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Abstract 

A pot experiment was conducted during 2013/2014 and 2014/2015 successive growing winter seasons under 
greenhouse conditions at the Experimental Station, Fac. of Agric., Zagazig Univ., Sharkia Governorate, Egypt to 
evaluate the response of wheat plants (Triticum aestivum L.) cv. Sakha 93 to different levels of foliar spray of 
some antioxidant tested substances as ascorbic and salicylic acids at a rate of 0.1 and 0.2%, with respect to 
vegetative criteria, some physiological properties i.e. phenol components, proline concentration, yield 
components, NPK-uptake as well as anatomical structure of flag leaf blade grown under salt stress conditions, 
3.21 dSm-1 , 6.32 dSm-1 and 10.65 dSm-1 of soil salt. Data indicated that, all studied vegetative criteria of wheat 
plants, decreased under salt stress condition. Spraying antioxidant substances seemed to partially overcome the 
harmful effects of salt stress on vegetative criteria. Significant increase in the concentrations of phenols 
component and proline concentration in response to salt stress treatments. Also, application of tested antioxidant 
significantly reduced phenols component and increase proline concentration in leaves under water stress 
condition. Dry matter of straw and grain and yield quality, straw and grains N, P and K-uptake were decreased 
with increasing the soil salinity level. This trend was found true under all foliar sprays with salicylic and ascorbic 
acids at different rates. The highest values of straw and grain yield, biological yield, weight of 1000 grain, 
protein content and yield efficiency, straw and grains N, P and K-uptake of wheat plants occurred with ascorbic 
acid 0.2% “AA2” treatment followed by ascorbic acid 0.1% “AA1”, salicylic acid 0.2% “SA2”, salicylic acid 
0.1% “SA1” and untreated plants that descending order in the two seasons.  

Keywords: wheat plants, salinity, ascorbic acid, nutrient uptake, salicylic acid, anatomical structure 

1. Introduction 

Wheat is the most important cereal crop. It is stable diet for the world population and contributes more calories 
and protein to the world diet more than only other cereal crop. It is grown on roughly 200 million hectares with 
an average production of 600 million tons (Rajarm & Braun, 2006). Wheat is a major food crop in most of the 
countries of the world which suffer saline soils, and therefore increasing salinity tolerance in bread wheat is 
necessary (Sadat Noori & McNeilly, 2000).  

Salinity is considered a major factor in limiting plant growth and crop productivity, and salinisation of irrigated 
and surrounding areas in the arid tropics and sub-tropics has not been diminished. On the contrary, it continues to 
increase in arid and semi-arid regions (Rus et al., 2000). It is estimated that about a third of the world’s cultivated 
land is affected by salinity (Perez-Alfocea et al., 1996). The relationships between salinity and mineral nutrition 
of horticultural crops are extremely complex and a complete understanding of the indicate interactions involved 
would require the input from a multidisciplinary team of scientists (Grattan & Grieve, 1999). Salinity can be 
minimised with reclamation, water and drainage, but the cost of engineering and management is very high.  

Ascorbic acid (AA) is regarded as one of the most effective growth regulators against a biotic stresses (Conklin, 
2001). AA not only acts as an antioxidant but the cellular levels of AA are correlated with the activation of 
complex biological defence mechanisms (Conklin & Barth, 2004). It has also been used to counteract the 
adverse effects of salt stress in many crop plants (Beltagi, 2008). It has proposed functions in whole plant 
metabolism (Debolt et al., 2007). Furthermore, experimental studies on different plants have shown that 
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exogenous application of AA may reduce saltinduced adverse effects and results in a significant increment of 
growth and yield (Salama, 2009). 

Salicylic acid (SA) acts as an endogenous signal molecule responsible for inducing abiotic stress tolerance in 
plants (Gunes et al., 2007). Salicylic acid is an endogenous growth regulator of phenolic nature, which 
participates in the regulation of physiological processes in plant (Shakirova et al., 2003). 

Therefore, the present study was undertaken to investigate the effect of foliar spray with antioxidants, i.e. 
ascorbic and salicylic acids at a rate of 0.1% and 0.2% on vegetative criteria, some physiological, yield, nutrient 
uptake and anatomical structure of leaf blade of wheat plants grown under different levels of salinity stress. 

2. Materials and Methods 

A pot experiment was carried out during the two successive growing winter seasons of 2013/2014 and 
2014/2015, under greenhouse conditions at the Experimental Station, Fac. Agric., Zagazig Univ., El-Sharkia 
Governorate, Egypt, to study the effect of foliar spray of antioxidants as Ascorbic acid (AA) and Salicylic acid 
(SA) on plant vegetative criteria, some physiological and NPK-uptake, anatomical structure of wheat plants leaf 
blade as well as yield component of wheat plants (Triticum aestivum L., cv. Sakha 93) grown under different 
levels of salinity stress. 

Wheat grains were obtained from Wheat Research Section, Crops Research Institute, Agriculture Research 
Centre, Giza. Grains were sown on the 29th November in both investigated seasons. 

Three saline soils having almost the same near texture were collected from El-Noubaria, near Alexandria, 
Egypt .Closed bottom plastic pots of internal dimensions 25 × 20 cm were filled with 10 kg of each saline soil 
(3.21, 6.32, 10.65 dSm-1). The physical and chemical properties of the investigated soil were determined 
according to Piper (1950); Black et al. (1968) and Jackson (1973) are shown in Table 1. 

 

Table 1. Some physical and chemical properties of the investigated soils in both seasons 

Soil particles distribution Chemical analyses 
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(%) 

Silt 

(%) 

Clay 
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Textural 
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Cations** 

(mmolc L-1) 

Anions** 

(mmolc L
-1) 

Ca++ Mg++ Na+ K+ CO3
- HCO3

- Cl- SO4
-- N P K 

S1 42.52 32.42 25.06 Loam 9.89 10.57 7.23 4.31 - 8.41 12.72 10.87 3.21 7.95 7.87 60.26 14.67 62.30 10.62 102.6

S2 44.56 30.56 24.88 Loam 19.23 18.46 16.56 8.75 - 22.12 30.26 10.62 6.32 7.91 8.36 65.80 15.32 54.35 7.18 92.70

S3 45.62 29.85 24.53 Loam 41.54 27.5 19.35 17.61 - 39.26 30.47 36.27 10.65 8.09 9.81 70.50 15.76 49.50 4.98 85.32

Note. *: Soil paste; **: Soil paste extract; FC: Field capacity. 

 

The treatments were of three levels of soil salinity as 3.21 dSm-1 (S1), 6.32 dSm-1 (S2) and 10.65 dSm-1 (S3) and 
different levels of antioxidants, i.e. Ascorbic acid (AA) and Salicylic acid (SA) at 0.1% and 0.2% were applied 
as a foliar spray treatments. Fifteen grains/pot were sown at equal distances and depth. After two weeks from 
sowing, seedlings were thinned to eight seedlings/pot. 

Mineral nitrogen was added as ammonium sulphate (205 g kg-1) at the rate of 100 mg N kg-1 soil, respectively in 
three equal splits. The first was before the 1st irrigation while the second and third splits were added after 40 and 
70 days, respectively from the first splits. The recommended doses of phosphorus and potassium were added; for 
all experimental treatments as ordinary super phosphate (65 g P kg-1) at the rate of 15 mg P kg-1 soil before 
sowing. Potassium was added as potassium sulphate (410 g K kg-1) at the rate of 40 mg K kg-1 soil before 
sowing. 

Foliar applications of Ascorbic acid (AA) and Salicylic acid (SA) were carried out three times using hand 
atomizer and wetting agent after 25, 45 and 65 days from sowing under S1, S2 and S3 salinity stress conditions. 
Control plants were sprayed with distilled water and the volume of the spraying solution of the tested antioxidant 
was maintained just to cover completely the plant foliage till drip.  

2.1 Plant Vegetative Characters 

A random sample of three plants were taken from each treatment at 75 days old (booting stage) during each 
growing season to record plant vegetative characters and physiological properties. Plant height (cm), blade leaf 
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area (cm2) of flag leaf on main stem, and dry weight/plant (g) of shoot systems were determined. Plant samples 
were dried using an electric oven with drift fan at 70 °C for 48 h. till a constant weight was reached. 

2.2 Physiological Properties 

A - Phenolic compounds: Free, bound and total phenols were determined using the colorimetric method as 
described by F. D. Snell and C. T. Snell (1954). Preparation of Folin – Denis reagent as described by Gutfinger 
(1981). 

B - Bound Phenols: The difference between total and free phenol concentrations gives the concentration of 
bound phenols. 

C - Proline concentration: Proline concentration was determined according to the method given by Bates et al. 
(1973).  

2.3 Yield and Its Components 

At harvest, plant samples were separated into straw and grains, dried at 70 °C for 72 hours, weighed, digested 
with concentration H2SO4/HCLO4 and analyzed for total nitrogen, phosphorus and potassium (Chapman & Pratt, 
1961). Total nitrogen in plant was determined using the microkjeldahl method according to Chapman and Pratt 
(1961). Total potassium in plant was determined by flame photometer according to Chapman and Pratt (1961). 
Total phosphorus in plant was determined colourmetrically using ascorbic acid method (Watanabe & Olsen, 
1965). Protein percent “yield quality” in grains was calculated by multi plying N% × 5.70 (Bishni & Hughes, 
1979). 

2.4 Anatomical Responses 

Anatomical blade sections were made by Nassar and El-Sahhar (1998) method. 

2.5 Statistical Analysis 

The treatments were of three levels of soil salinity and five levels of antioxidants (Ascorbic and Salicylic acids). 
The experiment included 15 treatments in 6 replicates, so the experiment contained 90 pots and the design was a 
factorial randomized complete block. Data were subjected to statistical analysis according to Snedecor and 
Cochran (1990). Mean values were compared at P < 0.05 using the least significant different test (LSD). 

3. Results and Discussion 

3.1 Plant Vegetative Parameters 

Data presented in (Table 2) show the main effect of foliar application with antioxidants (AA and SA) on vegetative 
parameters i.e., plant height, leaf area and shoot dry weight of wheat plants grown under different levels of soli 
salinity.  

Data revealed that all vegetative parameters were significantly decreased by increasing soil salinity levels in both 
seasons, the low salinity treatment (3.21 dSm-1) reduced these parameters to a lesser degree than the moderate 
salinity (6.32 dSm-1) and high salinity (10.65 dSm-1). 

These results were agreed with Hussain and Ismail (1994) who suggested that growth rate reduced response to 
Nacl salinity. While Murtaza et al. (2006) stated that wheat growth parameters were reduced with irrigation by 
saline and/or sodic water. 

Salinity of soil and irrigation water reduces vegetative and reproductive growth and yield in most crops. 
However, the mechanisms involved in growth inhibition due to the excess salinity are complex and poorly 
understood. The mail inhibitory effect of salinity on plant growth has been attributed to osmotic inhibition of the 
absorption of available water, specific ion effect causing excessive accumulation of Na+ or Cl- or inadequate 
uptake of an essential nutrient, hormonal imbalance and accumulation of toxic intermediate products as free 
radical oxygen (Roy et al., 1995; Bray, 1993). 

Data also indicated that plant vegetative parameters significantly increased by spraying plants with AA & SA 
compared to untreated plant in both seasons. These results are in agree with Hussien et al. (2007) who reported 
that spraying maize plant with SA at rate 200 ppm improved growth parameters i.e., plant height, leaf area and 
dry weight of stem. Also Abd El-Aziz et al. (2006) indicated that spray plants with AA at rates 200 or 400 ppm 
had significant increase in all growth parameters i.e., stem length , leaf area and dry weight of all plant organs. 

Concerning the interaction effect between foliar application with AA & SA and different levels of soil salinity 
plant height, leaf area and shoot dry weight data indicated that spraying wheat plants with AA & SA increased 
plant growth Parameters grown under soil salinity levels and the highest values of plant growth Parameters were 
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recorded with AA at rate 0.2% followed by AA at rate 0.1%, SA at rate 0.2% finally SA at rate 0.1% compared with 
untreated one (control). 

These results are in agreement with Batool Ejaz et al. (2012) who found that application of AA increased shoot 
length and leaf area of Saccharum spp under both salt stressed and non stressed condition. While Smirnoff 
(1996), stated that ascorbate has been implicate in the regulation in cell division, he said also that cell wall 
ascorbate and cell wall localized ascorbate oxidase has been implicate in control of growth, high ascorbate 
oxidase is associated with rapidly expanding cell. While Gunes et al. (2007) found that it has been proposed that 
salicylic acid acts as endogenous signal molecule responsible for inducing a biotic stress tolerance in plants. 
They emphasized that exogenous application of SA increased plant growth significantly both in saline and non 
saline conditions. 

 

Table 2. Main effects of foliar spray with antioxidants on plant height, leaf area and dry weight of shoot of wheat 
plants grown under salinity stress in 2013/2014-2014/2015 seasons 

Salinity (A) Treatment of foliar (B) 
Season 2013-2014 

Plant height (cm ) Leaf area (cm2) Dry weight of shoot (g plant-1)

S1 

Without 69.50 13.07 0.97 

SA1 87.33 14.52 1.05 

SA2 87.67 17.64 1.11 

AA1 88.00 19.28 1.18 

AA2 89.00 20.76 1.35 

Mean 84.30 17.06 1.14 

S2 

Without 59.00 8.37 0.69 

SA1 62.67 9.42 0.73 

SA2 64.33 9.91 0.85 

AA1 65.00 12.12 0.88 

AA2 68.33 12.47 0.90 

Mean  63.68 10.45 0.81 

S3 

Without 31.55 3.87 0.29 

SA1 46.67 5.17 0.51 

SA2 48.00 6.47 0.54 

AA1 50.00 7.55 0.56 

AA2 53.67 8.61 0.57 

Mean 45.98 6.34 0.49 

Mean of treatment (foliar spray) 

Without 

SA1 

SA2 

AA1 

AA2 

53.35 8.44 0.65 

65.56 9.70 0.76 

66.89 12.08 0.84 

67.67 12.98 0.87 

70.33 13.95 0.94 

LSD 0.05% 

A 3.194 1.307 0.081 

B 4.123 1.687 0.105 

AB NS NS NS 

Season 2014-2015 

S1 

Without 73.67 14.84 1.00 

SA1 88.33 15.93 1.09 

SA2 90.13 18.36 1.15 

AA1 90.60 19.42 1.22 

AA2 91.33 20.88 1.40 

Mean 86.81 17.88 1.17 
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S2 

Without 61.00 9.60 0.73 

SA1 65.50 10.36 0.77 

SA2 67.00 10.74 0.90 

AA1 69.67 13.22 0.91 

AA2 71.33 13.39 0.96 

Mean 66.90 11.46 0.85 

S3 

Without 33.21 4.52 0.38 

SA1 48.33 5.77 0.55 

SA2 51.67 6.87 0.58 

AA1 54.33 8.51 0.62 

AA2 57.00 9.02 0.61 

Mean 48.90 6.94 0.54 

Mean of treatment (foliar spray) 

Without 

SA1 

SA2 

AA1 

AA2 

55.96 9.65 0.70 

67.39 10.69 0.80 

70.49 12.82 0.88 

71.53 13.72 0.92 

73.22 14.43 0.99 

LSD 0.05% 

A 3.860 1.411 0.078 

B 4.984 1.821 0.101 

AB NS NS NS 

Note. SA1 = 0.1% Salicylic acid; SA2 = 0.2% Salicylic acid; AA1 = 0.1% Ascorbic acid; AA2 = 0.2% Ascorbic 
acid; S1 = 3 dSm-1; S2 = 6 dSm-1; S3 = 9 dSm-1; NS: Not significant at t 0.05. 

 
3.2 Phenolic Compounds 

Data presented in (Table 3) show the main effect of foliar application with antioxidants (AA and SA) on phenolic 
compounds i.e., total phenols, free phenols and bound phenols in wheat plant leaves grown under different levels 
of salinity stress in 2013/2014-2014/2015 seasons.  

The obtained results recorded the highest value of phenolic compounds under salinity stress levels S3 (10.65 
dSm-1). While, the lowest value of phenolic compounds under salinity stress levels were recorded under S1 (3.21 
dSm-1). The above mentioned effect of salinity stress on phenolic compounds in plant leaves may be 
substantiated by the findings published by Zahra et al. (2012) who showed that salinity stress increased 
phenolics compound in leaf tissue. Phenolics change optical properties of leaves might have possibility to 
protect photosynthetic apparatus during drought stress. Phenol accumulation could be a cellular adaptive 
mechanism for scavenging oxygen free radicals during stress (Mohamed & Aly, 2008). Spraying plants with 
AA& SA affects the phenolic compounds and showed significant decrease in phenolic compounds of wheat 
leaves during two seasons.  

Blokhina et al. (2002) stated that phenolic compounds are diverse secondary metabolites (flavonoids, tannins, 

hydroxycinnamate esters and lignin) abundant in plant tissues reviewed by Grace and Logan (2000). Polyphenols 
possess ideal structural chemistry for free radical scavenging activity. 

As for the effect of the interaction between spraying plants with antioxidant treatments and drought stress levels 
for all phenolic compounds it has insignificant, effect indicating that each factor act independently.  

3.3 Proline Concentration 

From the data given in (Table 3) it can be concluded that proline was accumulated in leaves of wheat plants 
grown under salinity stress, so that proline concentration increased linearly with increasing salinity levels in both 
seasons. Following this Ackerson (1984) argued that, cellular osmotic adjustment occurs in response to stress via 
an active or passive accumulation of salts.  

Ozdemir et al. (2004) reported that accumulation of proline has been considered as a carbon and nitrogen 
source for rapid recovery from stress and growth, stabilizer for membranes and some macro molecules and 
also a free radical scavenger.  
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Concerning the effect of foliar application of AA & SA on concentration of proline in wheat leaves, indicated 
further increase after application of AA & SA.  

Noctor and Foyer (1998) found that Ascorbate is the reductant used for the hydroxylation of proline residues 
during extension biosynthesis. Ascorbic acid is a major metabolic in chloroplast of higher plants and represents 
about 10% of the soluble carbohydrate pool in leaves (Liso et al., 1985) and is implicated in root elongation and 
cell wall expansion. Because phenoxyl radicals react much more readily with ascorbate than with each other, low 
concentrations of ascorbate can completely inhibit these oxidation reactions (Takahama & Oniki, 1994). 

Shakirova et al. (2003) found that SA-treated wheat seedlings providing the development of antistress reactions, 
for example, maintenance of proline accumulation.  

Regarding the interaction effect between foliar application with antioxidants (AA, SA) and different levels of 
salinity stress on the relative content of proline in leaves of wheat plant, proline concentration was increased by 
foliar spray of AA & SA. The higher proline content was recorded in plant maintained at high level S3 (10.65 
dSm-1) after foliar spray with AA at 0.2% followed by salinized plant at the same level sprayed with AA at 0.1% 
followed by SA at 0.2% finally SA at 0.1%. Similar results have been reported on maize by Hussein et al. (2007) 
who suggested that exogenous application of SA increased proline content under salinity stress conditions. 

3.4 Yield Parameters and Yield Quality 

Data presented in (Table 4) show the effect of foliar sprays with salicylic and ascorbic acids at different values 
on straw and grain yield, biological yield, weight of 1000 grain, protein content and yield efficiency of wheat 
plants grown under saline soils. All the values of foliar sprays with salicylic and ascorbic acids significantly 
increased yield parameters and yield quality as compared to untreated plants (without foliar spray) under all the 
soil salinity level in the two seasons.  

Data show that, dry matter of straw, grain and yield quality were decreased with increasing the soil salinity level. 
This trend was found true under all foliar sprays with salicylic and ascorbic acids at different rates. As mentioned 
above the untreated plants (without foliar spray) at maturity stage died off due to extremely high salinity (10.65 
dSm-1) in the two seasons. The highest values of yield parameters and yield quality occurred with AA2 treatment 
followed by AA1, SA2, SA1 respectively and untreated plants in descending order in the two seasons. values of 
yield parameters and yield quality of AA2 treatment were superior over the other treatment of both two 
successive seasons These results are in agreement with those obtained by Merwad and Abdel-Fattah (2015) who 
reported that spraying salicylic and ascorbic acids gave the highest fresh and dry weight of sorghum plants 
grown under saline calcareous soil conditions. From statistical analysis, results showed that the foliar spray with 
ascorbic acid at different rates under the saline level gave a significant increase in dry weight of straw and grain, 
protein content and yield efficiency compared to foliar spray with salicylic acid in the two investigated seasons. 
This result confirmed by El-Tayed (2005).  

 

Table 3. Main effects of foliar spray with antioxidants on phenolic compounds and proline concentration of 
wheat plants grown under salinity stress in 2013/2014-2014/2015 seasons 

Salinity (A) Treatment of foliar (B) 

Season 2013-2014 

Total phenols 
(mg/gm F. wt.) 

Free phenols  
(mg/gm F. wt.) 

Bound phenols  
(mg/gm F. wt.) 

Proline concentration  
(µmoles proline/gm F. wt.) 
in leaves 

S1 

Without 1.618 0.569 1.049 8.79 

SA1 1.597 0.558 1.039 9.30 

SA2 1.516 0.517 0.999 10.56 

AA1 1.505 0.516 0.989 11.10 

AA2 1.464 0.495 0.969 11.65 

Mean 1.540 0.531 1.009 10.28 

S2 

Without 1.719 0.618 1.101 11.48 

SA1 1.698 0.616 1.082 11.84 

SA2 1.647 0.584 1.063 14.01 

AA1 1.626 0.575 1.051 14.66 

AA2 1.565 0.533 1.032 15.15 
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Mean  1.651 0.585 1.065 13.42 

S3 

Without 2.678 0.989 1.689 15.11 

SA1 1.989 0.828 1.161 15.80 

SA2 1.797 0.667 1.130 19.63 

AA1 1.726 0.616 1.110 21.44 

AA2 1.685 0.595 1.090 22.17 

Mean 1.975 0.793 1.236 18.83 

Mean of treatment (foliar spray) 

Without 

SA1 

SA2 

AA1 

AA2 

2.01 0.73 1.28 11.79 

1.76 0.67 1.09 12.31 

1.65 0.59 1.06 14.95 

1.62 0.57 1.05 15.73 

1.57 0.54 1.03 16.32 

LSD 0.05%  

A 0.248 0.043 0.240 1.037 

B 0.320 0.055 0.309 1.339 

AB NS 0.095 NS NS 

Season 2014-2015 

S1 

Without 1.759 0.653 1.106 9.14 

SA1 1.728 0.619 1.109 9.75 

SA2 1.657 0.598 1.059 10.74 

AA1 1.616 0.586 1.030 11.23 

AA2 1.575 0.561 1.014 11.83 

Mean 1.667 0.603 1.063 10.53 

S2 

Without 1.968 0.794 1.174 11.66 

SA1 1.917 0.761 1.156 12.02 

SA2 1.816 0.694 1.122 13.83 

AA1 1.775 0.661 1.114 14.74 

AA2 1.724 0.636 1.088 15.46 

Mean 1.840 0.709 1.130 13.54 

S3 

Without 2.898 1.125 1.773 16.03 

SA1 2.121 0.894 1.227 16.73 

SA2 2.033 0.852 1.181 20.19 

AA1 1.998 0.828 1.170 21.82 

AA2 1.916 0.761 1.155 22.59 

Mean 2.193 0.892 1.301 19.47 

Mean of treatment (foliar spray) 

Without 

SA1 

SA2 

AA1 

AA2 

2.21 0.86 1.35 12.28 

1.92 0.76 1.16 12.83 

1.82 0.70 1.12 15.22 

1.80 0.69 1.10 15.93 

1.74 0.65 1.09 16.63 

LSD 0.05% 

A 0.208 0.040 NS 0.696 

B 0.268 0.051 NS 0.899 

AB NS 0.089 NS NS 

Note. SA1 = 0.1% Salicylic acid; SA2 = 0.2% Salicylic acid; AA1 = 0.1% Ascorbic acid; AA2 = 0.2% Ascorbic 
acid; S1 = 3 dSm-1; S2 = 6 dSm-1; S3 = 9 dSm-1; NS: Not significant at t 0.05. 
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Table 4. Main effects of foliar spray with antioxidants on yield parameters and yield quality of wheat plants 
grown under salinity stress in 2013/2014-2014/2015 seasons 

Salinity (A) Treatment of foliar (B) 

Season 2013-2014 

Straw yield 
(g plant-1) 

Grain yield 
(g plant-1) 

Biological Yield 
(g plant-1) 

Weight of 1000 
grains (g) 

Protein 
(g kg-1) 

Efficiency yield
(%) 

S1 

Without 1.26 0.66 1.92 42.90 137.6 34.21 

SA1 1.29 0.68 1.97 45.85 143.6 34.52 

SA2 1.32 0.70 2.02 48.30 149.5 34.60 

AA1 1.35 0.72 2.08 50.57 153.9 34.83 

AA2 1.40 0.76 2.15 55.35 158.1 35.14 

Mean 1.32 0.70 2.03 48.59 148.5 34.66 

S2 

Without 0.96 0.46 1.42 37.26 91.80 32.55 

SA1 1.12 0.53 1.65 38.10 96.90 32.26 

SA2 1.17 0.58 1.75 39.37 113.1 33.08 

AA1 1.15 0.61 1.76 40.17 124.3 34.53 

AA2 1.25 0.64 1.90 41.23 135.7 33.86 

Mean  1.13 0.57 1.70 39.23 112.3 33.25 

S3 

Without 0.00 0.00 0.00 0.00 00.0 0.00 

SA1 0.64 0.37 1.02 27.67 68.8 36.72 

SA2 0.78 0.41 1.20 28.37 74.7 34.54 

AA1 0.86 0.43 1.30 29.90 81.1 33.42 

AA2 0.92 0.45 1.37 32.00 87.2 33.25 

Mean 0.64 0.34 0.98 23.59 62.4 27.59 

Mean of treatment (foliar spray) 

Without 

SA1 

SA2 

AA1 

AA2 

0.739 0.372 1.11 26.72 76.4 22.25 

1.018 0.529 1.55 37.21 103.1 34.50 

1.093 0.564 1.66 38.68 112.4 34.07 

1.122 0.588 1.71 40.21 119.8 34.26 

1.190 0.619 1.81 42.86 127.0 34.08 

LSD 0.05% 

A 0.0072 0.0063 0.009 0.361 1.754 0.392 

B 0.009 0.008 0.0122 0.467 2.423 0.459 

AB 0.0162 0.0142 0.0211 0.808 4.015 0.845 

Season 2014-2015 

S1 

Without 1.12 0.57 1.69 41.23 127.3 33.79 

SA1 1.16 0.60 1.77 45.18 140.6 34.15 

SA2 1.21 0.64 1.85 47.49 151.1 34.59 

AA1 1.26 0.67 1.93 46.53 159.6 34.77 

AA2 1.29 0.70 2.00 54.35 163.6 35.23 

Mean 1.21 0.64 1.85 46.96 148.4 34.51 

S2 

Without 0.78 0.46 1.29 34.71 87.2 37.87 

SA1 0.92 0.49 1.41 35.40 92.7 34.60 

SA2 0.97 0.51 1.49 36.23 99.9 34.53 

AA1 0.95 0.53 1.48 37.73 106.2 35.96 

AA2 1.07 0.55 1.62 40.13 109.6 33.95 

Mean 0.93 0.51 1.44 36.84 99.1 35.38 

S3 

Without 0.00 0.00 0.00 0.00 0.00 0.00 

SA1 0.58 0.31 0.90 28.30 71.3 34.93 

SA2 0.65 0.37 1.02 29.63 78.3 36.48 

AA1 0.71 0.43 1.14 31.90 81.5 37.70 

AA2 0.76 0.45 1.22 33.27 85.3 37.81 
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Mean 0.54 0.32 0.86 24.62 63.3 29.38 

Mean of treatment (foliar spray) 

Without 

SA1 

SA2 

AA1 

AA2 

0.63 0.34 0.97 25.31 71.50 23.89 

0.89 0.47 1.36 36.29 101.5 34.56 

0.94 0.51 1.45 37.79 109.8 35.20 

0.97 0.54 1.52 38.72 115.8 36.14 

1.04 0.57 1.61 42.58 119.5 35.66 

LSD 0.05% 

A 0.010 0.008 0.015 0.317 1.885 0.421 

B 0.012 0.010 0.019 0.409 2.433 0.543 

AB 0.022 0.018 0.033 0.708 4.215 0.941 

Note. SA1 = 0.1% Salicylic acid; SA2 = 0.2% Salicylic acid; AA1 = 0.1% Ascorbic acid; AA2 = 0.2% Ascorbic 
acid; S1 = 3 dSm-1; S2 = 6 dSm-1; S3 = 9 dSm-1.  

 

3.5 Nutrient Uptake 

Data presented in (Table 5) show that the effect of foliar sprays with salicylic and ascorbic acids at different rates 
on N,P and K uptake of wheat plants grown under saline soils, All the rates of foliar sprays with salicylic and 
ascorbic acids significantly increased straw and grain N, P and K uptake as compared to untreated plants 
(without foliar spray) grown under all the soil salinity level in the two seasons. 

 

Table 5. Main effects of foliar spray with antioxidants on straw and grain NPK-uptake of wheat plants grown 
under salinity stress in 2013/2014-2014/2015 seasons 

Salinity (A) Treatment of foliar (B) 

Season 2013-2014 

Straw (mg plant-1) Grain(mg plant-1) 

N-uptake P-uptake K-uptake  N-uptake P-uptake K-uptake 

S1 

Without  19.52 3.69 32.42  18.16 2.31 18.16 

SA1 20.94 4.08 36.64  20.67 2.56 20.67 

SA2 23.03 4.54 40.59  22.87 2.82 22.87 

AA1 25.94 4.96 46.46  26.28 3.14 26.28 

AA2 32.60 6.38 51.69  29.51 3.83 29.51 

Mean 24.41 4.73 41.56  23.50 2.93 23.50 

S2 

Without 12.67 1.41 17.18  9.22 0.90 9.22 

SA1 15.46 2.17 20.64  10.90 1.40 10.90 

SA2 17.52 2.62 22.92  12.49 1.70 12.49 

AA1 18.51 2.88 24.91  14.37 1.98 14.37 

AA2 21.99 3.44 32.20  17.80 2.25 17.80 

Mean 17.23 2.50 23.58  12.96 1.65 12.96 

S3 

Without 0.00 0.00 0.00  0.00 0.00 0.00 

SA1 6.41 0.47 8.73  5.81 0.54 5.81 

SA2 9.35 0.71 11.83  7.07 0.66 7.07 

AA1 10.91 0.98 14.53  8.16 0.79 8.16 

AA2 11.92 1.31 16.22  8.92 0.97 8.92 

Mean 7.72 0.69 10.26  5.99 0.59 5.99 

Mean of treatment (foliar spray) 

Without 10.73 1.70 16.54  9.13 1.069 9.128 

SA1 14.27 2.24 22.00  12.46 1.500 12.462 
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SA2 16.63 2.62 25.11  14.14 1.729 14.142 

AA1 18.45 2.94 28.63  16.27 1.970 16.269 

AA2 22.17 3.71 33.39  18.74 2.353 18.743 

LSD 0.05% 

A 0.602 0.128 0.755  0.610 0.039 0.402 

B 0.776 0.166 0.975  0.787 0.050 0.519 

AB 1.34 0.288 1.68  1.36 0.087 0.899 

Season 2014-2015 

S1 

Without 17.09 2.72 27.36  12.73 1.82 11.79 

SA1 18.96 3.10 30.52  14.88 2.17 14.04 

SA2 21.14 3.71 32.92  16.96 2.56 15.70 

AA1 22.91 4.19 35.61  18.76 2.88 17.29 

AA2 29.07 5.05 43.14  20.19 3.47 21.83 

Mean 21.83 3.75 33.91  16.70 2.58 16.13 

S2 

Without 8.74 0.79 12.33  7.09 0.82 7.24 

SA1 11.81 1.14 16.10  7.92 1.02 7.84 

SA2 13.59 1.49 18.14  9.00 1.20 8.62 

AA1 13.93 1.77 18.68  9.94 1.42 9.44 

AA2 16.12 2.57 24.61  10.58 1.72 11.55 

Mean 12.84 1.55 17.96  8.90 1.24 8.94 

S3 

Without 0.00 0.00 0.00  0.00 0.00 0.00 

SA1 5.04 0.35 7.57  3.92 0.28 3.74 

SA2 5.94 0.47 9.17  5.13 0.42 5.02 

AA1 6.96 0.59 10.91  6.15 0.56 6.15 

AA2 8.12 0.73 12.20  6.88 0.71 7.02 

Mean 5.21 0.43 8.00  4.42 0.39 4.39 

Mean of treatment (foliar spray)  

Without 

SA1 

SA2 

AA1 

AA2 

8.61 1.17 13.21  6.61 0.88 6.34 

11.94 1.53 18.06  8.91 1.16 8.54 

13.56 1.89 20.07  10.36 1.39 9.78 

14.60 2.19 21.73  11.62 1.62 10.96 

17.77 2.78 26.70  12.55 1.97 13.47 

LSD 0.05% 

A 0.438 0.121 0.615  2.196 0.038 2.491 

B 0.566 0.156 0.794  2.835 0.049 3.216 

AB 0.980 0.270 1.375  4.910 0.085 5.571 

Note. SA1 = 0.1% Salicylic acid; SA2 = 0.2% Salicylic acid; AA1 = 0.1% Ascorbic acid; AA2 = 0.2% Ascorbic 
acid; S1 = 3 dSm-1; S2 = 6 dSm-1; S3 = 9 dSm-1; NS: Not significant at t 0.05. 

 

Data show that, straw and grain N, P and K uptake by wheat was decreased with increasing the soil salinity level. 
This trend was found to be true under all foliar sprays with salicylic and ascorbic acids at different rates. As 
mentioned before the untreated plants (without foliar spray) at maturity stage died off due to extremely high 
salinity (10.65 dSm-1) in the two seasons. Observed results are similar to those reported by Ahmad (2007) and 
Elgharbly (2008) who stated that the N, P and K content of wheat plants were significantly decreased with 
increasing soil salinity stress in sandy loam soils. Salts might inhibit plant growth and nutrient uptake by 
increasing the osmotic stress, nutritional imbalance, and specific ion toxicity. The extent of damage depends on 
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the severity of stress, growth conditions and plant sensitivity to salinity. Also Salt stress markedly decreased the 
plant fresh, dry biomasses and nutrient uptake of Na+, and Cl- concentrations (Naheed et al., 2008). With respect 
to the effect of foliar sprays with salicylic and ascorbic acids at different rates, data reveal that straw and grain N, 
P and K-uptake was increased with increasing the application rate of foliar spray with both acids under the soil 
salinity level in the two seasons. The highest values occurred with AA2 treatment followed by AA1, SA2, SA1 
and untreated plants that was in descending order of the two seasons. The increased values of grains N, P and K 
uptake by the AA2 treatment over the other treatments was represented by (62.5, 66 and 62.5%, respectively) 
under S1 level “3.21 dSm-1”, (93, 150 and 93%, respectively) under S2 level “6.32 dSm-1” and (153, 79.6 and 
53%, respectively) under S3 level “10.65 dSm-1” in the first season. The same trend was found in the second 
season. Similarly, Salicylic acid enhanced the growth of wheat plants under water stress (Singh & Usha, 2003) 
maize (Khodary, 2004) and barley (El-Tayed, 2005). From statistical analysis, results showed that the foliar 
spray with ascorbic acid at different rates under the saline level gave a significant increase in straw and grains 
NPK-uptake compared to foliar spray with salicylic acid in the two seasons. This result confirmed by Janda et al. 
(2007). Ascorbic acid regulates plant growth owing to its effects on cell division and differentiation. 

3.6 Anatomical Responses 

Data presented in (Table 6) and (Figure 1) showed that wheat plant subjected to salinity stress decreased 
thickness of leaf blade due to a corresponding decrease in thickness of mesophell tissue by increasing soli 
salinity. In addition, length and width of midvein were decreased due to decreasing length and width of vascular 
bundle for midvein. Moreover, thickness of scalaranchyma tissue and diameter of xylem vessels/bundle were 
also decreased, the low salinity treatment (3.21 dSm-1) reduced these parameters to a lesser degree than the 
moderate salinity (6.32 dSm-1) and high salinity (10.65 dSm-1). These results are in harmony with the findings of 
Khodos et al. (1976) and Abou-Bakr et al. (1998) on wheat plants.  

 

Table 6. Measurement in micron of certain light microscopically features of transverse section through the leaf 
blade from the apex of wheat plant (fully expanded leaf) as affected by the foliar application with (AA & SA) 
and different levels of salinity stress during 2013/2014 

Characters Treatments 
Thickness 
of blade 

Thickness of
mesophyll 
tissue 

Length of
midvein 

Width of 
midvein 

Length of
vascular 
boundles 
midvein 

Width of 
vascular 
boundles 
midvein 

Thickness of 
Schalaranchyma 
tissue 

Diameter 
of xylem
vessel 

Levels of  
salinity 

Foliar spray 
of anti-oxidants 

S 1 

3.21 dSm-1 

control 213.6 179.4 650.3 777.8 134.2 140.6 103.6 35.7 

AA 0.2% 232.8 184.5 682.5 905.8 142.5 145.2 107.4 36.8 

S 2 

6.32 dSm-1 

control 184.7 150.6 394.7 586.4 126.5 121.5 74.6 28.8 

AA 0.2% 221.2 174.8 510.6 745.7 131.6 128.6 80.8 31.4 

S 3 

10.65 dSm-1 

control 152.9 129.8 245.5 514.6 92.6 101.4 36.5 23.4 

AA 0.2% 179.6 158.3 320.6 583.2 108.4 119.5 48.6 28.6 

 

Therefore, it could be concluded that salinity stress may have an inhibitor effect on the activity of the various 
initial cells forming the leaf blade with regard to cell division and enlargement. Generally, the high level of 
salinity stress caused a reduction in the conductive tissues of wheat plant. The decrease in mesophyll tissue, 
xylem and phloem leads to a slow rate in the translocation of photoassimlates towards the developing grains. 
Furthermore, the decreases in the diameter of vascular bundle in the leaf blade resulted in lowering the 
accumulation of necessary water required for photosynthesis according to Khafagy et al. (2009) on sweet pepper 
plant. As for the effect of antioxidant treatment AA at the rate of 0.2% showed an increased in most investigated 
anatomical characters (thickness of leaf blade, thickness of mesophell tissue, length and width of midvein, length 
and width of vascular bundle for midvein, length and thickness of scalaranchyma tissue and diameter of xylem 
vessels/bundle) as compared to the control. These results are in accordance to those obtained Gadalla (2009) on 
wheat plants and Khafagy et al. (2009) on sweet pepper plant. The favourable effect of AA on anatomical leaves 
might be due to its effect on xylem vessel differentiation and development, growth rate, stimulating cell 
expansion, vacuolation and fluid uptake and cell division (Conklin, 2002). 
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Figure 1. Transverse sections in the flag leaf blade of wheat main stem as affected by the interaction treatments 

between foliar application with antioxidant (AA 0.2%) and three levels of salinity stress during the second 
growing season (2014/2015). Scale bars 10 µm 

Note. (1) 3.21 dSm-1 (S1) spraying with distilled water; (2) 3.21 dSm-1 (S1) spraying with AA 0.2%; (3) 6.32 
dSm-1 (S2) spraying with with distilled water; (4) 6.32 dSm-1 (S2) spraying with AA 0.2%; (5) 10.65 dSm-1 (S3) 
spraying with distilled water; (6) 10.65 dSm-1 (S3) spraying with AA 0.2%, A: Mesophyll tissue, B: Midrib 
vasccular bundle , C: Schalaranchyma tissue. 
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