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Abstract: In the present study, the effect of melatonin and sodium nitroprusside treatments on the
improvement of high temperature tolerance in California Wonder green bell pepper plant was studied. For this
purpose, a factorial experiment was conducted in a form of a completely randomized design in three
replications at Zabol University's Faculty of Agriculture. In this research, green bell pepper plants of Wonder
cultivar were exposed to different temperature treatments (25°C, 35°C and 40°C) for 24 hours after being
sprayed (foliar application) with OpM, 50uM and 100uM concentrations of melatonin and sodium
nitroprusside. Results showed that Shoot dry weight without fruit (DWPWF) at 40°C in compared to 25°C,
21.54% decreased. Also, foliar application with 100uM melatonin in compared to control (0uM) caused a 13.26%
an increased in dry weight of shoots without fruit (DWPWE). Also, leaf chlorophyll at 40°C temperature in
compared to 25°C temperature 32.82% decreased and foliar application with 100uM melatonin and 100uM
sodium nitroprusside improved leaf chlorophyll value in compared to other foliar application treatments.
Foliar application with 50uM and 100uM sodium nitroperoxide at 40°C temperature caused decreased of
15.16% and 20.99% of leaf hydrogen peroxide in compared to 0uM foliar application treatment, respectively.
Also, under 40°C temperature, foliar application with melatonin and sodium nitroprusside (50puM and 100uM)
in compared to OuM foliar application activity of leaf superoxide dismutase enzyme increased. Also, leaf
nitrogen under with 50 uM and 100uM melatonin in compared to OuM foliar application 9.61% and 23.72%
increased. Leaf potassium in 40°C temperature, foliar application with 50uM melatonin, 100uM melatonin,
50uM sodium nitroprusside and 100uM sodium nitroprusside 55.20, 72, 25.60 and 70.40% in compared to 0uM
foliar application increased respectively. leaf iron in foliar application with 100uM sodium nitroprusside in
compared to OuM foliar application 17.96% increased.

Keywords: Foliage; vegetative growth; photosynthesis; temperature

1. Introduction

Different meteorological models predict that greenhouse gases will gradually increase the
temperature of the air around the earth and lead to global warming. According to reports, until the
end of this century, the temperature of the earth will increase from 2°C to 5°C (Lal et al., 2012). The
increase in temperature associated with the world's climate changes is a limiting factor for the
cultivation and performance of many plant species. If plants are exposed to temperatures higher than
their tolerance threshold for a certain period of time, irreversible damage will be done to their growth
and development. High temperature stress causes damage to plant tissues and significantly affects
the growth and metabolism of plants. The main signs of heat stress in plants include less greenness
and dead texture of leaves and branches, sunburn of plant organs, aging of leaves and their falling,
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delay in seed germination and loss of germination, imbalance in photosynthesis and respiration, and
also, the reduction of stem dry weight, relative growth rate and net absorption and production rate.
High temperature stress in plants accelerates the production and reaction of active oxygen species
such as superoxide, hydrogen peroxide and hydroxyl radical and the result causes oxidative stress (
Yin et al., 2008). Although plants have developed defense strategies to deal with high temperature
stress, these are often not enough and as a result, high temperatures cause significant damage to the
plant. In recent years, a considerable attention has been paid in reducing the harmful effects of high
temperatures in plants through the external application of some chemical compounds such as
hydrogen peroxide, nitric oxide (Uchida et al., 2002) and melatonin (Alam et al., 2018).

Melatonin is a molecule with an indole ring structure and a low molecular weight, which has a
natural antioxidant plays an important role in the growth and development as well as the response
to stresses in plants. Melatonin acts as an absorber for free radicals and can directly destroy reactive
oxygen species in the cell space and thus reduce oxidative stress in plants (Ding et al., 2017). Various
studies have shown that treating plants with external melatonin improves tolerance to temperature
stress. In the conditions of high temperature stress, the plants of chamanwash (Festuca arundinacea
Schreb) treated with melatonin had lower ion leakage and malondialdehyde levels and more
chlorophyll, amount of total soluble proteins and the activity of antioxidant enzymes compared to
untreated plants (Alam et al., 2018). Treatment with exogenous MEL has been shown to increase the
expression of genes coding for antioxidant enzymes, enhancing SOD, POD and CAT activities,
decreasing oxidative stress (Kostopoulou et al., 2015; Campos et al., 2019), lipid peroxidation and the
concentrations of hydrogen peroxide (Reiter et al., 2015) and malondialdehyde (Jiang et al., 2016),
and to increase photosynthesis rates, sugar metabolism and growth (Zhao et al., 2015).

Nitric oxide as a molecular message, plays a vital role in various physiological actions of plants,
such as inducing germination and reducing seed dormancy, regulating plant metabolism and
senescence, inducing cell death, regulating stomatal movement, regulating photosynthesis,
mitochondrial function, and regulating flowering. It has been proven that nitric oxide is able to
regulate many plant responses to a variety of biotic and abiotic stresses and reduce some
consequences caused by oxidative stress (Siddiqui et al., 2011). In various plants, rapid production of
nitric oxide has been observed during heat stress. Nitric oxide production increased in tobacco
(Nicotiana glauca) and alfalfa (Medicago sativa) leaf cells exposed to heat stress (Parankusam et al.,
2017). It has been suggested that the role of nitric oxide during heat stress may be by reducing the
level of reactive oxygen species, because it has been proven that this compound (nitric oxide) plays
a role in activating antioxidant enzymes such as superoxide dismutase, catalase, and ascorbate
peroxidase during heat stress (Parankusam et al., 2017). Regarding the global warming and high
temperature stress and its harmful effects on plants under high temperatures, the aim of this study
was to evaluate the various treatments of melatonin and sodium nitroprusside in the form of foliar
application on growth and some physiological and biochemical characteristics of California wonder
green bell pepper.

2. Materials and Methods

This research is a factorial experiment with two factors (3 x 5), where the first factor is three
temperature levels (25°C, 35°C and 40°C) and the second factor is 5 types of foliar spraying (distilled
water (control), melatonin 50uM, melatonin 100uM, sodium nitroprusside 50uM and sodium
nitroprusside 100uM) was carried out in the form of a completely randomized design in three
replications. California Wonder green bell pepper seedlings were obtained from one of commercial
seedling producers in Tehran province. Seedlings were planted in plastic pots with a diameter of 17
cm and a height of 16 cm, which contained a mixture of perlite, peat moss and soil in a ratio of 1:1:1,
and in the greenhouses of Faculty of Agriculture, Zabol University, with relative average daily
temperature and at night at 25+2°C and 20+2°C, respectively, 45% relative humidity, and 14 to 10
hours of light and dark were kept. After 2 weeks of planting seedlings and at 5-leaf stage, plants were
sprayed with sodium nitroprusside (nitric oxide releasing compound) and melatonin in
concentrations of 50uM and 100uM, three times with a time interval of 24 hours. At the same time,
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control samples were sprayed with distilled water. 24 hours after last spraying, the plants were
transferred to growth chamber with relative humidity of 65%, light period of 16 hours of light and 8
hours of darkness, and light intensity of 270 uM.m?2.s. In order to apply heat stress treatment,
temperature of growth chamber (EYELA LTI-1000SD) was gradually increased from 25°C every 24
hours by 5°C to reach temperatures of 35°C and 40°C. Plants in each temperature range remained in
growth chamber for 24 hours and then at end of the temperature treatment, plants were transferred
to greenhouse with a temperature of 25°C.

2.1. Measurement of Traits

2.1.1. Morphological Traits and plant apparent damage index

Height of plant, fresh weight of shoot without fruit, dry weight of shoot without fruit and
number of leaf per plant were measured. Amount of plant apparent damage was calculated based on
characteristics such as tuberization, chlorosis and necrosis of leaves and numbered from 1 to 5
(McNellie et al., 2018). In this method, number 1 is for healthy plants that have no visible symptoms,
number 2 indicates twisting of leaf margin (less than 10%), number 3 for plants with necrotic leaf
margin (less than 25%), number 4 indicates Chlorosis of leaves is moderate (less than 50 percent) and
number 5 is for plants with severe necrosis (more than 50 percent).

2.1.2. Physiological and biochemical traits

Leaf Relative Water Content

First, samples (leaves) were placed in distilled water and kept at a temperature of 4°C for 24
hours. After 24 hours, saturated weight of leaves was measured and leaves were placed in an oven
at 70°C for 24 hours and dry weight of each was measured. By putting obtained numbers in the
following formula, RWC was determined and expressed as a percentage (Ritchie and Nguyen, 1990):
RWC: Fw — Dw / Sw — Dw x100, Fw: leaf wet weight, Dw: dry weight of leaf after being placed in an
oven: Sw: saturated weight of leaf after exposure to distilled water.

Leaf Membrane Stability Index

Leaf samples were placed in distilled water with a volume of 20ml and kept at room temperature
for 24 hours. Then, electrical conductivity of distilled water with sample was measured as initial
leakage. Secondary leakage was measured by measuring electrical conductivity of samples after
heating them for one hour at 100°C. Membrane Stability Index was calculated through following
quation (Shiferaw and Baker, 1996). Membrane Stability Index:(1-( initial leakage/ secondary
leakage)x 100)

Leaf Chlorophyll, Carotenoid and Spad

The samples (fresh weight of leaves) in amount of 0.2 g in 8ml of ethanol-acetone mixture
(volume ratio 1:1) were placed at room temperature for 24 hours until the appearance of a white color
in a dark environment. The absorbance of the solution was read using a spectrophotometer at
wavelengths of 645 nm (A645), 663 nm (A663) and 440 nm (A440). The amounts of chlorophyll and
carotenoids were calculated using the following relations and expressed in terms of milligrams per
gram of fresh weight of leaves (Gratani, 1992):

To measure the spad, a hand-held chlorophyll meter model SPAD-502 Minolta, Japan was used.

Chlorophyll a: 12.7 xAees - 2.69 x Asss (€))]
Chlorophyll v: 22.9 x Aess - 4.86 x Aees (2)

Total Chlorophyll: 8.02 x Agss +20.20 x Aess 3)
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Carotenoids: 4.7 x Ao - 0.27 x Total Chlorophyll (4)

Leaf Anthocyanin

Anthocyanin content of leaves was measured according to the method described by Xu (Xu et
al.,, 2005). Plant samples were heated with 20ml of 60% ethanol for 2 hours in a hot water bath, then
the samples were filtered using a volumetric flask. The extract solution was read by a
spectrophotometer at a wavelength of 535 nm. And it was expressed as milligrams per gram of leaf
fresh weight.

Leaf Ascorbic acid

The ascorbic acid concentration of leaf extract was measured based on the color reduction of 2,6-
dichlorophenol by ascorbic acid. In this method, one milligram of leaf tissue was mixed with 3 ml of
metaphosphoric acid (1%) and after 30 minutes, the mixture was mixe and centrifuged at 4°C and
6000 rpm for 15 min. From supernatant 50 microliters were removed and brought to volume of 200uL.
The absorbance of samples was read at a wavelength of 520 nm. The ascorbic acid concentration of
leaf was recorded using a calibration curve as mg. Fresh Weight (Chang et al., 2002).

Leaf Proline

To measure amount of proline, Bates et al. (1973) method was used with a little change. For this
purpose, first, 500 mg of leaves were weighed and ground well in a Chinese oven in 5 ml of 10%
sulfosalicylic acid aqueous solution. Then resulting mixture was centrifuged for 20 minutes at 15,000
g and 4 degrees Celsius.

Next, 2ml of supernatant were mixed with 2 milliliters of ninhydrin reagent and 2 milliliters of
glacial acetic acid. Then the samples were placed in 100-degree Celsius water bath for one hour. After
cooling samples, ml of toluene was added to each sample and vortexed for 30 seconds. Finally, the
upper phase, which was red and contained proline dissolved in toluene, was removed and read at
the same time as the standard samples in a spectrophotometer (model 160 UV-VIS, Shimadzu, made
in Japan) at a wavelength of 520 nm. The concentration of proline was determined in terms of
millimoles per gram of dry weight leaf with using a standard curve.

Leaf Carbohydrates

Measurement of total sugar leaf was done by anthrone reagent with using method of McCready
etal. (1950). In order to make anthrone solution, 150 mg of anthrone was dissolved in 100 ml of dilute
sulfuric acid, and to prepare 100ml of dilute sulfuric acid, 76 ml of concentrated sulfuric acid was
mixed with 38 ml of distilled water. To measure soluble sugars, 100uL of extract was poured into a
test tube and three milliliters of anthrone solution was added to it. The obtained mixture was placed
in a boiling water bath for 20 minutes at a temperature of 100°C. Leaf soluble sugars were measured
using spectrophotometric method at a wavelength of 620 nm (McCready et al., 1950).

Leaf Glucose, Fructose and Sucrose

In order to measure and separate sugar, a HPLC manufactured by the American company
withers was used with carbohydrate Cis column (250x46mm, DP=3um) and expressed as milligrams
per gram of fresh leaf weight (Augustin et al., 1998).

Leaf Hydrogen peroxide

Amount of hydrogen peroxide in leaves was measured by the method of Loreto and Velikova
(2001). Based on this method, 0.1 gram of leaf tissue was homogenized in a Chinese oven containing
one milliliter of 0.1% trichloroacetic acid. Extract was placed in a centrifuge at 12,000g for 15 minutes
at temperature of 4 degrees Celsius. Next, 0.5 ml of supernatant was mixed with 0.5 ml of 10 mM
potassium phosphate buffer (pH= 7) containing 1 ml of 1 M potassium iodide, and then the
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absorbance of solution was read at a wavelength of 390 nm. Amount of hydrogen peroxide was
determined in terms of micromoles per gram of fresh leaf with using a standard curve.

Leaf Membrane Lipid Peroxidation

Peroxidation of leaf membrane lipids was measured based on concentration of malondialdehyde
(MDA) in leaves. For this purpose, 0.1 gram of leaf tissue was homogenized with 1 ml of 0.1%
trichloroacetic acid with using liquid nitrogen. Extract was centrifuged for 20 minutes at 4 degrees
Celsius at 12,000 g. Then, 3 ml of 20% trichloroacetic acid containing 0.5% thiobarbituric acid was
added to 1 ml of supernatant. Next, samples were placed in a hot water bath (temperature of 95
degrees Celsius) for 30 minutes, and then after cooling, samples were centrifuged for 5 minutes at
10,000 g. Finally, absorption of extract was read by a spectrophotometer at wavelengths of 532 and
600 nm. Amount of malondialdehyde was calculated in micromoles per gram of Fresh weight leaf
based on extinction coefficient of 155 mM-1cm? (Shafeiee and Ehsanzadeh, 2019).

Leaf Glutathione

To measure glutathione, 0.2g of leaf was homogenized with 2 ml of cold 5% trichloroacetic acid.
Extract was centrifuged for 10 minutes at 10,000g at temperature of 4 degrees Celsius. 0.5ml from
supernatant was added to 0.5mL of phosphate buffer (100mM, pH 7) containing 0.5mM EDTA and
50ul. of 3mM DTNB (5,5-dithiobis-2-nitrobenzoic acid). Absorbance of extract was read at
wavelength of 512 nm. The standard curve was drawn with different glutathione concentrations and
glutathione concentration of the leaf samples was determined in terms of mg per gram of Fresh
Weight (AL-Hugail et al., 2017).

Leaf Phenylalanine Ammonialyase

The method of Saunders and McClure (Saunders and McClure, 1974) was used with a slight
modification to measure activity of leaf phenylalanine ammonialyase enzyme. At first, 0.1 g of leaf
was crushed using 1 ml of 50 mM phosphate buffer with pH=7 and centrifuged for 15 minutes at
14,000 rpm. After centrifugation, supernatant extract was used to measure the enzyme. Reaction
mixture contained 250 microliters of enzyme extract, 250 microliters of 10 mM sodium borate buffer
(pH=8.8), 250 microliters of distilled water, and 250 microliters of phenylalanine substrate (50 mM).
Absorbance of sample was read at wavelength of 290 nm with using spectrophotometer. Enzyme
activity was recorded using Beer and Lambert's law and with an extinction coefficient of 9630 u'cm-
1in terms of nanomoles per gram of Fresh Weight per minute.

Leaf Super Oxide Dismutase

Superoxide dismutase enzyme activity was measured by spectrophotometric method. The
reaction solution included 0.1 mM EDTA, 50 mM phosphate buffer, 13 mM methionine, 75 uM NBT,
2 uM riboflavin, and 10 uL of enzyme extract. The reaction solution was exposed to fluorescence light
for 15 minutes. The reaction was stopped by transferring to dark conditions, and then absorbance of
samples was read at wavelength of 560 nm and recorded in terms of micromoles per gram of Fresh
Weight. (Giannopolitis and Ries, 1977).

Leaf Catalase Enzyme

Catalase enzyme activity of leaves was measured by spectrophotometric method. One milliliter
of reaction mixture included 5ul of enzyme extract, 30uLof potassium phosphate buffer, 665
microliters of 0.5 mM ascorbic acid, and one microliter of 0.1mM hydrogen peroxide. Changes in
absorbance at 240nm were measured by spectrophotometer and expressed in terms of micromoles
per gram of leaf Fresh Weight (Beers and Sizer, 1952).
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Leaf Peroxidase

The activity of leaf peroxidase enzyme was measured by spectrophotometric method in such a
way that enzyme activity was measured for 3 minutes in a reaction solution containing 490 microliters
of 45 mM guaiacol and 490 microliters of 0.225 mM hydrogen peroxide and 20 microliters of enzyme
extract and in wavelength of 470 nm was read with using a spectrophotometer and recorded as
micromoles per gram of leaf Fresh Weight per minute (Hammerschmidt et al., 1982).

Leaf Ascorbate Peroxidase

Ascorbate peroxidase enzyme activity was measured by method of Cakmak and Marschner
(1992) based on amount of ascorbate oxidation at 290 nm wavelength. The reaction mixture included
3 milliliters of 50 mM phosphate buffer (pH:7), 51.4 microliters of H202, 100 microliters of 5 mM
ascorbate, and 50 microliters of enzyme extract. Enzyme reaction speed was recorded in the form of
absorbance changes over time in one minute in terms of micromoles per gram of leaf fresh weight
per minute.

Leaf Guaiacol Peroxidase0

The activity of leaf guaiacol peroxidase enzyme was measured based on oxidation of guaiacol
with using H202 by method of Zhou et al. (2009). For this purpose, 3.35 microliters of guaiacol, 3.8
microliters of H20O:2 and 50 microliters of enzyme extract were added to 3 milliliters of sodium
phosphate buffer. Absorption changes were read in real time at a wavelength of 470 nm and a
duration of 120 seconds. Each activity unit of guaiacol peroxidase enzyme was considered as an
amount of enzyme that oxidizes one micromole of guaiacol per minute.

Leaf Mineral Elements

Leaf nitrogen was measured with combustion method with an elemental analyzer (CHNS-O
Elemental Analyzer model EC54010, Italy) (Carl et al., 1997). Spectrophotometer method was used to
measure phosphorus (Rayan et al., 2001). One gram of dry matter (Leaf) was placed in an electric
furnace at a 500 °C temperature for four hours. Then, 10 cc of hydrochloric acid (2M) was added to
samples and volume of 1000 cc with distilled water and read at 420 nm wavelength. Atomic
absorption method was used to measure calcium, potassium, magnesium, iron, copper, zinc and
manganese. 0.5 grams of dry samples (Leaf) were dissolved in 10 ml of concentrated nitric acid and
suspension was placed at 70 °C for 24 hours until samples were well dissolved in acid and solutions
were made up to volume with deionized water and their absorbance were read with an atomic
absorption model FSAA 240 (White, 1976).

2.1.3. Statistical Analysis

Variance analysis of data was done with SAS 9.4 statistical software. means comparison was
done with LSD test at 5% probability level.

3. Results

3.1. Plant growth

The results of this study showed that highest (51.85 cm) and lowest (45.37 cm) Plant Height are
related to 25°C and 40°C temperature treatment, respectively (Table 1). Also, there was no significant
difference (p< 0.05) between 25°C and 35°C temperature treatments in terms of plant height.
According to Table 2, highest (54.82 cm) and lowest (45.38 cm) Plant Height are related to 100uM and
OuM sodium nitroprusside respectively. Also, there was no significant difference (p< 0.05) between
50 and 100uM sodium nitroprusside treatment. According to Table 1, highest (302.53g F.W.) and
lowest (250.55g F.W.) shoot fresh weight without fruit are related to 25°C and 40°C temperature
treatment respectively. Also, according to Table 2, highest (292.83g F.W.) and lowest (264.89g F.W.)
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shoot fresh weight without fruit are related to 100uM melatonin and control (OuM), respectively.
Also, there was no significant difference (p< 0.05) in terms of shoot fresh weight without fruit between
50uM and 100uM melatonin and both were in the same statistical class. According to Table 1,
highest (49.72g D.W) and lowest (39.01g D.W) shoot dry weight without fruit are related to 25°C and
40°C temperature treatment respectively. Also, data in Table 2 shows that highest (48.61g D.W.) and
lowest (41.38g D.W.) shoot dry weight without fruit are related to 100uM melatonin and 50uM
sodium nitroprusside, respectively. According to data in Table 3, highest (37.68) and lowest (24.86)
leaf number were treated to 25°C temperature treatment with 50uM sodium nitroprusside and 40°C
temperature treatment with of OuM foliar application treatment, respectively.

3.2. Plant pigments

According to Table 1, Maximum (1.95Mg.g F.W) and Minimum (1.31Mg.g FE.W) leaf
chlorophyll was obtained from 25°C temperature treatment and 40°C temperature treatment,
respectively. Also, there was not significant difference (p< 0.05) in terms of leaf chlorophyll value
between 25 and 35°C temperature treatment. Data presented in Table 2 shows that The highest (1.93
Mg.g' F.W) and the lowest (1.46 Mg.g' F.W) amount of leave chlorophyll were related to 100uM
sodium nitroprusside treatment and control (OuM) treatment, respectively. Also, there was not
significant difference (p<0.05) between 100uM melatonin and 100uM sodium nitroprusside in terms
of leave chlorophyll content and they are in the same statistical group. According to Table 1, the
highest (0. 68 Mg.g' F.W) and the lowest (0.25 Mg.g' F.W) contents of leave carotenoids were
obtained from 25°C and 40°C temperature treatments, respectively. also Table 2 shows that the
highest (0.67 Mg.g' E.W) and the lowest (0.39 Mg.g! F.W) contents of leave carotenoid are related to
foliar 100uM melatonin application and foliar OuM application, respectively. According to the data
in Table 3, the highest (2.83 Mg.g? F.W) and the lowest (1.90 Mg.g? F.W) amounts of leave
anthocyanin were treated at 35°C temperature with foliar OuM application and 25°C temperature
with  foliar 50uM  sodium nitroprusside application respectively. Data presented
in Table 3 shows that the highest (48.83) and lowest (27.31) leaf spad value were related to 25°C
temperature with foliar spray of sodium nitroprusside (100uM) and 40°C temperature with foliar 0
uM application (control), respectively.

3.3. Physiological characteristics

According to Table 1, the highest (71.77%) and lowest (54.07%) RWC value of leaves are related
to 25 and 40°C temperature treatment, respectively. Also, the data in Table 2 shows that the highest
(69.94%) and lowest (58.23%) RWC wvalues of leaves are related to foliar
spray of melatonin (MT; 100 pmol-L-') and OuM foliar spraying treatment (control), respectively.
These findings showed that there is not statistically significant difference (p<0.05) in terms of leave
relative water content between application of melatoninat100pM and 50uM. This study
demonstrated that according to Table 1, the highest (34.15%) and lowest (27.06%) Membrane Stability
Index of leave are related to 35°C and 40°C temperatures, respectively. Also there is not significant
difference (P<0.05) between the temperature 35°C and 40°C temperatures in terms of Membrane
Stability Index value.

3.4. Biochemical characteristics

The results showed that the highest (0.77 Mg.g' F.W.) and the lowest (0.40 Mg.g' E.W.) leave
Glutathione levels was obtained at the 40°C and 25°C temperature treatment, respectively (Table 1).
The results showed that according to Table 1, the highest (25.46 mmol.g D.W) and the lowest
(11.99mmol.g D.W) proline values in the leaves were related to 40°C and 25°C temperature treatment,
respectively. According to Table 1, the highest (124.91 Mg.g' F.W) and the lowest (89.25Mg.g?! F.W)
content of leave carbohydrates was recorded to 40°C and 25°C temperatures, respectively. The results
(Table 2) showed that the highest (116.10 Mg.g! F.W) and the lowest (99.60 Mg.g! F.W) values of leaf
carbohydrates was recorded in 100uM of melatonin and control (OuM), respectively. Also, there was
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no significant difference (p<0.05) between 100Mm.L" melatonin and 100uM.L" sodium nitroprusside
treatments and they were in the same statistical class in terms of leaf carbohydrates. The results show
that the highest (2.34 uM.g! F.W.) and the lowest (1.68uM.g! F.W.) values of lipid peroxidation of
leaf membrane enzyme activity were observed on OuM foliar application (control) and
100uM foliar application of sodium nitroprusside, respectively (Table 2). Also, there was no
significant at the 5% probability level in terms of lipid peroxidation of leaf membrane enzyme
activity values between control (OuM.L) and 50uM.L* melatonin.

The results showed that the highest (3.57 uM.g1F.W) and the lowest (1.09uM.g1 F.W) Hydrogen
Peroxide values of leaves was observed at 40°C temperature with foliar
treatment of melatonin with 100uM  concentration and 25°C  temperature with foliar
treatment of melatonin with 100uM concentration, respectively (Table 3). Also, there was no
significant at  the 5% probability = level between 40°C  temperature treatment with
100uM foliar application of melatonin and 40°C temperature treatment with control. The results
showed that the highest (89. 84uM.g' F.W) and the lowest (50.91uM.g"' F.W) leaves superoxide
dismutase enzyme activity values were treated at 40°C temperature with 100uM melatonin and 25°C
temperature with 50uM sodium nitroprusside, respectively (Table 3). Also, there was no statistically
significant difference (p<0.05) in terms of leaf superoxide dismutase enzyme activity values between
40°C temperature treatment with 50uM and100uM melatonin, 50uM and 100uM sodium
nitroprusside and were in the same statistical class. The results showed that, the highest (3.14uM.g-
1F.W.) and the lowest (1.05uM.g! F.W.) leaves catalase enzyme activity values were treated at 25°C
temperature with QuM foliar spray (control) and at 40°C temperature with the OuM foliar spray
(control), respectively (Table 3) Also there was no significant difference between 25°C temperature
treatment with OuM foliar spray (control), 50uM melatonin, 100uM melatonin, 50uM sodium
nitroprusside and 100uM sodium nitroprusside and were in the same statistical group. The results
showed that the highest (53.25 uM.g* F.W) and the lowest (27.32 uM.g! F.W) ascorbate peroxidase
enzyme activity values were related to at 25°C temperature treatment with OuM foliar spray (control)
and 40°C temperature treatment with OuM foliar spray (control), respectively. (Table 3). According
to Table 3, the highest (0.60 Unit mg protein) of leave guayacol peroxidase enzyme activity values
were related to 40°C temperature with melatonin foliar 100 uM. Also, there was no significant
difference (P<0.05) between control (0uM), 50 and 100 uM melatonin foliar spraying,
sprayed with sodium nitroprusside (50 and 100 uM) in terms of leaves guayacol peroxidase enzyme
activity.

3.5. Leaf Mineral Elements

The results showed that the highest (4.70% D.W.) and the lowest (3.05% D.W.) leaf nitrogen
values were related to the 25°C and 40°C temperature treatment (Table 1), respectively. According to
the data in Table 2, the highest (4.57% D.W.) and the lowest (3.33% D.W.) leaf nitrogen values were
related to 100uMm sodium nitroprusside foliar spraying and 0uM foliar spraying (control treatment),
respectively. According to the data in Table 1, the highest (0.36% D.W) and the lowest (0.21% D.W)
leaf phosphorus values were related to 25°C and 40°C temperature treatment, respectively.
According to the data in Table 2, the highest (0.31% D.W) leaf phosphorus values were related to
foliar spray of 100uM sodium nitroprusside which was not significant difference (P<0.05) in
compared to 100uM melatonin foliar application. According to the data in Table 1, the maximum
(2.35% D.W.) and the minimum (1.58% D.W.) leaf calcium values was observed in 25°C and 35°C
temperature treatment, respectively. The results showed that the maximum (0.42% D.W.) and the
minimum (0.28% D.W.) leaf magnesium values were observed in 25°C and 35°C temperature
treatment, respectively (Table 1). According to the data in Table 1, the highest (0.42% D.W.) and the
lowest (0.28% D.W.) leaf magnesium values were related to 25 and 40°C temperature treatment,
respectively. The results showed that the highest (0.42% D.W) leaves magnesium values were related
to application of 100uM melatonin (Table 2). Also, there was no significant difference between
sprayed with melatonin foliar treatment with 50uM and sodium nitroprusside (50 and 100uM) in
terms of leaf magnesium levels.
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According to the data in Table 3, the highest (3.23%) and lowest (1.25%) amounts of leaf
potassium were treated at 25°C temperature treatment with foliar spray of 100uM sodium
nitroprusside and 40°C temperature treatment with control (OuM) respectively. Also, there was not
significant difference between 25°C treatments with foliar application of OuM, 50 and 100uM
Melatonin foliar spraying and sodium nitroprusside foliar treatment with 50 and 100uM in terms of
leaf potassium values. According to the data in Table 1, the highest (168.59 Mg kg D.M) leaf iron
amounts were related to 25°C temperature treatment. Also, there is no significant difference (P< 0.05)
in terms of leaf iron values between 35 and 40°C temperature treatments. According to the data in
Table 2, the highest (165.02 Mg.kg D.m) and the lowest (139.89 Mg.kg D.m) leaf iron amounts were
related to foliar spray of 100 uM sodium nitroprusside and control (0 uM), respectively. The results
showed that, the highest (44.49 Mgkg D.m) leaves zinc values were related melatonin foliar
treatment with 100puM (table 2). The results showed that the highest (87.28 Mg.kg D.) leaf manganese
values were related to the 25°C temperature treatment with foliar spraying of the control (OuM) (table
3). According to the data in Table 3, there was no significant difference (P<0.05) in terms of leaf
copper values between 25°C temperature treatment with control, melatonin foliar treatment with 50
and 100 uM, Foliar spray of 50 and 100uM sodium nitroprusside.

Table 1. Comparison of means effects of temperature on plant height, fresh weight plant shoot
without fruit, dry weight plant shoot without fruit, chlorophyll, carotenoids, RWC, membrane
stability index, glutathione, proline, carbohydrates, nitrogen, phosphorus, calcium, magnesium and
iron in California wonder green bell pepper.

. Prolin
Carotenoi . .
ds e Calciu Magnesi
T FWP DWP Chloroph ™M RW Glutathio (mMolCarbohydra Nlt-rogPhoS hor ™ um  Iron
ccPH WE WF gl O ‘/gv‘;g C MSI ne £ tes PR % % DW) (Mg
) (cm) (g (g Mg.g ’ (%) (%) (Mg.g D.W) (Mg.gF.W) (% % D.W D.W) kg
FEW) DW) EW) F.W) pw D.M)
25 51{;185 302‘;53 49.72a 1.95a 0.68a 71:7271')06 0.40c  11.99c¢  89.25¢ 4.70a 036a 2.35a 0.42a 169?5
50.46283.03 63.6334.15 142.9
35 a b 43.01b  1.89a 0.57b b a 0.63b 2127b 110.51b  4.30b 029 1.58c  0.38b 5b
40 45.37250.55 39.01c  1.31b 0.25¢ 54.0733.84 0.77a 25.46a 12491a 3.05c 0.21c 2.08b  0.28c 146.5
b c c a 2b
L
DS 202 692 201 0.11 0.02 473 183 0.11 2.84 6.90 0.18 0.01 0.12 0.01 7.33

Temperature: T, Plant Height: PH, Fresh Weight Plant Shoot Without Fruit: FWPWEF, Dry Weight Plant Shoot
Without Fruit: DWPWEF, Membrane Stability Index: MSI, Differences letters indicate significantly different
values at p <0.05.

Table 2. Comparison of means effects of foliar spraying of melatonin and sodium nitroprusside on
plant height, fresh weight plant shoot without fruit, dry weight plant shoot without fruit, chlorophyll,
carotenoids, RWC, carbohydrates, lipid peroxidation of leaf membrane, nitrogen,
phosphorus, magnesium, zinc and iron in California wonder green bell pepper.

. LPL .
DWPSW Carotenoi Nitroge Iron
PH F( ds Carbohydrat (M n
. g u o .
Foh'ar ) (cm) FWPSW D.W) Chloroph  (Mg.g RWC S (Mg.g . (% Phosphor Magnesiu Zinc (Mg.k
Applicati yll F.W) o F.W) D.W) Mgk g
on F Mg.g (%) F.W) us m ¢ D.M)
. o o .

(uM) (g FW) FW) ( /o DW) ( /o DW) Dm)
0 45538 264.89c 42.92bc  1.46d 0.39d 58.23c  99.60b  2.34a 3.33d 0.27c 0.30c  33.69c 139C'89
46.28 66.15 1.96 149 69

50 M 286.48a 45.07b  1.61c 0.46¢ ® 105.26b ® 365c  027¢ 0.36b  41.49b

b b b
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100 M 46585 292.83a 48.6la  1.86ab 0.67a 69.94a 116.10a 1.87b 4.12b  0.30ab 0.42a 44.492;1153'62
50 SNP 52:30 274.53b 41.38c  1.73bc 0.44c 61'C78b 104.85b 1.74b 4.42a  0.29bc 0.36b  35.53¢ 155.22
100 SNP 54;82 274.81b 41.59¢ 193a 054b 59.69c 115.30a 1.68b 4.57a 0.31a 0.36b  35.44c 16302
LSD  2.61 893 2.60 0.14 0.03 6.11 8.91 0.43 023 0.02 0.02 248 941

Melatonin: M, Sodium nitroprusside: SNP, Plant Height: PH, Fresh Weight Plant Shoot Without Fruit: FWPSWF,
Dry Weight Plant Shoot Without Fruit: DWPSWE, Lipid Peroxidation of Leaf Membrane: LPLM, Differences
letters indicate significantly different values at p <0.05.

Table 3. Comparison means effects of foliar spraying (melatonin and sodium nitroprusside) and
temperature on number of leaf per plant, anthocyanins, spad, hydrogen peroxide, superoxide
dismutase, catalase, ascorbate peroxidase, guayacol peroxidase, manganese, potassium and copper
in California wonder green bell pepper.

. Ascorbate
Hydroge Superoxid . Manganes
T  Foliar . n e Catalas Peroxidas Guay.acol . e
. L. Anthocyanin . . e Peroxidas Potassiu Copper
Applicatio NLP s Spad Peroxide Dismutase e M e m (% (Mg.kg (Me.k
°C n Pd Mg Mg @mg M8 °  pMm) V&X8
) M) (Mg.g F.W) EW) EW) EW) F.W) (Unitmg- D.W) D.M)
’ ’ ’ 1 protein)
36.06a .
0 2.16ef 35.33cd  1.34i 52.81fg  3.14a  53.25a 0.13f 2.99a 87.28a 13.69a

b
50 M 3449  2.41bcd 35.80c  1.14i 51.41g 296ab 51.43a 0.13f 3.12a 80.56b  12.74a
100 M 3521b  2.14efg 35.40c  1.09i 51.46g 3.00ab 52.19a 0.14f 3.20a 77.05b  13.51a
25 50 NSP 37.68a 1.90h 4531b  1.14i 5091g 2.98ab 51.83a 0.13f 3.00a 76.08b  13.39a
36.22a

100 Nsp 7 199gh  48.83a 1.13i  51.06g 3.13a 5226a  0.13f  323a  75.60b 12.49b
0  3135c 283  3519cd 242fe  6048f 20lfg 3936b  030e 219bcd 68.6lcd  6.77g
50 M 30'5“ 249bc  340lcde 2.03gh 7275de 2.39de 3356cd  041d  232bc  76.68b  9.20ef
100 M 3Oj7c 227de  3362cde 192h 7867cde 276bc 3131def 045c  240bc  75.68b  9.42e
50 NSP 30§5° 234cd  327ledf 237fg 79.51bed 2.39de 3191de  0.42cd  2.20bcd  75.08b  11.18bc
100 NSP 30'3% 2.34cd 33‘2f7Cde 201h  8050bcd 2.53cd  29.00ef  044c  243b  74.68bc 10.94cd
0 2486 206fgh 27.31h 343ab 7086 1.05h 27.32f  040d 125  4628f 3.36h
50 M 29';% 250b  2848gh 3.16bc 83.20abc 1.88fg 3843b  050b  194d  4516f 7.87fg
100 M 2892d  216ef  3215ef 357a  89.84a 224def 3618bc  0.60a 2.15bcd 47076  7.75g
40 50 NSP 29':& 209fg  3240ef 291cd 83.72abc 186g 3678bc  050b  157e  58.13e 10‘1eSCd
100 NSP 30';)“ 21lefg  3092fg 271de 87.48ab 2.13efg 33.87cd  0.50b  213cd  67.35d  9.61de
LSD 228 017 267 034 857 036 421 002 028 639 141

Temperature: T, Melatonin: M, Sodium nitroprusside: SNP, Number of leaf per Plant: NLP, Differences letters
indicate significantly different values at p < 0.05.

4. Discussion

4.1. Effects of melatonin and sodium nitroprusside under different temperatures on plant growth

The plant height at 40°C temperature in compared with 25°C temperature 12.50% decreased.
Foliar treatment with sodium nitroperoxide increased plant height in compared to other treatments,
and there was not significant difference (p<0.05) between sprayed with sodium nitroperoxide (50 and
100puM). The shoots fresh weight without fruit (FWPWF) at 40°C temperature in compared to 25°C
temperature 17.18% decreased. Melatonin foliar treatment with 50uM and 100uM in compared to
other treatments increased the shoots fresh weight without fruit (FWPWEF). Shoot dry weight without
fruit (DWPWEF) at 40°C temperature in compared to 25°C temperature 21.54% decreased. Foliar
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treatment with 100uM melatonin in compared to control (OuM), increasing 13.26% showed in shoots
dry weight without fruit DWPWFE). Chen et al. (2009) showed that melatonin foliar treatment with
100uM on Arabidopsis plants increased the growth of aerial organs. Application of 50 and
100puM melatonin improved the aerial organs and roots weight of watercress. It seems that increased
in the aerial weight was due to the effect of exogenous melatonin on absorption of nutrients from the
roots (Oloumi et al., 2018). Melatonin foliar treatment increased the biomass and dry weight of shoot
and root of watercress (Oloumi et al., 2018).

Studies have shown that melatonin foliar application increased the dry weight (Afreen et al.,
2006). It seems that melatonin foliar treatment increases the plant's tolerance to stress by creating
hormonal balance. Nitric oxide increases the rate of photosynthesis through increasing chlorophyll
production, increasing the mitochondria and chloroplast function, increasing the activity of
antioxidant enzymes such as superoxide dismutase and catalase, maintaining relative water content
and reducing leaf water loss (Tian and Lei, 2007). Nitric oxide interferes with the rate of
photosynthesis through interfering in the chlorophyll pigment biosynthesis (Arun et al., 2017). Nitric
oxide increase photosynthesis through chlorophyll pigment increasing (Marvasi, 2017). Various
reports indicate that nitric oxide protects the chloroplast membrane as a protective molecule. In
addition, nitric oxide is also involved in the metabolic pathways of chlorophyll synthesis (Hemati et
al., 2019). Nitric oxide, through the production of phenolic compounds such as salicylic acid, leads to
the protection of chloroplasts and prevents degradation protein and increases the photosynthetic
tissues. Researchers reported that external application of nitric oxide scavenges free radicals,
develops cell membrane potential, improves photosynthesis and leaf water status. Probably, the
photosynthetic efficiency increasing through foliar application of sodium nitroprusside can increase
the dry matter (Farooq et al., 2009).

4.2. Effects of melatonin and sodium nitroprusside under different temperatures on plant pigments

Leaf chlorophyll values at 40°C in compared to 25°C temperature 32.82% decreased. Also, under
25°C temperature, foliar spraying with 100uM sodium nitroprusside 38.21% increased in leaf spad
amount in compared to OuM foliar spraying. Foliar spray of 100tM melatonin, in compared to
control foliar spraying (OpM) 71.79% increased the leaves carotenoid values. Melatonin and nitric
oxide play a role in inhibiting the decomposition of photosynthetic pigments and the leave
chlorophyll content increasing (Yang et al.,, 2011). On the other hand, nitric oxide can play an
important role in photosystem II protection through regulating the psbA gene expression and
improve the photochemical efficiency II (Graziano et al., 2002). Melatonin through hormonal balance
changing, increases cytokinin and auxin, and as a result improves plant growth (Sarropoulou et al.,
2012). Melatonin inhibits the chlorophyllase and pheophorbide-a oxygenase enzymes activity and as
a result preserves and increases the chlorophyll amount, postpones leaf senescence, improves the
photosystem II performance and ultimately increases the photosynthesis efficiency (Turl et al., 2014).

4.3. Effects of melatonin and sodium nitroprusside under different temperatures on plant physiological
characteristics

The leaves relative water content at 40°C temperature in compared to 25°C temperature 24.66%
decreased. Sprayed with melatonin (50 and 100uM) improved the leaves relative water content in
compared to foliar application of OuM (control). temperatures of 35°C and 40°C increased Membrane
Stability Index (MSI). Previous studies showed that melatonin prevents leaves senescence in high
temperature through activating the cytokinin production and participating in inhibiting of abscisic
acid production (Zhang et al., 2017). The results obtained from this study are in agreement with
findings of Jahan et al. in tomato and Li et al. (2013) in corn. They showed that the foliar
application of melatonin and nitric oxide reduced the temperature injuries (injuries through high
temperature stress) and improved the survival percentage of these plants' seeds under high
temperature stress. High temperature, increases the transpiration and as a result of the relative
humidity decreased. To deal with water lack, plant cells accumulate osmolytes such as proline. The
increase in the leaf water relative content of plants sprayed with melatonin and nitric oxide under
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high temperature stress is probably due to the increase in the proline production stimulation and
water absorption improvement through the cells as a result the water balance maintaining.
These result is similar to those reported by Jahan et al. (2019) in tomato plant. The results obtained
from this study showed that improving photosynthesis has increased shoot dry matter. Melatonin
through affecting on various physiological mechanisms, such as photosynthesis, respiration, ion
absorption, membrane permeability, enzymes and hormones activities, effects on the growth and
plant biomass production (Li et al., 2014; Janas & Posmyk, 2013; Zhang et al., 2015). Also, melatonin,
as a ROS scavenger and activator of antioxidants, affects membrane stability and stabilizes
chloroplasts and prevents chlorophyll decomposition (Wang et al., 2014). On the other hand,
melatonin improves the photosystem II efficiency and increases the stomatal conductance and as a
result of releasing carbon dioxide gas into the plant, it maintains the high capacity of carbon dioxide
assimilation. Also, melatonin through affecting the enzyme activity such as rubisco, have a positive
effect on primary net production and ultimately increased plant growth (Li et al., 2014; Janas &
Posmy, 2013).

4.4. Effects of melatonin and sodium nitroprusside under different temperatures on plant biochemical
characteristics

Leave Glutathione at 40°C temperature in compared to 25°C, 92.50% increased. Also, leaf proline
amount 112.34% at 40°C temperature in compared to 25°C temperature, increased. Also, leaf
carbohydrate at 40°C temperature in compared to 25°C, 39.96% increased. melatonin and sodium
nitroprusside foliar treatment with 100uM, in compared to other foliar spray treatments increased
leaf carbohydrates. Based on the results of this study foliar application with melatonin and sodium
nitroprusside decreased the lipid peroxidation of leaf membrane (LPLM). Sprayed with sodium
nitroperoxide (50uM and 100uM) at 40°C temperature in compared to control (0uM) 15.16 and 20.99%
decreased the of leaves hydrogen peroxide amount, respectively. In general, foliar spraying with
melatonin and sodium nitroprusside under temperature stress conditions reduced the leaves
hydrogen peroxide amount. So that under 40°C temperature stress conditions, sodium nitroprusside
more than melatonin decreased the leaves hydrogen peroxide amount.

Foliar spraying with melatonin and sodium nitroprusside (50 and 100uM) in compared to OuM
foliar spraying (control) at 40°C temperature increased the leave superoxide dismutase enzyme. It
seems that melatonin and sodium nitroprusside reduces the temperature stress damage through the
of superoxide dismutase enzyme activity increasing. Under 35°C and 40°C temperature stress with
melatonin and sodium nitroprusside foliar treatment catalase enzyme activity increased. melatonin
and sodium nitroprusside foliar treatment with 50uM and100pM increased the leaves ascorbate
peroxidase enzyme activity under 40°C temperature. Also, under 40°C temperature stress conditions,
sprayed with melatonin and sodium nitroprusside (50uM and 100puM) increased leaf guayacol
peroxidase. During stress, the application of exogenous melatonin on soybean plants significantly
reduced hydrogen peroxide content and increased the activity of ascorbate peroxidase, catalase and
polyphenol oxidase (Wei et al, 2014). Osmotic regulators, including proline, play an important role
in plants against stress through participating in cells osmotic regulation, stabilizing the enzymes and
proteins activity, detoxifying active oxygen species and integrity of membranes maintaining. Proline
as osmotic protector, plays an important role in maintaining cell integrity in stressful conditions and
facilitates important proteins production that were necessary in response to stress (Iyer and Caplan,
1998).

Melatonin through proline biosynthesis (p5CS) gene expression increasing and also nitric oxide
through proline production enzymes activity increasing, preventing the activity of the proline
dehydrogenase enzyme that decomposes proline, increase the accumulation of proline in stressful
conditions (Jahan et al., 2019). The proline amount in tomato and strawberry, which were treated
with melatonin and sodium nitroprusside, increased significantly under high temperature and
salinity stress in compared to the control plants (Jahan et al., 2019; Jamali et al., 2014). It has been
reported that nitric oxide protects the plant from oxidative damage through regulating the
homeostasis mechanisms of cellular oxidation-reduction reactions, increasing the conversion of
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superoxide radicals into water and oxygen, and also the hydrogen peroxide inhibiting enzymes
activity increasing (Lamattina et al., 2003). The accumulation of hydrogen peroxide and
malondialdehyde in rye plant (Lolium perenne L.) treated with nitric oxide was reduced significantly
under temperature stress (Dong et al., 2014). The main mechanism of reduction of hydrogen peroxide
accumulation in plants treated with melatonin, because of acts as an electron donor (melatonin) and
detoxifies reactive oxygen species such as hydrogen peroxide (Alam et al., 2018). High temperature
leads to oxidative stress, damage to biological macromolecules (proteins, lipids and nucleic acids)
and membranes due to reactive oxygen species excessive accumulation (Yin et al., 2008). Therefore,
increasing the tolerance to temperature stress was related to the antioxidant system stimulation. One
of the most important defense mechanisms of plants to deal with damage caused through oxidative
stress caused by excessive reactive oxygen species accumulation in temperature stress conditions is
the of the antioxidant system activity increasing.

The antioxidant system includes non-enzymatic antioxidants such as ascorbic acid and
glutathione and enzymatic antioxidants such as superoxide dismutase, catalase, ascorbate peroxidase
and guaiacol peroxidase. The results obtained from this study showed that non-enzymatic
antioxidants such as leave glutathione and ascorbic acid increased at high temperatures. Glutathione
has multiple roles and protects plants from high temperature stress through enzymes oxidation
inhibiting (Ding et al., 2016). Ascorbic acid, due to strong antioxidant capacity, plays important role
in protecting plants against oxidative stress. The results from the current study indicate that the use
of melatonin and nitric oxide in high temperature stress led to the increase in pepper leave
glutathione and ascorbic acid. These findings are in agreement with the results in other plants such
as tomatoes (Wu et al., 2011). Nitric oxide plays an important role in the ascorbate-glutathione cycle.
Nitric oxide plays a role in increasing the cells glutathione level trough the glutathione biosynthesis
increasing or increasing cysteine formation, which is a precursor of glutathione (Parankusam et al.,
2017). Increasing glutathione concentration regulate monohydroascorbate reductase and
dehydroascorbate reductase enzymes activity, which can be responsible the of ascorbic acid
formation (Wu et al., 2011). Also, glutathione and ascorbic acid higher levels in plants treated with
melatonin, show that melatonin was a mediator in different antioxidative pathways such as
ascorbate-glutathione cycle and its use can improve the plants antioxidant capacity.

The results obtained from this study showed that high temperature increased the superoxide
dismutase and guaiacol peroxidase enzymes activity and decreased the catalase and ascorbate
peroxidase enzymes activity. Superoxide dismutase is the first line of antioxidant defense and
superoxide radicals converts into hydrogen peroxide. Next, hydrogen peroxide is decomposed into
water and oxygen by the catalase, ascorbate peroxidase or guaiacol peroxidase enzymes in different
parts of the cell (Arora et al, 2002). The results of present experiment showed that the plants
treatment with melatonin and nitricoxide increased significantly in an antioxidant enzymes activity
in comparison with control treatment. In addition to melatonin eliminate many free radicals directly,
acts as a molecular signal and regulates the antioxidant enzymes activity (Ding et al., 2017). also
previous studies have shown the role of melatonin in the antioxidant enzymes activity increasing to
increase tolerance to adverse environmental conditions on plants such as pepper (Kaya and
Doganlar, 2019). The nitric oxide antioxidant performance in response to oxidative stress caused by
high temperature is due to its ability to neutralize free radicals (Yang et al., 2011). Improving of
antioxidant enzymes activity during temperature stress is one of the common protective responses
created through nitric oxide in most plant species. For example, wheat treatment with sodium
nitroprusside increased the antioxidant enzymes activity such as superoxide dismutase, catalase, and
soluble peroxidase (Parankusam et al., 2017). As an antioxidant, melatonin inhibits reactive oxygen
species much more than glutathione, and also increases the antioxidant enzymes activity such as
peroxidases, superoxide dismutase and catalase (Reiter et al., 2007).

4.5. Effects of melatonin and sodium nitroprusside under different temperatures on leaf mineral elements

Leaf nitrogen in 40°C temperature in compared to 25°C temperature 35.11% decreased.
Sprayed with sodium nitroprusside 50 and 100uM, in compared to OuM treatment 32.73% and
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37.24% increased leaf nitrogen. Also, leaf nitrogen, under foliar application of melatonin 50uM and
100uM in compared to OuM treatment 9.61% and 23.72% increased. Leaf phosphorus in 40°C
temperature in compared to 25°C temperature 41.67% decreased. Also, leaf phosphorus under
conditions of foliar application of melatonin 100uM and sodium nitroprusside 100uM in compared
to OuM foliar spray (control) 11.11 and 14.81% increased. Leaf potassium under 40°C temperature
conditions, sprayed with melatonin 50uM, melatonin 100uM, sodium nitroprusside 50uM and
sodium nitroprusside 100uM in compared to OuM foliar spray (control) 55.20%, 72%, 25.60% and
70.40% increased, respectively. Leaf calcium values at 40°C temperature in compared to 25°C, 11.49%
decreased. leaf magnesium values with melatonin foliar treatment 100puM in compared to OuM foliar
application 0.40% increased. Foliar treatment with 50uM and100uM melatonin in compared to OuM
foliar spraying, 23.15% and 32.06% leaf zinc levels increased, respectively.

Foliar spraying with 100uM sodium nitroprusside in compared to OuM foliar spraying caused a
17.96% increase in leaf iron levels. leaf manganese under 40°C temperature conditions with
application of 50uM and 100uM sodium nitroprusside in compared to foliar spraying with OuM,
25.61% and 45.53% increased. leaf copper with foliar spraying with 100uM sodium nitroprusside in
compared to OuM foliar spraying (control) 202.98% increased. According to melatonin and sodium
nitroprusside physiological effects, it seems that the leaves chlorophyll amounts increasing increases
the photosynthetic capacity, which in turn increases the growth, which increases the nutrients
absorption from roots and its transfer to the air organ. Melatonin stimulates the biosynthesis of indole
acetic acid (IAA) and thus stimulates root growth (Bajwa et al., 2014). The roots growth and
development will increase the absorption of water and nutrients. Sarropoulou et al. (2012) reported
that melatonin treatment, in addition to being able to expand the root system, is to increase the
porphyrin and chlorophyll biosynthesis. In a research, it was found that 100uM and 200uM
melatonin foliar spraying weekly, increased the nutrients absorption in strawberry (Zahedi et al.,
2020).

5. Conclusions

Based on the results of this study, high temperature stress caused morphological damage such
as twisting, chlorosis and necrosis of leaves. Foliar application of sodium nitroperoxide increased the
height of the plant. Sprayed with melatonin (50uM and 100uM) increased the shoots fresh weight
without fruit (FWPWF) in compared to other foliar application treatments. Also, with 50uM and
100uM melatonin foliar application improved the leaves relative water content in compared to foliar
spray of OuM (control).

Foliar spraying with 50uM and 100uM sodium nitroperoxide at 40°C temperature in compared
to OuM foliar spraying caused a decrease of 15.16% and 20.99% in the leave hydrogen peroxide
amounts, respectively. Also, leaf nitrogen with foliar application of 50uM and 100uM sodium
nitroprusside in compared to OuM foliar spraying 32.73% and 37.24% increased, respectively. Also,
leaf phosphorus under the conditions of foliar spraying with 100uM melatonin and 100uM sodium
nitroprusside, in compared to OuM foliar spraying (control), 11.11% and 14.81% increased,
respectively. Leaf manganese content under of 40°C temperature, foliar spraying with 50uM and
100puM sodium nitroprusside in compared to OuM foliar spraying (control), of 25.61% and 45.53%
increased, respectively.
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