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Abstract

Ascobin (compound composed of ascorbic acid and citric acid) is considered one of exogenous
protectants which may alleviate the harmful effects of salinity stress. Pot experiments were per-
formed at the screen greenhouse of National Research Centre, Cairo, Egypt to study the effect of fo-
liar treatment of two cultivars of wheat plant with different concentrations of ascobin (0, 200, 400
and 600 mg/l) on some biochemical parameters, antioxidant enzymes, element contents and
amino acid constituents of two cultivars of wheat plant grown under different salinity levels (0.0,
3000 and 6000 mg/1) in 2011/2012 and 2012/2013. Salinity with different concentrations levels
increased phenolic compounds contents of the two wheat cultivars. The activities of antioxidant
enzymes (SOD, CAT, POD, PPO, AXP and GR) dramatically increased due to salinity stress. Amino
acid content was increased in cultivar Sids 1, while the content was decreased in cultivar Giza 168
in all salinity treatments. Increments in the above mentioned parameters compared to the un-
treated plants at normal and stressed conditions. The magnitude of increments was much more
pronounced in response to 600 mg/1 of ascobin. It could be concluded that, foliar treatment of
wheat cultivars with ascobin could partially alleviate the harmful effect of salinity especially at the
lower levels of salinity of the two cultivars of wheat at most of the studied parameters.
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1. Introduction

Wheat (Triticum aestivum L.) is one of the important growing cereal crops in Egypt. Although wheat production
per unit area in Egypt has significantly increased during the past years, wheat production supplies about 40% of
its annual domestic demand and it is still essential to increase wheat productivity. Extending wheat growing out-
side the Nile Valley where most of its area suffers from salinity or depends on water sources having relatively
higher level of salinity. Therefore, there is a need to find means for enhancing the ability of wheat to tolerate sa-
linity and consequently increase its productivity under salinity stress conditions, which limit growth and produc-
tivity of most agricultural crops [1]. Salinity imposes both ionic and osmotic stresses on plants. Salt tolerance in
plants is a complex trait, which varies widely among closely related species and even of different varieties of the
same species. Differences between closely related plants are particularly interesting to identify a small number
of factors responsible for salt tolerance [2]. Salinity stress has been studied in relation to regulatory mechanisms
of osmotic and ionic homeostasis. Tolerant genotypes respond to salinity stress with complex changes in their
physiological and molecular status. During the course of salinity stress, active solute accumulation of osmotic
solutes such as soluble carbohydrates, proteins and free amino acids is claimed to be an effective stress tolerance
mechanism. The adaptability of plant species to high salt concentrations in soil by lowering tissue osmotic po-
tential was accompanied by accumulation of these osmotic solutes [3]. Due to salinity, growth reduction is also
credited to ion toxicity and nutrient imbalance, which not only causes high sodium (Na*) and chloride (CI") ac-
cumulation in plants, but also destructively affects the uptake of essential nutrient elements such as potassium
(K"), calcium (Ca**) and magnesium (Mg?*) in contrast with Na* and CI". Cations such as K* and Na* are rec-
ognized to be the main inorganic elements, which make available the needed osmotic potential for water uptake
by plant cells. The ratio of K* and Na" in the cytosol is necessary for usual cellular functions of plants [4]. In
addition, several factors associated with salinity stress can lead to an increase in reactive oxygen species (ROS).
By scavenging free radicals, an active antioxidative defense system comprising enzymatic and non-enzymatic
antioxidants reduces the level of oxidative stress in plant cells [5]. At the cellular level, salt inducing oxidative
damage can be determined by malondialdehyde, a lipid peroxidation product, which is accumulated in plants
under saline stress [6].

Recently, a great attention has been focused on the possibility of using natural and safety substances in order
to improve plant growth, flowering and fruit setting. In this concern, antioxidants have synergistic effects on
growth, yield and yield quality of many plant species. These compounds have beneficial effects on catching the
free radicals or the active oxygen (singlet oxygen, superoxide anion, hydrogen peroxide, hydroxyl radicals and
ozone) produced during photosynthesis and respiration processes [7]. One of the most familiar antioxidants is
ascorbic acid which is synthesized in higher plants and affects plant growth and development [8]. The ability of
ascorbate to lose or donate electrons to produce monodehydroascorbate (MDHA) is the basis of its biologically
useful antioxidant capacity [9]. Thus, high endogenous AsA in plants is necessary to counteract oxidative stress
in addition in regulating other processes of plant metabolism. Endogenous AsA can be increased by exogenous
application of AsA through the rooting medium [10], as a foliar spray or as seed priming. Citric acid is among
the inter mediate organic acids in Krebs cycle which produces cellular energy by oxidative phosphorylation
[11].

Therefore, the present investigation aims to study the effect of ascobin (mixture of ascorbic acid + citric acid
at 60:40) on some biochemical compounds and antioxidant enzyme activities, lipid peroxidation, macro element
and amino acid contents of two cultivars (Sids 1 and Giza 128) of wheat plant growing under salinity stress.

2. Materials and Methods

A pot experiment was conducted in the greenhouse of the National Research Centre, Dokki, Cairo, Egypt in the
winter seasons of 2011/2012 and 2012/2013 to study the effect of salinity and ascobin (mixture of ascorbic acid
+ citric acid in the ratio of 2:1) on some biochemical and antioxidant activities, lipid peroxidation and amino
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acid constituents of two cultivars of wheat plant growing under salinity stress. The treatments were as follows:

a) Salinity: Irrigation by salt water with concentrations tap water (TW) as a control (300 mg/l) 3000, 6000
mg/l and their EC concentrations are equal 0.03, 3.2 and 6.1 dsm™ respectively. The salt type used in irrigation
was mainly the chloride mixture suggested by [12]. The salt components of salt mixture are shown in Table 1.

b) Ascobin (ascorbic acid and citric acid 2:1): Spraying of ascobin in the rate of 200, 400 and 600 mg/l twice
at 30 and 45 days from sowing. Experimental pot contained 30 Kg of air dried clay loam soil and sandy soil in
the ratio of 2:1. Grains of wheat (Triticum aestavum L.) C.V. Sids 1 and Giza 168 (obtained from Agricultural
Research Centre Giza, Egypt) sown in the 1st December, 2011 and 2012. Calcium super phosphate (15.5% P,Os)
and potassium sulfate (48% K,0) in the rate of 3.0 and 1.50 g/pot were added, respectively, before planting.
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. Thinning was done after 15 days so that 5 uniform seedl-
ings/pot were left for other tested parameters. Irrigation with different salt water solution in different concentra-
tions (two irrigations by salt water and the next was by freshwater alternatively). Every treatment consisted of 5
replicates distributed in a completely randomized design system.

Plant samples were taken at vegetative stage (75 days after sowing) for determination of some biochemical
compound such as phenolic contents, lipid peroxidation, some oxidative enzyme activities, amino acid and ma-
cro elements in the two cultivars shoots of wheat.

Biochemical analysis: The method used for extraction and determination of total phenolic compounds were
extracted as described by [13] and determined according to method described by [14]. The levels of lipid perox-
idation were measured by determining the levels of malondialdhyde (MDA). Malondialdhyde is a product of li-
pid peroxidation and was assayed by thiobarbituric acid reactive sustrates (TBARS) contents using the method
of [15]. Amino acid contents of wheat shoots protein were determined by using HPLC (Eppdrof, Germany).
Macroelement contents of N, P, K, P, Ca, Mg and Na were determined according to the method described by [16].

Enzyme determination: The method used for extracting the enzyme was that of [17]. Super oxide dismutase
(SOD, EC 1.12.1.1) activity measured according to the method of [18]. Catalase (CAT, EC 1.11.1.6) activity
assayed according to the method of [19]. Peroxidase (POD. EC 1.11.1.7) activity assayed according to the me-
thod described by [20]. Polyphenol oxidase (PPO, EC 1.10.3.1) activity assayed using the method of [21]. The
activity of ascorbate peroxidase (APX, EC 1. 11. 1. 11) was assayed according to [22]. The activity of gluta-
thione reductase (GR, EC 1. 6. 4. 2) was measured according to [23]. All the enzyme activities were calculated
and expressed as unit min *.g* fresh weight.

The obtained results were subjected to the statistical analysis by M-STAT-C statistical analysis program [24].
Since the trend was similar in both seasons, Bartlett’s test and the combined analysis of the two growing seasons
were applied. Means were compared using least significant difference test at 5% level.

3. Results and Discussion

Total phenolic content: Total phenolic content of shoot of the two used cultivars exposed to different concen-
trations of salinity stress is shown in Figure 1. The amount of total phenolic content increased significantly and
gradually with increasing salinity levels. The highest amount of total phenolic was observed in shoot exposed to
6000 mg/l salinity level of the two cultivars. Data also show that cultivar Sids 1 gave higher total phenolic con-
tent than cultivar Giza 168 in response to salinity stress. The results also revealed that, foliar treatment with

Table 1. (a) The component of salt mixture used for salinization expressed as % of total salt content;
(b) The component of specific anions and cations in the mixture expressed as percentage of total mil-

liequivalents.
(@)
MgSO, CaSO, NaCl MgCl, CaCO;
10 1 78 2 9
(b)
Na* Mg* ca* SO* cl co*
38 6 6 5 40 5

()
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Figure 1. Effect of ascobin foliar treatment (mg/l) on and total phenolic contents (mg/100g) of two cultivars (Sids 1 and Gi-
za 168) grown under salinity stress (mg/l) at 75 days from sowing. (White bars are of Sids 1 cultivar, grey bars are of Giza
168 cultivar ). LSD at 0.05 (Salinity x Ascobin) = 2.565.

ascobin with different concentrations increased total phenolic contents as compared with control plant and the
corresponding salinity levels. The potential of phenolics to act as an antioxidant is mainly due to their properties
to act as hydrogen donators, reducing agents and quenchers of singlet O, [25]. The synthesis of phenolics is
generally affected in response to different biotic/abiotic stresses including salinity [26]. Higher activity of phe-
nolics could be due to the greater H-donating ability and radical stabilization than a variety of other antioxidant
metabolites [25]. Levels of phenolic also increases under increasing levels of salinity, which shows that, the in-
duction of secondary metabolism is one of the defense mechanisms adapted by the plants to face saline envi-
ronment [27]. Also ascobin foliar treatment increased total phenol contents as compared with control plants and
the corresponding salinity levels.

Lipid peroxidation: Variations in the contents of MDA are presented in Figure 2. Salinization significantly
exerted increases in lipid peroxidation having a maximum at 6000 mg/l salinity level in the two tested wheat
cultivars especially cultivar Sids 1. Foliar application of ascobin with different concentrations on wheat cultivars
attenuated the effect of salinity compared with the corresponding salinity levels. [28] [29] reported that lipid pe-
roxidation increased with salt levels on different plant species. These increases may be attributed to that salinity
could modify the membrane structure and stimulate O, production, which facilitates lipid peroxidation [30]. The
inhibitory effects of exogenous ascorbic acid and citric acid on MDA were obtained on bean plants [31] and on
bean plant [29]. The inhibitory effect of ascorbic acid on lipid peroxidation may be due to that antioxidant would
inhibit stress-induced increases in the leakage of essential electrolytes following peroxidative damage to plasma
membranes [31].

Antioxidant enzymes: With regard to antioxidant enzymes, the activity of antioxidant enzymes such as su-
peroxide dismutase (SOD), catalase (CAT), peroxidase (POD), polyphenol oxidase (PPO), ascorbate peroxidase
(AXP) and glutathione reductase (GR), activities dramatically increased due to salinity stress. The lowest and
highest activity was observed in control and 6000 mg/l salinity stress treatments, respectively (Figure 3 and
Figure 4). SOD and catalase increased significantly as salinity levels increased. In the current study, POD and
PPO activities were enhanced as result of salinity stress (Figure 3 and Figure 4). The differences in the activity
of antioxidant system among the two wheat cultivars revealed that salinity stress induce more activities of SOD
and catalase enzymes in cultivar Sids 1 than in Giza 168 meanwhile the reverse were true in POD and PPO en-
zymes (activities higher in cultivar Giza 168 than in Sids 1) as compared with control plants. Thus, it could be
concluded that there was a strong correlation between salt tolerance and enzyme activities. On the other hand,
the activities of APX and GR were significantly increased in both cultivars under saline conditions. It is noticea-
ble that the activities of APX and GR were greater in cultivar Sids 1 than Giza 168.

()
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Figure 2. Effect of ascobin (mg/l) foliar treatment on lipid peroxidation (umol/g fresh weight) of two cultivars (Sids 1 and
Giza 168) grown under salinity stress at 75 days from sowing. (White bars are of Sids 1 cultivar, grey bars are of Giza 168
cultivar). LSD at 0.05 (Salinity x Ascobin) = 1.035.
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Figure 3. Effect of ascobin (mg/l) foliar treatment on antioxidant enzymes (a) superoxide dismutase (SOD), (b) catalase
(CAT) and (c) peroxidase (POD), as unit min *-g™* FW of two cultivars (Sids 1 and Giza 168) grown under salinity stress at
75 days from sowing. (White bars are of Sids 1 cultivar, grey bars are of Giza 168 cultivar) LSD at 0.05 (Salinity x Ascobin)
SOD: 2.37, CAT: 4.366 and POD: 6.708.
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Figure 4. Effect of ascobin foliar treatment on antioxidant enzymes (a) polyphenol oxidase (PPO), (b) ascorbate peroxidase
(APX) and (c) glutathione reductase (GR) as unit min*-g* FW of two cultivars (Sids 1 and Giza 168) grown under salinity
stress at 75 days from sowing. (White bars are of Sids 1 cultivar, grey bars are of Giza 168 cultivar) LSD at 0.05 (Salinity x
Ascobin) PPO: 0.7752, APX: 0.0124 and GR: 0.032.

With respect to ascobin treatment on the two cultivars, foliar treatment of ascobin with different concentra-
tions markedly reduced the activity of SOD and catalase enzymes. In the meantime stimulated the activities of
both POD and PPO enzymes in both wheat cultivars either under saline or non-saline conditions. Foliar treat-
ment of ascobin markedly stimulated the activities of APX and GR enzymes in both wheat cultivars, either un-
der saline or non-saline conditions (Figure 3 and Figure 4). The present obtained data of salinity are in agree-
ment with those obtained by [32]-[34]. SOD is one of the ubiquitous enzymes in aerobic organisms essential for
cellular defense mechanisms against ROS. SOD modulates relative amounts of 0% and the two Haber-Wesis
reaction substrates and decreases the risk of "OH radical formation, which is highly reactive and may cause se-
vere damage to membranes and proteins [35]. The salt-induced enhancement of CAT activity in Sids 1 indicated
that it had a higher capacity for the decomposition of H,O, generated by SOD. Thus, CAT activity coordinated
with SOD activity can represent a central protective role in the 0> and H,0O, scavenging process, also CAT is
the main scavenger of strong oxidant H,O, in peroxisomes and it converts H,O, to water and molecular oxygen
[33]. Generally, the increases of CAT activity are a strategy for improving the salt tolerance [36]. The increased
SOD and CAT activity in the leaves was more conspicuous in Sids 1. (salt-tolerant) than in Giza 168 (salt-sen-
sitive), suggesting that salt-tolerant genotype has better O°" radical scavenging ability. Meanwhile the reverse
happen in POD and PPO activities in salt-sensitive cultivar are higher (Giza 168) than salt-tolerant cultivar (Sids
1), thereby enabling plants to protect themselves against oxidative stress (Figure 3). The active involvement of
these enzymes is related, at least in part, to salt-induced oxidative stress tolerance in wheat plant. Like CAT,
POD plays also a vital role in plant defense against oxidative stress by scavenging H,O, in chloroplast, cytosol,
mitochondria and peroxisome of plant cells [37].

Regarding to APX and GR, the higher activities of APX and GR in genotype Sids 1 than genotype Giza 168
were in agreement with those reported by [38], who concluded that under salinity stress, the stimulation of APX
and GR activity was much higher in salt-tolerant than those of salt-sensitive cultivar. They also reported that the
greater GR activity in salt stressed tolerant cultivar indicated that these plants exhibit more active ascorbate-
glutathione cycle than the non-tolerant cultivar. These results could interpret that salt tolerance of cultivar Sids 1
seems to be linked with increase in the activity of antioxidant enzymes. Foliar application of ascobin had a sti-
mulating effect on some oxidative enzymes of both cultivars. These increases were concurrently with increasing
protein levels indicating that vitamins could alleviate the inhibitory effects of salt stress by enhancing protein
synthesis, as vitamins might act as activators for protein synthesis [39]. Also, it could be attributed to ascorbic
acid and citric acid to have direct effects on scavenge ROS (0?), hydrogen peroxide (H,0,) and singlet oxygen
(O,) [40]. From the present results, [41] reported that ascorbic acid plays an important role in preserving the ac-
tivities of enzymes that contain prosthetic transition metal ions. Ascorbic acid acts as a primary substrate in cyc-
lic pathway for enzyme detoxification of hydrogen peroxide [42]. In conclusion, it can be concluded that foliar
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spraying of ascobin can reduce the harmful effects of ROS and improves plant resistant under salt stress condi-
tions.

Amino acid contents: With respect to amino acid contents of shoots of the two used cultivars of wheat, salin-
ity stress with different concentrations caused marked increases in total amino acid contents, total essential
amino acid contents (threonine, valine, methionine, leucine, isoleucine and phenylalanine) and increased the ra-
tio of essential to non essential amino acids in Sids 1as compared to control plant. In the meantime, in cultivar
Giza 168 it caused a slightly increases in the total amino acid contents, total essential amino acid contents, while
decreased the ratio of essential to non essential amino acids. However, in the two cultivars especially at higher
level 6000 mg/I, the same treatments increased markedly glutamic, proline, tyrosine, histidine, lysine, NH, (is
very toxic) and arginine contents compared with those of control plants (Table 2). In respect to ascobin foliar
treatment, in most cases increases in the content of total amino acids, essential amino acids and the ratio of es-
sential to non-essential amino acids were obtained compared to the corresponding salinity levels in the two ge-
notypes Sids 1 and Giza 168 (Table 2). It is worthy to mention that, application of ascobin before exposing
wheat plants to the different concentrations of salt resulted in an observed accumulation of glutamic, proline,

Table 2. The effect of ascobin foliar treatment on amino acid contents of shoot of two genotypes of wheat plant (Sids 1 and
Giza 168) grown under salinity stress.

Cultivar Sids 1 Giza 168

Salinity (mg/l) 0 3000 6000 0 3000 6000
Amino acid
Ascobin (mg/l) 0 400 0 400 0 400 0 400 0 400 0 400

Aspartic acid 713 1036 1531 1166 921 1036 6.36 9.36 4.63 6.90 3.11 9.36
Threonine” 391 5.35 7.76 4.47 7.13 3.36 3.11 6.07 2.90 3.98 211 2.80
Serine 511 1120 911 8.11 8.68 6.07 5.30 9.26 431 4.90 3.51 3.95
Glutamic 1761 3571 25.00 49.07 2755 6057 4357 6399 60.61 6830 69.46 83.50
Proline 49.41 6461 6236 6356 5836 60.61 47.39 7054 6432 6590 7641 88.91
Glycine 5.86 6.07 7.36 6.07 8.61 8.57 3.49 6.97 2.23 9.81 1.64 3.71
Cystine 10.26  0.00 0.00 0.00 0.00 0.00 6.39 1051 491 1196 3.62 11.09
Alanine 5.61 8.24 9.25 8.11 8.59 6.57 2.36 461 1.95 4.06 1.57 3.44
Valine” 6.61 8.14 944 1148 10.61 1446 0.11 0.16 0.00 0.00 0.00 0.00
Methionine” 0.41 0.86 0.36 0.82 0.21 0.62 0.44 0.00 0.18 0.11 0.11 0.09
Leucine” 10.76 11.35 9.49 7.61 9.14 5.86 3.01 511 241 3.60 2.03 3.12
Isoleucine” 1261 1811 924 1421 1492 1586 181 4.64 1.36 3.72 3.54 3.24
Phenylalanine” 1.46 2.26 1.14 271 1.03 1.18 291 5.87 6.91 4.29 6.53 3.57
Tyrosine 4.86 8.11 1034 1261 561 7.40 1.87 2.84 2.86 4.49 3.74 571
Histidine” 511 1018 861 1057 995 1455 161 3.83 241 4.67 2.81 6.10
Lysine” 10.68 16.21 11.13 18.11 1261 1811 1.38 3.38 1.58 5.57 1.68 6.10
NH4 1561 823 1761 10.07 2036 1071 1086 561 16.09 1225 2257 10.20
Arginine” 9.11 1841 1036 20.07 11.07 19.08 1.73 3.13 191 3.48 2.03 3.62
Essential A A 60.63 90.85 6750 90.04 76.66 93.06 16.09 3218 19.64 2543 2081 28.64
Non essential A A 121.43 15250 131.31 169.24 146.94 170.84 12756 183.66 161.89 188.56 185.62 219.85
Total amino acids 182.05 243.35 198.81 259.28 223.60 263.90 143.65 215.84 181.52 213.99 206.42 248.49
Ess AA/non Ess AA 0.499 059 0514 0532 0522 0545 0126 0.175 0.121 0.135 0.112 0.130
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tyrosine, histidine, lysine and arginine contents compared with those of control plants Table 2. Amino acids are
directly or indirectly involved in the regulation of plant responses to environmental signals related to abiotic or
biotic stress [43]. These obtained results are in agreement with the results obtained by the previous studies of [44]
[45] on different plant species. The accumulation of total amino acids may be involved in osmotic adjustment,
free radical scavenging and maintenance of protein and membrane integrity [46]. Among all individual free
amino acids, proline (Pro) content in salt-treated leaves increased significantly in wheat cultivars. Proline serves
as an important compatible osmolyte, and its accumulation is believed to reduce cellular water potential and
avoid deleterious toxicity of high ionic strength, has also been proposed to serve as reactive oxygen species sca-
venger [47] and its accumulation can stabilize the structure of membranes and proteins to minimize the damage
of cells under salt stress. In addition, a large increase in proline precursors, glutamate and arginine was observed
in the two genotypes under salinity stress. A part from the considerable accumulation of proline and its precur-
sors in wheat plant also induced an increases in isoleucine (lle), leucine (Leu) and aspartate (Asp) contents.
Amino acid accumulation (e.g. arginine and proline) may be considered as a detoxification mechanism of the
ammonium produced in plants subjected to stress [48]. The interactive effect of different salinity levels and fo-
liar spraying of ascobin on the two cultivars of wheat plant had increases in total amino acid and essential amino
acids content. These increases in amino acids, especially proline can be one of these causes that the inhibitory
effect of salinity was alleviated by ascobin foliar applications to wheat plant.

Inorganic solute composition: Table 3 illustrates the effect of ascobin on the ion composition of the two
wheat cultivars grown under different levels of salinity. It is noticed that salinity treatment caused decreases in
the contents of N, K, Ca, Mg, and P gradually as salinity increased. Salinity exerted a more pronounced effect
on the nutrient content particularly for Giza 168 than for Sids 1. Na content increased gradually as salinity level
increased, and consequently, the K/Na ratio was decreased as compared with control ones. Foliar treatment with
ascobin decreased the uptake of Na, and increased the uptake of N, P, K, Ca and Mg in shoot of both wheat ge-
notypes and furthermore, the K/Na ratios increased as compared with the control. Results also showed that 600
mg/l of ascobin was more effective for increasing nutrient contents. These obtained results of salinity are in
agreement with those obtained by [49] on wheat plant and [50] on flax plant. In this connection, [51] pointed out
that salinization impaired N accumulation and incorporation into protein and raised total free amino acid accu-
mulation in saline plant. Table 3, not only because of ionic strength effect that reduce the activity of phosphate

Table 3. Effect of ascobin foliar treatment on ion content (N, K, Ca, Mg, P and Na) (as mg/100g dry weight) of two geno-
types (Sids 1 and Giza 168) grown under salinity stress.

Treatment Nitrogen Potassium Calcium Magnesium  Phosphorus Sodium K/Na
Salinity ~ Ascobin  Sids Giza Sids Giza Sids Giza Sids Giza Sids Giza Sids Giza Sids Giza
mg/l mg/l 1 168 1 168 1 168 1 168 1 168 1 168 1 168

0 2912 2607 3663 2866 1176 1144 494 373 1889 1505 558 601 6.565 4.769

200 3199 2933 3912 3028 1285 1260 531 389 2295 1831 548 648 7.139 4.673

° 400 3400 3199 3980 3128 1402 1334 593 460 2493 2172 585 661 6.803 4.732
600 3667 3400 4131 3245 1433 1401 625 492 2558 2342 589 654 7.014 4.962
0 2550 2333 2671 2450 1114 1013 381 301 1533 1305 687 715 3.888 3.427
200 2824 2587 2961 2642 1254 1183 493 324 1768 1425 543 682 5.453 3.874
0% 400 2968 2700 3132 2820 1378 1229 534 402 1879 1468 524 635 5.977 4.441
600 3120 3000 3425 2968 1419 1354 532 465 1918 1568 500 614 6.850 4.834
0 2290 2185 2401 2013 1084 958 328 296 1411 1187 635 745 3.781 2.702
200 2565 2367 2500 2132 1125 1060 401 325 1568 1302 601 714 4.160 2.986
0000 400 2850 2500 2642 2358 1236 1142 443 356 1702 1402 568 668 4.651 3.530
600 2987 2800 2872 2543 1358 1258 481 378 1785 1514 658 654 4.365 3.888
LCD at 5% 35.36 39.25 25.39 7.25 15.98 12.39 0.36

)
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but also because phosphate concentration in soil solution is tightly controlled by sorption processes and low so-
lubility of Ca-P minerals. Therefore, it is understandable that phosphate concentration in field grown agronomic
crops decreased as salinity increased [52]. Concerning potassium concentration, [53] found an increase in Na
concentration and a decrease in K concentration in leaves with high salinity, due to a possible antagonism be-
tween K and Na. This antagonism could be due to the direct competition between K and Na at the site of ion
uptake at plasma lemma. The interactive effect of salinity and ascobin application act significantly on N, P, K,
Ca, Mg and Na uptake (Table 3). Under a good water irrigation and water salinity irrigation, the uptake of all
nutrients increased when the rates of ascobin increased. This increasing up to the high rate of ascobin (600 ppm)
increased N, P, K, Na, Ca and P uptake so ascobin played an important role of decreasing effects of salinity of
water irrigation. [54] suggest that antioxidant as ascorbic acid and citric acid could be used as a potential growth
regulator to improve plant salinity stress resistance. These increases in N, P, K, Mg and Ca may be attributed to
the positive effect of ascobin on root growth which consequently increased the absorption of different nutrients
and alleviating the harmful effects of salinity.

4. Conclusion

It could be concluded that the alternation in oxidative enzymes system, nutrient uptake and amino acids played
an essential and decisive role in partially alleviating the adverse effect of salinity stress in wheat cultivars espe-
cially after application of ascobin at 600 mg/I.
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