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Abstract 

 

Considering the burning issue the present study was undertaken in pot culture at the Cholistan Institute of Desert 

Studies (CIDS), The Islamia University of Bahawalpur, Pakistan for enhancing drought tolerance in two oilseed crops (OC) 

crops camelina (Camelina sativa L.) and canola (Canola napus L.) through improving physiological, biochemical, and 

antioxidants activity by foliar application of selenium (Se) under drought stress. Two Camelina (i.e., ‘Australian Camelina’ 

and ‘Canadian Camelina’) and canola genotypes (i.e., ‘AARI Canola’ and ‘UAF Canola’) were used as plant materials 

during the growing season of 2016. Both Camelina and Canola genotypes were grown under normal (100% FC) and water 

deficit (drought stress) (40% FC) conditions. Four levels of Se: such as seeds priming with 75μM Se, foliar application of Se 

at 7.06 μM and foliar Se in combination with seeds priming (7.06 μM & 75μM) along with control were applied at the 

vegetative stage of both OC crops for screening drought tolerant genotypes. All treatments were arranged three times in a 

randomized complete block design. Both OC crops were grown upto the maturity and data on physiochemical, antioxidants 

and yield components were recorded during this study. Results of the present study indicated that the physio-biochemical 

parameters such as WP (water potential), OP (osmotic potential), TP (turgor pressure), proline, TSS (total soluble sugar), 

TFAA (total free amino acids), TPr (total proteins) and TS (total sugars); and total chlorophyll contents were improved by 

foliar application Se along with seed priming by Se in both OC crops in both drought stress and non-stress (control) 

conditions. Similarly, osmoprotectants such as GB (Glycinebetaine), anthocyanin, TPC (total phenolic contents) and 

flavonoids; as well as antioxidants such as APX (ascorbate peroxidase), SOD (superoxide dismutase), POD (peroxidase) and 

CAT (catalase) were also showed better enhancement in both OC crops through foliar application in combination with seed 

priming with Se (7.06 μM & 75μM) under normal as well as water deficit (drought) conditions. Yield and its components 

i.e., branches plant-1 (no.), 1000-seed weight (g), seed and biological yield (t ha-1) of both OC crops were increased through 

foliar application in combination with seed priming by Se (7.06 μM & 75μM) under drought and non-drought stress 

conditions. Both camelina and Canola genotypes categorized based on all the above-mentioned parameters under the water 

deficit (drought stress) condition and foliar application of Se, the genotype ‘Canadian Camelina’ maintained the highest 

values for all these attributes. Therefore, it is revealed that foliar application in combination with seed priming by Se helps 

to improve drought tolerance of OC crops and also leads to an increase in the productivity of crops under drought stress. 

Among the genotypes, ‘Canadian Camelina’ performed the best when seeds of the genotypes were primed with Se in 

combination with foliar application of Se at the vegetative stage.  
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Abbreviations: APX, Ascorbate peroxidase; CAT, Catalase; 

GB, Glycinebetaine; OC, oilseed crops; OP, Osmotic potential; 

POD; Peroxidase; SeCys, selenocysteine; SeMet, 

selenomethionine; TPr, Total proteins; SOD, Superoxide 

dismutase; TFAA, Total free amino acids; TP, Turgor pressure; 

TPC, Total phenolic contents; TS, Total sugars; TSS, Total 

soluble sugars; WP, Water potential.  

 

Introduction 

 
Oil crop Brassica napus L. is a valuable source of oil 

(45–50% v/v in the mature seeds) and protein (40% in 
rapeseed meal) for human and animal nutrition (Nega & 
Woldes, 2018). It also constitutes a large source of 
healthy phytochemicals, such as phenols, flavonoids, 

vitamins, fats, hydroxycinnamic acids, and carotenoids 
(Száková et al., 2017). In addition, stem and leaves of the 
plant having a high protein and small amount of fiber 
contents which is also used for animals feed (Kerr et al., 
2007). The OC crop rape-seed comprises a high amount 
of C18 fatty acids, including oleic acid (C18:1, 60% v/v), 
linolenic acid (C18:3, ~10% v/v) and linoleic acid (C18:2, 
~30% v/v) (Jahangir et al., 2012). Another type of OC 
crops is Camelina (Camelina sativa L.), which is 
belonged to the Brassicaceae family and widely grown in 
Pakistan. It is a short duration crop, its life cycle is about 
60-90 days and possessing almost 35-45% oil contents in 
the seed. Recently, BioEnergy News (2010) reported that 
Camelina feedstock is a superior source of biodiesel for 
jet and airlines. 

mailto:ayman.elsabagh@agr.kfs.edu.eg


ZAHOOR AHMAD ET AL., 

 

1928 

Due to climate change, from the last few decades, 

drought became a serious constraint for sustainable crop 

production in world-wide including Asia and South-Asia, 

particularly in the dry regions of Pakistan (Ali et al., 

2017). Hydrological, meteorological and agricultural 

droughts cause deficit precipitation in certain regions and 

pose a significant threat for crop productivity, lead to 

threatening food security for the increasing population 

(Wang et al., 2012; Hao & Singh, 2015; Zhang et al., 

2015). Water deficit stress (drought)alters the 

physiological and biochemical activities of the plant 

including photosynthesis rate, osmotic potential, turgor 

pressure and also caused serious damage in the cellular 

membrane, finally decreased the crop yield (Miao et al., 

2015). The physiological, agronomical and developments 

are affected by environmental conditions during different 

growth stages (Islam et al., 2019). However, the 

production of canola is mostly restricted by drought, 

which can become critical in climate change (EL Sabagh 

et al., 2019). Therefore, to meet the food security of an 

increasing population, agricultural productivity can be 

maximized through mitigating the adverse effect of 

drought on crop productivity (Madadgar et al., 2017). 

Under drought stress conditions the stomata of plants’ 

leaf are closed and also the nutrients are unavailable to the 

plants. Therefore, for enhancing drought tolerance in plants 

the foliar application of different nutrients are the better 

way to mitigate the drought stress (EL Sabagh et al., 2020). 

Scientists used various techniques to protect cellular and 

oxidative damage and regulate enzymatic activities under 

drought stress conditions (Fahad et al., 2019). Se base or 

foliar fertilization was reported as the current best 

technology to enhance its accumulation in plants. The Se 

application has the advantage of proline enhancement 

(Xiaoqin et al., 2009), which enables the plants to 

overcome drought without influence on water uptake and 

plant biomass (Hajiboland et al., 2015). The foliar 

application of Se ions easily diffuses to epidermal cells 

which are transported by xylem and phloem and become 

the part of the plant body (Boldrin et al., 2013). Earlier 

studies reported that foliar application of Se under drought 

stress in carrots (Kápolna et al., 2009), onion, garlic 

(Kápolna et al., 2012; Põldma et al., 2011), cereals, OC 

crops etc. and got a significant positive result (Boldrin et 

al., 2013; Šindelářová et al., 2015). Thus, Se application 

has the potential to increase nutritional value, grains yields 

as well as enable plants for abiotic tolerance by starch 

accumulation in the chloroplast (Mozafariyan et al., 2017). 

Se also regulates various antioxidant enzymes and helps in 

the metabolic adjustment under drought stress conditions 

(Hasanuzzaman et al., 2011). Se is an essential 

microelement for human beings and also for animals, but it 

is not considered to be essential for higher plants, although 

numerous studies show benefits from Se addition to plants 

(Lyons et al., 2009). The Se acts as a growth regulator, 

abiotic stress modulator, anti-senescent, antioxidant and 

defensive molecule against pathogens at low concentrations 

in plants. Increases in antioxidant enzyme activity 

associated with applied Se have been observed 

(Djanaguiraman et al., 2010; Száková et al., 2017).  

While, selenite (IV,VI) are the two major species 

present in soil and can be efficiently utilized by plants 

(Zhu et al., 2009). Plants take up selenate via S 

transporters and assimilate it into selenocysteine 

(SeCys) and selenomethionine (SeMet) that perform 

different roles in the plant (Ellis & Salt, 2003). 

(Klognerová et al., 2015) determined the Se compounds 

in Se-fortified and control oilseed rape plants, where 

SeMet was identified in the fortified plants. In the 

defatted oilseed rape meal, the predominant Se 

compound was SeMet (Seppänen et al., 2010).  

Although, Se helps to reduce the effect of different 

environmental stresses induced in plants via drought, 

salinity, cold, intensive light, waterlogging and heavy 

metals toxicity (Djanaguiraman et al., 2010; Feng et al., 

2010; Hasanuzzaman et al., 2011, 2012; Kaur et al., 

2014). However, at high concentrations (>1 mg kg−1), Se 

causes numerous toxicity symptoms which include 

chlorosis, withering, stunted growth, leaves drying, 

reduction in protein synthesis, premature and even show 

death in plants (Kaur et al., 2014).  Drahoňovský et al., 

(2016) reported ambiguous changes in essential element 

contents in selenized wildlife plants. In the case of crops, 

various changes in the nutrient contents in wheat, oilseed 

rape, and broccoli after Se supplementation were 

observed (Filek et al., 2010; Šindelářová et al., 2015). 

Considering the burning issue of drought and to mitigate 

its adverse effect to meet the food security of the 

increasing population, a pot culture research was carried 

out for enhancing drought tolerance in two OC crops 

camelina (Camelina sativa L.) and canola (Canola napus 

L.) through improving physiological, biochemical, and 

antioxidants activity by foliar application of Se under 

drought stress. 

 

Materials and Methods 
 

Location and duration of the research: During the 

growing season of 2016, two OC crops crops’ genotypes 

such as Camelina (‘Canadian Camelina’ and ‘Australian 

Camelina’) and Canola (‘UAF Canola’ and ‘AARI 

Canola’) were grown in a pot at the Cholistan Institute of 

Desert Studies (CIDS), The Islamia University of 

Bahawalpur, Pakistan. 

 

Plant materials, treatments, and Design: Two OC crops’ 

genotypes: Camelina (‘Canadian Camelina’ and ‘Australian 

Camelina’) and Canola (‘UAF Canola’ and ‘AARI Canola’) 

were used as experimental materials. Before sowing seeds 

were sterilized and rinsed with distilled water. The primed 

OC crops of both oil crops’ genotypes (5.1 mg L-1 Se 

solution) were sown in pots containing 500g dried sand. 

Both Camelina and Canola genotypes were grown under 

normal (100% FC) and water deficit (drought stress) (40% 

FC) conditions. Four levels of Se such as Se priming @ 

75μM, foliar Se @ 7.06 μM and foliar Se with priming (7.06 

μM & 75μM) along with control were applied at the 

vegetative stage of both OC crops for screening drought 

tolerant genotypes. All treatments were arranged three times 

in a randomized complete block design. Irrigation was 

applied according to soil field capacity and fertilized by the 

recommended dose of NPK before sowing. The pots were 
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separated into sets after completion of the germination stage. 

One set was kept under water stress at 40% field capacity 

and other without water stress. The Se @ 7.06 μM (0.48 mg 

L-1) was applied as foliar at the vegetative stage and 

maintained up to one week.  

 

Data collection: Data on chlorophyll content, physio-

biochemical parameters, osmoprotectants and antioxidants 

concentration, and yield components were recorded from 

two OC crops grown under the pot culture. The physio-

biochemical parameters such as WP (water potential), OP 

(osmotic potential), TP (turgor pressure), Pro (proline), 

TSS (total soluble sugar), TFAA (total free amino acids), 

TPr (total proteins) and TS (total sugars); and total 

chlorophyll contents were recorded.  The concentration of 

several osmoprotectants such as GB (glycine betaine), 

anthocyanin, TPC (total phenolic contents) and flavonoids; 

as well as antioxidants such as APX (ascorbate peroxidase), 

SOD (superoxide dismutase), POD (peroxidase) and CAT 

(catalase). Besides these, yield and its components such as 

branches plant-1 (no.), 1000-seed weight (g), seed and 

biological yield (t ha-1) were also recorded according to the 

following procedure: 

 

Water relations parameters: The Scholander type 

pressure chamber was used to obtain water potential. For 

that parameter top, 3rd leaf was selected from every 

treatment and then frozen it at -20oC followed by Nawaz 

et al., (2015) method. After that turgor potential (ψp) was 

calculated by using this formula: 

 

(ψp) = (ψw) - (ψs)    (1) 

 

where, (ψp), turgor potential; (ψs), osmotic potential and 

(ψw), water potential. 

 

Determination of physio-biochemical parameters: The 

biochemical parameters such as TSS, TSP, TFAA contents, 

and Pro contents of leaf were investigated as per the 

following protocols prescribed by Rosni et al., (2015); Abdel 

Latef & Tran (2016); Cao et al., (2017); Sood et al., (2017). 

 

Measurement of chlorophyll contents: For leaf 

chlorophyll contents measurements, the SPAD-502 

instrument was used as described by Ehsanzadeh et al., 

(2009). 
 

Measurements of osmoprotectants and total phenolic 

contents: The ground tissues were oven-dried and then 

soaked in 10ml solution containing methanol, water, HCl 

in (79: 20: 1 v/ v) ratio followed by continuous shaking 

for 72 hours at 0°C in dark condition. The extracts were 

centrifuged after that absorbance was accomplished at 

530 and 657 nm (Ribera-Fonseca et al., 2018). Rayleigh's 

formula was used for absorbance reading correction. 

Corrected A530 = A530 – 1/3 A657 where, A530 

reading obtained at 530 nm, similarly A657 obtained 

reading at 657 nm.  

Anthocyanins (Zhao et al., 2017) and flavonoid 

content (Wang et al., 2017) were also calculated. For 

flavonoid content measurement 0.5 mL sample volume 

was incubated in 0.5 mL of AlCl3 solution (2% in 

absolute ethanol) for one hour at room temperature. The 

absorbance was calculated at 420 nm and after that 

flavonoid content was measured in relation to equivalent 

Quercetin as a reference to the standard curve. 

For GB measurements, 1g fresh leaf material from 

Camelina was taken followed by ground in 10mL ultra-

pure water, after that 1mL extract was used and acidified 

in 1mL HCL (2N). Then 0.5mL was taken from acidified 

solution in a test tube which contained 0.2mL of I3K 

(potassium tri-iodide) solution followed by ice bath 

shaking for 90 minutes. Then, a solution containing 

chilled ultra-pure water and 1, 2 dichloroethane was 

introduced in that mixture. Stream air was passed in a 

duration of 1- 2 minutes for blending double layer. The 

double beam Spectrophotometer (Hitachi-150-20, Japan) 

was used to determine the organic layer and then the 

standard curve figured out the glycine betaine 

concentrations (Salama et al., 2015). 

For determination of soluble phenols, 1g leaf sample 

was ground in (10mL) 80% acetone and then centrifuged 

it at 4000 rpm for 10 minutes time duration. After that 20 

μL of centrifuged material, 1.58 mL distilled water, Folin-

Ciocalteu reagent 100 μL and sodium carbonate 300 μL 

solution were taken in a test tube then kept this mixture 

for 30 minutes at 40°C. Then absorbance of the respective 

sample was determined at 765 nm and calibration curve 

used for phenolic level measurement (Rosni et al., 2015). 

 

Assay of antioxidant enzyme extraction: 
Spectrophotometrically techniques were used to determined 

antioxidants like APX, CAT, SOD, and POD. Ahmad & 

Haddad (2011) technique was used for antioxidants 

enzymes analysis, while for APX and SOD, Ahmad et al., 

(2017) and for CAT and POD analysis Cao et al., (2017); 

Mozafariyan et al., (2017) methods were used. 

 

Yield and yield-related components: The branches per 

plant and 1000 grains weight from each replication were 

recorded. However, the total yield and biomass of each 

pot were also determined and then transferred that weight 

into tons ha-1 by conversion method. 

 

Statistical analysis: Data were statistically analyzed by 

using MSTAT-C software (Russell, 1986). The significant 

difference among all means value was measured by using 

LSD (Least Significance Difference Test) test with 5% 

probability level (R Core Team, 2013).  

 

Results 
 

Improvement of physiological parameters through the 

application of Se in drought stress: Morphological 

characteristics of any plant, exhibit that plant is either 

healthy or under stress condition. In this study, different 

plant growth parameters were measured under water 

stress and control conditions and also measured after the 

foliar application of Se supplement. It was observed that a 

highly significant difference was observed among all the 

treatment combinations both under drought and non-stress 

conditions (Fig. 1). In general, the reduction in growth 

and development was observed when plants were grown 

in water deficit (drought stress) conditions. Among the 
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genotype, ‘Canadian Camelina’ showed the highest 

chlorophyll contents under non-stress conditions, while 

maximum and minimum photosynthetic rate were 

measured in genotypes ‘Australian Camelina’ and ‘AARI 

Canola’ respectively under drought stress conditions. 

However, foliar application of Se in combination with Se 

at priming treatment had a positive impact on the 

photosynthetic rate in all genotypes both in drought and 

non-stress conditions. 

 
Water relation parameters varied due to application of 
Se under drought stress: In the case of water potential, 
the maximum and non-significant difference were observed 
among all control plants under both normal and drought 
stress (water deficit) conditions. While, under the drought 
stress, seeds priming with Se, foliar Se and foliar 
application of Se in combination with seeds priming with 
Se showed the almost similar and positive result on water 
potential ability of plants. The maximum osmotic potential 
was observed only in control plants under the non-stressed 
conditions. Whereas, the non-significant difference was 
observed among all treatments as compared to control 
under the drought stress condition. Low turgor pressure 
was observed in all control plants under non-stress 
conditions. Under the same condition, foliar application of 
Se and foliar Se + seeds priming with Se treatments have a 
similar and positive effect in the genotypes ‘Canadian 
Camelina’ and ‘Australian Camelina’. Considering both 
Canola genotypes, only the simultaneous application of 
foliar spray of Se and seeds priming with Se has a positive 
effect on the turgor pressure of water (Fig. 1). Therefore, it 
is confirmed that under drought stress condition Camelina 
genotypes showed the highest turgor pressure as compared 
to Canola genotypes (Fig. 1). 
 

The biochemical process of two OC crops varied due 

to application of Se in drought stress: These results 

indicate that significant values among all measured non-

enzymatic antioxidant parameters and non-significant 

results were observed in the combination of V × S × T. 

While, highly significant variations were observed for 

different genotypes and treatments. Significant variations 

could be found due to different genotypes and the 

application of different levels of Se under drought stress 

and non-stress conditions (Fig. 2). Among treatments, 

foliar application of Se in combination with seeds priming 

with Se showed the increasing level of proline content 

under both normal and water-deficit stress conditions. 

While minimum proline content in dry weight of plant 

biomass was observed in all control plants. In the case of 

TSS, both genotypes of Camelina showed the highest TSS 

per gram of fresh weight under all levels of treatment 

except control. While under drought stress, the highest 

TSS was found in the genotype ‘Canadian Camelina’ by 

the simultaneously applied Se i.e foliar and priming. 

Moreover, both Canola genotypes exhibited non-

significant results among all treatments under both normal 

and drought stress conditions. While, in terms of total 

protein, the maximum protein content was observed in 

‘Canadian Camelina’ and ‘UAF Canola’ followed by 

‘AARI Canola’ and ‘Australian Camelina’ under both 

conditions. Accordingly, minimum protein content was 

measured in all control genotypes under both conditions 

(Fig. 2). Maximum total sugar content was found in both 

Camelina genotypes under the stress condition as 

compared to control and non-stressed condition. While 

the genotype ’UAF Canola’ showed the non-significant 

effect on the sugar content of all treatments under stressed 

and non-stressed conditions. Another Canola variety 

(‘AARI Canola’) showed a significantly increased level 

of sugar content through the simultaneous application of 

Se (foliar Se + seed priming Se). While the non-

significant difference was found when Se applied alone as 

foliar or as seeds priming (Fig. 2). 
 

Osmoprotectants and total phenolic contents of two OC 

crops varied due to application of Se under drought 

stress: Osmoprotectants and total phenolic contents of two 

OC crops varied due to the application of Se under drought 

stress showed a different level of significance. While, all 

treatments had a highly significant effect on gibberellins, 

total Phenolic contents, anthocyanin and flavonoids 

production under both stress and non-stressed conditions as 

compared to control. Under the non-stress condition, foliar 

application of Se with its different combination enhanced 

the production of the primary hormone in the plant. While, 

in drought stress condition, foliar application of Se + seeds 

priming with Se increased the production of Gibberellins 

hormone among all genotypes as compared to control and 

other treatments. The highest TPC/gm was produced in 

both Camelina genotypes under both stress and non-

stressed conditions. While in Canola genotypes significant 

difference was observed under both conditions. In the case 

of the production of plant pigments such as anthocyanin 

and flavonoids, a significant difference was observed for 

both Camelina and Canola genotypes. Under the non-stress 

condition, all treatments had a positive effect on the 

production of anthocyanin in genotype ‘Canadian 

Camelina’. Similarly, an increased level of anthocyanin 

pigment was observed in ‘Canadian Camelina’ genotype 

under the drought stress condition; the remaining three 

genotypes exhibited almost the similar production of 

anthocyanin under the stress condition. According to the 

production of flavonoids pigment, non-significant results 

were found for all genotypes under stress and non-stress 

conditions (Fig. 3). 
 

Antioxidants and osmoprotectants activity of two OC 
genotypes varied due to application of Se under 
drought stress condition: Water deficit stress tolerance 
may depend, at least in part, on the improvement of the 
antioxidative defense mechanism, which includes 
antioxidant compounds and many other antioxidant 
enzymes. In the present study, APX and SOD-enzymes 
significantly and actively produced under the stress 
condition among all genotypes and treatments as 
compared to control. Maximum APX and SOD-enzymes 
activity were recorded in genotype ‘Canadian Camelina’ 
and ’UAF Canola’ under the drought stress condition. 
While genotype ‘Australian Camelina’ and ‘AARI 
Canola’ genotypes showed a similar response in favor of 
APX and SOD enzyme production under drought stress. 
Data on the increased level of POD and Catalase enzymes 
were also observed in the genotype ‘Canadian Camelina’ 
and ’UAF Canola’ genotypes under both stressed and 
non-stressed conditions as compared to control (Fig. 4). 
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Fig. 1. Effect of application of Se (Foliar + seeds priming) on total chlorophyll contents, water potential, osmotic potential and turgor 

pressure of Camelina and Canola genotypes under normal and water-deficit stress conditions. ± SE in each bar was calculated from 

three replication for each value. 
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Fig. 2. Effect of application of Se (Foliar + Seeds priming) on proline, TSS, total amino acids, total proteins and total sugars of 

Camelina and Canola genotypes under normal and water-deficit stress conditions. 
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Fig. 3. Effect of application Se (Foliar + Seeds primed) on GB, TPC, anthocyanin and flavonoids of Camelina and Canola genotypes 

under normal and water-deficit stress conditions. ± SE in each bar was calculated from three replication for each value. 
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Fig. 4. Effect of application of Se (Foliar + Seeds priming) on APX, SOD, POD and CAT of Camelina and Canola genotypes under 

normal and water-deficit stress conditions. ± SE in each bar was calculated from three replication for each value. 
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Fig. 5. Effect of application of Se (Foliar + Seeds priming) on branches plant-1, 1000-seed weight, seed yield and biological yield of 

Camelina and Canola genotypes under normal and water-deficit stress conditions. ± SE in each bar was calculated from three 

replication for each value. 
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Yield parameters: Yield traits are good indicators under 

the stress conditions. By these parameters, we can easily 

categorized plants are resistant or susceptible or tolerant 

against stress conditions. In the present study, significant 

variations (p≤0.01) between the plant growth and yield 

parameters were observed due to the selection of 

genotypes and stress levels. Among the genotypes, 

Camelina genotypes exhibited the maximum branches 

plant-1both under the drought stress and non-stress 

condition at all levels of Se treatments. Whereas, 

significantly the highest branches plant-1was recorded at 

treatment four (foliar application of Se + seeds priming 

with Se). It was confirmed that water deficit condition 

significantly reduced seed weight, yield and biological 

yield in control plants or without sprayed plants. In the 

case of Canola genotypes, no-significant was found for 

1000-seed weight. However, the maximum 1000-seed 

weight among all genotypes under non-stress and drought 

stress conditions were recorded from the genotype 

‘Canadian Camelina’ (Fig. 5). Similarly, the maximum 

seed yield and biological yield were also observed from 

the genotype ‘Canadian Camelina’ followed by ’UAF 

Canola’; while the minimum was recorded from ‘AARI 

Canola’ under the water deficit stress condition (Fig. 5). 

Both Camelina and Canola genotypes categorized based 

on all above-mentioned parameters under the water deficit 

(drought stress) condition and foliar application of Se, the 

genotype ‘Canadian Camelina’ maintained the highest 

values for all these attributes. 
  

Discussion 
 

In the present search, OC crops of Camelina and 

Canola crops exhibited significant improvement in water 

relation parameters such as water potential (Ψw), turgor 

pressure and osmotic potential under both control and 

water-limited stress conditions when seeds of all 

genotypes were primed with Se and foliar application of 

Se at vegetative stage. Water retention of the plant tissues 

was significantly enhanced to the uptake of water by roots 

without declining the transpiration rate (E) by the Se 

application (Kuznetov et al., 2003). The Ψw was least 

negative (̶ ve) at tillering stage with fertigation and foliar-

applied Se at 75 µM and 7.06 µM respectively. The data 

in the present study revealed that the exogenous 

application of Se increased the Ψw, the information has 

also confirmed the results of Germ et al., (2007). 

Likewise, a significant rise in water use efficiency 

(WUE), biological and economical yield of the maize 

crop was seen through the foliar-applied of Se by Sajedi 

et al., (2009). The addition of Se in plant growing media 

enhances leaf Ψw of maize under severe water deficit 

conditions also reported by Qiang-yun et al., (2008). 

The concentrations of anthocyanin and flavonoids 

color pigments of plant moderately reduced under water-

limited stress. It is suggested that leaf desiccation affects 

the synthesis of anthocyanins and flavonoids pigments 

more than that of Chlorophyll (Chl) contents. The effect of 

Se on maize leaf pigments was clearly seen for flavonoids 

and anthocyanins. Wahid & Shabbir (2005) reported that a 

high concentration of anthocyanins supposed to protect the 

cellular structures from oxidative damages. 

Correspondingly, Fini et al., (2011) stated that the 

involvement of flavonoids to the antioxidant defense 

mechanism and its importance in plant responses to 

drought have been widely accepted. Plant pigments 

especially Chl‘a’, Chl ‘b’ and total Chl contents are 

essential to sustain optimum photosynthetic activity 

(Nageswara et al., 2001). Water deficit stress checks the net 

photosynthesis rate by declining the Chl contents and 

damages photosynthetic mechanisms (Iturbe et al., 1998). 

The outcomes of our study related to the more reduction 

were noticed in total chlorophyll contents under drought 

stress also confirmed by earlier studies, who showed that 

the water deficit stress causes reduction of Chl contents in 

various crop plants such as wheat (Fotovat et al., 2007; 

Sajedi et al., 2015), sunflower (Manivannan et al., 2007), 

corn (Khayatnezhad et al., 2011) and chickpea (Mafakheri 

et al. 2010). Reactive oxygen species decrease the leaf Chl 

contents by damaging the chloroplasts (Smirnoff, 1995 and 

Ommen et al., 1999). The results of our findings also 

confirmed the results that Se seed treatment with foliar 

application resulted in higher leaf chl contents in both the 

crops such as Camelina and canola under control and 

water-limited conditions. The plants of the Camelina and 

Canola crops also sustained maximum Chl contents due to 

Se supply at both stages such as vegetative and 

reproductive. In contrast drought stress significantly 

declined the Chl contents at later growth stages (vegetative 

and reproductive stage) in rape-seed plants reported by 

Kumar & Paul (1997). Seed priming with Se in 

combination with foliar application of Se revealed that the 

maximum increase in leaf Chl contents in Camelina and 

canola under both normal and limited water conditions.  
In our case, maximum TSS accumulation at vegetative 

stage under drought stress in priming and Se foliar 
treatments which is confirmed by previous studies, who 
reported that TSS accumulation under drought stress in 
various crops such as rice, wheat, and soybean (Mostajeran 
& Rahimi-Eichi, 2009; Akladious, 2012; Liu et al., 2011). 
TSS was increased by supplementation of Se in pear 
jujube, soybean, canola and potato (Zhao et al., 2013). 
Nawaz et al., (2013) indicated that TSS increased in wheat 
crop seeding due to seed priming in water deficit 
conditions. In addition to TSS, there was a remarkable 
increase in TSP and TFA observed by Se seed priming. 
Djanaguiraman et al., (2004) conducted research to support 
the above findings and declared that TSP enrichment of Se 
treated plants is the result of enhancement in nitrate 
reductase and TFA (total free amino acids) contents. Zhao 
et al., (2013) observed, 48-52% TSP increased by Se foliar 
in the jujube plant. Gowily et al., (1996) and Wu (1998),  
declared that increment of TFA concentration by Se is the 
result of amino acid metabolism disturbance which might 
be increased protein soluble contents and activity of nitrate 
reductase (Djanaguiraman et al., 2004). While, TFA 
accumulation is helpful for osmotic adjustment in the plant 
under water deficit conditions (Hsu & Kao, 2003) and it’s 
verified by the current study.   

However, proline is an important antioxidant enzyme 
which restricts the protein biosynthesis reduction under 
water stress condition (Cechin et al., 2008) and it might 
be used as stress tolerance selection criteria (Jaleel et al., 
2007). It is the well reputable fact that proline contents 
increased by Se application in adverse conditions like 
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cold, salinity and heavy metals toxicity stress (Abbas, 
2012). In the present study, considerably proline content 
was increased in both selected genotypes in comparison 
with control plants. Obtained results are highly consistent 
with Yao et al., (2009) findings who obtained high 
proline contents by Se application in wheat-seedling 
water scarcity and Kuznetov et al., (2003) also detected 2-
4 folds of proline enhancement in Se treated plants.  

Under drought stress conditions, the ROS 

production enables plants to produce less molecular 

weight antioxidants to overcome the detrimental effects 

of ROS such as CAT, APX, SOD and POD (Asada, 

2006). In the present study, alike results were achieved 

towards antioxidants activity improvement in Se foliar 

with priming treatments of both OC crops genotypes 

under applied stress. Yao et al., (2009) observed 

antioxidants increment in wheat and Habibi (2013) 

barley by Se application to overcome ROS species 

damage in drought stress.  

Contradiction presents in previously published 

reports about Se application towards plant growth, 

development, and yield. Djanaguiraman et al., (2004) and 

Wang et al., (2013) reported that the growth and yield of 

rice, potato, lettuce and soybean increased by Se 

application. Yang et al., (2003) were found non-

significant results by Se application on soybean growth 

and yield, whereas the decline in potato growth was also 

observed in Se treated plants (Germ et al., 2007). In our 

research, we noticed a remarkable increase in all yield-

related components of canola and Camelina by foliar Se 

application plus seed priming. Our findings are highly 

compiled with Curtin et al., (2006) who stated that Se 

foliar application is more effective as compared to soil 

fertilization because Se ions diffuse more easily to 

epidermal cells which enhance its effectiveness towards 

growth and yield (Wójcik, 2004). However, the higher 

application rate of Se can cause leaf damage 

(Mozafariyan et al., 2017) which results in the reduction 

in metabolic activities and hence finally affects plant 

growth and yield. 

 

Conclusions 
 

This paper summarizes that all physicochemical 

parameters such as WP, OP, TP, Proline, TSS, TFAA, 

TPr and TS; and total chlorophyll contents as well as 

osmoprotectants and antioxidants such as GB, 

anthocyanin, TPC and flavonoids; APX, SOD, POD and 

CAT of both OC crops crops’ genotypes were improved 

by foliar application Se in combination with seed 

priming by Se (7.06 μM & 75μM) under both drought 

stress and non-stress (control) conditions. 

Correspondingly, yield and its components i.e., branches 

plant-1 (no.), 1000-seed weight (g), seed and biological 

yield (t ha-1) of both OC crops were improved through 

foliar application in combination with seed priming by 

Se (7.06 μM & 75μM) under drought and non-drought 

stress conditions. Considering on genotypes, ‘Canadian 

Camelina’ performed the best when seeds of the 

genotypes were primed with Se in combination with 

foliar application of Se at vegetative stage. 
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