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Pistachio is one of the economic nut fruits in Iran. Water limitation is the most restrictive factor for
its production. To overcome the water scarcity crisis, introducing drought-tolerant rootstocks is
among the crucial breeding strategies. To investigate the drought tolerance of five Qazvin native
pistachio genotypes, an experiment was carried out as a factorial experiment in a completely
randomized design with four replications in the greenhouse conditions. The factors were pistachio
genotypes (Madari, KalKhandan, Kalehbozi, Sefid, and Ghermez) and irrigation regime (normal
conditions and drought stress). The highest relative water content under drought irrigation
conditions belonged to the Sefid (59.99%), and Ghermez (59.09%) genotypes. The lowest value
(54.68%) belonged to the Madari genotype. The highest electrolyte leakage under drought
irrigation conditions belonged to the Madari genotype (55.75%). The lowest electrolyte leakage
(42.44%) belonged to the Sefid genotype. Under drought stress, the highest amount of chlorophy!ll
a (2.12 mg g™ fresh weight), total chlorophyll (3.051 mg g™ fresh weight), and carotenoid (2.38 mg
g’ fresh weight) was observed in Ghermez genotype. In contrast, the highest amount of
chlorophyll b (1.34 mg g™ fresh weight) was observed in the Sefid genotype. The lowest amounts
of chlorophyll and carotenoid in the drought stress belonged to the Madari genotype. According to
the results, the Ghermez and Sefid genotypes with lower electrolyte leakage and higher relative
water content, chlorophyll, carotenoid, and biomass under water stress, were the more drought-
tolerant genotypes. Madari and KalKhandan genotypes with higher electrolyte leakage and lower
relative leaf water content, chlorophyll, and biomass were the most drought-sensitive genotypes.

Introduction

Pistachio (Pistacia vera L.), belonging to the tons of produced nuts and 900 kg hectare™ yield
Anacardiaceae, is one of the economic nut-fruit in (Anonymous, 2019; Sharifkhah et al., 2020; Nazoori
Iran, with 420000 hectares of cultivated area, 386000 et al., 2022). Water limitation is one of the most
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restrictive factors for its production therefore
development of methods that can induce drought
stress tolerance is vital (Shamshir and Hasani, 2015).
To overcome the water scarcity crisis, introducing
drought-tolerant rootstocks is among the crucial
breeding strategies (Gijon et al., 2010; Vahdati et al.,
2021).
(UCB1x Pistacia. terebinthus) led to a higher growth

than

Pistachio grafting on hybrid rootstocks

Atlantica rootstocks under drought-stress
conditions (Gijon et al., 2010). In apples; peaches,
walnut, and cherries, the rootstock affects the scion
growth and scion hydraulic conductivity (Atkinson et
al., 2003; Ebrahimi et al., 2007; Rezaee et al., 2008;
Tombesi et al., 2010; Zoric et al., 2012; Thapa et al.,
2021).

In pistachio, there are different drought-tolerant
mechanisms in different phenological stages,
including the deep root system, the presence of wax in
the leaf structure, the osmotic regulation and
maintenance of cell turgor (Behzadi Rad et al., 2021).
Esmaeilpour et al. (2016) stated that water stress
significantly increased the concentration of osmotic
compounds in pistachio seedlings. The study of the
effect of drought stress on several pistachio cultivars
showed that the highest to the lowest physiological
water consumption efficiency belonged to the
cultivars Akbari, Owhadi, Kaleh-ghoochi, Ahmad
Aghaei, Harati, and Rezaei-Zordars, respectively
(Sajjadinia et al., 2010). In grapes, it was reported that
part of drought tolerance is due to their relatively
large wood vessels, which led to quick recovery after
a stress period (Lovisolo et al., 2008). Finding
drought tolerance mechanisms in local genotypes is
useful for cultivar screening programs (Arab et al.,
2020). Considering the importance of the pistachio
crop, it is necessary to find drought-tolerant
rootstocks and cultivars. The main objective of this
research was to investigate the drought tolerance of
five native Qazvin pistachio genotypes to identify the

most drought-tolerant rootstocks.
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Materials and Methods

To investigate the drought tolerance of five
Qazvin native pistachio genotypes and introduce the
drought-tolerant genotypes, an experiment carried out
at the experimental greenhouse of the Agricultural and
Natural Resources Research and Education Center,
Qazvin, lIran, in 2021. The seed samples were
collected from the pistachio orchards of Qazvin and
Buin Zahra and planted in seven-liter plastic bags
with a height of 40 cm and a diameter of 30 cm (early
April 2020). The seedlings were irrigated three times
a week for three months up to field capacity.

The factorial experiment included as a completely
randomized design with four replications (each
replication as an experimental unit) and four pots in
each experimental unit. The factors were five
pistachio genotypes (Madari, KalKhandan, Kalehbozi,
Sefid, and Ghemez), and two irrigation regimes
(normal conditions, drought stress).

Three-month-old plants were affected by irrigation
treatments. In normal irrigation, the soil moisture of
the plants maintained at the fields capacity. For this
purpose, three pots were selected and fully irrigated.
Then, the surface of the pots was covered with plastic,
and after 12 hours, the pots weighed at regular
intervals. By fixing the weight of the pots in two
consecutive weighings, the field’s capacity was
determined. By weighing the pots daily, the humidity
maintained at the field’s capacity level, and the
deducted water was added to the pots (Hoseini et al.,
2016). However, drought exposed-plants were not
irrigated for two weeks until they showed a severe
decrease in leaf turgor and most of the leaves became
dry and discolored (Gijon et al., 2010). After the
stress period (two weeks), all the plants (normal
conditions, drought stress) were re-irrigated up to
field capacity, for two weeks. Finally, the following
characteristics were examined.

Relative water content (RWC): To measure RWC,
two fully developed mature leaves were collected
from the middle part of the stem (from the middle
leaves of the branch), transported to the laboratory in
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a plastic bag, weighed and relative leaf water content
was determined by Ritchie et al. (1990) method.

Electrolyte leakage (EL): Two fully developed
uniform mature leaves were selected from the middle
part of the stem were used for examination by the
method presented by Whitlow et al. (1992).

Proline content: To determine the contents of
proline, 0.5 g of leaf sample was crushed in a mortar
and mixed with 5 ml of 95% ethanol. The sediment
was mixed with 5 ml of 70% ethanol. The obtained
extract was centrifuged (4500 rpm, 15 min). Then 2
ml of the alcoholic extract was added to 2 ml of
glacial acetic acid and 2 ml of ninhydrin reagent (a
mixture of 1.25 g ninhydrin, 30 ml glacial acetic acid
and 20 ml of 6 M phosphoric acid). After stirring, the
mixture was heated (water bath 100°C, 60 min) and
then incubated (ice water container). After cooling, 4
ml of toluene was added, shaken (vortex for 15 sec),
and re-incubated under a static state (30 min). Finally,
the absorption was measured at 520 nm with a
spectrophotometer (Bates et al., 1973).

Soluble sugars assay: To determine the soluble
sugars, a leaf sample (0.5g) was crushed in a mortar
and mixed with 5 ml of 95% ethanol. Then 100 pl of
the alcoholic extract was mixed with 3 ml fresh
anthrone (150 mg of anthrone in 100 ml of 72%
sulfuric acid). The mixture was reacted in a water bath
(100 °C, 10 min). After cooling, the absorbance read
at 625 nm. The D-glucose (0, 62.5, 125, 250, 500,
1000, and 2000 ppm) was used to draw the standard
curve (Irigoyen et al., 1992).
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Chlorophyll and carotenoid content: The fresh leaf
sample (0.5 g) was crushed in a mortar and mixed
with 20 ml of 80% acetone. The extract was
centrifuged (10 min, 6000 rpm) and finally, the
absorbance was read at 663 (chlorophyll a), 645
(chlorophyll b) and 470 (carotenoids) nm with a
spectrophotometer (Arnon, 1967).

Fresh and dry weight: The plants were divided
into root, shoot, and leaf and then organs were
washed, weighed (fresh weight), and dried in an oven
at 70°C for 48 hours (dry weight).

Statistical analysis

MSTATC software was used for statistical
analysis, and Duncan's multiple range test was used to
compare the means. Correlation analysis was
calculated by Pearson coefficient. Excel 2019

software was used to draw the graphs.
Results

The results of variance analysis of the data are
given in Tables 1 and 2. As can be seen, the simple
effect of irrigation was significant on all the
investigated traits (p<0.01). The difference between
genotypes was also significant in all parameters
except proline, carbohydrates, leaf fresh weight and
shoot dry weight. The interaction effect of irrigation
and genotype was also significant for all parameters
except soluble sugar, chlorophyll b, carotenoid and

shoot fresh weight.

Table 1. Variance analysis of irrigation, genotype and their interaction on physiological and biochemical parameters of pistachio seedlings.

Electrolye Soluble Chlorophyll  Chlorophyll Total

S.0.V. D.F. R.W.C. leakage Proline sugar a b Chlorophyll Carotenoid
Irrigation 1 2200.386 5684.41 1.86 544.954 19.922 8.873 55.385 9.39
Genotype 4 10.928 ™ 71.338 " 0.007 " 1.287"™ 04127 0.134" 0.982 " 1422

Irrigation x Genotype 4 9.836" 62.399 0.013" 2.154"™ 0.285" 0.115"™ 0.739" 0.581"™

Error 30 2.1518 2.915 0.004 1.247 0.077 0.046 0.187 0.386

*and ** are significant at the level of 0.05 and 0.01, respectively; ns: not significant.
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Table 2. Variance analysis of irrigation, genotype and their interaction on the growth parameters of pistachio seedlings.

Root Root Leaf fesh  Leafdry Shoot Shoot dry Shoot Root Leaf
SOV DF. fresh dry weight  weight fresh weight  height length
weight weight 9 9 weight 9 g 9 number
Irrigation 1 149.576° 38871  145.466 24.194 294,578 120.791 390.625  864.900 1050.625
Genotype 4 9.524" 1.7137 1.187™ 0.349" 5712 0.62"™ 505257  853.313" 38.313"
Irrigation x Genotype 4 9.006™ 1.566" 1.575" 0.711" 3.229" 075" 0.38™ 172.338" 26.812"
Error 30 0.359 0.102 0.549 0.114 2.09 0.253 5.625 7.483 5.708

*and ** are significant at the level of 0.05 and 0.01, respectively; ns: not significant.

The relative leaf water content

The analysis of variance showed a significant
effect of irrigation regime and genotype on relative
leaf water content (p<0.01). The interaction effect of
irrigation regime and genotype was significant
(p<0.05). The
decreased under drought stress. The average of

relative water content of leaves

relative water content in normal and water stress

RWC (%)

conditions was 72.42% and 57.59%, respectively. In,
water stress conditions, the highest values belonged to
Sefid (59.99%), and Ghermez (59.09%) genotypes.
The lowest value (54.68%) belonged to the Madari
genotype. There was no significant difference
between genotypes under normal irrigation conditions
(Fig. 1).

ONormal condition
m Drought stress

a

Electrolyte leakage

The variance analysis showed a significant effect
(p<0.01) of irrigation regime, genotype, and their
interaction on leaf electrolyte leakage. The electrolyte
leakage value under normal irrigation and drought
25.49% and 49.33%,
respectively. The lowest electrolyte leakage (34.2%)

stress  conditions  was
belonged to the Sefid and Ghermez genotypes, and the

highest (40.7%) belonged to the Madari genotype.

Sefid Ghermez

Genotypes
Fig. 1. The effect of irrigation regime and genotype on relative leaf water content of pistachio seedlings.
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The highest electrolyte leakage under drought
stress conditions belonged to the Madari genotype
(55.75%). The lowest value (42.44%) belonged to the
Sefid genotype. There was no significant difference

under normal irrigation conditions (Fig. 2).
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ONormal condition
B Drought stress

Madari Kalkhandan

Genotypes

Kalehbozi

Sefid Ghermez

Fig. 2. The impact of irrigation regime and genotype on electrolyte leakage of pistachio seedlings.

Proline

The effect of the irrigation regime and the
interaction between irrigation regime and genotype
were significant on leaf proline (p<0.01 and p<0.05,
respectively). The proline content under normal
irrigation and drought stress conditions were 0.314
and 0.746 pumol g™ FW, respectively. The difference
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c
=
[
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among genotypes was not significant. The highest and
the lowest amount of proline under drought stress
conditions belonged to the genotypes KalKhandan
(0.8232) and Sefid (0.6725), respectively. There was
no significant difference under normal irrigation

conditions (Fig. 3).

O Normal condition
B Drought stress
ab

Madari

Genotypes

Kalkhandan  Kalehbozi

Sefid Ghermez

Fig. 3. The impact of irrigation regime and genotype on leaf proline of pistachio seedlings.

Soluble sugar

Based on the variance analysis, it was found that
only the effect of the irrigation regime on the soluble
sugar contents was significant (p<0.01). The soluble
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sugar contents of plants under normal and water stress
conditions were 2.073 and 9.455 mg g™ fresh weight,
respectively (Fig. 4).
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ONormal condition
B Drought stress

Irrigation regime

Fig. 4. The impact of irrigation regime on leaf soluble sugar in pistachio seedlings.

Chlorophyll and carotenoids

The results of variance analysis of the effects of
the treatments on photosynthetic pigments are given
in Table 1. The highest (2.12 mg g™ fresh weight) and
the lowest (1.21 mg g fresh weight) contents of
chlorophyll a under drought stress conditions were
observed in the Ghermez and Madari genotypes,
respectively (Fig 5). The average chlorophyll b under
control and water stress conditions were 1.66 and 0.72
mg g™ fresh weight, respectively (Fig 6). The highest
(1.34 mg g fresh weight) and the lowest (1.06 mg g
fresh weight) contents of chlorophyll b were
observed in the Sefid and Madari genotypes,

4.0 -
35
30{ & i
25

2.0 1

Chl. a(mgg! FW)

154 |- e
10

0.5

respectively (Fig 7). The highest (3.051 mg g of fresh
weight) and the lowest (1.718mg g™ of fresh weight)
contents of total chlorophyll under drought stress
conditions belonged to the Ghermez and KalKhandan
genotypes, respectively (Fig 8). The carotenoid
contents under control irrigation and water stress
treatments were 2.25 and 1.28 mg g fresh weight,
respectively (Fig 9). The highest (2.38 mg g™ fresh
weight) and the lowest (1.32 mg g'fresh weight)
carotenoid content were found in the Ghermez and

Madari genotypes, respectively (Fig 10).

ONormal condition

B Drought stress

0.0

Madari Kalkhandan

Kalehbozi Sefid Ghermez

Genotypes

Fig. 5. The effect of irrigation regime and genotype on chlorophyll a in pistachio seedlings
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O Normal condition

B Drought stress

Fig. 6. The impact of irrigation regime and genotype on chlorophyll b in pistachio seedlings
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Madari  Kalkhandan Kalehbozi

Genotypes

Sefid

Ghermez

Fig. 7. The impact of irrigation regime and genotype on chlorophyll b in pistachio seedlings

THe

I Normal condition

B Drought stress
a

Madari

Kalkhandan

Kalehbozi
Genotypes

Sefid

Ghermez

Fig. 8. The impact of irrigation regime and genotype on total chlorophyll in pistachio seedlings
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Irrigation regime
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B Normal condition

B Drought stress

Fig. 9. The impact of irrigation regime on carotenoids content in pistachio seedlings

Carotenoid (mg-1g-1 FW)
N

Madari

Genotypes

Kalkhandan Kalehbozi

Sefid Ghermez

Fig. 10. The impact of genotype on carotenoids content in pistachio seedlings

Growth parameters

The root fresh weight under normal irrigation and
water stress treatments were 17.7 and 3.30 g.,
respectively. The highest (6.3 g.) and the lowest (1.14
g.) root fresh weight under drought stress conditions
were observed in the Ghermez and Madari genotypes,
respectively (Fig. 11). The root dry weight under
normal irrigation and water stress treatments were
3.63 and 1.68 g, respectively. The highest (2.7g) and
the lowest (0.622g) root dry weight under water stress
conditions belonged to the Ghermez and Madari
genotypes, respectively. In normal irrigation, the
difference among genotypes was insignificant (Fig.
12).

The highest (2.25 g.) and the lowest (0.66 g) leaf
fresh weight under drought conditions belonged to the
Sefid and KalKhandan genotypes, respectively. There
was no significant difference among plants in normal
irrigation (Fig. 13). The highest (1.49 g) and the
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lowest (0.366 g) leaf dry weight under drought stress
conditions belonged to the Sefid and KalKhandan
genotypes, respectively (Fig. 14).

The stem fresh weight in normal irrigation and
water stress treatments was 7.894 and 2.46 g,
respectively (Fig. 15). Among the genotypes, the
highest (6.19 g) and the lowest (3.98 g) stem fresh
weight were observed in the Ghermez and Madari
genotypes, respectively (Fig. 16). The highest (2.2 g)
and the lowest (0.925 g) stem dry weight under
drought stress conditions belonged to the Sefid and
Madari genotypes, respectively (Fig. 17).

The stem length decreased under the drought
stress conditions, but the root length increased. The
highest stem length (32.25 and 30.75 cm) under water
stress conditions belonged to the Ghermez and Sefid
genotypes, respectively. There was no significant

difference among the genotypes under normal
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irrigation conditions (Fig. 18). The highest root length
was observed in the Ghermez genotype under both
normal irrigation (33.5 cm) and water stress (57.75
cm) conditions (Fig. 19). Madari genotype showed the
lowest root length under normal irrigation (18.25 cm)
and water stress (17.25 cm) conditions.

The mean leaf number under control irrigation and

Journal of Nuts 15(2) (2024) 169-185

water stress treatments were 18.25 and 8.00,
respectively. The highest (12.5) and the lowest (4.5)
number of leaves under water stress conditions
belonged to the Ghermez and Madari genotypes,
respectively (Fig 20).

10 1 O Normal condition
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B Drought stress
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Madari Kalkhandan Kalehbozi Sefid Ghermez
Genotypes

Fig. 11. The impact of irrigation regime and genotype on root fresh weight in pistachio seedlings
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Fig. 12. The impact of irrigation regime and genotype on root dry weight in pistachio seedlings
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Fig. 13. The effect of irrigation regime and genotype on leaf fresh weight in pistachio seedlings
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Fig. 14. The impact of irrigation regime and genotype on leaf dry weight in pistachio seedlings
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Fig. 15. The impact of irrigation regime on stem fresh weight in pistachio seedlings
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Fig. 16. The impact of genotype on stem fresh weight in pistachio seedlings
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Fig. 17. The impact of irrigation regime and genotype on stem dry weight in pistachio seedlings
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Fig. 18. The impact of irrigation regime and genotype on stem length in pistachio seedlings
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Fig. 19. The impact of irrigation regime and genotype on root length in pistachio seedlings
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Fig. 20. The impact of irrigation regime and genotype on leaf number in pistachio seedlings

Correlation analysis between traits

Examining the correlation showed a significant
positive correlation between the relative water content
and chlorophyll a (r=0.94), chlorophyll b (r=0.91),
total chlorophyll (r=0.94), carotenoid (r=0.69), and
growth parameters (Table 3). However, a significant
negative correlation was observed between ion
leakage and relative water content (r=0.98). The
genotypes tolerant to environmental stresses have
lower electrolyte leakage. There was a significant
negative correlation between electrolyte leakage with
chlorophyll parameters and growth indices. Also, a

negative relationship between the relative water

180

content and proline (r=-0.93) and carbohydrate (r=
-0.92) was observed (Table 3).

relationship between relative water content, proline,

The negative

and carbohydrates in plants is well-established. When
plants are subjected to water stress, the production of
proline and carbohydrates increases, but the relative
water content decreases. This is due to proline and
carbohydrate  accumulation  that serve  as
osmoprotectants, helping the plant to maintain its
cellular structure and function under conditions of

water stress.
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Table 3. Correlation between investigated traits in pistachio genotypes under water stress conditions.

2 g = = £ = 5 & s = £ s .
& 88 T 8 s 5 S g £ S £ s &g g 2 =5 -3
. 5 & & &8 S8 g E§& 3 % £ 2
= 14 - 7]
RWC 1
Electrolyte leakage  -0.98** 1
Proline -0.93** 0.92** 1
Carbohydrate -0.91** 0.90** 0.95** 1
chlorophyll a 0.93** -0.949**  -0.856**  -0.83** 1
chlorophyll b 0.91** -0.929**  -0.865**  -0.859** 0.94** 1
Total chlorophyll 0.94**  -0.955** -0.871** -0.856**  0.991**  0.98** 1
Carotenoid 0.68**  -0.710** -0.541** -0.503**  0.841**  0.791**  0.83** 1
Root fresh weight 0.86** -0.911**  -0.787**  -0.746**  0.901** 0.872**  0.902** 0.74** 1
Root dry weight 0.88** -0.906**  -0.833** -0.801**  0.892** 0.862**  0.893** 0.688** 0.95** 1
Leaf fesh weight 0.96**  -0.952** -0.892** -0.892**  0.904**  0.892**  0.912**  0.692**  0.852**  0.87** 1
Leaf dry weight 0.94* -0.929**  -0.866** -0.868**  0.867**  0.866**  0.879**  0.658**  0.825**  0.842**  0.98** 1
Shoot fresh weight 0.9** -0.892**  -0.831** -0.819**  0.834** 0.807**  0.835** 0.577**  0.793**  0.795** 0.861** 0.85** 1
Shoot dry weight 0.95** -0.949**  -0.921** -0.919**  0.882** 0.856**  0.884** 0.568**  0.841**  0.896** 0.916** 0.88** 0.89** 1
Shoot height 0.74**  -0.803** -0.650** -0.600**  0.894**  0.853**  0.890**  0.924**  0.878**  0.829**  0.746**  0.735**  0.681**  0.69** 1
Root length -0.28 0.198 0.403* 0.447** -0.101 -0.177 -0.133 0.190 0.098 0.038 -0.267 -0.248 -0.214 -0.28 0.22 1
Leaf number 0.91** -.890**  -0.828** -0.795**  (.858** 0.811** 0.851** 0.688** 0.859**  0.899** 0.943**  0.904**  0.787** 0.85** 0.73** -0.08

and

are significant at the level of 0.05 and 0.01, respectively (each number is the average of 40 data).
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Discussion

The plant that shows a lesser decrease in the
relative water content under stress conditions would
be a candidate for a salt or drought-tolerant plant
(Balaguer et al., 2002). Factors such as the plant's
access to water, ability to regulate stomatal
movements and osmotic regulation affect the relative
water content. Also, the reduction of root growth and
the increase in evapotranspiration are the factors
involved reducing of the relative water content (Hall
and Twidwell, 2002). In water stress conditions, the
highest relative water content belonged to Sefid
(59.99%), and Ghermez (59.09%) genotypes. The
lowest value (54.68%) belonged to the Madari
genotype.

The highest electrolyte leakage under drought
stress conditions belonged to the Madari genotype
(55.75%). The lowest value (42.44%) belonged to the
Sefid genotype. The higher permeability of the cell
membrane leads to an increase in the leakage of cell
solutes (potassium, amino acids and carbohydrates)
(Mandhanis et al., 2006; Qinghua et al., 2006). The
less electrolyte leakage in the Sefid and Ghermez
genotypes indicates the greater stability of their
membranes than other genotypes.

Accumulation of dissolved substances and solutes
or osmotic regulation is one of the particular
mechanisms of cell defense against water loss or
wilting (Lotfi et al., 2019). Free proline accumulation
due to drought stress is mainly caused by protein
1982).

Proline accumulation in response to water stress was

breakdown (Dierks-Ventling and Tonelli,

reported in rice (Morsy et al., 2007), sugar beet
(Monreal et al., 2007), walnut (Lotfi et al., 2010) and
pistachio (Ghasemi et al., 2021). The highest and the
lowest amount of proline under drought stress
conditions belonged to the genotypes of KalKhandan
(0.8232) and Sefid (0.6725), respectively. Based on
correlation analysis, it was found that there was a
negative relationship between proline accumulation
and drought tolerance of the examined genotypes. So,
there was a negative relationship between proline with
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the relative content of leaf water, photosynthetic

pigments and plant biomass and a positive
relationship with ion leakage.

Destruction of chlorophylls due to drought stress
is due to the increased production of oxygen free
radicals in cells, which cause peroxidation and
decomposition of pigments (Schutz and Fanmgier,
2001). The highest and the lowest contents of
chlorophyll a and carotenoids under drought stress
were observed in the Ghermez and Madari genotypes,
respectively. The highest and the lowest content of
chlorophyll b was observed in the Sefid and Madari
genotypes, respectively. These results show that the
photosynthetic pigments of the Ghermez and Sefid
genotypes were affected by drought to a lesser extent
and the Madari genotype to a greater extent.

The main effect of drought stress is the reduction
of carbon fixation along with the stomatal closure,
which leads to a decrease in the photosynthesis rate,
carbohydrate synthesis, and plant growth (Calatayud
et al., 2006; Stuart et al., 2011; Asayesh et al., 2017).
According to the results, the biomass of Ghermez,
Sefid, and Kalehbozi genotypes was less affected by
water stress than other genotypes. The genotypes
Madari and KalKhandan were more affected by
drought stress. The highest stem length under water
stress conditions belonged to the Ghermez and Sefid
genotypes. The highest root length was observed in
the Ghermez genotype. The genotype Madari showed
the lowest root length under water stress conditions.
The highest and the lowest number of leaves under
water stress conditions belonged to the Ghermez and

Madari genotypes, respectively.
Conclusions

The results showed that the Ghermez and Sefid
genotypes had lesser electrolyte leakage and more
relative water content, chlorophyll, carotenoid, and
biomass under water stress conditions. The genotypes
Ghermez and Sefid were more drought-tolerant than

other genotypes and can be considered as superior
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genotypes. Madari and KalKhandan genotypes
showed more sensitivity to drought with more
electrolyte leakage and lower relative leaf water
content, chlorophyll, and biomass. The genotype of
Kalehbozi was also between these two groups.
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