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ABSTRACT 
The selection of promising progenies in the early stages is one of the methods for rootstock breeding of fruit trees. In 

this study, vegetative traits in 11 apple genotypes with MM111 as control were investigated. The results showed that 

there was a significant difference between the genotypes of the studied bases in terms of vegetative traits and were 

classified into three general categories based on their growth potentials: 1. AR4, AR8, AR11, as dwarf genotypes 

with the lowest biomass, the lowest growth rate and the highest stomatal density per leaf area unit. 2. AR1, AR3, 

AR6, AR7, AR9 as vigorous genotypes had the highest biomass, the highest growth rate and the lowest stomatal 

density per leaf area. 3. AR2, AR5, AR10, MM111 had an average amount of biomass, growth rate and stomatal 

density per leaf area. Dwarf genotypes had the highest and vigorous genotypes had the lowest ratio of dry weight of 

root to shoots. Longitudinal growth of root growth in genotype of apple rootstocks had no direct relation with 

rootstock vigor, but there was a reverse correlation with horizontal extension. AR1, AR4, AR5, AR10 genotypes had 

longer roots than other genotypes of rootstocks, with lowest horizontal extension of roots and AR2, AR3, and AR8 

genotypes with highest horizontal extension hed lowest longitudinal root growth. 
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Table 1. Genotype of studied apple rootstocks and their parents 
Rooted 

section area 

(cm) 

Root 
length 

(cm) 

Root 

number 

Selected 
progeny number 

(Second stage) 

Selected 
progeny number 

(First stage) 

Plantlet 

number 

Seed 

number 

Patenal 

parent 

Matenal 

parent 
Rootstock 

genotype 

10 18.69 11.8 7 39 470 4500 OP Azayesh (OP) AR1 

7.68 14.36 11.4 1 10 264 1460 OP Azayesh (OP) AR2 
7.66 21.5 10.83 1 25 800 3300 OP M9(OP) AR3 

8.11 17 7.22 2 12 340 4100 OP M9(OP) AR4 

9.2 16 9.9 2 9 52 350 M9 Azayesh AR5 
9.3 14.66 6.5 1 18 65 400 M9 Azayesh AR6 

10.3 13 7.3 2 10 46 320 B9 Azayesh AR7 

10.2 9.2 10.21 6 17 61 430 B9 Azayesh AR8 
8 3.6 8.3 2 3 74 1200 M27 Azayesh AR9 

9.54 10.63 8 1 3 27 140 M27 Azayesh AR10 

9.4 15 20.2 2 4 104 1375 M9 Morabaei AR11 
8 14 19 - - -- - Merton793 Northrn spy MM111 
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Figure 1. Mean comparison of leaf surface (A), final leaf number (B) and leaf production rate and leaf surface in 

different apple rootstock genotypes 
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Figure 2. Mean comparison of leaf production rate (A) final leaf number (B) in different apple rootstock genotypes 
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Figure 3. Mean comparison of leaf specific weight (A) stomatal density (B) in different apple rootstock genotypes 
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Figure 4. Stomatal density on the underside of leaf of apple rootstockes genotype, upper leaves epidermis without 

stomata and field of view of microscope (0. 016 mm2) 
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Figure 5. Mean comparison of stem and branch fresh weight (A), stem and branch dry weight (B) in different apple 

rootstock genotypes 
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Figure 6. Mean comparison of stem length growth rate (A), stem diameter growth rate (B) in different apple rootstock 

genotypes  
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Figure 7. Mean comparison of root fresh weight (A) root dry weight (B), and Rate of root dry weight to crown in different 

apple rootstock genotypes 
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Table 2. Results of variance analysis of vegetative characteristic of apple rootstocks genotypes 
Mean of squaers  

df 
Source of 

variation 
Leaf  

fresh  
weight 

Leaf 

dry  
weight 

Leaf  

surface 

Final  

leaf  
number 

Leaf  

production  
rate 

Stomatal  

density 

Leaf  

specific  
weight 

Stem and  

branch fresh  
weight 

Stem and  

branch dry  
weight 

86.89** 12.51** 331382.30** 1287.57** 8.28** 1.07** 
3.96** 

426.89** 106.85** 11 Rootstock 
0.51ns 0.11ns 17612.28ns 66.93ns 14.35ns 0.23ns 0.85ns 6.90ns 1.36ns 2 Rep 
18.41 2.55 50706.5 92.51 3.19 0.001 0.69 19.03 41.5 46 Error 
22.83 23.50 24.14 21.68 19.05 9.1 11.09 18.97 20.46  C.V. (%) 

 � ** �*ns: /�	0  6# 4  +' &,�% ���  r.7 ��5  �1 *1��  �Ab) �/�	0  &,�% ���.  
*, **, ns: Significantly difference at 5 and 1% of probability levels, and non-significant, respectively. 

  

 g�*? +����2 . �2	�)k3	� %34' i)	2��� +2Bl   %�2�� 5	�12 6#7 +2	$ ^# A)]  
Continued table 2. Results of variance analysis of vegetative characteristic of apple rootstocks genotypes 

Mean of squaers 

df 
Source of 

variation 
Stem diameter  

growth rate 
Stem length  
growth rate 

Rate of  
Root/Crown 

Root  
dry weight 

Root  
fresh weight 

Horizontal  
root growth 

Vertical 
root growth 

32.24ns 8.68** 0.225** 6.74**
 142.70**

 7.69ns 349.58**
 

209.26ns 

11 Rootstock 
0.063ns 20.67ns 0.016ns 7.42ns 86.04ns 14.88ns 2 Rep 
0.85 0.66 0.021 2.36 34.36 4.42 142.71 46 Error 

27.48 21.97 29.06 29.95 24.99 14.99 21.74  C.V.(%) 

 � ** �*ns: /�	0  6# 4  +' &,�% ���  r.7 ��5  �1 *1�� /�	0  �Ab) � &,�% ���.  
*, **, ns: Significantly difference at 5 and 1% of probability levels, and non-significant, respectively. 
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Figure 8. Mean comparison of root vertical growth (A) root horizontal growth (B) in different apple rootstock 

genotypes 

  

)�!-< *!�9 ��/ 

 9	3 �� _�	3 z	�A#' +' uA'4� %�2�� /	01

A)]^#  	�  *�� /�*N +�2	e� 5�4' %<?A  ('	N �	#,�

 ��+2	$ 	� �A� %� :A�a� � 
	�	#8 *�� >V47 �42�

 .��� 
	�) %b7	&� %f&�	
� 5*#-A  z	�A#' 
�B#� 	'

 ^# A)]+2	$ �	 5*#-A  z	�A#' {	a- +' +,-	.� ��A� 5

 �TC +�7� +7 +' *�� /�*N% �e # :*)*� H  

1- 	$ ^# A)]2+       HC 5	�  *��)=	 AC	$( AR4, AR8, 

AR11 ���� +C5 4�
C2' \#z	�A  >V47 \24�
C�

*��� 2 - 	$ ^# A)]2+        4$ 5	� *��AR1, AR3, AR6, 

AR7, AR9 ����5 '#4��2' \#z	�A �4��#' >V47 \2

*��� 3 - 	$ ^# A)]2+       *�� U7A�� 5	�AR2, AR5, 

AR10, MM111 ����5 ' U7A�� ��*e�# � z	�A

 �� 9	3 (3�� z	�A#' .*)�A' *�� >V47+2	$ 	�  	'

>��*) %
#e��� +.'�� 	<)! *�� /�*N � >b�) 	��

 �� *�� /�*N 	' =�	�3	� +' +�2� M�3 
��

A)]^#  	� ���� i�V >b�) �^# A)] +2	$ 	� *�� HC 5

 ^# A)] � \24��#'+2	$ 	� 5 >b�) \24�
C*�� 4$

 W4��8 .*&���� �� =�	�3	� +' +�2� M�3 
��

-AQ *��% �2	$ ^# A)] �� +�2+       7 5	�#6  /�*N 	'

 *��+2	$ 	� >��*) %
#e��� u	b ���  W4��8 	' 	��

eD�% 
! �� +�2� >��� i�V +.'�� 	� � ^# A)]

	$2+       5	� AR1, AR4, AR5, AR10  W4��8 +C

-AQ% ' +�2�#4��5 	7 +' >b�)2	$ ^# A)] 42+        	�

ab

b
-d

cd

ab

a

a
-d a-

d

b
-d

a
-d a-

d

a
-d

a-
c

V
e

rt
ic

al
 R

o
o

t 
G

ro
w

th
 (

cm
)

Genotype

c-
h

a
b

a
-d

a
-e

d
-h

d
-h

b
-g

a

e
-i

a
-c

b
-f

c-
g

H
o

ri
zo

n
ta

l 
R

o
o

t 
G

ro
w

th
 (

cm
)

Genotype



936   :
��	�
� � �	�� !"#$ %&#' (#�)	�$ *�� 	' +,-	.� /	01 %�2�� �� %34' +2	$ 5	� 6#7 +8��� 

 

*&���� �eD� W4��8% �24�
C +�5  ^# A)] � *&����

	$2+        5	�AR2, AR3, AR8 -AQ W4��8 +C% 

4�
C5 eD� W4��8 *&����% '#4��5  HC�4  .*&����

� 
	�) i�V +.'�� *�� /�*N 	' c4' �� +)����� �

 ^# A)]+2	$ 	� ^# A)] � HC HC�4  5���� *�� 4$ 5

+2	$ 	�HC 5  *G�� �� +)��� HC�4  \24��#' 5���� *��

 +C �4C 54#8 +l#�) 
�A  %� \2�4'	&' .*)�A' r.7

 [L1� +�	)4' �� (1	G "Z' *#�� _	�)+2	$ 	� 5

6#7 %�2�� � /�*N 5���� � =�A' % �	0�� *��

 	<)!�� *�� /�*N %'	2��� %�2�� /	01 �� =�	0�7� 	'

 42O$ 
	��� c4' \242� r.7 *G�� �� +)��� HC�4  �

%� �	'* � +�	&7	&� (#
�  � (�	C 
	&#
Q� 5�4' 	��

 *)A#$ �� =�	0�7� 	' %T#
�  +,-	.� 	<)! �� % 	e#ea 

A)] \2� 5�� 6#7 kZ�� HN� M2^#  	�   =�4
� +'

+2	$ 	��3�� %'	2��� � *�	� % �	l  %�2�� 5 
	

.�A' *��A3 *#0� E	' �� +T1	G  

  
REFERENCES 
1. AL-Abasi, K.M. & Archbol, D. (2016). Apple tree responses to deficit irrigation combined with 

periodic   applications of particle film or abscisic acid. Horticulture, 2(16), 2-12. 

2. Atashkar, D., Pirkhezri, M. & Taghizadeh, A. (2015). Production and primary evaluation of 

apple (Mallus  domestica Borkh.) hybrid rootstocks. Iranian Journal of Horticultural Sciences, 

47(2), 329-335.  (in Farsi) 

3. Atashkar, D., Ershadi, A., Abdollahi, H. &Taheri, M. (2019). Screening for drought tolerance in 

some hybrid apple rootstocks based on photosynthesis characteristics. Iranian Journal of  

Horticultural Sciences,49(4), 1013-1024. (in Farsi) 

4. Atkinson, C.J., Policarpo, M., Webster, A.D. & Kingswell, G. (2000). Drought tolerance of clonal 

Malus determined from measurements of stomatal conductance and leaf water potential. Tree 

Physiology, 20, 557-563. 

5. Atkinson, C.J., Else, M. A., Taylor, L. & Dover, C.J. (2003). Root and stem hydraulic conductivity 

as determinants of growth potential in garted trees of apple (Malus Pumila Mill). Journal of 

Experimental Botany, 54(385), 1221-1229. 

6. Beakbane, A.B. & Thompson, E.C. (1944). Anatomical studies of stems and roots of hardy fruit 

treesII. The internall structure of the roots of some vigorous and some dwarfing apple rootstocks, 

and correlation of structure with vigour. Journal of Pomology and Horticultural Science, 141-149. 

7. Beakbane, A.B. & Majumder, P. K. (1975). A relationship between stomatal density and growth 

potential in apple rootstocks. Journal of Horticultural Science, 50(4),  285-289. 

8. Bruckner, C. H. & Dejong, T. M. (2014). Proposed pre-selection method for identification of 

dwarfing peach rootstocks based on rapid shoot xylem vessel analysis. Scintia Horticulturae, 165, 

404-409. 

9. Eleving, D.C., Schecter, I. & Hatchinson, A. (1993). The history of the Vineland (v.) apple 

rootstocks. Fruit Varieties Journal, 47, 52-59. 

10. Farooq, M., Wahid, A., Kobayashi, N., Fujita, D. & Basra, S. (2009). Plant drought stress: effects, 

mechanisms and management. Agronomy for Sustainable Development, 29, 185-212. 

11. Fisher, M. (1996). Semi dwarf apple rootstock from dersen-pilinitz. Eucapia symposium on fruit 

breeding and genetics. Acta Horticulturae, 484, 183-187. 

12. Granger, R.L., Rousselle, G.L., Meheriuk, M. & Quamme, H.A. (1991). Promising winter hardy apple 

rootstocks from a breeding program at Morden, Manitoba. Fruit Varieties Journal (USA), 45, 185-187. 

13. Jakubowski, T. (1996). Preliminary evaluation of new apple rootstocks clones. In Eucarpia 

Symposium on Fruit Breeding and Genetics 484. (pp. 97-100). 

14. Jakubowski, T. & Zagaja, S.W. (2003). 45 years of apple rootstock breeding in poland. Fruit 

Varieties Journal, 47, 137-142. 

15. James, N.C. & Aldwinckle, H. (1983). Breeding Rootstocks, Plant Breeding Reviews, 1, 295-394.  

16. Janick, J., Cummins, J.H., Brown, S.K. & Hemmat, M. (1996). Temperate Fruit Crop Breeding, 

Apples. pp: 1-77  

17. Kafi, M., Borzoee, A., Salehi, M., Kamandi, A., Masoumi, A. & Nabati, J. (2010). Physiology of 

environmental stresses in plants. Mashhad Daneshgahei Jehad Publications. 502. (in Farsi). 

18. Khanizadeh, S., Groleau, Y., Granger, R., Cousineau, J. & Rousselle, G.L. (2000). New hardy 

rootstock from the Quebec apple breeding program. Acta Horticulturae, 2, 719-721.  

19. Khanizadeh, S., Groleau, Y., Levasseur, A., Granger, R., Rousselle, G.L. & Davidson, C. (2005). 

Development and evaluation of St Jean-Morden apple rootstock series. HortScience, 40, 521-522. 



   mATV%)	bR	' 
�42� ����� 51 ��	
�� 4 �
	���� 1399  937 

 
20. Liu, C., Liu, Y., Guo, K., Fan, D., Li, G., Zheng, Y. & Yang, R. (2011). Effect of drought on pigments, 

osmotic adjustment and antioxidant enzymes in six woody plant species in karst habitats of southwestern 

China. Environmental and Experimental Botany, 71(2), 174-183. 

21. Miller, S. R. (1977). Selection criteria in the seedling stage for predicting apple rootstock vigor. 

Canadian Journal of Plant Science, 57(3), 667-674. 

22. Pathak, R. K., Pandey, D. & Pandey, V.S. (1976). Stomatal distribution as an index for predicting the 

growth potential of apple stocks. Journal of Horticultural Science, 51(3), 429-431. 

23. Radnia, H. (1997). Rootstocks for fruit crops. Nashr Amouzsh Keshavrzi, pp. 637. (in Farsi) 

24. Roy C. R, Robert F. C. (1987). Rootstocks for fruit crops. Wiley, New York. Apple Rootstocks. 604p.  

25. Sharma, D.P., Sharma, Y.D. & Rana, H.S. (1982). Stomatal and tree growth characteristics of some 

crab apples. Scientia Horticulturae, (17), 327-331. 

26. Soejima, J., Bessho, H., Komori, S. & Tsuchiya, S. (1996). New apple rootstocks, ARM 1, ARM 7 

and ARM 8. In Eucarpia Symposium on Fruit Breeding and Genetics 484. (pp. 217-220). 

27. Pilcher, R. R., Celton, J. M., Gardiner, S. E. & Tustin, D. S. (2008). Genetic markers linked to the 

dwarfing trait of apple rootstock ‘Malling 9’. Journal of the American Society for Horticultural 

Science, 133(1), 100-106. 

28. Taiz, L. & Zeiger, E. (2006). Plant physiology. (4
th

 Ed.). Sinauer Associates Inc. Publishers, 

Massachusetts. 

29. Webster, T., Tobutt, K., & Evans, K. (2000). Breeding and evaluation of new rootstocks for apple, 

pear and sweet cherry. Compact Fruit Tree, 33(4), 100-104. 

30. Univer, T. (2000). The breeding of af apple rootstocks in Estonia. Transactions of the Estonia 

Agricultural University. 208p. 

31. Webster, T. (2002). Dwarfing rootstocks: Past, present and future. 45
th

 Annual IDFTA Conference, 

The Compact Fruit Tree, 35:67-72. 

32. William, C. Johnson. (2000). Methods and results of screening for disease and insect apple 

rootstocks. The Compact Fruit Tree, 33, 108-111 

33. Zagaja, S. W., Jakubowski, T., Pieklo, A. & Przybyla, A. (1989). Preliminary evaluation of new 

clones of apple rootstocks. Fruit Science Reports, 16(4), 205-213. 

 

  

 


