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6-P dulcis, P. eburnea, P. eleagnifolia, P. haussknechti, P. scoparia 
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�� � ��\L� 0L����? aE b � 0L����? 0? �� �=�!>5� 3� a�� Lichtenthaler )17(  3� ������B���LW �� ��>5� 80  %�3��
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��.  U]� ��\L� ��
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 �470  �>��
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��7 �
��[
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.�� 

 
Chla (mg.g-1 fw) ={12.25 (A663.2) - 2.79 (A646.8)} × V/1000 × W 
Chlb (mg.g-1 fw) = {25.51(A646.8) - 5.10 (A663.2)} × V/1000 × W  

  ChT (mg.g-1 fw) = Chlb + Chla  

Car (mg.g-1 fw) = [(1000 (A470) – 3.27 (Chla) - 104 (Chlb) /229]    

:A  U]� ��\L� ��
��7   ���:V ��>5� ^�b x�B�   ���:W (��W) �
��
 X)7 �3�  
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) F�3�$ 3� 4+ � �� �>��W 	�=�B$FW�)L� 07�= ( ���b ���10 	�L� :�� �� �D-� U9 �>L,4 K��5  �=��=�  �$ �!"

4  �$ �
�NN� �=�= ���< 	6���$ �= y�LNN/�NN5 ���=�>7�� ���R��  .���9�= 0��? 4
�NN5o��$ K,�b �� 4+ 3�b K��A� x]

	 D5) 4
�5 o��$ �3� ETW�
��
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X/�= X)7) ��DW \L
 (�3��
�W��L �  T���� 3� �=�!>5� ��1 ��5� � RWC �� ���
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 T����1  RWC = [(FW - DW) / (TW - DW)] × 100  

 ��	��.�	 )&�<15	 89٢ 

   ��NN5� � ���� 	����?	�L�) U9 3� �=�!>NN5�	�L� �� ��WP���� E(�>L,  ���3 :�� �= ����W �� ���� 	��NNB� U9 ��\L�

 8���39 3� �=�!>5� �� � K�Y ��LW 0? X)7 �3� �T���� 2 ) ��=�W ��5� �23.(  

 T����2  WUE = DW/UW  

=�� 0? X)7 �,�$����L 8���39 ����+ �=  (��W)DW =  

L� U9 ��\x�B���� 8���39 T�A �= 	�L�)(�>L, UW =  

������ 

   EFL,��+ {��`>NNN5� ����5/0  K��� ��W �3�$ �� �� (�NNN)�� � R��)5 	�L� T�
�$� �>L,95  % 0�� � ��L��? 	�L2 ���� �=

 {��`>NN5��NN� ���
� .� T�� �� :�� �� ���9 KNN5=10 �-L<= �= 3500  �-L<= �= ��= K.�
 FLLQ$ ���� .�NN� o�L!��>
�NN5

	�L� X� FL,��+ 	�6,� ���B� 3� �>L,r��  ��10 	�L� _L<� �D-� U9 �>L, ��=�W �5 	�L�
 x�Q� �>L,FL � F���L�5 	�L� �>L,

 ���v � �9 �� T�L5 cW XL>5 � �L5 �.��  :�� �� T�� � F�� 4z545 ) ��W U9 ���b �= �-L<=95  ���< (y�L/ �5  ���=

K��W�
��
 �=�? {��7 3� 4+ .�9 �=�? X�7 � ��W U9 ���b 3� �� E��10 	�L��9 ��  �\�� �>L, �\�� ��  � �� �NNNNv� ��

�
��
 .=�NN� �\�� 3�� =��� FL,��+ �$ �
�NN� ���`� 	6L
�6� ��30 �NN� ��� ��6NN5 T�b �� �-L<=�
 �� U]� ��\L� 4zNN5 E

 

١- Relative water content / RWC                 ٢- Water use efficiency / WUE  
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 �>��>���>6z5�)PG Instruments, T80 UV/VIS(  {�� T�A �=515 �
�
�3��
� �>�) �� ��LW20.(  3� 4+1$L� =���
�>5���� 

,��+LF 
L\ T� 3� �=�!>NNN5� ��-,��+LF K.�
 �=���  E�!NNN"25/31 E5/62 E125 E250  �500 �L�	��W , �=L�>  ��3��
� ��LW

�9 U]�� �� ^5� K1� ��	 =���
�>5�E 	�L� y�5� �� FL,��+ ���-� ��W X� �= ��W 3� X)7 �3� ��LW.�� a��\W  

=�-2� +�,�4>  

  �� ET�� � �����< FLLQ$ ��.��1/0 	�L� ���NNB� 3� �>L,1$�L��NN�  	�6,� ���NNB�) T�
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 :�� ��10  {�� T�A �= �9 U]� E��� X�7 3� 4+ � �� �=�= ���< ��W U9 ���b �= �-L<=625  �>��
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��7 )13.( 
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�>NNN5� 	� �� K.�
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	�L� ��W X� �= ��WX)7 �3� 3�  ��LW.�� a��\W  
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 � ���6$ �NN5w�+  ���6$ �� �= �
��
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��:��" �
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��� �F� ��398� �F��>)L �3� �$  R��)7/14  (��W�<�5 � )5/15 (��W � �3� F��>)L�  �<�5 X)7)9/8 

W�� � (��NN)� )8/7 (��W �+ �=�� GF677 � 3� � KNN��= =���F� �+ �� �.
�� GN15 �Q� :��!$	���= �>�? .KNN���
F� �3� �$ 

)5/9 ��W (R�� X)7 � )3/5 ��W( � X)7 �3� ��)� )4/5 ��W (�+ �=�� Myrobalan 29c  � �� ����)�3� �.
 �3� �$  �<�5

� ��)� �+ �� �<�5 X)7 �3� ��� F��=�? �Q� xc>7�	���=  .K���
�3� �$ � � �<�5 ER�� X)7 ��)� 6)7 8�$ �Y� �=	 

 ���� �� K�/
��:��" �Q�	���=  8��?K����+ 8�6���� .�� 6)7 8�$ �	 }7�� �����  ER�� X)7 �3��3� �$  �<�5

 ��3� �$ � X)7 ��)� �Y� �Q�	��= K��=�� .���A �= �= 	6)7 8�$ gL!7 CD5 �= R�� X)7 �3� ��\L� F��>)L� �?

 ���+GN15 )1/10 (��W  �GF677 )4/9  (��W 8�$ ���� CD5 �= ��+ �=�� GN15 )7/8 (��W �� ����)� �  8�$ i���� �=

 ���+ �� ����� �)�� X)7 �3� F��>)L� ���� 	6)7GN15 )7/6 (��W  =��T���) 1.(  

 

 T���1-  ����Y� � �=�58�6���� @�D5 �9L��� )50 E75 � 100 % ��MLK  (���\� ��+����� �5��� )F��=�? EMyrobalan 

29c EGF677  �GN15(  ���3� �$ X)7 � �)�� � �<�5 ER��.   
Table 1. Simple and interaction effects of irrigation levels (100, 75, and 50% FC) and Prunus rootstocks (Cadaman, 

Myrobalan 29c, GF677 and GN15) on fresh and dry weights of leaf, stem and root.  

���+ 

  
Rootstock 

	6)7 CD5 

Drought 
level 

�3� �$ 

R��  
Leaf fresh 
weight (g) 

�3� �$ 

�<�5  
Stem fresh 
weight (g) 

�3� �$ 

�)�� 

Root fresh 
weight (g) 

�3�  X)7

R��  
Leaf dry 

weight (g) 

 X)7 �3�

�<�5  
Stem dry 

weight (g) 

 X)7 �3�

�)��  
Root dry 

weight (g) 

F��=�?Cadaman  11.5 B 12.6 B 10.5 B 6.4 B 7.2 AB 6.4 B 

Myrobalan 29c  9.5 C 12.2 B 10.8 B 5.3 C 6.6 B 5.4 C 

GF677  14.7 A 15.5 A 11.7 AB 9.4 A 8.9 A 7.8 A 

GN15  14.0 A 13.8 AB 12.6 A 9.8 A 7.4 AB 7.3 AB 

���� 
Control 

 16.1 A 18.8 A 15.8 A 9.7 A 10.4 A 9.6 A 

gL!7 8�$ 
Mild stress 

 12.6 B 12.1 B 11.1 B 7.8 B 6.5 B 5.8 B 
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���� 8�$ 
Severe stress 

 8.6 C 9.7 C 7.3 C 5.7 C 5.6 B 4.7 C 

 F��=�? Cadaman ���� 
Control 

15.2 15.2 b 13.7 cd 8.1 d 9.7 8.8 b 

 8�$ gL!7  
Mild stress 

11.5 13.5 bc 11.0 ef 6.5 ef 6.6 6.1 cd 

 8�$ ����  
High stress 

7.8 9.2 c 6.8 h 4.7 g 5.4 4.4 de 

Myrobalan 29c ���� 
Control 

14.7 16.2 b 16.0 b 7.9 de 8.1 8.8 b 

 gL!7 8�$ 
Mild stress 

9.0 10.9 c 10.3 ef 5.1 fg 6.0 4.5 de 

 ���� 8�$ 
High stress 

4.6 9.5 c 6.0 h 2.8 h 5.6 3.0 e 

GF677 
 

���� 
Control 

17.5 22.8 a 18.6 a 12.2 a 13.0 11.7 a 

 gL!7 8�$ 
Mild stress 

15.6 13.4 bc 11.9 de 9.4 be 7.1 6.8 c 

 ���� 8�$ 
High stress 

11.0 10.3 c 7.3 gh 6.6 ef 6.6 4.8 de 

GN15 ���� 
Control 

16.9 21.0 a 15.0 bc 10.5 b 11.0 9.2 b 

 gL!7 8�$ 
Mild stress 

14.1 10.7 c 11.0 ef 10.1 bc 6.2 5.9 c-e 

 ���� 8�$ 
High stress 

11.0 9.7 c 9.1 fg 8.7 ce 5.0 6.7 c 

 ���+  
Rootstock 

 ** * ** *** * *** 

 	6)7  
Drought 

*** *** *** *** *** *** 

  	6)7× ���+  
R × D 

ns * * * ns * 

† Means followed by similar letters are not significantly different at 5% probability level by Duncan multiple range 
test. †† No letter indicates the nonsignificant effect of the treatments on the difference between the means. 

† FL[
�L�x�b ����= ��� ���)� ���3� �.
  T��>b� CD5 �= EF6
�= ���39 y�5 � �� ����95% 	�Q�.��>/L
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Fig. 1. Influence of different levels of drought stress (control, mild, and severe levels equal to 100%, 75%, and 

50% FC, respectively) and time (T1 = 0, T2 = 20, and T3 = 40 days after stress) on the crown diameter of 
Cadaman (Ca), Myrobalan 29c (My), GF677 (GF), and GN15 (GN) rootstocks. 
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GF677 )GF � (GN15 )GN.(  

  

  

 
Fig. 2. Influence of different levels of drought stress (control 100%, Mild 75% and Severe 50% FC) and time (T1 

= 0, T2 = 20 and T3 = 40 days after stress) on the leaf number of Cadaman (Ca), Myrobalan 29c (My), 
GF677 and GN15 rootstocks. 
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�Q�	��=  06NNN�) =��2 EU�>�? .(F� �+ �� ����� R�� =��Q$�� F��=�? �+ � =������� Myrobalan 29c EGF677  �GN15  �=

3� ���3 T�A  �� R�� =��Q$ �.
�[��6� �Q� xc>7�	���=  06NN�) ��>NN���
2 EUT�A �= .(  ���NN� CDNN5 �= R�� =��Q$ ���3

�\��8� K��� � �F��>) L =�W ����) � ����  CD5  �= R�� =��Q$��) ��5  ���3 �= .40  �= R�� =��Q$ (8�$ T���� 3� 4+ 3��

!7 CD5gL �� ��� �� ���� �� K�/
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�Q� xc>7�	��=  06�) =��3 E�.(  

 
Fig. 3. Influence of different levels of drought stress (control 100%, mild 75% and severe 50% FC) and time (T1 
= 0, T2 = 20 and T3 = 40 days after stress) on the height of Cadaman (Ca), Myrobalan 29c (My), GF677 and GN15 
rootstocks. 
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T��� 2- ����Y�  	�NNN"� �8�6���� @�DNNN5 �9L��� )50 E75 � 100 ��M�NNN"�=LK  (���\� ��+����� �NNN5��� )F��=�? E

Myrobalan 29c EGF677  �GN15 �� ( ���> �����?L0 aE b 0? �  �V��$���?L���� �)L�	��W (X)7 �3� ��W �= R��.  
Table 2. Main and interaction effects of irrigation levels (100, 75, and 50% FC) and Prunus rootstocks (Cadaman, 
Myrobalan 29c, GF677 and GN15) on chlorophyll a, b, total chlorophyll and carotenoids content in leaf (mgg-1 
dw). 

���+ 
Rootstock 

	6)7 CD5 

Drought level 

a  0L����?  
Chl a (mg g-1 dw) 

b  0L����?  
Chl b (mg g-1 dw) 

0L����? K�/
 
Chl a/b 

V��$���?���L  
Car (mg g-1 dw) 

 F��=�? Cadaman  5.4 A 2.0 2.9 3.1 A 

Myrobalan 29c  5.3 A 1.9 2.9 2.5 B 

GF677  4.3 C 1.8 2.5 2.4 B 

GN15  4.8 C 1.7 2.9 2.6 B 

���� 

Control 

 5.8 A 2.2 A 2.7 2.8 

 8�$gL!7 

Mild stress 

 4.9 B 1.8 B 2.9 2.6 

���� 8�$ 
Severe Stress 

 4.2 C 1.6 B 2.9 2.5 
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Fig. 4. Influence of different levels of drought stress (control 100%, mild 75% and severe 50% FC) on the relative 

water content (RWC) and water use efficiency (WUE) of Cadaman (Ca), Myrobalan 29c (My), GF677 and 
GN15 rootstocks. 

 06�4- �LYZ$ @�D5 g�>`� 8�$ 6)7	 )���� :100 E�"�= 8�$ !7Lg :75 �"�= � 8�$ ���� :50 �"�= 3� ��MLK d�7 ���\� (

�� ��> �� �/ 
	 U9  (R�� U9 	�/ 
 ���> �)� 	�9��? �=�!>5 � 3� U9 )WUE (���+��� ) F��=�?Ca(E Myrobalan 29c )My(E 

GF677 )GF � (GN15 )GN.(  

 

 �= i���� 6) 7 8�$	 ��> �� ,��+FL �+ ��12 �= R���� � �= ���  �=�!>5 �F� ��398� �\��8� K��� �?  ����  �� K�/ 


���=� �Q� xc>7�	��= � .=����\L �\��8� ��> �� ,��+FL �NN� 8�$ CDNN5 �= R���� )50 �NN"�= ��MKL �+ �= (���\������ 

GF677 � GN15 �+ �� K�/ 
����� � F��=�? Myrobalan 29c ��>) L  06� ) =��5 Eg,� .(FL,��+ �) �� �= �Y� 8�$ 	6) 7 

8��\�� K��� � F��>�? ���-� FL,��+ �)�� �= ���+ F��=�? ����)� =�W��E  CD5 �= ������� 6)7 8�$	 �Q� :��!$	���= 

�FL �+����� Myrobalan 29cE GF677  �GN15 3� �.
  �)�� FL,��+ ���> � 06�) K���
 =���5 EU.( 

 
Fig. 5. Influence of different levels of drought stress (control 100%, mild 75% and severe 50% FC) on the leaf and 

root proline content of Cadaman (Ca), Myrobalan 29c (My), GF677 and GN15 rootstocks. 
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Fig. 6. Influence of different levels of drought stress (control 100%, mild 75% and severe 50% FC) on the leaf and 

root total soluble sugars (TSS) content of Cadaman (Ca), Myrobalan 29c (My), GF677 and GN15 
rootstocks. 
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The Morpho-Physiological Reactions of Prunus Clonal Rootstocks to 

Drought Stress 
 

Sh. Nasrolahpour-moghadam, G. Rabiei*, B. Shiran, H. Noorbakhsh and R. Ravash11 

 

 In order to evaluate drought tolerance of four clonal rootstocks of Prunus an experiment was 
conducted in a completely randomized design with two factors. The first factor was four 
rootstocks including Cadaman, Myrobalan 29c, GF677, and GN15 and the second factor 
contained three levels of drought stress, including 100, 75, and 50% of field capacity. Height, 
leaf number and crown diameter were recorded during the treatments, whereas leaf relative 
water content, chlorophyll and carotenoids contents were measured at the end of the 
experiment. Fresh and dry weight of leaves and roots decreased for all rootstocks by applying 
drought stress. Leaf number of GF677 decreased under drought conditions, compared with the 
control, while its reduction was not significant for other rootstocks. The height of Myrobalan 
29c plants was more affected by drought compared with the other rootstocks. Moreover, 
carotenoids decreased more for Cadaman and Myrobalan 29c rootstocks under drought stress, 
while GF677 and GN15 did not differ significantly from the control. The rootstocks responded 
to drought stress differently, so that leaf and root proline content, leaf and root soluble sugars 

and water-use efficiency (WUE) were higher for GF677 and GN15 compared with Cadaman 

or Myrobalan 29c. 
Keywords: Osmolytes, Rootstock, Drought stress, Water-use efficiency. 
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