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ABSTRACT 
Salinity is affecting plant growth and development. Low concentration of 

hydrogen peroxide (H2O2) has shown to be effective against various stress 

factors. In this study, effect of different H2O2 priming methods on growth, 

physiological and biochemical parameters in three wheat varieties (NKÜ 

Lider, Sultan-95, and Tosunbey) under salt stress were investigated. Salt 

stress (0 and 160 mM NaCl) was applied gradually to 100 µM H2O2 

applied (-H2O2: negative control, no application; H2O2: positive control, 

100 μM H2O2 applied; 1xH2O2: 100 μM H2O2 applied one year ago; 

2xH2O2: 100 μM H2O2 applied second time after one year) wheat 

seedlings. Biochemical results showed that the lowest H2O2 level was in 

NKÜ Lider variety and in -H2O2 and 1xH2O2 groups. The lowest 

thiobarbituric acid reactive substances (TBARS) level was in Tosunbey 

variety and 2xH2O2 group. The highest superoxide dismutase (SOD) 

activity was in NKÜ Lider variety, all H2O2 pre-treatment caused an 

increase in SOD activity and 2xH2O2 pre-treatment caused the highest 

SOD activity. However, H2O2 and TBARS levels increased in all 

application groups except 2xH2O2 group, while the H2O2 amount 

increased and TBARS level decreased in 2xH2O2 group. MnSOD was not 

detected in any groups. CuZnSOD increased in all groups except 2xH2O2 

groups under salt stress in Sultan-95 variety compared to FeSOD. H2O2 

pre-treatment better tolerated salt stress, and second-applied H2O2 pre-

treatment eliminated the stress and improved plant growth. In conclusion, 

it was determined that H2O2 re-pre-treatment to wheat seeds resulted in 

improvement of plant growth in tolerant varieties exposed to salt stress. 

 

Keywords: Priming, Stress biomarkers, Wheat cultivars, Superoxide dismutase activity 

 

 

1. Introduction 
 

Many different internal mechanisms allow plants to respond to environmental changes that have occurred during their 

evolutionary processes. When there is a history of exposure to many types of stress, the plant changes its response in subsequent 

stress conditions (Bruce et al. 2007). Stress often leads to histone or DNA modifications and changes in the expression of various 

susceptible genes. Some of these modifications occur in a single unstable individual. Epigenetic signs preserve in the absence of 

stimulants, which leads to "memorization" of stresses experienced by plants in the epigenetic environmental environment (He & 

Li 2018). 

 

Salt stress is one of the important abiotic stress factors that adversely affect plant growth and development (Ashraf 2009). 

The first response of the plant to salt stress is the decrease in leaf surface expansion rate and the halting of growth. The negative 

effects of salinity on plant growth are related to osmotic stress, food imbalance, specific ion effect and their combination (Ashraf 

& Harris 2004). Increasing salinity at the soil level limits the sustainable use of the field. High salt level cause oxidative stress 

because of increasing reactive oxygen species (ROS) (Rashidi et al. 2021). 

 

Plants are developing regulatory mechanisms to adapt to various environmental stresses (Saxena et al. 2016). ROS also play 

a holistic role as signalling molecules in the regulation of various biological processes in plants, such as growth, development, 

and responses to biotic and abiotic stimuli (Baxter et al. 2014). To eliminate all the negative factors that the seed encounters, 

accelerate germination and seedling growth and obtain high yield, various applications called priming are applied to the seeds 

before sowing. Priming is defined as a controlled water intake that will initiate the necessary metabolic activity for germination, 

but does not allow root uptake, and is defined as a physiological process in which the plant prepares to respond more quickly to 

abiotic stresses (Jisha et al. 2013). 
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There are many used priming techniques for improving seed quality properties for example osmopriming (Farooq et al. 2017), 

hormopriming, hydropriming (Wani et al. 2016) and chemical priming (such as H2O2) (Savvides et al. 2016). 

 

O2
.-, H2O2 and OH. excessive production of ROS causes oxidative stress in cells (Parida & Das 2005). Numerous studies have 

shown that low concentrations of ROS, especially H2O2, are effective in priming against various abiotic stress factors (Savvides 

et al. 2016). 

 

Triticum aestivum L. (wheat) is one of the most important global foods for human nutrition. Wheat, cultivation, and 

domestication as one of the main species closely related to the welfare of agriculture and settled societies; is one of the most 

grown products due to its high yield values, nutritional and processing properties. By 2050, the world population is estimated to 

reach nine billion, and the wheat yield of people's food needs to increase significantly (Jia et al. 2018). China is the largest wheat 

producer and consumer. China's annual wheat production is about 100 million tons (Shi & Ling 2018). In Turkey, wheat 

production is 20.5 million tons in 2020 (Anonymous 2021). 

 

 In this study, we investigated that the effect of different H2O2 priming methods on root length (RL), root dry weight (RDW), 

shoot length (SL), shoot dry weight (SDW), relative water content (RWC), stomatal index (SIn), stomatal conductance (SC), 

H2O2 and thiobarbituric acid reactive substances (TBARS) content, SOD activity and its isoenzyme profiling in three wheat 

varieties (NKÜ Lider, Sultan-95, and Tosunbey) under salt stress. 

 

2. Material and Methods 
 

2.1. Experimental material and design 

 

As plant material in this study were used three wheat varieties (NKÜ Lider, Sultan-95, and Tosunbey). 

 

The study was carried out at the laboratories of Departments of Agricultural Biotechnology, Faculty of Agriculture, Tekirdağ 

Namık Kemal University in 2018-2019. The experiment was arranged in a randomized split-split plot design with three 

replications. Each group was designed to contain at least 3 pots, and a trial was established with a total of 128 pots. The varieties, 

NaCl solutions and H2O2 pre-treatments were allotted to main plots, subplots, and sub-subplots, respectively.  

 

2.2. H2O2 seed priming 

 

The seeds of each variety were soaked in the different 100 μM H2O2 solutions (-H2O2: negative control, no application; H2O2: 

positive control, 100 μM H2O2 applied; 1xH2O2: 100 μM H2O2 applied one year ago; 2xH2O2: 100 μM H2O2 applied second time 

after one year) for 6 h under dark-room conditions for priming before sowing, and then the seeds were dried on filter paper at 

room temperature (Demirbas & Balkan 2020). 

 

2.3. Plant growth condition 

 

After priming, the 20 seeds were sown in a pot (13 cm depth; 1.5 l volume) contained perlite. The seedlings were grown in a 

plant growth room at 25±2/15±2 °C day/night with 16 h photoperiod, relative humidity 60% and photosynthetic flux density of 

approximately 250 µmol m-2 s-1. The salt concentrations mixed in Hoagland solution weekly gradually increased, and cultivation 

was carried out for 5 weeks (Hoagland & Arnon 1950). On the 35th day, morphological, physiological, and biochemical 

measurements were made, and plant materials were packed for biochemical analysis and stored at -20 °C. 

 

2.4. Salt stress treatment and plant harvest 

 

Fifteen-day seedlings were watered with 0-control and 160 mM NaCl diluted in Hoagland solutions. After salt stress application, 

leaves were harvested on the thirty-five-days for test and analysis. 

 

2.5. Plant growth parameters 

 

Ten randomly selected thirty-five-days-old seedlings per replicate were divided into roots and shoots. Firstly, they were measured 

with a ruler for root and shoot length (cm) (RL and SL) and then, they were dried in an oven for two days at 65 °C to determine 

dry weights (mg) (SDW and RDW). 

 

2.6. RWC test 

 

The fully developed leaves of the plants were taken and weighed to determine fresh weights (FW-mg). To obtain the turgid 

weight (TW-mg), these leaves were waited in closed petri dishes for 24 hours between distilled water and completely wet filter 

paper. Turgid leaves were quickly wiped with a paper towel to remove the water accumulation on them and reweighed to 
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determine the TW. Then, these leaves were dried at 70 °C for 48 hours and their dry weights (DW-mg) were found. The RWC 

of the leaves were calculated using the following equations (Smart & Bingham 1974): 
 

RWC (%) =
FW−DW

TW−DW
 x 100          (1) 

 

2.7. SIn 

 

The Sin level was determined from the third leaves of the wheat seedlings of 35 days. Transparent nail polish was applied to the 

bottom surface of the leaves cut from the plant. It was expected to dry. Later, the polish was gently peeled off the sheet and 

adhered to the slide and kept in room conditions until the day of measurement. Under the microscope, stoma (S) and epidermis 

cells (E) in the unit area at 400x magnification were counted and the Sin value was calculated according to the formula below 

(Radoglou & Jarvis 1990). Measurements were made three times from each group. 
 

SIn (%) =
S

S+E
 x 100  (2) 

 

2.8. SC  

 

The stomatal conductivity level of plants was measured from the second leaves by DECAGON brand SC-1 leaf porometer on 

the 35th day of the growing period. Measurements were recorded as mmol m-2 s-1 in triplicate from each group. 

 

2.9. Determination of H2O2 content 

 

0.1 g leaf tissues were homogenized with 100 mM potassium phosphate buffer (pH 6.8). The homogenates were centrifuged at 

14000 rpm for 30 min at 4 °C. After centrifugation, the supernatant reacted with peroxidase reagent. The mixture was waited at 

30 °C for 10 min, and then reaction was stopped after 1 N perchloric acid was added. After 10 min, supernatant was centrifuged 

at 14000 rcf for 5 min at 4 °C. The H2O2 content was spectrophotometrically determined at 436 nm according to H2O2 standard 

(Bernt & Bergmeyer 1974). 

 

2.10. Determination of lipid peroxidation level 

 

The lipid peroxidation level of plants was assayed by determining the level of MDA. The content of TBARS was assayed by 

MDA (Madhava Rao & Sresty 2000). 

 

2.11. Determination of total protein content and SOD activity 

 

The total protein content of the enzyme extract was assayed by Bradford method using BSA as a standard (Bradford 1976). The 

used reaction mixture for measuring SOD (EC 1.15.1.1) activity contained 33 μM NBT, 10 mM L-Methionine, 0.66 mM 

EDTA.Na2, and 3.3 µM riboflavin in 0.05 M Na-phosphate buffer (pH 7.8). The test tubes containing the reaction mixture (3 

ml) and 200 μl enzyme extract or distilled water were shaken and left for 10 min under an illumination of 300 μmol m−2 s−1 at 

room temperature. Maximum reduction of NBT resulted in maximum violet color in the supernatantless reaction mixture. A non-

illuminated reaction mixture served as the control. The reduction of NBT was inversely proportional to the SOD activity. One 

unit of SOD was defined as the amount of enzyme that inhibits 50% NBT photoreduction (Beauchamp & Fridovich 1971; 

Giannipolities & Ries 1977). A Mecasys Optizen POP UV/Vis spectrophotometer was used during all spectrophotometrically 

analyses. 

 

2.12. Identification of SOD isoenzymes 

 

0.2 g plant leaves were homogenised with buffer solution containing 50 mM Tris-HCl (pH 7.8), 0.1 mM 

ethylenediaminetetraacetic acid (EDTA), 0.2% Triton X, 1 mM phenylmethanesulfonyl fluoride (PMSF) and 2% 

polyvinylpolypyrrolidone (PVPP). The homogenates were centrifuged at 14000 rpm at 4 °C for 10 min. The supernatants were 

used for electrophoretic separation of SOD isoenzymes. The isoenzymes were separated by native polyacrylamide gel 

electrophoresis (PAGE) using 4% stacking and 12.5% running gels with a buffer consisting of %100 at 4 °C at 80 mA for 2 h 

with a Junyi JY-SCZ2+ mini vertical electrophoresis. The total amount of protein applied per lane was 75 µg. After 

electrophoresis, the gels were stained with riboflavin, nitroblue tetrazolium (NBT) and EDTA in Na-P buffer (pH 7.8) for 45 

min in the dark. The gels were washed with dIH2O and visualized with white light (Arora & Bhatla 2017; Beauchamp & 

Fridovich 1973). Inhibitors of SOD before staining, such as 2 mM potassium cyanide (KCN) and 3 mM H2O2, were used to 

detect the different types of SOD (Vitória et al. 2001). After staining, the gels were visualized under UV light using a Quantum 

ST5 Gel Imaging System (Vilber Lourmat). SOD isoenzymes were determined densitometric using Biocapt software. 

 

2.13. Statistical analysis 

 

This study was carried out in 3 repetitions according to the split parcels trial pattern, which was divided in random parcels. All  
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physiological and biochemical data were analysed using one-way ANOVA (MSTAT) program and differences between the 

averages were compared with the LSD Test. Values with P≤0.05 were considered statistically significant. The results are 

presented in the tables as mean ± SE. 

 

3. Results 
 

3.1. RL and SL 

 

RLs were increased not significantly by 1.20% under salt stress as compared to untreated plants (Figure 1). RLs in the groups 

which were treated by H2O2, 1xH2O2, and 2xH2O2 groups were different. RLs were decreased by 3.09% and %1.58 in H2O2 and 

1xH2O2 groups, whereas they were increased by 3.56% in the 2xH2O2 group (P<0.01). We found that the Sultan-95 variety had 

the RL (213.74 mm) as compared to other varieties (P>0.05) (Table 1a). 

 

  

  

  

  

  
 

Figure 1- Effect of average NaCl on RL, RDW, SL, SDW, RWC, SIn, SC, H2O2, TBARS and SOD activity parameters in 

wheat seedlings. Means values followed by different letters are significantly different at P<0.05 (* Significant correlations at P value 

≤0.05, and ** at P value ≤0.01.  ns: non-significant). 
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Table 1- Changes in RL (a), RDW (b), SL (c), and SDW (d) parameters of seed primed wheat seedlings with  

H2O2 under salt stress 

 

a) RL (mm) Groups  

Variety NaCl (mM) -H2O2 H2O2 1xH2O2 2xH2O2 Variety Average 

NKÜ Lider 
0 169.56 j 205.67 f 218.33 d 219.78 cd 

NKÜ Lider 209.44 
160 232.61 b 196.11 ghı 203.83 f 229.67 b 

Sultan-95 
0 217.00 d 189.89 ı 200.33 fgh 246.50 a 

Sultan-95 213.74 
160 219.89 cd 226.44 bc 196.17 ghı 213.67 de 

Tosunbey 
0 226.22 bc 194.33 hı 200.83 fgh 231.33 b 

Tosunbey 209.92 
160 218.33 d 199.72 fgh 206.83 ef 201.78 fg 

H2O2 Average 213.94 b 202.03 c 204.39 c 223.79 a  

LSD H2O2: 3.014** VarietyxNaClxH2O2: 7.382** Variety: ns 

 
b) RDW (mg) Groups  

Variety NaCl (mM) -H2O2 H2O2 1xH2O2 2xH2O2 Variety Average 

NKÜ Lider 
0 17.40 j 34.15 c-f 34.07 c-f 35.52 cde 

NKÜ Lider   30.47 b 
160 23.63 ı 29.63 g 28.88 gh 40.50 a 

Sultan-95 
0 19.89 j 26.85 h 23.35 ı 38.37 ab 

Sultan-95 31.40 ab 
160 35.88 bc 35.80 bcd 35.35 cde 35.71 bcd 

Tosunbey 
0 32.45 f 28.25 gh 32.87 ef 33.20 def 

Tosunbey 32.34 a 
160 29.77 g 29.62 g 36.26 bc 36.27 bc 

H2O2 Average 20.50 c 30.72 b 31.80 b 36.59 a  

LSD H2O2: 1.091** VarietyxNaClxH2O2: 2.673** Variety: 1.282* 

 

c) SL (mm) Groups  

Variety NaCl (mM) -H2O2 H2O2 1xH2O2 2xH2O2 Variety Average 

NKÜ Lider 
0 340.22 ı 282.89 f 235.28 j 236.28 ıj 

NKÜ Lider 252.09 c 
160 292.61 e 205.89 m 183.00 n 240.56 ı 

Sultan-95 
0 330.28 b 284.56 f 218.00 l 248.56 h 

Sultan-95 259.13 b 
160 280.06 f 215.78 l 227.00 k 268.78 g 

Tosunbey 
0 337.78 a 322.56 c 298.50 d 289.83 e 

Tosunbey 288.83 a 
160 289.44 e 294.00 de 231.67 jk 246.83 h 

H2O2 Average 311.73 a 267.61 b 232.24 d 255.11 c  

LSD H2O2: 1.963 ** VarietyxNaClxH2O2: 4.808** Variety: 3.061** 

 

 
d) SDW (mg) Groups  

Variety NaCl (mM) -H2O2 H2O2 1xH2O2 2xH2O2 Variety Average 

NKÜ Lider 
0 57.24 b 52.45 c 44.13 g 46.86 f 

NKÜ Lider   45.41 b 
160 44.33 g 41.83 hı 34.69 j 41.71 hı 

Sultan-95 
0 46.97 f 49.55 de 34.38 j 49.75 de 

Sultan-95 42.99 c 
160 42.55 gh 41.19 hı 39.83 ı 39.67 ı 

Tosunbey 
0 63.71 a 62.60 a 50.92 cd 48.61 ef 

Tosunbey 49.94 a 
160 47.71 ef 48.88 def 44.27 g 32.83 j 

H2O2 Average 50.42 a 49.42 b 41.37 d 43.24 c  

LSD H2O2: 0.925** VarietyxNaClxH2O2: 2.266** Variety: 0.844** 
 

*: Significant correlations at P value ≤ 0.05, and **: at P value ≤0.01.  ns: non-significant 

 

SLs were decreased by 13.11% (P<0.01) under salt stress as compared to untreated plants (Figure 1). SLs were decreased by 

14.15%, 25.50% and %18.16 in H2O2 and 1xH2O2, and 2xH2O2 groups (P<0.01). We found that the Tosunbey variety had the 

longest shoot (288.83 mm) (P<0.01) as compared to other varieties (Table 1c).    

 

3.2. RDW and SDW 

 

RDW was increased significantly by 11.48% under salt stress as compared to untreated plants (Figure 1). RDW in the groups 

which were treated by H2O2, 1xH2O2, and 2xH2O2 groups were different. RDW was increased by 49.85%, 55.12% and 78.49% 

in H2O2, 1xH2O2 and 2xH2O2 groups (P<0.01). We found that the Tosunbey variety had the highest dry root weight (32.34 mg) 

(P<0.01) as compared to other varieties (Table 1b). 

 

SDW was decreased by 17.75% (P<0.01) under salt stress as compared to untreated plants (Figure 1). SDW was decreased 

by 1.98%, 17.95% and 14.24% in H2O2 and 1xH2O2 and 2xH2O2 groups (P<0.01). We found that the Tosunbey variety had the 

highest dry shoot weight (49.94 mg) (P<0.01) as compared to other varieties (Table 1d).    
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3.3. RWC 

 

RWC was decreased not significantly under salt stress as compared to untreated plants (Figure 1). RWC in the groups which 

were treated by H2O2, 1xH2O2, and 2xH2O2 groups were different. RWC was increased not significantly by 2.59% and 0.80% in 

H2O2 and 2xH2O2 groups, whereas they were decreased by 0.20% in 1xH2O2 group. We found that the Sultan-95 variety had the 

highest RWC (90.51%) as compared to other varieties (P>0.05) (Table 2a).   

 
Table 2- Changes in RWC (a), SIn (b) and SC (c) parameters of seed primed wheat seedlings with H2O2 under salt stress 

 

a) RWC (%)  Groups  

Variety NaCl (mM) -H2O2 H2O2 1xH2O2 2xH2O2 Variety Average 

NKÜ Lider 
0 91.32 94.04 87.72 90.87 

NKÜ Lider   89.13 
160 87.55 89.23 84.08 88.23 

Sultan-95 
0 88.11 91.87 91.97 92.74 

Sultan-95 90.51 
160 87.92 91.57 87.94 91.95 

Tosunbey 
0 89.39 91.48 88.12 91.07 

Tosunbey 87.46 
160 85.70 85.50 89.06 79.36 

H2O2 Average 88.33 90.62 88.15 89.04  

LSD H2O2:ns VarietyxNaClxH2O2:ns Variety:ns 

 
b) SIn (%) Groups  

Variety NaCl (mM) -H2O2 H2O2 1xH2O2 2xH2O2 Variety Average 

NKÜ Lider 
0 8.98 jk 18.30 a 12.29 d 6.70 m 

NKÜ Lider   11.01 a 
160 10.06 gh 14.15 c 10.68 efg 6.87 m 

Sultan-95 
0 9.85 hı 8.09 l 9.07 ıjk 17.22 b 

Sultan-95 9.66 c 
160 6.42 mn 9.66 hıj 11.24 e 5.73 no 

Tosunbey 
0 8.70 kl 10.40 fgh 6.09 mn 17.92 ab 

Tosunbey 10.31 b 
160 12.39 d 11.01 ef 10.98 ef 4.98 o 

H2O2 Average 9.40 c 11.94 a 10.06 b 9.90 b  

LSD H2O2: 0.324** VarietyxNaClxH2O2: 0.793** Variety: 0.321** 

 
c) SC (mmol m-2s-1) Groups  

Variety NaCl (mM) -H2O2 H2O2 1xH2O2 2xH2O2 Variety Average 

NKÜ Lider 
0 58.50 c-h 56.37 f-j 52.60 ı-l 57.80 d-h 

NKÜ Lider   57.80 
160 54.53 h-l 59.83 b-f 62.90 abc 59.90 b-f 

Sultan-95 
0 50.40 l 51.47 kl 56.67 e-ı 59.43 b-g 

Sultan-95 55.58 
160 54.70 g-l 58.03 c-h 62.37 a-d 51.57 jkl 

Tosunbey 
0 55.77 f-k 55.97 f-k 56.07 f-k 45.43 m 

Tosunbey 58.21 
160 62.40 a-d 61.47 a-e 64.80 a 63.77 ab 

H2O2 Average 56.05 b 57.18 b 59.23 a 56.32 b  

LSD H2O2: 1.993** VarietyxNaClxH2O2: 4.880** Variety: ns 
 

*: Significant correlations at P value ≤ 0.05, and **: at P value ≤ 0.01.  ns: non-significant 

 

3.4. SIn 

 

Stomal index was decreased significantly by 14.63% under salt stress as compared to untreated plants (Figure 1). Stomal index 

was increased by H2O2 applications. Stomal index was increased by 27.02%, 7.02% and 5.32% in H2O2, 1xH2O2 and 2xH2O2 

groups (P<0.01). We found that the NKÜ Lider variety had the highest stomal index (11.01%) (P<0.01) as compared to other 

varieties (Table 2b).    

 

3.5. SC 

 

SC was increased significantly by 9.10% under salt stress as compared to untreated plants (Figure 1). SC in the groups which 

were treated by H2O2, 1xH2O2, and 2xH2O2 groups were different. SC was increased by 2.02%, 5.67% and 0.48% in H2O2, 

1xH2O2 and 2xH2O2 groups (P<0.01). We found that the Tosunbey variety had the highest SC (58.21 mmol m-2s-1) as compared 

to other varieties (P>0.05) (Table 2c).   

 

3.6. H2O2 

 

H2O2 content was increased significantly by 25.00% under salt stress as compared to untreated plants (Figure 1). H2O2 contents 

were increased by 11.54% and 3.85% in H2O2 and 2xH2O2 groups (P<0.01). We found that the NKÜ Lider variety had the lowest 

H2O2 content (0.26 µM) (P<0.01) as compared to other varieties (Table 3a).    
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Table 3- Changes in H2O2 (a), TBARS (b) and SOD (c) parameters of seed primed wheat seedlings with H2O2 under salt stress 

 

a) H2O2 (µM) Groups  

Variety NaCl (mM) -H2O2 H2O2 1xH2O2 2xH2O2 Variety Average 

NKÜ Lider 
0 0.21 lm 0.21 lm 0.20 m 0.27 fg 

NKÜ Lider   0.26 c 
160 0.26 gh 0.25 hı 0.35 b 0.33 c 

Sultan-95 
0 0.24 ıj 0.29 de 0.22 kl 0.23 jk 

Sultan-95 0.28 a 
160 0.27 fg 0.44 a 0.26 gh 0.25 hı 

Tosunbey 
0 0.30 d 0.28 ef 0.23 jk 0.20 m 

Tosunbey 0.27 b 
160 0.27 fg 0.27 fg 0.28 ef 0.33 c 

H2O2 Average 0.26 c 0.29 a 0.26 c 0.27 b  

LSD H2O2: 0.005** VarietyxNaClxH2O2: 1.136** Variety: 0.005** 

 
b) TBARS (nmol/g FW) Groups  

Variety NaCl (mM) -H2O2 H2O2 1xH2O2 2xH2O2 Variety Average 

NKÜ Lider 
0 6.18 j 6.42 ı 5.11 o 5.80 l 

NKÜ Lider   7.22 a 
160 8.60 d 10.75 a 7.73 f 7.15 h 

Sultan-95 
0 3.91 s 4.86 p 6.38 ı 4.52 q 

Sultan-95 6.34 b 
160 7.50 g 9.52 b 8.39 e 5.60 m 

Tosunbey 
0 6.14 jk 4.90 p 4.13 r 5.32 n 

Tosunbey 6.29 b 
160 7.61 fg 6.99 h 9.18 c 6.01 k 

H2O2 Average 6.66 c 7.24 a 6.82 b 5.73 d  

LSD H2O2: 0.068** VarietyxNaClxH2O2: 0.164** Variety: 0.052** 

 
c) SOD (U mg-1 protein) Groups  

Variety NaCl (mM) -H2O2 H2O2 1xH2O2 2xH2O2 Variety Average 

NKÜ Lider 
0 302.85 k 312.07 j 379.23 f 335.53 h 

NKÜ Lider   400.33 a 
160 324.51 ı 315.66 j 467.94 b 764.84 a 

Sultan-95 
0 194.81 q 402.08 e 418.31 d 311.76 j 

Sultan-95 318.35 b 
160 219.84 p 235.82 o 325.07 ı 439.11 c 

Tosunbey 
0 245.27 n 339.29 h 326.07 ı 269.50 m 

Tosunbey 274.20 c 
160 199.53 q 180.96 r 354.35 g 278.63 l 

H2O2 Average 247.80 d 297.65 c 378.50 b 399.90 a  

LSD H2O2: 3.151** VarietyxNaClxH2O2: 7.719** Variety: 3.204** 

 
*: Significant correlations at P value ≤ 0.05, and **: at P value ≤ 0.01.  ns: non-significant 

 

3.6. TBARS 

 

TBARS level was increased significantly by 49.15% under salt stress as compared to untreated plants (Figure 1). TBARS levels 

in the groups which were treated by H2O2, 1xH2O2, and 2xH2O2 groups were different. TBARS level was increased by 8.71% 

and 2.40% in H2O2 and 1xH2O2 groups, whereas the level was decreased by 13.96% in the 2xH2O2 group (P<0.01). We found 

that Tosunbey variety had the lowest TBARS level (6.29 nmol/g FW) as compared to other varieties (P<0.01) (Table 3b).    

 

3.7. SOD activity and isoenzyme profiling 

 

SOD activity was increased significantly by 7.02% under salt stress as compared to untreated plants (Figure 1).  SOD activity 

was increased by H2O2. SOD enzyme activity was increased by 20.12%, 52.74% and 61.38% in H2O2, 1xH2O2 and 2xH2O2 

groups (P<0.01). We found that NKÜ Lider variety had the highest SOD activity (400.33 U mg-1 protein) (P<0.01) as compared 

to other varieties (Table 3c).    

 

We found that two SOD isoenzymes showed the activity. MnSOD isoenzyme activity was not determined in all wheat 

varieties. CuZnSOD isoenzyme had higher activity than FeSOD isoenzyme except in 2xH2O2 group in Sultan-95 variety under 

salt stress (Figure 2-3). 
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Figure 2- The effects of H2O2 treatments (-H2O2, H2O2 and 1xH2O2 and 2xH2O2) on native-PAGE separation of SOD 

isoenzymes (MnSOD, FeSOD and CuZnSOD) in wheat varieties under salt stress (0 and 160 mM NaCl) 

 

CuZnSOD isoenzyme activity in NKÜ Lider variety, in the 0 mM NaCl groups were found to be increased by 30.36%, 

18.32% and 15.84%, respectively, in the H2O2, 1xH2O2 and 2xH2O2 groups compared to the -H2O2 group. In Sultan-95 variety, 

CuZnSOD isoenzyme activity in the 0 mM NaCl groups increased by 9.60% and 12.42% in the H2O2 and 2xH2O2 groups, 

respectively, compared to the -H2O2 group. In Tosunbey variety, CuZnSOD isoenzyme activity in the 0 mM NaCl groups reduced 

by 14.44% and 23.78% in the H2O2 and 2xH2O2 groups compared to the -H2O2 group. It increased by 19.15% in the 1xH2O2 

group (Figure 2-3). 

 

CuZnSOD isoenzyme activity in NKÜ Lider variety under salt stress increased in all H2O2 groups compared to the control 

group. In Sultan-95 variety, only 2xH2O2 application decreased the activity by 74.53%. In Tosunbey variety, 1xH2O2 application 

decreased the activity by 11.48% (Figure 2-3). 
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Figure 3- Effect of H2O2 pre-treatments (-H2O2, H2O2 and 1xH2O2 and 2xH2O2) on percentage distribution of SOD 

isoenzymes under salt stress in wheat varieties (a: NKÜ Lider, b: Sultan-95, c: Tosunbey)  
 

1xH2O2 application caused an increase of 43.95% in FeSOD isoenzyme activity although 2xH2O2 application decreased the 

activity by 10.04% in NKÜ Lider variety. In Sultan-95 variety, all H2O2 applications caused an increase of 17% to 29% in the 

FeSOD isoenzyme activity. In Tosunbey variety, 1xH2O2 and 2xH2O2 applications caused decreases of 36.22% and 14.42%, 

respectively, in the activity (Figure 2-3).  

 

1xH2O2 application caused an increase of 39.94% in the FeSOD isoenzyme activity in NKÜ Lider variety compared to the 

control group (-H2O2-0) under salt stress. However, -H2O2, H2O2 and 2xH2O2 applications decreased the activity by 60.91%, 

5.55% and 56.05%, respectively. In Sultan-95 variety, all H2O2 applications caused increases of 26% to 68%. In Tosunbey 

variety, H2O2 and 1xH2O2 applications caused increases of 36.50% and 28.95% in the FeSOD isoenzyme activity under salt 

stress (Figure 2-3). 

 

4. Discussion 
 

Hydrogen peroxide causing oxidative stress in high concentrations in plants functions as a signal molecule in stimulating the 

plant defense system at low concentrations (Saxena et al. 2016). In previous studies, H2O2 has been applied by the researchers 

as a seed priming agent (Savvides et al. 2016) and has been reported to have a positive effect on the growth and development of 

wheat (Ashfaque 2014) and triticale (Demirbas & Balkan 2020) under stress conditions. Here, we focused on how H2O2 affects 

wheat seedlings under salt stress one generation after H2O2 treatment. Compared to the -H2O2 treatment group, H2O2 application 

caused an increase in RWC, SC, SIn and RDW, while the SL, RL, and SDW decreased. 1xH2O2 treatment caused an increase in 

SC, SIn, and RDW, and a decrease in RWC, SL, RL, and SDW. While 2xH2O2 application caused an increase in SL and RDW, 

and a decrease in RWC, SC, SIn, SL, and SDW (Table 1 and 2). 
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The highest RWC, RL, RDW and FeSOD isoenzyme band density was observed in Sultan-95 variety (Table 1a, b; Table 2a; 

Figure 2). The highest SC, SL, and SDW and the lowest TBARS level were observed in Tosunbey variety (Table 1c, 1d, 2c). 

The highest SIn, SOD activity and CuZnSOD isoenzyme band density and the lowest H2O2 level were observed in NKÜ Lider 

variety (Table 2b, 3c, Figure 2). 

 

Triple interaction (Variety x NaCl x H2O2) was statistically significant for all parameters except RWC (Table 1-3). This result 

indicated that there was not any effect of H2O2 pre-treatment on leaf water status. The correlation between the parameters showed 

that there was a positive relationship between RWC and SDW and SIn. This result indicated that leaf water content affected 

stomata density and shoot development. The positive correlation between SC and H2O2 and TBARS indicated that stomata gas 

exchange arranged oxidative stress in wheat seedlings. The positive correlation between RDW and SOD and H2O2 showed that 

increasing H2O2 level with SOD activity increased root growth (Table 4). 

 
Table 4- Correlation matrix of growth, physiologic and biochemical parameters in wheat seedlings 

 
Variable RWC SC RL RDW SL SDW SIn SOD H2O2 TBARS 

RWC 1.000 -0.334** 0.035ns -0.048ns 0.104ns 0.287* 0.242* 0.061ns -0.220ns -0.122ns 

SC  1.000 0.203ns   0.200ns -0.370** -0.233* -0.087ns 0.065ns 0.349** 0.457** 

RL   1.000 0.455** -0.101ns -0.062ns 0.221ns 0.027ns 0.112ns 0.035ns 

RDW    1.000 -0.419** -0.219ns 0.019ns 0.253* 0.277* 0.121ns 

SL     1.000 0.768** -0.058ns -0.396** -0.352** -0.512** 

SDW      1.000 0.213ns -0.283* -0.259* -0.372** 

SIn       1.000 -0.222ns -0.388** 0.089ns 

SOD        1.000 0.152ns 0.008ns 

H2O2         1.000 0.421** 

TBARS          1.000 

 
*: Significant correlations at P value ≤ 0.05, and **: at P value ≤ 0.01.  ns: non-significant 

Hydrogen peroxide (H2O2), relative water content (RWC), root dry weight (RDW), root length (RL), shoot dry weight (SDW), shoot length (SL), stomatal 

conductance (SC), stomatal index (SIn), superoxide dismutase (SOD), thiobarbituric acid reactive substances (TBARS) 

 

H2O2 level, TBARS level, SOD activity, CuZnSOD and FeSOD isoenzyme band density increased in H2O2 group compared 

to -H2O2 group at salt tolerance level of H2O2 pre-treatment. In 1xH2O2 group, TBARS level, SOD activity and FeSOD 

isoenzyme band density increased, CuZnSOD isoenzyme band density decreased and H2O2 level did not change. In the 2xH2O2 

group, H2O2 level and SOD activity increased, TBARS level, CuZnSOD and FeSOD isoenzyme band density decreased (Table 

3 and Figure 2). These results have shown the similarity to wheat plants’ response to pre-treatment with AsA (Athar et al. 2008), 

K (Ahanger & Agarwal 2017) and SNP (Ali et al. 2017) against salt stress. And salt stress in wheat plants caused an increase in 

SOD activity. This result is similar to studies of (He et al. 2009) and (Ashfaque 2014). MnSOD is a constitutive antioxidant 

enzyme in mitochondria, and it can vary between species and varieties, but in general, it is quite stable under environmental 

stresses (Asensio et al. 2012). In this study, MnSOD isoenzyme activity was not determined in any groups (Figure 2). This result 

indicated that there was not any mitochondrial response to H2O2 pre-treatment.  

 

On the other hand, the increase in the amount of H2O2 and TBARS in the groups other than the 2xH2O2 application group 

showed a negative relationship compared to the above studies. In the 2xH2O2 application group, the amount of H2O2 increased 

while the amount of TBARS decreased. This result is similar to Tabassum et al. (Tabassum et al. 2017) study which they obtained 

with the second application of CaCl2. 

 

5. Conclusions 
 

Plant growth was improved by eliminating the pressure caused by salt stress in the development of wheat seedlings by removing 

the second H2O2 pre-application. As a result, this study demonstrated for the first time that the H2O2 application made before 

sowing in wheat contributes positively to the growth of the wheat plant by stimulating the SOD activity against salt stress. It can 

be said that the information obtained in this study will provide an important accumulation of knowledge for many scientific 

studies in which the pre-application increases the plant tolerance level, how the epigenetic mechanism is triggered, and all aspects 

of the antioxidant defense system will be examined more comprehensively. 
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