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Abstract : A field experiment was conducted during two successive seasons in different saline
soil levels (EC 1.56, 4.68and 7.83 ds/m) on two sunflower (Helianthus annuus L.) cultivars
(Hysun 336 and Euroflor). Seeds were soaked prior to sowing in saline soil with tryptophan or
Prozac (5-hydroxytryptamine) at different concentrations (0.0, 2.5 and 5.0 mg/l), to improve
tolerance. Generally salinity stress increased total soluble sugars, proline, free amino acids and
total phenol contents in both sunflower cultivars. On the other hand, the antioxidant enzymes
activities catalase, peroxidase, polyphenol oxidase and Phenylalanine ammonialyase decreased
with increasing salinity level. The macroelements (N, P, K and Mg) and some microelements
(Fe, Mn, Zn and Cu) contents were decreased while; the sodium content was gradually
increased with increasing salinity levels of both cultivars. Pretreatment of sunflower seeds with
different concentrations of tryptophan or prozac could improve the adverse effects of salinity
stress by increasing the solute and antioxidant enzyme. Moreover, in shoots of Hysun 336 was
a higher osmolytes concentration contributing to osmotic adjustment and the higher antioxidant
enzymes activity than those of Euroflor under salinity stress.
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Introduction

Soil salinity becomes a serious problem in both agricultural and natural soils. Saline soils are limiting
factors to agriculture in arid and semi- arid regions, crop growth and production®. Plants sowing in saline soil
primarily exposed to osmotic stress and secondarily ion toxicity stress. Specific ion effects may cause direct
toxicity or alternatively and/or may affect plant nutritional balances®. Plants have protective mechanisms to
recognize and respond rapidly to the adverse environmental cues®. One of these metabolic adaptations is the
stimulation of osmoprtectants synthesis as free amino acids, proline and soluble sugars. These compatible
osmolytes not only act as osmoregulators but they may also protect the structure of different biomolecules and
membranes * or act as free-radical scavengers that protect DNA from damaging effects of ROS °. In this regard,
® reported that phenolic compounds plays an important role in scavenging free radicals and protects plants
against the damaging effects of increased ROS levels due to water stress. Moreover, plants have developed
different adaptive mechanisms, to reduce oxidative damage resulting from water deficiency, via the
biosynthesis of a cascade of antioxidants. Antioxidant defense system enhancement is an important strategy to
scavenge ROS by antioxidant enzyme and with non-enzymatic antioxidants’.

The use of amino acids as a precursor of plant growth promoters is one approach to minimize the effect
of salinity on plant growth and productivity. A common precursor of plant hormone auxin is L-Tryptophan,
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which affects the physiological processes of plants after uptake directly or indirectly after transforming into
auxins (IAA)®. °reported that, L-Tryptophan was very effective in increasing salt tolerance through increasing
K*, N, Ca?* +, Mg* and P and reduced Na" and CI content in wheat plant. Moreover, the tryptophan pathway
plays a defensive role in plants™. Prozac (5-hydroxytryptamine), melatonin (Nacetyl- 5-methoxytryptamine) are
another tryptophan-derived compound, have been recorded in several medicinal plant species™."* suggested that
tryptophan-derived compound have a role in plant defense against stress. In addition, the plant hormone, indole-
3-acetic acid (IAA) is created from biogenic amine such as serotonin, prozac and melatonin®®. Plants adaptation
to environmental changes by using biogenic monoamines such as serotonin, tryptamine, prozac and tyramine as
a function of mitogenic factor. In plants, serotonin and tyramine are conjugated to form phenolic compounds via
thioester linkages during the synthesis of hydroxycinnamic acid amides™. It has been propose that tryptophan-
derived compound (Prozac) plays a hormonal role in plant defense against stress™,

Sunflower is one of an essential oil seed crops all over the world, and it is also an important crop in
Mediterranean areas where it can tolerate salinity up to EC equals to1.7 ds/m*®. Sunflower (Helianthus annuus
L.), a new World plant, has been developed into a valuable source of edible oil and meal. Sunflower could be
successful to increase the domestic production by selecting the proper cultivars which are suitable to different
soil and climatic conditions. It is valued for it anti-cholesterol properties *’.

The target was studying the influence of soaking the seeds of sunflower in tryptophan or prozac and
sowing in different levels of saline soils. This study includes how far they regulate the plant osmolytes,
antioxidant defense system, and macro and microelement contents under different levels of saline soils of both
sunflower cultivars.

Materials and methods
Experimental conditions:

Two field experiments were conducted at the Agricultural station of Agricultural Faculty, Fayoum
University, Fayoum Governorate, Egypt. During two successive seasons, three experimental sites were chosen
with physical and chemical analysis as shown in (Table 1). Soil analysis was carried out according to * *°.

Table (1): Physical and chemical analysis of cultivated soils with different soil salinity levels of 1.56,
4.68 and 7.83 dS m™ at the experimental farm of the Faculty of Agriculture, Fayoum
University, Egypt.

Properties Site 1 Site 2 Site 3
(1000 mg/l) salt (3000 mg/l )salt (5000 mg/l) salt
Mechanical analysis
Sand%, coarse 3.15 3.75 2.85
Fine 63.85 65.25 47.15
Silt% 19.75 20.25 20.50
Clay% 13.25 10.75 29.50
Soil texture Sand loamy Sand loamy Sand clay loamy
Chemical analysis
pH (1:2.5) 7.36 7.64 7.81
EC (dsm™) 1.56 4.68 7.83
Organic matter% 1.42 1.38 1.25
CaCO3 9.34 8.56 8.05
Total N% 0.09 0.07 0.06
Available nutrients (mg/Kg soil)

P 5.16 7.02 8.36
K 201.24 198.1 181.15

Fe 7.03 5.94 5.37

Mn 1.52 1.04 0.98

Zn 0.88 0.79 0.76

Cu 0.67 0.59 0.63
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At soil preparation fertilizers supplemented with full dose 200 kg/fed of calcium superphosphate
(15.5% P,0s), 200 kg/fed ammonium nitrate (33.5% N) and 50 Kg/fed potassium sulphate (48% K,0) were
incorporated into the top 15 cm of the soil. Normal agricultural practices common in the area were followed.
Seeds of the two cultivars of sunflower (Hysun 336 and Euroflor) were carried from Agricultural Research
Centre Assuit branch, Egypt. Chemical compounds (tryptophan or prozac) were supplied from SIGMA —
ALDRICH Company. Soaking of seeds of the two cultivars was for 12 h in different concentrations of
tryptophan or prozac (0.0, 2.5 and 5.0 mg/l). Seeds of the two cultivars were separately sown in the mentioned
three experimental sites at two successive seasons. The seeds of the two cultivars were sown in split split plot
design with four replications in rows 4-meter long, 0.60-meter apart and 6 ridges with total area (14.4 m?). Hill
spacing was 10 cm within the row. Seeds were sown at 3-5 seeds in each hill. The sites of each experiment put
as main plot, tryptophan or prozac as subplot and concentrations of both compounds as sub sub plot. Irrigation
took place immediately after sowing, then everyone week's intervals according to agronomic practices in the
district. Thinning was carried out at 15 days after sowing to secure two plants per hill on both sides of the ridge.

Plant sampling:

Four plant samples/plot were harvested 50 days after sowing for chemical analysis. Determination of
total soluble sugars, total amino acids, macro (N, P, K, Na, Mg and Ca) and microelements (Fe, Mn, Zn and Cu)
in the dry tissues were determined. Total phenols & proline contents and some enzyme activities (CAT, POX,
PPO and PAL) also determined in the fresh tissues.

Chemical analysis:
Total soluble sugars (TSS):

Total soluble carbohydrates (TSS) were extracted by overnight submersion of dry tissue in 10 ml of
80% (v/v) ethanol at 25°C with periodic shaking, and centrifuged at 600g. The supernatant was evaporated till
completely dried then dissolved in a known volume of distilled water to be ready for determination of soluble
carbohydrates ° .TSS were analyzed by reacting of 0.1 ml of ethanolic extract with 3.0 ml freshly prepared
anthrone (150 mg anthrone + 100 ml 72% H,S0O,) in boiling water bath for ten minutes and reading the cooled
samples at 625 nm using Spekol Spectrocololourimeter VEB Carl Zeiss .

Total phenol:

A known weight of the fresh samples of shoots were taken and extracted with 85% cold methanol (v/v) for
three times at 0°C. The combined extracts were collected, dried under vacuum and made up to a known volume
with distilled water. Then 0.5 ml of the extraction was added to 0.5 ml Folin, shaken allowed to stand for 3 min.
Then one ml of saturated sodium carbonate was added to each tube followed by distilled water shaken and
allowed to stand for 60min. The optical density was determined at wave length of 725 nm using
spectrophotometer as described by #.

Proline:

Proline was assayed according to the method described by ?* 2ml of proline extract, 2ml of acid
ninhydrin and 2ml of glacial acetic acid were added and incubated for 1 h in a boiling water bath followed by an
ice bath. The absorbance was measured at 520 nm using Spekol Spectrocololourimeter VEB Carl Zeiss. A
standard curve was obtained using a known concentration of authentic proline.

Free amino acids:

Free amino acid content was extracted according to the method described by ?*. Free amino acid was
determined with the ninhydrin reagent method %. 1 ml acetate buffer (pH 5.4) and 1 ml chromogenic agent were
added to 1 ml free amino acid extraction. The mixture was heated in boiling water bath for 15 min. after cooled
in tap water, 3 ml ethanol (60% v/v) was added. The absorbance at 570 nm was then monitored using Spekol
Spectrocololourimeter VEB Carl Zeiss.
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Assay of enzymes activities:

Enzyme extractions were collected following the method described by 2°. Leaf tissues were

homogenized in ice-cold phosphate buffer (50 mM, pH 7.8), followed by centrifugation at 8,000 rpm and 4°C
for 15 min. The supernatant was used immediately to determine the activities of enzymes.

Polyphenol oxidase:

(PPO, EC 1.10.3.1) activity was determined using a spectrophotometric method based on an initial rate
of increase in absorbance at 410 nm %’. Phosphate buffer solution pH 7 (0.1 M, 1.95 ml), 1 ml of 0.1 M
pyrogallol as a substrate and 50 pl of the enzyme extract were pipetted into a test tube and mixed thoroughly.
Then the mixture was rapidly transferred to a 1-cm path length cuvette. The absorbance at 410 nm was recorded
continuously at 25°C for 5 min.

Peroxidase:

(POX, EC 1.11.1.7) activity was assayed by the method of ?®. The reaction mixture used for estimating
the peroxidase enzyme (POX) contained 2 ml of 0.1 M phosphate buffer (pH 6.8), 1 ml of 0.01 M pyrogallol,
one ml of 0.005 M H,0, and 0.5 ml of the enzyme extract. The solution was incubated for 5 min at 25°C after
which the reaction was terminated by adding 1 ml of 2.5 N H,SO,. The amount of purpurogallin formed was
determined by measuring the absorbance at 420 nm against a reagent blank prepared by adding the extract after
the addition of 2.5 N H,SO, at the zero time.

Catalase:

(CAT, EC 1.11.1.6) activity was determined spectrophotometrically by following the decrease in
absorbance at 240 nm . The mixture (3 ml) contained 1.9 ml phosphate buffer (50 mM, pH7.0), 100 ul enzyme
extract, and 1 ml 0.3% H,O,. The reaction was initiated by adding enzyme extract. One unit of CAT activity
was defined as the 0.01 deduction in absorbance at 240 nm per minute.

Phenylalanine ammonialyase:

(PAL, EC 4.3.1.5) activity was determined as the rate of conversion of Lphenylalanine to trans-
cinnamic acid at 290nm #. Sample containing 0.4ml of enzyme extract was incubated with 0.5ml of 0.1M
borate buffer, pH-8.8 and 0.5ml of 12mM L-phenyl alanine in the same buffer for 30 min at 300C. The amount
of trans-cinnamic acid synthesized was calculated using its extinction coefficient of 9630 M-1 cm-1. Enzyme
activity was expressed as synthesis of trans-cinnamic acid (in nmol quantities) min-1 g-1 fresh weight. The
enzyme activities were calculated by *.

Mineral ions:

Macro and microelement contents of were determined according to the method described by *. N and P
were determined using Spekol Spectrocololourimeter VEB Carl Zeiss. While, estimation of Ca, K and Na
contents were done by the use of flame photometer. Also, Mg, Fe, Mn, Zn and Cu contents were estimated
using atomic absorption spectrophotometer.

Statistical analysis:

The data were statistically analyzed on split split plot design according to *>. Means were compared by
least significant difference (LSD) at 5% levels of probability.

Results:
Total soluble sugars:

Salt stress induced the increased of total soluble sugar contents in two sunflower cultivars with
increasing soil salinity from EC 1.56 to 4.68 to 7.83 ds/m (Table 2). The percentages of increase were 8 % &
26% in Hysun and by 19% & 38% in Euroflor cultivars under soil salinity 4.68 & 7.83 ds/m, respectively.
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Data in Table2. showed that, Presoaking application of both sunflower cultivar seeds at different
concentrations of tryptophan or prozac (2.5 and 5.0 mg/l) at different soil salinity levels caused significant
increases in total soluble sugars contents as compared with the corresponding salinity level. It is noticed that,
Hysun 336 is more pronounced accumulation of total soluble sugar in the first level of saline soil ( EC 1.56
ds/m) than Euroflor but in the second and third levels (4.68 and 7.83) the cultivar Euroflor is more pronounced
accumulation of total soluble sugar. The Table 2 clearly shows that the effect of tryptophan or prozac (5.0 mg/l)
were the most effective treatments respectively, since it increased of total soluble sugar by (10% &8%) , (23%
&21%) and (24% & 23%) in Hysun 336 and (9% &7%) , (22% &21%) and (26% & 24%) in Euroflor in EC
1.56 to 4.68 to 7.83 ds/m respectively.

Proline and total amino acids:

Data recorded in Table (2) showed that, proline and free amino acid gradual increased of Hysun 336
and Euroflor cultivars with increasing soil salinity from (1.56 to 4.68 &7.83 ds/m). The amounts of increases
were observed (4% &20%) and (17% &37%) in proline and (3% &16%) and (16% &37%) in amino acid at
Hysun 336 and Euroflor cultivars respectively .

Data in Table (4). As compared with the corresponding salinity level, application of tryptophan or
prozac at different concentrations (2.5and 5 mg/l) caused significant increases in proline and free amino acids
contents. It is noticed that, Hysun 336 is more pronounced accumulation of total proline and free amino acid in
the first level of saline soil ( EC 1.56 ds/m) than Euroflor but in the second and third levels (4.68 and 7.83) the
cultivar Euroflor is more pronounced accumulation of proline and free amino acid as compared with the
corresponding treatment.

Total Phenol:

Data presented in Table (2) showed the total phenol content significantly increased gradually with the
increase of salinity level in both sunflower cultivars. The EC of soil increasing salinity from 1.56 to 4.68 &7.83
ds/m increased the phenol contents 14% and 27% in Hysun and 15% and 29% in Euroflor cultivars
respectively.

Application of tryptophan or prozac (2.5 & 5.0 mg/l) induced slightly increases on total phenol content
of Euroflor and Hysun 336 cultivars as compared with the corresponding salinity levels Table 2. It is noticed
that, the phenol contents in Euroflor cultivar more than of Hysun 336 cultivars in the control plants and all
treatments used.
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Table (2): Effect of tryptophane (Tryp) or prozac on osmolytes of sunflower cultivars Hysun 336 (Cult 1) and
Euroflor (Cult 2) under different saline soil (S) levels.

Treatment Total soluble sugar proline amino acid Total phenol
mg/g dry weight mg/g fresh weight
(SEC | Material | o0 | cu2 | cutr | cult2 | cui | cut2 | cultt Cult 2
(dsm™) (mgl/l)
0.0 19.43 18.40 2.040 1.903 4.837 4.377 0.933 0.960
o 2.5 20.70 19.46 2.197 1.973 5.363 4.920 0.963 1.027
§ = 5.0 21.46 20.06 2.277 2.047 5.533 5.107 1.003 1.047
§ 2.5 20.03 18.90 2.147 1.967 5.260 4.737 0.997 1.017
nE: 5.0 21.03 19.83 2.233 2.013 5.370 4.877 1.003 1.037
0.0 21.00 21.90 2.117 2.217 4.960 5.097 1.067 1.103
o 2.5 25.10 26.10 2.550 2.657 5.477 5.753 1.103 1.130
§ = 5.0 25.93 26.66 2.647 2.740 5.650 5.907 1.133 1.160
§ 2.5 24.26 25.20 2.380 2.563 5.377 5.630 1.100 1.117
nE: 5.0 25.50 26.46 2.537 2.563 5.487 5.640 1.127 1.153
0.0 24.40 25.46 2.447 2.607 5.623 5.990 1.183 1.240
o 25 29.60 30.90 3.100 3.220 6.337 6.743 1.210 1.287
§ = 5.0 30.36 32.20 3.160 3.283 6.467 6.917 1.227 1.323
§ 2.5 29.50 30.73 2.980 3.143 6.257 6.657 1.227 1.310
ng_ 5.0 30.00 31.53 3.087 3.227 6.380 6.793 1.263 1.347
LSD at 5% 0.99 0.103 0.241 0.052

Mineral Contents:

Data presented in Table (3) the nitrogen, phosphorous, calcium and magnesium contents of both
sunflower cultivars Hysun 336 and Euroflor increased with increase of the soil salinity level (EC 1.56; 4.68;
and 7.83 dsm-'). As compared with the corresponding salinity level pretreatment of sunflower seeds with
different concentrations of tryptophan or Prozac (2.5 and 5 mg/l) increased significantly of N, P, and Mg under
all salinity levels in both cultivars. On the other hand, Ca contents observed non significant variation between
treatments of both sunflower cultivars with tryptophan or prozac as compared with the corresponding salinity
level. Results in Table 4 showed that the effect of different salinity levels in response to K+, Na+ and K+/Na+
ratio of both sunflower cultivars. Sodium content significantly increased with increasing salinity level in both
cultivars. On the other hand, K+ content and K+/Na+ ratio in both cultivars gradual decreased significantly with
Na+ content was increased. In the meantime, Hysun 336 cultivar showed higher significant values of K+/Na+
ratio as compared with Euroflor cultivar. Soaking sunflower seeds in either tryptophan or prozac showed
significant decrease in Na+ content in both cultivars at EC 4.68 and 7.83 ds/m levels of salinity. Pretreatment of
seeds with either tryptophan or prozac (2.5 and 5.0 mg/l) induced significant increases in K+ and K+/Na+ ratio
in both cultivars as compared with the corresponding salinity level. The effect of salinity on microelement
contents of sunflower cultivars, data Table 5 revealed that, increasing salinity level caused gradual decrease in
Fe, Mn, Zn and Cu contents in both cultivars. In the mean time, soaking both cultivars of sunflower seeds in
tryptophan or prozac caused slight increase in the microelement as compared with the corresponding salinity
level. Meanwhile, the higher concentration of either tryptophan or prozac (5.0 mg/l) was more effective than 2.5
mg/l in improving Fe Mn, Zn and Cu content by using under all salinity level.
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Table (3): Effect of tryptophan (Tryp) or prozac on macroelement contents of sunflower cultivars Hysun
336 (Cult 1) and Euroflor (Cult 2) under different saline soil (S) levels.

Treatment N ‘ P ‘ Ca Mg
(S) EC _ mg/100g dry weight
(dsm?y | Materialmah) 1oy | cue | cuitl | cult2 | cut1 | cult2 | cultl | cult2

0.0 1677 1650 | 1770 1680 2393 | 2136 | 325 314

o 25 1757 1740 | 2123 1976 2393 | 2140 | 369 354

9 = 5.0 1937 1890 | 2333 2256 2400 | 2143 | 389 377

- g 25 1747 1717 | 2121 1942 2390 | 2203 | 374 362
S

£ 5.0 1870 1867 | 2234 2176 2403 | 2143 | 302 377

0.0 1623 1570 | 1632 1478 1900 | 1770 | 314 300

2 25 1680 1627 | 1921 1656 1903 | 1773 | 350 336

g = 5.0 1817 1763 | 2241 1933 1910 | 1777 | 361 344

g 25 1667 1610 | 1832 1519 1900 | 1773 | 352 338

£ 5.0 1747 1697 | 2001 1733 1910 | 1780 | 362 348

0.0 1547 1503 | 1332 1244 1623 | 1547 | 292 272

o 25 1633 1557 | 1661 1471 1627 | 1550 | 325 303

& = 5.0 1763 1643 | 1854 1665 1630 | 1553 | 339 316

g 25 1617 1543 | 1544 1356 1630 | 1550 | 327 303
S

£ 5.0 1680 1617 | 1765 1534 1633 | 1557 | 337 318

LSD at 5% 47.45 56.28 47.38 12.61

Table (4): Effect of tryptophan (Tryp) or prozac on macroelement contents of sunflower cultivars Hysun
336 (Cult 1) and Euroflor (Cult 2) under different saline soil (S) levels.

Treatment K | Na KINa
I(ESC): Material mg/100g dry wt
(dsm™) (mg/1) Cult1 Cult 2 Cult1 Cult2 Cult1 Cult2

0.0 1103 1150 235 253 5.07 455
o 25 1363 1297 231 251 5.90 5.16
3 i 5.0 1440 1370 226 246 6.37 5.57
S 25 1347 1283 231 250 5.83 5.13
£ 5.0 1403 1347 229 247 6.13 5.45
0.0 1137 1063 437 470 2.60 2.26
o 25 1290 1203 390 401 3.31 3.00
§ = 5.0 1360 1267 360 376 3.78 3.37
g 2.5 1263 1180 393 403 321 2.93
£ 5.0 1337 1237 353 380 3.79 3.26
0.0 1053 1023 711 728 1.48 141
o 25 1187 1153 612 630 1.94 1.83
o = 5.0 1243 1203 573 594 2.17 2.03
~ g 2.5 1173 1143 634 650 1.76 1.75
5 5.0 1220 1187 581 601 2.10 1.98

LSD at 5% 43.98 8.92 0.06
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Table (5): Effect of tryptophan (Tryp) or prozac on microelement contents of sunflower cultivars
Hysun 336 (Cult 1) and Euroflor ( Cult 2) under different saline soil (S)levels.

Treatmemt Fe ‘ Mn Zn ‘ Cu
(Esg: Material mg/100g dry weight
(dsm™) (mg/l) Cult1 Cult 2 Cultl | Cult2 | Cultl | Cult2 | Cultl | Cult2
0.0 51.80 49.6 7 37.20 33.53 26.00 | 24.20 18.30 17.53
o | 25 53.70 51.47 38.97 35.37 28.17 | 25.97 20.50 19.33
§ F 50| 5667 54.20 42.00 38.27 28.33 | 26.1.3 20.87 19.60
g | 25 52.83 50.60 38.20 34.47 28.03 | 25.83 20.83 19.53
£l 50| s537 52.73 41.83 38.03 2827 | 2597 21.03 19.76
0.0 47.40 45.70 31.57 29.83 21.17 19.57 16.13 14.13
o | 25 49.13 47.23 32.80 31.30 2277 | 2120 18.10 15.77
§ 50| s167 49.47 35.47 33.87 2263 | 2123 18.33 15.83
g | 25 48.27 46.50 32.20 30.83 2257 | 20.90 18.23 15.80
£ 50| 5010 48.23 35.07 33.53 2253 | 21.00 18.37 15.97
0.0 38.07 33.10 23.23 22.37 15.87 14.40 11.47 10.53
o | 25 39.47 34.30 23.70 23.10 17.23 15.87 12.97 11.77
& F | 50 | 4173 36.37 2630 | 2550 | 1727 | 1593 | 1310 | 11.67
g | 25 38.87 33.70 23.57 22.83 17.07 15.77 13.07 11.73
£l 50| 4083 35.37 26.00 25.17 17.17 15.90 13.13 11.80
LSD at 5% 1.329 1.082 1.392 0.922

Enzyme Activities:

In response to salinity stress either alone or in combination with each of the tryptophan or prozac is
illustrated (Table 6). The changes in the activities of the various enzymes observed that, CAT, POX, PPO and
PAL decreased significantly with increased soil salinity in both cultivars. The magnitude of reduction was
increased in Euroflor more than Hysun336. Application of tryptophan or prozac led to increases in CAT, POX,
PPO and PAL activities as compared with corresponding salinity level. The most pronounced effect was
recorded in response to 5.0 mg/l tryptophan or prozac in CAT, POX PPO and PAL in both cultivars
respectively. In general, prozacat 5mg/l was the most pronounced treatment effect in increasing the all enzyme
activities.
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Table (6): Effect of tryptophane (Tryp) or prozac on enzyme activities (ug/g fresh weight/hour) of
sunflower cultivars Hysun 336 (Cult 1) and Euroflor (Cult 2) under different of saline soil

(S) levels.
Treatment CAT POX PPO PAL
) Material
EC Cult1 Cult 2 Cult1 Cult 2 Cult1 Cult 2 Cult1 Cult 2
(dsmY) (mg/1)
0.0 190 163 153 140 123 117 227 203
o 25 217 200 163 153 163 150 253 227
§ = 5.0 233 213 210 177 183 173 283 253
§ 25 227 193 167 167 170 163 273 237
g 5.0 243 223 210 190 187 183 297 257
0.0 157 143 127 117 107 93 203 187
o 25 207 190 147 137 143 133 233 210
S = 50 223 207 180 157 167 150 260 233
§ 25 210 183 170 163 153 143 243 220
E 5.0 227 197 190 177 177 167 253 237
0.0 127 113 107 87 73 57 177 163
o 25 167 153 127 113 127 110 203 87
§ = 5.0 193 170 153 137 140 127 227 207
§ 25 173 157 160 150 133 83 213 197
E 5.0 197 183 177 163 157 140 223 223
LSD at 5% 1.4 1.5 2.4 2.7
Discussion:

Total soluble sugars:

Our results demonstrated that the increasing salinity levels up to 7.83 EC dsm™ increased total soluble
sugars in Hysun 336 and Euroflor plants Table 2. Similar results have been found by number of plant species **
%% recorded that the main solutes involved in osmotic adjustment in some plants are the organic acids when
the plant was under salinity stres. Prozac or tryptophan pretreatments under different salinity levels induced
significant increases in TSS contents of sunflower shoots. In this respect it could be concluded that, prozac or
tryptophan play a hormonal role and alleviated the inhibitory effect of salinity stress by marked increase in TSS
contents via osmotic adjustment of plant cell *. In this connection, application of tryptophan or prozac
generally stimulated the increase of total soluble sugars in both sunflower cultivars under salinity stress, via

increasing endogenous levels of certain phytohormones *°.
Proline and Free amino acids:

Salt stress induced the increases in proline and free amino acid in of Euroflor and Hysun 336 cultivars
with increasing soil salinity (Table 2). Accumulation of proline and amino acids cause the osmotic adjustment
in sunflower plants under salinity stress. Similar results have been reached by * and * on sunflower and wheat
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plants, respectively. Cytoplasmic enzymes can be protect by proline * concomitantly with scavenging hydroxyl
radicals *°. Thus, it could be suggested that salt tolerance was promoted through activation of proline synthesis
and hydrolysis of protein into free amino acids to act as osmoprotectants in the different organs of sunflower
plant. The inhibitory effect of salt stress on the both cultivars of sunflower was alleviated by tryptophan and 5-
hydroxy tryptophan (anti-stress) treatments through increasing proline contants and/or enhancing the
biosynthesis of other amino acids and their incorporation into protein *2. L-Tryptophan is an amazing amino
acid because it may act as an osmolyte, modulates stomatal opening and ion transport regulator *°. Moreover, a
higher proline and amino acid accumulation contributing to osmotic adjustment was observed in shoots of
salinity stress Hysun 336 than those of Euroflor.

Total Phenols:

Total phenols may play a valued role in the regulation of plant metabolic processes and overall plant
growth *'. Data represented in (Table 2) show significant increases in total phenol contents with the increase in
salinity levels. These results are in harmony with *“and * on flax plant on sunflower plant respectively.
Moreover, many antioxidant enzymes used phenols as a substrate; so, it mitigates the drought stress damages *.
In this connection, the other roles of phenol in plant are to protect cells from potential oxidative damage and
increase stability of cell membrane . Also, *° recorded an accumulation of phenolic compounds in response to
abiotic stress. In general application of tryptophan and 5-hydroxytryptamine in both sunflower cultivars under
the different salinity levels caused significant changes in phenol contents as compared with those of the
corresponding salinity level. In the meantime, tryptamine, prozac and tryamine are involved in adaptation to
environmental changes in plants.

Mineral Contents:

Salinity stress caused a decrease in nitrogen, phosphorous, calcium, magnesium and potassium contents
paralleled to gradually increase in sodium content as the soil salinity increased of two sunflower cultivars
Tables 3 and 4. Salinity exerted a more pronounced effect on the nutrient content particularly for Euroflor than
for Hysun 336. In this connection, *° on wheat reported that sensitive cultivars had significant great leaf Na+
and CI- concentration and lower K+/Na+ ratio and K+ versus Na+ selectivity than all salt tolerant lines.
Moreover, *’ found that K*, K*/Na" ratio and Ca®* decreased in response to the treatments with the different
concentrations of sea water on Vicia faba plant. Also, *® and *° indicated that the photosynthesis and the
biochemical processes directly inhibit through ion toxicity and lead to water stress by increasing accumulation
of sodium (Na+) and (CI-) ions. Moreover, > reported that, strains of salt —tolerance plant were associated with
both high capacity for osmotic adjustment and a great ability to take up ions followed by translocates them to
leaves.

In addition, under salt stress conditions the uptake of Ca** and Mg®* decreased may be due to either the
cruel effect of Na* and K* on these cations or decreased transport of Ca®* and Mg2+ ions. In this connection, °
found that application of tryptophan induced reduction in Na+ and CI" contents that was parallel with the
increase in K*, Ca®*, Mg and P contents in the wheat shoots.

Table 5 found that, Fe, Mn, Zn and Cu contents in both cultivars caused gradual decrease with
increasing salinity level. In the meantime, application of tryptophan or prozac in both cultivars of sunflower
caused slight increase in the microelement as compared with the corresponding salinity level. In this
connection, ** suggested that, high NaCl may affect iron absorption and lead to Fe deficiency or toxicity. NaCl
caused to decrease N, K*, Ca*?, Cu and Fe in the shoot tissue *°. However, the excess and deficiency of Fe, Zn,
Cu and Mn may leads to disturbance of ionic homeostasis which have various roles in the metabolism of plant
tissues and are vital for the regularity of physiological processes *°. In this regard, > concluded that, Fe, Mn, Cu,
and Zn as transition metals mainly have unpaired electrons and they are good catalysts of oxygen reduction.
Additional cationic micronutrients (Fe™, Mn™, Zn™) play essential roles as cofactors and activators of
enzymes. > and ? report that in different crop species application of the tryptophan increased mineral contents.

Enzyme Activities:

Antioxidative enzymes are a key element in the defense mechanisms. Activities of antioxidant enzymes
of plants under stress show many changes®. Superoxide dismutase, catalase, and peroxidase are enzymes that
responsible for ROS-scavenging. These enzymes are involved in reducing of H,O, from cells under salinity
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stress *. Data in Table 6 showed that the activities of CAT, POX, PPO and PAL enzymes decreased
significantly with increased soil salinity in both cultivars.. The reduction in enzyme activities indicated that
these enzymes were unable to completely neutralize H,O, resulted from the oxidative salt stress *°. Application
of tryptophan or 5-hydroxy tryptophan (Prozac) marked increases in CAT, PPO, POX and PAL activities under
the different levels of soil salinity in sunflower plants as compared with the controls. Therefore, treatment with
tryptophan or 5-hydroxy tryptophan counteract the adverse effect of salinity on metabolic activities via
decreasing the ROS and thereby increasing resistance to salt stress. The same results were obtained by * on
wheat. Moreover, its noticed that the increase of the microelements (Cu, Mn, Fe, Zn) in sunflower cultivars
concomitantly with improvement in antioxidant enzyme activities Tables (5&6) might elucidate the SOD,
catalases the reaction of dismutation of superoxide radicals: 20,” + 2H+ —H,0, + O,. SOD is a metaloprotein
with metals Mn, Cu, Zn, and Fe as co-factor >', Mn-SOD was found in the matrix mitochondrium, Cu-Zn-SOD
is found in cytosol and chloroplasts. Also, Fe-SOD, was detected in some plants *®. Catalase catalases the
reaction: 2 H,0, —2H,0 + O,. Finally, we concluded more relationships between activity of antioxidant
enzymes and Mn, Fe, Zn, and Cu level in the sunflower cultivars.

The changes in the activity of PAL indicated that, PAL decreased significantly with increased soil
salinity in both cultivars. There is a positive relationship between total phenolic compounds and PAL activity in
sunflower plants. On the other hand, * indicated that PAL activity was stimulated under salt stress and it is
involved in the biosynthesis of phenolic compounds. Thus, in the present results, soaking sunflower seeds in
tryptophan and 5-hydroxytryptamine could improve the tolerance ability against salinity stress by increasing
PAL activity which involved in the biosynthesis of phenolic compounds. Moreover, many antioxidant enzymes
used phenols as a substrate; so, it mitigates the drought stress damages *.

Concolusion:

Tryptophan or 5-hydroxy tryptophan (Prozac) counter act the adverse effect of salinity e of both
sunflower cultivars (Euroflor and Hysun 336) via increasing formation of osmoprotectant compounds as total
soluble sugars, proline and free amino acids. In addition to enhancing antioxidant enzyme activities. Moreover,
in shoots of Hysun 336 was a higher osmolytes concentration contributing to osmotic adjustment and the higher
antioxidant enzymes activity than those of Euroflor under salinity stress.
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