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1- Embryogenesis 
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2  - Murashige and Skoog 
3- Driver and Kuniyuki Walnut 
4- Woody Plant Medium 
5- Proliferation 
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Table 1. Effect of time of sampling on activation of explants 

"���� 3�
� ������  
Time of sampling  

����a<  
September 

3��9  
November 

6�a�  
February 

�	aC���� N��!�  
April  

����� ���!�  
June 

/8� �a�� ����� R�(> 

Percentage of activated explant 
30 9 3 10 80 
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Table 2. Variance analysis (Mean square) of infection percent, number of lateral  branches, stem 
length,  percentage of callus induction and number of leaves on medium, sterile conditions and 

different rootstocks of apple 
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�,8�� �8�F  
Rootstock (A) 

2 831.29* 0.228**  1.153**  2449.76**  17.11**  

=,& [���  
Medium (B) 

2 16549.91**  0.502**  11.014**  5985**  94.614**  

  �8
���%H [8
0#  
Sterile conditions (C) 

2 8749.338**  0.014ns 1.228**  61.003ns 18.81**  

�,8�� �8�F  ×=,& [���  
A×B 

4 405.89ns 0.228**  5.589**  2586.8**  42.55**  

�,8�� �8�F  × �8
���%H [8
0#  
A×C 

4 126.42ns 0.014ns 0.781**  49.53ns 1.59ns 

=,& [���  ×
0# �8
���%H [8  
B×C 

4 522.95ns 0.014ns 0.393ns 86.61ns 4.73**  

�,8�� �8�F  ×=,& [���  ×  �8
���%H [8
0#  
A×B×C 

8 519.44*  0.014ns 0.865**  99.23ns 6.47**  

�,8���. ��Z6  
Error 

54 206.83 0.038 0.183 76.94 1.12 

ns1 *�** �" �%(�0�2 I��0� 1�
� �%(�  R��T�
 u�Z5 �� �
�5  �1 .�a��  
ns, * and **: non-significant, significant in 0.05 and 0.01 level, respectively. 
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Table 3. Means of studied traits of different rootstocks of apple, medium and sterile conditions 

�����  
Treatment  

����E9 �Z��  
Infection percent 

 ���,�(��'��< � � �C��D  
Number of lateral 

branches 

�5���) "��< %�B (�5
 

Stem length (cm) 

 �Z��4�E�
 ����  
Percentage of 

callus induction 

H�� ���,�  
Number of 

leaves 
�,8�� �8�F  

Rootstock 

38.52b 0.18a 0.78a 23.33a 2.38a 
35.56b 0.016b 0.47b 5.93b 1.33b 
49.63a 0b 0.39b 0.74c 0.82b 

=,& [���  
Medium 

8.15b 0.24a 1.25a 29.07a 3.6a 
57.78a 0b 0.4b 0.93b 0.92b 
57.78a 0b 0c 0b 0c 

���]��3 [8
0#  
Sterile conditions 

28.89b 0.11a 0.53b 10a 1.20b 
30.37b 0.06a 0.35b 12.04a 0.87b 
64.44a 0.07a 0.778a 7.96a 2.45a 

A:  ���J �80�&1/0 �a��  R����
 �70  �a���"  I��0� ��� �"3  � �
�M�30  1����\B:  ���J �80�&1/0 �a��  R����
 �70  �'a��  �'"   I'��0�   ��'� �'"5   � �'
�M�30 
 1����\C:  P8�5 =80�&�j�K75/0 �a��  R����
 �70 �a�� �"  I��0� ��� �"15 � �
�M�30  .����\  

���`��� ��K %(� dQT6
 �X�
� 4���. $�5
 0" 4�T5 0K �� |0T,� d�0� �
�
�� ��
�  R��T�
 SZ5 ��5  .���
�� �a��  
A: mercuric chloride 0.1% for 3 minute and ethanol 70% for 30 second, B: mercuric chloride 0.1% for 5 minute and 
ethanol 70% for 30 second, C: NaOCl 0.75% for 15 minute and ethanol 70% for 30 second 
Means having the same letters in each column are not significant at 5% level with Duncan’s test. 
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Table 4. Mean interaction effect of rootstock × medium × sterile conditions for different traits 

H�� ���,�  
Number of leaves 

 �Z��4�E�
 ����  
Percentage of callus induction 

"��< %�B �5���) (�5
  
Stem length (cm) 

 ���,�(��'��< � � �C��D 
Number of lateral branches 

����E9 �Z��  
Infection percent 

���O0�7 ����<  
Sterile conditions 

�	
 ���
  
Medium 

�	�!� "��#  
Rootstock 

5.87a 68.33b 2.16ab 0.55a 0.00i A 
MS modified 

MM106 

6.10a 85.00a 2.41a 0.57a 0.00i B 
7.72a 56.67b 2.00ab 0.50a 6.67hi C 
0.89c 0.00d 0.49d 0.00c 46.67cdef A 

WPM 0.00c 0.00d 0.00d 0.00c 33.33defgh B 
0.83c 0.00d 0.00d 0.00c 66.67cd C 
0.00c 0.00d 0.00d 0.00c 33.33defgh A 

DKW  0.00c 0.00d 0.00d 0.00c 60.00cd B 
0.00c 0.00d 0.00d 0.00c 100.00a C 

3.40b 6.67cd 1.40bc 0.40ab 0.00i A 
MS modified 

MM111 

1.75bc 23.33 c 0.72cd 0.00c 6.67 hi B 
6.84a 15.00 c 2.12ab 0.11bc 13.33fghi C 
0.00c 8.33 cd 0.00d 0.00c 26.67defgh A 

WPM 0.00c 0.00d 0.00d 0.00c 40.00cdefg B 
0.00c 0.00d 0.00d 0.00c 100.00a C 
0.00c 0.00d 0.00d 0.00c 46.67cdef A 

DKW  0.00c 0.00d 0.00d 0.00c 20.00efghi B 
0.00c 0.00d 0.00d 0.00c 66.67bc C 

0.07c 6.67cd 0.10 d 0.00c 13.33ghi A 
MS modified 

B9 

0.00c 0.00d 0.00d 0.00c 0.00i B 
0.69c 0.00d 0.34 d 0.00c 33.33cdefgh C 
0.58c 0.00d 0.60 d 0.00c 53.33cde A 

WPM 0.00c 0.00d 0.00d 0.00c 60.00cd B 
6.00a 0.00d 2.50 a 0.00c 93.33ab C 
0.00c 0.00d 0.00d 0.00c 40.00cdefgh A 

DKW  0.00c 0.00d 0.00d 0.00c 53.33cde B 
0.00c 0.00d 0.00d 0.00c 100.00a C 

A ���J �80�& :1/0 �a��  R����
 �70 �a�� �"  I��0� ��� �"3  � �
�M�30 1����\B  ���J �80�& :1/0 �a��  R����
 �70 �a�� �"  I��0� ��� �"5  � �
�M�30 1����\C  P8�5 =80�&�j�K :75/0 �a��  R����
 �70 �a�� �"  I��0�  ��'� �"15  � �'
�M�30   .�'���\ 

���`��� ��K  d�0� �
�
�%(� dQT6
 �X�
� 4���. $�5
 0" 4�T5 0K �� |0T,�� ��
�  R��T�
 SZ5 ��5  .���
�� �a��  
A: mercuric chloride 0.1% for 3 minute and ethanol 70% for 30 second, B: mercuric chloride 0.1% for 5 minute and ethanol 70% for 30 second, C: NaOCl 0.75% for 15 minute and 
ethanol 70% for 30 second. 
Means having the same letters in each column are not significant at 5% level with Duncan’s test. 46
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Table 5. Variance analysis for studied traits in different treatments of hormone and rootstocks of 
apple in shooting stage 

��,��
 6�@���
  
Mean squares  

����9 "D�� 

df 
�����U� k���
  

Source of variation H�� ���,�  
Number of leaves  

4�E�
 �Z�� ����  
Percentage of callus 

induction 

"��< %�B 

�5���) (�5
  
Stem length 

(cm)  

(��'��< ���,�  
Number of 
branches 

31.69ns 567.04**  3.23**  4.26**  2 
�,8�� �8�F 

Rootstock (A)  

1172.04**  184.57ns 1.77**  17.18**  4 
������K ��K����� 

(B) treatments Hormonal 

105.64ns 184.57ns 0.39*  2.59**  8 
�,8�� �8�F × ������K ��K����� 

A×B 

48.01 96.84 0.13 0.62 30 
�,8���. ��Z6 

Error 
ns1 *�** �" �%(�0�2 I��0� 1�
� �%(�  R��T�
 u�Z5 �� �
�5  �1 .�a��  

ns, * and **: non-significant, significant in 0.05 and 0.01 level, respectively. 
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Table 6. Means of studied traits for different rootstocks of apple and hormonal treatments in shooting stage 

 
(��'��< ���,�  
Number of 
branches 

"��< %�B  
Stem length 

(cm) 

 �Z��4�E�
 ����  

Percentage of 
callus induction 

H�� ���,�  
Number of 

leaves  

�,
8��

 �8
�F

  R
o

o
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MM106 2.71a 2.71a 11.11a 13.69a 

MM111 2.05b 2.05b 0.00b 14.32a 

B9 1.81b 1.81b 0.00b 16.47a 

��
��

��
K �

�K�
��

��
 

H
o

rm
o

n
al

 
tr

ea
tm

en
ts

 (4����K 4��") �K�#    
Control 

2.25b 2.25b 0.00b 6.73b 

0.1 mg/l IBA + 1 mg/l BAP 2.82a 2.82a 0.00b 25.03a 

0.1 mg/l IBA + 2 mg/l BAP 2.34b 2.34b 2.77ab 29.40a 

1 mg/l IBA 1.69c 1.69c 12.96a 6.42b 

2 mg/l IBA 1.85c 1.85c 0.00b 6.55b 
���`��� ��K  dQT6
 �X�
� 4���. $�5
 0" 4�T5 0K �� |0T,� d�0� �
�
�%(�� ��
�  R��T�
 SZ5 ��5  .���
�� �a��  

Means having the same letters in each column are not significant at 5% level with Duncan’s test. 
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Table 4. Mean interaction effect of rootstock × hormonal treatments for different traits in shooting stage 

��  �� ��������
  
Hormonal treatments  

�	�!� "��#  
Rootstock  

(��'��< ���,�  
Number of 
branches 

"��< %�B  
Stem length 

(cm)  

4�E�
 �Z�� ����  
Percentage of 

callus induction 

H�� ���,�  
Number of 

leaves 

(4����K 4��") �K�# 
Control 

MM106 

1.00e 2.78abc 0.00b 8.08d 

0.1 mg/l IBA + 1 mg/l BAP 2.17cde 3.02a 0.00b 16.00cd 

0.1 mg/l IBA + 2 mg/l BAP 2.64cd 2.90ab 10.00b 25.56bc 

1 mg/l IBA 1.44de 2.49abcd 33.25a 10.28d 

2 mg/l IBA 1.00e 2.36abcde 0.00b 8.56d 

(4����K 4��") �K�# 
Control 

MM111 

1.00e 2.29bcde 0.00b 7.78d 

0.1 mg/l IBA + 1 mg/l BAP 3.50bc 2.67abc 0.00b 28.33abc 

0.1 mg/l IBA + 2 mg/l BAP 2.72cd 1.88def 0.00b 23.78bc 
1 mg/l IBA 1.00e 1.26fg 0.00b 4.61d 
2 mg/l IBA 1.00e 2.18cde 0.00b 7.11d 

(4����K 4��") �K�# 
Control 

B9 

1.00e 1.70ef 0.00b 4.33d 

0.1 mg/l IBA + 1 mg/l BAP 4.28b 2.78abc 0.00b 30.75ab 

0.1 mg/l IBA + 2 mg/l 1 BAP 6.00a 2.24bcde 0.00b 38.86a 
1 mg/l IBA 1.00e 1.32fg 0.00b 4.39d 
2 mg/l IBA 1.00e 1.02g 0.00b 4.00d 
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Means having the same letters in each column are not significant at 5% level with Duncan’s test. 
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Abstract 

Background and Objectives 
In order to increase yield in apple orchards, multiplication of rootstocks is essential, and it depends 
on the availability of a simple and easy proliferation method of rootstocks. The study investigated 
the effect of disinfection, culture condition and plant growth regulators on the rate of contamination, 
number of lateral branches, stem length, number of leaves, callus creation and the rate of branch 
creation of rootstocks MM106, MM111 and B9.  
Materials and Methods 
A factorial experiment was carried out as a completely randomized design with three replications. 
Surface sterilization of explants with different concentrations of mercuric chloride and sodium 
hypochlorite (mercuric chloride 0.1% for 3 minutes and ethanol 70% for 30 seconds; mercuric 
chloride 0.1% for 5 minutes and ethanol 70% for 30 seconds; NaOCl 0.75% for 15 minutes and 
ethanol 70% for 30 seconds) was done and then explants were cultivated in modified MS, WPM 
and DKW mediums. The evaluated characters were infection percent of explant, number of 
lateral branches, stem length, percentage of callus induction and number of leaves. Data were 
analyzed using SAS software. The analysis of variance on the test data was performed at 5% 
level and comparison to the middle of the Duncan test. 
Results 
Results showed that using a mercuric chloride (0.1%) and ethanol (70%) respectively for 3 
Minutes and 30 Seconds achieved the least contamination. Results showed significant differences 
between plant hormone and rootstocks for traits. In this test, the modified MS medium with 0.1 
mg/L BA hormones with the largest percentage growth had more successful establishment. 
Average comparisons showed that rootstock MM106 in terms of all traits had a significant 
difference with other rootstocks. The highest stem length, number of leaves and callus creation 
were shown in rootstock MM106. In order to investigate the effect of hormone levels on branch 
creation, different levels of BAP (6-Benzylaminopurine) and IBA (Indole-3-butyric acid) were 
used. The best medium was the culture containing 0.1 milligrams per liter IBA plus 2 milligrams 
per liter BAP.  
Discussions 
In general, the present results showed that genotypes respond differently to in vitro conditions. 
The rootstock B9 by the above method showed better response to branch creation trait than other 
genotypes. 
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