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 Pistachio is one of the most important and strategic crops in Iran which is typically cultivated under 

relatively saline soils and hot weather conditions. The present paper represents the results of an 

experiment which mainly focused on evaluating the tolerance of pistachio female and male 

genotypes to salinity stress. This experiment was carried out at the greenhouse of the Pistachio 

Research Center at Kerman, Iran, during 2016. The hybrids obtained from crosses between 17 male 

genotypes with a female genotype ―Fandoghi‖ and also the combinations of 19 female genotypes 

after crossing with a male genotype ―M15‖ were cultured in a completely randomized design with 

three replications under salt stress (4.2 dS m
-1

) without drainage in the greenhouse condition for a 

period of four months. The results show an increasing of the average soil salinity in pots to 32 dS 

m
-1

.
 
The results also indicate that salinity might negatively affect growth parameters of pistachio. 

Therefore, selecting genotypes in this condition might lead to release tolerant genotypes. During 

the research, some yielded hybrids indicated the higher values for morphological parameters, the 

lower and higher concentration of Na
+
 and K

+
 under salinity stress, respectively. Meanwhile, it was 

found that, ‗Khanjari Damghan‘ and ‗Mohseni‘ among female parents, and M10, M15, and M25 

among male parents are possible tolerant genotypes for further assessment in the area and also for 

releasing new rootstocks. The analysis of two clusters, i.e., cluster 1 (‗Khanjari Damghan‘, 

‗Mohseni‘, ‗Lak Sirizi‘, ‗Ebrahimi‘, ‗Sifadini‘, ‗Badami Zarand‘, ‗Sephid Peste Nogh‘, and ‗Post 

Kaghazi‘) and cluster 2 (M10, M15, M24, M25, and M26) for female and male genotypes, 

respectively, exhibits that higher morphological parameters and also higher tolerance to salinity. 

More importantly, the analysis showed that these two categorized sets of genotypes can be proper 

choices for future breeding programs or to use directly in salinity conditions.  

Introduction 

In arid and semi-arid areas, particularly arid zones that 

are irrigated with low-quality water, salinity (soil or 

water salinity) is considered as one of the most 

important environmental constraints for agriculture 

(Alipour, 2018; Vahdati et al., 2013). About 7% of the 

world‘s total land area is affected by salt, which is still 

increasing due to irrigation with saline water or other 

improper management (Motagh et al., 2008). In many 

semi-arid and arid areas of the world, such as Iran, salt 

accumulation in the soil profile due to high 

evapotranspiration is common (Lotfi et al., 2009; 

Pessarakli et al., 1999; Shalhevet 1994). 

Accumulation of sodium in soil (i.e., soil salinity) can 

lead to decrease yields and crop failure. Also, salt 

accumulation in soils may modify the growth of plant 

to different degrees (Akbarimoghaddam et al., 2011). 

However, in the same saline environment, different 

plant species may exhibit different growth responses 

(Flowers, 2004).  
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In saline water management, it is required to introduce 

and identify the promising salt-tolerant lines with 

higher production (Minhas 1996; Rhoades et al., 

1992). This identification can be derived by 

classifications based on the relationship between yield 

reduction and other parameters such as soil salinity, 

water salinity (Ayers et al., 1985; Francois et al., 

1994), alive seedlings, relative transpiration, 

genotypes, and plant water status indicators (Katerji et 

al., 2000). In older classifications of many crops, the 

effects of salinity on the quality of the harvested crop 

have been ignored. For example, a study conducted by 

Akbarimoghaddam et al., (2011) determined the 

impacts of salinity on the yield quality of pistachio 

cultivars. Further studies on different genotypes of 

pistachio (Khoyerdi et al., 2016; Parsa et al., 1975; 

Parsa et al., 1980; Rahneshan et al., 2018a; Sepaskhah 

et al., 1988) and for other different plant species 

(Ahmed et al., 2016; Frota et al., 1978; Khoyerdi et 

al., 2016, and Rahneshan et al., 2018b), cotton (Iqbal 

et al., 2017; Pessarakli et al., 1985), tomato (Kerketta 

et al., 2018; Pessarakli et al., 1988), cereal (Aguilera 

et al., 2017; Atak et al., 2006; Livingston Iii et al., 

2016) and walnut (Yadollahi et al., 2010) 

demonstrated that water uptake in plants is 

significantly reduced under salt or water stress 

conditions and genotypes, in most studies, respond to 

salinity in altered ways. On the other hand, it should 

be noted that it is difficult to compare the reported 

limits of salt stress survival according to the following 

reasons. (a) There is no standard method for 

measuring salt stress, (b) The limitations with the 

environmental condition and the stage of 

development, (c) Irrigation methods may decrease the 

salt stress and therefore raise the limits of survival, (d) 

Length of time exposed to the salt has not been 

standardized, and if not too long, growth may be 

inhibited without cell injury. 

Pistachio (Pistacia vera L.) is one of the most 

important, widely grown commercial nut crops 

(Sharifkhah et al., 2020) which is a high yielding tree 

species, appropriately adapted to extreme arid areas 

and to grow in almost all geographic regions where 

the parental species are. Although several preliminary 

studies on the salt tolerance of pistachio have been 

conducted (i.e., Bagheri et al., 2019; Behboudian et 

al., 1986; Mehdi-Tounsi et al., 2017a; Picchioni et al., 

1990; Picchioni et al., 1991; Rahneshan et al., 2018a, 

and Sepaskhah et al., 1988), introducing and releasing 

new and promising genotypes with high ability of 

salinity tolerance have not been properly examined 

yet. Karim et al., (2005) found that pistachio cultivars 

give different responses to the varying NaCl.  

It is worthy to be noted that, from the viewpoint of 

resistance to salinity and using produced seedlings 

under controlled pollination and tissue culture, the 

comparison of pistachio cultivars, female and male 

genotypes has been recently studied by several 

researchers. While effect of salt stress on seed 

germination has been studied in many species (Lotfi et 

al., 2009), the relative importance of the osmotic or 

toxic effects of NaCl on seed germination in pistachio 

is not evidently determined widely. Hence, the present 

study has been designed to determine the effect of 

NaCl on the seedling growth of pistachio genotypes in 

greenhouse conditions.  

Materials and Methods 

Experimental procedure 

The experiments were carried out at the greenhouse of 

the Pistachio Research Center in Rafsanjan, Kerman 

province, South-East of Iran, during 2016. Seventeen 

male genotypes and nineteen female genotypes, which 

are popular in Iranian pistachio orchards, were studied 

in this experiment. These genotypes are listed in Table 

1. The male genotypes were crossed with a female 

―Fandoghi‖ (17 male genotypes (Table 1) × 

Fandoghi), while the female genotypes were crossed 

with one male M15, who show high salinity tolerance 

(19 female genotypes (Table 1) × M15). The twenty 

obtained hybrid seeds were planted in 7 kg pots with a 

loamy sand soil (ECE = 4 dS m- 1, pH = 7.6). Then, 

nine same seedlings were selected for each one and 

conducted in a completely randomized design (CRD) 

with three replications and three seedlings per 
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replication in greenhouse conditions. Just six weeks 

after planting, the pots were irrigated with NaCl-

salinity condition (ECE = 4.2 dS m
-1

) without drainage 

for four months to find and compare their growth 

parameters in these conditions. The average soil 

salinity in pots at the end of the experiment increased 

to 32 dS m
-1

. 

Table 1. Female and male genotypes used in this study. 

 Female genotypes 
 

 

 Male genotypes 

Sifadini Sephid Peste Noogh 
 

 

M23 M19 

Fandoghi Post Kaghazi  

 

M24 M13 

Badami Zarand Seid Aliaghaee  

 

M25 M14 

Khanjari Damghan Akbari   M26 M15 

Ahmad Aghaee Jandaghi 
  M22 M16 

Mohseni Sirizi   M6 M18 

Sarakhs Harati   M20 
 

Lak Sirizi Gholamrezaei  

 

M8 
 

Khanjari Ravar    M9  

Ebrahimi   

 

M10  

Nish Kalaghi 
  

 

M11  
 

Parameters’ measurement 

Potassium (K
+
), magnesium (Mg

+2
), calcium (Ca

+2
), 

and sodium (Na
+
) in root and shoot, the dry weight of 

root and shoot, the number of live leaves, the height of 

seedlings, and also the live seedlings numbers have 

been collected and stored for further statistical 

analysis. It is noted that, the sodium and potassium 

contents were measured via a flame photometric 

method, while Ca
+2

 and Mg
+2

 measurement were 

performed using a titration method (Johnson et al., 

1959). 

Statistical analysis  

The obtained data were statistically analyzed based on 

one-way ANOVA, and then mean comparisons have 

been made using least significant difference (LSD) at 

5% level. Cluster analysis was also carried out for 

female and male genotypes based on Euclidian 

distance via the Ward method by applying Minitab 18 

statistical software. 

Results  

The results of correlation analysis exhibit that, K
+
 of 

root (0.39), Na
+
 of stem (-0.39), the dry weight of root 

(0.40) and the number of live leaves (0.56) in female 

genotypes, and also Na+ of root (-0.27), dry weight of 

root (0.36), the dry weight of aerial parts (0.46) and 

the size of seedling (-0.27) in male genotypes have 

significant correlations with survived number of the 

seedlings (Table 2). Size of the seedling shows a 

significant correlation with the dry weight of aerial 

parts (0.67) in female genotypes category, and with 

Ca
2+

 of root (-0.58), Na
+
 of root (-0.38) and the dry 

weight of root (-0.29) in male genotypes category. 

Leaf number in both male and female genotypes show 

a significant correlation with most of the measured 

parameters where its correlation with Na
+
, Mg

2+
, and 

Ca
2+ 

is negative. Root and shoot dry weight are 

positive, in most cases, correlated with other 

morphological traits, while they are mostly correlated 

in negative trend with Na
+
, Mg

2+
, and Ca

2+
. Separate 

correlations between Na
+ 

and
 
K

+
 in the root and shoot 

are positive, while the correlation of each of these 

parameters with other parameters is negative. 

Under salinity stress, Ebrahimi and Badami Zarand 

genotypes as female genotypes (Table 3) and M10 and 

M15 as male genotypes (Table 4) show a higher 

number of survived seedlings. It does also show that 

this level of Na
+
 accumulation has a toxic effect on 
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number of the survived seedlings. The highest 

seedlings length (25.83 cm) can be observed in 

‗Khanjari Damghan‘ and the lowest one (10.53 cm) 

has been recorded for ‗Sarakhs‘ for female genotypes, 

while these values for male genotypes, have been 

obtained in M6 (27.33 cm) and M20 (14.67 cm), 

respectively. 

The lowest and highest number of leaves for female 

genotypes have been obtained in ‗Gholamrezae‘ and  

‗Harati‘ (1) and ‗Sephid Peste Nogh‘ (10.33), and for  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

male genotypes, M13, M16 and M22 (0) and M24 and 

M25 (12), respectively (Table 3 and Table 4). The dry 

weight of root was varied between 1.05 gr (‗Nish 

Kalaghi‘) to 3.35 gr (‗Akbary‘) for female genotypes, 

while it was varied between 2.58 (M11) to 4.46 (M25) 

for male genotypes. Meanwhile, the dry weight of 

aerial organs was varied between 0.75 gr (‗Nish 

Kalaghi‘) and 3.53 gr (‗Khanjari Damghan‘) for 

female genotypes and was between 2.2 gr (M11) and 

4.45 gr (M25) for male genotypes.  
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Table 2. Correlation between measured parameters for female genotypes (under the diagonal) and male genotypes (above diagonal). 

 

K
+
 of root 

(%) 

K
+
 of 

stem 

(%) 

Mg
+2

 of 

root 

(%) 

Mg
+2

 of 

stem (%) 

Ca
+2

 of 

root (%) 

Ca
+2

 of stem 

(%) 

Na
+
 of 

root 

(%) 

Na+ of 

stem (%) 

Dry 

weight of 

root (gr) 

Dry weight of 

aerial parts (gr) 

Number 

of alive 

leaf 

Mean length of 

seedling (cm) 

Number of 

survived 

seedling 

K
+
 of root (%) 1 -0.159 -0.013 -0.243 -0.107 -0.072 0.202 -0.224 -0.176 -0.132 0.348 0.212 0.024 

K
+
 of stem (%) -0.122 1 -0.264 0.168 -0.018 -0.095 -0.052 0.247 -0.175 -0.092 0.527 -0.168 0.035 

Mg
+2

 of root (%) -0.242 -0.087 1 0.415 0.025 0.052 0.273 -0.211 -0.27 -0.258 -0.103 -0.009 -0.175 

Mg
+2

 of stem (%) 0.059 -0.39 0.317 1 -0.281 -0.257 0.189 -0.044 -0.313 -0.234 0.025 0.101 -0.232 

Ca
+2

 of root (%) -0.444 -0.165 0.133 0.162 1 0.413 0.09 0 0.36 0.407 -0.274 -0.582 0.154 

Ca
+2

 of stem (%) -0.094 -0.443 -0.038 0.093 0.293 1 0.028 0.231 0.348 0.327 -0.294 -0.232 0.04 

Na
+
 of root (%) 0.555 0.08 0.032 -0.123 -0.363 -0.203 1 -0.277 -0.055 -0.136 0.062 -0.381 -0.264 

Na
+
 of stem (%) 0.051 0.085 0.111 -0.02 -0.026 0.163 0.257 1 0.025 -0.08 -0.133 -0.065 0.143 

Dry weight of root (gr) 0.133 0.063 -0.258 -0.099 -0.253 -0.004 -0.099 -0.147 1 0.928 -0.267 -0.289 0.364 

Dry weight of aerial parts(gr) 0.294 -0.25 -0.111 0.322 -0.119 0.08 0.08 0.057 0.412 1 -0.203 -0.214 0.463 

Number of alive leaf 0.34 0.428 -0.336 -0.161 -0.273 -0.288 -0.068 -0.333 0.348 0.136 1 -0.01 0.017 

Mean Length of seedling (cm) 0.256 0.032 -0.138 0.056 -0.229 -0.236 0.026 -0.133 0.294 0.668 0.17 1 -0.275 

Number of survived seedling 0.392 0.075 0.002 -0.046 -0.197 -0.155 0.204 -0.388 0.398 0.237 0.557 0.148 1 

Correlation higher than 0.35 and between 0.27 to 0.34 are significant at 1% and 5% levels, respectively. 
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Table 3. Comparison mean in female genotypes according to measured characteristics. 

K+ of 

root 

(%) 

K+ of 

stem 

(%) 

Mg+2 

of root 

(%) 

Mg+2 of 

stem (%) 

Ca+2 of 

root 

(%) 

Ca+2 of 

stem (%) 

Na+ of 

root 

(%) 

Na+ of 

stem 

(%) 

Dry weight 

of root (gr) 

Dry weight of 

aerial parts (gr) 

Number of 

leaf 

Height of 

seedling 

(cm) 

Survived 

seedling 

number 

Genotype 

0.57 1.16 1.06 3.58 3.07 1.56 0.79 3.17 4 3.53 5.66 25.83 0.33 Khanjari Damghan 

0.35 1.02 1.48 2.78 3.41 3.69 0.71 2.4 5.68 2.8 2 20.06 0.33 Ahmad Aghaee 

0.59 1.11 1.23 3.08 2.49 1.37 0.79 2.63 6.5 2.09 6.66 17.56 0.66 Mohseni 

0.45 1.26 3.34 2.21 3.45 1.37 0.72 2.63 5.44 2.51 5.33 23.36 0.66 Lak Sirizi 

0.43 1.29 2.17 3.86 3.23 1.75 1.05 1.83 5.76 2.72 5 19.66 1.33 Ebrahimi 

0.34 0.86 5.22 3.8 3.31 1.36 0.62 1.05 3.05 0.75 2.33 14.66 0.33 Nish Kalaghi 

0.57 0.71 5.14 4.51 3.37 3.38 0.73 3.56 3.31 2.72 1.33 14.63 0.33 Akbari 

0.47 1.23 3.56 3.29 3.07 1.62 1.01 2.96 4.05 2.56 4 17.33 0.66 Jandaghi 

0.53 1.49 2.75 2.16 3.83 1.89 1.21 2.49 3.75 2.01 6.66 14.96 1 Sifadini 

0.36 1.18 3.92 3.71 3.77 2.12 0.81 3.5 3.62 2.99 2.66 18 0.66 Fandoghi 

0.52 1.62 3.67 2.78 3.13 1.67 1.1 2.8 4.6 1.8 5.33 17.53 1.33 Badami Zarand 

0.36 1.39 4.4 2.93 3.77 1.84 0.95 3.08 3.49 0.82 2 10.53 0.66 Sarakhs 

0.48 1.23 1.74 1.56 3.47 2.72 1.04 2.8 3.9 0.95 1.33 13.33 0.23 Khanjari Ravar 

0.47 1.58 2.5 1.43 3.09 1.78 0.99 2.21 3.95 2.18 10.33 19.5 0.66 Sephid Peste Nogh 

0.53 1.47 3.93 2.64 3.46 1.65 1.07 2.79 4.35 2.19 3.66 18.73 1 Post Kaghazi 

0.42 1.27 4.69 3.76 3.62 1.56 0.93 1.66 3.94 2.26 2 19 0.33 Seid Ali Aghaee 

0.44 1.49 4.22 2.72 2.49 1.26 1.2 2.13 3.84 2.52 4 20.3 0.66 Sirizi 

0.35 1.29 3.8 3.38 3.11 1.84 1.01 2.75 3.96 2.3 1 18.66 0.33 Harati 

0.42 1.32 4.38 3.2 3.2 1.37 1.34 2.8 3.48 2.79 1 18.33 0.33 Gholamrezae 

0.08 0.04 1.04 0.05 0.89 0.08 0.09 0.86 0.67 0.12 0.97 1.89 0.03 LSD 5% 
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Mineral analysis of root and stem samples from two 

categories of genotypes shows the different 

concentrations of measured elements. Stem 

accumulated higher Na
+
 and K

+
 than roots in both 

male and female genotypes. But the observed amount 

of Ca
2+

 in root is more than stem. Similar trends can 

be noticed in all genotypes. Furthermore, the mean 

comparison shows that all elements contents differed 

for genotypes. The highest portion of Na
+
 uptake by 

root can be observed in ‗Gholamrezae‘ (1.34%), while 

highest sodium accumulation in stem has been 

observed in ‗Fandoghi‘ (3.5%) and ‗Akbari‘ (3.56%). 

On the other hand, the lowest accumulation of Na
+ 

in 

root (0.67%) and shoot (1.05%) of male genotypes 

achieved for ‗Nish Kalaghi‘. Male genotypes show no 

significant difference for root and stem sodium 

contents (Table 4).  

The result of cluster analysis for both male and female 

genotypes has been arranged into three main groups. 

Cluster 1 contains; ‗Khanjari Damghan‘, ‗Mohseni‘, 

‗Lak Sirizi‘, ‗Ebrahimi‘, ‗Sifadini‘, ‗Badani Zarand‘, 

‗Sephid Peste Nogh‘, and ‗Post Kaghazi‘, while 

‗Ahmad Aghaee‘, ‗Nish Kalaghi‘, ‗Akbari‘, ‗Sarakhs‘, 

and ‗Khanjari Ravar‘ are classified as cluster 2, and all 

the rest of the female genotypes are considered in 

cluster 3 (Fig. 1). For male genotypes, in a similar 

manner, we have grouped M6, M8 and M23 as cluster 

1, M10, M15, M24, M25, and M26 as cluster 2, and 

cluster 3 comprises of all other genotypes (Fig. 2). The 

highest morphological parameters, along with higher 

potassium and lower sodium content have been 

estimated for cluster 1 for female genotypes. 

Similarly, cluster 2 of male genotypes exhibits the 

higher proper parameters with low sodium content 

(Table 5). 

Discussion 

Salinity is the main factor limiting plant growth in 

many pistachio orchards of Iran. Salinity tolerance is 

influenced by an interaction of plant, soil, and 

environmental conditions (Sedaghat 2011). It is found 

that different and sometimes uncovered plant‘s factors 

are responsible for salinity tolerance in different roles. 

One of the most essential factors considered in the 

present study is inherited tolerance through genetic 

content and effective genes within a plant. Generally, 

specific genotypes, cultivars or rootstocks may 

tolerate higher levels of salt than others. On the other 

hand, salinity tolerance may alter during different 

plant growth stages. It is also worthy to be noted that 

pistachio rootstocks are more sensitive to high salinity 

during seedling stages (Hasheminasab et al., 2018). 

Therefore, in the current study, pistachio plants with 

the different genetic backgrounds (as parental 

genotypes) crossed with each other, and then the 

obtained hybrids were subjected to soil salinity at the 

early stage of seedlings.  

The results of correlation analysis indicate that the 

sodium content of stem and the number of survived 

seedlings are negatively correlated, and also the 

accumulation of sodium and magnesium ions in root 

and stem cause desiccation of leaves in seedlings and 

reduction of weight in root and stem.  

It is verified that salinity can affect most of 

morphological and growth parameters in the plant as 

the result of nutritional and hormonal changes within 

plant cells. A relevantly high number of survived 

seedlings appear to be an essential trait to achieve 

facing salinity stress. These results clearly exhibit that 

salinity might affect on the growth parameters of 

pistachio in a negative trend, and therefore, selecting 

tolerant genotypes in this condition might lead to the 

release tolerant genotypes. Similar results have been 

obtained by different authors (Khoyerdi et al., 2016; 

Mehdi-Tounsi et al., 2017; Rahneshan et al., 2018c). 
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Table 4. Comparison mean in obtained hybrids from crosses between male genotypes with a female genotype “Fandoghi” according to measured characteristics. 

K+ of root 

(%) 

K+ of stem 

(%) 

Mg+2 of 

root (%) 

Mg+2 of 

stem (%) 

Ca+2 of 

root (%) 

Ca+2 of 

stem (%) 

Na+ of root 

(%) 

Na+ of 

stem (%) 

Dry weight 

of root (gr) 

Dry weight of 

aerial parts (gr) 

Number of 

leaf 

Length of 

seedling 
(cm) 

Survived 

seedling 
number 

Genotype 

0.71 1.33 0.48 1.3 0.9 1.01 1.03 1.06 2.94 2.74 7.99 27.33 0.34 M6 

0.54 1.51 0.47 0.83 1.93 0.7 1.03 1.04 2.74 2.25 6.4 19 0.34 M8 

0.34 1.39 1.16 0.93 2.28 1.88 1.04 1.05 3.03 3.05 1.2 19 0.34 M9 

0.52 1.55 1.61 0.59 1.84 2.04 1.03 1.04 3.64 3.61 6 19.33 1.33 M10 

0.41 1.03 1.81 1.5 2.34 1.72 1.01 1.08 2.58 2.2 2.8 18.67 0.34 M11 

0.43 1.37 1.73 1.09 3.42 2.64 1.05 1.11 2.95 2.88 0 18.33 0.34 M13 

0.56 1.48 1.69 1.4 2.81 1.39 1.08 1.08 2.6 2.3 4.8 15.67 0.34 M14 

0.79 1.26 1.75 1.24 2.12 1.91 1.03 1.08 3.17 3.14 1.2 20 1.33 M15 

0.55 1.37 0.99 1.4 2.3 1.72 1.09 1.03 4.3 3.76 0 15.33 0.34 M16 

0.43 1.42 1.13 1.42 1.52 1.72 1.05 1.1 2.86 2.28 3.19 18.33 0.34 M18 

0.62 1.94 1.16 1.01 3.65 1.3 1.04 1.06 2.95 3.08 6.4 19 0.34 M19 

0.43 1.67 1.03 1.03 3.43 1.31 1.06 1.06 2.99 2.79 2.4 14.67 1 M20 

0.31 1.78 1.39 2.4 2.4 2.37 1.02 1.11 2.92 3.25 0 21.33 0.67 M22 

0.58 1.48 0.47 0.93 1.22 1.88 1.02 1.02 3.59 3.78 1.6 23.6 0.34 M23 

0.56 1.9 0.7 0.65 1.56 1.79 1.02 1.03 3.19 3.02 12 16.33 1 M24 

0.31 1.44 0.38 0.5 3.55 2.85 1.02 1.02 4.46 4.45 12 20 0.67 M25 

0.36 1.97 0.7 1.05 2.19 2.67 1.01 1.02 3.12 2.53 1.2 18.67 0.67 M26 

0.11 0.12 0.88 0.15 0.39 0.15 0.11 0.54 0.77 0.19 1.07 2.19 0.02 LSD 5% 
 

Table 5. Comparison mean of clusters in male and female genotypes. 

K+ of 
root (%) 

K+ of 
stem (%) 

Mg+2 of 
root (%) 

Mg+2 of 
stem (%) 

Ca+2 of 
root (%) 

Ca+2 of 
stem (%) 

Na+ of 
root (%) 

Na+ of 
stem (%) 

Dry weight of 
root (gr) 

Dry weight of aerial 
parts(gr) 

Number 
of leaf 

Length of 
seedling (cm) 

Number of 

survived 

seedling 

Cluster 

            
Female 

0.51125 1.3725 2.58125 2.7175 3.21875 1.63 0.965 2.56875 4.79375 2.37875 6.07875 19.64125 0.87125 1 

0.42 1.042 3.596 3.116 3.466 2.598 0.81 2.578 3.886 1.608 1.798 14.642 0.376 2 

0.41 1.296667 4.095 3.343333 3.21 1.628333 1.05 2.633333 3.815 2.57 2.443333 18.60333 0.495 3 

            
Male 

0.61 1.44 0.473333 1.02 1.35 1.196667 1.026667 1.04 3.09 2.923333 5.33 23.31 0.34 1 

0.508 1.624 1.028 0.806 2.252 2.252 1.022 1.038 3.516 3.35 6.56 18.866 1 2 

0.453333 1.494444 1.343333 1.353333 2.683333 1.783333 1.048889 1.075556 3.02 2.843333 2.31 17.81444 0.45 3 
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Fig. 1. Cluster dendrogram for female genotypes according to all measured parameters. 

 

 

 

M16M20M19M14M22M13M11M18M9M25M15M26M24M10M23M8M6

10.45

6.97

3.48

0.00

D
is
ta
n
c
e

 
Fig. 2. Cluster dendrogram for male genotypes according to all measured parameters. 
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Generally, lower accumulation of sodium in plant 

organs provides higher resistance to saline conditions. 

Based on this fact, ‗Nish Kalaghi‘ is a resistant 

genotype among female genotypes. On the other hand, 

no significant difference for sodium content in male 

genotypes may indicate a proper selection among 

generated genotypes regarding salinity tolerance. 

Pistachio usually does not present early senescence 

resulting from toxic salt effects and showes low 

sensitivity to salinity. Despite, the results reveal that 

the NaCl had a toxic effect on growing (Bybordi 2013; 

Karimi et al., 2018; Moriana et al., 2018). The 

underlying reasons of the sensitivity to salinity are not 

yet fully understood (Mirfattahi et al., 2017). Salts are 

common and necessary components of soil. More 

precisely, many of them (e.g., calcium, nitrates, and 

potassium) are essential plant nutrients (Azarmi et al., 

2016; Ganjehie et al., 2018; Hajlaoui et al., 2010; 

Rahneshan et al., 2018c; Tavallali 2017). Calcium, 

like nitrogen and potassium, is essential for plant 

growth; conversely excess, is also detrimental for 

plant survival. Plants are grouped according to their 

relative salinity tolerance (low, medium or high) 

according to their ECe ranges (Negrin et al., 2017; 

Neocleous et al., 2016; Rebey et al., 2017). But it can 

be mentioned that, only when a relatively high amount 

of sodium is involved, the plant growth is adversely 

affected (Kong et al., 2017; Levitt 1980; Machado et 

al., 2017; Pedersen et al., 2017). 

One of remarkable result of the research shows that, in 

addition to Na
+
 concentration, another factor which 

significantly interferes with sensitivity to saline 

conditions is K
+
 concentration. In female genotypes 

category, ‗Mohseni‘, ‗Akbari‘, ‗Sifadini‘ and ‗Post 

Kaghazi‘ show the highest content of potassium in 

root with no significant difference, while ‗Badani 

Zarand‘ has the lowest in shoot. 

The lowest root‘s and shoot‘s potassium can be 

observed in ‗Nish Kalaghi‘ and ‗Akbari‘, respectively. 

But for male genotypes, M15 and M26 Showed the 

highest, while M25 and M11 Show the lowest 

potassium contents, respectively. It can be seen that, 

genotypes with higher K
+ 

intended to have lower
 
Na

+
 

content. During the research, Ca
+2

 and Mg
+2

 were also 

measured in pistachio genotypes. The lowest Mg
+2

 and 

Ca
+2

 contents were observed in ‗Khanjari Ravar‘ and 

‗Sirizi‘ and also in ‗Sephid Peste Nogh‘ and ‗Sirizi‘ in 

root and shoot sectors, respectively, while the highest 

content of these element were recorded for ‗Nish 

Kalaghi‘ and ‗Sifadini‘ in root, and for ‗Akbrai‘ and 

‗AhmadAghaee‘ in shoot.  

And for male genotypes, the lowest Mg
+2

 and Ca
+2

 

contents in root were recorded for M25 and M6, and 

in shoot were observed in M25 and M8. The highest 

contents of these elements were visited for M11 and 

M19 in root and for M22 and M25 in shoot. Saqib et 

al., (2008) reported that salinity may increase the 

osmotic potential of the soil matrix and reduce plants‘ 

water uptake. Besides, Na
+
 concentrations may 

interfere with K
+
 uptake in soil, while Na

+
 

concentration in leaf can also interfere by leaf Ca
2+

 

and K
+
. Therefore, the accumulation of Na

+
 and the 

reduction of K
+
 and Ca

2+
 uptake and translocation in 

salt-stressed plants may result in severe metabolic 

disorder in plants. 

Cluster analysis indicates that, genotypes in female 

cluster 1 and male cluster 2 can be more proper 

compared to other genotypes. Therefore, applying 

these two clusters for either assessing in breeding 

programs or directly cultivating in fields is suggested. 

Ferguson and Haviland (2016) stated that selecting of 

suitable rootstocks was one of the first and more 

essential strategies to reduce salinity damage in 

pistachio orchards. Hasheminasab et al., (2018) also 

reported that identification of ideal parents and 

crossing between them are fundamental for any 

pistachio breeding programs to produce salt-tolerant 

rootstocks. 

Conclusions 

Examining of the number of survived seedlings, 

sodium contents and other measured parameters along 

with their correlations show that pistachio seedlings 

were affected by NaCl levels. The results of 

correlation analysis indicate that the sodium content of 
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stem and the survived number of seedlings are 

negatively correlated and also the accumulation of 

sodium and magnesium ions in root and stem may 

cause desiccation of leaves in seedlings and reduction 

of weight in root and stem. Also, the sodium 

concentration of the leaves is negatively correlated to 

aerial biomass. The research also shows that growth 

parameters of pistachio might be affected in a negative 

trend and the tolerant genotypes might lead to release 

tolerant genotypes. Some male and female genotypes 

showed higher values for morphological parameters 

under salinity stress, and a relatively lower 

concentration of Na
+
 and higher K

+
. For sole selection, 

‗Khanjari Damghan‘ and ‗Mohseni‘ genotypes in the 

category of female genotypes, and M10, M15 and 

M25 in the category of male genotypes are potential 

tolerant genotype for further assessment in the area 

and for releasing new cultivar. Cluster analysis divides 

genotypes in three clusters for each genders, where for 

female cluster 1 and male cluster 2, the higher 

morphological parameters and tolerance to salinity can 

be seen. Cluster result also indicates that these two set 

of genotypes are potential choices for future breeding 

programs or directly use in saline filed.  
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