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Abstract 
 

A pot experiment was conducted to assess drought-induced modulation in growth and mineral composition of canola 
(Brassica napus L.). Four canola accessions [two drought tolerant (Dunkeld and 24177) and two sensitive (24173 and 
Pakola)] were grown in sandy loam soil. The plants of all four canola cultivars were subjected to three drought stress 
treatments i.e. normal watering (full field capacity), 75% and 50% field capacity (FC) at two growth stages (vegetative stage 
and flowering stage). Imposition of drought stress at different growth stages caused a significant decrease in shoot and root 
fresh and dry weights, shoot and root length, and shoot and root K+, Ca2+, N and P. Maximum reduction in these variables 
was observed at 50% FC in all canola accessions. The higher drought tolerance of Dunkeld and 24177 measured in terms of 
shoot fresh and dry biomass was found to be associated with higher concentrations of K+ and N maintained in its shoot 
particularly at the flowering stage.   

 
Introduction 
 

Drought stress is considered as one of the primary 
factors responsible for reduced agricultural productivity 
(Mehmood et al., 2009; Ashraf, 2010), because it is often 
linked to other major abiotic stresses such as salinity stress, 
heat stress etc. Shortage of water imposes adverse effects 
on plants in terms of impaired growth, reduced nutrient 
acquisition and alterations in water status of plants (Ali & 
Ashraf, 2011; Shahbaz et al., 2011a). Dehydration of 
protoplasma increases the concentration of cellular 
electrolytes that cause substantial disruption to a variety of 
metabolic reactions taking place in the cell (Mahajan & 
Tuteja, 2005). Of a number of metabolic processes 
perturbed in plants due to drought stress, impairment in 
uptake and accumulation of essential inorganic nutrients is 
a common phenomenon (Akram et al., 2008; Shahbaz et 
al., 2011b).  This nutrient deficit condition in plants under 
drought stress takes place due to reduced root growth, low 
nutrient availability in soil and reduced mineral uptake 
(Samarah et al., 2004). However, inter-specific and intra-
specific variation exists in plant species in relation to 
nutrient uptake under water deficit conditions (Garg, 2003).  

In canola (Brassica napus L.) considerable inter-
cultivar variation for drought tolerance has been observed 
(Kauser et al., 2006). While screening a large number of 
canola accessions for drought tolerance (Unpublished data) 
accessions Dunkeld and 24177 were found to be relatively 
drought tolerant and 24173 and Pakola as drought sensitive. 
However, their response to drought stress at different 
growth stages has not been observed. Thus, the premier 
objective of the present investigation was to appraise the 
response to drought stress of these four canola accessions 
differing in drought tolerance at different growth stages, i.e. 
vegetative and flowering in terms of growth and 
accumulation of some key essential nutrients. 
 
Materials and Methods 
 

To assess the alteration in mineral composition of 
canola (Brassical napus L.) under water deficit 
conditions, four canola accessions [Dunkeld and 24177 
(drought tolerant) and 24173 and Pakola (drought 

sensitive)] were grown in plastic pots filled with sandy 
loam soil. The experiment was laid out in a completely 
randomized design with four replications of each 
experimental unit. Each plastic pot (25 cm diameter and 
28 cm length) was filled with equal weight sandy loam 
soil. Then the soil in each pot was completely saturated 
with normal irrigation water. When the moisture contents 
were at field capacity, seeds of the four canola accessions 
were hand sown. Thinning of plants was done 8 days after 
germination to maintain 4 plants per pot. Three week-old 
seedlings of all four canola cultivars were subjected to 3 
drought stress treatments i.e. normal watering (full field 
capacity), 75% field capacity (FC) and 50% field capacity 
at 2 growth stages (vegetative stage and flowering stage). 
The moisture contents of droughted pots were maintained 
and regularly monitored by keeping the weight of each 
pot equal to that calculated for 75% and 50% field 
capacity through addition of normal irrigation water, if 
required on daily basis till the maturation of the crop. Two 
plants per replicate were harvested after 15 days of 
drought treatment at the flowering stage. Data for shoot 
and root fresh weights were recorded. These plants were 
then oven-dried at 65oC for 72 h for the estimation of dry 
weights and mineral composition.  
 
Determination of mineral elements: The dried ground 
material i.e., shoot and root (0.1 g) was taken in digestion 
flasks and 2 mL of the digestion mixture prepared after 
Wolf (1982) were added. The flasks were incubated 
overnight at room temperature. After heating the flasks 
containing plant material at 150ºC, 0.5 mL of H2O2 (35%) 
was poured down the sides of the digestion flasks. Then 
the tubes were placed in a digestion block and heated at 
250oC until fumes produced. The above step was repeated 
until the cooled digested material became colorless”. The 
volume of the extract was maintained up to 50 mL in 
volumetric flasks. The extract was filtered and used for 
the determination of N, P, K+ and Ca2+.  
 
Determination of cations (K+ and Ca2+): Potassium (K+) 
and calcium (Ca2+) contents were determined using a 
flame photometer (Jenway PFP 7). 
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Estimation of nitrogen: Nitrogen was estimated by 
micro–Kjeldhal’s method (Bremner, 1965). The digested 
plant material (5 mL) was taken in Kjeldhal’s tubes. The 
tubes were placed on the Kjeldhal’s ammonia distillation 
unit and 5 mL of 40% NaOH added to each tube. Boric 
acid solution (5mL) was taken in a conical flask with a 
few drops of mixed indicator. When the distillate was 
approximately 40 mL, the distillation stopped. The 
distillate was cooled for a few minutes and titrated it with 
0.01 N standard H2SO4 till the solution turned pink. A 
blank was run for the complete procedure.  
 
N was estimated by the following formula:  
N %age = (V2-V1) x N x 0.014 x 100/W 
The V1 and V2 in the above equation show the volume of 
standard H2SO4 required to titrate blank solution and 
sample solution, respectively, whereas N shows the 
normality of the H2SO4 used and W the weight of sample.  
 
Phosphorus estimation: Phosphorus (P) was determined 
spectrophotometrically. The extracted material (2 mL) 
was dissolved in 2 mL of Barton’s reagent and total 
volume made to 50 mL. These samples were kept for 30 
min before analyzing the phosphorus. 
 
Statistical analysis 
 

Data for different parameters were analyzed 
statistically by adopting two-way analysis of variance 
technique based on completely randomized design with 4 
replications according to Steel & Torrie (1986). The least 
significance difference test (LSD) was used for appraising 
the significant difference between the mean values 
(Snedecor & Cochran, 1980). 
 
Results 
 

Shoot fresh and dry weights of all canola accessions 
decreased significantly due to imposition of different 
drought stress regimes applied at different growth stages. 
The maximum reduction in shoot biomass in all 
accessions was observed at 50% FC at both growth 
stages. On comparing different growth stages it was found 
that application of drought stress at the vegetative stage 
caused more reduction in shoot fresh and dry weights of 
all canola accessions as compared to that at the flowering 
stage. Of different canola accessions the maximum 
reduction in shoot biomass due to drought stress was 
recorded in Pakola and minimum in Dunkeld at all 
drought stress levels at both growth stages (Fig. 1).  

Root fresh and dry weights of all canola accessions 
reduced significantly due to different levels of drought 
stress at different growth stages. Both drought levels were 
found to be equally effective in reducing root fresh and 
dry weights of all canola accessions applied at both 
growth stages. On comparing different canola accessions 
it was found that the maximum reduction in root fresh and 
dry weights due to drought stress at both growth stages 
was recorded of Pakola as compared to the other 
accessions (Fig. 1). 

A significant reduction in shoot length of all canola 
accessions was observed due to imposition of different 
levels of drought stress at different growth stages. This 
reduction in shoot length of all canola accessions was 

more prominent at 50% FC. Of all canola accessions the 
maximum reduction in shoot length was observed in 
accession Pakola as compared with the other accessions. 
However, root length of all canola accessions increased 
with a decrease in soil field capacity at different growth 
stages. The maximum increase in root length due to 
drought stress applied at different growth stages was 
observed at 50% soil field capacity. On comparing 
different canola accessions it was observed that more 
increase in root length due to drought stress imposed at 
different growth stages was observed in accession 24173 
as compared with the other canola accessions (Fig. 1).  
 Shoot and root K+ and Ca2+ contents of all canola 
accessions decreased significantly due to imposition of 
different levels of drought stress applied at different 
growth stages. The maximum reduction in these nutrients 
both in shoots and roots due to drought stress at different 
growth stages was recorded at 50% FC. All canola 
accessions did not differ significantly with reference to 
these nutrients in shoots and roots under drought stress 
applied at different growth stages except shoot K+ 
contents which were found maximum in Dunkeld and 
24177 and minimum in accession Pakola under drought 
stress particularly at the flowering stage (Fig. 2).  
 Like shoot and root K+ and Ca2+ contents, shoot and 
root P and N contents also decreased significantly due to 
different levels of drought stress applied at different 
growth stages. The maximum reduction in these nutrients 
was observed at 50% FC at both growth stages. The 
accessions did not differ significantly in relation to these 
nutrient contents under water deficit conditions applied at 
both growth stages except shoot N which significantly 
higher in Dunkeld and 24177 particularly at the flowering 
stage (Figs. 2).  

 
Discussion 
 

Of different deleterious environmental factors, 
drought is the major abiotic factor that adversely affects 
plant growth and metabolism leading to reduced final 
yield (Akram et al., 2007; Ali & Ashraf, 2011; Shahbaz et 
al., 2011b). Plants experience drought stress due to high 
rate of transpiration or due to low supply of water to 
roots. A number of reports show that even a temporary 
water stress can cause a substantial growth reduction of 
economically important crops (Ashraf & Mehmood, 
1990; Pinheiro et al., 2005; Kamran et al., 2009). 
However, water stress either temporarily or permanently 
adversely affects a number of morphological processes 
like shoot and root biomass and their lengths. Water is 
essential during the whole life of plant growth from seed 
germination to final growth stage. Water stress at any 
stage of plant growth and development reduces the final 
crop yield (Dicken & Wright, 2008). So any degree of 
water imbalance at any crop growth stage adversely 
affects the crop growth and development. However, the 
deleterious effects of shortage of water on crop growth 
may be more obvious at some particular growth stage 
depending upon the nature of a crop cultivar or species 
(Suralta & Yamauchi, 2008; Arshad et al., 2008). These 
adverse effects of drought stress on plant biomass 
production are due to inhibited cell expansion (Arshad et 
al., 2008), alterations in plant metabolism (Ashraf & 
O’Leary, 1996; Lawlor & Cornic, 2002; Chimenti et al., 
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2006), and reduction in the activities of different 
metabolic enzymes (Hong & Ji-yun, 2007; Xu et al., 
2008). Similarly, in the present study different levels of 
water stress applied at vegetative and flowering stage  of  
plants of different accessions of canola decreased the 
plant biomass production of all canola accessions but the 
accessions Dunkeld followed by 24177 was found to be 
better as compared with the other accessions. The more 
reduction in biomass production was recorded when 

drought stress was applied at the vegetative stage in all 
canola accessions. This differential response of different 
canola accessions to different levels of drought stress at 
different growth stage on plant biomass production might 
be due to their differential genetic potential to drought 
stress at different growth stages. Such variations in plant 
biomass production under drought stress have already 
been reported in different cultivars of oilseed rape (Abedi 
& Pakniyat, 2010). 

 

 
 

 
 

 

 
 

 
 

 
 
Fig. 1. Growth attributes of different accessions of canola (Brassica napus L.) as affected by different levels of water stress when 
applied at different growth stages (mean ± S.E.). 
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Fig. 2. Shoot and root mineral nutrients of different accessions of canola (Brassica napus L.) as affected by different levels of water 
stress when applied at different growth stages (mean ± S.E.). 
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In the present study, water stress resulted in a 
significant reduction in accumulation of essential 
nutrients (K+, Ca2+, N, and P) both in roots and shoots. 
This reduced uptake was positively associated with 
reduced plant growth. The more reduction in this regard 
was observed in accessions 24173 and Pakola as 
compared with the other two drought tolerant cultivars. 
This reduction in nutrient uptake may be due to their less 
solubility that results in altered physiological processes 
including low absorption and uptake of nutrients in plants 
grown under such conditions (Garg, 2003; Fageria et al., 
2002). This decrease in absorption of nutrients in plants 
generally results due to a substantial decrease in 
transpiration rate, reduced active transport as well as 
membrane permeability (Baligar et al., 2001; Gunes et al., 
2006) that result in diminished tissue nutrient 
concentration (Garg, 2003; McWilliams, 2003).  
However, in a number of reports, it has been observed that 
under water deficit conditions plant species and cultivars 
within a species differ in absorbing nutrients from soil and 
transporting them to roots and then from roots to shoot 
(Ali et al., 2008). Normally, the decrease in nutrient 
uptake under water deficit conditions takes place due to a 
reduction in transpiration rate (Ali et al., 2008; Jabeen et 
al., 2008). The similar results were observed in the 
present study under water deficit conditions. 

In conclusion, water deficit conditions reduced 
growth and mineral composition of all four canola 
accessions. Maximum reduction was observed at 50% FC 
and at vegetative growth stage. Of various canola 
accessions, drought tolerant accession Dunkeld was 
superior while Pakola inferior among all the accessions. 
The superiority of Dunkeld over the other cultivars in 
terms of drought tolerance was found to be due to its 
potential of high accumulation of K+ and N in the shoot 
particularly at the flowering stage. 
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