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Table1. Genotype of studied apple rootstocks and their parents. 
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Obtained from open pollination of Azayesh genotype  

:��2C 4�2C 	
�.�� �4�3 H"�W  

OPAZ AR1 

open pollination of Azayesh genotype Obtained from  
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OPAZ AR2 

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 B9 
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Hybrid between Azayesh genotype and B9 
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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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AR9 0.810abc ab86.02 a2.64 ab1.22 ab3.73 0.344a 0.81a 3.45ab 13.30b 5.25a 

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 

*6Z
�6�����4 ��v ���2C �� �����6% UU6Z
�6� ��=7 �� �4 .�
� ��� �<��-� U8
�4 ��;74 ����4 �I 	���	�_� J��!% ����C �1
 2� ����� K�=.� c�W ?� VI /��=W� MN7 �4 ���45%  .�
���
  

1T D���� ���6�C ���6% =2T= .	8.9 :�% ���6% 

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

2.
2.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-1

2-
08

 ]
 

                            13 / 17

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.2.2.8
http://journal-irshs.ir/article-1-363-fa.html


����8�� � ��8.%C 

120 

 2�01���!  
  	800.9 :�00% h00��� ;00���
� U6,��00+ � G/�00� � ����00�D :��00I �+ >9�00�00�����  �00.
�00=9����  �00�6=
 �4 �

:��00I  �4 J�00�Y�00
��Z
���� A=�007�=�� 007���� ��H006����I [
 �00��+ B�00� �4D�00�4�3 56007 ���  �00���00��+��� 00765 

7���	��00� �00�>9�00� T� ,��� �6A�@�,�00�?  �;<�2	��6�600�  	%��00!=� ��00� :�00I�� 	800.9 :�00% �00� ;�00<
 ��00.


�000
4�4. �000��+AR3  ����4 VI[
�0007���� >9�000� U��000%D �000��+���AR7  � AR1 ����4  U��=000.6�;000���
� U6,��000+  �

��,���4�006\�,C  ��00��+��� AR7  � AR5  ����4VI U��00%���00��+�  X�00.
�00=9����D �00�2 	800.9 :�00%  ��00�6% �00� ;�00<


 .�00
4�� ���00� ���006�CU�����00��D  �00I 4�00� 	00� ��0063 �00�6=
�00��+��� AR7  و AR5 و AR3 و AR1  4��00_% U=00��4 �00�

 	800.9 :�00% �00� ;6007�<W ��00� >9�00� 2� ��=00.6��6:�00%�U ?00�@�,��A6� 56007C �� ��00� �4�] 800.9	 �00
4�4 ��00.
 

� �00� ������00��+��� 800.9 :�00% �00� ^�00<W	 �
�00� 	��007���. 	� 4�a�00.6+ 4�00��00��+ ���007 J�00�Y U=00��4 �00� ��

�� D�=.6� ?�@�,��A6� �����+���.�
�63 ���G �% g6G4 	7��� 4��� 	8.9 :�% �� H� =� ���  

3���*                                                                                                                                   References 

1 .D��800.%C .4 .� DD�4�00���  .�����00F .E �  .	a,��00��1397 	009�� ��003 /�00��
 .�00��+��� �003��4  ���00� 56007 	��00`=
�

A=�7�=� �� ]�%�� J�!" ^�7� �� 	8.9 :�% �� H� %D����� 	
��
�� ���� ���� . 1024-1013 ) :4(49. 

2 .D.4 D��80000.%C . � ��0000�9 �00006+ � .��4�2 	0000-% .1395.  	%���0000-� 	��0000�2�� � �00006,�%�0000��+���  	0000.��� B� �4

)567Mallus domestica Borkh .(����� 	
��
�� ���� ����D 335-329 ) :2 (47.

3. D	�600<W 2 D{ D. 	
��6�007 .� D����00F .� �  .	�I�00%1392 ��00� V00G� �4 	800.9 �00� H00� % ���00� ��003 /�00��
 .

D����� 	
��
�� ����� ����.��=�2500 -491 ) :4(14.   

4. 	\�00!6�D �.D  .�	00���AG 	W�00=�D .RU600_�3 .� � 	�
���006�W. 1395.  	009�� �00� ���00� 	00�C :�00% �6Y�00% 	007���

 .J��I�� ��� /�a
�4 ��� 	3*�� 	
��
�� ���� ��������� D405-397 ) :3 (47. 

5.  D.� D��4�00G  .{	00�dF.{ D �4�00�� .E �  .	
�00<,1389.  J�600"�L9 	009�� �00� 4�00�� ���006�C � 	800.9 :�00% �6Y�00%

�� .�6!7 �
��6�� 	9�� D	
���7 ��Z
� VG� �7 	8�@�,��A6������ 	
��
�� ���� ��D188 -179 ) :2 (41  .   

6 . D��4�G .� D.� D��
�� H6�� .{D	�<W .ED�
�� 	=,�4 .E�A�A� �  .� .�, 	-% 	��W1390.  �� ;��F� |�=`� E�N7 �6Y�%

	3*����� )��Z
� VG� �7 	8�@�,��A6�� 	8�@�,�����Vitis vinifera L.D����� 	
��
�� ���� .(40 -31 ) :1 (42.  

7. ��4�00GD �.  .{ ��4�00� �007� 	007 . 1392. ��00a63*�� 	009�� �00� 	800.9 :�00% �00Y� 	007��� �007 �4 	8�@�00,��A6�  V00G�

 .	Z
�� J�%.����� 	
��
�� ���� ���� 129-136 : )2(44.  

8. D	��00I �D.   .�D	00\�2��  .� ,�00"D	 .{ D��00��I .{	��00L_�  .e �  .	%�00�
1388. �:�% �@�00,��A6 �4 	00N6 � ��00�

.����63  .�a.� 	��Z.
�4 4�a� J���.=
� . /�� ��v502 .� !" 

9. Alizadeh, A., V. Alizadeh, L. Nassery and A. Eivazi. 2011. Effect of drought stress on apple dwarf 

rootstocks. Tech. J. Engin. App. Sci. 1 (3): 86-94. 

10. Bates, L. S., R.P. Waldren and I.D. Teare. 1973. Rapid determination of free proline for water-stress studies 

. Plant Soil. 39:205-207 

11. Bolat, E.,M. Dikilitas,S. Ercisli, A. Ikinici and T. Tonkaz.2014. The effect of water stress on some 

morphological, physiological, and biochemical characteristics and bud success on apple and quince 

rootstocks. Hind. Sci. World J. 1: 1-8. 

12. Bradford,  M. M. A. 1976.  Rapid sensitive method for the quantification of    microgram quantities 

ofprotein utilizing the principle of protein-Dye Binding. Anal. Biochem. 72: 248-254. 

13. Busse, J. and  R. Merckx. 1993.  An improved colorimetric method to quantify sugar content of plant tissue. 

J. Exp. Bot. 44(267):1627-1629. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

2.
2.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-1

2-
08

 ]
 

                            14 / 17

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.2.2.8
http://journal-irshs.ir/article-1-363-fa.html


�Y���� 8.9 :�%	 >9�� ����� �6A�@�,��8... 	 

121 

14. Fernandez, R.T.,  R. L. Perry, J. A. Flore. 1997.  Drought response of young apple trees on three rootstocks. 

II. gas exchange, chlorophyll fluorescenceD water relations, and leaf abscisic acid.  HortScience, 122 (6): 

841-848. 

15. Gibbs, J. and H. Greenway. 2003.  Mechanisms of anoxia tolerance in plants. I. Growth, survival and 

anaerobic catabolism. Funct. Plant Biol. 30: 1-47. 

16. Haifeng, G., F. Cuina and  L. Xinnan.  (2011). Effects of drought stress on antioxidant system of leaves from 

different citrus rootstocks. Agr. Sci. Technol. 11 (8): 32-35. 

17. Heath, R. L and  L.  Packer. 1968.  Photoperoxidation in isolated chloroplasts. I. Kinetics and stoichiometry 

of fatty acid peroxidation. Arch. Bioche. Biophys. 125: 189–198. 

18. Hoekstra, F. A.D Golovina. E. A and Buitink. J 2001.  Mechanisms of plant desiccation tolerance, Trends Plant 

Sci. 6: 431–438. 

19. Jie, z., K. Yun, W. Shaohui and Y. Yuncong. 2010. Activities of some enzymes associated with oxygen 

metabolismD lipid peroxidation and cell permeability in dehydrated Malus micromalus seedlings. Afr. J. 

Biotechnol. 9 (17): 2521-2526. 

20. Jakubowski, T. 1996.  preliminary evaluation of new apple rootstocks clones. Eucapia symposium on fruit 

breeding and genetics. Acta Hort. No 484 :97-101. 

21. JangprommaD N., S. Kitthaisong, K. Lomthaisong, S. Daduang, P. Jaisil  and S. Thammasirirak. 2010.  A 

proteomics analysis of drought stress-responsive proteins as biomarker for drought-tolerant sugarcane 

cultivars. Amer. J. Biochem. Biotech.  6 (2): 89-102. 

22. Lichtenthaler, H.K and C. Buschmann. 2001. Extraction of photosynthetic tissues: chlorophylls and 

carotenoids. Food Anal. Chem. F4.2.1-F4.2.6. 

23. Liu, B., M. Li, L. Chenj, D.  Liang, Y. Zou and F. Ma. 2012. Influence of rootstock on antioxidant system in 

leaves and roots of young apple trees in response to drought stress. Plant Growth Regul. 67: 247-256. 

24. Khalid, K. A. 2006.  Influence of water stress on growth, essential oil and chemical composition of herbs 

(Ocimum sp). Int. Agrophys. 20: 289- 296. 

25. Moffat, J., M.R.G. Sears and G. Paulsen. 1990.  Wheat high temperature tolerance during reproductive 

growth. I: Evaluation by chlorophyll fluorescence. Crop Sci. 881-885. 

26. Oraki, H., F. Parhizkar-Khanjani and M. Aghaalikhana. 2012. Effect of water deficit stress on praline 

contentsD soluble sugars, chlorophyll and grain yield of sunflower (Helianthus annuus L.) hybrids. Afr. J. 

Biotechnol. 11 (1): 164-168. 

27. Rong-Hua, L.I ., G.U.O. Pei-Guo, M. Baumz, S. Grando and S. Ceccarelli. 2006. Evaluation of chlorophyll 

content and fluorescence parameters as indicators of drought tolerance in barely. Agr. Sci. 10:751-757. 

28. Sairam, R.K. 1994.  Effect of moisture stress on physiological activities of two contrasting wheat genotypes. 

Indian J. Exper. Biol. 32: 594-597. 

29. Schwarz, D., Y. Rouphael, G. Colla and J.H. Venema. 2010.  Grafting as a tool to improve tolerance of 

vegetables to abiotic stresses: thermal stressD water stress and organic pollutants. Sci. Hort. 127: 162-171. 

30. Shan, W., D. Liang, F. Ma. 2014. Leaf micromorphology and sugar may contribute to differences in drought 

tolerance for two apple cultivars. Plant Physiol. Biochem. 80: 249-258. 

31. Shvaleva, A.L., F.C.E. Silva, E. Breia, L. Jouve., J.F. Hausmann, M.H. Almeida., J.P. Maroco, M.L. 

Rodrigues, J.S. Pereira and M.M. Chaves2005. Metabolic responses to water deficit in two Eucalyptus 

globules clones with contrasting drought sensitivity. Tree Physiol. 26: 239-248. 

32. Sircelj, H., M. Tausz, D. Grill and F. Batic. 2007. Detecting different levels of drought stress in apple trees 

(Malus domestica Borkh.) with selected biochemical and physiological parameters. Sci. Hort. 113:362-369. 

33. Steinberg, S.L., J.C. Miller and M.J. McFarland. 1990. Dry matter partitioning and vegetative 

growth of young peach trees under water stress. Aust. J.Plant Physiol. 17: 6-23. 

34. Taylor, C.B. 1996. Proline and water deficit: ups, downs, ins, and outs. The Plant Cell. 8: 1221-1224. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

2.
2.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-1

2-
08

 ]
 

                            15 / 17

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.2.2.8
http://journal-irshs.ir/article-1-363-fa.html


����8�� � ��8.%C 

122 

35. Wahid, A. and E. Rasul. 2005. Photosynthesis in leaf, stem, flower and fruit, in: Pessarakli, 

M(Ed.), Handbook of Photosynthesis, 2nd ed., CRC PressD Florida. pp.479-497. 

36. Wang, S., D .Liang, C. LIi, Y. HaoD F. Ma and H. Sho. 2012. Influence of drought stress on the 

cellular ultrastructure and antioxidant system in leaves of drought-tolerant and drought-sensitive 

apple rootstocks. Plant Physiol. Biochem.51: 81-89. 

37. Wang, Z., B. Quebedeaux and G.W. Stutte. 1996. Partitioning of [14C]glucose into sorbitol and 

other carbohydrates in apple under waterstress. Aust. J. Plant. Physiol. 23:245–251. 

38. William, C. and w. Johnson. 2000. Methods and Results of Screening for Disease and Insect 

Apple Rootstocks . Com. Fruit Tree. 33:108-111. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

2.
2.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-1

2-
08

 ]
 

                            16 / 17

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.2.2.8
http://journal-irshs.ir/article-1-363-fa.html


�Y���� 8.9 :�%	 >9�� ����� �6A�@�,��8... 	 

123 

Iranian Journal of Horticultural Science and Technology 21 (1): 107 - 122 (2020)  
Research article 
 

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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