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ABSTRACT 

Percentage freeze damaged flower buds was estimated for four cultivars of pistachio (Pistacia vera L.) ‛Kalle-Ghuchi’, ‛Owhadi’, 
‛Ahmad-Aghaei’ and ‛Akbari’ were determined. Samples were collected from bud swell stage to post bloom stage in 2008 and 
2009. Four pistachio cultivars showed similar distribution of mortality during blossom bud development from bud swell to post 
bloom. During  this period, the critical temperature for survival among the 4 cultivars in bud swell, green tip, tight cluster, full 
bloom and post bloom stage was -15°C, -12°C, -8°C, -4°C and -4°C respectively. Therefore, hardiness decreased as the stage of 
phenophase bud development increased. The tested pistachio cultivars exhibited less damage level in ‛Off’ trees from ‛On’ trees. 
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INTRODUCTION 
 
Low temperature is considered the most important factor determining the distribution of plant species on 
earth and can limit both the yield and the distribution of horticultural crops (Kalbrer et al. 2006), since many 
of them are either exotics or have arisen as a result of crosses of species or cultivars which are not indigenous 
to the region where they are cultivated (Nybom 1992). Horticulturists are constantly confronted with the 
problem of cold tolerance in relation to production of high quality fruit (Nybom 1992, Thomashow 1999). 
Yields may be changed faster by weather fluctuations than by any other factors. Spring frost hardiness in 
deciduous fruit trees is influenced primarily by genotype (Westwood 1993). Critical temperatures causing 
damage to reproductive organs are different among species and among cultivars. However, it is not easy to 
separate the effects of genotype from the effects of other factors. As a consequence it has been observed that 
critical temperatures not only vary with the phonological stage of flower buds but also can vary among 
species, cultivars, orchards and even within the trees (Westwood 1993). Although the variability of data 
shows that critical temperatures for species or cultivars are not biological constants, the results obtained can 
have an orientative value, and be useful to set the values to activate frost protection systems (Thomashow 
1999 Westwood 1993, Xin 2000). In recent years freeze injury to pistachio flower buds has severely 
decreased yield in many commercial orchard in Iran. However, susceptibility to freeze damage appears to 
vary considerably between cultivars and should therefore be amenable to breeding efforts. Pistachio trees 
grow naturally where the summers and long, hot, and dry and the winters moderately cold (Crane and Iwakiri 
1981).  

The winter cold can limit their growth as can late spring frosts at time of blossoming, and lack of 
sufficient heat units at time of ripening in early fall limits good nut production (Rodrigo 2000).  Pistachio 
trees in Iran, survive without injury at -7°C to -9°C in dormant season. In April 2006, pistachio trees were 
subjected to -2°C to -4°C that the most serious damages of buds were found in pistachio trees of ‛Kalle-
Ghuchi’ grown in the Kerman, Iran.. However, pistachio blossom injured for cold and loss of crop. 
This study was designed to determine critical temperature for frost injury of the pistachio cultivars flower 
buds during spring deacclimation.   
 
MATERIALS AND METHODS 
 
The experiment was conducted with four commercial pistachio cultivars: ‛Kalle-Ghuchi’ (early-
bloom),‛Owhadi’(middle-bloom),‛Ahmad-Aghaei’(middle bloom) and ‛Akbari’ (late-bloom) a Pistachio 
Research Station, Iran, during 2008-2010 after dormant season. This station is located in the northeast of 
Kerman, Iran. The trees were 30 years old at the beginning of the study, and all trees received similar cultural 
practices such as irrigation and fertilization. The hardiness of pistachio cultivars was evaluated by subjecting 
excised 1-year old twigs to a controlled freezing stress, the samples were collected from March 2008 to April 
2009 and from March 2009 to April 2010, with three week intervals, during dormant season. The single bud 
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cuttings were placed in plastic bags and were weted. Then, single bud cutting sections were placed in ethylene-
glycol (E-G) bath (Neslab, Model LT-50DD) at 1оC for 24h. Samples were placed in incubator and subjected to 
sequential freezing temperature, +5 (control), -4, -5, -10, and -15оC for bud swell stage, +5 (control), -2, -4, -8, 
and -12оC for tip green stage, +5 (control), -1, -2, -4, and -8оC for tight cluster stage and +5 (control), +1, 0, -1, 
-2 and -4оC for full bloom and post bloom stage. Sample temperatures were monitored using copper-
constantant thermocouples inserted into the foil pouch and samples cooled at the rate of 5-7оC/h. The cuttings 
held for 24h at each temperature before being removed for evaluation. Individual buds were sectioned through 
the tip with razor blade and examined under a binocular microscope, checking for necrosis. The buds that 
appeared bright and green was considered alive and that appearing brown discoloration and straw coloured was 
considered dead (Rekika 2004, Stergio and Howell 1977). 
 
Statistical Analysis 
The experimental design was a randomized complete with three replications. Analysis of variance using SPSS 
8.0 windows was done for each year during the test. The data were statistically analysed and the means were 
compared by Dancans’s Multiple Rang Test (DMRT). Differences between means at 5% (p<0.05) level were 
considered as significant. 
 
RESULTS 
 
The flower buds of all pistachio cultivars lost the capacity to frost injury as the buds advanced from bud 
swell to post bloom. There was no significant difference in the amount of injury to flower buds from the 4 
pistachio cultivars in all temperature treatments. Date of developmental stage of flower bud in all pistachio 
showed T10, T50 and T90, -5°C, -10°C and -15°C respectively (Table 1). The results showed, in stage green 
tip, highest and lowest percentage of injury observed at -12°C and -4°C respectively (Table 2). During 
experiment, the flower buds in tight cluster stage were sensitive to frost, because, more than 90% buds were 
damaged at -8°C (Table 3). The full bloom stage and post bloom stage, flower buds injured at -4°C (Table 4, 
5). However, between these four pistachio cultivars, ‛Kalle-Ghuchi’ was sensitive, ‛Owhadi’, ‛Ahmad-
Aghaei’ were semi-sensitive and ‛Akbari’ was hardy, but this results were not significant in 5% Duncan's. 
The tested pistachio cultivars exhibited less damage level in ‛Off’ trees from ‛On’ trees. 
 
Table 1. Percent dead flower buds of pistachio cultivars in bud swell stage.  
Year T(°C) 

Cultivar 
-15 -10 -5 -4 +5 

 Kalle-Ghuchi 96.67a* 49.33c 14f 1.66h 0 
2009(ON) Owhadi 92.51ab 43.25d 8.33g 0 0 

0  Ahmad-Aghaei 90b 39.65de 9.32fg 0 
 Akbari 89.30b 37.60e 9fg 0 0 
 Kalle-Ghuchi 96a 50b 12.61d 0.33e 0 
2010(OFF) Owhadi 91.17a 45b 14d 0 0 
 Ahmad-Aghaei 91a 47b 11d 0 0 
 Akbari 89a 32c 8.33de 0 0 

*Column means followed by the same letter are not significantly different (P=0.05) 

 
Table 2. Percent dead flower buds of pistachio cultivars in green tip stage.  
Year T(°C) 

Cultivar 
-12 -8 -4 -2 +5 

 Kalle-Ghuchi 94.77a* 52d 15.69g 1.29j 0 
2009(ON) Owhadi 91b 40e 10.22h 0 0 
 Ahmad-Aghaei 90.12b 41.53e 7.5hi 0 0 
 Akbari 85c 36f 6i 0 0 
 Kalle-Ghuchi 94a 48.69c 15f 0 0 
2010(OFF) Owhadi 88.78b 38.50de 8gh 0 0 
 Ahmad-Aghaei 91ab 41d 10g 0 0 
 Akbari 86b 34e 4hi 0 0 

*Column means followed by the same letter are not significantly different (P=0.05) 
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Table 3. Percent dead flower buds of pistachio cultivars in tight cluster stage.  
Year T(°C) 

Cultivar 
-8 -4 -2 -1 +5 

 Kalle-Ghuchi 95.31a* 50.67c 16.49e 2.55g 0 
2009(ON) Owhadi 92.27ab 43.21d 12.32f 0.35g 0 
 Ahmad-Aghaei 91.90b 48c 11.70f 0 0 
 Akbari 88b 41.51d 3g 0 0 
 Kalle-Ghuchi 94a 48.69c 15f 0 0 
2010(OFF) Owhadi 88.8b 38.50de 8gh 0 0 
 Ahmad-Aghaei 90ab 41d 10g 0 0 
 Akbari 86b 34e 4hi 0 0 

*Column means followed by the same letter are not significantly different (P=0.05) 

 
Table 4. Percent dead flower buds of pistachio cultivars in full bloom stage. 
Year T(°C) 

Cultivar 
-4 -2 -1 0 +1 +5 

 Kalle-Ghuchi 95.28a* 58c 14f 1g 0.33g 0 
2009(ON) Owhadi 92ab 51.30d 11.65f 0.71g 0.65g 0 
 Ahmad-Aghaei 94a 51.62d 12f 0.83g 0.67g 0 
 Akbari 90a 43.29e 2.31g 0.21g 0 0 
 Kalle-Ghuchi 93a 53.70c 12.67f 2.3hi 2hi 0 
2010(OFF) Owhadi 88.90 47.30d 9g 1hi 0 0 
 Ahmad-Aghaei 92.28a 49d 10g 0 0 0 
 Akbari 88.26b 43.77e 4h 0 0 0 
 *Column means followed by the same letter are not significantly different (P=0.05) 

 
Table 5. Percent dead flower buds of pistachio cultivars in post bloom stage. 
Year T(°C) 

Cultivar 
-4 -2 -1 0 +1 +5 

 Kalle-Ghuchi 95.68a* 54.30d 15.67g 2j 0.35j 0 
2009(ON) Owhadi 91b 50e 11hi 1j 0 0 
 Ahmad-Aghaei 93a 48e 12h 0.83j 0 0 
 Akbari 89c 37.39f 8i 0.2j 0 0 
 Kalle-Ghuchi 96a 55c 18f 1h 0 0 
2010(OFF) Owhadi 92.20ab 50.30d 12g 0 0 0 
 Ahmad-Aghaei 91.38b 48.70d 13g 1h 0 0 
 Akbari 85c 45e 9.66g 0 0 0 
 *Column means followed by the same letter are not significantly different (P=0.05) 

 
DISCUSSION 
 
The results indicated that Kalleh-Ghuchi is a early blooming pistachio cultivars (with 750-800h chilling 
requirement) and it is prone to suffereing spring frost in the regions where frost occure frequently (Rahemi 
and Pakkish 2009). Therefore, the present study indicated that flower buds of all pistachio cultivars, during 
growth and development and after dormant season, if subjected to freezing and low temperature, will injury, 
and hardiness decreased as the stage of phenophase bud development increased and this finding was in 
agreement with the previous reports (Ashworth, 1990, Byers et al. 1994, Callan 1990, Rodrigo 2000, 
Westwood 1993). Survival of plants at freezing temperatures is dependent on their ability to cold acclimate in 
response to environmental stimuli such as low temperature (Anderson and Selcley 1993, Rodrigo 2000). 
Plant species in cold climates have evolved adaptations such as dormancy, rapid acclimation, and 
maintainence of high cold hardiness throughout winter singly or in combination. Although researchers have 
intensively studied various aspects of acclimation, the processes of cold deacclimation and reacclimation 
remain less understood. However, deacclimation occurs more rapidly (days to weeks) than acclimation 
(weeks to months) in both natural and controlled environmental (Ashworth, 1990, Callan 1990, Westwood 
1993). 

Frost damage is highly dependent on the stage of development of the flower buds (Simons and Doll, 
1976; Westwood, 1993). From dormancy to fruit set, the flower bud undergoes a number of developmental 
stages that are associated with a progressive increasing vulnerability of the pistil to low temperatures 
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(Khanizadeh 1989, Lu and Rieger, 1993, Niobium, 1992). Thus, the early developing fruit is the most 
vulnerable stage.  Anderws et al (1983) suggest four periods during spring deacclimation of Prunus flower 
buds: the dormant period with deep supercooling of the flower buds, a transition period when buds begin to 
swell and approach budbreak in which deep supercooling is progressively lost, a third frost tolerant period 
before petal tip emergence and a final frost sensitive period following petal tip emergence, in which flowers 
and early fruits are very sensitive to frosts. 
Temperature fluctuation before and during bloom can also influence flower tolerance to low temperatures 
since warm conditions may increase flower vulnerability and cool temperatures may decrease it (Howe et al. 
2003, Warren 1998). Likewise, temperature affects frost survival indirectly by delaying or advancing bloom 
(Kalberer et al. 2006), but it remains unclear whether intrinsic changes in flower freezing tolerance are 
produced. Yet did not increase the internal damage as the buds were still protected by bud scales in their 
early stage of development.The freezing temperatures were sufficiently low to cause uniform damage from 
all exposures (Arora et al. 2004, Webster et al. 2005). The phonological stage of flower buds did have an 
effect on the amount of damage. The stages observed , in order of development, were bud swell, green tip, 
tight cluster, full bloom and post bloom. These stages or phenophases are similar to those observed in apples 
(Byers et al. 1994, Fuller and Wishiewski 1998).  

The amount of damage could have been increased by the moist condition of the bud. It has been 
suggested that additional free water can raise the critical temperature required for frost damage by increasing 
ice crystallization and propagation in tender growing tissues (Arora et al. 2004, Westwood 1993).  
This study showed variability in frost resistance and phenophase development, both among genotypes and 
environmental effects (Anderson and Selcley 1993, Niobium 1992, Rodrigo 2000).  

These 3 parameters  associated with spring freeze injury avoidance (high flower bud set, long bloom 
period, and late bloom) can be selected in all years because they are not dependent on environmentally 
imposed selection pressure (i. e., freeze during bloom) (Callan 1990, Byers et al. 1994, Fuller and 
Wishiewski 1998). A potentially very important factor about which we have very little information is the 
difference in resistance between location, other than differences related to stage of development. A laboratory 
test may predict accurately the results for the orchard from which the sample was collected, but fail to 
represent the general situation because of differences in resistance related to unknown cultural factors.  
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