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ABSTRACT 

 

In the present study, field experiments were carried out during the cropping seasons of 2012 and 2013 to 

examine the adverse effects of deficit irrigation on canola productivity and determining the role of 

ascorbic acid and salicylic acid (both of 200 ppm) in alleviating the adverse effects under deficit 

irrigation. Further, effects of these phytochemicals on canola growth, yield and quality characteristics 

were studied by imposing three irrigation intervals viz, 25 (I1), 35 (I2) and 45 (I3) days during both the 

growing seasons. The results of the study showed that the growth characteristics such as chlorophyll 

content and relative water content were decreased under the increase in irrigation intervals. Similarly, 

Yield and its components including plant height , silica number/plant, number of branches, seed 

number/ silica, seed yield/plant, seed yield / ha as well as,  seed oil content of canola plant were 

decreased with increasing the intervals of irrigations. Application of both of phytochemical  (salicylic 

acid and ascorbic acid) not only reversed the negative impact of water deficit conditions but also 

improved the growth and yield parameters of canola plant. However, the applications of antioxidants 

were more effective under the second irrigation intervals (I2) for both the cropping seasons. The 

maximum seed yield /ha, protein and oil yield was achieved by the applications of both antioxidants 

combined with irrigation every 35 days. From results of this study, it can be conclude that application of 

antioxidants could mitigate the harmful effects of deficit irrigation of canola. Accordingly, antioxidants 

supplementation could enhance the growth, yield and quality traits of canola under the increase of 

irrigation intervals in North Nile Delta. 
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1 Introduction 

 

In Egypt, there is a great challenge to fulfill the demand of edible 

oils for the population, where, the approximate amount of edible 

oil imports (95 to 97%) form various countries (Anonymous 

2013).Therefore, efforts to be needed for increasing the local 

production from edible oil  and reducing the gap between 

production and consumption. Canola (Brassica napus L.) ranked 

3rd in oil yielding crops and is the most important source of plant 

oil in the world. Seeds of canola contain 40-42% oil and 25% 

protein. In case of oil contents, its oil contains 61% oleic acid, 

8.8% linoleic acid, and quality wise it’s superior to the other oil 

seeds (Reyes, 2007). Moreover, it has very low saturated fatty 

acids, which raising daily demand of canola oil in diet aware 

consumers (Rastegar, 2004). Further, canola seeds are 

distinguished by low erucic acid and glucosinolate. Safe limits for 

these compounds have been described as less than 2% of erucic 

acid in oil and less than 30 μmol g-1 of glucosinolate in oil free 

meals. Since, high content of erucic acid and glucosinolate in 

rapeseed are considered toxic to humans and animals. Moreover, 

the residue left after oil extraction is rich in proteins and can be 

used for animal feeding (Dawood & Sadak, 2014).  

 

In case of canola cultivation, water deficiency has deleterious 

effects on both vegetative and reproductive growth stages while in 

case of rapeseed; it has higher determining effect on the 

reproductive growth phase (Ghobadi et al., 2006). Rape crops are 

highly susceptible to water stress during pre-flowering (10-12 days 

before anthesis) and flowering stages and exposures to drought 

during these stages may cause fewer flowers set, silica and seed 

sterility (Lizana et al., 2006). Further, drought stress at flowering 

stage adversely affects pod formation and seed size, which 

ultimately results in less economic yield (Johnston et al., 

2002).Generally, mismanagement of the agronomic practices 

factors influence the growth, yield and quality of the canola (EL 

Sabagh et al., 2015a; EL Sabagh et al., 2016 a; EL Sabagh et al., 

2016 b). 

 

Enhancing of tolerance to stress conditions of plant is a viable 

approach to resolve this problem induced by climate change.  

Some phytochemicals like salicylic acid or ascorbic acid plays 

significant role in enhancing drought tolerance in plants (Hamada, 

2000; Kazemi, 2014). Effect of Salicylic acid (SA) on plant growth 

and physical progress of crop was reported by various studies 

(Amin et al., 2008; Kowalczyk & Zielony 2008). According to 

Shakirova et al. (2003) and Hayat (2010) salicylic acid actively 

involved in the various biochemical and physiologic mechanism of 

plant, which help them to mitigate the adverse effect of the water 

stress conditions. Further, salicylic acid also plays an important 

role in regulation of various plant physiological processes such as 

photosynthesis or non-enzymatic antioxidant (ElKhallal et al., 

2009; Salarizdah et al., 2012).  

 

Further, role of ascorbic acid in regulation of plant growth, cell 

division, cell wall expansion and other developmental processes 

have been well reported by Pignocchi & Foyer (2003). Further, 

Ascorbate worked in coordination with glutathione and several 

enzymatic antioxidants to counteract the (O2) radicals that are 

produced by the Mehler reaction and photorespiration (Noctor & 

Foyer, 1998).This removal of free radical, helps ascorbate in 

increasing stress tolerance and reduce oxidative stress (Shalata & 

Neumann, 2001). According to Rosales et al. (2006) ascorbic acid 

improve the cell division and causes improvement in fresh and dry 

weight of leaf on plants and reducing the injury from oxygen 

radicals under drought stress conditions. 

 

Presently, Egypt is facing problem associated with the shortage of 

local production of oil producing crops as compared to their 

consumption. Further availability of water is also a major problem 

in crop production under Egyptian conditions. Therefore, adopting 

suitable agricultural practices might affect the productivity of 

canola. Therefore, current study was undertaken to examine the 

adverse effects of irrigation intervals on canola and role of ascorbic 

acid and salicylic acid in mitigating the adverse effects of deficit 

irrigation. 

 

2 Materials and Methods 

 

2.1 Experimental setup and cultivation conditions 

 

This study was conducted at the experimental station of 

Kafrelsheikh University, Egypt during the two consecutive 

growing seasons of 2012-2013 and 2013-2014. Climatic data were 

collected from Sakha agro-meteorological station, as described in 

(Table 1). Soil samples were obtained from the 0 to 30 cm depth 

and the amount of N from the collected soil samples were 

measured by Kjeldahl method (Bremner, 1960). The characteristic 

of the collected soil sample was clay and an average bulk density 

of 1.22 g cm−3 in upper 30 cm depth. Further, This layer also 

contained 1.37% total organic matter, 0.15 % total nitrogen (N), 35 

mg kg-1 available phosphorus (P) and 255.3 mg kg-1 exchangeable 

potassium (K),  1.25 EC,  (dS m-1, 1:5 ) and 8.1 pH (1:2.5) as 

average in both seasons were described according to Black (1965) .  

 

2.2 Experimental design, Plant materials and treatments 

 

The experiment was laid out as a split plot arrangement in a 

randomized complete block design with four replications. Each 

plot was 10.5 m2 and has 6 rows (3.5 m long and 50 cm. apart) 

with 20 cm distance between hills. Seeds of canola cultivar namely 

(Serw-4: Egyptian cultivar) were obtained from the Ministry of 

Agriculture Oil Crop Research Center Giza, Egypt. The irrigation 

scheduling were (25 (I1), 35 (I2) and 45 (I3) which was arranged in 

the main plots, considering first irrigations. 

 

Further, salicylic acid (SA) at the concentrate of 200 ppm and 

ascorbic acid at the same level were applied in the sub-plots. 

Automatic atomizers were used for applying the antioxidants after 

adding tween 20 as a wetting agent at the level of 0.05%.The plants 

were sprayed at two stages, the first at budding (45 DAS) and the 

second was at initiation of flowering stage (75 DAS).  
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Table 1 Monthly relative humidity (RH, %), wind speed (kg day-1), mean minimum and maximum air temperatures (Tmax and Tmin, respectively) 

during the two growing seasons. 

 

Season 

Month 

2012 2013 

Temperature (°C) Wind speed 

(kg day-1) 

RH 

(%) 

Temperature (°C) Wind speed 

(kg day-1) 

RH (%) 

Tmax Tmin Tmax Tmin 

Dec 17.7 11.6 155.5 37.8 16.9 11.4 156.0 30.7 

Jan 22.6 11.0 158.7 41.4 23.5 9.4 142.0 41.4 

Feb 23.3 11.9 167.9 45.5 22.0 11.0 152.1 45.1 

Mar  22.5 14.7 129.3 49.2 24.0 16.2 123.5 47.9 

April 29.1 17.0 89.1 52.5 27.4 17.2 88.2 55.4 

May 33.8 18.2 111.7 61.1 31.9 17.8 96.3 64.1 

 

All the agronomic practices were used as per the recommendation 

for canola crop. Before planting super phosphate (15.5 % P2O5) 

and potassium (48 % K2O) were applied to the soil. Nitrogen levels 

were provided in two equal doses, before first and second irrigation 

in form of ammonium nitrate (33.5 % N) at the rate 108 kg/ha. The 

seeds were sown on 20th and 25th of October for both seasons. 

 

2.3 Data collection 

 

For data collections, 10 representative plants were randomly 

selected for each treatment in both the growing season.  

 

2.3.1 Growth characters 

 

Chlorophyll content was determined by Chlorophyll meter; model: 

SPAD-502, Minolta, Japan while Relative water content (RWC) 

was measured according to by Gao (2000) by estimating the turgid 

weight of 0.5g fresh leaf samples by keeping them in water for 4 h, 

followed by drying in hot air oven till constant weight using the 

formula given as the followeing: RWC (%) = [(W-DW) / (TW-

DW)] ×100.  Where; W , fresh weight; TW , turgid weight; DW , 

dry weight. 

 

2.3.2 Yield attributes 

 

Plant height, number of branches, number of silica /plant, 

seeds/silique and  seed yield/plant (g) were recorded at the 

harvesting stage, and  at harvesting, the rows in middle were 

harvested from the plot to estimate seed yield / ha. 

 

2.3.3 Quality properties 

 

Oil content was also described according to the guide line of 

AOCS (1980) by using Soxhelt apparatus and petroleum ether (40- 

60˚C) as a solvent and Protein percentage of the canola seeds was 

determined by Kjeldahl method according (AOAC, 1980) while 

the crude protein was calculated by multiplying nitrogen 

percentage by converting factor of 6.25.  

 

2.4 Statistical analysis 

 

Data obtained from the current investigation were subjected to an 

analysis of variance (ANOVA) procedures according to Gomez & 

Gomez (1984) using the MSTAT-C statistical software package. 

Different means were compared using least significant difference 

(LSD) Test. 

 

3 Results and Discussion 

 

3.1 Effect of irrigation intervals on the growth, yield contributing 

traits and quality of canola 

 

Statistical analysis for the data on growth, yield and quality traits 

showed highly significant differences among the three irrigation 

intervals (Table 2).The treatment with irrigation at every 25 days 

intervals was achieved the highest values for major tested traits. 

The chlorophyll and relative water content were significantly 

reduced with increasing the intervals of irrigation to 45 days (I3) 

for both the growing seasons (Table 2). Significant reduction was 

reported in the treatment (I3) as compared to the (I1) for both 

growth parameters. Chlorophyll content was positively influenced 

by irrigation intervals in the two years (Table 2).  

 

The highest values of RWC was recorded form the control 

treatments in 2012 and 2013.  Leaf relative water content is an 

essential physiological aspect which measured the drought stress 

tolerance in plants (Sánchez-Blanco et al., 2002). According to 

Reddy et al. (2004) water stress negatively influenced various 

physiological processes of plant which caused considerable 

reductions in final productivity. It was observed that, leaf 

chlorophyll content was reduced under water stress condition of 

plants (Sun et al., 2011).This reduction in chlorophyll contents 

under water deficit conditions is mainly due to the production of 

ROS that deteriorate the chloroplasts (Gill & Tuteja, 2010).  
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Table 2 Effect of  irrigations  intervals and antioxidants applications on  the growth and  yield traits of canola during 2012 and 2013 seasons. 

 

  Plant height (cm) Branch number/plant Relative water content (%) SPAD value 

  2012 2013 2012 2013 2012 2013 2012 2013 

Irrigation intervals         

25 days (I1) 117b 133a 6.42a 6.99a 66.3a 65.2a
 46.5a 46.1a 

35 days (I2) 114b 122b 5.94a 5.28b 57.8b 56.3b 38.6b 37.8b 

45 days(I3) 122a 116c 4.45b 4.78b 50.0c 48.6c 30.8c 30.1c 

P ** *** *** *** *** *** *** *** 

Antioxidant application         

Control 115b 116b 4.98b 5.11b 52.4b 51.3c 37.4c 36.7c 

Salicylic acid 119ab 128a 5.92a 5.88a 60.1a 58.5b 39.8a 39.1a 

Ascorbic acid 120a 128a 5.92a 6.05a 61.6a 60.2a 38.8b 38.1b 

P * *** *** ** *** *** *** *** 

*;**;*** and N.S. indicate P< 0.05, P<0.01, P<0.001 and not significant, respectively. Means of each factor designated by the same latter are 

not significantly different at 5% level using Least significant Difference (LSD) Test 

 

Various growth and yield components like plant height, silica 

number per plant, number of branches per plant and seed 

yield/plant were also significantly affected by the increasing the 

intervals between irrigations and these parameters were reported 

higher  in 25 day (I1) while the lowest  value in plant irrigated with 

compare 45 days intervals (I3) (Table 2,3). Evidently, irrigations 

intervals exhibited differences in seed yield traits (Table 2, 3) and 

it was observed 3092 and 3154 kg/ha in 2012 and 2013, 

respectively when the irrigation interval was 25 days. On the other 

hand, the lowest seed yield/ha (2582 and 2618 kg/ha) was 

produced by the irrigation intervals was 45 days in successive 

years. Like seed yield, other yield traits of canola are significantly 

influenced by irrigation intervals. Similarly, Hassanzadeh et al. 

(2005) reported that water deficit conditions reduced the number of 

siliques per plant. Further, Rahnema & Bakhshandeh (2006) also 

reported that number of pods per plant, seed yield and oil content 

of rape are effect by the water deficiency and reduced under water 

stress conditions. Malcolm & Doug (2002) suggested the effect of 

the water deficit conditions on flower production and seed size and 

reported that water stress resulted in fewer flowers and seeds and 

produced seed are in small size. Lower number of branches, 

number of pods / plant and number of seed / plant was observed in 

different B. napus cultivars grown under water stress conditions 

and significant reduction in seed yield was observed when drought 

stress during flowering stage (Nasri et al., 2008).  According to 

Zakerin et al. (2014) in rapeseed, growth and yield attributes were 

decreased under water deficit environment.  

 

Irrigation treatments also significantly influenced the oil content 

and oil yield (kg/ha) as well as protein yield (kg/ha) of canola seed. 

Irrigation at every 25 days intervals produced the highest 

percentage of oil and oil yield, as well as protein yield followed by 

irrigation every 35 days which was ranked the second (Table 4). In 

contrast to oil content, it was observed that, protein content was 

non-significantly influenced under irrigations interval. Similar type 

of reduction in oil content was reported by the Zhang et al. (2014) 

under water deficient conditions which justly the phenomenon that 

reduction of oil contents in oil seed crops under water stress 

condition is a common incident. Further, Canola Council of 

Canada (2008) also suggested that optimum irrigation help in the 

increasing seed oil contents. Similar results were reported by Ali et 

al. (2003) in rape crop and  Rashwan et al. (2016) in flax crop. 

Singh & Sinha (2005) suggested that reduction in oil content could 

be due to the oxidation of some polyunsaturated fatty acids. Also, 

reduction in oil contents of crops under deficit irrigations is a 

familiar phenomenon (Ali et al., 2009). Moaveni et al. (2010) and 

Shirani Rad & Zandi (2012) reported reduction in seed yield, 

which resulted in a reduction in oil yield under water stress 

conditions. Generally, the agronomic operations have an impact on 

the growth, yield and quality in different crops under different 

environments (Abd el-wahed et al., 2015; Barutcular et al., 2016a; 

Barutcular et al., 2016b; Gulluoglu et al., 2016 and Gulluoglu et 

al., 2017). 

 

3.2 Effect of antioxidants applications on growth, yield 

contributing and quality of canola  

 

Application of salicylic acid or ascorbic acid significantly 

influenced the growth, yield and quality traits of canola (Table 2, 3 

& 4). Findings of this study revealed that chlorophyll content and 

RWC improved with the application of antioxidants. Ebrahimian & 

Bybordi (2012) suggested that application of ascorbic acid 

increased the rate of photosynthesis by increasing the chlorophyll 

content which in turn leads to an improve in assimilates rates 

(sugars). Raymond & Houtte (2012) observed that foliar 

application of AA resulted to improve the relative water content 

(RWC). Like Ascorbic acid, salicylic acid also enhances the plants 

tolerance against various environmental stresses (Kolupaev et al., 

2011). Further, He et al. (2005) also suggested that SA enhances 

the efficiency of photosynthetic apparatus which in turn improve 

the sap produced in leaves of plant and ultimately leads to maintain 

the RWC in leaves and a better growth of plant. According to 

Ahmadi et al. (2015) application of ASA under different soil 

moisture environments have various effects on RWC in plants. 

Also, SA could improve the tolerance in plants to different 

environmental stresses conditions (Kolupaev et al., 2011). 
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Table 3 Effect of  irrigations  intervals and antioxidants applications on  the  seed yield and yield traits of canola during 2012 and 2013 seasons. 

 

  Silica number/plant Seeds number / silica Seed yield (g/plant) Seed yield (kg/ha) 

  2012 2013 2012 2013 2012 2013 2012 2013 

Irrigation intervals        

25 days (I1) 150a 134a 19.3 20.4 17.0a 16.8a 3092a 3154a 

35 days (I2) 139b 115b 20.6 19.7 13.8b 13.3b 2721b 2748b 

45 days (I3) 105c 115b 18.1 18.4 13.2b 13.1b 2582c 2618c 

P *** *** N.S. N.S. *** *** *** *** 

Antioxidant application        

Control 122b 110b 16.7b 16.5b 13.6b 13.2b 2465c 2578b 

Salicylic acid 137a 126a 20.4a 20.7a 15.1a 14.9a 2899b 2964a 

Ascorbic acid 135a 126a 20.9a 21.4a 15.2a 15.0a 3030a 2979a 

P *** *** ** ** ** *** *** *** 

**, *** and N.S. indicate P< 0.05, P<0.01, P<0.001 and not significant, respectively. Means of each factor designated by the same latter are not 

significantly different at 5% level using least significant Difference (LSD) Test. 

 

Table 4 Effect of  irrigations  intervals and antioxidants applications on  the quality traits of canola  during 2012 and 2013 seasons. 

 

  Oil content (%) Protein content (%) Oil Yield (kg/ha) Protein yield (kg/ha) 

  2012 2013 2012 2013 2012 2013 2012 2013 

Irrigation intervals        

25 days (I1) 43.5a 42.2a 22.1 22.6 1344a 1333a 682a 713a 

35 days (I2) 38.5b 37.7b 21.6 22.0 1046b 1037b 591b 607b 

45 days (I3) 37.1c 36.9b 21.5 22.0 960c 968c 557c 581b 

P *** *** N.S. N.S. *** *** *** *** 

Antioxidant application        

Control 39.3 38.5 21.2b 21.3b 982c 1009b 525b 555b 

Salicylic acid 39.7 39.1 22.1a 22.4a 1154b 1159a 640a 663a 

Ascorbic acid 40.1 39.2 21.9ab 22.9a 1215a 1170a 664a 683a 

P N.S. N.S. * ** *** *** *** *** 

*; **; *** and N.S. indicate P< 0.05, P<0.01, P<0.001 and not significant, respectively. Means of each factor designated by the same latter are 

not significantly different at 5% level using least significant Difference (LSD) Test 

 

The integrated management practices have an influence the 

productivity in various crops under different environmental 

conditions (EL Sabagh et al., 2015b; EL Sabagh et al., 2016c; EL 

Sabagh et al., 2017; Gormus et al., 2016a; Gormus et al., 2016b 

and Gormus et al., 2017). 

 

Exogenous application of salicylic acid or ascorbic acid 

significantly increased yield and yield related components. The 

highest seed yield was produced by the application of both 

antioxidants (3030 and 2979 kg/ha respectively) in both growing 

seasons. Results of study revealed that application of ascorbic acid 

was found more effective than the salicylic acid in enhancing the 

yield under deficit irrigation conditions (Table 3). The control 

treatment (non-treated) produced the minimum seed yield (2456 

and 2578 respectively) in both growing seasons. In this manner, 

findings of this study are in accordance with the findings of Ullah 

et al. (2012) those who have reported that application of salicylic 

acid could mitigate the adverse effects of drought on rape. 

Moreover, application of salicylic acid increased the concentration 

of cellular osmolytes which enhance the accumulation of soluble 

proteins and proline in order to improve RWC which resulted in 

improved photosynthetic pigments under water stress 

environments. Similarly, Sakhabutdinova et al. (2003) reported that 

spraying of salicylic acid on drought affected plants increased the 

level of relative water, chlorophyll, carotenoid and proline as 

compared to untreated plants. Generally, higher chlorophyll 

content might cause better productivity under stress (Rao et al., 

2012). 

 

Application of these antioxidants significantly influenced the 

protein percentage of canola seed (Table 4) while non-significant 

variation was reported in terms of the oil content (Table 4). It was 

observed that, the antioxidants applications achieved superior yield 

(kg/ha) which, resulted in significantly increase in protein and oil 

yield/ha (Table 4). Ahmadi et al. (2015) reported that spraying of 

300 mg L-1 ascorbate peroxidase reducing the effect of drought 

stressed on rape crops. 
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Figure 1 Seed yield /ha (kg) as affected by the interaction between irrigation intervals and antioxidants applications during 2012 and 2013 seasons 

 

3.3 Interaction effect between phytohormones and irrigation 

intervals on different agronomical traits of canola 

 

Result of this study indicated that interaction between antioxidant 

applications and irrigation intervals was highly significant for 

major traits of canola. The chlorophyll and RWC were influenced 

by the interaction of irrigation intervals and antioxidants, and 

applications of both antioxidants with irrigation at 25 days 

produced the highest positive values of RWC and chlorophyll 

content. Maximum silica number per plant was achieved by the 

applications of both antioxidants in combined with irrigation every 

25 days, which lead to increase seed yield /ha (Fig.1). Results of 

study revealed that antioxidants applications are positively 

correlated with the yield components and, lead to an increase in 

seed yield/ha, which caused the improvement in oil and protein 

yield/ha. As well as, in present research, oil and protein yield were 

also improved by applications of both antioxidants in combined 

with irrigation every 25 days. The increase of oil and protein yield 

may be due to higher yield (kg/ha) of canola plant (Figure 2 & 3). 

 

Considering the results of this study, it could be concluded that 

foliar applications of antioxidants under various irrigation intervals 

conditions have different impacts on canola productivity. Ascorbic 

acid is playing significant role in the enhancement of plants against 

various environmental stresses (Vwioko et al., 2008; Saruhan et al., 

2012). Ascorbic acid, can decrease  the harmful effect of oxidative 

stress and enhancing the  plants growth under  stress environment 

(Dolatabadian et al., 2009). SA in a appreciative rate  enhanced  

the antioxidant ability of cell and generated new protein synthesis 

in the photosynthetic apparatus (Tirani et al., 2013). According to 

El-Tayeb (2005), who recorded that SA application  decreased  the 

stress-induced loss in chlorophyl content and photosynthetic rate 

under stress conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Oil yield (kg/ha) as  affected by the interaction of irrigation intervals and antioxidants applications during 2012 and 2013 seasons 
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Figure 3 Protein yield(kg/ha) as affected by the interaction of irrigation intervals and antioxidants applications during 2012 and 2013 seasons 

 

Conclusion 

 

From the findings of this study it could be conclude that the 

irrigation intervals have a significant impact on canola growth, 

yield and quality traits. Application of antioxidants had significant 

impact on the growth, seed yield and quality traits of canola under 

water deficient conditions. The maximum seed yield/ha was 

achieved by the applications of both antioxidants combined with 

irrigation every 25 days. Accordingly, the farming under full 

irrigation (normal conditions) in North Nile Delta, may doesn't 

need to apply antioxidant. However, the antioxidants application 

requires further investigation in canola at different growth phases 

under various environments. 
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