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Abstract

The role of exogenous nitric oxide (NO) application in alleviating drought stress responses by enhancing the antioxidant
activities in plants is well established for several species. However, none of the studies reported its role in protecting the
watermelon genotypes from drought stress. In this study, we aimed to observe the effect of NO application on the physiologi-
cal and biochemical responses of the two watermelon (Citrullus lanatus var. lanatus) genotypes grown under drought stress
conditions by treating the plants with 15% polyethylene glycol 6000 (PEG 6000) and 100 uM sodium nitroprusside (SNP),
which is a NO donor in Hoagland solution. Among the two genotypes, one genotype, KAR 98 was drought tolerant; while
another, KAR 147 was drought sensitive. Drought stress showed a decrease in the growth parameters of both the genotypes;
however, as expected it was higher in the susceptible genotype, KAR 147. NO application could not prevent the reductions
in the growth parameters; however, it reduced the increment in malondialdehyde (MDA) content caused by the drought stress
in both watermelon genotypes. Moreover, while drought stress condition reduced the ascorbate peroxidase (APX), catalase
(CAT), glutathione reductase (GR), and peroxidase (POX) activities in both genotypes, NO + PEG application increased the
APX activity in the tolerant genotype, KAR 98. Though the obtained results does not show the direct involvement of NO in
increasing drought tolerance of watermelon plants, the increase in the APX antioxidant enzyme activity on NO application
under drought stress confirmed its role in protecting the watermelon genotypes from the oxidative damage caused by the
drought stress. Moreover, it can be concluded that the effect of NO application on watermelons’ responses towards drought
stress condition may vary according to the specific genotypes. As to date none of the studies reported the effect of NO appli-
cation on the antioxidant activity of watermelon genotypes under drought stress, the present study may provide information
about the mechanisms that can be focused to improve drought stress tolerance of watermelon genotypes.

Keywords Antioxidant enzymes - Abiotic stress - NO metabolism - Physiological growth - Reactive oxygen species (ROS) -
Water deficit

Introduction free radicals (such as hydroxyl radicals) and non-radicals

(such as hydrogen peroxide) in plants that lead to oxidative

Drought is one of the disastrous stress conditions affecting
the plants at the morphological, physiological, biochemi-
cal, and molecular levels; thus, limiting the crop yields
(Abid et al. 2018). It results in an increase in the release of
the highly toxic reactive oxygen species (ROS) including
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damage causing the destruction of carbohydrates, lipids
and proteins in the cells. ROS also plays an important role
in stimulating the expression of a new gene at the cellular
site facing the abiotic stress condition; thus, regulating
the cellular growth, development and response towards a
specific stress. The antioxidative defense system of plants
including enzymatic and non-enzymatic molecules facili-
tates the scavenging of these ROS protecting the cellu-
lar structures from the possible damage (Gill and Tuteja
2010). Drought stress condition leads to the peroxidation
of polyunsaturated fatty acids that leads to production of
reactive aldehydes such as malondialdehyde (MDA). Thus,
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the changes in the MDA content during a stress condition
demonstrate the extent of lipid peroxidation. NO has been
identified as a potential effector and signaling molecule in
plants that has been intensively studied for its role in stress
regulation in plants (Simontacchi et al. 2015). It is known
to act as an antioxidant molecule destroying the ROS and
forming peroxynitrite that is less harmful as compared
to peroxides, thus reducing the cellular destruction (Jday
et al. 2016). In addition, it is known to interact with ROS
and have a signaling role causing the expression of genes
under abiotic stress conditions (Lamattina et al. 2003).
It has also been revealed that NO leads to the accumula-
tion of free proline in plants regulating the drought stress
tolerance in plants (Farooq et al. 2009). Sodium nitroprus-
side (SNP) is a NO donor that leads to the alleviation in
water loss from leaves via diminishing the ion leakage and
transpiration rate, stimulating the closure of stomata, thus
increasing the drought stress tolerance (Gan et al. 2015;
Simontacchi et al. 2015; Zhang et al. 2016). Though the
function of NO in alleviating drought stress responses have
been studied in several plant species (Tian and Lei 2006;
Gan et al. 2015; Zhang et al. 2016; Silveira et al. 2017;
Santisree et al. 2015), less is known about its role in regu-
lating drought stress in watermelon species. Watermelon
(Citrullus lanatus var. lanatus) is largely grown in arid
and semi-arid regions of the world that often suffer from
less rainfall. In 2018, 103.9 million tonnes of watermel-
ons were produced worldwide, with Turkey as the third
major producer after China and Iran producing 4 million
tonnes of watermelon (FAO, 2018). Though watermelon
prefers hot and dry environment, deficient water supply
during the establishment and early vegetative period (0
to approx. 40 days) lead to the development of weak plant
and reduces the yield. In addition, the flowering period
and fruit filling periods are sensitive to drought stress.
Thus, it is crucial to understand the defense mechanism
of watermelon under water deficit.

Understanding the ameliorative effect of NO on the
responses of watermelon towards drought stress may facil-
itate the management strategies for improving its yield.
Thus, the present study was aimed to explore whether the
NO application has an ameliorative effect on the growth,
biochemical and enzymatic activities of the two contrast-
ing watermelon genotypes (one drought-tolerant and
another drought susceptible) grown under drought stress
condition. As it will be the first study to establish whether
NO application have a role in modifying the antioxidant
enzyme activity consequently improving the drought stress
tolerance of watermelon genotypes; the obtained results
can be used as a reference while establishing the manage-
ment methods for watermelon to upgrade their drought
tolerance in semi-arid and arid regions.
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Materials and methods
Plant material and growing conditions

For this study, a drought-tolerant watermelon genotype, KAR
98 (Suyum et al. 2012; Hamurcu et al. 2015) and a drought-
susceptible watermelon genotype, KAR 147 were grown
in controlled hydroponic growth conditions where photo-
period, light intensity, temperature, and humidity was set
to 16/8 h day/night, 14,000 1x/day, 21+ 1 ‘C, and 45-55%,
respectively. In the trial, drought stress was developed in plants
by polyethylene glycol (PEG) application that has been deter-
mined to stimulate drought stress in several studies, inducing
hydrogen peroxide formation and lipid peroxidation, but does
not have any toxic effects (Hellal et al. 2018; Emmerich and
Hardegree 1990).

At first, watermelon seeds were treated with 5% sodium
hypochlorite for 10 min and thoroughly rinsed 3 times with
sterile deionized water (dI-H,O). After surface sterilization,
seeds were imbibed in water for 2 h, put on humid filter papers
in Petri plates, and then kept at 4 “C overnight. Further, ger-
minated seeds were incubated on nylon net in 0.5 mM CaCl,
solution at 25 °C under dark. Later, germinated seedlings were
transferred to 1/5 Hoagland solution (pH 6.0) in the aerated
growth room. At three-leaf stage, 15% PEG 6000 and 100 uM
nitric oxide was supplied to the plants within 1/5 Hoagland
solution. Hoagland solution was replaced every 3 days. Sam-
ples were harvested after the 10th day of PEG and nitric oxide
treatment when they started showing morphological symptoms
of drought stress. Leaf samples were immediately frozen in
liquid nitrogen, and stored at — 80 “C until enzymatic analyses.

Growth parameters

Root and shoot samples of watermelon genotypes were har-
vested on the 10th day after the PEG and NO treatment for
measuring the growth parameters. Root—shoot length and
fresh weight were measured immediately after the harvest.
Root—shoot dry weights were measured after drying the sam-
ples at 70 °C for 72 h.

Photosynthesis measurements

The photosynthetic parameters including photosynthetic activ-
ity, stomatal activity, transpiration flow and internal CO, were
measured using Li-Cor LI-6400 XT instrument (Sperlich et al.
2016).

Na, K, Ca and Mg contents in plants

Na, K, Ca and Mg contents were measured employing
ICP-AES machine (Inductively Coupled Plasma Atomic
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Emission Spectrometer) (Varian Vista AX, Australia) (Burt
2004; Pandey et al. 2016). Around half gram of dried leaf
and root samples were digested with concentrated HNO; in
a microwave system CEM, Mars 5 (CEM Corp., USA). After
filtering the obtained mixture, the concentration of elements
in the supernatant was estimated.

Determination of malondialdehyde (MDA) content

In this study, thiobarbituric acid was used to estimate the
lipid peroxidation in leaves by measuring the MDA content
(Rao and Sresty 2000; Bayram et al. 2014). The MDA con-
centration was determined from the absorbance at 532 nm
and measurements were rectified for nonspecific turbidity by
subtracting the absorbance at 600 nm. The MDA concentra-
tion was estimated employing an extinction coefficient of
155/mM/cm.

Estimation of proline

Proline content was estimated by ninhydrin assay at As,, nm
according to the method described by Wang et al. (2015) and
Bates et al. (1973).

Hydrogen peroxide (H,0,) accumulation level

H,0, contents were measured employing the method used
by Velikova et al. (2000) and Terzi et al. (2014). Leaf tissues
(0.1 g) were homogenized with 1 mL of 0.1% (w/v) trichlo-
roacetic acid (TCA) on an ice bath. Further, the homogenate
was centrifuged at 12,000 X g for 15 min. The reaction mix-
ture consisted of supernatant (0.5 mL), 0.5 mL potassium
phosphate buffer (10 mM, pH 7.0) and 1 mL 1 M potassium
iodide (KI). After vortexing, the absorbance was measured
at 390 nm, where 0.1% TCA was used as blank. The H,0,
content was determined from a standard curve, and the
determined values were expressed as pmol/g fresh weight.

Hydroxyl (+OH) scavenging activity

Hydroxyl radical activity was estimated as per the method
followed by Kim and Minamikawa (1997) and Silva et al.
2020.

Leaf osmotic potential (¥,

Leaf osmotic potential was measured employing the method
followed by Santa-Cruz et al. (2002). Leaves pieces were
homogenized in Eppendorf tubes and were further centri-
fuged at 14,000 rpm for 15 min. Readings of obtained solu-
tion were taken using Wescor Vapro 5600 osmometer as
mmol/kg which were further converted to osmotic potential
in MPa by multiplying them with 2.408 x 107,

Cell membrane permeability

Cell membrane permeability was estimated by measuring
electrolyte leakage as per the method mentioned by Kad-
dour et al. (2013) and Dionisio-Sese and Tobita (1998). For
analysis, 0.1 g leaf samples were cut into 5-mm-long discs
and transferred to the test tubes containing 10 mL of deion-
ized water. The tubes were sealed with plastic stoppers and
kept in a 32 °C water bath for 2 h. The samples were auto-
claved for 20 min at 121 °C and the electrical conductivity
of the medium was measured with EC meter (EC1). Further,
the samples were cooled to 25 °C to measure the electrical
conductivity (EC2).

Electrolyte leakage (EL) was calculated according to the
following formula:

EL = EC1/EC2 x 100.

Anatomical analysis

For microscopic observations, the paraffin method (Ruzin
1999; Ouk et al. 2020) was applied to specific sections of the
plants, and sections were taken using a microtome.

Enzyme extractions and assays

Around half gram of the frozen leaf samples were crushed
with 50 mM sodium phosphate buffer (pH 7.8) consist-
ing of 1 mM disodium-EDTA and 2% (w/v) polyvinylpo-
lypyrrolidone (PVPP). After centrifugation at 14,000 rpm
for 40 min at 4 “C, supernatants were used for the enzyme
activity assays. Employing bovine serum albumin as stand-
ard, the total soluble protein contents of the enzyme extracts
were estimated following the method of Bradford (1976).
The spectrophotometric measurements were done using a
Shimadzu (UV 1600) spectrophotometer.

Superoxide dismutase (SOD, EC 1.15.1.1)

The SOD activity was estimated by its capacity to prevent
the photochemical reduction of nitrobluetetrazolium (NBT)
at 560 nm (Beauchamp and Fridovich 1971; Gao et al.
2008). The experiments were conducted at 25 “C and the
reaction mixture (3 mL) contained 0.033 mM NBT, 10 mM
L-methionine, 0.66 mM EDTA-Na, and 0.0033 mM ribofla-
vin in 0.05 mM sodium phosphate buffer (pH 7.8). Followed
by the addition of riboflavin, reaction mixture was incubated
under 300 umol m~2 s~ ! irradiance at 25 °C for 10 min. The
observation of maximum color in a reaction mixture with no
enzyme confirms maximum reduction rate of NBT. One unit
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of SOD activity was interpreted as the amount of SOD nec-
essary for 50% inhibition of NBT and the specific enzyme
activity was mentioned as units per mg protein.

Catalase (CAT,EC1.11.1.6)

CAT activity was evaluated according to Rao et al. (1997)
and Sukrong et al. (2012). The initial rate of decomposi-
tion of H,0, was estimated at 240 nm. The reaction mixture
was composed of 0.05 M sodium phosphate buffer (pH 7.0)
with 0.1 mM EDTA (ethylene diamine tetraacetic acid) and
3% H,0,. The decrement in the absorption was checked for
3 min and 1 pmol H,0, decomposed per min was considered
as one unit of CAT.

Glutathione reductase (GR, EC 1.6.4.2)

GR activity was evaluated according to Foyer and Halli-
well (1976) and Souri et al. (2020). The assay medium was
composed of 0.025 mM sodium phosphate buffer (pH 7.8),
0.5 mM GSSG (glutathione disulfide), 0.12 mM NADPH
(nicotinamide adenine dinucleotide phosphate) Na, and
0.1 mL enzyme extracted in a final assay volume of 1 mL.
Further, NADPH oxidation was conducted at 340 nm. The
activity was measured using the extinction coefficient of
NADPH (6.2 mM~! cm™). A unit of GR activity was con-
sidered as umol/ml oxidized GSSG per min. The specific
enzyme activities were mentioned as units/mg protein for
all the studied enzymes.

Peroxidase (POX; EC 1.11.1.7)

POX enzyme activity was measured employing Herzog and
Fahimi (1973) and Faradonbeh et al. (2020) method. The
absorbance of the reaction mixture was estimated at 465 nm.
A unit of POX activity was considered as pmol/ml H,0,
decomposed per min.

Ascorbate peroxidase (APX; EC 1.11.1.11)

The APX activity was estimated by Nakano and Asada
(1981) and Wang et al. (2019) method. The decrease in
the absorbance of the reaction mixture containing oxidized
ascorbate at 290 nm was observed. A unit of APX activity
was considered as umol ml1~! oxidized ascorbate per min.

Guaiacol peroxidase (GPX; EC 1.11.1.7)

GPX activity was determined according to Quessada and
Macheix (1984) and Hafsi et al. (2010).
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Statistical analysis

The experiment was based on a completely randomized
design. All analyses were conducted using one-way analy-
ses of variance (ANOVA) in Minitab program and the mean
differences were compared by the least significant difference
(LSD) test. The data points were the mean of six replicates
(n=4), and differences between mean values with P <0.01
were considered to be significantly different. In all the fig-
ures, the spread of values is shown as standard errors (SE)
of the means.

Results and discussion
Growth parameters

The effect of exogenous NO application on growth param-
eters was investigated in two different watermelon genotypes
grown under drought stress. A decrease was observed in the
root—shoot fresh weights, shoot dry weight, and shoot length
of both the genotypes under drought stress conditions as
compared to the control treatment. Moreover, this decrease
was mostly greater in the case of KAR 147 genotype as
compared to KAR 98 (except root dry weight). Though these
results were not significant while considering the individual
genotypes, the outcomes were significant when means of
both the genotypes were statistically analyzed. Several stud-
ies on different plant species demonstrated a decrease in the
root—shoot fresh and dry weight under drought stress condi-
tions and the decreases were greater in sensitive genotypes
(Martinez et al. 2007; Abid et al. 2018; Ayas and Demir-
tas 2009). Similar to our study, Kirnak and Dogan (2008)
emphasized on the decrease in the dry matter production of
watermelon plants (Citrullus vulgaris) under drought condi-
tions. Turner and Begg (1981) discussed that reductions in
the biomass of plants under water deficit may occur either
due to a decrease in the photosynthetic activity or a reduction
in the leaf growth rate. In our study, NO application under
drought stress showed a statistically significant increase and
decrease in the root length of the tolerant genotype, KAR 98
and susceptible genotype, KAR 147, respectively, as com-
pared to the only drought condition (Fig. 1). This increase
in the tolerant genotype showed the positive effect of NO
application that may have contribution in the reduction of
ROS under drought stress condition. Though NO applica-
tion under drought stress decreased the shoot fresh weight
and dry weight of both genotypes as compared to the only
drought condition, it was not statistically significant. This
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Fig.1 The effects of NO application on the a shoot fresh weight
(Shoot FW), b root fresh weight (Root FW), ¢ shoot dry weight
(Shoot DW), d root dry weight (Root DW), e hoot length and f root
length of two contrasting watermelon (Citrullus lanatus var. lana-
tus) genotypes (tolerant, KAR 98 and susceptible, KAR 147) grown

decrease in the shoot fresh—dry weights of both watermelon
genotypes were contrary to the results obtained by Gan
et al. (2015) in barley where an increase in the fresh and dry
weights were observed on NO application under drought
stress as compared to the only drought condition.

in drought stress condition. Values are mean+S.E. (standard error)
based on four replications (n=4). Control no drought stress no SNP
(NO donor), PEG drought stress treatment, PEG+NO drought
stress + SNP treatment

Photosynthesis measurements (photosynthetic
activity, stomatal activity, transpiration rate,
and internal CO,)

Light saturated photosynthesis (A,) values determined at
1000 umol/m?*/s light intensity and atmospheric CO, con-
centration were found to be close to each other in both geno-
types in the control groups. When compared to the control
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group, PEG and PEG + NO applications did not significantly
decreased the A, values of KAR 98 genotype, while both
applications significantly decreased the A, values in KAR
147 genotype (Table 1). NO application under drought stress
condition did not have a positive effect on the A, values in
both the genotypes as compared to the only drought treat-
ment. These results were in accordance with the previous
study conducted by Zhang et al. (2016) on Malus species
where NO application under drought stress could make a
positive effect on the photosynthetic rate as compared to the
only drought condition.

K, Mg, Ca, and Na concentrations

In the nutrient analysis, there were no major changes in K
and Ca concentrations of KAR 98 in PEG 4+ NO applications
as compared to PEG treatment. However, in KAR 147 geno-
type, shoot K and Ca in PEG + NO applications decreased
and increased, respectively, as compared to PEG treatment.
On analyzing the mean of two genotypes, K content signifi-
cantly decreased in both PEG and PEG + NO applications
as compared to control. Shoot Mg concentration in both
genotypes decreased in PEG and PEG + NO application as
compared to control. Na concentration increased and signifi-
cantly decreased in KAR 98 and KAR 147 genotype, respec-
tively, in PEG +NO application as compared to only drought
condition (Fig. 2). The increase in Ca and the decrease in
K and Mg content in NO + PEG application as compared to
PEG application were similar to those obtained by Bai et al.
(2015) in ryegrass.

Lipid peroxidation (MDA)

MDA content was significantly increased in both KAR 98
and KAR 147 genotype, respectively, under drought condi-
tions as compared to control. On applying NO under drought
conditions, both KAR 98 and KAR 147 genotype showed
a decrease in MDA content as compared to only drought

Table 1 The effects of NO application on the light saturated photo-
synthesis (A,) values of two contrasting watermelon (Citrullus lana-
tus var. lanatus) genotypes (tolerant, KAR 98 and susceptible, KAR
147) grown in drought stress condition

Treatment A,,, (umol/m?/s')
KAR 98 KAR 147
(pmol/m%/s") (umol/m?/s")
Control 14.97+2 (n=3) 14.7+3.01 (n=3)
PEG 13.36 8.77
PEG+NO 12.55 6.27

Control no drought stress no SNP (NO donor), PEG drought stress
treatment, PEG + NO drought stress + SNP treatment

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer

condition. These differences showed that NO application
under drought stress had a positive effect on watermelon
genotypes reducing the oxidative damage that decreased the
MDA accumulation when compared to only PEG supply
(Fig. 3). These decreases in MDA content on NO application
under drought as compared to only drought treatment were
in line with those obtained by Gan et al. (2015) in barley and
Zhang et al. (2016) in Malus.

Proline

The proline accumulation increased in both KAR 98 and
KAR 147 genotype in drought stress conditions as compared
to control and there were decreases in the proline content
in PEG + NO application as compared to drought condi-
tions, but these changes were not significant. The percent-
age decrease in the osmotic potential of drought-susceptible
genotype KAR 147 under PEG and PEG + NO as compared
to control was higher than drought-tolerant KAR 98 (Fig. 3).
The decrease in the leaf osmotic potential of watermelon
genotypes in drought conditions indicates the accumulation
of other osmotic compounds such as proline and glycine
betaine. Similar to our results, Ahmad et al. (2018) reported
that NO applications increases the synthesis of flavonoid,
proline, glycine betaine and osmolites and promote the
antioxidant metabolism, and metabolite accumulation, pro-
tecting the tomato plants from damage caused by salinity
stress. Moreover, our results were in line with Gan et al.
(2015) where NO application under drought stress increased
the proline content of barley as compared to only drought
condition.

Hydrogen peroxide (H,0,) content

The H,0, content significantly increased in both genotypes
under drought conditions as compared to control; however,
this increase was higher in KAR 147 genotype. NO applica-
tion in drought conditions increased the H,0O, content in sus-
ceptible genotype, KAR 147 while the H,0, content of toler-
ant genotype, KAR 98 was decreased as compared to only
drought condition, though these changes were not significant
(Fig. 3). It might be possible that when NO and H,0, pass
through the peroxisome membrane, the superoxide radicals
are produced on the cytosolic side of the membrane which
inhibits the activity of NO along with the CAT and APX
activities. This causes p-oxidation of fatty acids, increasing
H,0, concentration in susceptible genotype. In line with
our study, Ozkur et al. (2009) and Qiu et al. (2008) reported
an increase in H,O, content with drought stress in Caper
and wheat seedlings, respectively. The decrease in the H,O,
content of the tolerant genotype on NO supply under drought
was similar to those obtained by Gan et al. (2015) in barley
and Tian and Lei (2006) in wheat.
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Fig.2 The effects of NO application on the shoot a potassium (K), b
magnesium (Mg), ¢ calcium (Ca) and d sodium (Na) content of two
contrasting watermelon (Citrullus lanatus var. lanatus) genotypes
(tolerant, KAR 98 and susceptible, KAR 147) grown in drought stress

Hydroxyl radical (+OH)

The eOH activities of both watermelon genotypes increased
under PEG application as compared to control. However, it
decreased on NO application under drought stress condition
as compared to only drought condition (Fig. 3). In previous
studies, it was determined that NO leads to the destruction
of superoxide radical and produces peroxynitrite (ONOO™)
radical that further leads to the production of highly reactive
oOH radical and nitrogen oxide (NO,) on isomerization with
nitrate (Singh and Shah 2014).

Leaf osmotic potential (V)

There was an increase and decrease in the osmotic potential
value of KAR 98 and KAR 147 genotype in drought con-
ditions as compared to control. Under PEG +NO applica-
tion, the osmotic potential of KAR 98 decreased; however,
the osmotic potential of KAR 147 increased as compared
to PEG application (Fig. 3). Similar to the results of KAR
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condition. Values are mean +S.E. (standard error) based on four rep-
lications (n=4). Control no drought stress no SNP (NO donor), PEG
drought stress treatment, PEG + NO drought stress + SNP treatment

98 in our study, Jday et al. (2016) also determined that NO
application under drought stress make osmotic potential
more negative as compared to the only drought treatment.

Cell membrane permeability (electrolyte leakage)

Electrolyte leakage significantly increased in both genotypes
under drought conditions as compared to control. However,
on applying NO with PEG applications, electrolyte leak-
age of tolerant genotype significantly decreased, while of
susceptible genotype significantly increased as compared to
only drought condition (Fig. 3). Our results in the tolerant
genotype were in accordance with those obtained by Ahmad
et al. (2018) and Gan et al. (2015) where exogenous appli-
cation of NO decreased electrolyte leakage in salt-stressed
chickpea and drought stressed barley plants, respectively.
According to these results, it can be concluded that the alle-
viating effect of NO towards the responses of drought stress
may vary according to the genotypes.
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Fig.3 The effects of NO
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Anatomical analysis

On examining the anatomical sections of shoots, an increase
in the xylem counts in the vascular bundles of KAR 98 geno-
type depending on the applications was observed. The dif-
ferences in trachea numbers were noteworthy, especially
in branch sections. Some differences were observed in the
number of palisade parenchyma sequences in the leaf sec-
tions of the KAR 98 genotype depending on the application
(Fig. 4). Similarly, number of tracheids showed differences
in the shoot sections of KAR 147 genotype. In addition, the
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number of cells in the sclerenchyma tissues surrounding the
vascular bundles showed differences.

Antioxidant enzyme activities

Superoxide dismutase (SOD) activity

SOD activity increased in both KAR 98 and KAR 147
genotype under drought conditions and PEG + NO as

compared to control (Fig. 5). While SOD enzyme activ-
ity increased under NO + PEG application as compared
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Fig.4 The effects of NO application on the anatomical shoot, branch
and leaf sections of two contrasting watermelon (Citrullus lana-
tus var. lanatus) genotypes a KAR 98 (tolerant one) and b KAR

to control, it decreased as compared with the drought
application in both watermelon genotypes. Similar to
our study results, SOD enzyme activity of beans (Pha-
seolus vulgaris) and tepary beans (Phaseolus acutifolius)
increased due to drought stress in a study conducted by
Tiirkan et al. (2005). Although there was an increase in
SOD enzyme activity due to drought stress, decreases in
the enzyme activity were reported with the increasing

147 (susceptible one) (scale 50 pm). Control no drought stress no
SNP (NO donor), PEG drought stress treatment, PEG + NO drought
stress + SNP treatment

stress concentrations (Tan et al. 2006). Moreover, on con-
trary with our study, NO application under drought stress
increased the SOD activity in barley and Malus species,
respectively, when compared to only PEG supply (Gan
et al. 2015; Zhang et al. 2016). NO applications in abiotic
stress conditions may have variable effects on antioxidant
enzyme activity in plants (He et al. 2019; Laspina et al.
2005).
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Fig.4 (continued)

Catalase (CAT) activity

In the drought condition, CAT enzyme activity signifi-
cantly decreased in both genotypes as compared to control;
however, the decrease was higher in susceptible KAR 147
genotype (55%) and lower in the tolerant KAR 98 geno-
type (22%) (Fig. 5). NO application under drought signifi-
cantly decreased and increased the CAT activity in KAR
98 and KAR 147 genotype, respectively, as compared to

Jase cllola
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the only PEG application. The increase in the CAT activ-
ity of susceptible genotype highlights the positive effect
of NO application under drought stress condition. In con-
trary to our results of tolerant genotype, an increase in
the CAT activity was observed in barley and Malus plants
under PEG + NO application as compared to only PEG
application (Gan et al. 2015; Zhang et al. 2016). Similar to
our study, CAT activity has been reported to be inhibited
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by exogenous NO treatment in the studies conducted by
Clarke et al. (2000) and Manai et al. (2014).

Glutathione reductase (GR) enzyme activity

Several studies reported that drought stress induces oxidative
stress and causes an increase in GR activity (Gill and Tuteja
2010; Miller et al. 2010). However, in our study, GR activ-
ity significantly decreased in KAR 98 genotype under PEG
treatment as compared to control. However, NO application

under drought stress increased GR activity in the tolerant
genotype, KAR 98 when compared to only PEG treatment.
The decrease in GR activity in KAR 147 genotype under
both PEG and PEG + NO application was not significant
when compared to the control (Fig. 5). This showed that
other than having relieving effects, NO may also have nega-
tive effects on plants when applied with some existing abi-
otic stress conditions. This negative effect is dependent on
the nature of the genotype, type of enzymes, and types of
abiotic stress.
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Peroxidase (POX) activity

Under drought conditions, POX activity significantly
decreased in both the genotypes; however, the decrease
was greater in KAR 98 genotype. On NO application under
drought, POX activity values significantly decreased and
increased in KAR 98 and KAR 147 genotype, respectively,
as compared to only drought application (Fig. 5). Previous
studies have shown that POX enzyme activity increases with
the stress conditions in plants exposed to drought stress and
results of several studies were in parallel with our study
(Tan et al. 2006; Tiirkan et al. 2005). However, contrary to
our results, Wang et al. (2009) showed a higher POX activ-
ity in drought-tolerant alfalfa plants under drought stress
conditions.

Ascorbate peroxidase (APX) enzyme activity

When PEG and PEG +NO applications were compared with
the control group, APX activity values were observed to be
significantly decreased in both watermelon genotypes. How-
ever, NO supply under drought stress had significant positive
effect on the APX activity of the tolerant genotype, KAR
98 which confirmed the alleviating effect of NO application
on drought stress (Fig. 5). This increase in the APX activity
of the tolerant genotypes under PEG + NO application as
compared to only PEG treatment was similar to the results
obtained by Zhang et al. (2016) in Malus species.

Guaiacol peroxidase (GPX) enzyme activity

GPX activity significantly increased in both the genotypes
under PEG and PEG + NO applications as compared to
control. However, on NO application under PEG, the GPX
activity decreased and significantly increased in KAR 98 and
KAR 147 genotype, respectively, as compared to only PEG
application (Fig. 5). This showed that NO application under
drought condition had a positive effect on the GPX activity
of the tolerant KAR 98 genotype. Tian and Lei (2006) also
found lower GPX activity in wheat seedlings on NO supply
under drought stress as compared to only drought condition.
These results were also in parallel with the other previously
conducted studies such as Namdjoyan et al. (2018).

Conclusion

Based on the results, it can be concluded that the drought
stress caused by PEG 6000 decreased the growth, devel-
opment and caused oxidative stress in both tolerant and
susceptible watermelon genotypes. The drought condition
caused MDA accumulation in watermelon plants and this
was associated with the changes in the enzyme activities.
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However, the NO applications under drought stress resulted
in a decrease in MDA accumulation in the genotypes.
Besides, NO application led to an increase in the root fresh
weight and root length of tolerant watermelon genotype
under drought stress conditions. In NO applications under
drought conditions, there was a decrease in SOD activity in
both genotypes when compared with the only drought treat-
ment. Although NO applications under drought stress did not
have a positive effect on the activity of all the enzymes as
compared to PEG application, it did have a positive effect on
APX activity of the tolerant genotype, KAR 98. In our study,
NO application when applied under drought stress condi-
tion showed a positive effect on only some of the growth
parameters and antioxidant enzymes of both watermelon
genotypes. Thus, it can be concluded that the effect of NO
application on plants grown under a specific abiotic stress
condition may vary according to the type of abiotic stress,
studied plant species and its specific genotypes. In future
studies, the transcript levels of the specific watermelon genes
for the studied parameters should be explored in detail under
PEG and PEG + NO treatments and the obtained expression
results can be utilized to develop drought-tolerant water-
melon genotype.
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