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 Greenhouse plot experiment was conducted to evaluate the effects of applied hydrogen 
peroxide (H2O2) on salt tolerance response of two cultivars of wheat: Gemaiza 9 (G9) 
and Sakha 93 (S93) differed in their salt tolerance. Two concentrations of H2O2 (0.1 and 
0.2 mM) were added with irrigation water of various levels of salinity (0.65, 10 and 15 
dSm-1).After 50 days of sowing, both fresh and dry weights of G9 shoots significantly 
improved due to addition of 0.1 mM H2O2 to water than those of S93in comparison 
with corresponded salinity levels. Proline content of plant shoots was increased in S93 
treated with saline water and H2O2-contained saline water. Proline in S93 was higher 
than that with G9 in all treatments. Under 100 and 150 mM NaCl stress, soluble sugars 
increased by 16.8 and 28.5%, respectively in G9, when compared with the control while 
further increases (44 and 61.8%) were found in S93 under the same stress. Addition of 
H2O2 to salt water stimulated G9 wheat plants to produce more soluble sugars compared 
with non H2O2-treated salt-stressed plants, while no more stimulation for sugars 
synthesis was observed in S93. Addition of 0.1mM H2O2 to non saline water decreased 
sodium uptake by G9 and S93 when compared with the control and then further 
decreases were observed with 0.2 mM H2O2. Application of 0.1 mMH2O2 to saline 
water was effective to additional decreases in Na+ uptake by S93 than by G9. Potassium 
uptake increased in G9 with addition of 0.1 mM H2O2 when compared with the non 
H2O2-treated saline water. K:Naratio has been improved under salinity stress due to 
addition of 0.1 mM H2O2in S93.Addition of H2O2 to irrigation water enhanced both 
biomass and grain yields of G9 at all levels of water salinity while decreased the yields 
of S93.This study concluded that application of H2O2to saline water in the early growth 
stages would improve plant growth and yield of salt-sensitive wheat cultivars. 
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INTRODUCTION 

 
 The water scarcity in Egypt and the expected deteriorations in the fresh water resources availability as a 
result of climate change and Ethiopian Dam construction will lead to find out alternative resources and/or use 
the low quality water resources for irrigation purposes. In addition, secondary soil salinization of most cultivated 
lands in the country had reached to about 30% of total agricultural area [1].  
 Plants are frequently exposed to adverse environmental conditions, termed abiotic stresses such as salinity, 
drought, heat, cold, flooding, heavy metals, ozone, UV radiation, etc. Thus, they pose serious threats to the 
sustainability of crop yield [2]. Abiotic stresses remain the greatest constraint to crop production worldwide. 
These stress conditions lead to a series of morphological, physiological, biochemical and molecular changes that 
adversely affect plant growth and productivity [3]. It has been estimated that more than 50% of yield reduction 
is the direct result of abiotic stresses [4]. However, the rapidity and efficiency of these responses may be 
decisive for the viability of the given species.  
 The adverse effects of salinity have been attributed to an increase in sodium (Na+) and chloride (Cl−) ions. 
These ions produce critical conditions for plant survival by intercepting different plant mechanisms. Both Na+ 
and Cl− produce many physiological disorders in plants [5]. A plant’s response to salt stress depends on the 
genotype, developmental stage, as well as the intensity and duration of the stress. The outcome of these effects 
may cause the disorganization of cellular membranes, inhibit photosynthesis, generate toxic metabolites and 
decline nutrient absorption, ultimately leading to plant death [5]. In general, the response of a plant to salinity is 
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reduction in growth [6]. Osmotic stress due to salinity leads to a slow of both growth rate and developmental 
characteristics such as vegetative development, net assimilation capacity, leaf expansion rate and leaf area index 
[7,8]. A reduction in photosynthesis is also one of the most conspicuous effects of salinity stress [9,10]. 
 To overcome the hazard effects of high salinity stress, numerous attempts were conducted to alleviate 
salinity tolerance by grown crops through application of exogenous antioxidants such ascorbic acid [11] and 
glutathione [12,13,14,15].Foliar application of abssesic acid (ABA) to wheat genotypes grown under salt stress 
increased proline synthesis as indicator for salinity tolerance and improved yield [16]. 
 Hydrogen peroxide (H2O2) is one of the reactive oxygen species and plays two divergent roles in plants: at 
low concentrations, it acts as signaling molecule for the activation of defense responses under stresses, whereas 
it causes exacerbating damage to cellular components at high concentrations [17]. The recent studies showed 
that pretreatment of wheat plants with low concentrations of H2O2 in the germination and seedling stages 
improved salinity tolerance by plants through various responses such as improvement of pigments synthesis 
[18,19] and improvement of leaf water relations and photosynthetic capacity in wheat seedlings [20]. Several 
reports confirmed that enhanced antioxidant defense combats oxidative stress induced by abiotic stressors like 
salinity [14,15,21] and drought [22,23]. 
 Since both types of salinity stress occur in about 25% of irrigated agricultural soils in the north of Nile 
Delta area, the objective of the current work was to evaluate the effect of hydrogen peroxide (H2O2) application 
with saline water of irrigation during the germination and seedling stages on alleviating salinity stress and yield 
improvement in two wheat cultivars differing in their salinity tolerance. 
 

MATERIALS AND METHODS 
 
Greenhouse experiment: 
 Two wheat (Tritium aestivum L.) cultivars; Gemaiza 9 (G9) and Sakha 93 (S93) were obtained from Wheat 
Research Institute, Agricultural Research Center, Giza, Ministry of Agriculture and Land Reclamation (MALR), 
Egypt. These two wheat cultivars (G9 and S93) are classified as salt sensitive and salt tolerant, respectively [24]. 
The seeds were surface sterilized with 0.1 % HgCl2solution for 10 min. then washed several times by tap water 
followed by distilled water [25].  
 In a greenhouse containing 40 separated one-meter square plots filled with alluvial soil, 18.0 g of seeds 
(represent 372 seed in average) were surface-broadcasted on soil of each plot. The main physical and chemical 
properties of the soil are shown in Table (1). Before seeds sowing, one-third of the recommended doses of 
phosphorus (100 kg P2O5ha-1.) and potassium (120 kg K2O ha-1.) in the forms of single-super phosphate (15.5% 
P2O5) and potassium sulfate (50% K2O), respectively, were added and mixed with the upper 10-cm soil layer. 
Equal three doses (60kg N ha-1) of nitrogen, as ammonium sulfate, were applied after 20, 45 and 80 days of 
sawing. Plots were irrigated with the following irrigation water treatments: 1- tap water (control), 2- 100.0 mM 
NaCl solution, 3- 150 mM NaCl solution, 4- 0.10 mM H2O2 solution, 5- 0.20 mM H2O2 solution, 6- 100.0 
mMNaCl+0.1 mM H2O2 solution, 7- 100.0 mMNaCl+0.2 mM H2O2 solution, 8- 150.0 mMNaCl+0.1 mM H2O2 
solution and 9- 150.0 mMNaCl+0.2 mM H2O2 solution. Each treatment was repeated three times and distributed 
randomly. The application of H2O2 with irrigation water was continued until 50 days from sawing then the 
irrigation only with saline water was continued until 21 days before harvest. 
 After 50 days from sawing, plant samples were withdrawal and shoot fresh weight was measured. Part of 
fresh shoot was oven-dried at 70 oC for 48 hours and the dry weight was recorded and in another part, the 
concentration of proline was determined. The concentration of K+ and Na+ was measured in the oven-dried plant 
material. At harvest, plant height was recorded and both biomass and grain yields were measured.  
 
Determination of Proline: 
 Proline content was determined according to the method outlined by Bates et al. (1973)[26]. Fifty–day 
dried ground shoots (0.25 g) were homogenized in 5 ml 3% sulfosalicylic acid and extract was centrifuged at 
8000 x g for 15 min. One ml filtrate was mixed with equal volumes of acetic acid and ninhydrin reagent (1.25 g 
ninhydrin, 30 ml glacial acetic acid, 20 ml 6 M H3PO4) and incubated for 1 h at 100°C. The reaction was 
stopped by placing the test tubes in ice cold water. The samples were rigorously mixed with 3 ml toluene. After 
50 min, the light absorption of the toluene phase was measured at 520 nm on UV/VIS double beam JENWAY 
(model 6850) spectrophotometer. The proline concentration was determined using a standard curve. Free proline 
content was expressed as μmolg-1fresh weight. 
 
Determination of Soluble Sugars:  
 In 50-day old fresh plant shoot, soluble sugars were measured by the following procedure: 1.0 g dry shoot 
was homogenized with 10 ml 95% ethanol. One-tenth ml alcoholic extract preserved in refrigerator was mixed 
with 3 ml anthrone reagent (150 mg anthrone, 100 ml of 72% sulfuric acid, W/W). The samples were placed in 
boiling water bath for 10 minutes. The light absorption of the samples was measured at 625 nm using UV/VIS 
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double beam JENWAY (model 6850) spectrophotometer. The concentration of soluble sugar were determined 
using glucose standard and expressed as mg g-1Fresh weight (FW) of leaves [27,28]. 
 
Determination of Sodium and Potassium: 
 For the determination of sodium (Na+) and potassium (K+), 0.500 g ground and sieved (0.5 mm) of oven-
dried plant materials were transferred into porcelain crucibles and subjected to dry ashing at 550 oC for 5 hours 
in a muffle furnace [29]. The plant ash was dissolved in 5.0 mL 2.0N HCl and completed with distilled water to 
50 mL then  
 
Table 1: The main physical and chemical properties of the used soil. 

Property Value 
Particle size distribution: 

Sand (%) 
Silt (%) 
Clay (%) 

Soil texture: 
Total carbonate (%) 

Cation exchange capacity (CEC, cmol/kg) 
Electrical Conductivity (EC, dS/m) 

pH 
Water soluble cations (meq/L) 

Ca2+ 
Mg2+ 
Na+ 
K+ 

Water soluble anions (meq/L) 
Cl- 

HCO3
- 

SO4
2- 

8.11 
22.80 
69.09 
Clay 
5.42 
45.52 
1.51 
7.88 

 
6.10 
3.22 
8.00 
0.36 
11.15 
1.60 
3.76 

 
 Filtered using Whatmann No. 42 filter paper. The concentrations of Na+ and K+ were measured using flame 
photometer (JENWAY model PFP7/C) and their contents in plant shoots were calculated. 
 The obtained results were statistically analyzed and analysis of variance was conducted using Costat under 
windows software [30]. 
 

RESULTS AND DISCUSSION 
 
Effect of H2O2 treatment on shoot growth: 
 Table (2) presents the effect of H2O2 applied with saline water on the mean of fresh and dry weight of 50-
day old plant shoot of the two wheat cultivars (G9 and S93). The fresh weight (FW) of G9 plant shoot irrigated 
with saline water was sharply decreased with increasing water salinity (by about 10 and 37% with 100 and 150 
mM  
 
Table 2:Average and standard deviation values of some physiological parameters of 50-days old plant shoot of G9 and S93 wheat cultivars irrigated with saline water treated by different 
   levels of H2O2. . 

Treatment 
Fresh weight (g plant-

1) 
Dry weight    (g 

plant-1) 
Proline       (µmol g-

1 FW) 
Soluble sugars (mg 

g-1 FW) 
K+          (g kg-1 DW) Na+        (gkg-1 DW) 

 
G9 

control 18.010±0.115 6.103±0.214 2.35±0.22 18.04±0.15 63.386±20.291 15.307±8.294 
S1 16.150±0.826 5.320±0.145 2.92±0.07 21.07±0.13 50.811±10.040 17.908±7.693 
S2 11.370±0.508 3.967±0.143 3.58±0.29 23.19±0.49 46.735±2.597 14.981±7.693 

H2O2 0.1 mM 18.633±0.625 6.130±0.357 2.58±0.05 17.93±0.06 53.729±6.322 10.144±6.184 
H2O2 0.2 mM 18.187±0.841 6.290±0.315 2.88±0.21 23.01±0.14 56.073±5.234 8.294±4.945 

S1+H2O20.1 mM 17.313±0.775 5.483±0.180 3.57±0.30 25.01±0.15 53.491±10.711 13.769±2.099 
S2+H2O20.1mM 14.720±0.252 4.510±0.408 4.58±0.31 28.99±.031 47.735±13.571 20.518±3.035 
S1+H2O20.2 mM 17.387±0.549 6.003±0.105 4.07±0.12 31.06±0.18 41.250±2.214 15.288±3.473 
S2+H2O20.2mM 17.687±0.615 5.927±0.165 5.01±0.04 29.19±0.22 45.431±2.242 13.760±5.480 

 
S93 

control 19.337±3.220 6.940±0.139 3.20±0.31 18.67±0.12 51.819±10.495 8.294±1.233 
S1 20.333±1.741 7.140±0.180 7.10±0.22 26.89±0.30 45.032±13.676 7.693±0.898 
S2 17.920±0.796 5.950±0.087 8.22±0.10 30.20±0.51 36.826±1.431 7.693±0.898 

H2O2 0.1 mM 19.397±1.866 6.923±0.059 4.48±0.46 18.34±0.49 54.080±7.181 6.184±0.831 
H2O2 0.2 mM 18.657±0.669 6.123±0.223 5.19±0.82 20.44±0.51 48.057±3.997 4.945±0.791 

S1+H2O20.1 mM 20.703±1.020 7.017±0.038 8.00±0.01 27.18±0.45 28.851±1.561 2.099±0.250 
S2+H2O20.1mM 19.420±0.975 6.577±0.295 10.41±0.53 27.53±0.45 23.502±0.879 3.035±1.512 
S1+H2O20.2 mM 18.543±2.856 6.520±0.386 8.37±0.55 30.86±0.13 21.174±1.328 3.473±0.971 
S2+H2O20.2mM 18.817±1.626 6.237±0.345 11.27±0.25 30.89±0.18 25.862±1.358 5.480±1.242 

 
 NaCl-irrigation water, respectively). The FW of S93 slightly improved (about 5%) and decreased (about 
7.3%) with irrigation by 100 and 150 mM NaCl-irrigation water, respectively. These results are closed to 
previous work on the same cultivars when seedlings grown on saline clay soils and irrigated with H2O2-primed 
fresh water [18].  
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 Addition of 0.1 mMH2O2 to irrigation water improved the growth and increased FW of G9 (by about 7.2 
and 29.5%) more than those irrigated by 100 and 150 mM NaCl, respectively). Table (2) also showed that 
addition of 0.2 mM H2O2 to high saline water (150 mM NaCl) prohibited the reduction in FW in G9. Slight 
changes were observed in FW of S93 shoots according to application of H2O2 to all levels of salinity of 
irrigation water (Table 2). The same trend was observed with respect to dry weight (DW) of 50-day old shoots 
of the two studied cultivars. These results, of FW and DW of plant shoot, showed that the salt-sensitive wheat 
cultivar (G9) was more affected by salinity than the salt-tolerant one (S93) and was more responded to addition 
of H2O2 to saline irrigation water than S93. 
 
Effect of H2O2 treatment on proline content in plant: 
 After 50 days of plantation of both wheat cultivars, proline content of plant shoots was increased in S93 
irrigated by saline water and H2O2-contained saline water whereas slight increase was observed in G9 according 
to the same treatments (Table 2) as compared to plants irrigated by non-saline water. Figure (1) summarized the 
changes in proline concentration in wheat plant shoots as a result of H2O2 addition to irrigation water with 
different salinity levels. The results indicated that there was a relationship between salinity levels of irrigation 
water and proline concentration in both wheat cultivars as well as added levels of H2O2 to irrigation water. The 
concentration of proline in salt-tolerant cultivar (S93) was higher than that in salt-sensitive one (G9) in all 
treatments. 
 
Effect of H2O2 treatment on soluble sugars content in plant 
Under 100 and 150 mM NaCl stress, soluble sugar content in 50-day old wheat shoots of G9 cultivar increased 
by 16.8 and 28.5%, respectively, when compared with the control (P < 0.05) while further increases in soluble 
sugars (44 and 61.8%) were found in S93 wheat cultivar under the same stress (Table 2). When the plants were 
treated with H2O2 with different rates, soluble sugars content markedly increased by 27.5 and 9.5% in G9 and 
S93 only with 0.2 mM H2O2 (Fig. 2). Under salt stress of  
 

 
 
Fig. 1: Proline concentration in 50-day old plant shoot of G9 and S93 wheat cultivars irrigated with different 
       levels of saline water treated with different concentrations of hydrogen peroxide. 
 
 NaCl, pronounced increases in soluble sugars were found in G9 cultivar when primed with 0.1 mM H2O2 
(39.5 and 61.7% for 100 and 150 mM NaCl-treated water, respectively) than those monitored with 0.2 mM 
H2O2 (35 and 26.9% for 100 and 150 mM NaCl-treated water, respectively). The relative increase in total 
soluble sugars in S93 was about 50% for all salt stressed plant treated with both concentrations of H2O2 (Fig. 2). 
The results of soluble sugars denoted that addition of hydrogen peroxide to salt water stimulated G9 wheat 
plants (salt sensitive cultivar) to produce more soluble sugars compared with non H2O2-treated salt-stressed 
plants, while no more  
 
 Stimulation for soluble sugars synthesis was observed with the same treatments for S93 (salt tolerant 
cultivar). 
 
Effect of H2O2 treatment on Sodium and potassium uptake: 
 Table (2) showed that addition of 0.1mM H2O2 to non saline water significantly decreased sodium uptake 
by G9 (33.7%) and by S93 (25.4%) when compared with control treatment. Further decreases in Na+ uptake 
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were observed when fresh irrigation water was treated with 0.2 mM H2O2 (45.8 and 40.4% reduction in G9 
andS93, respectively). Application of H2O2 to saline irrigation water at concentration of 0.1 mM NaCl was 
effective to additional decreases in Na+ uptake by S93 cultivar (72.7 and 60.6% reduction with 100 and 150 mM 
NaCl-treated water, respectively) comparing with H2O2-non treated saline water (Table 2). Sodium uptake by 
G9 wheat cultivar under the same treatments of H2O2 of saline water was also reduced but by decreasing rates 
(Table 2).  

 
 
Fig. 2: Soluble sugars concentration in 50-day old plant shoot of G9 and S93 wheat cultivars irrigated with    
      different levels of saline water treated with different concentrations of hydrogen peroxide. 
 
  Potassium uptake by shoot decreased with increasing salinity of irrigation water in both tested cultivars 
(Table 2). Addition of H2O2 to irrigation water did not improve K+ uptake by S93 while applied 0.1 mM H2O2 to 
irrigation water increased K+ uptake by G9 when compared with non H2O2-treated saline water. 
 The ratio of K:Nain plant shoot, as one of salinity tolerance, has been improved only when H2O2was 
applied to non saline water and was increased in both wheat cultivars with increasing its levels (Fig. 3).With 
increasing salinity of irrigation water, only addition of 0.1 mM H2O2 to water markedly improved K:Na ratio in 
the shoots of S93. 
 
Biomass and Grain Yield: 
 Table (3) showed that at harvest, irrigation with 100 and 150 mMNaCl saline water reduced plant height of 
G9 cultivar by 11.1 and 17.5%, respectively, while for S93 lesser reductions in plant height were 3.8 and 
6.7%with the same treatments. Addition of 0.1 mM H2O2 to irrigation water improved plant height in both 
tested cultivars at all levels of salinity and the increase of plant height of G9 was more than that of S93 (Table 
3). On the other hand, the increases ofplant height were more pronounced with 0.1 mM H2O2-treated water than 
with 0.2 mM H2O2 treated ones for both the two wheat cultivars. 
 As shown in Table (3), total biomass yield of salt-sensitive wheat cultivar (G9) was markedly affected by 
irrigation with saline water than the yield of salt-tolerant one (S93). About 8.4 and 33.1% reduction in total yield 
of G9 was found when the plant irrigated with 100 and 150 mM NaCl-treated water, respectively, while slight 
improvement (+1.2%) and reduction (-5.7%) in the total yield of S93 when irrigated with the same treatments, 
respectively, as compared with the control. Addition of H2O2 to irrigation water enhanced total biomass of G9 at 
all levels of water salinity. Maximum increase in total biomass (19.6%) was obtained from G9 irrigated with 0.2 
mM H2O2–treated 150 mM NaCl-irrigation water. This concentration of H2O2 negatively affected the total 
biomass of S93 since the yield was decreased about 5.5 and 5.0% due to  irrigation by 100 and 150 mM NaCl 
irrigation water, respectively (Table 3).  
 Similar trend was observed with the grain yields of the two wheat cultivars (Table 3). Maximum reduction 
in grain yield (29.6%) was resulted from irrigation of G9 with 150 mM NaCl contained water. Application of 
H2O2 by 0.1 and 0.2 mM to saline water improved the grain yield of G9 at all levels of water salinity and the 
maximum increase (19.8%) was obtained due to the treatment of 0.2 mM H2O2 + 150 mM NaCl irrigation 
water. A negative response was found with the salt-tolerant wheat plant (S93) where the reductions in grain 
yield (5.4 and 5.0 %) were found when plants were irrigated by 100 and 150 NaCl-water treated with 0.2 mM 
H2O2 (Table 3).   
  
Conclusion: 
 The results of fresh and dry weights of the plant shoot of the two wheat cultivars confirmed the salt 
sensitivity of G9 (sharp decrease in FW and DW) and tolerance of  S93 (improvement of FW and DW with 100 
mM NaCl contained irrigation water and slight decreases with 150 mM NaCl) which agree with the recent 
studies [18,31]. The concentration level of proline increased with increasing of irrigation water salinity or 
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application levels of H2O2 to water in S93 than in G9. Therefore, the mechanism of proline accumulation was 
pronounced in salt-tolerant cultivar with increasing salinity and lower extent with increasing H2O2 levels in 
irrigation water. Jaleel et al. [25, 25] attributed the accumulation of proline to decreasing its oxidation during 
salt stress and inhibition in the activity of proline degrading enzymes, proline oxidase and proline 
dehydrogenase in salt stressed plants. Consequently, addition of H2O2 to NaCl-stressed wheat plants has a 
significant effect on partial alleviation of salinity stress. 
 

 
 
Fig. 3: Potassium:sodium ratio in 50-day old plant shoot of G9 and S93 wheat cultivars irrigated with different 
      levels of saline water treated with different concentrations of hydrogen peroxide. 
 
 It seems that the promotion effect of H2O2 priming on photosynthesis pigments of wheat cultivars (G9 and 
S93) grown on saline soils in previous work [18] was reflected on the content of soluble sugar (Fig. 2). Under 
salt stress, the synthesis of soluble sugars was promoted by salt-tolerant genotypes (S93) more than by salt-
sensitive ones (G9). It is clear that application of 0.1 mM H2O2 in combination with salt water enhanced the 
soluble sugars accumulation in G9 than in S93 and subsequently, may play a significant role in the improvement 
of osmo-regulation process in salt sensitive wheat genotypes. El-Lethy et al. (2013) [33] found very close 
results due to salt stress effect on the growth of S93 and G9. They concluded that accumulated soluble sugars 
allowed the plant to maintain cellular turgor pressure necessary for cell expansion and such of these compounds 
also act as osmoprotacts. 
 The ratio of K:Na in the shoot of 50-day old plants of the two wheat cultivars showed variations between 
both (Table 2). Sakha-93 (tolerant plant) had high K:Na ratio than G9 (Sensitive plant) had as one of the 
properties of salt-tolerant genotypes [18,34]. Addition of H2O2 to saline water by concentrations 0.1 and 0.2 mM 
mostly decreased both Na+ and K+ in both cultivars and, consequently, did not improve the ratio of K:Na as one 
of the major parameter of salt-tolerance improvement. Exogenous application of H2O2 showed ameliorating 
effects in terms of lowering the levels of Na+ in plant as compared to that in salt stressed plants. The most 
distinctive effect on ion homeostasis could be observed when 0.1mM H2O2 was applied under saline condition 
[19]. The reduction of Na+ accumulation, particularly in G9, was reflected on biomass and grain yield 
improvement (Fig. 4) and gave an importance for H2O2 as ameliorating agent for salt-sensitive wheat cultivars. 
Analysis of variance (Table 4) showed that all of the treatments and their interactions had significant (P ≤ 0.05) 
effects on the tested variables. 
 

 
 
Fig. 4: Biomass and grain yield of G9 and S93 wheat cultivars irrigated with different levels of saline water 
       treated with different concentrations of hydrogen peroxide. 
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Table 3: Three-way ANOVA for the effect of hydrogen peroxide applied to saline water on some physiological parameters and yield of  Gemaiza 9 and Sakha 93 wheat cultivars grown 
     on clay soil.  

           
Factor Treatment 

SFW (g 
plant-1) 

SDW (g 
plant-1) 

Plant 
Height 
(cm) 

Proline 
(µmol g-1 

FW) 

Soluble 
sugars (mg 

g-1 FW) 

K (g kg-1 
DW) 

Na (g kg-1 
DW) 

Biomass 
(kg (m2)-

1) 

Grain yield 
(kg (m2)-1) 

Cultivar 
          

 
G9 16.606 b 5.526 b 56.834 b 3.503 b 24.535 b 50.960 a 14.441 a 1.315 b 0.459 b 

 
S93 19.236 a 6.603 a 62.567 a 7.356 a 25.709 a 37.245 b 5.322 b 1.563 a 0.537 a 

 
LSD (0.05) 0.443 0.137 1.134 0.205 0.187 5.174 1.05 0.02 0.007 

Water salinity 
          

 
0.65 dS m-1 18.703 a 6.418 a 62.579 a 3.446 c 19.403 c 54.524 a 8.695 b 1.547 a 0.533 a 

 
10 dS m-1 18.405 a 6.247 a 60.112 b 5.669 b 27.076 b 40.102 b 10.038 ab 1.504 b 0.522 b 

 
15 dS m-1 16.656 b 5.538 b 56.409 c 7.177 a 28.887 a 37.682 b 10.911 a 1.266 c 0.439 c 

 
LSD 0.05 0.399 0.186 1.247 0.174 0.243 4.601 1.459 0.022 0.008 

H2O2           
 

0.0mM 17.187 b 5.903 b 58.154 b 4.562 c 23.008 c 49.102 a 11.979 a 1.411 a 0.485 b 

 
0.1mM 18.364 a 6.107 a 61.168 a 5.599 b 24.228 b 43.565 a 9.125 b 1.453 a 0.504 a 

 
0.2mM 18.213 a 6.183 a 59.779 a 6.132 a 28.130 a 39.641 a 8.540 b 1.453 a 0.505 a 

 
LSD 0.05 0.687 0.174 1.617 0.422 0.171 9.733 1.671 0.035 0.012 

Significance H2O2 * * * ** *** ns ** * * 

 
water salinity *** *** *** *** *** *** * *** *** 

 
Cultivar *** *** *** *** *** *** *** *** *** 

 
Salinity x H2O2 *** *** ns *** *** ns * ns ns 

 
Cultivar x H2O2 *** *** * *** *** ns * *** *** 

 
Cultivar x salinity *** *** * *** *** ns *** *** ** * 

 
Cultivar x salinity x 

H2O2 
* ns ns ns *** ns ** *** ** 

*P < 0.05; **P < 0.01; ns: not significant 
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