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ABSTRACT  
 

       A pot experiment was carried out at the   green house of the National Research Center, Dokki, 
Egypt during the winter season of 2013/ 2014 to evaluate the effect of hydrogen peroxide spraying on 
growth, yield and antioxidative defense system of canola plants grown under water regime condition. 
Dry weight of shoots and roots significantly affected by drought. Subjected plants to 12 days irrigation 
intervals decreased root and shoots dry weight by 29.07 and 36.16 %, respectively compared to that 
plants irrigated by4 days intervals. Seed yield/plant, seeds No/pod, 100 seeds weight, seeds No/plant 
and pods No/plant were decreased by   62.21, 37.08, 22.22, 52.33, 25.72 % in comparable with that of 
control plants. Application of H2O2 either with 1.0 or 2.0 mM increased dry matter of shoots and root. 
Seed yield/ pod and seed number/plant showed the same responses while for weight of 100 seeds, both 
concentrations induced approximately the same response Glutathione concentration in seeds slightly 
increased by the 8 days intervals while ASA showed slight decreases with water treatments. But total 
phenols were slightly affected in seeds of canola plants. Lipid peroxidation decreased continuously as 
the concentration of H2O2 increased up to the highest level used. Also, H2O2 concentration showed the 
same response. Total phenols as well as ASA and GSH concentrations were reversely responded which 
increased with increase in H2O2. Concerning the activity of APX, CAT and PPO enzymes reached its 
higher values when plants sprayed by 2.0 mM H2O2. Generally, the addition of H2O2 improved almost 
all growth and yield criteria, increased antioxidant enzymes activity in leaves and non enzymatic 
antioxidants in seeds beside lowering oxidative damage in canola plants under different irrigation 
intervals.                                                                                                                                            

 
Keywords: Canola, Irrigation intervals, Hydrogenperoxide, Growth, Yield, Lipid peroxidation,      

Oxidative defense                                                          

 
Introduction 
 

Canola (Brassica napus L.) oil contains two essential fatty acids in our diet where the body unable 
to make them by itself. Alpha-linolenic acid (ALA) is considered to be fatty acid with an essential 
omega-3. It participates in the protection against heart attacks and strokes by lowering bad cholesterol. 
Linoleic acid (LA) is fatty acid with an essential omega-6 

Agriculture in arid and semiarid regions face many challenges such as lack of water, salinity and 
poverty of nutrients. Water deficit is more effective than other stresses in limiting the development of 
crops (Yamaguchi-Shinozaki et al., 2002). Moreover, Drought is one of the most important 
manifestations of abiotic stress in plants and it is the major factor affects yield-limiting of crop plants. 
Drought exacerbates the effect of the other abiotic or biotic stresses. Plants have evolved mechanisms 
for adaptation and survival during water deficit (Carvelho, 2008). 

In Egypt, there is a pig gap in oil for human consumption or for industrial purposes and a great 
challenge to fulfill the demand of edible oils for the population, where, the approximate amount of 
edible oil imports (95 to 97%) from various countries (Anonymous, 2013). Therefore, efforts to be 
needed for increasing the local production from edible oil and narrowing this gap between production 
and consumption. Canola (Brassica napus L.) as a new oil crop ranked 3rd in oil yielding crops. It could 
be the most important source of plant oil in the world. Canola seeds contain 40-42% oil and 25% protein. 
Its oil contains 61% oleic acid, 8.8% linoleic acid, and its oil quality superior to the other oil seeds 
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(Reyes, 2007). Moreover, it has very low saturated fatty acids, which raising daily demand of canola 
oil in diet aware consumers (Rastegar, 2004) 

Growth and photosynthesis were partially or completely suppressed by water stress (Kramer and 
Boyer, 1995), and that mostly led to limiting of crop yield. Plant damage caused by drought stress is 
variable depending on the level and duration of the stress and other environmental factors (Glantz, 
1994), that happen when the rate of transpiration exceeded the rate of water absorption (Bray, 1997). 
Hydrogen peroxide is a signaling molecule in plants (Hung et al., 2005). H2O2, moderately reactive and 
has relatively long half-life, it is well known that excess of H2O2 in plant cells lead to the occurrence of 
oxidative stress. It established and well known that H2O2 has two somewhat opposing roles in plant. A 
wide generated stable reactive oxygen species is the Hydrogen peroxide (H2O2), is considered as an 
important signaling molecule that mediates various physiological and biochemical processes in plants 
(Niu and Liao, 2016) where H2O2 application acts (as a second messenger) in response to various 
stresses, such as salt stress in plants. Where H2O2 acts as a key regulator in several physiological 
processes (Uchida et al., 2002; Ashfaque et al., 2014). H2O2 is found to be involved in the acclimation 
and tolerance of plants grown under salt stress (Li et al., 2011; Wang et al., 2013) 

Therefore, this work designed to evaluate the effect of hydrogen peroxide as a signal molecule 
on growth, yield and antioxidant defense system of canola plants grown under drought condition. 
 

Materials and Methods 
 
Studied factors  
 
Irrigation intervals:  
 

The following three irrigation intervals were applied throughout the period of plant life until crop: 

4, 8 and 12 days between irrigations.  These irrigation intervals treatments were applied 21 days after 

planting. 

 

H2O2 treatments: 

  

The following H2O2 concentrations were used during the experiment: HO = untreated plants 

(control treatment). H1= sprayed with 1.0 mM H2O2. H2= sprayed with 2.0 mM H2O2. 

 

Planting and growth conditions: 

  

A pot experiment was carried out at the   greenhouse of the National Research Center, Dokki, 

Egypt during the winter season of 2013, 2014. Seeds were provided from the Agricultural Research 

Center, Giza, Egypt and directly sown on the 15th of November in earthenware pots of 40 cm diameter 

filled with 15 kg of clay loam soil. Plants were then thinned to two plants /pot at 10 days after sowing. 

The mechanical and chemical analyses of the soil were determined according to the standard method 

described by Klute, (1986) and results are shown in Table (1). 

 

Table 1: Physical and Chemical Properties of the Experimental Soil. 
Sand (%) Silt (%) Clay (%) Textural class 
25.80 36.00 38.00 Clay loam 

F.C (%) W.P (%) A.W (%) H.C (cm/h) B.D. (g/cm3) 
31.01 16.20 14.81 1.19 1.10 

pH 
EC 

(dSm-1) 
Soluble cations (mole  L-1) Soluble anions (mole L-1) 

7.70 0.60 
Ca++ Mg++ Na+ K+ Cl- CO3-- HCO3- SO4-- 
1.11 0.88 2.20 1.48 0.75 2.14 1.14 1.65 
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All pots received a recommended doses of N, P and K fertilizers, namely 6 g calcium super 
phosphate (15.5% P2O5), 1.5 g potassium sulphate (48.5 % K2O) and 1.5 g ammonium nitrate (33.5% 
N), which was added immediately before sowing. Seeds were regularly irrigated with tap water for 20 
days; then the different irrigation intervals were established every 4, 8 and 12 days. All pots were 
weighted on a beam balance before and during the irrigation, to determine the degree of depletion in 
the soil moisture content and the calculating amount of water was added. The general principal stated 
by Boutraa and Sanders, (2001) was used for the water treatments application. The three exogenous 
hydrogen peroxide treatments and all possible combinations between them were tested. Each of these 
treatments was sprayed twice during the plant’s life: the first after 40 days from sowing and the second 
time two weeks later. Foliar sprays were applied always early in the morning. 
                                                                                                                                                                       
Experimental design:  
 

This experiment included 9 treatments which included all combinations between three irrigation 
intervals levels (D4, D8, and D12) and three exogenous H2O2 treatments (H0, H1 and H2). Treatments 
were arranged in a split plot design with six replicates each, and different irrigation treatments were 
assigned at random in the main plots, while sub-plots were devoted to the different exogenous H2O2 
treatments. However, the statistical analysis of the experiment was done as described in the randomized 
complete plot design. 

                                                                                                                                                           
Samples collection: 
 

At 65 days from sowing the plants were sampled at random to estimate the following characters: 
shoot height (cm), root height (cm), shoot dry weight and root dry weight (g) and for Biochemical 
measurements in leaves. At harvest, measurements of the yield and its components were recorded. 

                                                                                                               
Biochemical measurements:  
 
Enzymatic and non enzymatic antioxidants measurements: 
  

Extraction of the antioxidant enzymes Ascorbate peroxidase (APX) and Catalase (CAT) were 
determined as 5g of frozen leaves tissues were homogenized in prechilled mortar in presence of 10 ml 
of 50 mM potassium phosphate buffer (pH7) with 1% (W/V) insoluble polyvinyl pyrolidone (PVP) and 
0.1 mM EDTA. The extraction procedures were repeated twice and supernatants were pooled, raised to 
a certain volume, referred as crude enzyme extract, all operations were carried out at -4ºC for further 
analysis. The activity of APX (EC1.11.1.11) was determined according to Nakano and Asada, (1981). 
The activity of catalase (EC1.11.1.6.) was determined according to the methods of Aebi (1983). Poly 
phenole oxidase (PPO)(EC 1.10.3.1) was determined using the method of Oktay et al. (1995). Non 
enzymatic antioxidants (ASA, GSH, and total phenol) were measured in a fine powdered air dried seeds 
.  Ascorbic acid (AsA) content was assayed as described by Kampfenkel et al. (1995). Reduced 
glutathione (GSH) was measured with Ellman’s reagent according to Silber et al. (1992). Total phenolic 
compound contents were determined by the colourimetric method of folin-Denis as described by Daniel 
and George, (1972). A calibration curve of pyrogallol was prepared, and the results were expressed as 
mg Pyr (Pyrogallol).  

                                          
Oxidative damage measurements:  
 

The generated hydrogen peroxide (H2O2) content was measured according to Jana and Choudhuri, 
(1981). Lipid peroxidation was determined by measuring Malondialdehyde (MDA) content as described 
by Dhindsa et al. (1982).  
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Statistical analyses:  
 

The collected data were subjected to the statistical analysis of variance using the normal (F) test 
and means were evaluated by using Least Significant Difference (LSD) test at the 5% level according 
to Snedecor and Cochran, (1980). 

 
Results and Discussion 

 

Irrigation Intervals 

 

Growth and Yield 

 

A negative relationship are shown between vegetative growth and prolonging the period between 
irrigations. This was true for dry matter and yield of canola plants. The highest decrement was shown 
in seed weight/plant (62.21%) followed by that in seeds No/plant (52.33%) and the lowest in shoot 
length (21.99%) followed by that in 100 seeds weight (22.22%) (Table 2). Moreover, the depression in 
shoot and roots were 36.16 and 29.07% when plants irrigated every 12 days compared to plants irrigated 
by 4 days intervals. The adverse effects of water stress on growth and yield were reported by Kassab et 
al. (2012); Orabi and El-Noemani, (2015); Hussein et al. (2009).    

Glu and Ahmed (2004) showed that after 12th fortnight using irrigation intervals, maximum 
height was found in control plants under 6 days irrigation interval. Whereas, control plants (irrigated at 
4 and 2 days intervals) occupied 2nd and 3rd position. El-Sabagh et al. (2017) found that Yield and its 
characters (at the time of harvest) such as plant height, silica number/plant, number of branches, seed 
number/ silica, seed yield/plant, seed and oil yields/ha of canola plant were decreased with increasing 
the intervals of irrigations.   Hassanzadeh et al. (2005) reported that water deficit conditions reduced 
the number of siliques per plant. Further, Rahnema and Bakhshandeh (2006) revealed that number of 
pods per plant, seed yield and oil content of rape are affected by the water deficiency and reduced under 
water stress conditions. Also, Malcolm and Doug (2002) noticed that water stress resulted in fewer 
flowers and seeds and produced seed are in small size. According to Zakerin et al. (2014) mentioned 
that growth and yield attributes in rapeseed were decreased under water deficit environment. Moreover, 
Orabi and El-Noemani, (2015) found that increasing water stress duration resulted in decreasing all 
growth parameters (plant height, number of leaves and shoot dry weights/plant) compared with those 
of the unstressed plants. 
 

Table 2: Effect of irrigation intervals on vegetative growth, dry weight and yield of canola plants. 

Irrigation 
Interval Days 

Shoot 
Length 

cm 

Root 
Length 

cm 

Dry Weight 
g/plant 

 
Seed 
No. 
/pod 

100 
seeds 

weight 
g/plant 

Pods 
No. 

/plant 

Seeds 
Weight 
g/plant 

Seeds 
No. 

/plant 
Shoot Root 

4 60.67 20.11 8.60 2.58 13.78 0.27 58.33 2.17 806.78 

8 54.56 17.56 6.67 2.41 10.44 0.23 51.78 1.28 542.56 

12 47.33 14.44 5.49 1.83 8.67 0.21 43.33 0.82 384.56 

LSD at 5% 1.14 1.54 0.18 0.12 0.31 0.01 4.01 0.12 22.41 

 

Tesfamariam et al. (2008) observed that control ( the well water) irrigated plants gave the highest 
value for leaf area index of 8 and water use of 709 mm, seed yield of (3831 kg ha-1), and seed oil content 
of (398 g kg-1). Canola under stress at flowering showed the lowest seed yield (1361 kg ha-1), seed oil 
content of (340 g kg-1), and water use of 332 mm. At seed filling, dry matter production per unit water 
use was only a third of its value during stages of the vegetative and flowering. In addition, an adverse 
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effect and limitation of growth and yield of crops was concluded by Yamaguchi-Shinozaki et al. (2002); 
Zarei et al. (2010).                                                                                    
 
Biochemical constituents 
 

Data in Table (3) indicated that widening irrigation intervals from 4 to 8 to 12 days increased 
H2O2 level but total phenols were slightly affected in seeds of canola plants. Glutathione concentration 
in seeds slightly increased by the 8 days frequency while ASA showed slight decreases with irrigation 
treatments. Irrigating canola plants every 12 days increased the activity of APX, CAT and PPO by 
31.71, 78.06 and 53.16%, respectively, in comparable with that irrigation by 4 days intervals.                                                  

Cruz de Carvalho, (2008) stated that a common consequence of exposure to drought stress is the 
acceleration of reactive oxygen species (ROS) production in the different subcellular organelles of 
plants, intern reflected on restricted entry of CO2 in the leaves during drought stress, limits CO2 fixation 
and accelerates the photorespiratory pathway and finally leads to excessive H2O2 accumulation in the 
peroxisome.  Orabi and El-Noemani (2015) found that Prolonged drought stress led to increases in the 
enzymatic (APX and GR) and non enzymatic (ASA, GSH, total phenols) levels, reactive oxygen species 
(O2-͘  and H2O2), Lipid peroxidation and electrolyte leakage.                                                                          

Drought stress significantly increased the accumulation of H2O2 and MDA in leaves of canola 
plants as compared to the control. This results are in accordance with Tartoura, (2010), on wheat, and  
(Kassab et al. 2012) on fodder beat found accumulation of MDA under drought stress which led to 
leakage of electrolytes. However, different types of stresses raised O2 (Ibrahim, et al. 2013), also 
Hydrogen peroxide can cross biological membranes rapidly, once inside the cell to react with Fe2+ and 
Cu2+ ions to form cytotoxic hydroxyl radical (Govindarajan et al. 2004).                          

Moreover, Mohamed and Akladious (2014) found significant increases in H2O2 and MDA in 
rapeseed and soybean plants respectively under drought stress as compared to control plants. Godarzi 
et al. (2017) noticed that drought stress increased the activity of CAT and Peroxidase enzymes, lipid 
peroxidation (malondialdehyde), electrolyte leakage, proline and carbohydrate but reduced relative 
water content, chlorophylles and carotenoids in canola plants. However, it has been reported that cell 
membrane stability is an indicator of drought tolerance (Sairam et al., 2004). Jin et al. (2006) concluded 
that MDA concentration increased during drought stress.  
                                                                                            

Table 3: Effect of irrigation intervals on some enzymatic, non-Enzymatic antioxidants and oxidative 
damage in canola plants (leaves & seeds). 

Total 

phenols 

in seeds 

mg/g d wt 

GSH 

in seeds 

mg/g  

d wt 

ASA 

in seeds 

mg/g  

d wt 

MDA 

in leaves 

µmol/g  

f wt 

H2O2 

in leaves 

µmol/g  

f wt 

PPO 

in leaves 

µmol/g 

 f wt 

CAT 

in leaves 

µmol/g  

f wt 

APX 

in leaves 

µmol/g 

 f wt 

Irrigation 

interval 

Days 

29.40 22.20 14.07 6.47 5.51 22.29 42.70 0.41 4 

31.21 23.33 15.46 10.24 7.14 30.27 63.60 0.52 8 

32.50 20.57 13.93 14.89 8.52 34.14 76.03 0.54 12 

0.94 1.22 0.92 0.80 0.28 0.91 1.87 0.03 LSD at 

5% 

 

Plants can protect themselves against oxidative stress damage by antioxidant defense systems 
including enzymatic and non-enzymatic antioxidant compounds (Orabi et al., 2017a,b, 2018). Secenji 
et al. (2010) emphasized that GSH has great biologic importance in maintaining the cellular redox 
environment under normal conditions or stress. GSH level always increases under stressful conditions 
to increase the ability of cells to counteract the oxidation of GSH and provokes alteration of gene 
expression of different pathways directly or through the regulatory protein and / or transcription factors 
and orchestrated activation of genes encoding enzymes related to the metabolism of GSH.  
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Today, it could be concluded that researchers believe that the increase in antioxidant enzymes 
increases plant tolerance to environmental stresses (Esfandiari et al., 2008). 
 

Hydrogen peroxide 

 

Growth and yield 

 

Application of H2O2 either with 1.0 to 2.0 mM increased dry matter of shoots and root. Seed 
yield/ plant and seed number/plant showed the same responses while for weight of 100 seeds, both 
concentrations induced approximately the same response (Table 4). Hameed et al. (2004) showed that 
their study provided evidence that exogenous application of H2O2 provided more vigorous root system 
in wheat. H2O2applied in low doses can increase roots weight and length (Narimanov and Korystov, 
1997) 

In addition it has been reported recently in a field trial that early vigorous, root  growth was major 
factor for higher nitrogen uptake in wheat (Liao et al. 2004). More vigorous root grown will cause 
higher nitrogen uptake ensuing better development of wheat plant. Niu and Liao, (2016)  showed that 
H2O2 mediates various developmental and physiological processes in plants. Also, the change of H2O2 
level may impact metabolic and antioxidant enzyme activity related to plant growth and development 
(Barba-Espín et al., 2011). However, the mechanisms that allow different H2O2 function in plants still 
under examination.                                                                                                                                                                 
 

Table 4: Effect of spray with hydrogen peroxide (H2O2) on vegetative growth, dry weight and yield of 
canola plants. 

 Seeds 
No. 

/ plant 

Seeds 
weight 
g/plant 

Pods No. 
/plant 

100 
seeds 

weight 
g/plant 

Seed 
No. 
/pod 

Dry weight 
g/plant 

Root 
length 

cm 

Shoot  
length 

cm 
H2O2 

Root Shoot 

465.89 1.04 47.89 0.22 9.56 1.91 6.21 15.30 52.33 H0 

586.67 1.48 51.89 0.25 11.11 2.31 7.18 17.56 54.22 H1 

681.33 1.75 54.87 0.25 12.22 2.59 7.37 19.06 56.00 H2 

36.30 0.15 2.54 0.01 0.78 0.08 0.30 0.78 1.10 
LSD at 

5% 

  

Biochemical constituents 

 

It is clear from Data in Table (5) that lipid peroxidation decreased continuously as the 
concentration of H2O2 increased up to the highest level used. Also, H2O2 levels showed the same 
response. Total phenols as well as ASA and GSH concentrations were reversely responded which 
increased with the increase in H2O2. Concerning the activity of APX, CAT and PPO enzymes reached 
its higher values when plants sprayed by 2.0 mM H2O2. Orabi et al. (2015) reported that all treatments 
of H2O2 or Salicylic acid led to obvious increases in GA3, IAA and ABA. That beside marked decreases 
in CAT activity, MDA and EL values. Also there was significant increases in POD and PPO activities 
relative to control plants. It is could be concluded that ROS at these “beneficial” levels (lower 
concentrations)  play a role in regulating plant development and growth as well as in environmental 
acclimation (Quan et al., 2008). Terzi, et al. (2014) and Orabi et al. (2017c) mentioned that the 
endogenous H2O2 concentration depended on the balance between its production rates and its utilization 
by enzymatic and non-enzymatic levels to alleviate membrane damages and significantly decreased 
lipid peroxidation of maize and cucumber plants under osmotic-stressed conditions.  Orabi and Sadak 
(2015) revealed that soaking grains of wheat plants in 50 and 100 µM of H2O2 led to significant increase 
in total soluble carbohydrate, free amino acids and some enzymes such as CAT, PPO, APX, POX and 
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SOD activities. On reverse, H2O2, MDA were decreased significantly in comparable with their 
corresponding controls. 
 

Table 5: Effect of Spray with Hydrogen Peroxide (H2O2) on some Enzymatic, Non-Enzymatic 
Antioxidants and Oxidative damage in Canola Plants (leaves & seeds). 

Total 

phenols 

In seeds 

mg/g d wt. 

GSH 

in seeds 

mg/g d wt. 

ASA 

In 

seeds 

mg/g  

d wt. 

MDA 

In leaves 

µmol/g  

f wt. 

H2O2 

In leaves 

µmol/g 

 f wt. 

PPO 

In leaves 

µmol/g 

 f wt. 

CAT 

In leaves 

µmol/g  

f wt. 

APX 

In leaves 

µmol/g  

f wt. 

H2O2 

29.02 20.19 13.38 13.17 8.16 25.31 48.21 0.43 H0 

31.57 21.73 14.40 10.57 6.95 28.70 61.16 0.48 H1 

32.52 24.18 15.68 7.86 6.06 32.70 72.96 0.56 H2 

0.95 0.39 1.11 0.53 0.26 1.26 2.59 0.03 
LSD at 

5% 

  

Interaction 

Growth and Yield 

The interaction between irrigation intervals and hydrogen peroxide and its effects on growth and 
yield of canola were illustrated in Table (6). 

It is clear from the Data Mentioned in this Table that widening of periods between irrigations 
decreased plant height and root and shoots dry matter but application of low concentrations of H2O2 
almostly increased these parameters. This was true for yield and its measured characters. 

It has been shown that pre-treatment of seeds with H2 O2 increase the net photosynthetic rate in 
wheat seedlings (Ashfaque et al., 2014 and Hu et al., 2009). Ismail et al. (2015) reported that treated 
plants with H2O2 increased photosynthesis in plants. Semida, (2016) noticed that H2O2 increased 
chlorophyll and photosynthesis activity on onion plants. This intern increased dry matter and also plant 
resistance to abiotic stresses (Semida 2016, Quan et al., 2008 and Hussein and Orabi, 2008). 
 
Biochemical constituents 

The interaction effects of hydrogen peroxide and irrigation intervals on ROS, enzymes activity, 
lipid peroxidation and contents of ASA, GSH and total phenols were presented in Table (7). 

The H2O2 and MDA concentration increased as the irrigation intervals increased but on reverse it 
decreased by low concentrations of H2O2 spraying. The enzymes APX, CAT and PPO activity and total 
phenols content increased by both irrigation and H2O2 treatments. However, in spite of the content of 
GSH and ASA concentration seemed to be without effect from irrigation intervals but increased by 
H2O2 application. 

Drought stress increases the activity of catalase and ascorbate peroxidase enzymes, 
malondialdehyde, (Godarzi et al., 2017). In order to keep H2O2 as a signaling molecule and non-toxic 
levels a balance must be maintained between H2O2  productions and scavenging. Several recent studies 
have demonstrated that the H2O2 priming can enhance abiotic stress tolerance by modulating ROS 
detoxification and by regulating multiple stress-responsive pathways and gene expression. Despite the 
importance of the H2O2 priming (Hossain et al., 2016). Many recent studies on plants have demonstrated 
that H2O2 is a key player in the signal transduction process associated with tolerance to abiotic and 
biotic stresses and the induction of the stress cross-tolerance phenomena often observed in plants. A 
number of reports, discussed in more detail, have shown that exogenous application of H2O2 can induce 
tolerance to salinity, drought, chilling, high temperatures, and heavy metal stress, all of which cause 
elevated H2O2 production (Ishibashi et al., 2011 and  Hossain et al., 2013).   
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Table 6: Effect of spray with hydrogen peroxide (H2O2) on vegetative growth, dry weight and yield of 
canola plants grown under different irrigation intervals. 

Seeds 
No. 

 /plant 

Seeds 
weight 
g/plant 

Pods 
No. 

/plant 

100 
seeds 

weight 
g/plant 

Seed 
No. 
/pod 

Dry weight 
g/plant 

Root 
Length 

cm 

Shoot 
Length 

cm 
H2O2 

Irrigation 
Interval 

Days 
Root Shoot 

646.67 1.61 54.00 0.27 12.00 2.21 7.85 18.50 58.00 H0 

4 829.33 2.26 58.00 0.27 14.33 2.64 8.90 20.33 61.00 H1 

944.33 2.65 63.00 0.28 15.00 2.89 9.06 21.50 63.00 H2 

446.33 0.95 48.00 0.21 9.33 1.92 5.93 15.67 52.33 H0 

8 539.33 1.28 52.33 0.24 10.33 2.40 6.91 17.33 54.67 H1 

642.00 1.60 55.00 0.25 11.67 2.90 7.15 19.67 56.67 H2 

304.67 0.56 41.67 0.18 7.33 1.61 4.84 12.33 46.67 H0 

12 391.33 0.89 45.33 0.23 8.67 1.90 5.73 15.00 47.00 H1 

457.67 1.02 46.00 0.22 10.00 1.98 5.90 16.00 48.33 H2 

32.44 0.26 N.S N.S 0.44 0.17 N.S N.S N.S LSD at 5% 

 
  Table 7: Effect of spray with hydrogen peroxide (H2O2) on some enzymatic, non-enzymatic 

antioxidants and oxidative damage in canola plants (leaves & seeds). 

Total 
phenols 
In seeds 

mg/g  
d wt 

GSH 
in 

seeds 
mg/g 
d wt 

ASA 
in 

seeds 
mg/g 
d wt 

MDA 
in leaves 
µmol/g  

f wt 

H2O2 
in leaves 
µmol/g  

f wt 

PPO 
in leaves 
µmol/g  

f wt 

CAT 
in leaves 
µmol/g 

 f wt 

APX 
in leaves 
µmol/g 

 f wt 
  

H2O2 Irrigation 
 interval 

Days 

27.48 20.04 13.30 7.56 5.84 19.13 30.58 0.38 H0 
4 
 
 

29.96 22.92 13.89 6.74 5.61 21.31 41.09 0.41 H1 

30.77 23.65 15.00 5.11 5.08 26.43 56.42 0.44 H2 

29.11 21.24 13.98 12.31 8.43 26.34 51.29 0.43 H0 
8 
 
 

31.63 22.42 15.46 10.25 7.04 29.60 63.94 0.51 H1 

32.88 26.34 16.95 8.16 5.96 34.88 73.59 0.61 H2 

30.48 19.29 12,85 19.64 10.21 30.45 62.75 0.47 H0 
12 

 
 

33.10 19.86 13.85 14.71 8.21 35.18 76.45 0.52 H1 

33.92 22.56 15.09 10.33 7.14 36.80 88.88 0.64 H2 

N.S. N.S. N.S. 1.15 0.41 1.32 2.71 0.04 LSD at 5% 
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Conclusion 

 

From the aforementioned results, water stress by widening irrigation intervals increased H2O2 as 
free radical and lipid peroxidation, however, adversely affected growth, and yield but application of 
low concentrations of H2O2 would act as a signal molecule to improve antioxidative defense system as 
well as the highest growth and yield were obtained. Thus, it could be concluded that the application of 
low concentration of hydrogen peroxide can help plants to resist drought stress induced from prolonging 
periods between irrigation of canola plants.   
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