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Table 1,Response of almond cultivars and genotypes to frost damage in  different temperatures

 0C18 0C14 0C10 0C6 / 

85/5b 51/1d 30/87d 5bc 
0a 93 

98/33a 72/2c 58/3bc 20a 
0a  

100a 94/4a 56/63bc 10b 
0a  

96/6a 68/86c 26/06 0c 
0a  

100a 87/74a 85/53a 20a 
0a  

94/4a 92/2 a 62/2b 20a 
0a 144 

100a 89/96 a 56/63bc 10b 
0a  

100a 75/53c 51/13bc 5bc 
0a 21 

96/66a 85/5a 45/53c 10b 
0a 12 

98/86a 82/77ab 50/73b 15ab 
0a  
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Table 2. Ion leakage of almond cultivars and genotypes to frost damage 

%EC(-180C) %EC(-140C) %EC(-100C) 
%EC(-

60C) %EC() / 

84/17c 44/55c 44/41b 19/61c 16/02c 93 

93/02b 44/49c 45/30b 21/64b 19/28c  

90/99b 63/37b 45/64b 19/11c 23/43b  

98/97a 66/04b 48/35b 37/59a 36/53a  

80/55 79/55a 50/04a 26/70b 35/58a  

84/97b 60/25b 48/28b 26/87b 22/43b 144 

81c 74/68a 36/79 34/99a 28/74b  

89/15b 68/10b 52/39a 24/89b 34/16a 21 

100a 74/46a 44/13b 26/26b 26/79b 12 

93/43b 79/44a 56/03a 34/55a 35/35a  

.
149379

14492.
.

.
..

.
(Rodrigo, 2000).

:
Rodrigo, J., 2000.Spring frost in deciduous fruit trees Morphological damage and flower 
hardiness. Scientia Hort. 85: 155-173. 

Soleimani,A.Lessani,H and Talaie,A. 2003.Relationship between stomatal density and ionic 
leakage as indicators of cold hardiness in olive (Olea europaea L.).Acta Hort.618:521-525 
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Response of almond cultivars and genotypes to frost damage in relative with ion leakage at 
similar phenological stage 

1Khoram, E., 2Imani, A. andV. Rabiei 3E.  
2Horticultural department of Seed and Plant Improvement Institute (SPII), 

 Karaj, Iran 
1, 3 2Horticultural department of faculty agriculture of Zanjan University, Zanjan, Iran 

Abstract 
 

Frost damage to the flower buds is one of the most limiting factors in the most almond cultivation 
regions of the world. This study was undertaken to help understand almond response to frost 
damage at similar phenological stage in relative with ion leakage, in order to develop criteria for 
the selection of cultivars with improved resistance to frost on the basis of laboratory experiments. 
In these study, flower buds of,10 cultivars and genotypes of almond in swell stage  were 
negatively affected by frost four temperature (-6, -10,-14 and- 180C) using complete random 
design with treatments 10 cultivars and 3 replications. Frost damages rate was evaluated 24h after 
frost treatment. Flower buds were regarded as frost damage when they showed brownish. Results 
showed that the severity of frost damage was influenced by variety, frost damage rate was 
significantly affected by ion leakage. It was cleared, cultivars and genotypes of almond that had 
the more resistant to frost damage, and less ion leakage.  


