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Evaluation of Salt Tolerance of Pistachio Cultivars at Seedling Stage
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Abstract:  The  degree of salt tolerance of pistachio (Pistachio vera L.) cultivars grown in northern parts of
Yazd province, Iran is not adequately known. In order to evaluate the effect of salinity on the growth and
chemical composition of different pistachio cultivars, a glasshouse experiment was conducted on five cultivars
of  pistachio  namely:  Hajabdolahi, Hajagha-Ali, Jalilaghaii, Parandi and Lorgi. The experimental design was
split plot with three replications in the form of complete randomize block. Treatments included five pistachio
cultivars and four levels of salinity (2 NaCl:1 CaCl  ) (0.5, 5, 10, 15 dS/m). Based on the results, increasing2

salinity  level  resulted  in  decreasing shoot fresh and dry weight, shoot length, K concentration, K/Na ratio
and  increasing Na concentration. Salinity also increased the amount of Na concentration in roots and
decreased  K concentration.  Results  also  showed  that there was a significant difference among cultivars
when they were compared to each other for shoot fresh and dry weight, root dry weight, K/Na ratio, Na and K
concentration. Hajadbolahi and Parandi cultivars showed the highest amount of shoot fresh and dry weight,
while Lorgi cultivar showed the least. Based of the results of this study, Hajadbolahi and Parandi cultivars are
considered as salt tolerant cultivars.
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INTRODUCTION agricultural commodity of Iran. The area of pistachio

Iran, the second largest country in the Middle East, belonging to Kerman province. Among other pistachio
has an area of 165 million ha. Approximately, 90% of the producing provinces (including Yazd, Khorasan, Fars,
country is classified as arid and semi-arid region, most of Semnan, Qazvin, Markazi, Isfahan, Qom and Sistan and
which is faced with low rainfall, high evapotranspiration, Bluchestan) Yazd ranks the most important producer [2].
salinization, shortage of fresh water, erosion, excessive According to Sepaskhah and Maftoun [3] and Heibani [4],
heat and desertification. Fresh water resources are Iran has about 13 million pistachio trees. As yet, more
declining in the central plateau of the country as a result than 60 varieties of pistachio have been identified in Iran.
of overusing underground water and severe drought in However, their yield is falling below economical level due
recent years [1]. to deterioration of water resources and ill-managed

Land salinization is a major limiting factor for irrigation. Out of 60 known varieties in Iran, only three
conventional crop production in the country. Continuous varieties have been evaluated for salt tolerance in the
cropping together with an excessive use of chemical seedling stage. Pistachios may be classified as moderately
fertilizers  and  ill-managed  irrigation  has turned sensitive to salinity crops and could be grown as an
hundreds of cultivated fertile fields into saline ones. alternative crop, however, the degree of their salt-
These limitations  have great impacts on the welfare of tolerance of different varieties is not precisely known.
the farmers whose income is solely dependent to Although several workers, Sepaskhah and Maftoun [3],
agriculture. In recent years, increased attention has been Sepaskhah and Maftoun [5] and Parsa and Karimian [6]
paid to the use of saline soils and waters for crop have recently investigated the effect of salt stress on
production. Cultivation of salt tolerant crops has been growth and chemical composition of pistachios,
seen as an interesting option for utilizing saline soil and information on relative salt tolerance of local pistachio
conserving fresh water. The main crop grown in these cultivars is still scarce. Screening for tolerance to salinity
areas is pistachios. Indeed, pistachio is the main exported is  vitally important to exploit new salt tolerant rootstocks.

orchards of Iran is more than 360000 ha of which 77% is
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Table 1: Analysis of soil used in the experiment

K Na Mg Ca SO Cl HCO+ + ++ ++ -- - -
4 3

Texture Ec  (dS/m) pH Organic matter (%) Total N (%) -------------------------------------(meq./l)------------------------------------e

Sandy loam 5.57 8 0.09 1.01 - 27.5 20 30 41.9 33 2.6

The propose of present study was therefore: 1) to growth  and  chemical composition were measured for
evaluate relative salt tolerance of five local pistachio both roots and shoots, separately. Electrical conductivity
cultivars and 2) to characterize mechanisms of salt of the saturation extract for the soil samples, were also
tolerance in pistachio crops. determined (data not shown). For chemical analysis dried

MATERIALS AND METHODS and their Na and K contents determined by flame

This experiment was conducted under greenhouse in 10 Mm of HCl (2 M). The solution was boiled up to
conditions at National Salinity Research Center in Yazd, 80°C and then passed through filter papers. After diluting
Iran.  Seeds  of  five  local  cultivars of pistachio with distilled water, Na and K contents of the sample was
(Pistachio vera L.) namely: Hajabdolahi, Hajagha-Ali, measured by flame photometer (PFP7, Germany).
Jalilaghaii, Parandi and Lorgi, which have been widely At the end of experiment all data analyzed by SAS
cultivated in pistachio orchards located in the northern software and the effect of salinity on growth parameters
parts of Yazd province, were soaked in distilled water for and chemical composition were studied. Duncan's
24h and pretreated with 0.01% Captan solution, then Multiple Range Test was considered for making a
placed in a germinator at 30°C under dark condition to comparison of studied cultivars to each other.
germinate. Then ten germinated seeds were planted in
plastic  pots filled with sandy-loam soil at a depth of RESULTS
about 2 cm. Some details on the physicochemical
characteristics of this soil are given in Table 1. Soil In order to evaluate the effect of salt stress on
surface was then covered with a thin layer of fine sand. seedlings  growth and their chemical composition,
During  the preparation phase, a drip irrigation system analysis  of  variance was performed for the main effects
was set up to irrigate all pots uniformly with tap water. of  salinity,  cultivars  and their interactions as indicated
After about two weeks when the emergence period was in Table 2. Results showed that both salinity stress and
completed, seedlings were gradually thinned to four cultivars affected plant growth components significantly.
uniformed ones in each pot. Throughout the experiment, Increasing salinity level decreased shoot length and its
average  day and night temperatures of approximately fresh and dry weight. The maximum reduction in shoot
28°C and 20°C, respectively, were maintained. One month weight was obtained at the highest level of salinity as
after planting when seedlings were well established, given in Table 3. Comparing different cultivars for shoot
salinity treatments were imposed by adding a saline dry  weight  shows that Parandi and Hajabdolahi
solution of NaCl and CaCl  with a ratio of 2:1 to tap water. produced the highest, whereas Lorgi showed the lowest2

This was done gradually to avoid osmotic shock to amount. There was also a significant difference between
seedlings. A leaching fraction of 20% was also considered Hajagha-Ali and Jalilaghaii cultivars for shoot dry weight.
to wash out some excess salts through soil profile. So, the Moreover,  all  cultivars showed the same decreasing
electrical conductivity of drainage water was not much trend when they were compared for shoot fresh weight.
higher than that of irrigation water. Although, as seen in Table 2, different cultivars showed

The experimental design was split plot with three different amount of shoot fresh and dry weight, shoot
replications in the form of complete randomized. length of  studied cultivars was the same. Therefore,
Treatments included five pistachio cultivars which were shoot length of different cultivars was only influenced by
randomized in to four levels of salinity (0.5, 5, 10, 15, salt stress. Increasing salinity level up to 10 dS/m
dS/m). Six months after planting, the above ground decreased shoot length significantly, however higher
portion of seedlings were cut off at the soil surface and salinity level showed no further response. Although these
placed  in an oven at 70°C for 48 h. The underground results indicated that salinity treatment decreased shoot
parts were then carefully removed from the soil, washed length of all cultivars, the reduction in shoot length was
and dried liked above. At the end of experiment period, not the same for each cultivar.

samples of both tops and roots were cremated at 500°C

photometry as follows. 2 gr. of ash samples was digested
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Table 2: Analysis of variance for various responses of pistachio cultivars to different salinity treatments
Properties
---------------------------------------------------------------------------------------------------------------------------------------------------------

Source of variance df SHFW SHDW SHL RFW RDW SNa SK SK/Na RNa RK
Replicate 2 0.06 4.88 5.71 12.93 6.05 1.67 2.79 10.34 11.38 0.54 ns * * ** * ** * ** **  ns

Salinity 3 151.06 171.88 42.47 18.18 17.38 102.91 88.01 22.25 92.69 105.13** ** ** * * ** ** ** ** **

Variety 4 21.07 21.66 0.64 10.39 11.25 15.85 8.15 16.18 16.05 4.11** **  ns ** ** ** ** ** ** *

Salinity x Variety 12 0.57 1.46 0.81 0.69 0.88 3.02 0.69 5.29 2.07 0.6ns  ns  ns  ns  ns *  ns ** *  ns

* and **= significant at 0.05 and 0.01, respectively; ns= not significant
SHFW: Shoot Fresh Weight, SHDW: Shoot Dry Weight, SHL: Shoot Length, RFW: Root Fresh Weight, RDW: Root Dry Weight, SNa: Shoot Na, SK:
Shoot K, SK/Na: Shoot K/Na ratio, RNa: Root Na, RK: Root K

Table 3: Shoot fresh and dry weight and shoot length of five pistachio cultivars as affected by salinity treatment
Cultivars
------------------------------------------------------------------------------------------------------------------------------------------------------

Salinity (dS/m) Hajabdolahi Hajagha-Ali Jalilaghaii Parandi Lorgi Mean
Shoot fresh weight (g/pot)
0.5 14.20 a 13.53 a 12.07 a 14.10 a 9.27 a 12.63 A
5 12.10 b 10.90 b 10.30 b 11.50 b 8.17 a 10.59 B
10 10.17 c 8.23 c 9.20 b 10.13 c 6.83 b 8.91 C
15 9.20 c 7.67 c 7.50 c 8.10 d 5.27 c 7.55 D
Mean 11.42 A 10.08 BC 9.77 C 10.96 AB 7.38 D
Shoot dry weight (g/pot)
0.5 6.27 a 6.23 a 5.20 a 6.60 a 4.30 a 5.72 A
5 5.17 b 4.47 b 4.50 b 5.20 b 3.73 b 4.61 B
10 4.70 b 3.70 c 4.20 b 4.50 c 3.17 c 4.05 C
15 4.03 c 3.53 c 3.27 c 3.33 d 2.50 d 3.33 D
Mean 5.04 A 4.48 B 4.29 B 4.91 A 3.42 C
Shoot length (cm)
0.5 27.83 a 25.77 a 27.87 a 27.30 a 27.30 a 27.21 A
5 24.60 a 23.00 ab 24.07 b 22.73 b 24.70 a 23.82 B
10 20.23 b 21.60 bc 20.87 bc 21.97 b 20.97 b 21.13 C
15 19.10 b 18.97 c 19.50 c 19.57 b 19.87 b 19.40 D
Mean 22.94 A 22.33 A 23.07 A 22.89 A 23.21 A
Means followed by the same letter in each column and in each row (capital letters) are not significantly different (P = 0.05)

Table 4: Root fresh and dry weight of five pistachio cultivars as affected by salinity treatment
Cultivars
------------------------------------------------------------------------------------------------------------------------------------------------------

Salinity (dS/m) Hajabdolahi Hajagha-Ali Jalilaghaii Parandi Lorgi Mean
Root fresh weight (gr/pot)
0.5 6.80 a 5.83 a 5.63 a 6.67 a 5.00 a 5.99 A
5 5.23 b 4.77 ab 5.40 a 5.93 ab 4.43 ab 5.15 B
10 4.90 b 4.40 ab 4.87 a 5.23 b 3.53 bc 4.59 BC
15 3.53 c 3.57 b 4.20 a 5.17 b 2.87 c 3.87 C
Mean 5.12 B 4.64 B 5.02 B 5.75 A 3.96 C
Root dry weight (g/pot)
0.5 2.90 a 2.23 a 2.20 a 2.87 a 1.67 a 2.37 A
5 2.17 b 1.80 ab 2.10 a 2.43 ab 1.50 a 2.00 B
10 1.97 b 1.73 ab 2.03 a 2.10 b 1.20 ab 1.81 B
15 1.13 c 1.43 b 1.70 a 1.97 b 0.90 b 1.43 C
Mean 2.04 AB 1.80 B 2.01 AB 2.34 A 1.32 C
Shoot Na (%)
0.5 0.36 a 0.93 a 1.05 a 0.38 a 0.47 a 0.64 a
5 1.20 b  1.35 b 1.38 a 0.56 ab 1.76 b 1.25 b
10 1.85 c 1.77 c 1.77 b 0.78 b 2.48 c 1.73 c
15 2.33 d 1.63 c 1.90 b 1.44 c 2.67 c 1.99 d
Mean 1.43 B 1.42 B 1.52 B 0.79 C 1.85 A
Root Na (%)
0.5 0.68 a 0.81 a 1.44 a 0.87 a 1.65 a 1.10 a
5 1.96 b 2.51 b 2.20 b 1.65 b 2.25 b 2.12 b
10 2.60 c 2.52 b 2.65 bc 1.90 b 2.72 b 2.48 c
15 2.84 c 2.77 b 3.01 c 2.02 b 3.27 c 2.78 d
Mean 2.02 C 2.16 BC 2.37 AB 1.61 D 2.47 A
Means followed by the same letter in each column and in each row (capital letters) are not significantly different (P = 0.05)



Am-Euras. J. Agric. & Environ. Sci., 9 (2): 115-120, 2010

118

Table 5: Shoot and root Na, K concentration and K/Na ratio of five pistachio cultivars as affected by salinity treatment
Cultivars
-------------------------------------------------------------------------------------------------------------------------------------------------------

Salinity (dS/m) Hajabdolahi Hajagha-Ali Jalilaghaii Parandi Lorgi Mean
Shoot K (%)
0.5 1.78 a 1.59 a 1.73 a 1.77 a 1.65 a 1.70 a
5 1.70 b 1.54 a 1.64 b 1.69 b 1.55 b 1.62 b
10 1.61 c 1.40 b 1.54 c 1.55 c 1.44 c 1.51 c
15 1.60 c 1.31 c 1.60 c 1.38 d 1.33 d 1.44 d
Mean 1.67 A 1.46 B 1.63 A 1.60 A 1.49 B
Root K (%)
0.5 1.88 a 1.28 a 1.64 a 1.34 a 1.36 a 1.50 a
5 1.32 b 1.1 a 1.27 b 0.87 b 0.90 b 1.09 b
10 0.95 c 0.79 b 0.97 c 0.87 b 0.82 b 0.88 c
15 0.94 c 0.90 b 0.99 c 0.82 b 0.49 c 0.83 c
Mean 1.27 A 1.02 BC 1.22 AB 0.97 BC 0.89 C
Shoot K/Na ratio
0.5 5.42 a 1.87 a 2.24 a 4.94 a 3.71 a 3.63 a
5 1.62 b 1.40 a 1.19 a 3.71 ab 0.90 b 1.76 b
10 0.89 b 0.83 a 0.89 a 2.03 bc 0.59 b 1.04 bc
15 0.69 b 0.89 a 0.85 a 0.97 c 0.51 b 0.78 d
Mean 2.15 B 1.25 C 1.29 C 2.91 A 1.42 C
Means followed by the same letter in each column and in each row (capital letters) are not significantly different (P = 0.05)

Analysis of variance results given in Table 2, showed of shoot K/Na showed that the ratio tended to decrease
that the main effects of both salinity and cultivar on root progressively with increasing salinity levels, irrespective
fresh and dry weight are high significant. Increasing of cultivars. The K/Na ratio was different among studied
salinity level decreased root fresh and dry weight. Similar cultivars. Parandi and Hajabdolahi cultivars showed K/Na
results were also observed for the effect of salinity on ratio much greater than others.
root dry weight at the level of 5 and 10 dS/m (Table 4).
Although these observations demonstrated that salt DISCUSSION
stress  has detrimental effects on root weight, these
effects are somewhat different for each cultivar. Table 4 In general continuous exposure of plants to elevated
indicated that salinity treatment had no marked effect on root-zone salinity progressively decreases yield over time.
root fresh and dry weight of Jalilaghaii cultivar. This may be a direct effect of salt on the rate of cell

Results also showed that the main effect of both division or on osmotic potential of the soil solution [7].
salinity and cultivar on Na and K concentration in roots The  other  expected  causes  of reduction in yield could
and shoots is statistically significant (Table 2). As given be reduced development and differentiation of tissues,
in Table 4, Na content of pistachios was increased unbalanced nutrition, damage of membrane and disturbed
considerably with increasing in salinity levels, regardless avoidance mechanism. The reduction in yield is also due
of cultivars. Among studied cultivars, shoots of Parandi to reduced growth as a result of decreased water uptake,
cultivar showed the highest amount of Na at each level of toxicity of sodium and chloride in the shoot cell as well as
applied  salinity,  whereas  Lorgi  cultivar  showed  the reduced photosynthesis and reduction in chlorophyll
least. Other cultivars showed no significant difference contents [8].
among each other. A similar pattern was observed for root Results of our experiment indicated that increasing
Na content subjected to different salinity levels. Results salinity level caused shoot length and shoot fresh and dry
of this experiment also showed that some cultivars have weight to decrease. This observation was also made by
genetically a low amount of Na ions, however, these Parsa and Karimian [6], who reported the detrimental
cultivars show a different rate of Na absorption effect of salinity on aerial growth of two pistachio
encountering to salinity stress. cultivars.  Sepaskhah  and Maftoun [9], also observed

Based on the results given in Table 5, K that shoot dry weight of three pistachio cultivars grown
concentrations  of  both  roots  and shoots was decreased under four levels of salinity decreased, significantly.
with increasing salinity levels. Results also showed that Other evidences of salt-induced reduction in pistachio
among  studied  cultivars, shoot K content of both shoot biomass [10-13] confirm our findings here.
Parandi  and  Hajabdolahi  cultivars  was much higher Generally, the productivity of plants under salt stress
than others. Comparing the effect of salinity on the ratio appears to be a sensitive indicator for their salt resistance.
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Hence, dry matter production has been used to As mentioned in the previous section, the K content
characterize plant responses to salt stress [14]. Comparing
different cultivars for shoot dry weight showed that
Parandi and Hajabdolahi produced the highest whereas
Lorgi showed the lowest amount. Since these cultivars
show the highest dry matter production at the highest
level of salinity, they may be the most salt tolerant
cultivars. These results are in line with Sepaskhah and
Maftoun [9] who reported that the rate of decrease was
different among their studied pistachio cultivars. They
also reported that salinity had a reductive effect on root
weight of pistachio cultivars. These results confirm our
findings of the effect of salinity on root growth. Like
others,  root growth of studied pistachio cultivars was
less affected by salinity treatment than shoot growth.
Therefore, root growth may not be a right criterion for
evaluating salt tolerance of cultivars.

On the other hand, excess salinity reduces plant
growth due to the negative effects of excess Na on both
plant and soil properties. High concentrations of Na tend
to  disperse  soil colloids and increase soil swelling [15],
to accumulate in toxic levels in plant cells and cause direct
effects [16], to disturb K nutrition and affect cell
metabolism [17].

The  obtained  results also showed that Na content of
pistachios increased markedly with increasing in salinity
levels, regardless of cultivars. Comparing pistachio
cultivars to each other indicated that the Na content was
different among studied cultivars. Some cultivars (for
example Parandi and Hajabdolahi) had genetically a low
amount of Na ions, however, these cultivars showed a
different rate of Na absorption encountering to salinity
stress. Results also showed that the interaction effect
between salt stress and cultivars was significant. This
implies that roots of studied cultivars  may  uptake Na
ions and transport them to other parts, differently. These
observations were also made by Sepaskhah and Maftoun
[9], who reported that  Fandoghi cultivar had a much
greater Na accumulation than that of Badami. In all
studied cultivars here, Na accumulation  was more
pronounced in the root than in the shoot, which agrees
with findings of Picchioni and Miyamoto [11] and of
Walker et al. [18]. Picchioni and Miyamoto [19] noted that
root systems of P. atlantica and P. terebinthus retain
large amounts of Na and thus limit Na transport to leaves.
Generally, pistachio tends to keep  high  amount  of  Na
ions in roots as salinity level is increased [3]. It is also
reported that Na is initially retained in the roots of woody
plants but after three or four years transported to the
leaves where it causes leaf burn [16, 20].

tended  to  decrease with increasing salinity. It is now
clear that K ions can enter cells through channels which
are often more permeable to Na under saline conditions
[21]. This may lead to a reduction of K concentration in
shoot and affect many physiological processes [22].
Based on the result of our experiment, the shoot K
content of both Parandi and Hajabdolahi cultivars was
much higher than others. This effect of salinity on the K
contents is similar to that of reported by Sepaskhah and
Maftoun [3] and Walker and Douglas [23], who also
reported  that  salt tolerance is associated with low rates
of  Na  transport to shoots, with high selectivity for K
over Na. It is well established that K uptake is not
influenced by transpiration rates in non-saline soil. Na
and  Cl  fluxes  are  also  independent of transpiration
rates in saline soil. As a result, K/Na ratio may be a useful
criterion for screening salt tolerance under saline
conditions  [22]. Results of our experiment showed that
the shoot K/Na ratio tended to decrease progressively
with increasing salinity. Based on the results Parandi and
then Hajabdolahi cultivars gave K/Na ratio much greater
than others. These results are in line with Picchioni and
Miyamoto[11]  who pointed out leaf K/Na ratio declined
in proportion to increasing salt stress, mainly because of
the increase in leaf Na concentration. The decreasing
effect of salinity on shoot K/Na ratio is undoubtedly
related to a competitive effect between Na and K
absorption which is confirmed by Sepaskhah and
Maftoun [3].

CONCLUSIONS

This   study   has   highlighted   the   relatively  high
salt   tolerance   of    five   local   pistachio  cultivars.
Based  on  the  criteria  used for judging salt tolerance in
the present study, Parandi and Hajabdolahi cultivars
could be considered  as  the most salt tolerant pistachios
and would be well adapted to arid regions of Iran where
the water may be moderately saline. The higher salt
tolerance of these cultivars could clearly be due to lower
absorption and  transport of Na ions, higher ability to
exclude Na from leaves, greater potential to transport K
ions towards the shoot, less reduction in shoot or root
weights and finally having a much greater shoot K/Na
ratios. Further evaluation of these cultivars for salt
tolerance at post-seedling growth stages is required for
their introduction as a suitable rootstock under saline
conditions.
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