � E,�U)��% �, I/6�1 [8
(

��/Y [7" *
�%)>.	
(

Y��/Y ����� ! S\ )>.	
(

�� Q
�V% x :E\ e�/,�\)>.	
(

�� [!+ ��\ Q
�5� � ���)[�!�8 P�3 C�-�, 	�, Q+%(

kk/Y �&
 L" �, *>@ �&�u�8& 	+,)��T % P�3 C�-	
 C�-(

y/� , *>@ �&�u�8& �t:�([, (E 8� x�>8 e�/,�\)��T % P�3 C�-	
 C�-(

k�� , �&�u�8& S,�U x 8���(+%" e��8& (E 8�C+ !)��T % P�3 C�-	
 C�-(

�/y , *>@ �&�u�8& G="(B
 (E 8��[��[��&)��T % P�3 C�-	
 C�-(

Y/� , *>@ �&�u�8& '/b/%(B
 (E 8� �[��[��&)��T % P�3 C�-	
 C�-(

�/Y , *>@ �&�u�8& B�	(B
 (E 8��[��[��&)��T % P�3 C�-	
 C�-(

k/� , *>@ �&�u�8& I%(B
 (E 8��[��[��&) %��T P�3 C�-	
 C�-(

(�+, 
&>V� �@�\ 1& I� (�t= �
 � >@ (�@�\ (, �=��;= 	
 
>0 

���� S E�� �&>E- .Iv8�&>E- �=(, *
�\ L�U�F &	 B	+{ �;� (;\

 �;5���� P�;3 ]M8 1& L" ��t�	& H>@	 *	�
 ����� "k[�!�;8 �;�% 

>!�6, �U�,.

H�;@�\ 1& I� *�% �
 
�>4k>;E- �;= 1& i!�;, (;�+, 1& �&

 }MU (U+{ SR% e>;% (;, �M�% L" �, +?�:@ 1& I� � *>@y�

B�%
 	
 �0�8�Y���(J	
 [�!�8 
&�- O?3 >!>�
�- .�/6r "

H�;;@&
�, 1& S;;5U(;;, (E ;;8�S;; ���E) %�;;� )SPAD-502 ( 1&

p�, �=C�
 �&+J <HS; ���E) 
&>;0& (;�+, �;= C	�mq � C+8 

e	+;. �;�&�U (;8 p�;, �;= 1& � >;@ ��&�U ��% �;��- .

x= G /q *1&>!& �mJ �+;!	" ��	 (;, S; ���E\ �DEF B� -

)y(HG�8& 	
 &	 *� - *1�� p�, �Y� *> ��;8 �,+;3 (, >.	
 

�+t���!�8 Iv8�%)�	 Q91 Q+ER% � x /�� *
�;) &>J &	 �

Q+;;{ L�;;J �&';; %�+;;% �;;= �y� ���k *�b�;;8
 �;;8+� 

��&�U ��%+������v8&�%)S; ���E) �&'; % Iv8 � x / &	 S;) 

(58�R%�%)x / .e>;% (, [=� - (!+6! 1& C�- O�n�0�;8 

B�%
 	
��Y (J	
 [�!�8 
&�- Iv;8 � S�>;5� ��:;\�3 (;, 

(, (E 8� O�	>��E\ > 8& �*	�$0 Q�%�! >;@ B�; - .����;� !

 ��	 (, S\ ��T % \EQ&>)�(�DEF ���	 (, 	+, "G ;�%�1

H)�(>�
�- G  V� .


&*
}6J B�= ">@ B	� *1& *
�t�8& �, (;%�!�, MSTATC 

�, �(,	�\ �+%1" B� -F(7
�V% ' ! �
	+;% �+ ;8�-	 B�;=

 ���- 	&�U S ER� � (�'d� .1& *
�t�8& �, ({+,�% B�=	&
+6!

C�! 	&'�&Excel ( .+� � � :t� i���! � x8	 (;�&	& C19 B�=

>@.

,;	%-i:� �

,-.� �	&A	! H�A ��� 

+, S,���% � [E.& e&�w& i!�, 	�:3�@ O?3 �1� �, ����� ! � 	

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.1

3.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             3 / 12

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.13.3
https://jcpp.iut.ac.ir/article-1-877-en.html


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

��y 

	
Q�>J ��;8& *>;�
�- (�&	& .O?;3 �1� H	+;, `�&';�& �;,

 ���� `=�\ 	�:3�@ .Q�4�"(\	
C�6� 
�,	�\ H����� ! f+M8 


&
 `=�\ &	 i!�, 	�:3�@ O?3 �1� 	+, �8& *.��6= 	+{ (;) 

	
Q�>J �*>�
 �%@�t;. 	�;6 � 	
 X?;3 �1� G��;�6) 
+

 � ����� ! #�$% yY�E % C�- 2�;3 C�-+;E ) 	
 	+, )N0B40 (

(, �8
 �;, �,&�, ()>%" ��/Y>;@�, �;% �&>;E- 	
 C�;- .
�,	�;\

 &	 	�:;3�@ O?;3 �1� H	+, #�$% ��>, � #�$% �, ����� !

 
�,	�;) � 	+;, L�; F 	
 X?3 �1� G���? , � 
&
 `�&'�&��Y 

�E % C�- 2�3 C�-+E ) 	
 ����� ! )N150B0(*>=�?;% (;) >;@ 


�>4y>@�, �% >=�@ �,&�, .G ��;� f+M;8 	
 H`=��� G�& 	


 	+, )]M8 ���Y[E % C�- P�3 C�-+E \ 	
 (����;� ! #�$;% H


+;6! B� -+EJ O?3 �1� �, 	+, �+8 � wz� 1& .`;�! G;�& �;%&

 	+, B9�, f+M8 	
 ����� ! �5l%)�Y�yY[;E % C�;- 	
 	+;, 

P�3 C�-+E \ (x?q �&>/q  ! � -�:.

�&	�T6= � p	�-)�Y(	
 (\ >!
�\ *>=�?%�?\ �=[/@ B

B��;4 [�&�F Q+ER% �,YH�H�/���[;E % C�;- H�;� 7 	
 	+;, 

	+;, G ��� f+M8 	
 i!�, 
�TE60)���/�[;E % C�;- �;� 7 	
 (

	+, B9�, f+M8 	
 � `�&'�&)�[E % C�- �� 7 	
 (���� `=�\ .

`�&'�& (\ >/���- (d �! �m!" 	+, G ��� f+M8 	
 
�TE60 (,S; 7
 

��, 	
 �$/0 G�& `�!B1& (E;.�4 
&+% � >/U Q���!& � S�! H*
�- 

� *
+, [6�'!" � 7�V� `�&'�& � '�/8+��	�w" B9�;, �;DEF [t/% 

	+,(,�E0 � Q+E;8 	
 [;6�'!" �; 7�V� `=�;\ HIt/;� >�>?� 

[% x8g�+��� (, (%>. � Q�;��!& �, Z ��� G�>, (\ >@�, �; E,�U 


	&
 � wz� '�/8+�� 1& S.�4 
&+% � �=>/U *
�t�8&.

�&	�T6= � 	�%+\)��(	
 i!�;, O?;3 �1� (\ >!
&
 ��?!

 	�6 ���Y 	��T= 	
 ����� ! C�-+E \ y�>.	
 (,�;E0 `�&';�& 

��?;! `�&';�& >=�;@ (;, �5:;! >;/U � G h���;� HS ���E\ '�/8

*
&
 �8&.���+- �&	�T6= �)�k(O� 	
 (;!�uE- (V7�M% �
 	
 B&

 
�,	�;\ (;\ >;!
�\ *>=�?% B> 8& P�3 O� 	
 +J � C>/- *� -

�/Y��[E % C�- C>;/- 
�;TE60 Z ��� (, P�3 C�-+E \ 	
 	+, 

*
&
 `=�\ &	 +J ��8& .�
�'�&�Y[E % C�- ����;� ! ��? , �� 

	+;, � 6;8 � L�;J �%& `�&'�& *� - 
�TE60 P�3 C�-+E \ 	


 
&
 `=�\ �8& *.����� ! #�$% (\ >!
�\ �� , �&�b?=��� G�&

*
+, > t% 	+, � 68 `=�\ 	
 �8&.

��� KjJ � 01�2 

	�:;3�@ 	
 	+, �DEF `�&'�& �, H	+, L� F 	
 ����� ! #�$%

 *>@ *&�6= i!�, �8& .�;m7+% � &+;,+ E! �;8+� (,�?% (d �! )��(

�8& *>@ �	&'- .+;, f+M;8 ���;8 	
 ����� ! 
�,	�\ Z5;8 H	

 *>�
�- 	+, �DEF `=�\ �8& .��6= 	+{ 	
 (\ Q�>;J k*>;�
 

[% &	 `�&';�& G���? , ����� ! #�$% L� F 	
 	+, �DEF 
+@

(�@&
 �8& .*�; - 	
 	+;, �;DEF 	+, #�$% `�&'�& �, [��{ 1&

 [% ��?! `�&'�& >=
 .(;, �&+;/0 � 	+;, ]M;8 G���9�;, 	
 Q�;l% 

�@ (, �5:! 	+, �DEF H����� ! >=�/��[% �,&�, >@�, .[7�4 	


 
�,	�\ H����� ! #�$% ��>, (\yY[E % C�;- C�-+;E \ 	
 	+;, 

>=�@ (, �5:! 	+, �DEF HP�3�y*>@ �,&�, �8& .[�	�;50 (;,

 ����� ! H�b�
(,	+{ 	�:;3�@ 	
 	+;, �;DEF `�&'�& 1& B�w�% 

*
�\ B� -+EJ i!�, �8& .�1� `�&';�& (;, �+;,�% �" S; 7
 (;\

 O?3 �;DEF `=�;\ (d �! 	
 � ����� ! 	�6 � �w& �, *	�:3�@

 �8& [=� - ���, 	
 	+, .	+, �DEF G���6\ )j�[;E % C�;- 	
 

C�-+;;;E \ (;;;, �t;;;. 	�;;;6 � 	
;����;;;� ! � 	+ )N0B0(�

G���? ,)�y� E %;[C�- ; \ 	
 ;C�-+E (;,�%;�t;. 	�;6 � (;, �+

;;� !;� ����n_[;;E % C�;;- P�;;3 C�-+;;E \ 	
 	+;;, )N0B40 ( 

[% >@�,)Q�>Jk.(

]M;8 �;� *�; - �;8+� &	 �$/0 G�& L�J H	+, #�$%��Y 

[E % C�- �" �;E0 (;\ *
&
 `�&';�& P�;3 C�-+;E \ 	
 ����� ! 

[% i!�, 	�:3�@ �1� `�&'�& (, �+,�% f+M;8 (; �, 	
 � >;@�,

 ����� !)kYY [E % C�- P�;3 C�-+E \ 	
 ����� ! (	+;, L�;J

 [% (\ ���� `=�\ >!&+� �;, ����� ! B9�, f+M8 � wz� (, �+,�% 

>@�, 	+, �DEF `=�\ .����;� ! 
�,	�) �, 	+, L�J G b!� % 	


 >;@ *>=�?% B>!�	 G /q (,�?% ' !.]M;8 �;= 	
 	+;, L�;J

 �% () 
	&
 <
+V. � 8 	+, #�$% �, ����� ! (;, �+;,�% >;!&+�

 >;@�, *�; - 	
 	+, �DEF `�&'�& .(;) B	+;{ L�;J G���?; , 

)��/��E % C�- �&>E- 	
 (C�+� #�$% �,��Y �E % C�- ����;� ! 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.1

3.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             4 / 12

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.13.3
https://jcpp.iut.ac.ir/article-1-877-en.html


,-.� �� ��� � �/�.%�- 01�2 � 3!� .� ��� � �/�.%�- $�	4%� .5� 

��� 

��3J<.� ��� .�5T',-.� ��	&A	! H�A ��� .� �/�.%�- 

	+,)[E % C�-+E \ 	
 C�-(

G b!� % yY �Y �Y � �/� Y

����� !)[E % 	
 C�-

C�-+E \(

y�/� ��/Y yy/� �k/� ��/� ��/� Y�/k Y

Y�/� Yy/� ��/y �/� k�/� �/� ��/�Y �� 

�Y/� ��/� ��/� Yk/� ��/� ��/� ��/�� ��Y 

y�/k ��/Y �y/� Y�/y �y/� ��/y ��/� kYY 

��/� ��/k ��/� ��/� �y/� ��/� G b!� % 

LSD( Y�/Y )

��/Y N

ky/Y B

��/Y N*B

� 2�3 C�-+E ) 	
�Y�E % C�- 2�3 C�-+E ) 	
 	+, (;, �;8
 

>%" .

���+- �&	�T6= �)�k(
�,	�;\ (;\ >;!
�\ *>=�?;%�/Y��

[E % C�- &	 +;J � C>;/- 
�TE60 Z ��� (, P�3 C�-+E \ 	
 	+, 

*
&
 `=�\ �
�'�& �, � �8&�Y[E % C�- 	
 ����;� ! ��?; , �;� 

���� `=�\ 	+, �DEF P�3 C�-+E \ .c �R� G�& 	
H�
�';�& �, 

�� �E % C�- 	+;, �;DEF 2�;3 C�-+;E ) 	
 ����;� ! ��?; , �;� 


�) &> � `=�) .I;� � +;��-)��((;\ [!�;%1 (;\ >;!
�\ ��; ,

 1& ��6\ 	+, �DEF�YY [E % C�- �;8& O?;3 �1� C�-+E \ 	
 

(!�?! [;6! *>=�?% 	+, � 68 B�= (;, (;\ [!�;%1 �;%& 
+;@yYY 

[E % C�-[% C�-+E \ 	
 (!�?! G�& >8	 [% �=�� �= 
+@.

�/�.%�- KjJ � 01�2 

,	�\ H	+, f+M8 [%�6� 	
 [;/V% `�&';�& Z;J+% ����;� ! 
� 	&


 *>�
�- *� - 	
 ����� ! �DEF �8& .#�$;% H����� ! L� F 	


yY [E % C�- i!�;, 	�:3�@ ����� ! �DEF P�3 C�-+E \ 	
 	+, 

&	(,	+{ [/V% �9�6�4& G�& � �8& *
&
 `�&'�& B	&
 �����(;, S; 7
 �;w& 

>@�, [% �DEF .[;% ����� ! �DEF `�&'�& S 7
 >;!&+� (;, �;E0 

>;@�, 	+;, � 6;8 �;w& �;, i!�;, 	�:;3�@ O?;3 �1� `=�\ .

#�$;% �, ����� ! �DEF G���? ,kYY [;E % C�;- � ����;� ! �

[E % C�- P�3 C�-+E \ 	
 	+, )N300B5(�;,&�, (;\ >;@ *>=�?%

��/kSU&>4 � �8& >.	
 ��/Y�t;. 	�;6 � (;, �+,�% H>.	
 

����� ! � 	+, )N0B0([%>@�,)>;JQ�y.(H	+;, �t;. 	�;6 � 	


 #�$%kYY [E % C�- ����;� ! �DEF P�3 C�-+E \ 	
 ����� ! 

&	��/y
&
 `�&'�& >=�@ �,&�, .���+- �&	�T6= �)�k((;D4g%

 	+;, �
�';�& �;, +;J � C>/- 	�:3�@ 	
 ����� ! �DEF (\ 
�\

 [% `�&'�& 
��E60 `=�) &	 �" S 7
 � >,��(,�E0 	+;, #�$;% 

EF �w& �>!
�) �� , �D .

	+;, #�$;% `�&';�& �, ����� ! ]M8 �= 	
 ����� ! L�J

 �" (\ ���� `=�\(,�E0 � 6;8 Z5;8 (, *� - 
�TE60 `=�\ 

[% 	+, >@�, .(,B+R! � ����;� ! �t. 	�6 � 	
 (\yY[;E % C�;- 

����� ! L�J P�3 C�-+E \ 	
 	+,��>=�@ (, �5:! >.	
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.1

3.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             5 / 12

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.13.3
https://jcpp.iut.ac.ir/article-1-877-en.html


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

��� 

��3J)./�.%�- � ��� .�5T',-.� �	&A	! k��' ��� KjJ � 01�2 .� �

[��$% 	+,)[E % C�-+E \ 	
 C�-(

G b!� % yY �Y �Y � �/� Y

����� !)[E % C�-

C�-+E \ 	
(

�DEF )[E % C�-+E \ 	
 C�- (

��� �y� k�� ��� ��� ��� k� Y

��� ��� ��� ��� �yy �� k� �� 

��� k�� ��Y ��k ��Y �� �� ��Y 

��Y k�� ��� ��� �Y� �� y� kYY 

��� ��� �ky �kk �� y� G b!� % 

LSD( Y�/Y )

N

B

L�J )�&>E- 	
 C�- [E % (

�y/�

��/��

ky/�y N*B

��/Y y�/Y ��/Y ��/Y ��/Y k�/Y �Y/Y Y

�Y/Y ��/Y yy/� y�/� ��/Y ��/Y k�/Y �� 

Yk/� �k/Y k�/� ��/� ��/Y ��/Y ��/Y ��Y 

y�/Y ky/Y ��/Y ��/Y ��/Y kY/Y ��/Y kYY 

G b!� % 

LSD( Y�/Y )

N

B

�y/Y �Y/� ��/� ��/Y ��/Y k�/Y

Y�/Y

Y�/

��/Y N*B

G b!� % 	
 B>!�	 G /q � ���� `=�\ >@ *>=�?% x= �=.

	+, ]M8 �= 	
H*�; - �;8+� �$/0 G�& L�J ����� ! 
�,	�\ �, 

>@ 
��1 .�9�;6�4& ����;� ! L�J `�&'�& (;, S; 7
 �1� `�&';�& 

>@�, �% ����� ! �DEF � *� - O?3 .����;� ! L�;J G���? , 

C�+;� #�$;% �,�/��;E % C�;- ;, � 2�;3 C�-+;E ) 	
 	+��Y 

[E % C�- P�3 C�-+E \ 	
 ����� ! )N300B2.5 ( [;% *>=�?% 
+;@.

�&	�T6= � [7�, ��5�	& G 6= 	
)�(#�$;% (;\ >!
�\ *>=�?%

��Y �� kYY\;� ! C�-+E ;T= 	
 ����;�& Z58 	��;�DEF `�&' 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.1

3.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             6 / 12

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.13.3
https://jcpp.iut.ac.ir/article-1-877-en.html


,-.� �� ��� � �/�.%�- 01�2 � 3!� .� ��� � �/�.%�- $�	4%� .5� 

��� 

��3J`.�	&A	! k��' �/�.%�- KjJ � 01�2 .� �/�.%�- � ��� .�5T' ,-.� 

���$% 	+,)[E % C�-+E \ 	
 C�-( ����� !)[E % C�-+E \ 	
 C�-(

G b!� % yY �Y �Y � �/� Y

)>.	
 ( �DEF 

��/Y Y�/� �Y/Y ��/Y �y/Y ��/Y ��/Y Y

��/� ��/� ��/� �y/� ��/Y ��/Y Y�/� �� 

��/� ��/� ��/� ��/� ��/� Y�/� ��/� ��Y 

yk/k ��/k k�/k ��/k ��/k yY/k ��/k kYY 

��/� ��/� ��/� ��/� ��/� �y/� G b!� % 

LSD( Y�/Y )

��/Y N

�y/Y B

L�J )�&>E- 	
 C�- [E % ( ��/Y N*B

�/�� �/� �/�� �/�� �/�� �/�Y �/�� Y

�/�� k/�� Y/�� �/�� k/�Y k/�y ��Y �� 

�yy k/y� k/�� ��� ��� �Y� ��� ��Y 

��� Y/k� �/�� �yy �Y� �y� ��� kYY 

G b!� % 

LSD( Y�/Y )

N
B

Y/�y �/�� Y/�� y/�� ��� ��� 

�k/�Y

�k/�Y

��/��
N*B

*>@ i!�, 	�:3�@ 	
 ����� ! �8&.

$���.�� 0e�.Z ?R��� 0E1�2 � �/�.E%�- 0E1�2 	� �%�� .%�

��	' l.� �� $���.�� 

[;% S ���E\ ��&�U (;%�!�, [,�;�1	& �;mJ [5;8�/% ��	 >;!&+�

 (, ����� ! [����>% >�" L�:4 .>;@	 �, &	 � wz� G���? , ����� !

/�'58(B&p�, S ���E\ �, �" � wz� (, �+,�% (\ 
	&
 ��=� - p�, 

[% >@�,)��.((,	+D/%` � ,c;��{ 1& *�; - 	
 ����� ! �DEF [/ 

 	
 *>@ (�&	& (7
�V% S ���E\ ��&�UST@ a�[,+3 (, x=[b�:;, 

[;% ��?;! &	 *� - 	
 ����� ! �DEF � S ���E\ ��&�U G , >;=
 .

��6= 	+{ [% *>=�?% (\ ����;� ! �;DEF H�;�&�U `�&'�& �, 
+@

 [% `�&'�& ' ! >,�� .���E\ �;DEF � S; ���E\ ��&�U (M,&	 	
 S; 

 ST@ 	
 i!�, p�,b�*>@ *
&
 ��?! �;8& .�;�&�U `�&';�& �;,

 [% `�&'�& p�, 	
 S ���E\ �DEF HS ���E\ >,�� .x=G ;/q G;�& 

[% ��?! �,&�	 � S; ���E\ �;DEF �;, ����;� ! #�$;% (\ >=


��&�U S ���E\ [% > t% � �w�% ��% >@�,.

Q+E8 	
p�, �=�;� '58 B��[;7" ����;� ! S;\ >;.	
 	


���>60 �8g���E\ ��	
(,e	+. >;!	&
 	&�;U x�';!" .HG�&�,�;/,

 ����� ! (E6J 1& [�&�F �.�/0 
+56\(,	+{ G�3�;8 	
 x ��:;% 


	&
 �;7�3
 S; ���E\ � G h���� .`�&';�& �;, ����;� ! `�&';�& 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.1

3.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             7 / 12

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.13.3
https://jcpp.iut.ac.ir/article-1-877-en.html


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

��� 

$7!(.$���.�� 0e�.Z 6�� ?R��� �.%�- 01�2 	� �%�� .%� �/)a(,-.� ��	' l.� �� $���.�� 01�2 �)b(

�;8g���E\ B&';J& � �;8g���E\ S T?;� � G h���;� �3�8

[% S ���E\ �DEF `�&'�& Z58 
+@)��.(

IT� � O ET � )��(>;!
&
 ��?! [�&�R. `��%1" O� 	


 �;8+� *>;@ *>;!&+3 
&>;0& � S; ���E\ �;DEF �;, ����� ! (\

S ���E\ �5l% � wz� ��% 
	&
 .�&	�T6= � >6R%)�y(>;!
&
 ��?;!

 ]M;8 �;� C>;/- p�;, S; ���E\ (\yYY [;E % C�;- 	
 ����;� ! 

�8& (���� `�&'�& P�3 C�-+E \ .

=��� G�& 	
;DEF H`;	+;, #�$;% �;, S ���E\ �(;, 	+;{ 

[/V% [% `=�\ B	&
 >,�� .(,	+;{B�;DEF G b!�; % SU&>;4 (;\

 ]M8 	
 S ���E\yY[E % C�- 
 	+, P�;3 C�-+;E \ 	(;, �;8
 

(;;\ *>;%"��[;;% ��?;;! `=�;\ >=�;;@ (;;, �5:;! >;;.	
 >;;=


)J;Q�>�.(DEF;, B9�, �;58 	+; 8" Z;\ Z;E;8g���;	
 �

y = 0.2221x - 4.1451
R2 = 0.67**

0

0.5

1

1.5

2

2.5

3

3.5

4

15 20 25 30 35

( SPAD ) �	
 ��
���� �����

(�
��

��
��

��
��

��
��


)�
��

�	
���

���

y = 0.0729x + 0.4801
R2 = 0.71**

1

1.5

2

2.5

3

3.5

10 15 20 25 30 35 40

( SPAD ) �	
 ��
���� �����

( !
"#$

�%
��

��
��

��
��

�

)�

�
�
���

�
��

�

b

a

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.1

3.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             8 / 12

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.13.3
https://jcpp.iut.ac.ir/article-1-877-en.html


,-.� �� ��� � �/�.%�- 01�2 � 3!� .� ��� � �/�.%�- $�	4%� .5� 

��� 

��3J^.$���.�� 01�2 .� �/�.%�- � ��� .�5T' )���� ,-.� ��	' l.� �.W �� �.W(

	+,)[E % C�-+E \ 	
 C�-(

 %G b!�  yY �Y �Y � �/� Y

����� !)[E % 	
 C�-

C�-+E \(

��/� YY/� ��/� ��/� kY/� ��/� ��/� Y

k�/� Y�/� ��/� �k/� ��/� ��/� �k/� �� 

��/� ��/� k�/� k�/� y�/� ��/� ��/� ��Y 

��/� �k/� ��/� ��/� ��/� ��/� ��/k kYY 

G b!� % 

LSD( Y�/Y )

Y�/Y N

�/Y B

Y�/� ��/� y�/� ��/� ��/� ��/�

��/Y N*B

Q+E8 [% p�, S ��'% B�= 	
 S ���E\ �DEF S 7
 G�& (, � 
+@

 [% `=�\ 	+, #�$% (d �! >,�� )��.(�;= 	
 ����;� ! 
�,	�;\

 
&
 `�&';�& &	 S; ���E\ �;DEF 	+, ]M8)Q�>;J �.(�
�';�&

 % +R! (, �m/� (! ����� !�� B�wz��E\ �DEF �, 	+, �+8 � w &	 S �

*
�, G , 1&H*>@ S ���E\ �DEF �, �5l% � wz� ZJ+% (TE, �8&.

�&	�;T6= � [/ :4)�((;d �! 	
 S; ���E\ �;DEF `=�;\

 *
�;\ �	&';- &	 i!�, 	
 	+, �DEF `�&'�& �;8& .� I \&
�;���

 �&	�T6=)��([/V% `=�\ Z58 	+, (\ >!
�\ *>=�?% 	&>�% 	&


& *>@ ��� +6 7 p�, 	
 S ���E\�8.

��� ?� ���	%d � ��&�� 0�&- 

	+, (, x :E\ �5:!(,�&+/0 I;T0 [8	�, B&�, [58�/% �3�@ 

*>@ 
�m/? � 	+, (, e9+$R% S6V7& �8& .	+, L�J (;, (E ;8� 

��=� -(,	+{ (;E6J 1& [�&�;F �;.�/0 	+�;4 � wz� �R� *>60 

�8& ����� ! � x :E\ )��.(

=�\ Z58 	+, 
�,	�) `=��� G�& 	
 [/V% `G b!�; % 	
 	&


 *>;@ i!�;, 	�:3�@ 	
 	+, (, x :E\ �5:! �" �;E0 (;) �;8&

 >;@�, �;% 	+;, <�=	�6 � 
�,	�) �, 	+, �DEF `�&'�& (, �+,�% .

��6= 	+{ 	
 () Q�>J �*>=�?% �%@#�$;% �;, �5:! G�& 
+

����� !H	+;, f+M8 C�6� 	
 H�" �;E0 (;) 
	&
 <
+V;. � ;8 

7g4 `�&'�& (, �+,�% Z5;8 (, (?�	 #&�{& � R% 	
 x :E) � 

 >@�, 2�3 (, ����� ! �
�'�& )��. (x;= G ;/q 	
 	+;, �;DEF 

�;��� `=�;) ����� ! #�$% �, i!�, 	�:3�@ )Q�>;Jk.(	


>;,�� �;% `=�;) 	+;, (, x :E) �5:! (d �! .G b!�; % G���9�;,

 	�;6 � 	
 �" G���6\ � 	+, �t. 	�6 � 	
 	+, (, x :E\ �5:!n_

[E % C�- >;@ *>=�?;% P�;3 C�-+;E \ 	
 	+, .G b!�; % G��;�m,

 i!�;, 	�:3�@ O?3 �1� �l\&>4 Q+$4 B&�, �5:! G�& 	&>�%

�Y��8& .

S��� � � \g-)��(� �, [T=" P�3 O� 	
 �;,&�, ��=y/�

�,&�, �&
 L" 	
 Q+ER% 	+, �&' % ���/Y�5:;! (;\ >!
&
 ��?! 

/ %1 C&
�, 	
 	+, (, x :E\ 	+;, #�$;% �, �" #gF � [(;, 	+;{ 

[/V% (���� `=�\ B	&
 �8& .�m!" x=G /q&	 	+, (, x :E\ �5:! 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.1

3.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                             9 / 12

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.13.3
https://jcpp.iut.ac.ir/article-1-877-en.html


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

��Y 

��3Jm.,-.� �	&A	! �� ��� ?� ��&�g 0�&- .� �/�.%�- � ��� .�5T' 

���$%	+,)[E % C�-+E \ 	
 C�-(

G b!� % yY �Y �Y � �/� Y

����� !)[E % 	
 C�-

C�-+E \(

y/�Y kY/� �/y� �/�� y�/�� ��� ��� Y

�Y �k/�� �/�� �/�� �Y/�� ��k ��� �� 

k�/�Y Y/�� �/�� �/�� �/�� ��y ��� ��Y 

�k� ��/�� Y/�Y ��� ��Y ��� k�� kYY 

G b!� % 

LSD( Y�/Y )

�Y/y N

Yk/� B

�� y� �y k�/�� ��y �Y� 

Y�/�Y N*B

�3J�+.,-.� �	&A	! �� ��� ?� ���	%d 0�&- .� �/�.%�- � ��� .�5T' 

	+,)[E % C�-+E \ 	
 C�-(

G b!� % yY �Y �Y � �/� Y

����� !)[E % 	
 C�-

C�-+E \(

k�� �/�Y ��� ��Y �k� kkk ��� Y

��y y/�� ��� �k� �Yk k�� ��Y �� 

��� ��� �yY ��� k�Y k�� �Y� ��Y 

k�k �y� ��� ��� k�� ��� �Yk kYY 

��Y �y� ��� ��� k�� �k� G b!� % 

LSD( Y�/Y )

�/yY N

�/y� B

�/�� N*B

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.1

3.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                            10 / 12

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.13.3
https://jcpp.iut.ac.ir/article-1-877-en.html


,-.� �� ��� � �/�.%�- 01�2 � 3!� .� ��� � �/�.%�- $�	4%� .5� 

��� 

(, 	+D/% G , (/ m, 
�TE60 (, Q+$4 ��� �� ��y >!
�\ �	&'- .

(!�?! Hc �R� G�& 	
 O7&�V% 	
 i!�;, p�;, 	
 	+;, � 68 B�=

 1& ��6\ 	+, (, x :E\ �5:!��y>@ *>=�?% .

��6= 	+{B	
 (\Q�>J �[;% *>=�?;% ]M;8 �;= 	
 
+;@

 `=�;\ 	+;, (;, x ;8��� �5:;! H	+;, 
�,	�;\ `�&'�& �, ����� !

[% >,�� .x ;8��� �DEF `�&'�& Z58 P�3 (, 	+, �
�'�& >/q �=

 �;8& x 8��� `�&'�& 1& ��? , 	+, `�&'�& 	&>�% [7� >@ *� - 	
 .

(!�?! 	+, � 68 B�=(,e	+. T! � [b�3+8 p�, P+;! 	
 1��

 (�+, 	
 p�, ( @�4 �1& �;�6\ 	+, (, x 8��� �5:! () ���=��� 

�5:! 	
 �7� >@ *>=�?% 
+, x�g0 G�& ��9�, B�=*>�
>?! .

�&	�T6= � 	�%+\)�Y(H	+;, 	&>;�% `�&'�& �, (\ >!
&
 ��?!

 (���� `�&'�& i!�, 	�:3�@ 	
 x 8��� �DEF �8& .��;!" *> �0 (,

 =�\ Z58 	+, [% x 8��� L�J (d �!	
 � x :E\ L�J `
+;@ .

&	 x ;8��� �;DEF G b!�; % ����� ! #�$% (;, 	+;{ [;/V% B	&


 �1� �;, ����;� ! � wz;� �" �;E0 � 
&
 `=�;\ >=�;@ (;, �5:!

�8& �U	 �w& � O?3.O%�&	�T6= � G 7)�k(L�;J `=�;\

 Q+;EV% �;%& G�& S 7
 � >!
�\ �	&'- &	 ����� ! 
�,	�\ �, x 8��� 

[;R J�� L�;J � *�; - (?;�	 [!+ ��;\ Q
�;5� �; ��� `�&'�&

�+� �=[% [� ��� O� �, (:���% 	
 [� ��� �
 B>/!&
.

?b�%-
.�W 

	+;, #�$;% B9�;, f+M8 	
 i!�, [=� - ���, 	
 	+, �DEF

 (, 
+, � 68 >4 	
 B	+{ O?3 *
�% 
�TE60 (\(,	+{ S;,�U 

(D4g% � F 	
 `=�\ G�& � ���� `=�\ B& ��>�>@ ����� ! L

[% O?;3 *
�;% 
�;TE60 ����;� ! 
�,	�;\ �;, � >@�, (;, 	+;{ 

[/V% ���� `�&'�& B	&
 .	+;, 
�,	�;\ �;, *�; - 	
 	+;, �;DEF

 [% 	+, �DEF `=�\ Z58 ����� ! #�$% � `�&'�& 
+@HI�

[% > t% 	+, � 68 `=�\ 	
 ����� ! >;@�, .L�;J � �;DEF

 `�&';�& ����;� ! 
�,	�\ �, ����� ! �;DEF 	+;, #�$;% �;, �

�;��� `=�;\ �" L�;J � `�&'�& ����� ! .+;R! (;, ����;� !

 *�; - p�;, 	
 S; ���E\ �;DEF �;, 	+;, �+;8 � wz;� 1& B�w�%

>@ �" `�&'�& Z58 � 
�\ B� -+EJ.

[% ��?! `��%1" G�& i���! [% ����� ! #�$% (\ >=
 >!&+�

(, �&+/0 , � 68 ST?% �, (E,��% �mJ [58�/% S4 *&	 
	+;% 	+

 
� - 	&�U *
�t�8& .	
 I� P�;3 �;= �$;/0 G;�& � 6;8 (;\ [�

[% ����� ! <��? , 	&>�% #�$% �, 
	&
 
+J� ��% e&�w& �&+�

 
&
 `�&';�& &	 *�; - 
�;TE60 � `=�;) <>;4 �� &	 	+, .HI;�

 ��=� - S6R� `�&'�& ��m, � S%�\ xm� �mJ B��? , e�� �R�

 O?3 [4&+! 	
 	+, 
��1 	&>�% (,(,(E ;8� ����;� ! B�;=
+\ 

�8& 1� ! .x;= G ;/q � 	+;, <
+;) },�;/% ���;8 � wz;� �;8	�, 

����� !H`��;%1" Z;7�U 	
 *�;�� (;, �=� - �E�u% C�U	& B�;=

 (;/ m, 	&>;�% G���;� � `��;%1" G�& i���! > �z� �mJ [�&�R.

 [% 	+, � 68 �w�% `=�\ Z58 (\ ����� ! #�$% >; t% H
+@

�8&.

��	
� ���� %����	9 

�.K H[/ :4 .C.C H.� H�+�t% .�.� H�� 6��\ .C.B � [�!�	 .C�%& .�k�k.e	| 	
 	+;, � 6;8 (, �%���% �, B�	 e�t7+8 � wz� .

L" � P�3 C+E0 (Ed%��:�kk����.

�.C H�RE. .�k�� .2�;3 <>;/, (;�5{ � [�� 6 @+��' � H����+7+�	+% H�� �!� (V7�M% K	�;� ���;8& H*�;bJ�, <�;= .! ��;��� (;%�

>@	& �8�/@	�)H1&� @ *�b?!&
 .

k.C H��+�E% .�.L �.*
&1 ��?�% .�k�� .`�&'�& 	
 	+, `�!����<1	��?;) e&>; 7+� �t ) 
+5m, �.<1	��?;) �1+;%" �?;!H

��\.

4. Arnon, D. I. 1956. Photosynthesis by isolated chloroplast. IV. General concept and comparison of three 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.1

3.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

                            11 / 12

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.13.3
https://jcpp.iut.ac.ir/article-1-877-en.html


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

��� 

photochemical reactions. Biochem. Biophysiol. Acta 20:440-461. 
5. Bali, A. S., K. N. Singh and A. S. Ali. 1996. Response of rice genotypes to N fertilization under temperature 

condition of Kashmir valley. Int. Rice Res. Notes 21:27.  
6. Barati, V., Y. Emam and M. Maftoun. 2006. Responses of two lowland: rice cultivars to the different sources and 

levels of nitrogen. Agrochimica 1: 158-164. 
7. Bremner, J.M. 1965. Total nitrogen. PP.1148-1158. In: C. A. Black et al. (Eds.), Methods of Soil Analysis. Part 2, 

Am. Soc. Agron., Madison,WI. 
8. Chapman, H. D. and A. P. Vanselow. 1955. Boron  deficiency and excesss. Calif. Citrog. 40: 92-94. 
9. Ferran, J., A. Bonvalet and E. Casassas. 1987. New masking agents in the azomethine-H method for boron 

determination in plant tissues. Agrochimica  32:171. 
10. Garg, O. K., A. N. Sharma and G. S. S. Kona. 1979. Effect of boron on the pollen vitality and yield of rice plants 

(Oryza sativa L. Var. Jaya). Plant Soil 52: 591-594. 
11. Golakiya, B. A. and M. S. Patel. 1988. Effect of Ca/B ratio on yield attributes and yield of groundnut. J. Indian 

Soc. Soil Sci. 36: 287-290. 
12. Grieve, C. M. and J. A. Poss. 2000. Wheat response to interactive effects of boron and salinity. J. Plant Nutr. 23: 

1217-1226. 
13. Gupta, U. C., J. A.  Macleod and J. D. E. Sterling. 1976. Effects of boron and nitrogen on grain yield and boron and 

nitrogen concentrations of barley and wheat. Soil Sci. Soc. Am. J. 40: 723-726. 
14. Gupta, U. C., J. D. E. Sterlinga and H. G. Nass. 1973. Influence of various rates of compost and nitrogen on the 

boron toxicity symptoms in barley and wheat. Can. J. Plant Sci.  53: 451-456. 
15. Gupta, U. C., Y. W. Jame, C. A. Campbell, A. J. Leyshon and W. Nicholaichuk.1985. Boron toxicity and 

deficiency: A review. Can. J. Soil Sci. 65: 381-409. 
16. Hari, O. M., S. K. Katyal and S. D. Himan. 2000. Response of two rice (Oryza sativa L.) hybrids to graded levels 

of nitrogen. Indian J. Agric. Sci. 70: 140-142. 
17. Havlin, J. L., J. D. Beaton. S. L. Tisdale and W. L. Nelson. 1999. Soil fertility and fertilizer. 6th ed., Prentice-Hall 

Inc. Upeer Saddle Rive, New Jersey. 499 p. 
18. Keren, R. and F. T. Bingham. 1985. Boron in water, soil, and plants. Adv. Soil Sci. 1: 230-276. 
19. Kumar, D., A. Swarup and V. Kumar. 1996. Influence of levels and methods of N application on the yield and 

nutrition of rice in a sodic soil. J. Indian Soc. Soil Sci. 44: 259-263. 
20. Kumar, S. B., R. Arora and H. S. Hundal. 1981. Potassium- boron synergism in the nutrition of rice (Oryza sativa). 

J. Indian Soc. Soil Sci. 29: 563-564. 
21. Lunin, M., M. H. Gallatin and A. R. Batchelder. 1965. Salinity fertility interaction in relation to the growth and 

composition of bean. I. Effect of N, P and K. II. Varying levels of N and P. Agron. J. 59: 339-348.  
22. Marschner, H. 1995. Minenal Nutrition of Higher Plants. 2th ed., Academic Press, London. 
23. Mclean, E., O. Adam and R. Frankia. 1956. Cation exchange capacities of plant roots as related to their nitrogen 

content. Soil Sci. Soc. Am. Proc. 20: 345-347. 
24. Mohamed, A. A., I. H. El Sokkary and T. C. Tucker. 1987. Growth and chlorophyll, mineral, and total amino acid 

composition of tomato and wheat plants in relation to nitrogen and iron nutrition. Growth and nutrient uptake. J. 
Plant Nutr. 10: 699-712. 

25. Nable, R. O., G. S. Banuelos and J. G. Paull. 1997. Boron toxicity. Plant Soil 193: 181-198. 
26. Nelyubova, G. L. and N. A. Mulha.1972. Uptake of boron and nitrogen by sunflower as a function of their level in 

the medium. Dokl Tskha. 176: 145-148. 
27. Papadakis, I. E., K. Dimassi, A. M. Bosabalidis, I. N. Therios, A. Patakas and A. Giannakoula. 2004. Boron 

toxicity in Clementine mandarin plants grafted on two rootstocks. Plant Sci. 166: 539-547. 
28. Piekielek, W. P. and R. H. E. Fox. 1992. Use of chlorophyll meter to predict sidedress nitrogen requirement for 

maize. Agron. J. 3: 59-65. 
29. Piekielek, W. P., R. H. E. Fox, D. J. Toth and K. E. Macneal. 1995. Use of a chlorophyll meter at the early dent 

stage of corn to evaluate nitrogen sufficiency. Agron. J. 87: 404-408. 
30. Sepaskhah, A. R. and M. Maftoun. 1994. Seedling growth and chemical composition of two pistachio cultivars as 

affected by boron and nitrogen application. J. Plant Nutr.17: 155-171. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.1

3.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

31
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dorl.net/dor/20.1001.1.22518517.1387.12.44.13.3
https://jcpp.iut.ac.ir/article-1-877-en.html
http://www.tcpdf.org

