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ABSTRACT 
 
 Pot experiments were conducted during two successive seasons (2011/2012 and 2012/2013) at wire 
house of the National Research Centre, Giza, Egypt to study the effect of soaking canola seeds with 
glycinebetaine (GB) (10mM, 15mM and 20mM ) on growth, photosynthetic pigments, osomoprotectants, 
antioxidant enzymes, seed yield quality and quantity, in fever of antioxidant compounds and fatty acids 
composition in the yielded canola plants which subjected to moderate and severe drought stress (75% FC and 
50% FC). Moderate and severe drought stress caused marked decreases in canola plant growth parameters 
(shoot height, root length, fresh and dry weights of shoot and root/plant) and significant decreases in 
photosynthetic pigments and IAA accompanied by significant increases in osomoprotectants (proline and total 
soluble sugars), MDA and H2O2 in tissues of canola leaf relative to control plants. Antioxidant enzymes 
activities (POX, PPO, SOD, CAT and APX) were significantly increased accompanied by significant decreases 
in NR due to drought stress. Drought stress at 75% FC and 50% FC decreased seed yield/plant, oil and 
carbohydrate, total phenolic content, tannins, flavonoids and antioxidant activity accompanied by significant 
increases in protein content of the yielded seeds. Drought stress increased total saturated fatty acids and 
decreased unsaturated fatty acids relative to control plants. On the other hand, GB treatments proved to be 
effective in enhancing growth parameters and photosynthetic pigments of drought stressed plants. 
Glycinebetaine treatments at different levels caused significant increases in IAA, proline, total soluble sugars 
and significant decreases in MDA, H2O2, antioxidant enzymes (POX, PPO, SOD, CAT, APX and NR) in canola 
plants irrigated with different levels of water relative to corresponding controls. All GB treatments caused 
significant increases in seed yield, oil, carbohydrate, protein, total phenolic content, tannins, and antioxidant 
activity of the yielded seeds and non-significant increases in flavonoids in the yielded canola seeds either in 
plants irrigated with 75% FC or 50% FC relative to corresponding controls. The increases in seed yield/plant 
due to 20 mM GB were 30.80% and 60.28% at 75% FC and 50% FC respectively relative to corresponding 
controls. The fatty acid profile of canola oils showed different responses to GB treatments either in unstressed 
plants or drought stressed plants. Oleic and linoleic acids were increased accompanied by decreases in linolenic 
and erucic acids under the interaction effect of GB treatments and drought stress (75% FC and 50% FC) and 
these results led to decreases in total saturated fatty acid and increases in unsaturated fatty acid relative to 
corresponding controls. Generally, 20 mM GB was the most pronounced and effective treatment in alleviating 
the deleterious effect of moderate or severe drought stress on canola plants. 
 
Key words: Brassica napus L., osmoprotectants, water deficit, seed quality, antioxidant, fatty acid composition. 

 
Introduction 
 

Canola (Brassica napus L.) is one of the most important sources of vegetable oil in the world, currently 
holds the third position among oilseed crops after palm oil and soybean (FAO, 2011). Canola seeds are 
characterized by low erucic acid and glucosinolate. Since, high levels of erucic acid and glucosinolate in 
rapeseed are considered toxic to human and animal. 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. Canola oil has the 
lowest saturated fatty acids content among vegetable oils and thus presents an increasing demand for diet-
conscious consumers. The residue left after oil extraction is rich in proteins and can be used for animal feeding 
(Din et al., 2011). 

Plants experience drought stress due to high rate of transpiration or due to low supply of water to roots. 
So, any degree of water imbalance at any growth stage adversely affects the crop growth and its development. 
The adverse effects of drought stress on plant biomass production are due to inhibition in cell expansion, 
alterations in plant metabolism and reduction in the activities of different metabolic enzymes such as enzymes in 
the Calvin cycle (Ashraf et al., 2013) as well as reduction in respiration, translocation, ion uptake, and levels of 
growth promoters (Praba et al., 2009). Moreover, the drought stress affects on a number of biochemical and 
molecular processes, which results in stomatal closure, decrease in rate of transpiration, pigment content, 
photosynthesis and thereby partial or full inhibition in growth and development (Lawlor and Cornic, 2002). 
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In addition, drought stress leads to oxidative stress in plant cells and enhancement the production of 
reactive oxygen species (ROS) as superoxide radical, hydrogen peroxide, hydroxyl radical, and singlet oxygen. 
The production of ROS has harmful effects on different plant physiological and metabolic processes such as 
photosynthesis and antioxidant defense system leading to lipid peroxidation, chlorophyll destruction, biological 
macromolecule deterioration, membrane dismantling, ion leakage, and DNA-strand cleavage (Hossain et al., 
2013). Further, damage to fatty acids of membrane could produce small hydrocarbon fragments including 
malondialdehyde (MDA) that is considered as one important sign of membrane system injury. Salt and drought 
stress resulted in a marked increase in MDA and H2O2 levels in different plant species including rapeseed and 
mustard due to inadequate induction of antioxidant system (Hossain et al., 2013). 

To counter the deleterious effects of ROS, plants have developed the scavenging mechanism of ROS 
categorized as enzymatic and non-enzymatic antioxidants, acting as a defense mechanism to regulate the ROS 
levels. The enzymatic antioxidants include superoxide dismutase (SOD), peroxidase (POX), catalase (CAT), 
ascorbate peroxidase (APX), glutathione reductase (GR), glutathione peroxidase (GPX) and non-enzymatic 
antioxidants include ascorbate, glutathione and phenolic compounds (Hossain et al., 2013). The degree of 
damage by ROS depends on the balance between the production of ROS and its removal by antioxidant 
scavenging mechanism. Superoxide radicals that emerge as result of stress in the plant tissues are transformed 
into hydrogen peroxide (H2O2) and molecular O2 by the SOD enzyme (Kusvuran et al., 2013). The metabolism 
of H2O2 is dependent on various functionally interrelated antioxidant enzymes such as CAT and POX. Since, 
CAT and POX activities coordinate with SOD activity and playing a central protective role in O2- and H2O2 
scavenging process (Hoque et al., 2007).The CAT enzyme plays a role in converting H2O2  into water and 
molecular oxygen (Kusvuran et al.,2013 ). Further, the H2O2 is also detoxified to H2O in the ascorbate-
glutathione cycle. APX uses ascorbate as electron donor in the first step of the ascorbate-glutathione cycle and is 
considered the most important plant peroxidase in H2O2 detoxification (Noctor and Foyer, 1998).  

Non-enzymatic antioxidants are vital substances that possess the ability to scavenge the free radical 
induced oxidative stress.  In plant tissues, many phenolic compounds are potential antioxidants: flavonoids, 
tannins and lignin precursors may work as ROS-scavenging compounds (Rice-Evans et al., 1997). These 
antioxidants act as a cooperative network, employing a series of redox reactions. Moreover, it has been shown 
that phenolic compounds can be involved in the hydrogen peroxide scavenging cascade in plant cells (Ali and 
Alqurainy, 2006). Flavonoids are the plants secondary metabolic compounds, which act effectively as 
scavengers of oxidizing molecules including singlet oxygen and free radicals. They also play an important 
physiological role in plant stress tolerance (Ali et al., 2007) 

Many plants tolerate stress by production of different types of organic solutes called osmoprotectants 
(or compatible solutes) which lower the osmotic potential and attract water molecules into the cell and 
ultimately maintain the cell turgor. These compatible solutes including soluble sugars, sugar alcohols, proline 
and glycinebetaine, etc are low molecular weight, highly soluble in water and non-toxic to plant even at higher 
cytosolic concentration. Generally, these compatible solutes protect plants from stress injury through different 
means, including protection of cytoplasm and chloroplasts from Na+ damage and scavenging of reactive oxygen 
species (Smirnoff and Cumbes, 1989), stabilization of proteins and protecting membrane structure (Bohnert and 
Jensen, 1996), maintaining the osmotic balance, and general maintenance of physiological stability of plants 
under stressful conditions (Farooq et al., 2009).  

The application of osmoprotectants has been considered as a shotgun approach to increase plant 
drought tolerance. Glycinebetaine (GB) is a quaternary ammonium compound, an amino acid derivative and 
regarded as one of the most effective compatible solutes that protect plants from injury of abiotic stresses.  

GB application improves growth, survival and tolerance of a wide variety of plants under various stress 
conditions (Ashraf and Foolad, 2007) by regulating a number of physiological and biochemical processes 
(Qureshi et al., 2013), maintaining turgor pressure (Agboma et al., 1997), enhancing net CO2 assimilation rate 
(Lopez et al., 2002), protecting the functional proteins and enzymes (e.g. Rubisco), and lipids of the 
photosynthetic apparatus and maintaining electron flow through thylakoid membranes (Allakhverdiev et al., 
2003) and regulation of photosynthetic machinery and ion homeostasis (Raza et al., 2007). Further, GB induces 
defense response in crops against reactive oxygen species (ROS) produced due to biotic and abiotic stresses and 
plays a vital role in the process of osmotic adjustment in many crops under environmental stresses 
(Gadallah,1999). Moreover, it may be act as anti-transpirant which allowed the plant to access more water for a 
long period and facilitates photosynthesis as reported by Agboma et al. (1997). It is interesting to note that, the 
high levels of glycinebetaine do not exert adverse effects on protein structure, enzyme activities, membrane 
functions and metabolic processes occurring within the cell (Rhodes and Hanson, 1993). Shahbaz et al. (2011) 
mentioned that foliar-applied 50 mM GB was the most effective concentration in enhancing various growth 
attributes and grain yield as well as the levels of some key metabolites of wheat cultivars under drought stress 
conditions.  
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Naturally produced GB can easily be collected as a relatively inexpensive natural by-product from 
high-producing plants such as sugar beets (Rhodes and Hanson, 1993). This may make application of GB an 
economically feasible approach to counteract the adverse effects of environmental stresses on crop productivity. 
This work aimed to study the effect of soaking canola seeds with glycinebetaine at different concentrations on 
growth, photosynthetic pigments, osomoprotectant, antioxidant enzymes, seed yield quality and quantity, in 
fever of antioxidant compounds and activity as well as fatty acids composition in the yielded canola plants 
which subjected to various levels of drought stress. 
 
Materials and Methods 
 
 Two pot experiments were conducted during two successive seasons (2011/2012 and 2012/2013) at 
wire house of the National Research Centre, Giza, Egypt. 
Materials 

Canola seeds (Brassica napus L.var. Pactol) were obtained from Oilseed Department, Agricultural 
Research Centre, Giza, Egypt. Glycinebetaine (GB) was purchased from Sigma Aldrich. 

 
Methods 

Healthy seeds were surface sterilized with 1 % (v/v) sodium hypochlorite for approximately 2 min, 
followed by washing thoroughly with distilled water. The seeds were divided into four groups, the first group 
was soaked with distilled water as control (GB0), while the second, third and fourth groups were soaked with 
three different concentrations of glycinebetaine at 10mM, 15mM and 20mM named as GB1, GB2 and GB3 
respectively for 12 hours then allowed to dry at room temperature (25 ◦C) for about 1h.Regarding chemical 
fertilizers, Ca-superphosphate (15.5 % P2O5) was applied at a rate of 10g/ pot before sowing. Nitrogen fertilizer 
as ammonium sulfate (20.5 % N) was applied at the rate of 2g/ pot twice at 3 and 5 weeks old plants. 

Each experiment was carried out in plastic pots (30 cm in diameter) filled with clay soil. The seeds 
were sown at a depth of 3cm in the middle of November during the two successive seasons. Each experiment 
comprised 12 treatments with 10 replicates in a complete randomized design. 
At three leaves stage, thinning was done leaving 3 seedlings per pot. The plants were watered regularly to field 
capacity (FC) till the drought treatments were imposed. The plants were exposed to drought stress after 30 days 
from sowing. The canola plants were subjected to two levels of drought stress i.e. 75% FC and 50% FC named 
as  D1 and D2 respectively while control plants (D0 ) were  irrigated with 95% FC (full field capacity). 
 
Data recorded 

During vegetative stage (after 60 days from sowing) plant samples were collected to determine shoot 
height, root length, fresh and dry weights of shoot and root/plant. The collected fresh leaves from treated and 
control plants were used for analyses of photosynthetic pigments, indole acetic acid, antioxidant enzymes (POX, 
PPO, SOD, CAT, APX and NR) as well as hydrogen peroxide (H2O2) and lipid peroxidation (MDA). Whereas, 
oven- dried leaves for 72 h at 70 ºC were ground to a powder and kept in a desiccators to determine proline and 
total soluble sugars.At harvest, plants were collected to determine seed yield /plant (g). The collected seeds were 
cleaned (to separate the overlapping parts) and ground for determination of oil. The yielded oils were used for 
determination and identification of fatty acids composition. The defatted meals were used for determination of 
total protein, carbohydrate, phenolic content, tannins, flavonoids and antioxidant activity.  
 
Measurements 

Photosynthetic pigments (Chlorophyll a, chlorophyll b and carotenoids) were estimated using the 
method of Moran (1982). Indole acetic acid was determined according to the method reported by Larsen et al. 
(1962). Proline was estimated according to Bates et al. (1973). Total soluble sugars were determined according 
to Smith et al. (1956). Lipid peroxidation was determined by estimating the malondialdehyde content following 
the method of Heath and Packer (1968). The absorbance of the resulting supernatant was recorded at 532 nm 
and 600 nm. The absorbance coefficient of malondialdehyde was calculated by using the extinction coefficient 
of 155mM–1 cm–1.The H2O2 level was colorimetrically measured as described by Jana and Choudhuri (1981). 
The intensity of yellow color of supernatant was measure at 410 nm. H2O2 level was calculated using the 
extinction coefficient 0.28 μmol-1 cm-1. For enzyme determination: The method used for extracting the enzyme 
was that of Mukherjee and Choudhuri (1983). Peroxidase (POX, EC 1.11.1.7) activity assayed according to the 
method described by Bergmeyer (1974). Polyphenol oxidase (PPO, EC 1.10.3.1) activity assayed using the 
method of Kar and Mishra (1976). Superoxide dismutase (SOD, EC 1.12.1.1) activity measured according to the 
method of Dhindsa et al. (1981). Catalase (CAT, EC 1.11.1.6) activity assayed according to the method of Chen 
et al. (2000). The activity of ascorbate peroxidase (APX, EC 1. 11. 1. 11) was assayed according to Chen and 
Asada (1992). The activity of nitrate reductase (NR, EC 1. 7. 1. 1) was measured according to Jaworski (1971). 
The NR activity was expressed as nano moles of nitrite produced per gram fresh weight per hour (nM NO2 / g 
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FW h-). Seed oil content was determined using Soxhlet apparatus and petroleum ether (40-60 oC) according to 
(AOAC, 1990). Methyl esters of fatty acids were prepared from an aliquot of total lipid according to Harborne 
(1984). Fatty acid composition was determined quantitatively by gas liquid chromatography of methyl ester 
using a “HEWLETT PACKARD HP 6890 series GC system” instrument equipped with a flame ionization 
detector (FID). The capillary column “HP-INNOWAX polyethylene glycol”; length (30 m); diameter (530 mm) 
and film thickness (1 μm). Two injections were made from each sample. The operating conditions were: initial 
temp. 120ºC; final temp. 240ºC and detector temp. 300ºC. The nitrogen, hydrogen and air flow rates were 30, 30 
and 300 ml/min respectively. The defatted meals were used for further analyses. Total carbohydrates were 
determined according to Dubois et al.(1956). The protein content was determined by microkjeldahl method 
according to (AOAC, 1990). Total phenolic compounds were determined according to the method described by 
Zhang and Wang (2001).  Tannins were determined using the modified vanillin hydrochloric acid (MV-HCl) as 
reported by Maxson and Rooney (1972). Total flavonoid contents were measured by the aluminum chloride 
colorimetric assay as described by Ordoñez et al. (2006). The free radical scavenging activity was determined 
according to Brand- Williams et al. (1995) using the 1.1-diphenyl-2-picrylhydrazil (DPPH) reagent. 

  
Statistical Analysis  

All data were subjected to analysis of variance (ANOVA) for a randomized complete block design 
after testing for homogeneity of error variances according to the procedure outlined by Gomez and Gomez 
(1984). Statistically significant differences between means were compared at P ≤ 0.05. 
 
Results and Discussion 
 
Growth parameters 

Moderate and severe drought stress (75% FC and 50% FC) caused marked decreases in canola plant 
growth parameters (shoot height, root length, fresh and dry weights of shoot and root/plant) relative to control 
plants (D0GB0) (Table 1). Since, moderate and severe drought stress (D1GB0 and D2GB0) decreased shoot dry 
weight/plant by 14.56% and 42.19% and root dry weight/plant by 25.6% and 30.4% respectively relative to 
control plant (D0GB0). These results are in harmony with Abass and Mohamed (2011) who reported that both 
fresh and dry weights of shoots and roots of common bean decreased with increasing drought stress and these 
reductions may be due to the metabolic disorders induced by stress and generation of ROS. The decline in shoot 
height and root length in response to drought might be due to decrease in cell elongation, cell turgor, cell 
volume and eventually cell growth (Banon et al., 2006). The inhibition in root growth may be attributed to 
reduced extensibility of the root tip tissue due to hardening of the expanding cell walls. Further, Hussain et al. 
(2012) mentioned that the water deficit in root zone caused increase in root respiration rate, imbalance in the 
utilization of carbon resources, decrease in the production of adenosine triple phosphate and an increase in the 
production of ROS. 

 
Table 1.  Effect of glycinebetaine (GB) on some growth parameters of canola plants grown under different levels of drought stress (D) 

(means of two successive seasons) 

Treatments 

Shoot system Root system 

Height 
(cm) 

Fresh wt/plant 
(g) 

Dry wt/plant 
(g) 

Length 
(cm) 

Fresh wt/plant 
(g) 

Dry wt/plant 
(g) 

D0 
 
 

GB0 56.0  51.01  6.66  20.5  4.67  1.25  
GB1 58.6  58.27  6.88  22.0  5.43  1.36  
GB2 62.0  59.95  7.45  24.0  6.08  1.42  
GB3 66.0  62.02  10.08  23.2  6.36  1.85  

D1 
 
 

GB0 49.0  32.70  5.69  17.5  2.29  0.93  
GB1 51.0  36.63  5.85  19.0  2.82  0.97 
GB2 55.5  42.60  5.97  20.0  3.53  0.99  
GB3 60.8 48.36 6.86 21.0 4.36 1.38 

D2 
 
 

GB0 31.5  17.57 3.85  14.0  1.56  0.87  
GB1 45.0  28.00  4.47  14.67  2.50  0.88  
GB2 47.0  31.70  5.08  16.5  2.83  0.92  
GB3 46.5 30.00  5.31 17.0  2.62  0.95 

LSD 5% 7.13 6.13 2.13 1.01 0.17 0.11 
D0 (95% FC); D1(75 % FC);D2(50 % FC);GB0(0 mM);GB1(10 mM);GB2(15mM);GB3(20 mM). 

 
On the other hand, GB treatments proved to be effective in enhancing shoot height, root length, fresh 

and dry weights of shoot and root under unstressed, moderate and severe drought stressed plants (Table 1). It 
was noted that 20 mM GB at unstressed, moderate and severe drought stress (D0GB3 , D1GB3   and D2GB3) 
caused increases in dry weight of shoot by 51.35%, 20.56% and 37.92% respectively and increases in dry 
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weight of root by 48.0%, 48.38% and 9.19% relative to corresponding controls (D0GB0, D1GB0 and  D2GB0) 
respectively. The beneficial role of GB in promoting shoot and root biomass in wheat under drought stress has 
already been reported by Mahmood et al. (2009). In addition, Aldesuquy (2014) mentioned that exogenous 
application of GB could counteract the adverse effects of drought by improvement of growth vigor of root and 
shoot, leaf area, retention of pigments content, increasing the concentration of osmoprotectants, keeping out the 
polysaccharides concentration and/or stabilization of essential proteins. 
 
Photosynthetic pigments 

Moderate and severe drought stress (75% FC and 50% FC) caused significant decreases in all 
components of photosynthetic pigments relative to control plant (D0GB0) (Table 2). Abass and Mohamed (2011) 
reported that contents of photosynthetic pigments in leaves of common bean plants were significantly decreased 
with increasing the level of drought stress. Drought inhibits the photosynthesis process of plants may be due to 
oxidative stress by causing pigment photo-oxidation, damaging to photosynthetic apparatus and leading to 
decrease in photosynthetic carbon assimilation (Din  et al., 2011).  

On the other hand, GB treatments at all concentrations caused marked increases in photosynthetic 
pigments in fresh leaf tissues of unstressed plants (95% FC) as well as in fresh leaf tissues of plants that exposed 
to moderate (75% FC) and severe (50% FC) drought stress relative to corresponding controls (Table 2). 
Glycinebetaine application was found to be effective in mitigating the harmful effects of water deficit conditions 
on photosynthetic capacity of plants possibly due to its role in preventing photoinhibition (Ma et al., 2006), 
protection of Rubisco enzyme and lipids of the photosynthetic apparatus and maintaining electron flow through 
thylakoid membranes thereby maintaining photosynthetic efficiency (Allakhverdiev et al., 2003; Shahbaz et al., 
2011). 
 
Table 2.  Effect of glycinebetaine (GB) on photosynthetic pigments, IAA, proline and total soluble sugars of canola leaves at different levels 

of drought stress (D) (means of two successive seasons) 

D0 (95% FC); D1(75 % FC);D2 (50 % FC);GB0(0 mM); GB1(10 mM);GB2(15mM);GB3(20 mM). 

 
IAA 

Drought stress (moderate and severe) significantly decreased IAA concentration in fresh canola leaves 
by 28.18% and 49.32% respectively than that of control (D0GB0) (Table 2). These decreases may be due to 
increase the destruction of IAA by increasing the activity of IAA oxidase (Bano and Samina, 2010). 

On contrast, Table 2 indicates that GB treatments significantly increased IAA concentrations in 
unstressed plants as well as in drought stressed plants by increasing GB concentrations relative to corresponding 
controls. 20 mM GB had the highest beneficial effect in ameliorating the harmful effect of drought stress on 
IAA either under moderate or severe drought stress relative to corresponding controls. Aldesuquy (2014) 
mentioned that exogenous spray with GB may increase the drought tolerance by acceleration of growth 
promoters (IAA, GA3 and cytokinins) and at the same time reduced accumulation of inhibitor represented by 
ABA in flag leaves of wheat plants. 
 
Compatible solutes (proline and total soluble sugars) 

Under water stress, plants accumulate greater quantity of compatible organic solutes, which shield 
them from stress through stabilizing of membranes, tertiary structures of enzymes and proteins (Ashraf and 
Foolad, 2007). Table 2 shows that either moderate or severe drought stress caused significant increases in 
proline concentration of canola leaves relative to control plants (D0GB0). This finding is in consistent with 
Keyvan (2010) who found that under water stress, proline is accumulated in wheat cultivars and this 
accumulation is positively correlated with stress tolerance. These increases may be attributed to reduced proline 

Treatments 

Photosynthetic pigments (mg/g fresh weight) IAA 
(µg/ 100g  

fresh weight) 

Proline 
(mg/100 g dry weight) 

Total soluble  
sugars 

(mg/g dry 
weight) 

Chlorophyll  
 a 

Chlorophyll  
b 

Carotenoid 

D0 
 
 

GB0 1.93  0.64  0.58  18.45  30.46  19.18  
GB1 2.56  0.74  0.59  31.45  36.26  19.75  
GB2 2.53  0.95  0.69  56.16  49.42  22.35  
GB3 2.89 0.96 0.77 73.90 61.17 31.75 

D1 
 
 

GB0 1.52 0.54 0.35 13.25 44.02 30.85 
GB1 1.92 0.70 0.38 26.55 48.16 36.10 
GB2 2.36 0.73 0.66 40.60 62.70 45.25 
GB3 2.25 0.75 0.63 56.65 76.44 46.75 

D2 
 
 

GB0 1.18 0.48 0.22 9.35 58.71 48.58 
GB1 1.27 0.69 0.24 22.39 60.19 50.25 
GB2 1.55 0.71 0.37 38.55 64.19 50.85 
GB3 1.69 0.72 0.49 42.75 79.39 57.60 

LSD 5% 0.26 0.08 0.18 4.39 1.37 5.81 
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oxidase, proline catabolising enzymes as mentioned by Debnath (2008). In addition, proline has been considered 
as a carbon and nitrogen source for rapid recovery from stress and acting as stabilizer for membranes and some 
macromolecules and also as a free radical scavenger (Mousavi et al., 2009).        

Moreover, Table 2 shows clearly that GB treatments significantly increased proline concentrations in 
canola leaves under moderate and severe drought stress as well as in unstressed plants relative to corresponding 
controls. The accumulation of proline under drought stress and GB treatment is consistent with the early 
findings of Hussain et al. (2009). 

Regarding soluble sugars, it was found significant increases in soluble sugars due to moderate and 
severe drought stress relative to control plants (D0GB0) (Table 2). Soluble sugars are accumulated in plants of 
many species that are subjected to water stress. Mousavi et al. (2009) stated that water stress caused a 
remarkable increase in sugars content that might play a role in the osmotic adjustment. In addition, 
accumulations of soluble carbohydrates increase the resistance of plant to drought stress (Keyvan, 2010).  

Table 2 shows clearly that all concentrations of GB increased soluble sugars in unstressed plants (95% 
FC)  as well as in drought stressed plants (75% FC and 50% FC) and these increases were significant at the 
highest level of GB (20 mM) relative to corresponding controls. These results are similar to those obtained by 
Ibrahim (2004) who found that salinity stressed sorghum plants that treated with GB, accumulated more soluble 
sugars than the salinity stressed plants only. 
 
Lipid peroxidation and H2O2 

Table 3 shows that either moderate or severe drought stress caused significant increases in MDA and 
H2O2 in fresh leaf tissues relative to control plants. The malonyldialdehyde (MDA) is regarded as a marker for 
evaluation the degree of the lipid peroxidation or damage to plasmalemma and organelle membranes that 
associated with damages provoked by ROS due to environmental stresses (Ozkur et al., 2009). Drought stress 
caused modification in the lipid matrix of the plasma membrane and changes in the physical organization of the 
membrane (Mirzaee et al., 2013). In addition, it caused marked increases in MDA and H2O2 levels in different 
plant species including rapeseed and mustard may be due to inadequate induction of antioxidant system as 
mentioned by Hossain et al. (2013). 

Meanwhile, GB treatments significantly decreased MDA and H2O2 in fresh leaf tissues of canola plants 
irrigated with 95% FC or 75% FC or even 50% FC relative to corresponding controls. The most pronounced 
treatment was 20 mM GB. The GB-treatment reduced the MDA contents which led to the cell membrane 
stability by reducing ROS (Farooq et al., 2010) and substantially ameliorates the impacts of drought on 
membrane integrity and stability in the maize plants (Anjum et al.,2012). This reduction in MDA contents could 
be attributed to the putative role of osmolytes in alleviating the deleterious effects of stress on the structure of 
cell membranes and activities of different enzymes as well as reducing the generation of highly destructive free 
radicals (Smirnoff and Cumbes, 1989; Ali, 2011). 
 
Antioxidant enzymes 

Antioxidant enzymes (POX, PPO, SOD, CAT and APX) were significantly increased accompanied by 
significant decreases in NR due to moderate and severe drought stress relative to control plants (Table 3). In this 
context, increased activities of CAT, POX and APX has been reported in plants grown under stress conditions 
(Hoque et al., 2007). Gharache et al. (2013) mentioned that increases in SOD and APX activities promote the 
removal of reactive oxygen species (ROS), thus conferring higher drought resistance to plants. Abedi and 
Pakniyat (2010) showed that SOD and POX activities were increased in some canola cultivars and linked with 
protection from oxidative damage due to drought stress. Superoxide is converted by the SOD enzyme into H2O2 
(Noctor and Foyer, 1998) which must be scavenged to O2 and water by the antioxidant enzymes such as CAT, 
POX and APX (Ozkur et al., 2009). Further, under drought stress, the activities of CAT and POX were 
increased and involved in elimination of H2O2 from stressed cells and presumed to limit cellular damage and 
enhance the plants oxidative capacity to defend stress (Nojavan and Khorshidi, 2006). High activity of CAT 
indicated drought tolerance in some of the canola cultivars (Omidi, 2010). APX scavenges peroxide by 
converting ascorbic acid to dehydroascorbate (Ozkur et al., 2009). The activities of certain enzymes especially 
nitrate reductase sharply decreased as water deficit increased (Hussain et al., 2012).  
Table 3 shows that all GB treatments significantly increased antioxidant enzymes (POX, PPO, SOD, CAT, APX 
and NR) in canola plants irrigated with different levels of water relative to corresponding controls.  Since, GB 
treated plants can maintain higher antioxidative enzyme activities in a reasonable level to prevent damage 
caused by oxidative stress (Ma et al., 2006). Similarly, Raza et al. (2007) found that the adverse effects of salt 
stress on wheat plants can be ameliorated by exogenous application of GB as it acts on accelerating the activities 
of antioxidant enzymes and changing water relations and ion homeostasis. In another study Hoque et al. (2007) 
found that exogenous application of GB alleviated the salt induced reduction in the activities of antioxidant 
enzymes such as CAT and POX activities. GB protects membranes and proteins against the destabilizing effects 
of dehydration during abiotic stress and it has some ability to scavenge free radicals (Ashraf and Foolad, 2007). 
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Table 3. Effect of glycinebetaine (GB) on malondialdehyde, hydrogen peroxide and    antioxidant enzymes of fresh canola leaves at 
different levels of drought stress (D) (means of two successive seasons) 

Treatments 
MDA H2O2 POX PPO SOD CAT APX NR 

µmol /g 
fresh wt 

Unit /min /g fresh wt 
-

2(nM NO 

/g  fresh wt / h) 

0D 
 
 

0GB 8.11 2.69 333 18.30 18.35 18.75 0.413 300 

1GB 4.41 1.95 402 26.13 20.82 28.62 0.432 342 

2GB 4.52 1.11 592 33.95 24.30 36.65 0.451 362 

3GB 4.31 0.91 672 41.00 27.20 46.60 0.481 384 

1D 
 
 

0GB 14.11 11.74 474 24.1 23.45 38.90 0.482 280 

1GB 11.90 7.83 558 35.45 24.70 43.80 0.512 292 

2BG 10.77 7.44 693 39.10 30.40 58.35 0.542 311 

3GB 9.36 6.49 720 45.53 35.50 60.60 0.560 335 

2D 
 
 

0GB 23.45 13.98 529 33.30 33.60 49.20 0.528 242 

1GB 16.34 11.44 647 38.75 40.55 59.85 0.552 280 

2GB 13.01 10.30 805 47.15 45.75 64.45 0.560 301 

3GB 7.97 9.36 893 60.62 53.40 72.85 0.580 320 
LSD 5% 0.27 0.27 17.29 2.13 2.65 2.87 0.023 10.25 

         D0 (95% FC); D1(75 % FC);D2 (50 % FC);GB0(0 mM);GB1(10 mM);GB2(15mM);GB3(20 mM). 

 
Wang et al. (2010) suggested that GB induces increase in osmotic adjustments for drought tolerance by 
improving antioxidative defense system including antioxidant enzymes in wheat crop. Our results are in line 
with those of Ma et al. (2006) who found that GB-treated wheat plants that exhibited increased SOD and APX 
activities showed higher photosynthetic activity and water stress tolerance. Furthermore, GB-treated rice plants 
exhibit increases in SOD, POX and CAT activities, indicating a more efficient quenching of ROS (Farooq et al., 
2010). 
 
Seed yield,oil,carbohydrate and protein contents. 

It is worthy to mention that the yield and biochemical composition of a plant mainly depends on 
growth conditions, which is markedly affected by water availability. Table 4 indicates that drought stress at 75% 
FC and 50% FC significantly decreased seed yield/plant, oil and carbohydrate contents accompanied by 
significant increases in protein content relative to control plants (D0GB0).  The decreases in seed yield /plant 
were 24.76% and 55.24% due to drought stress at 75% FC and 50% FC respectively relative to control plants. 
Drought stress reduced the crop yield due to reduction in photosynthetic pigments (Anjum et al., 2003) and 
diminished activities of calvin cycle enzymes (Ashraf et al., 2013). Ali et al. (2010) stated that changes in seed 
chemical composition could have been due to the reason that low water supply during the plant life affects many 
enzymes whose activity is reduced under water stress conditions and leading to changes in metabolic activities 
that result in altered translocation of assimilates to seeds. Ali and Alqurainy (2006) mentioned that the main 
cellular components susceptible to damage by free radicals are lipids (peroxidation of unsaturated fatty acids in 
membranes), proteins (denaturation), carbohydrates and nucleic acids.The reduction in the oil content under 
drought stress could be due to oxidation of some of the polyunsaturated fatty acids (Singh and Sinha, 2005). 
Carbohydrate changes are of particular importance because of their direct relationship with such physiological 
processes as photosynthesis, translocation, and respiration. Water stress decreased the pigments concentration in 
leaves which results in inhibition of photosynthetic activity, in turn it leads to less accumulation of 
carbohydrates in mature leaves and consequently may decrease the rate of transport of carbohydrates from 
leaves to the developing seeds.  Regarding increments in protein content under drought stress, Ahmad et al. 
(2009) reported that seed protein content of sunflower was significantly higher in irrigation missing at flowering 
stage than in control, when crop was given normal irrigations.  

Regarding GB effect, Table 4 shows that all GB treatments caused significant increases in seed yield, 
oil, carbohydrate, and protein contents in the yielded canola seeds either in plants irrigated with 75% FC or 50% 
FC relative to corresponding controls. It is clear that, the 20 mM GB was the most pronounced and effective 
treatment in alleviating the deleterious effect of moderate or severe drought stress. The increases in seed 
yield/plant due to 20 mM GB were 30.80% and 60.28% at 75% FC and 50% FC respectively relative to 
corresponding controls. In other words, these results indicate that 20 mM GB had effective role under severe 
drought stressed conditions more than moderate drought stressed conditions. Glycinebetaine (GB) promotes 
plant growth and yield under normal or stress conditions due to its osmoprotective effect on photosynthetic 
machinery and regulation of ion homeostasis (Raza et al., 2007) as well as improving CO2 assimilation in plants 
under drought stress (Hussain et al., 2008) and because of its role in biosynthesis and transport of hormones like 
cytokinins that may have a role in the transport of photoassimilates (Taiz and Zeiger, 2006). 
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Table 4.  Effect of glycinebetaine (GB) on seed yield, chemical composition and antioxidant activity of the yielded canola seeds at different 
levels of drought stress (D) (means of two successive seasons). 

Treatments 
Seed 

yield/plant 
(g) 

Oil 
(%) 

Carbohydrate 
(%) 

Protein 
(%) 

Phenolic 
content 
(mg/g) 

Tannins 
(mg/100g) 

Flavonoids 
(mg/g) 

Antioxidant 
activity 

(%) 

D0 
 
 

GB0 3.15  43.92  19.50 18.66  15.95  0.82  0.37  31.0  
GB1 3.32  44.47  20.65  22.45  19.05  0.97  0.44  32.0  
GB2 3.35  45.68  21.45  22.49  19.30  1.20  0.42  34.0  
GB3 4.07  45.01  23.92  22.98  22.30  2.34 0.55  37.0  

D1 
 
 

GB0 2.37  40.20  15.52  21.83  14.70  0.80  0.36  26.0  
GB1 2.84  42.48  19.06 22.31  17.15  1.11  0.41  28.5  
GB2 2.95  43.20  17.50  23.58  17.20  1.22  0.42  30.0  
GB3 3.10  43.09  20.66  24.54  17.60  1.39  0.44  31.0  

D2 
 
 

GB0 1.41  32.99  13.13  22.67  8.45  0.39  0.32  20.5  
GB1 1.48  35.08  14.77  23.87  14.25  0.58  0.33  22.5  
GB2 1.64  36.45  17.66  26.11  15.15  0.94  0.35  23.5  
GB3 2.26  38.05 17.84  27.29  17.90  1.11  0.47  24.8  

LSD 5% 0.18 1.07 0.86 0.50 1.09 0.16 0.09 1.51 

D0 (95% FC); D1 (75 % FC); D2 (50 % FC); GB0(0 mM); GB1(10 mM); GB2(15 mM);GB3(20 mM). 

 
Phenolic content, tannins, flavonoids and antioxidant activity 

Moderate and severe drought stress (75% FC and 50% FC) caused marked decreases in total phenolic 
content, tannins, flavonoids and antioxidant activity of the yielded seeds (Table 4). These decreases were 
significant in total phenolic content and antioxidant activity. Total phenolic contents in oilseeds are very 
important for the oxidative stability of the polyunsaturated fatty acids of oils and indicative of antioxidant 
activity (Rice-Evans et al., 1997; Ali et al., 2010; Ali et al., 2013). These decreases in total phenolic contents of 
canola seeds under drought stress are similar to those reported byAli et al. (2010); Ali and Ashraf (2011) who 
mentioned that water deficit significantly decreased the concentration of phenolic compounds in maize. 
Regarding flavonoid content, in contrast to our results of Table 4, Ali et al. (2010) indicated that water stress 
significantly increased the flavonoids contents in maize plants. Meanwhile, the decreases in antioxidant activity 
under drought stress are in agreement with Ali et al. (2013) who reported that the 1,1-diphenyl-2-picryl-
hydrazyl (DPPH) radical scavenging activity, decreased significantly in maize due to drought stress. 

On the other hand, Table 4 shows that all GB treatments caused significant increases in total phenolic 
content, tannins, and antioxidant activity of the yielded seeds and caused non-significant increases in flavonoid 
contents either in plants irrigated with 95% FC or 75% FC or 50% FC relative to corresponding controls. 20 
mM GB was the most pronounced and effective treatment. The increases in antioxidant activity due to 20 mM 
GB were 19.35 %, 19.23 % and 20.97% at 95% FC, 75% FC and 50% FC respectively relative to corresponding 
controls. Ali and Ashraf (2011) revealed that foliar-applied compatible solutes as glycinebetaine could enhance 
the levels of phenolic compound in maize under water deficit conditions. Ali et al. (2013) indicated that 
exogenous application of osmolyte as proline increased flavonoids in drought stressed maize plants. A positive 
correlation in seed oil antioxidant activity and different antioxidant compounds under the effect of water deficit 
condition and exogenous application of organic osmolytes had already been reported in some earlier studies in 
maize (Ali et al., 2010; Ali and Ashraf, 2011). In addition, GB had the capacity to scavenge free radicals which 
is more important than their role as a mere osmolyte (Ashraf and Foolad, 2007; Ali, 2011). 

It has been reported that exogenously applied osmolytes increased the contents of antioxidant 
compounds under stress conditions. The increases in these metabolites due to osmolytes was found to be 
negatively associated with leaf MDA contents, thus showing the role of these osmolytes in plant oxidative 
defense mechanism by increasing the accumulation of these antioxidant secondary metabolites under stress 
conditions. Such effects of exogenously applied osmolytes in increasing the contents of these compounds may 
be due to the reason that these compatible solutes act as a regulatory or signaling molecule to activate multiple 
physiological and biochemical processes as well as plant adaptation processes under stress conditions (Ashraf 
and Foolad, 2007; Ali, 2011). 
 
Fatty acid composition 

The fatty acid profile of canola oils (Table 5) reveals that drought stress caused increases in saturated 
fatty acids (palmitic , stearic, arachidic) accompanied by decreases in behenic acid relative to control plants. 
Meanwhile, unsaturated fatty acids (oleic and linoleic) were decreased by drought stress accompanied by 
increases in linolenic, gadoleic and erucic acids. Generally, moderate and severe drought stress increased total 
saturated fatty acids and decreased unsaturated fatty acids relative to control plants. Environmental stresses such 
as drought have significant effects on seed oil fatty acid composition (Flagella et al., 2002; Ali et al., 2010; Ali 
et al., 2013).  

Results in Table 5 are similar to those reported by Pham-Thi et al. (1986) who reported that water 
deficiency decreased the degree of fatty acids unsaturation which was attributed to the inhibition in the 
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biosynthesis of polyunsaturated fatty acids and suppression in the activities of desaturases. Mekki et al. (1999) 
also showed that drought stress increased the percentage of palmitic acid and reduced unsaturated fatty acids. 
Ensiye and Khorshid (2010) studied the response of safflower to irrigation regimes and reported that the oil 
content and oleic and linoleic acid percentage were significantly reduced by drought stress. Tohidi-Moghadam 
et al. (2011) mentioned that water deficit stress conditions decreased canola oil and linoleic acid contents, but 
increased stearic, α linolenic, and gadoleic acids contents. Ullah et al. (2012) stated that drought stress reduced 
the oil quality of canola by decreasing oleic acid content and increasing the erucic acid content. Ali et al. (2014) 
stated that maximum erucic acid content was observed in treatments of 60% irrigation and minimum erucic acid 
content was observed in plants treated with100% irrigation level.  

The fatty acid profile of canola oils showed different responses to GB treatments in unstressed plants 
and drought stressed plants (Table 5). Since, well irrigated plants (95% FC) showed increases in stearic acid 
accompanied by decreases in behenic acids relative to control plants. Palmitic acid was increased by 10 mM GB 
and decreased by 15 and 20 mM GB. Hence, total saturated fatty acids was increased slightly by 10 mM GB and 
decreased by 15 and 20 mM GB. Further, oleic acid and erucic acids were decreased by GB treatments while 
linoleic, linolenic and gadoleic acids were increased. So, GB treatments caused slight changes in total 
unsaturated fatty acid in unstressed plants. Regarding interaction between drought stress and GB treatments, it 
was noted that moderate and severe drought stress caused decreases in palmitic and stearic acid and different 
responses in arachidic and behenic due to different GB treatments. Oleic and linoleic acids were increased 
accompanied by decreases in linolenic and erucic acids under the interaction effect of GB treatments and 
drought stress (75% FC and 50% FC) and these results led to decreases in total saturated fatty acid and increases 
in unsaturated fatty acid relative to corresponding controls. 

Compatible solutes (GB or proline) improved the oil quantity and quality due to their protective effect 
on cellular structures during fatty oil biosynthesis and storage, which occurs in liposomes or oleosomes in seeds 
during seed filling stage (Taiz and Zeiger, 2006; Ali et al.,2013). Ali (2011) stated that exogenous GB improved 
the quality of oil by decreasing the un-saponifiable matter and increasing oil saponification and iodine values, 
the measure of oil unsaturation. 
 
Table 5.  Effect of glycinebetaine (GB) on fatty acid composition of the yielded canola oils at different levels of drought stress (D). 

Treatments 
Fatty acid composition (%) 

TSFA TUFA 
16:0 18:0 18:1 18:2 18:3 20:0 20:1 22:0 22:1 

D0 
 
 

GB0 
GB1 
GB2 
GB3 

3.88 0.49 61.93 19.98 9.24 1.43 0.37 1.54 0.89 7.34 92.41 
4.41 0.65 53.25 22.44 15.29 1.37 0.73 1.13 0.63 7.56 92.34 
3.82 0.59 43.23 32.67 16.43 1.23 0.32 1.12 0.51 6.76 93.16 
3.34 0.68 43.94 31.99 15.81 1.59 0.48 1.28 0.73 6.89 92.95 

D1 
 
 

GB0 
GB1 
GB2 
GB3 

4.54 0.77 56.87 17.79 15.15 1.67 0.77 0.98 1.31 7.96 91.89 
4.32 0.73 68.60 16.56 5.69 1.75 0.52 0.66 1.0 7.46 92.37 
3.43 0.74 63.39 19.72 7.63 2.18 0.84 1.03 0.96 7.38 92.54 
3.44 0.95 63.69 20.42 8.14 ---- 1.40 0.68 1.13 5.07 94.78 

D2 
 
 

GB0 
GB1 
GB2 
GB3 

6.22 1.56 59.16 13.37 10.81 2.64 3.19 1.14 1.56 11.56 88.09 
3.20 1.17 61.09 19.74 7.78 3.12 2.04 0.93 0.88 8.42 91.53 
2.90 1.20 62.90 20.03 6.67 1.32 2.27 1.17 1.33 6.59 93.20 
3.57 1.52 65.60 15.47 8.62 1.43 1.37 1.14 1.20 7.66 92.26 

   D0 (95% FC); D1 (75 % FC); D2 (50 % FC); GB0(0 mM); GB1(10 mM); GB2(15 mM);GB3(20 mM). 
16:0(palmitic);18:0(stearic);18:1(oleic);18:2(linoleic);18:3(linolenic);20:0(arachidic);20:1(gadoleic);22:0(behenic);22:1(erucic); 
TSFA(total satutated fatty acids); TUFA(total unsaturated fatty acids). 
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