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Table 1. Combined analysis of variance of quantity traits in apple 'Red Delicious' during two years 
�	5��  )�*2	�   

Mean of squares �&7<9 �J�& 

df 

�7���h� i�	"   

Source of variations T%U 0&	   

Dry matter percent 

-��>  1 	J &7�   

Soluble solids concentration 

 �N�1��7 �7$�   

The amount of acidity 

GI �7��  

Flower density 

0<7127 0��   

 Fruit size 

&�3��P  

 Yield 

0.13ns 0.032ns 0.004ns 1089.0** 49.0 ns 19.36** 1 
2�5 

Year (Y) 

1.61 1.352 0.53 8.88 6.47 0.30 4 
�Z.  

Error 

0.14ns 3.920** 0.005ns 28.44* 676 * 40.35** 1 
K � ��l�L 

Planting distance (A) 

0.28ns 0.022ns 0.09ns 1.77ns 21.77 ns 0.16ns 1 
2�5 × K � ��l�L 

Y×A 

0.54 0.295 0.20 4.61 13.47 0.032 4 
�Z.  

Error 

3.47* 0.264ns 0.17ns 89.19** 140.11** 11.40** 2 
�0�1 

Rootstock  (B) 

0.59ns 0.535ns 0.01ns 4.08ns 12.33ns 0.06ns 2 
2�5 × �0�1 

Y × B 

1.73ns 0.145ns 0.17ns 2.19ns 6.33ns 1.39** 2 
K � ��l�L × �0�1 

A×B 

0.71ns 0.468ns 0.05ns 0.52ns 20.11ns 0.48** 2 
2�5 × �0�1 × K � ��l�L 

Y×A  × B  

0.56 0.555 0.18 3.29 12.09 0.05 16 
�Z.  

Error 

4.85 6.20 11.16 5.05 5.79 3.57 
) ��*��F� T0*��l	3(  

C.V. (%)  
ns �*  
** �% �EA� {)#.� 3��
 U�� T��*� �EA� �	�3  2��#,� v�Z5 	3 	�35  
1 �l	3 �� "��V �	 .��3  

ns, * and ** show no significant differences, significant at the 5 and 1 % respectively. 
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 	�  ��� &�3��P ��”$�%�#& &�“  

Table 2. Mean comparison of rootstocks and planting distance interaction on yield apple 'Red 
Delicious' 

(�	N3� �& )�) &�3��P  

Yield (t/h)  

���	� × ��	
  

Rootstock × Planting distance 

7.200b 

2×4 meter 

MM106 

9.367a M9 

7.117b M26 

5.700d 

3×4 meter 

MM106 

6.517c M9 

5.100e M26 

 "�#5 *� 	3��tV��+ ���0  {)#.� r*#�� {
*, �%EA�� 	�3� �V	��V `��%.  
In each column, means with the same letters are not significantly different at p<0.05. 
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Table 3. Mean comparison of rootstocks on quality and quantity traits in apple 'Red Delicious' 
(�	N3� �& )�) &�3��P 

Yield (ton per ha)  

  %U 0&	 ) T1��&(  

Dry matter (%)  

  �N2	�) 0��  0<7127 (�53  �N   

Fruit size (cm3) 

  

 

 GI �7��)1��&(  

Flower density (%) 

 ��	
 	�  

Rootstocks 

6.45b  16.02a  60.0b  35.58b  MM106 

7.94a  15.57ab  63.5a  38.83a  M9 

6.10b  14.95b  56.67c  33.42c  M26 
 "�#5 *� 	3��tV��+ ���0  {)#.� r*#�� {
*, �%EA�� 	�3� �V	��V `��%.  

In each column, means with the same letters are not significantly different at p<0.05. 
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Table 4. Mean comparison of planting distance in apple 'Red Delicious' traits on studied rootstocks 
during two years 

 -��>  1 	J &7� 1��&)( 

Soluble solids concentration (%)  

  �N2	�) 0��  0<7127 (�53  �N  

Fruit size (cm3)  

  ) GI �7��1��&(  

Flower density (%) 

  ��	� G�7��(�N ) 

Planting distance (m)  

11.68b  55.7b  35.1b  2×4 

12.34a  64.4a  36.8a  3×4 
� "�#5 *� 	3�tV��+ ���0 EA� {)#.� r*#�� {
*, �%� 	�3� �V	��V `��%.  

In each column, means with the same letters are not significantly different at p<0.05. 

  
+@@0� �@@% �@@��� �@@%  	3 �@@ `�*@@�) *#@@��% K@@� ��@@l�L  

��@@�� (+�-�@@1   �0�R@@I 3��@@� 
 �3�@@�V �3�n#@@5� *@@#X% 	�@@V �� �@@�  

"> 	�@@�#.� 	3 �*#@@��%  �@@� 	�*@@_ �@@�   "�:@@�� +0�*%�@@E% �3*@@��  

  "> 2�@@�9� �@@��� 3��@@� @@�  @@� /0�:@@L� :@@�V �� �@@%�0 +@@0� .  

   ��@@A��Z� G0�@@#V �@@% G0�@@#VSharma et al. )2005 �(

Sotiropoulos )2006 �(Tworkoski and Miller 

)2007(  
Saurindra )2010     �@\*� �@ +@0� *@% �EB� (

���� 2��9� ���� 3��� "�:�� � �% *#� K� `�*�   �@�

� /0�:L�� �%�0� K8%�Z� �� �0��V. �%�0�	� G0�#V  K�
�8�

�0�1     3�@�V p7@�� ^@��> �	���% �% T�5 d�#7� ���

��@@� 	3 �@@   �	�@@��% �@@5	*% 3	�@@� ��@@�	���� �� U��@@

  .�@03*tV ����@�� ^��>  �@%  �	�@C     T�@5 `@_	 �@” 3	
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:����3 “ 2�5 	31392  �0�1 �
	M9  ��l�L 	32×4   *@#�

5/11     2�@5 	3 
 +0*#@��% 	�@#;� 	3 +�1391   �@0�1 �
	

M26  ��l�L 	33×4 #� �% *06/3    +0*@#� 	�@#;� 	3 +�

2
��) 3�% �	�3 �	 3*;��� 5.(   

*%   T�@5 ?� `�*� �
	 2�5 *k� �5	*% G0�#V H�5�

 `_	”:����3 3	 “�0�1 �
	 	3  �@��    ��@l�L 
3 	3 �@�0
	

 2�@@�#,� YZ@@5 	3 K@@ �^@@0 �@@l	3 �@@EA�  K@@5� 	�3

2
��) 1 �@% .(  �	�@C      ̀ @_	 T�@5 	3 ?@� `�*@� �@” 3	

:����3 “2
� 2�5 	3  /0���>4/30  U
3 2�5 	3 
 �l	3

4/41 ) 3�% �l	3�2
� 6.(      K@5� "> �@0�� ���@$� +@0�

       �3�@f#_� ��3	�@% YZ@5 �@% K@.	3 �+@5 /0�:L� �% �

� g�% :�V ?� `�*� 
 ��  ^03:V� 3
	  `@_	 T�5 .” 3	

:�@@���3 “ �@@0�1 �
	M9 ) +0*#@@��%83/38  	3 
 (�@@l	3

 �0�1 �
	M26 ) +0*#�42/33   `�*@� (�l	3 �	 ?@� 

 .K �3Callesen )1994 
 (Wilson )1998 =	�:@� ( 

   �@0�1 �
	 *@% ��  �V��1 T�5 "�#.	3 ?� `�*� �V3*

M9 .�V	�3	�.*% �0g�% ��3	�% �	�_ �� 
 �3�% g�%   

*k�     3*@;��� "�:@�� �
	 K@ � ��l�L 
 2�5 ?%�8#�

EA� *�kj�� 	�3� �% �# �3 �	�C  �5	*% 2�5 
3 �C 	3 �

*;��� "�:��   K@ � ��@l�L 	3 32×4    �@�� �
	 	3 *@#�

�@@0�1   2
�@@�) 3�@@% 	��@@8� +0*#@@��% �@@�7 �@@% �@@��#V +@@0� .(

 ��8�89�Callesen )1994 K8%�Z� (3	�3.  

  
-�1J 5-  �/�	'  ?G�7�� G�	'N  ��7 )�*2	� ��	
 	�  ��� &�3��P �� -	� �”$�%�#& &�“ 

Table 5. Mean comparison of rootstocks, planting distance and year interaction on yield apple 'Red 
Delicious' 

(�	N3� �& )�) &�3��P  

Yield (t/h)  

���	� × ��	
 

Rootstock × Planting distance 

-	�  

Year 

4.83f 

2×4 meter 

MM106 

1380 

7.23e M9 

4.500fg M26 

3.33h 

3×4 meter 

MM106 

4.200g M9 

3.06h M26 

9.56b 

2×4 meter 

MM106 

1381 

11.50a 
9.74b 

M9 

M26 

8.6d 

3×4 meter  

MM106 

8.84c M9 

7.13e M26 
� "�#5 *� 	3�tV��+ ���0 EA� {)#.� r*#�� {
*, �%� 	�3� �V	��V `��%.  

In each column, means with the same letters are not significantly different at p<0.05. 
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 	�� �5#	(  &��  

Table 4. Mean comparison of year in apple 'Red Delicious' traits on studied rootstocks 
(�	N3� �& )�) &�3��P  

Yield (ton per ha) 

 ) GI �7��1��&(  

Flower density (%) 

  

 

-	� 

Year 

4.53b  30.4b  1380 

9.14a  41.4a  1381 
� "�#5 *� 	3�tV��+ ���0 EA� {)#.� r*#�� {
*, �%� 	�3� �V	��V `��%.  

In each column, means with the same letters are not significantly different at p<0.05. 
  



)%*-/0�*�1 
 �
��. � :�j�0�1 *�k ��� ��l�L 
 "��*� cE���� 
 cE���� ... 96 

-�1J 7-  �/�	'  � ��	� G�7�� G�	'N  ��7 )�*2	�  ��� &�3��P �� -	�”$�%�#& &�“ 

Table 7. Mean comparison of year and planting distance interaction on yield apple 'Red Delicious' 
(�	N3� �& )�) &�3��P  

Yield (ton per ha) 

��	� ���	� ×-	� 

Year  × Planting distance 

5.52c 2×4 meter 
1380 

3.53d 3×4 meter 

8.01b 2×4 meter 
1381 

10.27a 3×4 meter 

� "�#5 *� 	3�tV��+ ���0 EA� {)#.� r*#�� {
*, �%� 	�3� �V	��V `��%.  
In each column, means with the same letters are not significantly different at p<0.05. 

  

N2��Q I���  

�� /�
61 +0� ��      �@V��1 �@ K@ �3 "�@�% +�E\ "���

 `_	 T�5”:����3 3	 “  �@0�1 �
	 *%M9   3*@;��� ��	�3

K 	3 ���� 
 *�g�% ?� `�*� �*#��% *��   �@0�1 .3�%M9 

  K@� ��l�L 	34×2      
 �#@ �3 �	 3*@;��� +0*#@��% *@#�

      @� T@5�E� 	���@% �@% �@�*� ��*@% "> ���� ����V��  �@ �%� 

 @� 3�XE��1 +0�*%�E%�  3�@       	3 T�@5 ��@I�% �A@5�� ��*@%

+�t�� �8ZE� �1 �� *X  �0M9    K@� ��@l�L �%4×2   *@#�

 3	�@@� ��@@�	���� �� U��@@ ��@@� 	3 ��E�@@� .3�@@  �3�n#@@5�

.�03*tV ������ ^��> �	���% �5	*%  
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Abstract
Background and Objectives
Apple belongs to Rosaceae specious and its scientific name is Malus Pumila L. Today over 35
specious of apple has been known in the world. According to the Food and Agricultural
Organization (FAO), regarding the Apple planting area, China ranks first and Russia, India and
Ukraine place second and third respectively. Considering the fact that Malling rootstock has
different effects on quality and quantity characteristics of different specious and show different
reactions in different densities, this experiment was done in order to determine the apple cultivar
'Red Delicious' in Meshginshahr region.
Material and Methods
This experiment was done in split plot based on Random Complete Block Design in three
replications in two years in Meshginshahr Agricultural and Natural Resources Research Station.
The experimental treatments were D= planting distance in two levels (d1=2×4 and d2=3×4) meters
as the main plot, and R=growing rootstocks in three levels (r1=MM106, r2=M9 and r3=M26) as the
secondary plot. Each treatment had 4 plants of apple 'Red Delicious' crossbred on their growing
branches. The total numbers of plants used were 72. The qualitative and quantitative characteristics
such as flower density, yield, fruit size, color, acidity, solvable solid materials and dry matter
weight were measured separately for each treatment.
Results
Analysis of variances showed significant differences between years in terms of yield and flower
density; between the planting distances in terms of yield, fruit size and soluble solids
concentration and flower density; between rootstocks in terms of yield, fruit size, flower density
and dry matter; and significant differences in yields between interactions of the planting
distances×rootstocks, year×planting distances×rootstocks. Apple Cultivar 'Red Delicious' grafted
on M9 rootstock in planting distances of 2×4 m with 9.367 tons per hectare had the highest yield
and was placed in group. Analysis of average effect of rootstock in fruit production showed that
'Red Delicious' on M9 rootstocks produced the biggest fruit and had the highest density. Fruit
size, flower density on tree and soluble solids concentration in the planting at a distance of 3×4 m
were greater than that in 2×4 m.
Discussions
Year and planting distance interplay on yield had a significant effect in a way that the amounts of
yield on all rootstocks were the highest during the two years of experiment. Planting distance had
a significant effect on solvable solid matter of the cultivar apple red delicious at the probability
level of 1 percent. Other factors did not have any significant effect on solvable solid matter
acidity. In more planting distances, the trees can get more sun light and nutrient materials, hence
their solvable solid matter increases.

Keywords: Fruit size, Malling, Malling Merton, Planting distance, Rootstocks.
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