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 A greenhouse experiment was conducted to evaluate the freezing damage in some pistachio 

rootstocks by ion leakage and pH changes of leaked solution. A factorial experiment was 

carried out in randomized block designs (RBD) with three factors: Temperature (A) including 

4  C, 0  C, -2  C, -4  C, -6  C, Time (B) including 3, 12, 24h , and Rootstock (C) including P. vera 

cv 'Badami Zarand' (V13) and 'Sarakhs' (S5), P. mutica (M1)and P. atlantica (A7). For this, 

one-year-old seedlings were kept at these five temperatures in incubator for 2 hours. Then in 

the first 24 hours in three hour intervals and during four days, EC and pH in leaked solution 

were measured daily. After four days the seedling samples were autoclaved at temperatures 

105°C for 4 minutes to destroy all cell membrane. EC and pH of remaining solution were 

measured again and the percentage of ionic leakage was calculated. The results showed that the 

best time to evaluate the pH and ionic leakage was 24 hours after incubation of samples. Based 

on the results, ionic leakage dramatically increased with decreasing temperatures from 0°C to -

6°C, while pH of leaked solution had no significant difference in 0°C and 4°C temperature 

treatments. When temperature reduced from 0°C to -6°C, like ionic leakage, pH greatly 

reduced. So the pH of the leaked solution could be an appropriate tool to study the freezing 

damage of pistachio rootstocks. Based on the results of pH and ionic leakage, P. mutica and P. 

atlantica were the most frost tolerant and sensitive rootstocks of this experiment, respectively. 

 

Introduction 

Low temperature stress is one of the most 

important problems that restrict agricultural 

productivity of plants (Xin and Browse, 2000). The 

most important problem facing the economic crop 

production in pistachio orchards are spring frost. This 

stage usually occurs in late March to early April and 

causes damages to flower buds of pistachio. During 

spring frost, temperature drops to -6
o
C in some parts 

of the Kerman pistachio growing areas causing heavy 

damage to pistachio production in the region which 

ultimately results in reducing export by 50 to 70%  

 

(Afshari et al., 2008). Frost damage occurs when ice 

forms inside the plant tissue and injures the plant cells 

and may lead to cell death (Chen and Li, 2002). The 

evaluation of frost damage through ionic leakage, first 

time used by Dexter et al., (1932). Cold stress affects 

the structure and permeability of cell membrane and 

increases the leakage of ions from cells. Therefore 

increasing membrane permeability and ionic leakage 

associated with tissue sensitivity to frost (Flinn and 

Ashworth, 1995; Leinonen, 1996; Flint et al., 1967; 

Mikal, 2002). Bartolozzi and Fontanazza (1999)  
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studied 12 cultivars of olives native to various regions 

of Italy with ionic leakage, their results showed that 

ionic leakage clearly showed the difference in tolerant 

and susceptible cultivars. Electrical conductivity (EC) 

determines the amount of water-soluble ionic. 

Therefore, electrical conductivity increases with high 

levels of water-soluble ionic (Murata and Tatsumi, 

1979). So far, this method studied in freezing 

tolerance in plants such as Passiflora species 

(Patterson et al., 1976), avocado leaves (McKellar et 

al., 1992), peach (Ashworth, 1982), plum (Cary, 

1985), clover (Nunes and smith, 2003), olive 

(Soleimani et al., 2003) and pistachio (Afshari et al., 

2010). Results showed that ionic leakage is 

proportional to the severity of injury to the plant cells. 

Mavali (2011) studied on ionic leakage of pistachio 

that they showed tolerance to the spring frost in 2008. 

Results showed that four rootstocks of five selected 

rootstocks as tolerant that exhibited lowest ionic 

leakage. Measurement of ion leakage can help to 

understand how much damage caused to cells and 

their membranes. By measuring the amount of ionic 

leakage of cells, we can determine the different 

varieties of plants in terms of tolerance to freezing 

stress (Mirmohamadi Meibodi and Tarkeshe Esfahani, 

2004). Hokmabadi et al., (2011) studied the tolerance 

of three commercial cultivars of pistachio 

including,'Kalleh Ghoochi', 'Ahmad Aghaei' and 

'Ouhadi' to spring frost damage. Results showed that 

the flowering stage of 'Ahmad Aghaei' had less 

leakage than the other two cultivars. In addition, in 

following fruit set stage,'Kalleh Ghoochi' in 

comparison to 'Ahmad Aghaei' and 'Ouhadi' was more 

sensitive to the spring frost damage. The effect of 

temperature on the rate of ionic leakage showed that 

with decreasing temperature from 0°C to -6°C, ionic 

leakage dramatically increases. The results established 

that pH of leaked solution, same as percentage of ion 

leakage, can be an appropriate indicator for studying 

the frost damage in pistachio. The results of 

interaction effects of temperature and cultivar on the 

rate of pH of leaked solution indicated that cultivar of 

'Ouhadi' in different temperature was more susceptible 

to spring frost damage than the other cultivars and 

with decreasing temperature from 4°C to -6°C, pH 

levels in this cultivar was less than the others. 

Freezing stage is when the intra-cellular water freezes. 

This causes the death of the cells. Damage of cold 

killing temperatures is caused through drying plant 

tissues directly by freezing the cellular.  Ice crystals 

may form inside (intracellular) or outside 

(intercellular) cells. Their sharp edges can puncture 

the cell walls and cause cellular contents to leak away. 

Killing  temperatures  for  leaves  were  determined  

based  on  the  electrolyte  leakage  test  (Sukumaran  

and  Weiser, 1972) and pH (Hokmabadi et al., 2011; 

Yoshida et al., 1999). Choosing the rootstock is one 

of the most important decisions in orchard 

establishment. The aim of this study was to evaluate 

the freezing damage in four pistachio rootstocks by 

ionic leakage and pH changes. 

Materials and Methods 

Rootstock selection is one of the most important 

decisions in orchard management. In Iran  specially in 

Kerman province , pistachio growing areas, pistachio 

cultivars are grown on pistachio seedling rootstocks of 

different cultivars such as 'Badami Zarand' and 

'Ghazvini'. Native P. vera forests are located in north 

eastern part of Iran particularly in Sarakhs region. 

This native P. vera is the origin of cultivated pistachio 

trees in Iran. Wild pistachio species, P. atlantica , P. 

Khinjuk Stock and P. mutica F and M 'Beneh', are 

grown in Iran. P. mutica is a wild species indigenous 

to Iran, growing with almond, oak and other forest 

trees common to most Alpine regions. P. atlantica is a 

species of pistachio tree that adapted to drought and 

the Mediterranean climate. Literatures showed that 

pistachio rootstocks differ in their ability (Tavallali 

and Rahemi, 2007). This experiment was carried out 

to evaluate the tolerance of four pistachio seedling 

rootstocks- including P. vera cv. 'Badami Zarand' 

(V13) and 'Sarakhs' (S5) as domesticated species and 

P.mutica (M1) and P. atlantica (A7)  as wild species- 

https://en.wikipedia.org/wiki/Pistacia
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to the freezing damage by ionic leakage and pH 

changes of leaked solution. A greenhouse experiment 

conducted as factorial with three factors: A 

(temperature), B (time) and C (seedling rootstock) and 

three replications. For evaluation of physiological 

characteristics, one year old seedlings of rootstocks 

were used. Three seedlings from each rootstock were 

kept in five different temperatures (4°C, 0°C, -2°C, -

4°C, and -6°C) for 2 hours in refrigerated incubator. 

After incubation(applying of cold treatments), 2g 

samples of old leaves were removed from the 

seedlings immediately and added to 30 ml deionized 

water and shaken on the shaker. EC and pH in leaked 

solution were measured in 3, 12 and 24 h daily and for 

four days. In fourth day, the leaf samples were 

autoclaved at temperatures 105°C for 4 minutes in 

order to destroy all cell membrane. EC and pH values 

in remaining solution were measured again and the 

percentage of ionic leakage calculated based on the 

following formula: 

Percentage of ionic leakage= 100
2

1 
Ec

Ec
 

In the formula, EC1 and EC2 are electrolytic 

conductivity before and after autoclaving, 

respectively. It is assumed that the conductivity after 

autoclaving represents complete (100%) ionic leakage 

(Arrora et al., 1992). 

The aim of this research was evaluate the seedling 

behavior in freezing damage among native Iranian 

pistachio species can be used as rootstock.  

Statistical analysis 

Data were analyzed using MSTAT-C software. 

Mean comparisons were grouped by Duncan’s 

multiple range tests at the probability level of 5 

percent. 

Results 

The results of analysis of variance indicated that 

the interaction effect of temperature, time and 

rootstock was statistically significant on ionic leakage 

and pH in leaked solution (Table1). 

Table 1. Analysis of Variance (ANOVA) of the effect of frost temperature on pH and ionic leakage in four pistachio seedling rootstocks 

Source of variation df 
Mean Square 

Ionic leakage pH 

Factor A (Temperature) 4 3503.513** 5.691** 

Factor B (Time) 2 21126.734** 3.364** 

Factor C (Rootstock) 3 6336.082** 3.172** 

A * B 8 1143.629** 1.298** 

A * C 12 1476.291** 1.297** 

B * C 6 200.159** 0.579* 

A * B * C 24 356.499
 ns

 0.156
ns

 

Error 120 129.719 0.219 

CV% 180 22.19 15.12 

                                                            Significant F-test at **P < 0.01, at *P <0.05 and non-significant (NS) 

 

The interaction effect of temperature and seedling 

rootstocks on pH in leaked solution 

The comparison of means showed that pH of the 

leaked solution under frost temperature in P. mutica 

and P. vera cv. 'Sarakhs' were significantly higher  

 

 

 

 

than the other seedling rootstocks. The lowest pH 

after frost damage was observed in P. atlantica (Fig. 

1). These results indicated that P. mutica and P. vera 

cv.'Sarakhs' were the most tolerant rootstocks whereas 

P. atlantica was sensitive. 
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Fig. 1. Interaction effect of temperature and seedling rootstock on pH in leaked solution  

(Means followed by the same letter are not significantly different at 5% probability using Duncan's test). 
 

 

The interaction effect of temperature and time on 

pH of leaked solution 

The effect of temperature and time on pH of 

leaked solution indicated that the leaking solution pH  

 

 

 

until the temperature of 0°C was not significant 

compared to control (4°C). By reducing the 

temperature of 0  C to -6°C, pH of leaked solution was 

significantly reduced (Fig. 2). 

 
 

Fig. 2.Interaction effect of temperature and time on pH of leaked solution 

(Means followed by same letter are not significantly different at 5% probability using Duncan's test) 

 

The effect of frost damage on ionic leakage  

The comparison of means by the Duncan's method 

showed that best time to evaluate the solution of ionic 

leakage was 24 hours after samples were incubated. 

Ionic leakage fixed at 24 hours after the treatments 

and then increased exponentially. Increased ionic 

leakage after 24 hours of frost treatments could occur 

due to cell death. The maximum time for measuring of 

ionic leakage was between 20 to 24 hours after  

 

 

samples were incubated. Similar observations were 

also reported by Emmert and Howlett (1953); Flinn 

and Ashworth (1995); Flint et al., (1967); Burke et al., 

(1976) and Leinonen (1996). The results revealed that 

the P. mutica seedling rootstock had less leakage than 

the others. In contrast, P. atlantica was the most 

sensitive and had the highest ionic leakage than the 

others. 
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The interaction effect of temperature and seedling 

rootstocks on ionic leakage  

Results showed that the highest percentage of 

ionic leakage was in P. atlantica than other seedling  

 

rootstocks. The lowest rate of ionic leakage related to 

P. mutica and P. vera cv.'Sarakhs' (Fig. 3). 

 

Fig. 3. Interaction effect of temperature and seedling rootstock on ionic leakage  
(Means followed by same letter are not significantly different at 5% probability using Duncan's test) 

 

 

The effect of different temperatures and time on 

ionic leakage  

The results regarding the effects of different 

temperatures on the percentage of ionic leakage  

 

 

showed that ionic leakage at 4°C was lower than the 

other treatments. By reducing the temperature of 0˚C 

to -6˚C, the amount of ionic leakage increased and -

6˚C reached its highest level (Fig. 4). 

 

Fig. 4. Interaction effect of temperature and time on ionic leakage  

 (Means followed by same letter are not significantly different at 5% probability using Duncan's test) 

 
 

Discussion 

The results indicated that pH of leaked solution 

was gradually reduced during 3 to 24 hours after 

treatments. It remained constant between 21 to 24 

hours after treatments and was severely reduced after 

24 hours. Hokmabadi et al., (2011) established that 

after 24 hours of cold treatments due to cell damage  

 

and cell contents leak into the space, cellular pH 

levels decreased. After 24 hours of frost stress, acidity 

was decreased due to cellular damage and cell 

contents were leaked into the space between them. 

Therefore, the best time to evaluate pH is 24 hours 

after the temperature treatments. The result of this 
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research showed that when temperature decreased 

from 0°C to -6°C, ionic leakage increased and pH of 

the solution reduced. The results of the effect of 

temperature and pH of the solution at different 

temperatures showed that P. atlantica is more 

sensitive than the other seedling rootstocks to frost 

stress. The measured values of pH in P. atlantica were 

lower than other seedling rootstocks with reducing the 

temperature from 4°C to 6°C. The results also showed 

that the P. mutica is more tolerant to-4 °C 

temperatures than the other seedling rootstocks. P. 

vera cv.'Sarakhs' was tolerant at higher temperatures 

after P .mutica. In general, based on the results of 

ionic leakage and pH changes, tolerant seedling 

rootstocks were P .mutica> P. vera cv.'Sarakhs'> P. 

vera cv.'BadamiZarand'>P .atlantica, respectively. 

Similar results were obtained by Hokmabadi et al. 

(2011). Hokmabadi et al. (2011) studied the tolerance 

of three commercial cultivars of pistachio including, 

'Kalleh Goochi', 'AhmadAghaei' and 'Ouhadi' to 

spring frost damage. The results indicated that the pH 

and ionic leakage were useful tools to study the 

pistachio rootstock in frost stress. 

Conclusions 

Pistachio is one of the products that is sensitive to 

spring frost. Temperature fluctuations has become this 

a major challenge, especially in Kerman province. 

Therefore, considering the importance of pistachio 

products in our country in terms of economics and 

valuation, the necessity of evaluation of rootstocks to 

reduce the damage caused by spring cold is necessary. 

The existence of unique pistachio species in Iran and 

variety in the genus could help us to select of suitable 

species for cultivation, under various environmental 

stresses including spring frostbite.  

The present results identified that pH of leaked 

solution same as percentage of ion leakage can be 

regarded as an appropriate tool for studying the 

freezing and frost damage in pistachio. The results 

revealed that the P. mutica had less ionic leakage than 

the other seedling rootstocks. The results interaction 

effects of temperature and rootstock on the rate of pH 

of leaked solution indicated that P. atlantica was more 

susceptible to frost damage in different temperature 

than the other seedling rootstocks and with decreasing 

temperature from 4°C to -6°C pH levels in this 

seedling rootstock was less than the others. Generally, 

the results of percentage of ion leakage and the 

solution pH showed that P. mutica is the most 

resistant and P. atlantica is the most susceptible 

rootstock. Results also showed that ionic leakage and 

pH showed the difference in tolerant and susceptible 

cultivars. 
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