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Abstract

Background: The application of the free radical nitric oxide (NO) donors (arginine and sodium nitroprusside) have
protective effects on plants in alleviating salinity stress throughout improving the enzymatic activities of antioxidant
enzymes and osmotic adjustment which induced plant antioxidative defense system. This experiment carried out to
study the effect of soaking seeds of sunflower plant in different concentrations of arginine or sodium nitroprusside
(SNP) on growth, some physiological parameters, yield and chemical composition of the yielded seeds of sunflower
under salinity stress.

Results: Growth parameters (shoot length, stem diameter, no. of leaves, shoot fresh, and dry weights) decreased
significantly with salinity stress and such effect ameliorated using the two levels of both arginine and SNP.
Photosynthetic pigments significantly increased in the arginine and SNP treated plants under salinity stress or not
stressed ones. Phenol and indole acetic acid as well as compatible solutes as total soluble sugar and proline
showed highly significant increase with arginine and SNP treatments either in unstressed plants or those under
salinity stress conditions. Free amino acids showed significant increase in both unstressed and stressed sunflower
plants treated with either arginine or SNP. High level of arginine recorded the highest values of TSS, proline, free
AA, phenol, and IAA in both unstressed and salinity stressed plants. Arginine and SNP with salinity levels showed a
highly significant increase in various antioxidant enzymes compared to the control plants. Arginine or SNP at all
tested concentrations decreased significantly plant content of Na, while K and P highly significantly increased and
Ca, Mg, and N non-significantly increased. The yield parameters showed in general highly significant increase in
head diameter, 100-seed weight, seed yield/plant, and oil% with arginine or SNP with the superiority of the higher
concentration of both treatment materials. Both arginine and SNP increased markedly total unsaturated (TU) fatty
acids as well as TU/TS with superiority of high concentration of SNP treatment in that domain.

Conclusion: Soaking seeds of sunflower plant with arginine and SNP improved yield parameters of sunflower. High
level of SNP under salinity stress conditions proved to be the most effective.
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Introduction

Throughout the world, more than 800 million ha of land
are salt-affected (FAO 2008). In arid and semi-arid regions,
limited water and hot dry climates cause salinity problem
that adversely affects crop growth and production. At low
concentrations, salt suppresses plant growth and at higher
concentration can cause death throughout imbalance of the
cellular ions resulting in ion toxicity (Michael et al. 2004).
Morphological, physiological, and metabolic disorders in
plants, e.g., decrease in seed germination, shoot and root
length, alterations in the integrity of cell membranes, inhib-
ition of different enzymatic activities, photosynthesis, and
even plant death by NaCl (Sairam and Tyagi 2004). Khan et
al. (2012) reported that higher concentration of sodium
chloride as the prevailing salt in the soil induces osmotic
and ionic changes in plants, since it lowers its osmotic po-
tential resulting in decreased availability of water and min-
erals to root cells. Hashem et al. (2014) explained the
reduction in physiological and biochemical activities of
plants by causing toxic effects on cell membranes and ac-
cordingly electrolyte leakage, as well as constrains the meta-
bolic processes in the cytosol with excessive accumulation
of Na" in the cytosol.

Under stressful conditions reactive oxygen species
(ROS) which known as signaling intermediates during
biotic and abiotic stresses overproduced and cause oxi-
dative stress in plants (Abdel Latef and Chaoxing 2014).
Throughout lipid peroxidation and ability to damage
DNA, proteins, and chlorophyll, these compounds are
responsible for damage cellular membranes (Mittova et
al. 2002). Sharma and Dubey (2007) found that the life-
time of active oxygen species within the cellular environ-
ment is determined by the antioxidant system which
provides vital protection against oxidative damage. Ac-
cording to Evelin and Kapoor (2014), the ROS scaven-
ging enzymes involves superoxide dismutase (SOD),
catalase (CAT), ascorbate peroxidase (APX), and gluta-
thione reductase (GR). Proline, glycine betaine (GB), sol-
uble proteins, and soluble sugars accumulation to beat
osmotic stress caused by salinity is another strategy
(Abdel Latef and Chaoxing 2014).

In the past few years, nitric oxide (NO) as a water and
lipid soluble gas endogenous plant bioactive signaling
molecule had been tested in salt stress tolerance (Mos-
tofa et al. 2015). The NO has attracted much attention
because of its pivotal role in stress tolerance exerted by
oxidative stress in various processes of plant growth, de-
velopment, metabolism, and cell death (Manai et al.
2014). Moreover, the NO can mediate plant growth reg-
ulators and ROS metabolism and focuses which NO in-
volves in signal transduction and responses to biotic and
abiotic stresses (Fan et al. 2007).

L-arginine (arg.) is one of the most functionally diverse
amino acids and a precursor for the biosynthesis of
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polyamines (PAs) and the cell signaling molecule nitric
oxide (NO). It seems that some positive effects of arg.
are related to the production of nitric oxide, polyamines,
or proline (Liu et al. 2006). The PAs modulate several
biological activities in plants, throughout participation in
cellular defense against oxidative damage via the inhib-
ition of lipid peroxidation and scavenge of free radicals
(Velikova et al. 2000).

Pre-sowing seed treatment is an easy and low, and both
cost and risk technique were used to cope with salinity
stress among different strategies which have recently been
used to overcome the salinity problem in saline agricul-
tural lands. The present study was conducted to evaluate
and compare the effects of seed priming with arginine and
SNP on growth, yield, and alleviation of oxidative damages
in sunflower plant under salt stress.

Materials and methods

This experiment carried out to study the effect of soak-
ing sunflower plant seeds in different concentrations of
arginine or sodium nitroprusside (SNP) on growth, some
physiological parameters, yield, and chemical compos-
ition of the yielded seeds under salinity stress.

Experiment management

A pot experiment using sunflower (Helianthus annuus,
L.) cultivar Sakha 53 was carried out in two successive
seasons 2016 and 2017 in the greenhouse of National
Research Centre, Dokki, Giza, Egypt. Seeds of sunflower
were obtained from the Agricultural Research Centre,
Giza, Egypt. Arginine or SNP used in the present work
was supplied from Sigma-Aldrich. Seeds were planted in
pots (50 c¢m®) with the soil of silt and sand soil of 1:1 ra-
tio to reduce compaction and improve drainage. Seeds
were previously sterilized after washing several times
with distilled water. The pots were divided into two
main groups according to irrigation with fresh water and
saline solution (0 and 5000 mg/L equal to EC of 0.03
and 5.10 dSm™) by using Stroganov (1962) nutrient so-
lutions (Tables 1 and 2). Each of the two main groups
was divided into five subgroups one of them without
treatment (control) and the other four subgroups were
soaked for 12 h in two concentrations of both arginine
(10 and 20 mM) or SNP (0.25 and 0.50 mM). Every
treatment consisted of three replicates distributed in a
completely randomized design system. Sunflower seeds
were sown in May in both seasons. The seedlings were
irrigated with an equal volume (half liter/pot) of salt

Table 1 The components of the salt mixture used for chloride
salinization expressed as % of the total salt content

MgSOs, Caso, NaCl MgCl, CaCo,
10 1 78 2 9
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Table 2 The component of specific anions and cation in
chloride mixture expressed as a percentage of total mill
equivalents

Na* Mg*? Ca*? SO” cr co?
38 6 6 5 40 5

solution three times, whereas tap water was used for the
fourth one to prevent the accumulation of salts around
the root system. Thinning was carried out at 15 days
after sowing, and five plants were left in each pot.
Fertilization applied with the recommended doses of
superphosphate, potassium sulfate, and urea in each pot.

Growth measurements

Samples were taken after 40 days from sowing to deter-
mine the morphological measurements and chemical
analysis. One plant/pot has been left for yield determin-
ation. The morphological measurements were plant
height (cm), number of leaves/plant, stem circumference
(cm), fresh and dry weight of shoot (gm/plant).

Yield measurements

When signs of full maturity stage showed, measure-
ments for yield and its components (head diameter (cm),
seeds weight/head (gm), 100-seeds weight (gm), oil %,
and fatty acids profile) were also recorded.

Chemical analysis

Some biochemical aspects were determined including
photosynthetic pigments (chlorophyll a, chlorophyll b,
carotenoids, and total pigments) in fresh leaves which
were estimated using the method of Lichtenthaler and
Buschmann (2001). Indole acetic acid content was ex-
tracted and analyzed by the method of Larsen et al.
(1962). Phenolic content was measured as described by
Danil and George (1972). Free amino acids (free AA)
was extracted according to Vartainan et al. (1992) and
determined with the ninhydrin reagent method (Yemm
and Cocking 1955). Proline content was extracted and
calculated according to Bates et al. (1973). Total soluble
sugars (TSS) were extracted according to Homme et al.
(1992) and assayed according to Yemm and Willis (1954).
Enzyme extracts were prepared according to the method
of Chen and Wang (2006). Catalase (CAT) and superoxide
dismutase (SOD, EC 1.12.1.1) activity was calculated by
nitro-blue-tetrazolium reduction method (Chen and
Wang 2006). Peroxidase (POX, EC 1.11.1.7) activity was
evaluated according to Kumar and Khan (1982).

Macro element contents of sunflower plants were deter-
mined according to Chapman and Pratt (1978). Phosphorus
was determined using Spekol Spectrocolorimeter VEB Carl
Zeiss. Plant contents of Ca, K, and Na were estimated by
using the flame photometer. The Mg contents were esti-
mated using atomic absorption spectrophotometer. Total
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N was determined by using micro-Kjeldahl method
(A.O.A.C. 1970).

The oil content of sunflower seeds was determined ac-
cording to the procedure reported by A.O.A.C. (1990). As
the quality of the oil depends on the proportion of differ-
ent fatty acids, their composition was determined quanti-
tatively by gas-liquid chromatography according to the
method described by Fedak and De La Roche (1977).

Statistical analysis

The data were statistically analyzed on complete ran-
domized design system according to Snedecor and
Cochran (1980). Combined analysis of the two grow-
ing seasons was carried out. Means were compared
by using the least significant difference (LSD) at 1
and 5% levels of probability.

Results

Changes in growth parameters

Data in Table 3 showed clearly that shoot length and
stem diameter (cm) decreased significantly (P<0.05 and
0.01, respectively) with salinity stress.

Such reduced effect was ameliorated using arginine at
the rate of 10 and 20 mM and SNP at the rate of 0.25
and 0.50 mM. While, although number of leaves showed
a non-significant decrease by about 17.4% due to salinity
stress, it showed improvement reached 15.8%, 20.9%,
39.5%, and 31.6% using the low and high levels of either
arginine or SNP, respectively as compared with the cor-
responding controls. The same trend recorded with
number of leaves also found in shoot fresh and dry
weights (gm). It is interesting to note that the most obvi-
ous effect for the studied growth parameters found with
the use of high concentration of both arginine and SNP.

Changes in photosynthetic pigments

The presented data (Table 4) showed that chlorophyll a,
chlorophyll b, and total pigments significantly (P < 0.05)
decreased in sunflower leaves due to salinity stress. Data
in the same table showed generally that chlorophyll a,
carotenoids, and total pigments significantly (P < 0.01)
increased in treated plants with arginine and SNP either
under salinity stress or not stressed ones. The highest in-
crease (22.2%) and (21.8%) in total pigment content was
obtained with both high concentrations of arginine and
SNP respectively with salinity stressed sunflower plants.
Although chl. B presented no significant effect of the
interaction between the tested materials and their con-
centrations with both levels of salinity, the treatment im-
proved its values.

Changes in compatible solutes
Generally, data in Table 5 showed that salinity induced
significant changes in tested plants’ compatible solutes
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Table 3 Effect of different concentrations of either arginine and SNP on growth parameters of sunflower plants under salinity stress

Salinity Material Conc. Shoot length (cm) No. of leaves Stem diam. (cm) Shoot fresh wt. (gm) Shoot dry wt. (gm)
(mM)
0 Control 0 58.07 1533 1.80 4647 581
Arginine 10 68.63 18.00 233 5712 6.97
20 78.70 20.33 303 63.94 7.99
SNP 025 69.55 1767 3.30 58.21 744
0.50 74.87 18.67 363 66.07 7.68
5000 (mg/L) Control 0 4293 12.67 1.63 36.54 348
Arginine 10 49.90 14.67 2.10 4533 471
20 5873 1767 243 50.54 5.06
SNP 0.25 54.77 1533 207 37.51 4.69
0.50 61.53 1667 2.85 4321 541
LSD at 5% 242 NS 024 NS NS
LSD at 1% - 033

NS not significant

(TSS, proline, and free AA). TSS and proline showed a
highly significant increase (P < 0.01) with all the ex-
perimental treatments either in unstressed plants or
those under salinity stress conditions. Free AA
showed only significant increase (P < 0.05) in both
salinity unstressed or stressed sunflower plants. Ar-
ginine treatment at the rate of 20 mM recorded the
highest values of the previously studied parameters
with both unstressed or salinity stressed plants.

Changes in phenol and IAA content

It is obvious in Table 5 that phenol increased signifi-
cantly, but IAA decreased significantly (P < 0.05 and
0.01) with salinity stressed sunflower plants. In either
unstressed or salinity-stressed plant, arginine, and

Sod. nitroprusside at the two tested levels increased
significantly the contents of both phenols and IAA in
sunflower leaves.

Changes in antioxidant enzymes

Data in Table 6 indicated that salinity caused a significant
increase in antioxidant enzymes (CAT, SOD, and POX) of
tested plants. Pretreatment of sunflower seeds with arginine
(10 and 20 mM) and SNP (0.25 and 0.50 mM) with both
salinity levels 0 and 5000 mg/L showed highly significant
increase (P < 0.01) in various antioxidant enzymes com-
pared to the control plants. Both treatments levels of SNP
recorded the highest (P < 0.01) values of antioxidant en-
zymes in plants either unstressed or salinity stressed ones.
The magnitude of these enzymes’ enhancement increased

Table 4 Effect of different concentrations of arginine and SNP on photosynthetic pigments (mg/g fresh wt.) of sunflower plants

under salinity stress

Salinity Material Conc. Chl. a Chl.b Carotenoids Total pigments
(mM)
0 Control 0 1.54 0.75 0.28 257
Arginine 10 1.68 0.85 033 2.86
20 1.88 1.04 038 331
SNP 0.25 1.65 0.94 0.30 2.89
0.50 1.72 0.97 033 3.02
5000 (mg/L) Control 0 1.24 0.60 0.32 2.16
Arginine 10 1.35 0.71 0.35 240
20 143 0.85 0.36 2.64
SNP 025 136 0.76 034 246
0.50 149 0.78 0.36 263
LSD at 5% 0.0027 NS 0.0017 0.05
LSD at 1% 0.0034 0.0024 0.08

NS not significant
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Table 5 Effect of different concentrations of arginine and SNP on some compatible solutes, phenols, and auxin contents of

sunflower plants under salinity stress

Salinity Materials Conc. TSS Proline Free AA Phenol IAA
(mM) (mg/100g dry wt) (mg/g dry wt) (mg/g dry wt) (ug/g dry wt) (ug/g fresh wt.)
0 Control 0 1535.10 8.79 124.81 13.91 46.60
Arginine 10 2115.11 12.11 171.96 16.52 50.71
20 2544.07 14.57 206.84 1941 56.85
SNP 0.25 1887.00 13.62 155.05 18.70 52.00
0.50 2160.50 14.37 175.65 19.34 51.96
5000 (mg/L) Control 0 2611.29 14.95 21230 16.12 37.57
Arginine 10 3065.78 17.55 249.25 17.46 40.68
20 327734 18.76 26645 17.98 4313
SNP 0.25 299035 15.34 217.80 17.10 41.09
0.50 3261.29 16.45 23230 17.62 4157
LSD at 5% 7842 0.51 6.14 047 129
LSD at 1% 108.10 0.70 - 0.65 1.78

with increasing salinity level and the treatment of sunflower
seeds with arginine or SNP improved stress tolerance by in-
creasing CAT, SOD, and POX activities with corresponding
salinity level as compared to the control.

Changes in some mineral contents

Some macro-element content of sunflower plants (either
unstressed or salinity stressed) resulted from seeds
treated with either arginine or SNP at the two levels of
both materials before sowing are listed in Table 7. The
results showed clearly that salinity significantly de-
creased all measured elements except Na which in-
creased significantly with increasing salinity level
Arginine or SNP at the two levels each decreased signifi-
cantly (P < 0.05) Na, while the same treatments highly

Table 6 Effect of different concentrations of arginine and SNP
on catalase, superoxide dismutase, and peroxidase enzymes
(ug/g fresh wt/hour) of sunflower plants under salinity stress

Salinity Material Conc. CAT SOD POX
(mM)
0 Control 0 155.05 6897 14330
Arginine 10 175.18 73.87 160.20
20 186.35 80.60 172.64
SNP 0.25 176.35 81.81 164.19
0.50 185.65 90.20 181.59
5000 (mg/L) Control 0 167.05 80.65 172.65
Arginine 10 188.15 97.75 188.65
20 193.35 11048 193.25
SNP 0.25 195.65 103.72 179.80
0.50 21562 114.52 187.93
LSD at 5% 1448 0.84 0.73
LSD at 1% 1.99 1.15 1.01

significantly increased (P < 0.01) K and P content of the
tested plants. On the other hand, the interaction showed
no significant effect on Ca, Mg, and N contents of re-
sulted plants due to the experimental treatments.

Changes in yield parameters

The vyield parameters (Table 8) of treated sunflower
plants showed a remarkable decrease in general due to
salinity stress. Highly significant increase (P < 0.01) in
head diameter, 100-seed weight, and 0il% of resultant
seeds with either arginine or SNP with the superiority of
the higher concentration of both treatment materials.
On the other hand, although there is marked differences
in seed yield/plant showed no significant response due
to the interaction among the experimental factors (salin-
ity levels, treatment materials, and tested concentrations
of treatment materials).

Changes in fatty acids contents

Gas chromatographic analysis results of the methyl es-
ters for fatty acids of yielded sunflower seeds are pre-
sented in (Table 9). The present data showed that under
salinity stress, the unsaturated fatty acids (TU), palmito-
lic (C16:1), oleic (C18:1), linoleic (C18:2), and linolenic
(C18:3) showed a marked decrease of the yielded seeds.
Meanwhile, the opposite result was observed in the satu-
rated fatty acids (TS); palmitic (C16:0), steraic (C18:0),
and archidic (C20:0).

In either unstressed or salinity-stressed plant, arginine
and Sod. nitroprusside at the two tested levels increased
remarkably all the unsaturated fatty acids. The most ef-
fective increase recorded with SNP at the highest con-
centration (0.50 mM) at stressed yielded seeds, while all
the saturated fatty acids induced a remarkable reduction.
Total unsaturated fatty acids (TU) content as well as



Ramadan et al. Bulletin of the National Research Centre

(2019) 43:118

Page 6 of 12

Table 7 Effect of different concentrations of arginine and SNP on some minerals content (mg/100g dry wt.) of sunflower plants

under salinity stress

Salinity Material Conc. N P K Na Ca Mg
(mM)
0 Control 0 1664.33 1649.67 2807.00 578.00 2409.00 34367
Arginine 10 1691.00 1673.00 283767 556.67 2470.00 36033
20 173467 1685.00 2868.00 53333 249333 37767
SNP 025 1695.00 1649.00 284433 548.00 246767 362.67
050 1750.00 1678.00 2866.00 42800 2484.00 385.00
5000 (mg/L) Control 0 1618.00 1530.00 2626.67 631.00 2308.67 315.00
Arginine 10 1639.67 1567.33 2688.00 608.67 232533 32767
20 165133 1584.67 2712.00 589.33 2341.00 340.00
SNP 0.25 1639.00 157233 2675.00 616.00 2318.67 331.67
0.50 1650.33 1778.67 2695.67 603.67 2334.67 342.00
LSD at 5% NS 8261 7.56 4.96 NS NS
LSD at 1% 113.80 1041 -

NS not significant

TU/TS increased markedly with SNP treatment more
than arginine treatment with the superiority of high con-
centration for both treatments.

Discussion

Changes in growth parameters

Regarding growth parameters of sunflower plants treated
with arginine and SNP grown under unstressed and
stressed conditions, data in Table 3 showed clearly that
all growth parameters decreased significantly with salin-
ity stress. This result is in harmony with results on dif-
ferent crops obtained by Abdel Latef and Chaoxing
(2014) on pepper (Capsicum annuum) and Mostofa et
al. (2015) on rice (Oryza sativa).

The reduction effect of salinity stress on plant growth
parameters (Table 3) may be due to the toxic effect of
Na and Cl ions excessive accumulation around the root
system and accordingly in plant cells. Kosova et al.
(2011) explained that these ions reduced the uptake of
water by plants resulted from the increased osmotic
pressure of soil solution. The plants overcome salinity
toxic effect via mechanisms of osmotic adjustment (in-
creases the compatible solutes), improve stomata clos-
ure, and decreased photosynthesis rate.

The reduction effect was ameliorated using arginine at
the rate of 10 and 20 mM and SNP at the rate of 0.25
and 0.50 mM. It is of interest to note that the most obvi-
ous effect recorded for the studied growth parameters
with the use of high concentration of both of arginine

Table 8 Effect of different concentrations of arginine and SNP on yield parameters of sunflower plants under salinity stress

Salinity Material Conc. Head diameter (cm) 100-seed wt. (gm) Seed yield/plant (gm) Qil %
(mM)
0 Control 0 8.53 4.76 1943 2037
Arginine 10 9.58 522 26.09 23.50
20 1027 5.84 34.78 2691
SNP 0.25 10.22 497 30.04 23.96
0.50 9.73 5.05 34.72 24.51
5000 Control 0 647 340 14.23 19.32
Arginine 10 7.03 3.76 26.35 26.03
20 7.50 4.04 29.88 26.59
SNP 025 7.03 3.79 28.12 24.07
0.50 8.13 4.62 34.01 25.68
LSD at 5% 0.54 0.31 NS 048
LSD at 1% 0.74 043 0.66

NS not significant
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Table 9 Effect of different concentrations of arginine and SNP on fatty acids content of sunflower plants under salinity stress

Salinity 0 5000 (mg/L)
Treatment Control Arginine SNP (mM) Control Arginine SNP (mM)

(mM) (mM)
Conc. 10 20 025 0.50 10 20 025 0.50
Palmitic (C16:0) 9.23 9.01 838 7.95 7.21 9.78 9.63 837 8.65 7.09
Steraic (C18:0) 757 6.09 568 5.16 554 8.13 6.28 6.95 712 6.27
Archidic (C20:0) 1.38 1.20 0.95 1.08 0.84 1.45 1.08 0.85 0.95 0.92
Palmitolic (C16:1) 048 0.63 1.06 0.79 0.82 047 0.95 1.06 1.05 1.27
Oleic (C18:1) 42.74 44.65 4581 46.96 46.63 4194 43.78 4353 44.01 4535
Linoleic (C18:2) 35.72 36.52 36.75 3595 36.52 34.85 35.95 3544 3545 35.65
Linolenic (C18:3) 0.86 0.85 0.96 0.82 0.95 0.76 0.95 0.86 0.85 1.06
Eicosadienoic (C20:2) 0.23 0.32 0.32 0.00 0.35 042 0.52 0.75 0.52 0.52
Total saturated (TS) 18.18 16.3 15.01 14.19 13.59 1936 16.99 16.17 16.72 14.28
Total unsaturated (TU) 80.03 8297 84.9 84.52 85.27 7844 82.15 81.64 81.88 83.85
Total fatty acid 98.21 99.27 99.91 98.71 98.86 97.79 99.14 97.81 98.60 98.13
TU/TS 440 5.09 5.66 5.96 6.27 405 484 5.05 4.89 5.87

(20 mM) and SNP (0.50 mM). The obtained results
came in line with findings of Nejadalimoradi et al
(2014) who found that pretreatment of sunflower plants
with arginine and SNP increased the length of shoot and
root of the salinity stressed plants. The SNP effect on
purple coneflower studied by Asadi-Sanam et al. (2018)
proved that fresh and dry weights of roots and leaves in-
creased compared to the plants under salinity stress.

Exogenous application of NO sources (arginine and
SNP) protected sunflower plants against salt stress-
induced oxidative damage via promoting the biosyn-
thesis of antioxidant enzymes and accordingly improving
plant growth under salinity stress conditions. The
present results supported with findings of Ahmad et al.
(2016) who reported that exogenous application of NO
to salinized plants enhanced the growth parameters.
They attributed this effect to the NO capability to miti-
gate the adverse effects of high salinity on chickpea
plants by improving leaf relative water content (LRWC),
photosynthetic pigment biosynthesis, osmolyte accumu-
lation, and antioxidative defense system. Also, Mostafa
et al. (2010) found that foliar application of arginine en-
hanced the growth rate and yield of wheat plants. They
attributed this stimulatory effect to arginine as a precur-
sor of polyamines which increased vegetative growth,
growth promoters, antioxidant enzymes, endogenous
amino acids, and their translocation to the produced
grains under normal or stress condition.

Changes in photosynthetic pigments

All photosynthetic pigments (chl. a, chl. b, carotenoids)
as well as total pigments (Table 4) data recorded a sig-
nificant decrease generally in sunflower plants under sal-
inity stress. Suppression of photosynthetic activity forms

took place through different means, e.g., stomatal clos-
ure (Kosova et al. 2011), an increase in free radicals in
chloroplasts and destruction of chlorophyll molecules by
ROS (Dolatabadian and Saleh Jouneghani 2009) and in-
hibition of its biosynthesis processes and activation of
enzymatic degradation (Rady et al. 2015). Gururani et al.
(2015) stated that involved carotenoids in mechanisms
regulating photoprotection against auto-oxidation is a
key role in photosynthetic reaction center. Ahmad et al.
(2016) noted that the synthesis of carotenoids increased
under salinity stress due to the antioxidants action of
these compounds to minimize the oxidative damage in-
duced in chickpea by salinity stress

Such reduced effect of photosynthetic activity was
ameliorated using arginine and SNP which increased in
treated plants either under salinity stress or not stressed
ones. The obtained results in the present study can be
explained by the potent role of NO in scavenging the
ROS and thus decreased the oxidative damage in photo-
synthetic apparatus and increased the chlorophyll con-
tent (Lei et al. 2007). Moreover, Kausar et al. (2013)
reported that NO was found to promote the improve-
ment of photosynthetic pigments likely by defending the
membrane of the cell organelle containing Chl. against
salt-induced ion toxicity in chickpea plants.

Similar results to the present investigation were ob-
tained by Nejadalimoradi et al. (2014) who showed that
chl. a decreased under saline condition, while chl. b and
total Chl. did not change in comparison with control
plants of sunflower. They added that carotenoid content
increased in plants under salt stress and pretreatment of
plants with arginine and SNP increased chlorophyll con-
tent in plants under salinity stress. Moreover, Asadi-
Sanam et al. (2018) found that chlorophyll a, chlorophyll
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b, and total chlorophyll followed the same mentioned
trend when purple cornflower exposed to salinity stress
conditions. They obtained the highest amount of chloro-
phyll when they treated plants with 0.4 mM of SNP.

Changes in compatible solutes

In the present work, salinity stress caused significant in-
creases in TSS, proline, and free amino acids (Table 5).
Increasing the compatible solutes (TSS, proline, and free
amino acids) improves plant cells tolerance to salinity
stress via increasing osmotic pressure in the cytoplasm
as well as relative water contents essential for plant
growth (Tawfik et al. 2017). In addition, Hosseini et al.
(2014) stated that improve membrane stabilization due
to soluble sugars which may act as ROS scavengers. Pro-
line has vital roles from damaging effects of osmotic
stresses as an osmotic adjustment as well as stabilization
and protection of enzymes, proteins, and membranes
(Ashraf and Foolad 2007).

Table 5 showed that pretreatment sunflower seeds
with arginine (10 and 20 mM) and Sod. nitroprusside
(0.25 and 0.50 mM) with both salinity levels 0 and 5000
mg/L enhanced all the previous parameters in sunflower
leaves. The same trend recorded herein is in harmony
with Liu et al. (2006) who reported that some positive
effects of arginine are related to production of nitric
oxide (NO), polyamines, or proline. The trend obtained
herein can be explained by the fact that proline and TSS
accumulated in plant tissues under saline stress condi-
tions are suspected to contribute to osmotic adjustment.
On the same line, Rasool et al. (2013) documented that
plants are self-defensed with well-regulated antioxidant
machinery that capable of protecting biomolecules from
further damages to overcome the adverse effects of oxi-
dative stress. Moreover, plants under salinity stress con-
ditions followed another strategy of accumulation for
both soluble proteins and sugars to overcome osmotic
stress since cellular defense against oxidative damage via
the inhibition of lipid peroxidation and scavenge of free
radicals (Ahmad et al. 2016)

Changes in phenols and IAA contents

The phenolic contents of sunflower leaves (Table 5)
were significantly increased due to salinity and/or ex-
ogenous application of NO donor (arginine and SNP).
This increase in phenol contents can mitigate the
harmful effect of salinity. In this domain, Huang et al.
(2005) stated that phenol considered as antioxidants
defense system scavenging free radicals resulted from
their high reactivity as hydrogen or electron donors.
This process leads to stabilize and delocalize the un-
paired electron (chain-breaking function) and from
their ability to chelate transition metal ions.
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The decreases in IAA in shoot tissues due to salinity
stress cause a reduction in growth rate (Table 3). These
results are in agreement with those obtained by Jasim et
al. (2016). This effect diminished using arginine and
SNP which increased IAA content in treated plants ei-
ther under salinity stress or not stressed ones. This in-
crease in IAA resulted in stimulation of cell division
and/or cell enlargement and consequently improved the
growth rate (Mostafa et al. 2010).

Changes in antioxidant enzymes

The activities of antioxidant enzymes, such as CAT,
SOD, and POX in the shoot of sunflower plants in-
creased significantly under salinity stress (Table 6). Khat-
tab (2007) reported that these antioxidant enzymes
considered a preservation system that minimizes oxida-
tive damage due to increasing production of reactive
oxygen species (ROS) resulted from salinity stress. At
stress conditions, higher content of hydrogen peroxide is
detoxified by catalase and glutathione peroxidase (Dat et
al. 2000). Jin et al. (2006) found that SOD is the first
defense enzyme converts superoxide to H,O,, which can
be scavenged by CAT and different classes of POX and
ascorbate peroxidase. These results are in agreement
with those observed by El-Bassiouny and Sadak (2015)
and Ahmad et al. (2016).

Pretreatment sunflower seeds with arginine and SNP
improved stress tolerance by increasing CAT, SOD, and
POX activities with corresponding salinity level as com-
pared to the control. In this concern, Sharma and Dubey
(2007) reported that this antioxidant system produces vi-
able protection against oxidative damage which found to
enhance the lifetime of active oxygen species within the
cellular environment.

Nejadalimoradi et al. (2014) on sunflower plants ex-
plained the protective effects of arginine in salt-stressed
plants may be due to NO releasing from arginine, either
directly or indirectly. Since, under normal conditions, the
total amount of ROS formed in the plants is controlled by
the balance between the multiple ROS producing path-
ways and the ability of the enzymatic and non-enzymatic
mechanism to deal with them. While, under stress condi-
tions, ROS formation is higher than the ability of plants to
remove them and this could result in oxidative damages
(Laspina et al. 2005). In this concern, data recorded by
Zheng et al. (2009) indicated that nitric oxide (NO) serves
as a signal inducing salt tolerance by increasing the activ-
ities of SOD and CAT generation rate in the mitochon-
dria. Under stressful of NaCl conditions, the signaling
intermediates, e.g., ROS overproduced and accumulate
causing oxidative stress in plants in a step of adaptation
and this is associated with the antioxidant enzyme system
of plants (Abdel Latef and Chaoxing 2014). Nejadalimor-
adi et al. (2014) found that SNP pretreatment could



Ramadan et al. Bulletin of the National Research Centre

increase the activity of CAT, GPX, and APX enzymes in
root and leaves, while arginine pretreatment increased the
activity of CAT and APX in roots and leaves of sunflower-
stressed plants.

Moreover, Kaya et al. (2015) reported that the main ac-
tion of NO is the induction of plant antioxidative defense
system by improving the enzymatic activities of antioxi-
dant enzymes of SOD, CAT, APX, POD, and glutathione
reductase. Qiao et al. (2014) said that throughout decreas-
ing the levels of ROS, by scavenging O2 and free radicals
(R), NO inhibits oxidative damage in stressed plants by
regulating redox homeostasis, increasing the enzymatic
activities of H,O,-scavenging enzymes.

Changes in some minerals content

The data obtained in this work (Table 7) showed that
under salinity stress the content of essential mineral nu-
trients (N, P, K, Ca, and Mg) of sunflower plants were
significantly decreased and the toxic ion (Na") increased.

As reviewed and discussed by Farooq et al. (2017), salt
stress disrupts the availability, competitive uptake, and
translocation of nutrients to the aboveground plant
parts. The presence of excessive concentrations of Na
and Cl ions in the soil will cause imbalanced nutrition in
legumes due to the interference of these ions with other
elements. Such kind of results can be contradicted to
others on the base that higher concentrations of sodium
chloride (NaCl) as the prevailing salt in the soil induces
osmotic and ionic effects on plants since it lowers its os-
motic potential, resulting in decreased availability of
water and minerals to root cells (Khan et al. 2012).
Higher salt concentrations and prolonged exposure to
NaCl stress resulted in oxidative stress in plants accom-
panied with a reduction in physiological and biochemical
activities of plants causing toxic effects on cell mem-
branes (Rasool et al. 2013). Poor et al. (2015) reported
that administration of low molecular weight NO donors
under high salinity conditions improves plant ability to
equilibrate ion homeostasis. The SNP at 100 pM as a
NO donor significantly increased K and decreased Na*
levels in mangrove species (Kanadelia obovate).

The used experimental treatments in the present study
(arginine or SNP) as NO donors showed an amelioration
effect throughout preventing the salinity stress condi-
tions in forms of improving the tested elements with de-
creasing Na' content. This protective effect can be
declared by the electrolyte leakage as well as constrains
the metabolic processes in the cytosol explained by
Hashem et al. (2014) with excessive accumulation of
Na" in the cytosol.

Kaya et al. (2015) recorded that alleviation the adverse
effects of salinity by decreasing Na* content and increas-
ing Ca,", K%, N, and P levels maintained the ion homeo-
stasis of salt-stressed maize cultivars plants by
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exogenous administration of SNP. They added that SNP
reduced toxic levels of malondialdehyde (MDA) and
H,0, and increased the content of photosynthetic pig-
ments in salt-stressed plants. Moreover, Jamali et al.
(2015) treated strawberry (Fragaria ananassa) plants, 1
week before the start of salinity stress, with 75 uM SNP
and found that the K*/Na" ratio increased in treated
plants compared with non-SNP treated ones.

Changes in yield parameters

Exposure of sunflower plants to salinity stress resulted
in a severe reduction in yield parameters in forms of
head diameter, 100-seed weight, seed yield/plant, and
0il% (Table 8). These results were in agreement with
those obtained by El Sebai et al. (2016) who found that
increasing salinity level resulted in a gradual reduction
of yield (shoot length, number of branches, shoot
weight, and seed weight/plant) and also the oil content
of quinoa plants. The reduction in yield parameters may
be attributed to the inhibitory effect of salinity on
growth parameters (Table 3) and chemical composition
of plants, which therefore reflected in the produced
yield. Furthermore, the reduction of sunflower yield/
plant due to salinity stress might be due to the harmful
effect of salt on growth as well as the disturbance in
mineral uptake (Table 7). In this concern, El Sayed 2011
mentioned different reasons for yield reduction due to
salinity stress, e.g., reduced carbon fixation, disturbed
hormonal regulation, nutritional imbalances, specific
ion, and osmotic effects. Ahmad et al. (2016) reported
that the decrease in chlorophyll content might partially
cause a decrease in growth and biomass yield on chick-
pea plants. Khan et al. (2016) found that such a reduc-
tion in yield associated with delayed flowering reduced
flower numbers and pod set. More recently, Farooq et
al. (2017) mentioned that reductions in grain yield due
to salinity can be attributed to reduced pollen viability,
stigma receptivity, and the supply of photo-assimilates
during grain filling.

Data showed clearly that the application of different
treatments with arginine and SNP increased signifi-
cantly yield and its components either under salinity
stress or not stressed ones. The most pronounced in-
crease observed with both the highest concentration
of arginine in unstressed plant and SNP under stress
conditions. The obtained results are in harmony with
those recorded by Mohamed et al. (2015) on faba
bean plants grown in sandy soils. They found that
significant increases in faba bean yield and yield com-
ponents (mean pod weight, mean seed weight/pod,
100-seed weight, seeds, straw, and mean average bio-
logical yield/feddan) by foliar spraying with arginine
at the rate of 300 ppm. Such effect was not signifi-
cant when plants sprayed with 200 ppm arginine.
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Ali et al. (2017), working on different wheat varieties,
found that both SNP levels (0.1 and 0.2 mM) had the
same effect in reducing the adverse effects of salt stress
on a number of tillers. Pre-sowing wheat seed treatment
with both SNP levels effectively reduced the adverse ef-
fects of salt stress on hundred-grain weight and grain
yield. They concluded that exogenous SNP application
could effectively increase the growth and grain yield of
wheat plants under salt stress conditions.

Changes in fatty acids contents

The reduction in the content of unsaturated fatty acids
of the sunflower plants yielded seeds and increase in
the content of saturated fatty acids due to salinity
stress (Table 9) are in harmony with the data obtained
by Bybordi et al. (2010) who found that salt treatment
reduced significantly the total fatty acids (TFA) con-
tent by 25% at 200 mM NacCl of canola. Hajlaoui et al.
(2009) explained that the adaptive feature to salinity
expressed in forms of possible reduction of the desa-
turase activity in Schizochytrium limacinum. In
addition, Malkit et al. (2002) worked on Alga duna-
liella salina, and reported that some plants could be
protected against the oxidative effects of salt ions
through restructuring membranes with less polyunsat-
urated fatty acids. Moreover, this low unsaturation de-
gree limited the membrane fluidity (Zhao and Qin
2005 and Upchurch 2008) and restricted permeability
to Na and Cl ions (Konova et al. 2009).

These positive results of increased unsaturated fatty
acids content as well as TU/TS (Table 9) may be ex-
plained as a result of cellular defense against oxida-
tive damage via the inhibition of lipid peroxidation
and scavenge of free radicals (Velikova et al. 2000).
This is considered one of the good results from the
consumer health point of view, since the increase in
unsaturated fatty acids content means an increase Q-
3 polyunsaturated fatty acids. The production of such
kind of oils rich in Omega-3-polyunsaturated fatty
acids (Q-3-PUFA) would be of benefit to overcome
human health problems since in recent decades hu-
man health concern took place because of the cen-
tury diseases spread all over the world. The demand
increased on producing healthy product with low sat-
urated fatty acids “FAs” and high-unsaturated fatty
acid levels, since the latter plays a vital role in human
nutrition since they help to reduce the incidence of
coronary artery diseases, hypertension, and diabetes
and certain inflammatory diseases as arthritis and
dermatitis (Simopoulos 2000). Conclusively, the ob-
tained results under the present experimental condi-
tions suggested that SNP proved to be better than
arginine in most cases of the studied parameters
under salinity stress conditions.
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Conclusion

Soaking the seeds of sunflower plant with arginine and
SNP improved the yield parameters of sunflower. High
level of SNP under salinity stress conditions proved to
be the most effective.

Abbreviation

CAT: Catalase; Free AA: Free amino acids; IAA: Indole acetic acid;

POX: Peroxidase; SNP: Sodium nitroprusside; SOD: Superoxide dismutase;
TSS: Total soluble sugar
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