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Table1. Genotype of studied apple rootstocks and their parents. 
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:��2C 4�2C 	
�.�� �4�3 H"�W  

Obtained from open pollination of Azayesh genotype  
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�.�� �4�3 H"�W  

OPAZ AR1 

open pollination of Azayesh genotype Obtained from  
	.��� ���+ 4�2C 	
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open pollination of M9 rootstock Obtained from 
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open pollination of M9 rootstock Obtained  from 
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Hybrid between Azayesh genotype and M27 
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Hybrid between Azayesh genotype and M27 
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Fig. 1. Comparison of chlorophyll florescence (A), total Chl (a+b) (B), Chl a (C) and Chl b (D) in different apple 

rootstocks under control and drought stress conditions. Means followed by different letters in columns  

indicate significant differences by Duncan test at 5% probability. 
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Fig. 2. Comparison of Carotenoids (A) and Proline (B) contents in different apple rootstock genotypes under 

control and drought stress conditions. Means followed by different letters in columns  indicate 

significant differences by Duncan test at 5% probability. 
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Fig. 3. Comparison of cell membrane stability (A) and malondialdehyde concentration (B) in different apple 

rootstock genotypes under control and drought stress conditions. Means followed by different letters in 

columns  indicate significant differences by Duncan test at 5% probability. 
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Fig. 4. Comparison of the content of total soluble solids in different apple rootstock genotypes under drought 

stress conditions and control irrigation . Means followed by different letters in columns  indicate 

significant differences by Duncan test at 5% probability. 
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/���2 - ��2C �����=I�� E�N7 �Y� �� :�	3*�� ���	���2�� 4��� 	8�@�,��A6�.  
Table 2. The effects of experimental factors levels on physiological characteristics. 

���6%  

Treatment 

���+ ��34�*
 

Rootstock 

genotype  

>9�� 

[�7����  

H6����I  

m/FVF  

X�. ������+ >9��  

)MSI(  
 H6����Ia  
Chlrophy

ll (a) 

  

��I H6��b  
Chlrophy

ll (b) 

  

H6����I  
(a+b)  

Chlro

phyll 
(a+b)  
  

�6\��%���I  
Carotenoeides  

U6p%��+ ���

HI  

 
Total 

proteins 

 

�6\�,C �4 ��,��  
MDA 
 

U6,��+  
 Proline 

  

/�� � ��� ��G  
 TSS  
 

 

���+  

Rootstock  

AR1 0.811abc ab86.48 c2.13 cd1.01 3.15c 0.261bc 0.81a 3.66a 29.66ab 5.27a 

AR2 0.804bc a87.89 c2.08 1cd c3.07 0.262bc 0.71a 3.40ab 14.23b 4.20b 

AR3 0.808abc a87.84 abc2.41 bcd1.07 bc3.31 0.298ab 0.84a 3.23ab 17.47ab 4.80ab 
AR4 0.815ab a87.92 abc2.28 abc1.14 abc3.43 0.307ab 0.81a 3.94a 13.99b 5.74a 

AR5 0.811abc ba85.28 c2.08 cd0.98 c3.07 0.306ab 0.72a 2.52bc 11.72b 5.25a 

AR6 0.810abc ab86.96 d1.67 d0.78 d2.46 0.210c 0.82a 3.27ab 24.59ab 5.18ab 
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AR8 0.819a ab86.79 c2.08 cd0.95 c3.04 0.264bc 0.86a 3.32ab 11.86b 5.23a 
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AR10 0.812abc ab87.46 abc2.34 abcd1.17 abc3.46 0.318ab 0.79a 3.12ab 11.49b 5.07ab 

AR11 0.802c b84.25 abc2.27 bcd1.08 abc3.35 0.305ab 0.79a 3.73a 23.12ab 5.33a 
MM111 0.812abc ab86.31 ab2.50  a1.24 a3.93 0.274abc 0.82a 2.59c 12.60b 4.78ab 

	8.9 :�%  

Drought Stress 

T1 0.816a a87.79 a2.21 a1.08 a3.28 0.300a 0.81a 3.24a 10.06b 4.93a 

T2 0.805b b85.45 b2.10 b1.02 b2.89 0.170b 0.79a 3.33a 27.01a 5.23b 
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Effects of Drought Stress on Physiological and Biochemical Indices 

in Hybrid Apple Rootstocks 
 

D. Atashkar*, A. Ershadi, H. Abdollahi and M. Taheri11 

 

This study was performed to screen some hybrid apple rootstocks for drought stress using 

physiological and biochemical indices in leaves. The experiment was carried out in a CRBD 

design, in a factorial scheme 12×2 (12 gynotypes of apple and  2  irrigation regimes) with 

three replicates. The types of apple studied were 1 year old plants including genotypes AR1 

to AR11 accompanied by MM111 as control (drought tolerant). Irrigation regimes applied in 

this study were 40 and 80 percent of FC Under drought stress. The apple rootstocks exhibited 

physiologically and biochemically different responses. Drought stress indices evaluated in 

this experiment were reduction of cell membrane stability, photosynthetic pigments, and 

chlorophyll fluorescence, accumulation of proline and malondialdehyde contents.  In this 

experiment at least one of the aforementioned indicators was observed in the AR1, AR3, 

AR5, and AR7 being identified as sensitive rootstocks. In contrast, the rest of rootstocks with 

the most physiological stability and the least damage were considered drought stress tolerant 

and selected for further studies.    

Keywords: Carotenoids, Chlorophyll Fluorescence, Rootstock, Membrane Stability, Proline. 
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