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ABSTRACT

Water stress is one of the main abiotic stresses that reduce plant growth;this decrease is due to changes such as
physiological changes and causes growth and production limitation that caused by drought stress.In order to
evaluate the effects of drought stress on some morphological and physiological characteristics of tow wheat
cultivars, a factorial experiment based on completely randomized design was conducted. The findings show that
drought stress exacerbations result in the plant's response to stress due to increased wheat resistance. This
response is due to changes in plant pigments, proline, catalase, ascorbate peroxidase, peroxidase, superoxide
dismutase and malondialdehyde, glucose, galactose, rhamnose and xylose, which ultimately influence these
changes effects on the morphological characteristics of wheat.Drought stress reduces the concentration of
carotenoids, chlorophyll a, chlorophyll b, total chlorophylls, but glucose, galactose, rhamnose, xylose, proline,
catalase, ascorbate peroxidase, peroxidase, superoxide dismutase, malondialdehyde (in leaves and roots) and
the chlorophyll a and b ratios were increased.Reduction of plant height, stem height, root length, fresh and dry
weight of wheat treated with 250 g /| PEG compared to non-treatment were 0.264, 0.236, 0.394, 0.183 and 0.395,
respectively.From the two wheat cultivars, the morphological characteristics of the N8720 increased compared to
the Gonbad cultivar. Interaction effects of cultivar and drought stress showed that N8720 cultivar without treatment
had the highest morphological characteristics, carotenoid concentration, chlorophyll a, chlorophyll b, total
chlorophylls a and b, and the above cultivar with 250 g / | PEG (drought stress) had the highest amount of proline,
malondialdehyde, soluble sugars and enzymes in leaves and roots. Increasing activity of oxidative enzymes and

soluble sugars in wheat under drought stress could be a sign of their relative tolerance to drought stress.
Keywords: Drought stress, N8720, photosynthetic pigments, enzymes

INTRODUCTION

Drought is one of the most important environmental
stresses that limit production of plant products around the
world and has adverse effects on plant growth and
development and other metabolic processes (Lam et al.,
2014; Akram et al., 2013; Mahajan and Tiotja, 2005).In
agriculture, drought defined as the lack of needed moisture
for plant growth and development in order to complete the
life cycle (Manivan et al., 2008).The amount of water in the
soil for optimum growth of the plant has an optimum level,
which reduction or increasement of it, reduce plant growth.
(shokouh far of Fara and Abofatilehnejad, 2013).

Water was an important molecule for all of the plant's
physiological processes (Novo & Chen, 2010).When the
water of soil decreases and atmospheric conditions cause
continuous water loss through the plant perspiration and
evaporation, it causes drought stress in the plant (Jalil et
al., 2009).Iran with average precipitation (240 mm per year)
is considered a part of the drought stress area
(SalehiShajani et al., 1394).lran is one of the countries
where biotic and abiotic stresses (like drought stress)
reduce the growth and production of crops such as wheat
(Arbabian and Majd, 2010; Sabbaghpour, 2003).Plants
generally have different mechanisms for respond and adapt
to drought stress, by inducing a variety of physiological,
biochemical and morphological responses (Mirzai et al.,
2013).

The response of plants to drought stress is dependent
on the nature of water deficiency and can be as follows:
physiological responses to short-term drought stress (short-
term response) including reduced carbon dioxide

absorption,non-inheritance adoption with a certain level of
drought stress (medium-term response) through osmotic
regulation by the accumulation of organic salts and
inherited adoption to drought (long-term response)
including genetic patterns.In drought stress conditions, the
plant reduces its osmotic potential in order to continue
absorbing water through osmotic accumulation, including
soluble carbohydrates and proline, and In other words,
osmotic regulation is done. In the osmotic regulation
process, turgescence and associated processes continue
under water deficiency conditions. thus Osmotic regulation
helps the cellular development and plant growth in drought
stress (Psarkeley, 1999).

Moisture stress affects the growth and production of
plant products and increases the concentration of soluble
sugars and proline in sunflower leaves (Nazarli et al., 2011;
Kheibari et al., 2013). Azarpanah et al. (2013) reported that
proline is one of the most important osmotic regulators
under environmental stresses, which, in a large number of
plant species, is highly correlated with tolerance to this
stress. Cladia et al. (2012) found that due to drought stress,
the concentration of carbohydrates such as glucose and
fructose increased in bean leaves.Singh et al. (2014)
concluded that there was a direct correlation between
proline and drought tolerance in wheat and the amount of
proline accumulation can be as a physiological index for
stress tolerance;also, high levels of proline, under stress,
help the plant tolerate stress conditions easily. The amount
of proline accumulation in various cultivars is different and
stress resistant cultivars have is higher amounts of
it.Drought stress through the formation of reactive oxygen
species causes secondary stresses such as oxidative
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stress, which ultimately causes changes in the biosynthesis
pathways of secondary metabolites.

The reactive oxygen species accumulated in the plant
are reduced through the enzymatic and non-enzymatic
antioxidant mechanisms in the plant.The accumulation of
reactive oxygen species in the cell causes damage to
membrane lipids, proteins, and nucleic acids.During
photosynthesis under different stress conditions, various
types of active oxygen species such as superoxide,
hydrogen peroxide, and radical hydroxyl and oxygen
radicals are produced.The plants have antioxidant
enzymes and non-enzymatic mechanisms to response the
oxidative stress. The radical superoxide may be
transformed into a hydrogen peroxide by the superoxide
dismutase enzyme and then converted to the water by the
ascorbate peroxidase in the chloroplasts.In addition, the
propagated hydrogen peroxide is scavenged to the exterior
of the chloroplast by the catalase enzyme in the leaf cells
(Miller et al., 2010; Hasanuzzaman et al., 2014).

The catalase and ascorbate peroxidase enzymes play
an important role in the scavenging of hydrogen peroxide.
Increasing activity of catalase indicates effective inhibition
of hydrogen peroxide by this enzyme, which is seen in
studies on alfalfa (Van Bin et al., 2009) and Lamiaceae
(Ozgen et al., 2006). Farooq et al. (2014) reported that
drought stress could alter enzymes activity.

Chloroplasts and their pigments are also affected

drought. For example, drought stress causes hydrolysis of
thylakoid proteins and reduces the amount of chlorophyll a
and b (Anjum et al., 2011; Dein et al., 2011; Tian et al.,
2013).The weakening of chloroplasts caused by tension
and early aging can affect the photosynthetic capacity of
plants (Wang and Blumwald, 2014).Drought stress causes
damage to photosynthetic pigments, thylakoid membrane
decay, and a decrease in chlorophyll content (Parida et al.,
2007; Arivalagan and Somasundaram, 2015; Taibi et al.,
2016). Reduction in chlorophyll content is due to oxidative
stress, which is one of the consequences of drought stress
(zZhang et al., 2011).
Keyvan(2010) reported that drought stress reduces total
chlorophyll content in wheat but increases the amount of
proline and soluble carbohydrates.
HassanpourLeskoKalaye et al. (1394) stated that total
chlorophyll a, b and total chlorophyll under drought stress
conditions decreased in all wheat cultivars compared to
wheat with non-stressed treatments. Ziaee et al. (1396)
showed that with increasing drought, the rate of
photosynthesis, carotenoids, chlorophyll a and b, total
chlorophyll and chlorophyll a to b decreased, while the
amount of proline in Vigna radiata leaves significantly
increased.

The researchers stated that under drought stress
conditions, carotenoids absorb light at certain wavelengths
and send it photochemical centers to generate energy; In
other words, chlorophyll b and carotenoids act as auxiliary
and protective pigment of chlorophyll a, located in
chloroplast photosystems, and they play an important role
in absorbing and transmitting light energy to chlorophyll a
(Jalil et al., 2009). Drought stress affects gene expression,
growth, and products synthesis (Zheng et al., 2010;
Almeselmani et al., 2011). In general, an average of more

than 50 percent of many crops yields decreases due to
drought stress (Zlato and Lidon, 2012).

Plant height and chlorophyll content were higher
under drought stress compare to drought tolerant cultivars
(Kilic and YAGBASANLAR, 2010; Singh et al., 2014). Ali et
al. (2013) stated that wheat cultivars had a different
response to drought stress and stress resistant cultivars
could grow successfully in dry areas without significant
reduction in wheat production, and drought could reduce
plant yield more than other environmental stresses.

Hamad and Ali (2014) state that drought stress

significantly reduces wheat aerial biomass. Dehghan et al.
(1394) stated that the root length and dry weight of tomato
aerial parts were higher under the non-stress condition in
comparison with drought stress. Ziaee et al. (1396)
reported that increasing drought stress reduced plant
height and root dry weight in Vigna radiata.
Yan and Shi (2013) showed that drought stress reduced
plant height, root length, fresh and dry weight of wheat.
Yavas & Unay (2016) reported that the chlorophyll content
and wheat plant height were higher in control treatment
than in drought stress treatment.

The aim of this study was to evaluate the effect of
drought stress on soluble sugars, photosynthetic pigments,
morphological characteristics, proline, catalase, ascorbate
peroxidase, peroxidase, superoxide dismutase, and
malondialdehyde.

MATERIALS AND METHODS

This research was carried out in Pasteur Institute of Iran
(North Research Center) during 2017.Seedlings of Gonbad
(sensitive cultivar) and N8720 (resistant cultivar) wheat
(Triticumaestivum L.) were examined in the experiment.
Experimental design: Grains were disinfected in 96%
ethanol for 1.5min followed by 15min in 15% Domestos,
before being washed 4 times in sterile water. Afterwards,
grains were germinated on wet filter paper for 3 days.
Germinating seedlings were put into plastic pots
containing water with a half-strength Hoagland solution
and maintained in a hydroponics culture in a phytotronic
greenhouse for 21 days. The hydroponic solution was
aerated by air pumps. Every day, the hydroponic medium
was supplemented with a fresh medium and every week,
it was completely exchanged with a fresh medium. After
21days of growth in controltreatment (0.0 g/l
Polyethylene glycol), seedlings were exposed to three
levels of Polyethylene glycol (PEG) stress (0, 150g/I, 250
g/l). For these treatments, osmotic stress was applied with
PEG 6000 dissolved in half-strength Hoagland. The
seedlings of each genotype were grown until the fourth
leaf was fully expanded.

In order to evaluate the effects of drought stress on
physiological, metabolic and morphological characteristics
of wheat, a factorial experiment based on completely
randomized design was conducted.Finally, traits such as
plant length, stem length, root length, fresh and dry weight
traits in roots and leaves of wheat in each plot was
measured.

Measuring of leaf chlorophyll and carotenoidscontent:
The modified Arnon method (1967) also used to measure
chlorophyll content.According to this method, 0.25 g of
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leaves were freeze-dried with liquid nitrogen, then
completely homogenized with 4 ml of 96% ethanol in the
dark and stored in a refrigerator at 4 © C for four hours.After
centrifugation, supernatants were read at 663, 646, and
470 wavelengths, and the concentration of chlorophyll a,
chlorophyll b andcarotenoids were calculated.

Determining the proline content, soluble sugar content,
and antioxidant enzyme activity: Dry roots and leaf
(0.15 g) were homogenized in 5 mL of 3% sulfosalicylic acid
at 100 °C for 20 min in a water bath and then filtrated. The
filtrate (2mL) was mixed with acid-ninhydrin (2mL) and
glacial acetic acid (2mL) in a test tube. The reaction
mixture was incubated in a water bath at 100 °C for 30 min,
cooled to room temperature, and then extracted with
toluene (5 mL). The toluene, which contains chromophores,
was aspirated, and the absorbance was then measured at
520 nm. The dry leaf and roots (0.1 g) were homogenized
in 5mL of 80% ethanol at 80 °C for 30 min in a water bath,
and then the supernatant was collected. The above steps
were repeated twice. The filtrate (2mL) was mixed with
anthrone-sulfuric acid (2mL) in ice water, and the reaction
mixture was then incubated in a water bath for 10 min at
100 °C and then cooled to room temperature. Afterwards,
the absorbance was measured at 620 nm.

Fresh root and leaf tissues (0.3 g) were ground with 5 mL of
50 mM phosphate buffer (pH 7.0), which was prepared by
mixing NaH2 PO4-H20 and Na2HPO4-7H20 and then
centrifuging at 12000g for 20min at 4°C. Then, the
supernatant was collected to measure the antioxidant
enzyme activity and the soluble sugar content. The
superoxide dismutase (SOD) activity was determined using
reagent kits. The peroxidase (POD) and catalase (CAT)
activities were measured using the guaiacol method and
the ultraviolet absorption method (Li et al., 2000a). The
activity of the ascorbate peroxide enzyme was measured
by Nakano and Asada (1981). The activity of the ascorbate
peroxide enzyme was measured by Mac Adam
(2013).Measurements  of lipid  peroxidation  (the
concentration of malondialdehyde, MDA) were taken due to
Dhindsa et al. (1981). Sugar content was measured
spectrophotometrically due to Dubois et al. (1951). Proline
content was evaluated spectrophotometrically due to Ting
and Rouseff (1979)

Statistical analysis

The experiment was performed according to a completely
randomized design. Standard errors of means were
calculated for all parameters. SAS software was used for
data analysis. The mean comparison was done by the LSD
test at a probability level of 1% and 5%.

Results:

Effect of drought stress on plant height, stem height,
root length, fresh and dry weight of wheat

The results showed that wheat cultivar and drought stress
had a significant effect at 1% level on plant height, stem
height, root length, fresh and dry weight of wheat,however,
their interaction has only a significant effect on the dry
weight of the plant at a 1% level. Interaction effects of
cultivar and drought stress on plant height, root length and
wheat fresh weight at 5% level had a significant effect but
no significant effect on stem height observed.Plant height,
stem height, root length, fresh and dry weight of wheat

were higher in N8720 than Gonbad cultivar. With
increasing drought stress (due to increased concentration
of PEG), the above characteristics of the plant decreased,
so that the highest and lowest amount of these plant
characteristics were observed in non-stress and drought
stress treatments (250 g /IPEG), respectively.reduction of
Plant height, stem height, root length, fresh and dry weight
of wheat treated with 250 g / | PEG compared to non-
treatment were 0.264, 0.236, 0.394, 0.183 and 0.395,
respectively.Interaction effects of cultivar and drought
stress indicate that the non-stress treatment with N8720
has the highest amount of these characteristics and the
lowest amount was related to the Gonbad cultivar with a
concentration of 250 g / L of PEG (Table 1).

The effect of drought stress on photosynthetic
pigments

Table 2 shows that wheat cultivars, drought stress and their
interactions have a significant effect on carotenoid,
chlorophyll a, chlorophyll b, total and chlorophyll a and b
ratios at 1% level. Between two varieties, the highest
amount of the above characteristics related to the N8720.
The concentration of carotenoids, chlorophyll a, chlorophyll
b, total chlorophylls a and b decreased with increasing
drought stress, but the chlorophyll a and b ratio
increased.The reduction in the concentration of
carotenoids, chlorophyll a, chlorophyll b, total chlorophylls a
and b under drought stress at a concentration of 250 g / | of
PEG were 0.312, 0 and 0.23, respectively.The reduction in
the concentration of carotenoids, chlorophyll a, chlorophyll
b, total chlorophylls a and b under drought stress at a
concentration of 250 g / | of PEG were 0.312, 0 and 0.23,
respectively. Interaction effects of cultivar and drought
stress indicate that the highest and lowest amounts of
carotenoids, chlorophyll a, chlorophyll b, total chlorophylls a
and b were related to non-stress treatment in N8720 and
drought stress with concentration of 250 g/l PEG in Gonbad
cultivar, but the highest and lowest ratio of two chlorophylls
were observed in N8720 cultivar under drought stress with
a concentration of 250 g/L of PEG and in Gonbad cultivar
without stress, respectively.

Effect of drought stress on production of proline,
catalase, ascorbate peroxidase, peroxidase,
superoxide dismutase and malondialdehyde in leaf

The results of this section indicate that wheat cultivars,
drought stress and their interactions had significant effects
on proline, catalase, ascorbate peroxidase, peroxidase,
superoxide dismutase and malondialdehyde.

The amount of enzymes in N8720 leaf was higher than the
Gonbad. With increasing drought stress (increasing
concentration of PEG in water), the amount of produced
enzymes in the leaf increased, so that the highest and
lowest amounts of the above enzymes observed under
drought stress at 250 g /I PEG and without stress,
respectively.Interaction effects of cultivar and drought
stress showed that the highest amount of enzymes,
produced in the leaf, related to N8720 and drought with a
concentration of 250 g /| PEG, respectively (Table 3).

Effect of drought stress on production of proline,
catalase, ascorbate peroxidase, peroxidase,
superoxide dismutase and malondialdehyde in root
Analysis of variance showed that wheat cultivar and
drought stress had a significant effect on the production of
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proline, catalase, ascorbate peroxidase, peroxidase,
superoxide dismutase and malondialdehyde in root at 1%
level. Their interactions were significant in the production of
catalase, superoxide dismutase and malondialdehyde at
1% level.In addition, their interaction on proline and
ascorbate peroxidase enzymes was significant at 5% level
but had no significant effect on peroxidase enzyme
production.The results show that the amounts of the
enzymes in the N8720 were higher than the enzymes
produced in the Gonbad. With increasing drought stress on
wheat, the amounts of these enzymes increased in the
roots and the highest and lowest amounts of these
enzymes produced in wheat under drought stress with a
concentration of 250 g/L PEG treatment and non-treatment,
respectively.The effects of drought stress and wheat
cultivars showed that the highest amount of enzymes

produced in the root belonged to N8720 and drought stress
at a concentration of 250 g / L PEG (Table 4).

Effect of drought stress on glucose, galactose,
rhamnose xylose in leaf and root: Table 5 showed that
wheat cultivars, drought stress and their interactions had a
significant effect on glucose, galactose, rhamnose xylose in
leaf and root at 1% level.The N8720 cultivar had a higher
glucose, galactose, rhamnose and xylose content in the
leaf and roots in comparison with Gonbad. With increasing
drought stress, the amount of these compounds increased
in leaf and root of wheat.The highest and lowest amounts
of these compounds were in the leaf and roots treated with
250 g/l PEG and without treatment, respectively.Interaction
effects of cultivar and drought showed that the highest and
lowest amounts of these compounds were observed in
N8720 treated with 250 g/L PEG and Gonbad without

drought stress (Table 5 and 6).

Table 1. Analysis of variance and mean comparison for plant length, stem length, root length, fresh and dry weight traits

Treatments Plant length Stem length Root length Fresh weight Dry weight
(cm) (cm) (cm) (mg) (mg)
Cultivar Gonbad 16.558 + 0.668 10.929 + 0.393 5.629 + 0.300 429.444 + 21,577 | 37.857 +2.281
N8720 20.124 +0.971 13.368 + 0.588 6.757 + 0.400 618.444 + 12.200 | 62.048 + 4.910
LSD value 0.5751 0.5285 0.2158 21.6520 2.5432
Stress(gram/Liter) 0 21.133+1.031 13.658 + 0.745 7.475 + 0.309 575.167 + 35.197 60.808 + 7.350
150 18.332 + 0.860 12.358 + 0.539 5.973 +0.323 527.000 + 41.919 | 52.292 + 5.809
250 15.558 + 0.575 10.428 + 0.438 5.130 + 0.164 469.667 +52.162 | 36.757 + 3.297
LSD value 0.7044 0.6473 0.2643 26.5180 3.1148
CxS Gonbadx0 18.897 + 0.133 12.103 + 0.113 6.793 + 0.023 501.333 + 5.812 44.583 + 1.156
Gonbad x150 | 16 470 + 0.137 11.190 + 0.104 5.280 + 0.075 433.667 + 6.692 39.393 + 0.948
Gonbad x250 | 14.307 + 0.219 9.493 + 0.283 4.813 + 0.064 353.333 +4.372 29.593 + 1.501
N8720x0 23.370 + 0.538 15.213 + 0.587 8.157 + 0.107 649.000 + 26.627 | 77.033 + 2.347
N8720x150 20.193 + 0.462 13.527 + 0.274 6.667 + 0.191 620.333 + 5.487 65.190 + 1.218
N8720x250 16.810 + 0.199 11.363 + 0.078 5447 +0.174 586.000 + 7.211 43.920 + 0.885
LSD value 0.9962 0.9155 0.3738 37.5020 4.4050
C **% *% *% *% *%
S **% *% *% *% *%
C X S * nS * * *%
CV (%) 3.05 4.23 3.39 4.02 4.95

s Significant at P< 0.05, P< 0.01 and non-significant, respectively. LSD means least significant differences between means.

Table 2. Analysis of variance and mean comparison for chlorophyll a, b, a+b, a/b and carotenoid traits

Treatments Chlorophyll a Chlorophyll b Chlorophyll a+b Chlorophyll Carotenoid
(ng/mL) (ng/mL) (pg/mL) alb (Hg/mL)
Cultivar Gonbad 4.551 + 0.256 1.836 + 0.119 6.387 + 0.370 2.492 + 0.053 1.396 + 0.129
N8720 6.201 + 0.119 2.406 + 0.088 8.607 + 0.205 2.593 + 0.053 2.073 +0.061
LSD value 0.0995 0.0394 0.1279 0.0413 0.0690
Stress 0 5.893 + 0.288 2.433 +0.078 8.327 + 0.366 2.416 + 0.043 2.040 + 0.098
(graml/Liter) 150 5.575 + 0.330 2.180 + 0.168 7.755 + 0.498 2.576 + 0.049 1.760 + 0.152
250 4.660 + 0.494 1.748 £ 0.138 6.408 + 0.632 2.637 £ 0.075 1.403 +0.211
LSD value 0.1218 0.0483 0.1566 0.0506 0.0845
CxS Gonbadx0 5.253 + 0.023 2.260 + 0.017 7.513 + 0.019 2.325 + 0.025 1.827 +0.015
Gonbadx150 4.840 £ 0.061 1.807 + 0.038 6.647 + 0.098 2.680 + 0.029 1.423 + 0.035
Gonbadx250 3.560 + 0.046 1.440 + 0.015 5.000 + 0.059 2.472 + 0.020 0.937 + 0.022
N8720x0 6.533 + 0.073 2.607 + 0.015 9.140 + 0.087 2.506 + 0.015 2.253 + 0.050
N8720x150 6.310 + 0.038 2.553 + 0.012 8.863 + 0.035 2.471 + 0.022 2.097 £ 0.034
N8720x250 5.760 + 0.075 2.057 + 0.024 7.817 £ 0.094 2.801 + 0.026 1.870 + 0.059
LSD value 0.1723 0.0683 0.2215 0.0715 0.1195
C *% *%k *%k *%k *%
S *% *%k *%k *% *%
C X S *% *%k *%k *%k *%
CV (%) 1.8 1.8 1.66 1.58 3.87

T

means.

, , ™ Significant at P< 0.05, P< 0.01 and non-significant, respectively. LSD means least significant differences between
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Table 3. Analysis of variance and mean comparison for proline, catalase,

malondialdehyde traits in leaf

ascorbate peroxidase, superoxide dismutase and

Treatments Ascorbate Superoxide
Proline peroxidase Peroxidase dismutase
(mg/g fresh Catalase (U/mg (U/mg of (U/mg of (U/mg of Malondialdehyde
weight) of protein) protein) protein) protein) (mmol/gFW)
Cultivar Gonbad 1.138 £+ 0.193 | 228.889 + 15.482 | 43.333 + 6.322 | 237.556 + 19.658 | 486.000 + 40.189 | 230.333 + 9.433
N8720 1.317 £ 0.218 | 286.000 + 24.899 | 51.667 + 7.792 | 271.333 + 25.119 | 554.222 + 51.235 | 232.778 + 15.462
LSD value 0.0896 4.6567 2.5042 6.7525 16.3300 8.1200
Stress 0 0.457 £ 0.014 | 190.667 +4.856 | 25.667 + 0.422 | 184.667 + 3.602 | 374.167 +11.845 | 189.167 + 6.188
(graml/Liter) 150 1.392 + 0.086 | 252.000 + 14.201 | 43.333+3.106 | 241.333 +9.301 | 499.000 + 13.658 | 232.167 * 3.458
250 1.833 £ 0.049 | 329.667 +19.653 | 73.500 + 2.872 | 337.333 + 11.453 | 687.167 + 24.843 | 273.333 + 5.426
LSD value 0.1097 5.7033 3.0670 8.2701 20.0000 9.9449
CxS Gonbadx0 0.437 £0.018 | 180.333+2.603 | 25.667 +0.882 | 179.333 +1.764 356.000 *+ 9.452 201.000 * 6.245
Gonbadx150 | 1.223 + 0.058 | 220.333 +1.453 | 36.667 + 1.202 | 221.000 + 2.082 470.000 + 5.859 227.000 + 4.726
Gonbadx250 | 1.753 + 0.054 | 286.000 + 4.619 | 67.667 +1.764 | 312.333 + 1.453 632.000 *+ 4.726 263.000 *+ 6.083
N8720x0 0.477 £0.018 | 201.000 +2.082 | 25.667 +0.333 | 190.000 + 5.774 | 392.333 + 16.796 | 177.333 + 3.528
N8720x150 | 1.560 +0.075 | 283.667 + 1.856 | 50.000 + 1.528 | 261.667 + 3.844 528.000 * 7.572 237.333 + 3.283
N8720x250 | 1.913+0.052 | 373.333+1.764 | 79.333+2.028 | 362.333 + 5.364 742.333 + 4.485 283.667 + 1.856
LSD value 0.1552 8.0656 4.3374 11.6960 28.2840 14.0640
C *% *% *% *k *k nS
S *% *% *% *%k *k *k
C X S * *% *% *%k *k *k
CV (%) 7.1 1.76 5.13 2.58 3.05 341

", 7, ™ Significant at P< 0.05, P< 0.01 and non-significant, respectively. LSD means least significant differences between means.

Table 4. Analysis of variance and mean comparison for glucose, galactose, rhamnosus and xylose traits in leaf

Treatments Glucose (mg/gFW) | Galactose (mg/gFW) | Rhamnosus (mg/gFW) | Xylose (mg/gFW)
Cultivar Gonbad 73.444 £ 0.915 126.000 + 1.732 71.000 +1.732 43.000 + 0.866
N8720 77.778 £1.985 135.333 + 4.069 80.333 + 4.069 53.778 + 4.870
LSD value 1.3907 3.0622 3.0622 1.6419
Stress (gramiLiter) 0 70.833 + 0.307 121.333 + 0.667 66.333 + 0.667 40.667 + 0.333
150 75.500 + 1.232 130.333 + 2.704 75.333+ 2.704 45.167 + 1.352
250 80.500 + 1.821 140.333 + 4.014 85.333 + 4.014 59.333 + 6.020
LSD value 1.7033 3.7504 3.7504 2.0110
CxS Gonbadx0 70.667 + 0.333 121.333 + 0.667 66.333 + 0.667 40.667 + 0.333
Gonbadx150 73.000 + 0.577 124.667 + 0.667 69.667 + 0.667 42.333+0.333
Gonbadx250 76.667 + 0.667 132.000 + 2.309 77.000 + 2.309 46.000 + 1.155
N8720x0 71.000 + 0.577 121.333 +1.333 66.333 + 1.333 40.667 + 0.667
N8720x150 78.000 + 1.000 136.000 + 2.000 81.000 + 2.000 48.000 + 1.000
N8720x250 84.333 £ 1.202 148.667 + 2.404 93.667 + 2.404 72.667 +1.453
LSD value 2.4088 5.3039 5.3039 2.8439
C *% *% *% *%
S *% *% *% *%
C X S *% *% *% *%
CV (%) 1.79 2.28 3.94 3.3

s Significant at P< 0.05, P< 0.01 and non-significant, respectively. LSD means least significant differences between means.

Table (5). Analysis of variance and mean comparison for proline, catalase, ascorbate peroxidase, superoxide dismutase and malondialdehyde traits in root
Treatments Ascorbate Superoxide
Proline (mg/g Catalase (U/mg of peroxidase (U/mg of Peroxidase (U/mg dismutases (U/mg Malondialdehyde
fresh weight) protein) protein) of protein) of protein) (mmol/gFW)
Cultivar Gonbad 1.094 +0.183 213.000 + 14.033 37.222 + 5.552 234.667 + 18.741 242.111 + 19.428 533.667 +9.792
N8720 1.223 + 0.203 262.333 + 22.221 43.556 + 6.254 258.444 + 18.132 276.778 + 24.570 536.333 + 16.091
LSD value 0.0683 7.8297 3.5580 9.0225 6.7699 7.7997
Stress 0 0.430 + 0.011 179.167 + 4.643 22.667 + 0.667 193.167 + 5.582 190.167 + 3.535 490.833 + 6.091
(gram/Liter) 150 1.315 + 0.065 230.833 +12.424 36.500 + 2.952 230.167 + 6.949 247.667 + 9.397 535.333 + 3.756
250 1.732 £ 0.035 303.000 + 17.301 62.000 + 2.338 316.333 + 6.307 340.500 + 11.514 578.833 +5.192
LSD value 0.0837 9.5893 4.3576 11.0500 8.2914 9.5526
CxS Gonbadx0 0.420 +0.017 170.333 +4.177 22.667 + 1.202 182.000 + 1.528 183.333 + 2.333 502.667 + 4.807
Gonbadx150 1.190 + 0.040 203.667 +4.177 30.333 + 2.028 215.000 + 1.732 227.667 + 3.283 529.667 + 3.756
Gonbadx250 1.673 + 0.039 265.000 + 4.726 58.667 + 2.186 307.000 + 3.606 315.333 + 0.882 568.667 + 3.528
N8720x0 0.440 + 0.015 188.000 + 3.512 22.667 + 0.882 204.333 +5.364 197.000 + 3.215 479.000 + 4.726
N8720x150 1.440 + 0.064 258.000 + 4.041 42.667 + 1.202 245.333 + 2.906 267.667 + 5.548 541.000 + 4.933
N8720x250 1.790 + 0.032 341.000 + 5.508 65.333 + 3.383 325.667 +9.939 365.667 + 5.364 589.000 * 4.359
LSD value 0.1183 13.5610 6.1626 15.6270 11.7260 13.5090
C *k *k *k *k *k ns
S *k *k *k *k *k *%
C X S * *k * ns *k *%
CV (%) 5.73 3.2 8.57 3.56 2.54 1.41

", ns Significant at P< 0.05, P< 0.01 and non-significant, respectively. LSD means least significant differences between means.
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Table 6. Analysis of variance and mean comparison for glucose, galactose, rhamnose and xylose traits in root

Treatments Glucose (mg/gFW) | Galactose (mg/gFW) | Rhamnosus (mg/gFW) | Xylose (mg/gFW)
Cultivar Gonbad 33.000 + 0.866 48.000 + 0.866 38.000 + 0.866 25.000 + 0.866
N8720 37.667 £ 2.034 52.667 + 2.034 42.667 + 2.034 29.667 + 2.034
LSD value 1.5311 1.5311 1.5311 1.5311
Stress (gram/Liter) 0 30.667 + 0.333 45.667 + 0.333 35.667 + 0.333 22.667 + 0.333
150 35.167 + 1.352 50.167 + 1.352 40.167 + 1.352 27.167 +£1.352
250 40.167 + 2.007 55.167 + 2.007 45.167 + 2.007 32.167 + 2.007
LSD value 1.8752 1.8752 1.8752 1.8752
CxS Gonbadx0 30.667 + 0.333 45.667 + 0.333 35.667 + 0.333 22.667 + 0.333
Gonbadx150 32.333 £ 0.333 47.333+0.333 37.333£0.333 24.333+£0.333
Gonbadx250 36.000 + 1.155 51.000 + 1.155 41.000 + 1.155 28.000 + 1.155
N8720x0 30.667 + 0.667 45.667 + 0.667 35.667 + 0.667 22.667 £ 0.667
N8720x150 38.000 + 1.000 53.000 + 1.000 43.000 + 1.000 30.000 + 1.000
N8720x250 44.333 + 1.202 59.333 + 1.202 49.333 + 1.202 36.333 £ 1.202
LSD value 2.6520 2.6520 2.6520 2.6520
C *% *% *k *k
S *% *% *k *k
C X S *% *% *k *k
CV (%) 4.21 2.96 3.69 5.45

* 7, s Significant at P< 0.05, P< 0.01 and non-significant, respectively. LSD means least significant differences between means.

DISCUSSION

Since moisture plays an important role in the plant,
reducing moisture absorption has adverse effects on plant
physiological properties.Studies have shown that drought
stress, plant pigments such as carotenoids, chlorophyll a,
chlorophyll b, total chlorophyll concentration significantly
decreased, which was lower in pigment content in N8720
compare to the Gonbad.

Previous studies on plants such as beans, chickpea and
wheat showed that drought stress reduced the amount of
chlorophyll a and b, which was consistent with the results
of this experiment (Mathobo et al., 2017; Mafakheri et al.,
2010; Lonbani and Arzani, 2011).Total chlorophyll
concentration decreases with increasing drought stress and
increasing the concentration of PEG (Pratap& Sharma,
2010; Guoet al., 2013).Chlorophyll b decreased compared
to chlorophyll a due to drought stress, which increased the
chlorophyll b / a ratio, which was consistent with the results
of Ashraf et al. (1994).Navabpour et al. (1394) reported that
increasing amounts of carotenoids under drought stress
conditions were anticipated due to their role in the
antioxidant defense system to protect photosynthetic
pigments (chlorophyll). The significant increase in the
amounts of carotenoids in the grain filling stage as well as
its increase under drought stress indicates its role in
regulating the amounts of active oxygen radicals.Sharifi
and Mohammad Khani (2016) stated that long-term drought
stress reduced total chlorophyll content, which was higher
in susceptible wheat cultivars than drought resistant
cultivars.

Khayyatnezhadet al. (2011) reported that drought-
tolerant cultivars had high levels of chlorophyll content than
drought tolerant cultivars due to increased levels of
superoxide dismutase enzymes in drought tolerant
cultivars.Shivakrishna et al. (2018) showed that the
concentration of chlorophyll a and b in almonds decreased
with increasing concentration of PEG.The reduction of
chlorophyll content in the plant under drought stress is due
to the production of reactive oxygen species, such as 02
and H202, Which can lead to lipid peroxidation and
ultimately chlorophyll degradation and as a result, the plant
leaves become yellow.Plants have several mechanisms for
controlling drought stress, one of which is the enzymatic

defense system.Due to drought stress, the amount of
proline, catalase, ascorbate peroxidase, peroxidase,
superoxide dismutase and malondialdehyde in wheat roots
and leaves has increased.Drought stress leads to the
production of free oxygen radicals in wheat and the plant
enhances the enzymes to cope with oxidative stress.The
accumulation of proline in plants under stress is due to the
proline synthesis and inactivation of its degradation. Proline
content in stress conditions protects cell membranes,
proteins, cytoplasmic enzymes, and inhibits reactive
oxygen species and removes free radicals (Gorbanli et al.,
2013; Liang et al., 2013).Allah Moradi et al. (2013) showed
that drought stress significantly increases the amount of
proline in lentils.Catalase and ascorbate peroxidase play
an important role in converting hydrogen peroxide into
water to prevent the toxic effects of hydrogen peroxide.The
enzyme peroxidase used to collect reactive oxygen species
in order to prevent excessive damage to the active plasmid
membrane. Superoxide dismutase enzyme regulates the
concentration of hydrogen peroxide and superoxide in the
cell and is an important factor in the plant's defense system
against antioxidant stress (Sharma et al.,
2012).Hassanpour and Niknam (2014) stated that drought
stress increased the activity of ascorbite peroxidase,
superoxide dismutase and peroxidase.Malick et al. (2011)
observed that proline increased in some wheat genotypes
due to drought stress, which was consistent with the results
of this study.

Amini et al. (1393) stated that the amount of
malondialdehyde and proline in olive increased with the
increase of drought stress.

The amounts of antioxidant enzymes produced in
wheat N8720 were higher than the Gonbad cultivar.Hojjati
et al. (2011) reported that high levels of enzymes in plants
indicate increased tolerance to drought
stress.SeyyedEbrahimi et al. (1394) stated that the activity
of superoxide dismutase and peroxidase enzymes in
drought resistant cultivars was higher than susceptible
cultivars.One of the other mechanisms to deal with drought
stress is osmotic regulation, which, through the
accumulation of soluble materials in cells, can lead to the
preservation of the cells' turgescence and its dependent
processes during moisture stress; so, due to drought stress
the amount of glucose, galactose, rhamnose, xylose in leaf
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and root of wheat increased.Increased soluble sugars in
wheat under drought conditions were reported (Johari-
Pireivatlou, 2010). Under drought stress conditions,
osmotic regulators can increase water absorption through
plant cells (Hassanpour et al., 2013; Ahsngar et al., 2013).

Borujerdnia et al. (1395) concluded that drought

stress leads to increased soluble sugars, glucose and
proline in beans. Lokhande et al. (2010) reported that
under drought stress, organic molecules with lower
molecular weight, such as soluble sugars, proline and
proteins, act as osmotic regulators in the plants' root and
aerial organs.AfsharMohammadian et al. (1395) stated that
drought stress increased the amounts of soluble sugars
such as glucose, galactose, rhamnose and xylose in
Menthapulegiumand the activity of catalase and peroxidase
enzymes increased in root and aerial organs.
Wheat responds to drought stress through change in
enzymatic and non-enzymatic activity, which ultimately
reveals these changes in morphological characteristics.Due
to drought stress, in order to reduce the cellular water
potential, a large number of photosynthetic compounds are
used to produce osmotic regulatory compounds.These
compounds are not cost-effective for the plant and the plant
compensates this cost by reducing the morphological
characteristics including plant height, stem height, root
length, fresh and dry weight.

The researchers expressed the cause of the decrease
in stem and plant height related to reduced cell division and
vegetative growth due to drought stress (Zabet and
Hosseinzadeh, 2011).

Increasing dry biomass production in plants under
favorable irrigation conditions can be due to the greater leaf
area, which by generating an efficient physiological source
for the further use of light and photosynthesis, increases
the production of dry biomass (Lak et al., 2007).Chegah et
al. (2013) argued that moisture deficiency reduced root
growth, chlorophyll a and b, and total chlorophyll but
increased the soluble sugars content. Other researchers
said that increased drought stress reduced root length in
chickpea and cane (Mafakheri et al., 2011, Jangpromma et
al.,, 2012).Stem length, root length, fresh and dry weight
decreased with increasing drought stress (increasing the
concentration of PEG) in Trachyspermumammi and
Foeniculumvulgare (Fakheri et al., 1396). The fresh weight
of the plant at all levels of drought compared to the control
showed a significant decrease, which may be due to a
decrease in cell division and its growth, resulting in low
turgescence pressure (Mohammadi et al., 1394).The use of
sunflower resistant varieties increased root length
(Manivannan et al., 2014). Plant and stem height in corn
under moisture deficit conditions is significantly reduced
(Khan et al.,, 2015).This study showed that one of the
methods of coping with drought stress is using resistant
cultivars that N8720 increased the plant height, stem
height, root length, fresh and dry weight of wheat compared
to Gonbad cultivar.The total weight of the wheat plant and
plant height decreased with drought stress and selection of
drought-tolerant varieties was very effective in increasing
the height and weight of the whole-wheat plant compared
to sensitive cultivars (Khayyatnejad et al., 2011).Under
drought stress conditions, root length in drought-tolerant
genotype increased and it decreased in drought-sensitive

genotypes (Bibi et al., 2009).Previous studies to cope with
drought stress showed that Manage tools such as the using
suitable wheat cultivars (Asifa et al.,, 2015), the using
growth regulators such as cyclocell (Sedaghat and Imam,
1395) and the application of Zn spray on wheat leaves
(Hera et al., 2018) increased plant resistance to stress.

CONCLUSION

Plants use various mechanisms to reduce the negative
effects of drought stress and respond to stress through
morphological, physiological and metabolic changes.Due to
drought stress, characteristics including plant height, stem
height, root length, fresh and dry weight, carotenoid
content, chlorophyll a and b, and their total reduced in the
plant, but the amounts of proline, catalase, ascorbate
peroxidase, peroxidase, superoxide dismutase,
malondialdehyde and soluble sugars such as glucose,
galactose, rhamnose and xylose in wheat increased.The
enhancement in the amounts of photosynthetic pigments,
oxidant enzymes, proline, malondialdehyde and soluble
sugars in N8720 cultivar compared to the Gonbad cultivar
related to increased expression of resistance genes in
N8720, Which increases the resistance of wheat to drought
stress.

REFFERENCES

1. Dehghan and colleagues. 2015. Root growth, yield and yield
components of tomato under drought stress. Journal of Water
Research in Agriculture. 2: 169-179.

2. SeyedEbrahimi and colleagues. 2015 Effect of Drought Stress on
Morphological Traits and Antioxidant Enzymatic Activity in Two
canola Varieties. Process and Plant Function. 14: 77-91.

3. shokouh far and colleagues. 2013. Effect of Drought Stress on
Some Physiological Traits and Biological Function of Different
Varieties of Vigna radiate L. in Dezful. Quarterly Journal of Plant
Growth Physiology, Islamic Azad University, Ahvaz Branch. 5: 49-
59.

4.  SalehiShanjani et al. 2015 Comparison of the effect of drought
stress on osmotic regulation, peroxidase, polyphenol peroxidase
and pigments in different samples of chamomile and yellow mint
Anthemistinctoria and Tripleurospermumservanes. Journal of
Vegetation Research (Journal of Biology, Iran). 28: 126-139.

5.  Mohammadi and colleagues. 2015 Analysis of Drought Stress
Effect on Some Physiological and Biochemical Parameters of
Lippiacitriodora HBK Journal of Plant Research. 28: 617-628.

6. Fakheri et al. 2017 Effect of drought stress caused by
polyethylene glycol on germination and morphological
characteristics of Trachyspermumammiand Foeniculum vulgare.
Journal of Agricultural Sciences Research in Arid Areas. 1: 35-50.

7.  Sabbaghpour SA .2003. Drought tolerance mechanisms in plants.
Journal of Agricultural Land and Drought.

8. ZABET, M., and AH Hoseinzadeh. "Determinatin of the most
effective traits on yield in mung bean (VIGNA RADIATA L.
WILCZEK) BY MULTIVARIATE ANALYSIS IN STRESS AND
NON-STRESS CONDITIONS." (2011): 87-98.

9. Ziaei et al. 2017. The effect of different irrigation levels on
morphophysiological and biochemical traits in five genotypes of
mung beans. Quarterly Journal of Plant Growth Physiology,
Islamic Azad University, Ahvaz Branch. 34;5.

10. Navabpour et al. 2015 Evaluation of enzymatic and non-
enzymatic defense system changes in soybean cultivars in
response to drought stress during reproductive development.
Plant Biotechnology Synopsis. 7: 39-54.

11. HasanpourLescokalaye and colleagues. 2015. Changes in
chlorophyll content, protein and antioxidant enzymes in durum
wheat under drought stress. Agricultural Crop Improvement
Research. 15: 76-87.

PJMHS Vol. 14, NO. 2, APR—-JUN 2020 1272



Effect of drought Stress

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Afsharmohammdian et al. 2016. Effect of drought stress on the
activity of antioxidant enzymes and soluble sugars content of
pennyroyal (Menthapulegium L.). Nova BiologicaReperta 3 (3):
228-237 (2016)

Amini et al. Effects of water deficit on proline content and activity
of antioxidant enzymes among three olive (Oleaeuropaea |.)
Cultivars. Journal of Plant Research, 2014, 27.2: 156-167.
Ahanger, M., Tyagi, S., Wani M. and Ahmad, P. 2013.
Droughttolerance: role of organic osmolytes, growthregulators,
and mineral nutrients. — Physiological Mechanismsand Adaptation
Strategies in Plants Under ChangingEnvironment, eds Ahmad P.,
Wani M. R., editors.(New York, NY: Springer; Science), 1: 25-55.
Akram, H.M., Ali, A., Sattar, A.,, Rehman, H.S.U. and Bibi, A.
2013. Impact of water deficitstress on various physiological and
agronomic traits of three Basmati rice (Oryza sativa L.)cultivars.
Journal of Animal & Plant Sciences 23 (5): 1415-1423.

Ali, A., Ali, N., Nimatullah, F., & Muhammad Adnan, A. Z. (2013).
Effect of Drought Stress on the Physiology and Yield of the
Pakistani Wheat Germplasms. International Journal of
Advancements in Research & Technology, 2(7), 419-430.
Allahmoradi, P., Mansourifar, C., Saidi, M. and JalaliHonarmand,
S. 2013. Waterdeficiency and its effects on grain yield and some
physiological traits during different growthstages in lentil (Lens
culinaris L.) cultivars. Annals of Biological Research 4 (5): 139-
145.

Almeselmani, M., Abdullah, F., Hareri, F., Naaesan, M., Ammar,
M. A., ZuherKanbar, O., & Saud, A. A. (2011). Effect of drought
on different physiological characters and yield component in
different varieties of Syrian durum wheat. Journal of Agricultural
Science, 3(3), 127-133.

Anjum S. A, Wang L. C., Farooq M., Hussain M., Xue L. L., Zou
C. M. (2011). Brassinolide application improves the
droughttolerance in maize through modulation of enzymatic
antioxidants and leaf gas exchange. J. Agron. Crop Sci. 197:
177-185.

Arbabian, S., A. Majd, et al. (2010). "The effects of
electromagnetic field (EMF) on vegetative organs,pollen
development, pollen germination and pollen tube growth of
Glycine max L." Journal of Cell &Tissue 1(1): 35-42.

Arivalagan, M., & Somasundaram, R. G. (2015). Effect of
propiconazole and salicylic acid on the growth and photosynthetic
pigments in Sorghum bicolor (L.) Moench. under drought
condition. Journal of Ecobiotechnology. 7: 17-23.

Ashraf, M.Y., A. R. Azmi, A. H. Khan & S. A. Ala. 1994. Effect of
water stress on total phenols, peroxidase activity and chlorophyll
content in wheat. ActaPhysiologiaePlantarum. 16(3): 18 5-191.
Asifa, K., Soomro, Z. A., Mari, S. N., Sial, M. A., Baloch, M.,
&Albokari, M. M.2015. Evaluation of water stress tolerance in
wheat genotypes on the basis of phenological and morphological
traits.

Azarpanah, A., Alizadeh, O. and Dehghanzadeh, H. 2013.
Investigation on proline andcarbohydrates accumulation in Zea
mays L. under  water stress  condition. Extreme
life,Biospeology&Asterobiology, International Journal of the
Bioflux Society 5 (1): 47-54.

Arnon, D. I. 1949. Copper enzymes in isolated chloroplasts,
polyphenoxidase in beta vulgaris. Plant physiology.24: 1-15.

Bibi N., Hamed, A., and Ali, H. 2009. Waterstress induced
variations in protein profilesof germinating cotyledons from
seedlings of chickpea genotypes. Pakistan Journal of Botany,41:
731-736.

Borujerdnia and colleagues. 2016. Effect of drought stress on
proline content, soluble carbohydrates, electrolyte leakage and
relative water content of beans. Quarterly Journal of Plant Growth
Physiology, Islamic Azad University, Ahvaz Branch. 29: 23- 41
Chegah, S., Chehrazi, M., &Albaji, M. (2013). EffEcts of drought
strEss on growth and dEvElopmEntfrankEnia  plant
(FrankeniaLeavis). Bulgarian Journal of Agricultural Science,
19(4), 659-666.

Claudia Castaneda Saucedo, M., Delgado Alvarado, D., Cordova
Tellez, L., GonzalezHernandez, V., Tapia-Campos, E. and
Santacruz Varela, A. 2012. Changes in
carbohydrateconcentration in leaves, pods and seeds of dry bean
plants under drought stress. Interciencia 37 (3):168-175.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

a7.

48.

Dubois M, Gilles K, Hamilton JK et al (1951) A colorimetric
method forth determination of sugars. Nature 168:167-168
Dhindsa RS, Plumb-Dhindsa P, Thorpe TA (1981) Leaf
senescence: correlation with increased levels of membrane
permeability and lipid peroxidation, and decreased levels of
superoxide dismutase and catalase. J Exp Bot 32:96—-101

Din J., Khan S. U., Ali I., Gurmani A. R. (2011). Physiological and
agronomic response of canola varieties to drought stress. J.
Anim. Plant Sci. 21 78-82.

Farooq M., Hussain M., Siddique K. H. M. (2014). Drought stress
in wheat during flowering and grain-filling periods.CRC Crit. Rev.
Plant Sci.33 331-349

Ghorbanli, M., Gafarabad, M.,  Amirkian, T. and
AllahverdiMamaghani, B. 2013.'Investigation of proline, total
protein, chlorophyll, ascorbate and dehydro ascorbate changes
underdrought stress in Akria and Mobil tomato cultivars. Iranian
Journal of Plant Physiology 3 (2): 651-658.

Guo, R., Hao, W.P., Gong, D.Z., Zhong, X.L., Gu, F.X., 2013.
Effects of water stress ongermination and growth of wheat,
photosynthetic efficiency and accumulationof metabolites. Sail
Processes and Current Trends in Quality Assessment. 367-380.
Hammad, S. A. and O. A. Ali (2014). "Physiological and
biochemical studies on drought tolerance ofwheat plants by
application of amino acids and yeast extract." Annals of
Agricultural Sciences 59(1): 133-145.

Hasanuzzaman, M., Nahar, K., Gill, S.S. and Fujita, M.2014.
Drought stress responses in plants, oxidative stress,and
antioxidant defense. — In: Gill, S.S., Tuteja,N. (ed.): Climate
Change and Plant Abiotic StressTolerance 18: 209-249.
Hassanpour, H. and Niknam, V. 2014. Effects of waterstress on
plant growth and activity of antioxidant enzymesfragrant oregano
(Menthapulegium L.) atflowering stage. — Plant Proc. Funct. J. 8:
25-34.

Hassanpour, H., Khavari-Nejad, R.A., Niknam. V.,Najafi, F. and
Razavi, K. 2013. Penconazole inducedchanges in photosynthesis,
ion acquisition and proteinprofile of Me-nthapulegium L. under
drought stress. —Physiol. Mol. Bio. Plants 19: 489-498.

Hera, M. H. R., Hossain, M., & Paul, A. K. (2018). Effect of Foliar
Zinc Spray on Growth and Yield of Heat Tolerant Wheat Under
Water Stress. International Journal of Biological and
Environmental Engineering, 1(1), 10-16.

Hojati, M., Modarres-Sanavy, S.A.M., Karimi M. andGhanati, F.
2011. Responses of growth and antioxidantsystems in
CarthamustinctoriusL. under water deficitstress. — ActaPhysiolol.
Plant. 33: 105-112.

Jaleel, C. A., Manivannan, P., Wahid, A., Farooq, M., Al-Juburi, H.
J., Somasundaram, R., &Panneerselvam, R. (2009). Drought
stress in plants: a review on morphological characteristics and
pigments composition. Int. J. Agric. Biol, 11(1), 100-105.
Jangpromma, N., Thammasirirak, S., Jaisil, P., &Songsri, P.
(2012). Effects of drought and recovery from drought stress on
above ground and root growth, and water use efficiency in
sugarcane (‘Saccharumofficinarum'L.). Australian Journal of Crop
Science, 6(8), 1298-1304.

Johari-Pireivatlou, M. 2010. Effect of soil water stresson yield and
proline content of four wheat lines. — AfricanJ. Biotec. 9: 36-40.
Keyvan, S. (2010). The effects of drought stress on yield, relative
water content, proline, soluble carbohydrates and chlorophyll of
bread wheat cultivars. J. Anim. Plant Sci, 8(3), 1051-1060.
Khazaie. Effect of drought stress on root growth and dry matter
partitioning between roots and shoots of winter wheat. Iranian
Crop Researches (2004): 33-41.

Khan M. B., Hussain M., Raza A., Farooq S., Jabran K. (2015).
Seed priming with CaCl2 and ridge planting for improved drought
resistance in maize. Turk. J. Agric. For. 39 193—-203. 10.3906/tar-
1405-39.

Khayatnezhad, M., Zaeifizadeh, M., &Gholamin, R. (2011). Effect
of end-season drought stress on chlorophyll fluorescence and
content of antioxidant enzyme superoxide dismutase enzyme
(SOD) in susceptible and tolerant genotypes of durum wheat.
African Journal of Agricultural Research, 6(30), 6397-6406.
Kheybari M, Daneshian J, Taei A, Rahmani HA, Seyfzadeh S.
2013. Effect of PGPR and amino acid application an sunflower
yield under different water deficit conditions. Int J Agric Res
Rev.3:467-71.

1273 PJIJMHS Vol. 14, NO. 2, APR - JUN 2020



Samaneh Adl, Nahid Masoudian, Bostan Roodi et al

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.
65.

66.

67.

68.

69.

70.

Kilic, H., & YAGBASANLAR, T. (2010). The effect of drought
stress on grain yield, yield components and some quality traits of
durum  wheat (Triticumturgidum ssp. durum) cultivars.
NotulaeBotanicaeHortiAgrobotanici Cluj-Napoca, 38(1), 164-170.
Lak, S., Naderi, A., Siadat, S. A. E., Ayenehband, A,
&Nourmohammadi, G. (2007). Effects of water deficiency stress
on yield and nitrogen efficiency of grain corn hybrid sc. 704 at
Different Nitrogen Rates and Plant Population. 36-76.

Li, H. S., Sun, Q., Zhao, S. J., & Zhang, W. H. (2000). Principles
and techniques of plant physiological biochemical experiment.
Higher Education, Beijing, 195-197.

Liang, X., Zhang, L., Natarajan, S.K. and Becker, D.F. 2013.
Proline Mechanisms of StressSurvival. Antioxid Redox Signal 20;
19 (9): 998-1011.

Lokhande, V.H., Nikam, T.D. and Penna, S. 2010.
Biochemical,physiological and growth changes in responseto
salinity in callus cultures of SesuviumportulacastrumL.. — Plant
Cell. Tiss. Org. 102: 17-25.

Lonbani, M., &Arzani, A. (2011). Morpho-physiological traits
associated with terminal drought-stress tolerance in triticale and
wheat. Agronomy Research, 9(1-2), 315-329.

Lum, M.S., Hanafi, M.M., Rafii, Y.M. and Akmar, A.S.N. 2014.
Effect of Drought Stress onGrowth, Proline and Antioxidant
Enzyme Activites of Upland Rice. Journal of Animal &
PlantSciences 24 (5): 1487-1493.

Mafakheri, A., A. Siosemardeh, A. Bahramnejad, P. C. Struikand
Y. Sohrabi, 2011. Effect of drought stress and
subsequentrecovery on protein, carbohydrate contents, catalase
and peroxidaseactivities in three chickpea (Cicer arietinum)
cultivars.Crop Science Ajs, 5 (10): 1255-1260.

Mafakheri, A., Siosemardeh, A., Bahramnejad, B., Struik, P. C.,
&Sohrabi, Y. (2010). Effect of drought stress on yield, proline and
chlorophyll contents in three chickpea cultivars. Australian journal
of crop science, 4(8), 580-585.

Mahajan, S., &Tuteja, N. (2005). Cold, salinity and drought
stresses: an overview. Archives of Biochemistry and Biophysics,
444(2), 139-158.

Mallick, S. A., Gupta, M., Mondal, S. K. andSinha, B. K. (2011)
Characterization of wheat(Triticumaestivum) genotypes on the
basis of metabolic changes associated with water stress.Indian
Journal Agriculture Science 81: 767-71.

Manivannan, P., Abdul Jaleel, C., Somasundaram, R. and
Panneerselvam, R. 2008. Osmoregulation and Antioxidant
Metabolism in  Drought-stressed Helianthus annuusunder
Triadimefon Drenching. ComptesRendusBiologies 331: 418-425.
Manivannan, P., Rabert, G. A., Rajasekar, M., & Somasundaram,
R. (2014). Drought stress induced modification on growth and
Pigments composition in different genotypes of Helianthus
annuus L. Current Botany, 7-13.

Mathobo, R., Marais, D., & Steyn, J. M. (2017). The effect of
drought stress on yield, leaf gaseous exchange and chlorophyll
fluorescence of dry beans (Phaseolus vulgaris L.). Agricultural
Water Management, 180, 118-125.

Mac Adam, J.W., C. J. Nelson and R. E. Sharp. 1992. Peroxidase
Activity in the leaf elongation zone of

tallfescue. Plant Physiology, 99:872-878.

Miller, G., Suzuki, N. and Ciftci-Yilmaz, S. 2010.Reactive oxygen
species homeostasis and signaling duringdrought and salinity
stresses. — Plant Cell and Enviro.33: 453-467.

Mirzaee, M., Moieni, A. and Ghanati, F. 2013. Effects of drought
stress on the lipidperoxidation and antioxidant enzyme activities in
two canola (Brassica napus L.) cultivar. Journalof Agricultural
Science and Technology 15: 593-602.

Nazarli H, Faraji F, Zardashti MR. 2011. Effect of drought stress
and polymer on osmotic adjustment and Photosynthetic pigments
of sunflower. CercetariAgron Moldova. 5: 1-13.

Nevo, E., & Chen, G. (2010). Drought and salt tolerances in wild
relatives for wheat and barley improvement. Plant, Cell &
Environment, 33(4), 670-685.

Nakano, Y. and Asada, K. 1981. Hydrogen peroxide is scavenged
by ascorbate-specific

peroxidase in spinach chloroplasts. Plant Cell Physiology 22: 867 -
880.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Ozgen, U., Mavi, A., Terzi, Z., Yildirim, A., Coskun, M.and
Houghton, P.J. 2006. Antioxidant properties of somemedicinal
Lamiaceae (Labiatae) species. — Pharm.Biol. 44: 107-112.

Parida, A. K., Dagaonkar, V. S., Phalak, M. S., Umalkar, G. V.,
&Aurangabadkar, L. P. (2007). Alterations in photosynthetic
pigments, protein and osmotic components in cotton genotypes
subjected to short-term drought stress followed by recovery. Plant
Biotechnology Reports, 1(1), 37-48.

Pessarkli, M. 1999. Hand book of Plant and Crop Stress. Marcel
Dekker Inc.697 Pages.

Pratap, V., Sharma, Y.K., 2010. Impact of osmotic stress on seed
germination and seedling growth in black gram (Phaseolus
mungo).5:721-726.

Sharifi, P., &Mohammadkhani, N. (2016). Effects of drought
stress on photosynthesis factors in wheat genotypes during
anthesis. Cereal research communications, 44(2), 229-239.
Sharma, P., Jha, A., Dubey, R. and Pessarakli, M. 2012.Reactive
oxygen species, oxidative damage, and antioxidativedefense
mechanism in plants under stressfulconditions. — J. Bot. 14: 1-26.
Shivakrishna, P., Reddy, K. A., & Rao, D. M. (2018). Effect of
PEG-6000 imposed drought stress on RNA content, relative water
content (RWC), and chlorophyll content in peanut leaves and
roots. Saudi journal of biological sciences, 25(2), 285-289.

Singh, N. P., Pal, P. K., & Vaishali, S. K. (2014). Morpho-
physiological characterization of Indian wheat genotypes and their
evaluation under drought condition. African journal of
biotechnology, 13(20), 2022-2027.

Taibi, K., Taibi, F., Abderrahim, L. A., Ennajah, A., Belkhodja, M.,
&Mulet, J. M. (2016). Effect of salt stress on growth, chlorophyll
content, lipid peroxidation and antioxidant defence systems in
Phaseolus vulgaris L. South African Journal of Botany, 105, 306-
312.

Ting SV, Rouseff RL (1979) Proline content in Florida frozen
concentrated orange juice and canned grapefruit juice. Proc Fla
State HorticSoc 92:143-145

Tian, F., Gong, J., Zhang, J., Zhang, M., Wang, G., Li, A, &
Wang, W. (2013). Enhanced stability of thylakoid membrane
proteins and antioxidant competence contribute to drought stress
resistance in the tasgl wheat stay-green mutant. Journal of
experimental botany, 64(6), 1509-1520.

Wang, S., &Blumwald, E. (2014). Stress-induced chloroplast
degradation in Arabidopsis is regulated via a process independent
of autophagy and senescence-associated vacuoles. The Plant
Cell, 26(12), 4875-4888.

Wen-Bin, W., Yun-Hee, K., Haeng-Soon, L., Ki-Yong, K.and Xi-
Ping, D. 2009. Analysis of antioxidant enzymeactivity during
germination of alfalfa under salt and droughtstresses. — Plant
Physiol. Biochem. 47: 570-577.

Yan, L., & Shi, Y. (2013). Effect of drought stress on growth and
development in winter wheat with aquasorb-fertilizer. Advance
Journal of Food Science & Technology, 5.

Yavas, |., &Unay, A. (2016). Effects of zinc and salicylic acid on
wheat under drought stress. J. Anim. Plant Sci, 26, 1012-1018.
Zhang, Y. J., Xie, Z. K., Wang, Y. J., Su, P. X,, An, L. P, & Gao,
H. (2011). Effect of water stress on leaf photosynthesis,
chlorophyll content, and growth of oriental lily. Russian Journal of
Plant Physiology, 58(5), 844-850.

Zheng, J., Fu, J., Gou, M., Huai, J., Liu, Y., Jian, M., ... & Wang,
G. (2010). Genome-wide transcriptome analysis of two maize
inbred lines under drought stress. Plant molecular biology, 72(4-
5), 407-421.

Zlatev, Z., Lidon, F.C. 2012. An overview on drought induced
changes in plant growth, water relations and photosynthesis.
Emirates Journal of Food and Agriculture 24: 57-72.

Wang, Y., Jiang, J., Zhao, X., Liu, G., Yang, C., & Zhan, L.
(2006). A novel LEA gene from Tamarixandrossowii confers
drought tolerance in transgenic tobacco. Plant Science, 171(6),
655-662.

Yu, J., Lai, Y., Wu, X., Wu, G., & Guo, C. (2016). Overexpression
of OsEm1 encoding a group | LEA protein confers enhanced
drought tolerance in rice. Biochemical and biophysical research
communications, 478(2), 703-709.

Xiang, D., & Man, L. (2018). EhREm1, a novel Em-like protein from
Eutremahalophilum, confers tolerance to salt and drought
stresses in rice. Molecular Breeding, 38(2), 17.

PJMHS Vol. 14, NO. 2, APR—JUN 2020 1274



Effect of drought Stress

92.

93.

94,

95.

96.

97.

98.

Park, B. J., Liu, Z., Kanno, A., &Kameya, T. (2005). Genetic
improvement of Chinese cabbage for salt and drought tolerance
by constitutive expression of a B. napus LEA gene. Plant science,
169(3), 553-558.

Ozturk, Z. N., Talamé, V., Deyholos, M., Michalowski, C. B.,
Galbraith, D. W., Gozukirmizi, N., &Bohnert, H. J. (2002).
Monitoring large-scale changes in transcript abundance in
drought-and salt-stressed barley. Plant molecular biology, 48(5-
6), 551-573.

Diab, A. A., Teulat-Merah, B., This, D., Ozturk, N. Z., Benscher,
D., & Sorrells, M. E. (2004). Identification of drought-inducible
genes and differentially expressed sequence tags in
barley. Theoretical and Applied Genetics, 109(7), 1417-1425.
Guo, P., Baum, M., Grando, S., Ceccarelli, S., Bai, G., Li, R.,
&Valkoun, J. (2009). Differentially expressed genes between
drought-tolerant and drought-sensitive barley genotypes in
response to drought stress during the reproductive stage. Journal
of experimental botany, 60(12), 3531-3544.

Duan, J., & Cai, W. (2012). OsLEA3-2, an abiotic stress induced
gene of rice plays a key role in salt and drought tolerance. PLoS
One, 7(9), e45117.

Hu, T., Yang, J., Yang, Y., & Wu, Y. (2014). Molecular
characterization, heterologous expression and resistance analysis
of OSLEA3-1 from Oryza sativa. Biologia, 69(5), 625-634.

Candat, A., Paszkiewicz, G., Neveu, M., Gautier, R., Logan, D.
C., Avelange-Macherel, M. H., &Macherel, D. (2014). The
ubiquitous distribution of late embryogenesis abundant proteins
across cell compartments in Arabidopsis offers tailored protection
against abiotic stress. The Plant Cell, tpc-114.

99.

100.

101.

102.

103.

104.

105.

106.

Thalhammer, A., Hundertmark, M., Popova, A. V., Seckler, R,
&Hincha, D. K. (2010). Interaction of two intrinsically disordered
plant stress proteins (COR15A and COR15B) with lipid
membranes in the dry state. Biochimica et BiophysicaActa (BBA)-
Biomembranes, 1798(9), 1812-1820.

Goyal, K., Walton, L. J., &Tunnacliffe, A. (2005). LEA proteins
prevent protein aggregation due to water stress. Biochemical
Journal, 388(1), 151-157.

Hand, S. C., Menze, M. A., Toner, M., Boswell, L., & Moore, D.
(2011). LEA proteins during water stress: not just for plants
anymore. Annual review of physiology, 73, 115-134.

Amara, |., Zaidi, ., Masmoudi, K., Ludevid, M. D., Pages, M.,
Goday, A., &Brini, F. (2014). Insights into late embryogenesis
abundant (LEA) proteins in plants: from structure to the functions.
American Journal of Plant Sciences, 5(22), 3440.

Wang, X. S., Zhu, H. B., Jin, G. L., Liu, H. L., Wu, W. R., & Zhu, J.
(2007). Genome-scale identification and analysis of LEA genes in
rice (Oryza sativa L.). Plant Science, 172(2), 414-420.

Guo, C., Yao, L., You, C., Wang, S., Cui, J., Ge, X., & Ma, H.
(2016). MID1 plays an important role in response to drought
stress during reproductive development. The Plant Journal, 88(2),
280-293.

Mickelbart, M. V., Hasegawa, P. M., & Bailey-Serres, J. (2015).
Genetic mechanisms of abiotic stress tolerance that translate to
crop yield stability. Nature Reviews Genetics, 16(4), 237.

Zhou, G. A, Chang, R. Z. and Qiu, L. J. (2010) Overexpression of
soybean ubiquitin-conjugatingenzyme geneGmUBC2 confers
enhanceddrought and salt tolerance through modulatingabiotic
stress-responsive gene expressioninArabidopsis. Plant Molecular
Biology 72: 357-369

1275 PJMHS Vol. 14, NO. 2, APR - JUN 2020



