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ABSTRACT 
Damages caused by spring frosts are the most critical factor in reducing apricot production. The selection of cultivars 
tolerant to spring frost has been regarded as the most straightforward strategy to reduce late spring frost damages. To select 
frost-tolerant genotypes with suitable fruit quality, 1000 hybrids resulting from hybridization between two genotypes, 
Noori_Dirras×Rajabali, were evaluated for two years, 2020 and 2021, in the Agricultural Research Station of Bastam 
Shahroud. Phenological and pomological traits as well as spring frost tolerance were recorded naturally. Frost tolerance was 
determined by counting the number of healthy and damaged flowers or fruits on three random branches in each tree after the 
onset of frost. The last critical damaging temperatures in the first and second years occurred at -5 and -4 °C, respectively. 
Hybrids No. 7-74 with 60% and No. 12-64 with 41% tolerance of spring frost were identified as the most tolerant hybrids in 
the first and second years, respectively. Evaluation of the fruit of 51 tolerant genotypes in the second year showed that there 
was a great variety in the most traits among the offsprings. Ranges of 45 days to ripening, 37 g fruit weight, 13 ◦Brix total 
soluble solids, and 1.933 kg/cm2 fruit firmness were observed among the hybrids. A comparison of the two-year frost 
tolerance mean of hybrids showed that 10 hybrids, 7-74, 10-65, 11-43, 12-11, 12-31, 12-47, 12-64, 13-29 and 14-16 were 
superior compared to the commercial tolerant genotype (Jahangiri) and could be candidates for propagation and adaptation 
experiments to achieve frost-tolerant cultivar with good fruit quality. 
 
Keywords: Apricot cultivar Rajabali, frost damage, stress tolerance, yield. 
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1  �-./+ .(74-7  �!60 45/�  _��  (5�" 3! =6�' ,�+
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 f� 01.  ����> 4��%! ,��-' 3! 1	2> � �+ 9?18  f�' �� ��-+�
 O�U�! ,����F@ I�g/g2> 4�T���( �� 567���  � 0  �-./+1399.  

Table 1. Flowering date and the level of spring frost tolerance of 18 new apricot hybrids in Agricultural Research 
Station of Bastam Shahroud in 2020. 

No Hybrid No. Flowering date Frost tolerance (%)  No Hybrid No. Flowering date Frost tolerance (%) 
1 2-61 19 March 21  11 12-31 16 March 13 
2 7-74 16 March 60  12 12-47 17 March 36 
3 8-62 16 March 21  13 12-64 15 March 11 
4 9-34 15 March 12  14 13-29 16 March 31 
5 10-44 24 March 21  15 13-30 19 March 42 
6 10-60 19 March 20  16 14-16 19 March 41 
7 10-65 16 March 32  17 15-19 19 March 22 
8 11-43 16 March 33  18 15-56 16 March 10 
9 12-11 19 March 12  19 Jahanghiri 18 March 10 

10 12-21 19 March 11  20 Rajabali 15 March 0 
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 <����-R1399.  
Figure 1. New apricot hybrid (7-74) tolerant to spring 
frost, one week (A) and two weeks (B) after the frost 

of April 2020. 
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Figure 2. Normal fruiting of apricots in hybrid 12-64 

on 15 June 2021. 

  

 �+ 9? ����> A5�> O�� f�' ��6  </! �� 4���51 

 �( �+ 9? A�-
  
 4 +�F� u/>5#s27  �>  �&'(3 



932   ��� !�"�#$%&'(  :(��*	+ �,�+ �-./+  � 0 1	2�� 3! ��-', 4��%! 567��� ) Prunus armeniaca L.  (  

 
 f� 0) �5! �'5# �� <����-R2 ��� i$�G( .(

u/>5#s �+ 9? �5! I��&�� f�' �� �p �� �+� �  3!

�� -c#  ��(5+ � b7 ;�(-
 �( -�F/! I�R$�G( <�(  �7

-nX�� ��  �U/2� I(-n( � �5
 8>(-� 3! C&_ ,�� -!

�� ��/>5#s I(-n( �( -�F/!  f�' 3! f�' I(-//P> . 
�!

u/>5#s � O�:�( �+ 9? ����>  �� 567��� ,�+

V+�ZL ) -T�� ,�+Ruiz & Egea, 2008; Nekounam 

et al., 2018; Fallah-Barzoki et al.,2021 B/# (

.C'( 4 
 ^�(B?  ��^�(B? �+ ����> i$�G( -T�� ,

 �+ 9?5 -4 ) C'( 4 
 ^�(B? ���Balan et al., 

2009; Dejampour, 2013 .(Ganji Moghadam et 

al. )2020 �'�-! �! (C&+  ;�(-
 �� 567��� u/>5#s

 �( (� �+ 9? A�-
 �f�' 3' I � 3! �'(-G �	/9:(

29  u/>5#s ��  �&'(1? ���  �>8  u/>5#s �� <����-R

��- 1?  . #�-@ ^�(B?g2> ��/y  ,-T�� �'�-! �!

35  �,5W� �'(-G �	/9:( ;�(-
 �� 567��� u/>5#s

 �( (� �+ 9? A�-
 ����>18  �>  �&'(3 � <����-R 

 1/90 =:���- 1? ->�<  ^�(B? u/>5#s </gg2� . 


4�-@ ��%�( �� 1/90 =:� 3@  #(  �! ,�� N �>  #(5>

 4��&�'( 1/�#��L �4��%! ,��-' �( �(-R =�/#�*� <�
(�

3��#-! ��  ,�+h��� ?/- 
�! 3�
(� (� , )Ganji 

Moghadam et al., 2021( f5p </�a	+ . 4���

5#s ,(-! �+ 9?u/>  </! 3/#� g� ,�+7  �>12  ���

) C'( 4 
 O$"(Milosevic et al., 2009 <�( 3�.6( .(

 ��5� f�' ��(5+ � b7 ;�(-
 �3gU�� 3! i$�G(

u/>5#s � �'�-! C
(� �T��! -c# ��5� ,�+.  

�(  4 +�F� ,���� �9/G A5�> �? /'� ����> t�26

u/>5#s . 
  � �(�-G -G7 3+� �� M���� ,�+

u/>5#s  39N-� ��(� �(�-� f�( 3+� �� M�-�� ,�+

 # 
 45/� �? /'� �  3��(�45  �? /'� ����> 4���

 f� 0)  
 4 +�F�2 �'�-! �� .(Rahnemoun et al. 

)2015 �� N B/# (45 /�  /'� 3��(� ��� ^�(B? 45

 .C'( 4 
�a	+/<  �'�-! �! � y/g2> �� ��C&+ 

 � ��5! u/>5#s35 h���  �,5W� �'(-G ��  � 0

 -/> O�� 3+� �> CF%.���( O5' 3+� �( �? /'� ����>

)  ��-? ^�(B?Ganji Moghadam et al., 2020, 

20214�(�) 4 #��T# I�/!-D> .(  �( (4 F# -F��� ,�+

�*9@/5 I�g/g2> 4�T���(  ���-+�
 O�U�! ,����F@

 ����> 3@ C'( <�( -T#�/!'�/  160  f�( �( u/>5#s

 �> �(�-G15 �� �(�-�  ����> =+ �+�5F@ -��' �� . 
�!

 </! 567���  /'�24  �> CF%.���(5  �/#��'( �� -/>

)Ruiz & Egea, 2007� (21  �> �(�-G19  �� �5�-%


) ���%6Hegeus et al., 2010 4 
 ^�(B? (.C'(  

d-" � f5p ���) ��l!( -c# �( A5�>(  3��+ � 45/�

�5! 305> 1!�: =+ !3  ,�5p 3@  45/� �� A5�> 3��(�36 

 f� 0) �5! O-?2 M�'(-! .(4�-?  �! ,Piri et al. 

)2017 (14  4�-? �� u/>5#s�/45 �+) h�B! ,47 -37 

 �( -�F/!) h�B! �9/G 4�-? �B0 u/>5#s 3' � (O-?47 

 �(-: (O-?.C
(� u/>5#s 3��+ ��  </! �� =+ �+44/1 

 �>29/3  �� =+ 3��+ � 45/� �� A5�> .C
(� �(-: O-?

u/>5#s � O�:�( �yp���  4 
 ^�(B? I��&�� �[9�\� ,�+

 .C'(  

  

 f� 02.  �� �'�-! ��5� I�&_ �&/_5> ,�+-/P��51 ��-' 3! 1	2�� ,567���  �-./+ ,����F@ I�g/g2> 4�T���( �� 4��%! ,

 f�' �� ��-+�
 O�U�!1400.  

Table 2. Descriptive parameters of the studied attributes in 51 spring frost tolerant apricot hybrids in Agricultural 
Research Station of Bastam Shahroud in 2021. 

Attribute Minimum Maximum Mean Range CV (%) 
Flowering (date) 17 March 23 March 20 March 6.00 2.83 
Ripening (date) 16 June 1 Aug 2 July 45 6.04 
Frost tolerance (%) 5.00 41.00 13.04 36.00 61.14 
Fruit length (cm) 3.66 5.54 4.61 1.88 10.46 
Fruit: ventral width (cm) 2.83 4.18 3.50 1.36 7.21 
Fruit: lateral width (cm) 3.22 4.63 3.95 1.42 7.62 
Fruit weight (g) 20.37 56.56 35.45 36.19 18.87 
Stone weight (g) 1.44 3.29 2.16 1.86 20.48 
Flesh firmness (kg/cm2) 0.267 2.200 0.744 1.933 50.18 
TSS (◦Brix) 12.00 25.00 16.51 13.00 17.44 
Ph 3.89 5.22 4.40 1.33 6.93 
Total acidity 0.23 1.64 0.67 1.41 38.18 
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Table 3. Correlation coefficients between quantitative traits of apricot genotypes in Agricultural Research Station of 

Bastam Shahroud in 2021. 
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Flowering date 1.00            
Ripening date -0.03 ns 1.00           
Frost tolerance (%) 0.17 ns 0.02ns 1.00          
Fruit length -0.09 ns 0.42** 0.14 ns 1.00         
Fruit: ventral width -0.17 ns -0.04 ns -0.03 ns 0.46** 1.00        
Fruit: lateral width -0.16 ns 0.01ns 0.06 ns 0.66** 0.78** 1.00       
Fruit weight -0.08 ns 0.08 ns 0.10 ns 0.76** 0.72** 0.85** 1.00      
Stone weight -0.08 ns -0.35* -0.05 ns 0.32* 0.54** 0.54** 0.60** 1.00     
Flesh firmness -0.12 ns 0.23ns -0.08 ns 0.30 ns 0.08 ns 0.20 ns 0.20 ns -0.04 ns 1.00    
TSS 0.19 ns -0.50** -0.02 ns -0.45** -0.01 ns -0.16 ns -0.11 ns 0.04 ns -0.21 ns 1.00   
pH 0.03 ns -0.21 ns 0.10 ns -0.20 ns 0.09ns -0.03 ns 0.05 ns -0.07 ns -0.33* 0.54** 1.00  
Total acidity -0.03 ns -0.03 ns -0.14 ns -0.02 ns -0.01 ns -0.01 ns -0.12 ns 0.06 ns 0.30* -0.14 ns -0.78** 1.00 

 � ** �*ns : 8/>-> 3!I��&> ��l� ]U' �� �(� f�	�N( 5  �1  � ! �  _��I��&> ��l� .�(�  
*, **, ns: Significantly difference at 5 and 1% of probability levels, and non-significantly difference, respectively. 
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Table 4. Mean comparison of characteristics of 10 new spring frost tolerant apricot hybrids in Agricultural Research 

Station of Bastam Shahroud in 2021. 
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1 7-74 19 March 27 June 41a 4.55 bc 3.42 ab 3.77 c 32.2 de 1.83 cd 0.615 bc 16.0 4.5 0.47 
2 10-65 17 March 29 June 24a 4.35 cd 3.42 ab 3.81 c 34.7 cd 2.18 b 2.775 a 14.0 4.37 0.87 
3 11-43 17 March 29 June 25a 4.68 bc 3.44 ab 3.95 bc 32.6 de 1.77 cd 0.673 bc 14.0 4.43 0.54 
4 12-11 17 March 5 July 15a 4.84 b 3.80 a 4.15 ab 47.2 a 2.84 a 0.625 bc 16.0 4.41 0.64 
5 12-21 19 March 25 June 16a 3.96 e 3.32 b 3.91 bc 31.4 de 1.88 cd 0.930 b 18.0 4.85 0.39 
6 12-31 17 March 23 June 15a 4.47 cd 3.65 ab 3.90 bc 35.0 cd 2.31 b 0.925 b 15.0 4.29 0.52 
7 12-47 17 March 21 July 27a 5.53 a 3.52 ab 4.31 a 42.9 b 2.23 b 1.600 b 16.0 4.21 0.94 
8 12-64 17 March 20 June 26a 4.14 de 2.83 c 3.38 d 25.3 f 1.74 d 0.425 c 19.0 4.52 0.64 
9 13-29 17 March 29 June 23a 4.36 cd 3.30 b 3.81 c 29.7 e 2.05 bc 0.743 bc 15.0 4.29 0.60 

10 14-16 22 March 11 July 37a 4.90 b 3.35 b 3.93 bc 36.3 c 2.31 b 0.580 bc 16.0 4.20 0.58 
</T#�/� 5�' -+ �� :* ��l� I��&> �r-�F� i-N Y� ,(�(� 1:( N �! ,�+  f�	�N( ]U' �� ,�(�5 . #�( #  _��  
) f�' �� </T#�/� :**1399  �1400.(  

* In each column, means with similar letters are not significantly different at 5% probability level. 
**:  Two years (2020 and 2021) mean. 
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Figure 3. Fruit shape of 10 selected new apricot hybrids tolerant to late spring frost. 
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