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The effect of drought stress on growth parameteres, photosynthetic factors,  

content of protein, Na and K in shoot and root in two soybean cultivars 
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)Davies et al. 1999, Zhoikevich & Pustovoita 1993, Brevedan & Egli 2003(. 
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 ��/1 ��l    �5S� � ���� �� Fm            ��0"j��
�" 9&<"� ��# I�Q' ��l ]�/� � _&�%7 @a= 8&� �� �� F��. 

�� �/#. 
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M��' � �&��M�00� ��00M ���00#� �1 

)Hanson & Hitz 1982, Jones et al. 1980.( 

     �<0� "� � $��.���M 8�	ZG1  01      <0�" �� �� �/0�/� F�   �>0!? ��  ��c�07  �0�   �0"�&-. . 

 /	J A=� �d� �I�     8�W7��. <�S����1 ]T� �>!? @	7       E�'���M ���5� @1�M � F��&/M��7 F�1 

a   �b��   ����(Synerri et al. 1933)� 8�W7��. A&<f7 AM $�� ��# ��/	J    �
0��.���M F�1

�= _T	� $�� @	7 \&��# A= ���� q6� A= �j��
�" e�67 E=�: I�>#� $�� �#��� . 

  �
��� 8&� ��� ��    f7 ��/7            7���05� A0���� L0& ��/0	J A0= �� E�'���M A&<    ]0&�a7 �� �

W7��.�8 $'�� �i"�� �1 )Martin & Torres 1992 .(3��. $=/K� @1�M 8�	ZG1    �0�i" �&�01

 8�W7��. ]&�a7                      ��0!' 9�0i	7 o0C� $0�� �� �� ���� A0	��� F�1��0��  �� �?�= $#�T"� � �1

 ���� I�T"� A= �� I/�� F<G��)Yamada & Fukutoku 1986 .( 

   F/� ��  �� &�    $�� ��# ,��<�  AM         �0��V7 ]T� ��1��� A!&� �= �>!? @	7 E�G67

   �� ,��� � �"�Q� ��/� [-� $J�� ���V7 ]T� AM �# ���� ��>�. �� �1 pH  ��0# 2�? ���# 

        �/��/1 O#�7 �/? A=/" A= <�" E��J 8&� �     �� �c�
� �� �1��� F�1  ���� .     �/�7�0M 8�0S�� 9���
.

 AM $�� �"�Q��� A
#�T"� �=� 9M \&��# A= 3��. �� �/# )Sween et al. 2003.( 

      A"/� �� �?�= �� �>!? @	7 � 9���
. 8�= ^�T7��   ��0# _:�� �=�&��� ��/� �1��� F�1

 $��)Yin & Vyn 2002 .(I�d� ��/	J A=� U�r ���� �� �c/� F<G�� ��/� �� 9���
. �/& � �	: 

��    &�<'� AM �#�=      �= �>!? @	7 U�# @�� ���5� �� �1   N�0= �� �
0!�= ��� 8&� � �&�<'�   F�01

   �� 9!s A= tS�=  ��/? .�	Gu     $�� ��# ��/	J  AM �/& @&�<'�    N�= �� �1  8>G� @	7 $67 F�1

           � I�5
"� @1�M �& � [-� @&�<'� �� �#�" $��           @0a= �� �0#� D"�0f
� �0" U��0��V7 �&   F�01

 �#�= b�
a�)Jones et al. 1980 .( 

    A= ��1��� 3��.@	7             80&� AM ��/= U��C
� �>!? @	7 A�G� �� �P�6� b�
a� F�1

     A"/� �&� U�G�%57 �� �
� U��C7    �� ��1�!� <�" F�  �/# .   <� AM �&/� �����     E0G6
� ��01��� 

   �� �'�Q� �>!? A=                     80&� �� �7��0C
� U�0��� �� 2�0:�� 8�0= � ��/T" �	d
%� ��� 8&� �� ��/#

  �� ��1�!� EG67 �/#.     ���� ��!" A=�f7   ����� 9:� AM $�� ;    90M \&��0# <��0��&� A= $T%" 

�� EG67 �
�= �� �=� $�� ��!" ga!� ���M �/	1 ��� 8&� $�J AM �	M. 

           �&/0� 90:� �� 3��. A%&�5� @1�`. 8&� 2�f"� �� R�1 ) ��0��� ;   <��0��&� �  (   �0=��= ��

    �>!? �&�# � 9&�� @	7 ��       9%�"�>� 4&�K 8&� �� �7 �#�=     = E0G67 �S�G
�� F�1    90:� A0	��
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���� 2
� :     �&/0� 90:� �� A0= ^/0=�� �-=)Glycine max L. cvs Gorgan3 & Williams ( ��

 A"�� @a=           �-= [�a
"� �� D. � A��7 ����� <M�� �	l�� F�1F�1      L0& �01 90:� �01 �� 80 G1 

 F�
M�= �= A"�����)Bradyrhizobium japonicum (�"�# O�5�7 .   A0"�� A0M ]0�7�7 8&�=    �0= �01

  I/�6�Xw         x0"� ���0� �-0= A0M F�� �7 �"�# ]�M�7 F�
M�= �= Dy� � A
!l� ���M�� �n�� 

���� .      �&/� 2�:�� $!M $�� Dy�vz     ��Q=� A= ����� X{ × X; �
"��      F��0= � A0��7 _=�� �
�

     �T&�57 ���5� ����� �1��   � e�? E��# e�? 2��/��M   �0S� �/M � A��� AJ�<)}:;:; (  �0i" ��

 �# A
'�� .       ����� 9:� A= �G�" ����� ���Q7 8&� �� ;            ~�0h
?� <��0��&� 90:� A0= � &� �G�" � 

 �# ���� .  A"�/� �� ET:  �-= �"�F�1 �����     �1 �1zY     ���5� A= ��T>& $J�� �w����     F��0�=� �0
�S

     AyS �/�� �� �Q= � ��#   a�� A= �1  �"�# E5
	� A"� .  �� ����� A"�a��      F�/0" U�# \&��# $67 �1 

Xzwww  F�/" ���� � DM/SXz F��� � A
J�� v;�
"�� A���  �	
'�� ���: ���� . 

   ����� I�5
"� �� D.   A"�a�� A= �1� �
a&� �i" �� AM �"�1��� )   ����0"� �N�0= ���Q7 ���C7��

   � N�= (...       �01 E0?�� �� 2�f"��� � R-� �"�/T" ]��	
� ��1��� �&�� �=     �0= ��0�� L0& ���0��

    �# A
#�-� �:�= �#� A	��= .      ]M�� N�= 8�S�� ��#���&�. �=A�       E��0# F��0�=� b�
a� ��G�7 

  �1vz $J�� )�1�#(� {v  $J��)A� ���� �� ���  90&�� @	07 � (� Xvw   $J�0�) H	0. �� ��� 

  �&�# @	7 ����� (  ��T>&X�w ����        �� ga0!� $J�� �� [� �
�S       U�0� A0= ���vw    F��0= ���

"�2��  � A!&� � �&�/1 F�1zw�i"�� L1�� F��= ���  �# A
'��. 

 ��� �#-��3 :     ��`&� F�� �>!? @	7�c� ����= $��       �0i" ��/0� 2�:�� �
a&� F�1 �   A0%&�5�

��     �>!? @	7 \&��# $67 �1�        �07 ��� ���0�� ��0C7�� �E0�T: �� �0#� F�01�/
M�' �� �0?�=  � 

L!? @a=     �	����&� F�1) � A!&� L1��( �  �&�/1)� A:��      E��0# ]0M�� N�0= 8�0S�� A0� 

AZ��= (   $'�� ���: �=�&��� ��/� .       ���0G�7 U�0� 2�0G7� �� �Q=      � A0!&� �07 ���    L01��)   �� D0.

    � �P5� [� �= /!
%#   �� ��/G" L!?(  � A:�� � �S��       2��"� L!? ��� <�" � ]M�� N�= 8   F�1

         F��� �� 8
'�� ���: �� �Q= ��# ��&pw �
"�� A���     U�0� A0= ����vz  �� $J�0�   \0�/7 ���

   �&��� 8��Q7 I�
�f&� F����7 . \�/7  <�" A!&� � A:�� I/K\?  ���� @M  ����0"� F�
�   F�0��

�# . 

  5�+�  �����) �6�� :         <�" � ��G�7 $67 ��1��� �� ]M�� N�= 8�S�� � A:�� �A!&� ��
=� ��

        U���� �� ��� �� � ��� �1�#pw  �
"�� A���      U�� A= ����vz    �"�0# L!? $J�� .    �� D0. 

 �� 8&�/7 �1�     L& �1 A=Xw ����     E>S� �
�S{w      �0�. R��0� �� � ���<'� �n��    �<0&�' �� �0	��7�
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       �# ��� ���: A
C1 L& U�� A= I�Za& . �� ��/� �� �&� E���� Dy� �# ���� �1 : 8
#���= L0& 

����             A= �� 9f� ���"��� � I/�6� 8&� �&��= @a= �� �
�S�� ����     ���<'� ��
�SL& ����   �
�S

  E	'H	.  � �n��  H	. ����        �/0� I/0�6� �� F�/0" [-0� ��"�/? �o��l L&�/CS/� ���� �
�S 

zY� /"�"   �1�# E=�5� �� �
� .         A0"/G" �� I/0�6� F�1�0	: ���5� 8��Q7 $��     ��/0� F�01   � �0i" �

    $i�l �= <M/�� ����"�
�� �	6	�       ]0%� �0= I/0�6� F�1�0	: ���5� � �# ���C
�� b�
a� F�1

 2�� ��  2�� �&��� AT��6� �1��� A"/G" L!?)Kochert 1978.( 

   7#�!�+� �6��a !  b :               �� � ��0# ��� F��0���� �� D. �i" ��/� ��1��� N�= 8�S�� H	0. 

����     ���&�� 8
�� �
�S  �"�# 8 G1 � .   A"/G" �Q= A���� ��    �� �1;www     U�� A= ��� X�  A5�:� 

    90f� $"�7�" �./� F������ �� D. � A
!� j/�C&�
"���   8
0�� \0�/7 �Yw   A0= �0n��  H	0. 

���� �
�S �# ���"��� .E�'���M ���5� 8��Q7 $�� Dy� a  �b  �0��� ]0%� �=     2�0� �� 2�0�

 ��00i" ��/00� $00'�= A00"/G" [-00� �� �001 �/00� I/00K  F�001}z��  }�v � }}v�00# ��00"�/?   

)Bruisma 1963 .( 

  �6��%"#$!� :   @a= A���� 8&� ��        �� D0. L1�� � N�= �A:�� �A!&� F�1   ��0# L0!? 

     8 G1 D&�7 �'�= �� ��� ��     /�C&�
"�� �� D. � ��# F���j�� ��/G"  R�Q� �&�� I/�6� A= �1 

A)   ��T#� 9&�� U�	=�M (  R�Q�B)         �0n�� L0& D0� U�CS/0� I/�6� ( R�0Q� C)    �� �0T�M�7

R�00Q�  �/00' F�001 ( R�00Q� � D)8S/00'�/
S�M/�00�  (  ,�� �00= 4=�00P�F�/00S����00>G1 �  

)Lowry et al. 1951 ('� F��� �� F��� 8= �� � ���<X��
"�� A���    [-0� � A
'�� ���: ����

 A"/G" F�/"      �/� I/K �� �1}v�          �0# $0���: �� 
0�� �1�# E=�5� �� �
�/"�"  .   ��<0�� ��0&�. ��

                8��/TS� 2�� \�/7 ����"�
�� �	6	� 9�� LGM �= L!? ��� 2�� �� 2�� ]%� �= 8�W7��.

�# AT��6� F���. 

 �6��Na
+
, K

+ : �� �&�/1 2��"� ��
=�)A:�� � N�= (� &�>& �� �	����&� 2��"� �    D0. � ��0�

     �� �P5� [� �= /!
%# ��    U���� ���pw  �
"�� A���       �"�0# L0!? ���0� .     � 9�0��
. ���05�

  �� �  �
�/
' 9��' �� 
�� \�/7 ��# ��& 2��"� �� �� 9&��    ���C
0�� �0= ����"�
�� �	6	� 4&�K
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 I���X� �c� A�E�'���M ���5� F�� F���=� ��G�7 a   �b) mg/g fw (   �&/0� 90:� �� ��)  ���0J�

 � "�!"Mean ± SE .(C : �1�#)F���=� ��� �1( �:D-3�   �F��0�=� ���� �� ��� AD-5 :  ��� H	0.

F���=� ���� �� 

Table 1. The effect of three irrigation treatments on chlorophylls a and b content 

(mg/g fw) in two soybean cultivars. The values indicate Mean ± SE; C, control 

every day irrigation; 3-D, once in three day irrigation; 5-D, once in five day 

irrigation 

Chlorophyll a/b Chlorophyll b Chlorophyll a Irrigation Cultivar 

2.471 a 5.633 ± 0.05 a 13.92 ± 

0.033 
C 

2.312 c 4.217±  0.063 c 9.75 ± 0.042 3-D 
2.209 c 4.214± 0.056 d 9.311 ± 

0.118 
5-D 

Gorgan 3 

2.167 a 5.268±0.032 a 11.42 ± 

0.114 
C 

2.304 c 3.615 ± 0.186 a 8.332 ± 

0.096 
3-D 

2.307 c 3.618 ± 0.085 d 8.348±  

0.038 
5-D 

Williams 
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  I���v�   ��G�7 A� �c�    �/
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 � "�!"Mean ± SE(. C : �1�#)F���=� ��� �1( �D-3:F���=� ��� A� �1 � D-5 :F���=� ��� H	. �1 

Table 2. The effect of three irrigation treatments on growth factors in shoots and roots in two 

soybean cultivars. The values indicate Mean ± SE; C, control every day irrigation;  

3-D, once in three day irrigation; 5-D, once in five day irrigation 

 Williams Gorgan 3 

Parameters C 3-D 5-D C 3-D 5-D 

-Leaf fresh 

weight (g) 

0.213 ± 

0.004 

a 

0.095 

± 
0.001 

d 

0.084 ± 

0.001 

d 

0.1909 ± 

0.007 

a 

0.078 ± 

0.007 

d 

0.057 ± 

0.001 

d 

-Leaf 

drought 

weight (g) 

0.056 

a 

0.032 

b 

0.029 

b 

0.055 ± 

0.001 

a 

0.032 

b 

0.029 

c 

-Leaf 

special area 

(cm²) 

2.43 ± 0.14 

b 

1.58 ± 

0.11 

c 

0.42 ± 

0.09 

d 

2.69 ± 

0.07 

 

a 1.48 

± 0.17 

c 

1.23 ± 

0.09 

d 

-Leaf area  

(cm²) 
30 ± 2.31 

a 

13.88 

± 2.92 

b 

8.61± 

2.51 

b 

33.33 ± 

3 

a 

8.22 ± 

0.02 

b 

8.94 ± 

2.31 

b 

-Stem 

lenght (cm) 
49.4±72.52 

a 

19.28 

± 3.39 

b 

17.72 ± 

1.79 

b 

44.72 ± 

2.9 

a 

18.41 ± 

2.03 

b 

15.9 ± 

1.12 

b 

-Internode 

number 
4.75 ± 0.25 

a 

2.5 ± 

0.28 

b 

2.25 ± 

0.25 

b 

5 ± 0 

a 

2.75± 

0.25 

b 

225 ± 

0.25 

b 

-Stem fresh 

weight (g) 
1.12 ± 0.04 

a 

0.56 ± 

0.06 

bc 

0.48 ± 

0.02 

bc 

1.19 ± 

0.02 

a 

0.063 ± 

0.08 

b 

0.45 ± 

0.05 

c 

-Stem dry 

weight (g) 

0.17 

a 

0.097 

b 

0.095 

b 

0.167 

a 

0.107 

a 

0.09 

b 

-Root 

lenght (cm) 

13.95 ± 

0.97 

a 

10.6 ± 

1.1 

b 

13.68 ± 

1 

b 

15.42 ± 

2.16 

a 

14.31 ± 

1.86 

a 

11.95 

±1.52 

b 

-Root fresh 

weight (g) 
0.18 ± 0.09 

a 

0.398 

± 0.5 

b 

0.477 ± 

0.06 

b 

1.06 ± 

0.16 

a 

0.836 ± 

0.18 

a 

0.418 ± 

0.04 

b 

-Root dry 

weight (g) 

0.057 

b 

0.057 

b 

0.042 

b 

0.0911 

a 

0.085 

b 

0.057 

b 

-Nodule 

fresh 

weight (g) 

2.14 ± 0.02 

a 

0.985 

± 0.01 

b 

0.703 ± 

0.07 

bc 

1.98 ± 

0.03 

a 

0.723 ± 

0.1 

bc 

0.493 ± 

0.03 

c 

-Nodule dry 

weight (g) 

0.563 ± 

0.03 

a 

0.33 ± 

0.09 

b 

00256 

± 0.04 

bc 

0.372 ± 

0.08 

a 

0.242 ± 

0.03 

b 

0.077 ± 

0.01 

c 
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I��� ;���G�7 A� �c�   I/�6� F�1�	: ��<�� �= F���=�)g/g dw(  E0M 8�W7��0. � )mg/g dw(� 

 9&�� � 9���
.)g/1000g dw( @a= �� � �	����&� � �&�/1 F�1  �&/0� 90:� � .   � "�0!" ���0J�

)Mean ± SE (C : �1�#)F���=� ��� �1( �D-3:F���=� ��� A� �1 � D-5 :F���=� ��� H	. �1 

Table 3. The effect of three irrigation treatments on growth factors, content of 

soluble sugars (mg/g dw) total protein (mg/g dw) and and Na
+
 and K

+
 (g /1000 g 

dw) in shoot and root two soybean cultivars. The values indicate Mean ± SE;  

C, control every day irrigation; 3-D, once in three day irrigation; 5-D, once in five 

day irrigation 
 

 Gorgan 3 Williams 

Parameters C 3-D 5-D C 3-D 5-D 

Leaf 
194.1± 0.02  

b 

203.1± 0.3  

b 

297.7 ± 

0.01  

b 

183.9 ± 

0.01 

 b 

213.1 ± 

0.02 

 b 

212.9 ± 0.04 

b 

Stem  
136.8 ± 

0.02 

 b 

141.7 ± 

0.01  

b 

210.1± 

0.01 

 a 

111.1 ± 

0.01 

 c 

136.1± 

0.01 

 b 

144.8 ± 0.02  

b 

Solution 

sugars  

(g /1000 g 

dw)  
Root 162.2 ± 

0.02 

d 

201.4 ± 

0.3 

b 

272.7 ± 

0.03 

a 

111.1 ± 

0.01 

c 

152.5 ± 

0.02 

b 

239.6± 0.02 

b 

Leaf 
334.4 ± 4.7 

 a 

257.7 ± 

3.2 

c 

107.9± 

0.85 

 e 

271.6± 

0.82 

 b 

180.5 ± 

1.5  

d 

114.4 2  

e 

Stem  
122.9 ± 1.1  

a 

121.7 ± 

0.48  

a 

54.3 ± 

0.56  

d 

92.7 ± 

0.41 

 b 

68.9 ± 

0.39  

c 

53.1 ± 0.47 

 d 

Root 
97.9 ± 0.46  

a 

97. 9± 

0.46 

 a 

31.55 ± 

1.3 

 d 

78.6 ± 1.1  

b 

47.42 ± 

0.95 

 c 

30.45 ± 0.5  

d 

Total 

protein 

(g /1000 g 

dw)  

Nodul 147.1± 0.21 

a 

44.58 ± 

0.2 

d 

42.93 ± 

0.22 

e 

85.55 ± 

0.31 

b 

50.22 ± 

0.28 

c 

22.75 ± 0.32 

f 

Shoot  
2.7 ± 0.08  

a 

2.28 ± 

0.07 

 d 

2.27 ± 

0.07 

 bc 

2.37 ± 

0.07  

bc 

2.16 ± 

0.06  

d 

2.06 ± 0.01  

e K+ content  

(g /1000 g 

dw)  
Root  

1.54 ± 0.05  

a 

1.06 ± 

0.03 

 b 

1.18 ± 

0.03 

 b 

1.21 ± 

0.04  

b 

1.04 ± 0.3 

 b 

1.13 ± 0.02 

 b 

Shoot 
0.09± 0.02  

a 

0.117± 0.3 

b 

0.109 ± 

0.05 

 a 

0.113 ± 

0.07 

 a 

0.118 ± 

0.09 

 a 

0.119 ± 0.09  

a Na+ content  

(g/1000 g 

dw) 
Root  

0.555± 0.01  

a 

0.382 ± 

0.09 

 b 

0.382 ± 

0.09 

 ab 

0.458 ± 

0.09  

ab 

0.36 ± 

0.09 

 b 

0.394 ± 0.01 

ab 

 

 ?�� 
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To observe the tables, refer to the Persian text.  
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