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Mitigation of salinity adverse effects of on wheat by grain
priming with melatonin
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Abstract: A pot experiment was conducted during (2013/2014 & 2014/2015) at the National
Research Centre, Dokki, Giza, Egypt, to study the effect of soaking wheat grains with
melatonin (ME) (100uM and 500uM) on growth, photosynthetic pigments, IAA, yield quantity
and quality in fever of nutritional and antioxidant compounds in the yielded grains of wheat
plants irrigated with diluted seawater at 3.85 dS/m and 7.69 dS/m. Salinity stress caused
marked decreases in wheat plant growth parameters (shoot height, number of leaves/plant, fresh
and dry weights of shoot) with significant decreases in photosynthetic pigments and indole
acetic acid (IAA) contents. Yield and yield attributes, carbohydrates, protein, nitrogen,
phosphorous and potassium contents were decreased in response to different salinity levels.
Meanwhile flavonoids and phenolic contents increased by salinity stress. Antioxidant activity at
50 and 100ug/1 showed significant increases in response to salinity stress. On the other hand,
ME treatments proved to be effective in enhancing growth parameters, photosynthetic pigments
and TAA contents of salinity stressed plants. Melatonin treatments at different levels caused
significant increases in yield and yield attributes, carbohydrate, protein, nitrogen, phosphorous,
potassium, flavonoids, phenolic contents, and antioxidant activity of the yielded seeds either in
non stressed and salinity stressed plants relative to their corresponding controls. Generally, 500
uM ME was the most pronounced and effective treatment in alleviating the deleterious effect of
salinity stress on wheat plants.

Key words: Antioxidant activity, flavonoids, melatonin, phenolics, protein, salinity, Wheat
yield.

Introduction

In Egypt, wheat is the strategic cereal. Wheat plant can grow in different environmental conditions so
this permits large-scale cultivation as well as long-term storage of food. Around 70 % of this crop for food, 19
% for animal feed and 11% is for industrial applications, including biofuels. Wheat has high nutritional value
and this is important because it gives it an important value among the few crop species so it grown as staple
food sources'. Moreover, due to its high antioxidant contents wheat crop may serve as an excellent dietary
source of natural antioxidants for disease prevention and health promotion®.

Due to increased competition of human activities and industrial uses, fresh water resources becoming
limited. So, for saving fresh water resources, sea water can be diluted and used in irrigation and this can be used
to grow crops under certain conditions®. Cultivation of crops is limited by salt stress due to excess uptake of
salts by plants and is an unavoidable consequence of high ion concentrations. High salt concentrations in soil,
which result from irrigation with saline water, have detrimental effects on plant growth®. Ion toxicity, osmotic
stress and production of ROS resulted from high salt stress’caused oxidative damage and cell death mainly from
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the imbalance of ROS occurred’. Moreover, photosynthesis, cell membranes, and some enzyme activities of
plants all affected by salinity stress’. Decreasing of salt content of plant, ion compartmentation, osmotic
adjustment and induction of antioxidant enzymes might cause improvement of salinity tolerance’. Many
attempts were evaluated to improve salinity tolerance of plant by using antioxidant compounds as seed soaking
or foliar treatment different growth stages’. One of these antioxidants is melatonin,

Melatonin (N-acetyl-5-methoxytryptamine), is an indoleamine synthesized throughout the plant
kingdom. Melatonin is distributed in many parts of plant as leaves, roots, stems, fruits, and seeds of different
species®. It was known that melatonin has some auxin- like effects so may act as a regulatory molecule in plants
and rooting agent’. Melatonin act as a universal hydrophilic and hydrophobic antioxidant as it is soluble in both
water and lipid'®. This amphiphilic character enables it to cross cell membranes easily and enter subcellular
compartments''. Moreover, it is considered as an antioxidant and a modulator in multiple plant developmental
processes and various stress responses'”. This antioxidative melatonin effect was reported in many plant species
such as apple, rice, and grape''**'">. Improvement of resistance of plant against different stressors may be by
exogenous application of melatonin'®. In addition, melatonin possess the ability to regulate plant growth and to
enhance crop production. So, this investigation aimed to study the effect of seed priming with melatonin in
ameliorating the harmful effects of diluted seawater levels on the performance of wheat plants.

Materials and Methods

Wheat grains (Triticum aestivum L.) Giza 168 cultivar were sown on November 24, 2013 and November
25, 2014 at the wire house of National Research Centre, Dokki, Giza, Egypt. Wheat grains were obtained from
the Agricultural Research Centre, Ministry of Agriculture and Land Reclamation, Egypt. Wheat grains were
selected for uniformity, then washed with distilled water, sterilized with 1 % sodium hypochlorite solution for
about 2 min and thoroughly washed again with distilled water then grains were divided into three groups and
soaked for 4 hours, the first group were soaked in dist water, the second in 100 uM ME and the third in 500 uM
ME as (MEO, ME1, or ME2) and left to dry at room temperature for approx. 1 h. Ten uniform air-dried wheat
grains were sown in pots 30 mm depth, each filled with about 7.0 kg clay soil mixed with sandy soil in a
proportion of 3:1(v:v), respectively, in order to reduce compaction and improve drainage. Before planting
calcium super phosphate (15.5% P,0s) and potassium sulfate (48% K,0) in the rate of 3.0 and 1.50 g/pot were
added, respectively. Ammonium sulfate (20.5% N) in the rate of 6.86 g/pot was added in two equal doses, the
first one was add after two weeks from sowing and the 2nd two weeks later. The experiment was arranged in a
factorial arrangement, with three levels of seawater (SO, S1, or S2). Four replicates were used. Seawater was
dissolved in fresh water, and the plants were watered with an equal volume of 0.23, 3.85 dSm™ and 7.69 dSm’".
3 weeks after sowing (treatments S0, S1, and S2, respectively). Concentration of EC, pH, cations and anions of
irrigation water and soil used were determined according'’ and shown in Table 1. Soil water capacity was
estimated by saturating the soil in each pot with water and weighing the soil after the soil had drained for 48 h.
Water capacity of the soil in each pot was 0.36 kg kg™ Soil water contents were maintained at approx. 90% of
the pot water capacity. Ten days after sowing (DAS), wheat seedlings were thinned to five seedlings per pot and
irrigated with equal volumes of tap water until 30 DAS. Starting from 45 DAS plants were irrigated with either
tap water (0.23 dS m™) or differently diluted seawater (3.85 dSm™ and 7.69 dSm™). At 75 DAS, samples were
taken to study some growth parameters as plant height (cm), no of leaves/plant, fresh and dry weight of
shoot/plant (g). photosynthetic pigments of leaves, endogenous indole acetic acid (IAA). Yield and its
components as plant height, spikes number/plant, spikes weight /plant (g), grains weight/ plant, grains
number/plant, grains number/spikes and 1000 grains weight. as well as nutritive value of the yielded grains as
total carbohydrates%, protein%, flavonoids, phenolic contents, nitrogen, phosphorus and potassium
percentages, in addition to antioxidant activities %.
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Table 1. EC, pH, and concentration of cations and anions of irrigation water and soil used in the pot

EC pH Cations meq 1" Anions meq I

dSm’ ca® [Mg” [Na° [K [Hco; [cos [sor [cr
Soil:
Sandy 0.15 821 |2.58 245 1.35 0.20 1.12 0.00 4.20 0.71
Clay 1.42 7.69 |5.63 1.94 5.86 0.33 1.52 0.00 6.79 5.52
Water:
Tap water [0 23 734 | 1.01 0.52 2.42 0.21 0.11 0.00 1.31 2.69
Sea water [5775 [ 774 | 43.17 15.14 45479 | 1.52 6.07 0.00 76.37 432.14

Biochemical analysis:
Relative water content (RWC) was measured in the first fully-expanded leaf (from the top) using the method'®.

RWC (%) = Fresh weight - Dry weight x 100

Turgid weight - Dry weight

Chlorophyll a, chlorophyll b and carotenoids concentrations were estimated using the method'’. Indole
acetic acid was determined according to the method®. Total carbohydrates were determined according®'. The
protein content was determined by microkjeldahl method®’. Total flavonoid contents were measured by the
aluminum chloride colorimetric assay*. Total phenolic compounds were determined according to the method™*.
The free radical scavenging activity was determined using the 1.1-diphenyl-2-picrylhydrazil (DPPH) reagent™.

Statistical analysis

The data were statistically analyzed on complete randomized design system according®. Combined
analysis of the two growing seasons was carried out. Means were compared by using least significant difference
(LSD) at 5% levels of probability.

Results
Growth parameters:

Table (2) show the soaking wheat grains effect in melatonin (MEO, ME1 and ME2) grown under different
salinity levels on growth parameters. Different levels of irrigation diluted sea water (SIMEO and S2MEO)
decreased the studied growth parameters as well as relative water content (RWC) relative to control plants
(SOMEOQ). These decreases were significant at S2MEQ treatment. With respect to melatonin effect, both
melatonin concentrations (ME1 and ME2 as 100 uM and 500 pM) increased growth parameters of plants
irrigated with tap water. These increases were significant at 500 uM melatonin (ME2), meanwhile, melatonin at
100 uM (ME1) caused non-significant increases in all parameters except RWC that showed significant increase
relative to control plants (SOMEOQ). Under salinity stress (S1 and S2), 100 uM and 500 uM melatonin (ME1 and
ME?2) increased all the examined growth parameters relative to corresponding controls, where the increases in
plant dry weight and RWC were significant.
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Table 1. Effect of melatonin at 100 pM (ME1) and 500 pM (ME2) on growth parameters of wheat plants
irrigated with tap water (S0) or seawater at 3.85 dS/m (S1) and 7.69 dS/m (S2). Results are means of two
successive seasons.

Salinity Melatonin Plant height Leaves Shoot fresh Shoot dry RWC%
(dS/m) (ME) (uM) (cm) no/plant weight /plant (g) weight/plant (g)

SO MEO 56.31 4.67 4.57 1.35 70.44
ME1 60.00 5.00 5.22 1.51 71.10
ME2 63.67 5.33 5.73 1.62 71.67
S1 MEO 53.67 4.33 3.88 1.28 67.16
ME1 56.11 4.67 4.14 1.28 69.12
ME2 60.67 5.00 4.42 1.31 70.39
S2 MEO 49.33 3.00 3.12 1.11 64.47
ME1 52.67 3.67 3.89 1.22 68.81
ME2 54.67 4.33 4.25 1.31 69.17
LSD at 5% 4.021 0.615 0.687 0.278 5.147

Photosynthetic Pigments:

Irrigation of wheat plants with the low salinity level (SIME) caused marked decreases in photosynthetic
pigments compared with control plants (SOMEO) (Fig 1). Meanwhile, high salinity level S2MEOQ significantly
decreased them. Meanwhile, chlorophyll a/b ratio were increased in plants irrigated with Sland S2 as compared
with control plants. Photosynthetic pigments were markedly increased in response to 100uM melatonin under
tap water, meanwhile significant increases were obtained at 500 pM melatonin relative to the control (SOMEO).
Interaction between the two salinity levels (3.85 dS/m and 7.69 dS/m) and melatonin (100 uM and 500 puM)
showed that both melatonin concentrations caused marked increases in different photosynthetic pigments
relative to their corresponding controls. In the same time chlorophyll a/b were decreased as compared with the
corresponding salinity levels. Higher concentration of melatonin (ME2) was more pronounced than lower
melatonin (ME1), either in the plants irrigated with tap water (S0) or diluted seawater (S1 and S2).
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Fig 1. Effect of melatonin at 100 pM (ME1) and 500 pM (ME2) on photosynthetic pigments (mg/g fresh
weight) of wheat plants irrigated with tap water (S0) or seawater at 3.85 dS/m (S1) and 7.69 dS/m (S2).
Results are means of two successive seasons.

Changes in IAA contents:

Data presented in Fig (2) demonstrated that IAA were significantly reduced in wheat leaves with
increasing levels of sea water stress (SIMEO and S2MEO) when compared with control those of the control
(SOMEDO) plants. The percentages of decreases reached to 10.58% and 30.07% in plants irrigated with SIMEOQ
and S2MEQ, respectively. On the other hand, soaking wheat grains in melatonin ME1 & ME2 alone or in
combination with salinity stress caused significant increases in IAA as compared with untreated plants (MEO).
500 uM melatonin (ME2) was more effective than 100 uM melatonin (ME1), either in the plants irrigated with
S0 or S1 and S2. These increases reached 66.91 %, 32.70 % and 27.87 % at SOME2, SIME2 and S2ME2
compared with SOMEO, SIMEO and S2MEQ, respectively.
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Fig 2. Effect of melatonin at 100 pM (ME1) and 500 pM (ME2) on indole acetic acid (ng/g fresh weight)
of wheat plants irrigated with tap water (S0) or seawater at 3.85 dS/m (S1) and 7.69 dS/m (S2). Results
are means of two successive seasons.

Yield, yield Components:

At harvest, plant height (cm), spikes number/plant, spikes weight /plant (g), grains weight/ plant (g),
grains number/plant, grains number / spikes and 1000 grains weight (g) of wheat plant were decreased by
irrigation of different diluted sea water SIMEO & S2MEQ as compared to plant irrigated with tap water. For
instance, the reduction in seed weight and 1000 seeds weight reached to 19.91%, 18.52%, respectively as
compared with tap irrigated plants. On the other hand, soaking wheat grains in different concentrations of
melatonin ME1 & ME2 (100 & 500 uM) under normal and salinity stressed conditions caused significant
increases in all parameters of yield components as compared to their corresponding control plants, the most
prominence concentration was 500uM it increased all yield attributes more than 100 pM melatonin.
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Table 3. Effect of melatonin at 100 pM (ME1) and 500 pM (ME2) on yield & yield components of wheat
plants irrigated with tap water (S0) or seawater at 3.85 dS/m (S1) and 7.69 dS/m (S2). Results are means
of two successive seasons.

Salinity | Melatonin | Plant Spikes Spikes Grains Grains Grains 1000
(dS/m) (ME) height | No/plant weight weight/plant No/plant No/spike | grains
M (cm) /plant (g) & wt (g)

SO MEO 66.33 4.00 5.765 4.248 82.35 21.34 42.35
ME1 69.00 4.38 6.248 4.685 89.35 22.68 44.68

ME2 75.33 4.93 6.754 5.324 94.35 23.04 46.35

S1 MEO 58.67 3.67 4.687 4.014 78.35 20.54 40.35
ME1 63.33 4.00 5.214 4.357 84.25 21.06 42.35

ME2 66.67 4.24 5.765 4.547 89.35 22.72 43.35

S2 MEO 52.33 3.33 3.759 3.175 71.35 19.92 38.35
ME1 58.67 3.67 4.215 3.835 79.36 20.53 40.25

ME2 50.67 4.00 4.579 4.128 83.65 21.16 41.35

LSD at 5% 6.384 0.415 0.352 0.218 5.351 1.456 5.41

Carbohydrate and protein percentage in yielded grains:

Fig (3) shows that different seawater salinity caused significant decreases in total carbohydrate and total
crude protein contents of grains of wheat plant compared with control plant. These decreases were gradually
with increased salinity level from S1 to S2. Meanwhile, different concentrations of melatonin treatment ME1
and ME2 caused significant increases in carbohydrates and crude protein contents of the yielded grains of wheat
plant compared with their corresponding controls. Higher concentrations of melatonin was more effective in
increasing the above mentioned parameters than lower concentration either under normal and stressed
conditions.
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Fig 3. Effect of melatonin at 100 pM (ME1) and 500 pM (ME2) on carbohydrates% & protein% of wheat
grains of wheat plant irrigated with tap water (S0) or seawater at 3.85 dS/m (S1) and 7.69 dS/m (S2).
Results are means of two successive seasons.

Total flavonoids and total phenols content:

The two applied salinity levels (SIMEO and S2MEQ) caused significant and gradual increases in
(SOMEO) (Fig 4) flavonoids and phenolic content relative to control plant (SOMEQ). Melatonin concentrations
(ME1 and ME2) caused more gradual increases in flavonoids and phenolic content relative to their
corresponding controls.
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Fig 4. Effect of melatonin at 100 pM (ME1) and 500 uM (ME2) on total flavonoids & total phenolic
(mg/100 gDW) of grains of wheat plants irrigated with tap water (S0) or seawater at 3.85 dS/m (S1) and
7.69 dS/m (S2). Results are means of two successive seasons.

Mineral contents:

The two applied salinity levels (SIMEO and S2MEOQ) decreased significantly & gradually in nitrogen,
phosphorus and potassium percentages contents of the yielded grains relative to the control plants (SOMEO)
(Table 4). Both melatonin concentrations caused gradual increases in N, P and K relative to corresponding
controls. 500 pM melatonin was more effective than 100 pM in increasing N, P &K of wheat grains at 3.85
dS/m & 7.69 dS/m.
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Fig 5. Effect of melatonin at 100 pM (ME1) and 500 pM (ME2) on mineral contents of grains of wheat
plants irrigated with tap water (S0) or seawater at 3.85 dS/m (S1) and 7.69 dS/m (S2). Results are means
of two successive seasons.

Antioxidant activity:

The radicals scavenging activity of wheat grains extracts of wheat plant irrigated with different sea water
levels (SIMEO and S2MEO) and treated with two concentrations of melatonin (ME1 & ME?2) expressed the
percentage reduction of the initial DPPH absorption and melatonin treatment are presented in Table 4.
Different salinity levels increased antioxidant activity at 50 and 100 pg/ml. Melatonin treatment with different
concentrations caused more significant increases in antioxidant activity. 500 pM was more effective than 100
UM melatonin under normal and different salinity irrigation water.
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Table 4. Effect of melatonin at 100 pM (ME1) and 500 uM (ME2) on antioxidant activity at 50 & 100 ug/1
of grains of wheat plants irrigated with tap water (S0) or seawater at 3.85 dS/m (S1) and 7.69 dS/m (S2).
Results are means of two successive seasons.

Salinity | Melatonin Antioxidant activity
(dS/m) | (ME) pM 50 g/l 100 pg/l

SO MEO 35.29 56.35

ME1 38.35 57.36

ME2 40.21 60.42

S1 MEO 37.32 58.36

ME1 40.21 62.42

ME2 42.36 64.54

S2 MEO 39.35 61.24

ME1 41.35 63.25

ME2 43.25 65.25

LSD at 5% 2.245 3.014

Discussion

Salinity stress results in considerable decreases in all growth parameters such a reduction in growth
could be due to the effect of high osmotic stress and ion toxicity’’**® or the induced alteration of cell wall
structure®. Further, cell division, cell enlargement and expansion might be inhibited by salinity stress®. With
respect to melatonin treatment Table 2 show the promotive effect of melatonin on growth parameters of wheat
plant under normal and salinity stress conditions. Melatonin can act as a potential modulator of plant growth
and development in a dose-dependent manner’'*>**** Melatonin affect plant growth by effecting on growth
regulation and ion homeostasis®”. In addition, ME may play auxin-IAA role as its chemical structure is similar
to this hormone™.

Photosynthetic pigments were reduced under salinity stress conditions (Fig 1). These reductions may be
due to the toxic effects of salt on the biosynthesis of pigments, increasing their degradation and/or causing
damage to chloroplast thylakoids. Salinity stress caused the shape of thylakoids to be swollen and disorganized.
Salt stress enhanced the activity of chlorophyllase and interfered with the de-novo synthesis of proteins, such as
those that bind chlorophyll’’. Moreover, these decreases in chlorophyll content in stressed leaves of wheat was
mainly due to a decrease of ALA (5-aminolinolic acid) synthesis which is a protochlorophyllide precursor, that
converts to chlorophyll when exposed to light*®. Leaves exposed to severe saline stress not only reduced their
chlorophyll concentrations, but their chlorophyll a/b ratios increased, due to more rapid degradation of
chlorophyll 5 than chlorophyll a (Fig 1). This might be due to that the first step in the degradation of
chlorophyll b involves conversion to chlorophyll*” a. An increase in the chlorophyll a/b ratio has been linked to
changes in the pigment composition of the photosynthetic apparatus that contains lower levels of light
harvesting proteins®’. In agreement with our results of melatonin effect, pretreatment of Malus hupehensis
Rehd and Cucumis sativus L.with melatonin improved plant growth and photosynthetic capacity under high
salinity conditions****'. The promotive effect of melatonin on wheat plant photosynthetic pigment might be due
to melatonin improvement of the ultrastructure of chloroplasts. Moreover, this role of Me may be due to raising
the antigxidant enzyme activities and antioxidant contents and thus inhibiting the production of reactive oxygen
species ™.

Data presented in Fig (2) demonstrated that IAA were significantly reduced in wheat leaves with
increasing levels of sea water stress (SIMEO and S2MEQO) when compared with those of the control (SOMEO)
plants. IAA as a phytohormone regulate the protective responses of plants against both biotic and abiotic
stresses by means of synergistic or antagonistic actions with other hormones as GA;, BA and ABA referred to
as signaling crosstalk®™. Salinity, drought and heat stresses on flax, canola and wheat plants gradually declined
the contents of IAA (auxin) contents below those of the unstressed controls**>*%*’ These decreases might be
due to increase the destruction of IAA by increasing the activity of IAA oxidase™. On the other hand,
exogenous application of melatonin ME1 & ME?2 alone or in combination with salinity stress caused significant
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increases in IAA as compared with untreated plants (MEO). The promotive effect of melatonin on IAA contents

:  49&50
were confirmed on many plant species .

Different levels of diluted sea water caused marked decreases in yield and yield components (Table 3).
Increasing sea water levels reduced yield & yield components of wheat plant in comparison with control plants.
In accordance with our results, those obtained on sunflower, flax, wheat and faba bean plant’' > These
decreases might be due to the decreases in plant growth, photosynthetic pigments and disturbance in the
nutrient balance™. On the other hand, treatments of wheat plant with the melatonin could alleviate the harmful
effect of salinity stress on yield and yield components (Table 4). These obtained data are in accordance with
those obtained’®'*****%% Melatonin treatment enabling plants to maintain a robust root system and improved
photosynthetic activity so could alleviate growth inhibition and increased crop yield”'.

Regarding to the nutritional values of the yielded grains, different levels of sea water caused significant
decreases in total carbohydrates and crude protein contents. As the photosynthetic pigments reduced of wheat
leaves under salinity stress (Fig 1) thus might led to photo-assimilate decrease mainly total carbohydrates (Fig
3). These reduction in carbohydrates may be due to the reduction in the biosynthesis of carbohydrates and this
might be due to the inhibitory effect of salinity on chlorophyll synthesis™. The disturbance in nitrogen
metabolism or inhibition of nitrate absorption might result from sea water stress thus led to decreased nitrogen
contents of grains®. Meanwhile, melatonin improvement effect on photosynthetic pigments (Fig 1) might
caused the increases in carbohydrates and protein contents.

Fig 4 shows the enhancement effect of S and/or ME treatments on flavonoids and phenolic contents.
This metabolic process disturbances induced by saline water leading to the increase in the flavonoids and
phenolic synthesis compounds®. The importance of flavonoids was known to possess significant antimicrobial
activities and was utilized as natural plant protectants®'. It could be suggested that flavonoids content may be an
alternative to conventional fungicides in the control of storage grains against some fungi. The increased levels
of ROS under stress is accompanied by changes in net carbon gain which may affect the biosynthesis of carbon-
based secondary compounds, particularly leaf polyphenols®®. The signaling role of melatonin induced different
metabolic compounds and this stimulate production of various substances’’. Me increased synthesis of
phenolics®® in Vigna radiata L.

The decreases in N, P and K in wheat grains under salinity are presented in Fig 5. These obtained
results in accordance with results on flax>’ and faba plants™. It was showed that when faba bean plants take up
high amounts of Na, whereas the uptake of K, P and N is significantly reduced in leaves and this decreases
affect on the mineral contents of seeds decreased N, P, K contents®. Increased levels of Na* cation has
suppressive effect on N, P, K uptake and the transport of these ions®*. Melatonin presoaking treatments
increased N, P, K content of grains of wheat plant (Fig 5). These enhancement effect may be due to that,
melatonin might contribute to the maintenance of ion homeostasis via the control of the expression of ion-
channel genes under salinity*.

Results showed that different salinity levels increased activity against DPPH radical (Table5) the two
used salinity levelsS1 & S2 as compared with normal irrigated water SO. The 1, 1 diphenyl-2-picrylhydrazyl
(DPPH) radical is a stable radical with maximum absorbance at 517 nm and can readily undergo reduction by
an antioxidant. Due to the ease and convenience of this reaction, it now has widespread use in the free radical-
scavenging activity assessment’. The reduction of DPPH radical (purple colour) to a yellow coloured
compound, diphenyl picrylhydrazine in wheat grains extracts depends on hydrogen donating ability of the
studied antioxidants and a dose dependent scavenging of DPPH free radical by grain extracts from 50 to 100
pg/ml. Also, different treatments increased antioxidant activity as to untreated controls. These results using
different antioxidants were also supported on different plant species, they realized that the antioxidant
scavenging potential was directly proportional with the concentration of the used samples**°° (12.5 to 100p1).

Conclusion

We can concluded that melatonin treatments (100 uM and 500 uM) partially alleviated the reduced
effects of sea water stress on growth parameters, relative water content, photosynthetic pigments, indole acetic
acid, in leaf tissues of wheat plants. Also, yield and yield components and the nutritional values of the yielded
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grains were improved. 500 mM ME was more effective in mitigating the adverse effects of salinity stress on
wheat plants.
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