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Abstract
Oilseed rape (Brassica napus L.) is an important oilseed crop worldwide. Drought is the most detrimental 
environmental factor affecting the crop plants from germination up to maturity. A complete perspective of the 
effect of drought is crucial in understanding the influence of climate variability on rape cultivation. Water deficit 
stress affects morphology, physiology and development of rape crop. The aim of this article is to present an outline 
of the effects of drought stress on the growth, physiological processes, yield and quality parameters of rape crop. 
When drought stress occurs at critical stages, both short and long term, it can adversely affect important growth and 
physiological processes like leaf area, root growth, shoot growth, excised leaf water loss (ELWL), relative water 
content (RWC), photosynthesis and water use efficiency (WUE) by disturbing stomatal adjustment, producing 
reactive oxygen species (ROS), lowering stomatal conductance and destroying the chlorophyll and other pigments. 
Rape is more susceptible to water deficit stress during reproductive stages which ultimately affect the yield and 
oil quality. Some important management strategies for drought mitigation in rape, including use of compatible 
solutes, nutrients, plant growth regulators, different planting methods are also mentioned and discussed in this 
review paper. 
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Introduction 
After soybean (Glycine max L.) and palm oil 

(Elaeis guineensis L.), rape (Brassica napus L.) is ranked 
3rd most essential source of plant oil in the world (Reyes, 
2007). The oil contents in rapeseed range from 40% to 
42%. Rapeseeds contain more than 25% protein. Rape 
oil contains 61% oleic acid, 8.8% linoleic acid and has 
better quality as compared to other oil seeds. Among 
all vegetable oils, rape contains very low saturated fat 
contents so that demand of rape oil is increasing day by 
day for diet conscious consumers (Rastegar, 2004). 

Among all abiotic stresses, drought stress is the 
major cause of poor crop yield (Table 1). It is estimated 
that 40% to 60% of total crop yield losses in the world 
are due to drought stress (Shao et al., 2008). In rape, 
water deficit stress has deleterious effects during both 
vegetative and reproductive growth stages. In rapeseed, 
drought stress was more detrimental during reproductive 
growth than vegetative growth (Ghobadi et al., 2006). 

The biggest task in the upcoming years will be 
growing crops with less water availability, especially in 

areas which have inadequate water recourses. So, there is 
a need to cope with this problem by adopting strategies 
which result in more economical and more efficient use 
of water (Nasrullah et al., 2011). Many strategies such 
as foliar applied nutrients (Raza et al., 2012 a), growth 
regulators (Ahmadi et al., 2015), compatible solutes 
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Table 1. Mean comparisons of germination characters 
of rapeseeds under control and osmotic stress conditions 
(Heshmat et al., 2011) 

Stress Germination time, day Germination co-efficient
0 2.487 c 0.411 a

−3 2.504 c 0.402 ab
−6 2.622 bc 0.389 ab
−9 2.834 b 0.364 b
−12 3.271 a 0.318 c

Note. Mean having same letters are not different significantly 
from each other (LSD0.05). 
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(Raza et al., 2012 b), mulching (Ahmad et al., 2015) and 
different sowing methods (Aiken et al., 2015) have been 
developed to cope with water deficit conditions. 

Effects of drought stress on various 
morphological characteristics of rape. Drought impairs 
various morphological traits like reduction in cell 
division and expansion, less leaf growth, leaf area, plant 
height, root to shoot ratio, number of nodes, number of 
branches, seed per pod and ultimately less yield. Figure 
indicates the effects of drought on various morphological 
and physiological attributes of plants. 

Germination. Germination and seedling 
establishment are important for determination of final 
density of plants per unit area which ultimately leads 
towards higher crop yield. Many reports showed that 
seeds tolerant to drought stress during germination stage 
have better growth at seedling stage and produce strong 
root system (Waheed, 2014). 

Water is a prerequisite for germination. Rape 
is susceptible to water stress during germination stage. 
Germination rate and percent decreased with increasing 
water deficit stress (Shahverdikandi et al., 2011).                

It is due to less water availability for imbibition (first step 
of germination process in which water is entered into 
the seed) than required for activating the biochemical 
processes in the seed necessary for germination (Resh, 
2012). Drought stress decreased germination percent, root 
and shoot length in rape (Yang et al., 2007). Germination 
time and germination co-efficient of rapeseeds were 
observed under control and different osmotic potential 
levels and it was found that with increase in osmotic 
potential germination time increased while values of 
germination co-efficient decreased (Table 2). 

Shoot growth. Growth is accomplished by 
cell expansion and enlargement and these processes 
are very sensitive to water deficit stress. Stem growth 
often decreased under water deficit stress (Sharp, 
LeNoble, 2002). Under water deficit stress reduction in 
shoot growth was due to imbalance in water relations 
which leads to less cell expansion and enlargement 
and ultimately stunted rape plant growth (Gul, Ahmad, 
2004). Stem elongation to flowering stage of rape is most 
sensitive to water deficit stress (Hosseini, Hassibi, 2011). 
Higher stem height of rape was recorded in control 
treatment and stem height decreased with decrease in 
irrigation level (Hadi et al., 2014). Less shoot length and 
biomass was recorded in different rape varieties grown 
under limited water conditions (Ashraf et al., 2013). 
In response to drought, some chemical compounds are 
produced in plants which reduce plant growth (Reddy 
et al., 2004). It is well known that higher concentration of 

Figure. Effects and management of water deficit stress on various morphological, physiological and yield attributes 
of oilseed rape 

abscisic acid in plants under drought conditions results in 
less plant height (Achard et al., 2006). It is mainly due to 
inhibitory effects of abscisic acid on cell growth, which 
finally leads to stunted growth. Qaderi et al. (2006) also 
reported less plant height in different rape varieties under 
water deficit conditions, due to the more accumulation of 
abscisic acid as compared to control treatment. Higher 
number of branches per plant, plant height and shoot dry 
weight was recorded in sufficiently watered rape plant as 
compared to mild and severe drought affected rape plants 
(Mehanna et al., 2013). 

Root growth. Drought affects root growth as that 
of shoot growth. However, root growth is less sensitive to 
drought stress as compared to the stem growth (Chaves 
et al., 2002). Uptake of water by plants under water 
deficit conditions mainly depends upon the extension 
and distribution of roots system (Zhang et al., 2014). 
With increase in intensity of drought root length of rape 
decreases (Hadi et al., 2014). Rape root biomass also 
decreased with increase in drought level. Less root length 
and biomass was found in drought affected rape plants 
(Mehanna et al., 2013). Under mild drought stress root 
length, root fresh and dry weight increased in rape plants 
as compared to control treatment. However, under severe 
drought conditions root length and weight were less as 
compared to the drought (Ashraf et al., 2013). Similarly, 
Mehanna et al. (2013) also recorded more root length 
and root dry weight in rape treated with mild drought 
stress. More root length under drought was due to the 
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more partitioning of assimilates towards the roots at the 
expense of shoot growth (Kage et al., 2004). This root 
elongation under drought stress may help plant to obtain 
water from deeper soil layers and in this way mitigate 
drought. So, increase in root to shoot ratio of plants is 
a common indicator when grown under water deficit 
conditions (Jabeen et al., 2008). 

Leaf growth. One of the important determinants 
of crop yield is leaf as it directly influences the assimilates 
production during photosynthesis (Amanullah et al., 
2009). Leaf expansion is sensitive to water availability 
and is adversely affected by water deficit stress. Leaf 
area of rape decreases under drought stress and with 
increase in intensity of drought more reduction in leaf 
area occurs (Gul, Ahmad, 2004). Drought was applied at 
different growth stages to rape and significant decrease in 
leaf area was observed at all growth stages as compared 
to control treatment (Raza et al., 2015 a). Reduction in 
leaf area under water deficit conditions is mainly due 
to less leaf expansion and leaf area adjustment process 
(Farouk, 2011). Leaf osmotic potential also decreased 
in all tested rape varieties under water deficit conditions 
(Khan et al., 2010). It is due to the more accumulation of 
solutes in leaf cells (Bajji et al., 2001). Similar effects of 
drought on osmotic potential in rape leaves were reported 
by Kumar and Singh (1998). Moreover, leaf abscission 
and senescence also accelerated when plants were grown 
under water deficit conditions. It is due to the increasing 
concentration of abscisic acid in leaves under water 
deficit conditions (Munne-Bosch, Penuelas, 2003). 

Effects of drought stress on various 
physiological characteristics of rape 
Drought stress negatively affects many 

physiological plant processes, such as photosynthesis, 
transpiration, stomatal conductance, chlorophyll 
contents and metabolite accumulation which cause 
considerable reductions in plant productivity (Reddy 
et al., 2004). Higher electron leakage in photosynthetic 
and respiratory processes under drought stress induced 
oxidative stress in the plant cell resulting in reactive 
oxygen species (ROS) production (Tohidi-Moghadam 
et al., 2009). The degree of damage due to drought 
stress depends upon the type of genotype, intensity and 
duration of stress and developmental stage of the plant 
(Robertson, Holand, 2004). 

Chlorophyll contents. Chlorophyll concentration 
can be used as an indicator for source capacity to 
synthesize photosynthates (Zhang et al., 2007). So 
decrease in chlorophyll concentration is a limiting 
factor for photosynthesis. Stress injury causes variation 
in chlorophyll contents and it is a common symptom in 
drought stressed plants (Majumdar et al., 1991). In plants, 
water deficit stress causes reduction in leaf chlorophyll 
contents. The decrease in chlorophyll contents under 
water deficit stress is mainly due to the production of 
ROS that damage the chloroplasts (Gill, Tuteja, 2010). 
Decrease in activity of chlorophyllase (enzyme involved 
in chlorophyll synthesis) under water deficit conditions 
is also a major reason for degradation of chlorophyll 
under drought (Ashraf et al., 2013). In Brassica napus 
cultivars, drought stress causes decrease in chlorophyll 
a + b contents by 38% as compared to the sufficiently 

watered plants (Sharma et al., 1993). Chlorophyll a is 
more sensitive to drought stress than chlorophyll b, 57% 
reduction in chlorophyll a contents, 31% reduction in 
chlorophyll b contents and 47% reduction in chlorophyll 
a:b ratio in rape were recorded under water deficit as 
compared to the control. Similar effect of drought on 
chlorophyll contents and carotenoid contents were 
reported by Habibi (2015). Lower chlorophyll contents in 
rape under water deficit stress are due to more destruction 
and less biosynthesis of chlorophyll (Alam et al., 2014). 
Zhang et al. (2014) reported higher leaf chlorophyll 
contents in sufficiently watered rape plants as compared 
to drought affected plants. 

Photosynthesis. Photosynthesis is the key process 
which contributes towards the final yield of the crop. Rate 
of photosynthesis decreased when plants were exposed to 
drought stress (Huax et al., 1997). Drought stress results 
in increased salt concentration in the soil and around the 
root zone of the plant which ultimately causes ex-osmosis 
(flow of water out of plant cells). This in turn/causes the 
solute concentration in plant cells to be increased, thus 
lowering water potential and disrupting membranes along 
with essential processes like photosynthesis (Ludlow, 
Muchow, 1990). Osmotic stress causes the closure of 
stomata. Stomatal control of water loss has been identified 
as an early event in plant response to drought leading to 
limitation of carbon dioxide uptake by the leaves (Martinez 
et al., 2007). The initial decrease in photosynthesis under 
water stress condition is due to change in CO2 conductance 
(Emam, Niknejad, 2004). With increase in irrigation 
intervals stomatal resistance also increases. Ardestani and 
Rad (2012) recorded 70.67% and 65.72% more stomatal 
in different rape cultivars when drought was applied at 
vegetative growth stage as compared to control treatment. 
Similarly 11.57% and 11.73% higher stomatal resistance 
was recorded when drought was applied at siliqua 
formation stage. Nasab et al. (2014) reported 16% less 
stomatal conductance in drought affected rape compared 
to control one. Stomata closure under drought stress is 
either due to the decline in leaf turgor and water potential 
or due to low atmospheric humidity. 

Drought was applied at different rapeseed varieties 
under water field conditions and a decrease in the leaf 
water potential, stomatal conductance, crop temperature 
stability, leaf relative water content (RWC) and increase 
in leaf temperature and specific leaf weight (dry matter per 
unit leaf area) were recorded in all varieties of rapeseed 
(Pasban Eslam et al., 2000). All these changes disturb the 
normal process of photosynthesis, leading towards less 
production of photosynthates and ultimately poor yield 
(Mondal, Khajuria, 2000). Drought stress also decreases 
the activity of Rubisco (Silva et al., 2012). Under drought 
stress 2-carboxyarabinitol-phosphate is formed in many 
plants which binds strongly with Rubisco and restricts its 
catalytic activity (Parry et al., 2002). When plants were 
exposed to drought carboxylation efficiency of Rubisco, 
regeneration of ribulose-1,5-bisphosphate (RuBP) and 
activity of adenosine triphosphate (ATP)-synthase also 
decreased, resulting in a decline in photosynthetic rate 
(Tezara et al., 1999). Under water deficit stress over 
production of electrons through electron transport chain 
also takes place due to over excitement of reaction 
centres of photosystem II. These electrons damage the 
photosynthetic apparatus and ultimately process of 
photosynthesis (Gill, Tuteja, 2010). 
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Drought also causes synthesis of abscisic acid 
(ABA) in plants. Higher ABA concentration induces 
stomatal closure, which ultimately decreases the 
photosynthesis (Ashraf, Harris, 2013). Under water 
deficit condition, higher amount of ABA is produced 
in rape which minimizes the inflow of carbon dioxide 
into the leaf by promoting stomatal closure and reduces 
the photosynthetic activity of rape (Habibi, 2015). 
Moreover, under water deficit conditions deficiencies of 
some essential nutrients especially of potassium (K) have 
also been reported to decrease stomatal conductance of 
leaves (Mengel, Kirkby, 2001). Thus water deficit stress 
decreases the photosynthesis by impairing the stomatal 
oscillation, activities of enzymes, disturbing the process 
of electron transport chain and over production of growth 
inhibiting hormone the ABA. 

Oxidative damage. Drought stress consistently 
leads to oxidative stress in plant cells, due to a higher 
leakage of electrons towards O2 during the photosynthetic 
and respiratory processes, which ultimately results 
in generation of ROS (Asada, 1999). At higher 
concentrations, ROS are very harmful for the plants. 
When their concentration crosses the threshold limit, 
ROS such as superoxide radical (O−), hydrogen peroxide 
(H2O2), hydroxyl radical (OH−) and singlet oxygen (O–1) 
can directly attack the various cellular organelles like 
mitochondria, chloroplast, membrane lipid, inactive 
certain metabolic enzymes and nucleic acids, leading to 
disfunctioning of cell and ultimately cell death (Mittler, 
2002). ROS destroy the chlorophyll which results in 
decrease in photosynthesis and ultimately less assimilates 
produced (Ebrahimian, Bybordi 2012). Lower seed yield 
was recorded in rape plants damaged by the activities of 
ROS as compared to the plants in control treatment under 
laboratory conditions (Abili, Zare, 2014). Drought also 
induces higher H2O2 production in rape which increases 
lipid peroxidation (Mirzaee et al., 2013). Increase in lipid 
peroxidation under water deficit stress was also reported 
by Sánchez-Rodríguez et al. (2012) in tomato (Solanum 
lycopersicum) plants. 

Higher absicsic acid production under water 
deficit conditions results in stomatal closure. This 
situation leads to more production of various ROS 
including superoxide. Superoxide is also an important 
member of ROS and impairs the normal functions of rape 
by oxidizing photosynthetic pigments (chlorophyll and 
carotenoids), lipids, nucleic acids and by damaging other 
cell organelles (Kheradmand et al., 2014). 

Relative water content (RWC). The leaf RWC 
indicates the leaf water status and is considered to be 
an important marker of drought tolerance in plants 
(Sánchez-Blanco et al., 2002). RWC has a close relation 
with leaf water potential and cell volume. Many 
leaf physiological traits such as leaf turgor, stomatal 
conductance, transpiration and photosynthesis are directly 
or indirectly influenced by leaf RWC (Ober et al., 2005). 
A reduction of 50% in net photosynthesis was recorded 
when RWC was less than 80% (Patil et al., 2011). More 
stomatal resistance was also recorded with less RWC in 
rape plants under water deficit conditions. A decrease 
of 4.28% and 14% in RWC of rape leaves increased 
stomatal resistance from 1.89 to 2.94 and 5.96 s cm-1, 
respectively. Moreover, plant canopy temperature was 
also higher in plants with less RWC (Ardestani, Rad, 
2012). Leaf RWC was significantly decreased by drought 

stress. Different rape varieties were grew under various 
irrigation regimes and reduction in value of RWC of 
rape was recorded with depleting irrigation. RWC was 
decreased in both drought tolerant and sensitive varieties. 
However, greater reduction was observed in drought 
sensitive varieties (Ullah et al., 2012). Higher value of 
leaf RWC is an important character which influences the 
continual growth of rapeseed under drought stress and 
ultimately leads to higher yield (Kumar, Singh, 1998). 
So, lower values of leaf RWC under drought suppress 
the growth by decreasing the stomatal conductance, 
transpiration and photosynthesis. 

Excised leaf water loss (ELWL). Most commonly 
used parameters to evaluate the leaf water stress are ELWL 
and leaf water potential (Jones et al., 1991). ELWL shows 
the cuticular thickness because after removing from the 
plant, leaves lose their water through epidermis therefore, 
difference in values of excised leaf water loss is due to 
the variation in cuticular thickness. Both waxiness and 
cuticular thickness of leaf affect the transpiration (Haque 
et al., 1992). So, lower rate of transpiration and excised 
leaf water loss are important criteria for selection of crop 
plants against drought stress (Rahman et al., 2000). It 
has been observed that the species having low rate of 
water loss through leaf cuticle are better adapted to dry 
environment. More ELWL was observed under water 
deficit stress. In different mustard varieties higher excised 
leaf water loss was recorded when temperature exceed 
the normal range (Ram et al., 2015). Similarly, Soomroo 
et al. (2011) reported higher values of ELWL in cotton 
plants exposed to various drought levels as compared to 
the control treatment. ELWL showed negative correlation 
with various traits like stomatal size, stomatal frequency 
and relative water content. However, the absence of the 
correlation of ELWL with other studied traits shows 
that the genes for ELWL segregate independent of the 
other traits so plants with lower ELWL (having drought 
resistance) may be selected for good quality and yield 
traits (Malik et al., 2006). 

Effects of drought stress on various 
reproductive characteristics of rape 
Drought stress decreases crop productivity by 

disturbing the source and sink relationship. Rape is more 
susceptible to water stress during pre-flowering (10–12 
days before anthesis) and flowering stages as drought 
applied at these stages results in fewer flowers, siliquae 
and seed sterility (Lizana et al., 2006). Drought stress 
at flowering stage adversely affects pod formation and 
seed size, which ultimately results in less economic yield 
(Johnston et al., 2002). 

Yield components of rapeseed are significantly 
affected by irrigation intervals. Water deficit stress 
decreased the number of siliques per plant (Hassanzadeh 
et al., 2005). Number of pods per plant, seed yield 
and oil content of rape decreased under drought stress 
(Rahnema, Bakhshandeh, 2006). Malcolm and Doug 
(2002) concluded that water deficit conditions resulted in 
fewer flowers and seeds and small seed size. There exists 
a significant correlation between the number of siliquae 
per plant and the seed yield. Lower number of primary 
and secondary branches, number of pods per plant and 
number of seed per plant was recorded in different 
B. napus cultivars grown under drought stress and greater 
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reduction in seed yield was recorded when drought was 
applied during flowering stage (Zakirullah et al., 2000; 
Nasri et al., 2008). Flowering is the most sensitive stage 
to drought stress, probably due to susceptibility of pollen 
development, anthesis and fertilization leading to lower 
seed yield (Faraji et al., 2009). 

Water deficit stress adversely affects water 
use efficiency (WUE) and uptake of macro and micro 
nutrients (Munoz-Perea et al., 2007). Water deficit stress 
decreased plant biomass, days to maturity, number of 
siliqua and seed, seed weight, seed yield and harvest 
index of rape (Lizana et al., 2006). Khalid et al. (2006) 
observed the effect of different irrigation regimes on the 

yield attributes of rape and reported lower number of pods 
per plant, number of seeds per pod, 1000 seed weight 
and seed yield in less irrigated treatments as compared to 
fully irrigated treatment (Table 2). 

Seed yield. Yield of rape is determined by a 
combination of factors like number of branches and 
pods per plant, seeds per pod and weight and size of 
seed. Many studies revealed that drought affects yield by 
disturbing leaf photosynthesis and plant water relations 
(Mondal, Khajuria, 2000), nutrient relation (Ardestani, 
Rad, 2012), dry matter partitioning (Ashraf et al., 2013), 
biological yield, seed yield and oil contents in rape 
(Ghobadi et al. 2006). Water deficit stress decreases the 

seed yield of different rape varieties by disturbing the 
growth and nutrient uptake of plants (Raza et al., 2015 a). 
High seed yield with proper irrigation was reported by 
Ullah et al. (2012). Appropriate irrigation can increase 
seed yield of rape from 41.7% to 62.9% as compared to 
less irrigated treatments (Panda et al., 2004). Biological 
yield is reduced up to 17.9% and 32.1% and seed yield is 
reduced up to 18.5% and 38.7% under mild and extreme 
drought stress, respectively (Gunasekara et al., 2006). 

Water use efficiency (WUE) is the ratio of 
economic yield to the amount of water applied. WUE 
shows how efficiently the available water is used by 
the crop to produce certain amount of economic yield. 
WUE can be used as an indicator to evaluate the drought 
tolerance of crops (Araus et al., 2002). WUE is associated 
with many important physiological traits of plants like 
stomatal conductance, photosynthesis and osmotic 
regulation (Bacon, 2004). WUE was partially a function 
of rape adaptation to environmental conditions; therefore 
favourable agronomic practices are also very important 
in order to improve the WUE (Blum, 2009). Irrigating 
the rape with regular interval of 14 days resulted in the 
highest WUE (Leilah et al., 2002). Once the minimum 
water use of approximately 127 mm was achieved, seed 
yield of rape increased at the rate of 6.9–7.2 kg ha-1 mm-1 
(Johnston et al., 2002). Under water deficit condition, 
lower value of WUE was recorded in different rape 
varieties as compared to control treatment. Mild water 
stress increases the WUE of rape (Mehana et al., 2013). 
High value of WUE was recorded under mild water 
deficit stress as compared to the control treatment and 
low WUE under severe stress conditions (Vafabakhsh et 
al., 2009). However, greater reduction was observed in 
rape variety sensitive to drought. 

Seed oil contents. The reduction of oil contents of 
oil seed crops under drought stress is a common incident. 
Under water deficit stress, oil contents of oil seed crops 
were observed to be reduced (Zhang et al., 2014). In an 
experiment on summer grown rapeseed Wright et al. 

(1995) observed that early drought (at green bud stage) 
could lead to low oil contents in seeds as compared to the 
control treatment, indicating that at early stage the final 
oil concentration could be correlated with the distribution 
of assimilates to the ovule. Rapeseed yield and seed oil 
contents increased when optimum amount of water was 
applied (Canola Council of Canada, 2008). Soil moisture 
content also affects the rape oil content; with increasing 
soil water, oil contents also increased (Johnston et al., 
2002). Reduction of 36.9% to 31.4% in oil contents of 
rape was recorded when drought stress was applied at 
post anthesis and seed development stages, respectively 
(Mailer, Cornish, 1987). Mild drought stress does not 
significantly decrease the seed oil contents of rape; 
however, severe drought stress does. Oil contents did not 
decline significantly (2–4 mm day-1) under mild drought 
stress, while decreased considerably (4–5 mm day-1) 
when stress level increased (Jensen et al., 1996). 

Drought stress not only decreases the seed oil 
contents but also deteriorates the quality of seed. Water 
deficit stress also causes an increase in glucosinolates 
and erusic acid contents during flowering stage; hence 
the oil quality of rape declined (Ullah et al., 2012). 
Glucosinolate accumulation has been stated to be affected 
by water availability, particularly at seed development 
and maturation stage (Champolivier, Merrien, 1996). 
Oil contents of rape decreased while protein content 
increased with increasing irrigation intervals (Table 3). 

Table 3. Oil and protein contents of rapeseed as affected 
by different irrigation levels (Ali et al., 2003) 

Irrigation level Oil content Protein content

I1 (4 irrigations) 45.65 a 20.61 b
I2 (3 irrigations) 44.17 b 20.83 b
I3 (2 irrigations) 44.08 b 21.59 a

LSD0.05 0.251 0.675

Table 2. Effect of different irrigation levels on yield attributes of oilseed rape (Raza et al., 2015 a) 

Irrigation 
level

No. of pods
per plant

No. of seeds 
per pod

1000 seed weight 
g

Seed yield
kg ha-1

Control 241.50 a 20.50 a 3.8 a 2550.00 a
3 irrigations 228.75 b 17.50 b 3.6 b 2430.00 b
2 irrigations 213.25 c 15.25 c 3.3 c 2232.50 c
1 irrigation 198.75 d 13.25 d 3.1 d 2015.00 d

LSD0.05 8.87 0.35 0.06 49.68
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Management strategies for 
drought tolerance in rape 
Planting method. Different techniques are used 

in crop production to conserve water and increase water 
use efficiency (WUE) in order to tackle water scarcity. 
One of them is planting method (Shabani et al., 2013). 
Planting methods affect the plant population and nutrient 
availability (Ijaz et al., 2015). Most commonly used 
method for water conservation in crop plants are drill 
sowing (Aiken et al., 2015) raised bed planting (Kukal 
et al., 2010) and furrow planting (Zhang et al., 2007). 
Seedling establishment is a phenological stage at which 
drought stress could be damaging to the plants (Croser 
et al., 2003). Broadcasting in rape results in uneven seed 
distribution and leads to imbalanced availability of water, 
space and nutrients, poor seedling establishment and 
ultimately lower yield. Less moisture availability at the 
time of seed sowing results in poor and non-uniform seed 
germination and seedling emergence (Mwale et al., 2003). 
Drill sown rape showed better emergence and crop stand as 
compared to rape sown by broadcast method (Aiken et al., 
2015). Furrow sowing of rape results in better growth and 
higher yield of rape as compared to ridge sowing method 
(Shabani et al., 2013). Water conservation is also high in 
furrow sowing. Furrow planting gave 13.7% more seed 
yield and 13.2% more WUE as compared to ridge sowing. 
More water conservation in furrow planting is due to less 
water evaporation (Buttar et al., 2006). Similarly Young 
et al. (2008) recorded more seed yield and oil percentage 
in drill sown rape as compared to the broadcast method. 

Plant growth regulators. Plant growth regulators 
are organic compounds (other than nutrients) that in small 
amounts promote or modify physiological processes in 
plants. They regulate the germination, formation and 
distortion of roots, leaves and stems; regulate flowering, 
prevention or promotion of stem elongation and fruit 
ripening, etc. Crop plants mitigate adverse effects of water 
deficit stress to some extent by the exogenous application 
of different organic compounds (Raza et al., 2012 a). Plant 
growth regulators like salicylic acid, gibberellic acid and 
cytokinin modify the plant responses towards drought 
stress (Farooq et al., 2009). Foliar applied salicylic acid 
and putriscine significantly mitigate the adverse effects 
of drought on rape (Ullah et al., 2012). Drought affected 
plants sprayed with salicylic acid and putriscine had 
higher relative water contents, chlorophyll contents, 
carotenoid contents and proline contents as compared to 
untreated plants. Seed oil contents were also higher in 
putriscine treated plants. Similar results were reported by 
El-Lethy et al. (2010) in flax plants. In rapeseed, drought 
conditions during flowering stage resulted in higher 
accumulation of glucosinolates which are responsible 
for unpleasant and pungent oil smell (Bouchereau et al., 
1996). Application of putriscine to drought treated rape 
significantly reduced the accumulation of glucosinolates. 
Erucic acid is reported to be involved in formation of 
heart lesions and also responsible for pungent smell of 
oil. Application of salicylic acid reduces the erucic acid 
contents in rape oil (Ullah et al., 2012). 

Drought also induces oxidative damage by the 
formation of reactive oxygen species (Mittler, 2002). 
Plants ameliorate the oxidative injury by accelerating the 
activities of some enzymes. Some important enzymes 
involved in scavenging of ROS are catalase, polyphenol 
oxidase and ascorbate peroxidase (Ashraf, 2009). An 
increase in activity of catalase and polyphenol oxidase 
in drought affected rape was recorded when sprayed with 
300 μM SA as compared to untreated plants (Ahmadi 

et al., 2015). Similar effects of salicylic acid were reported 
by Hayat et al. (2008). Salicylic acid also reduces the lipid 
peroxidation in plants under drought (Tirani et al., 2013). 
Ascorbate peroxidase production increases in plants when 
sprayed with ascorbic acid. Ascorbate peroxidase activity 
increased in drought stressed rape when sprayed with 300 
mg L-1 ascorbic acid (Ahmadi et al., 2015). Similar effects 
of ascorbic acid for enhancing the activity of catalase and 
peroxidase were reported by Shafiq et al. (2014). 

Compatible solutes are small organic molecules 
that help in osmotic adjustment under stressful 
environment. They also play an important role in 
scavenging of reactive oxygen species, osmoregulation 
and stabilization of cell membrane proteins and lipids 
(Kanwal et al., 2013). Some important osmoprotectants 
are glycinebetaine, trehalose, soluble sugars, proline, etc. 
(Farooq et al., 2009). Compatible solutes are reported to 
increase the resistance in many plants against different 
environmental stresses including drought (Raza et al., 
2014 a). Under stressful conditions many major crops 
including rape do not synthesize sufficient amount of 
compatible solutes to mitigate the effects of stress. As 
a result, foliar application of these solutes to the plants 
is a potential strategy to minimize the adverse effects of 
stressful environment (Ashraf, Foolad, 2007). 

Trehalose (Tre) is an important osmolyte 
and is reported to increase the fresh and dry weight of 
seedlings; relative water contents, chlorophyll contents, 
catalase, peroxidase, glutathione and glyoxalase activities 
and decrease the level of hydrogen peroxide (H2O2), 
lipoxygenase and malondialdehyde (MDA) activities in 
drought affected rape plants as compared to untreated 
plants (Alam et al., 2014). Exogenously applied glutathione 
increases the plant height, number of leaves, leaf dry 
weight, number of pods per plant and 100 seed weight in 
drought affected rape as compared to the untreated rape 
plants (Sharbat et al., 2014). Proline contents were also 
high in glutathione treated plants. Mehanna et al. (2013) 
also reported higher seed yield and WUE in drought 
affected rape plants sprayed with different doses of citric 
acid and glutamic acid as compared to un-sprayed rape 
plants under drought conditions. Exogenous application 
of glycinebetaine also develops resistance in numerous 
plant species against drought (Raza et al., 2014 b). Long 
roots, higher chlorophyll a, b and carotenoids contents; 
seed yield, carbohydrate contents, oil contents, proline 
contents, total soluble sugars and lower concentration 
of MDA and H2O2 was recorded in drought stressed 
rape plants, when sprayed with glycinebetaine. While 
concentration of enzymes involved in scavenging process 
of ROS like ascorbate peroxidase, polyphenol oxidase, 
catalase, etc. were also higher in glycinebetaine treated 
plants (Dawood, Sadak, 2014). 

Application of potassium (K). One of the basic 
necessities for proper growth and development of a plant 
is the availability of essential nutrients. Application of 
different nutrients also reduces the damaging effects of 
drought stress on plants and improves the growth and 
physiological performance of plants (Raza et al., 2013). 
K is one of the major plant nutrients and is involved 
in drought mitigation of plants (Raza et al., 2015 b). 
Potassium improves many physiological processes 
by the regulation of turgor pressure, photosynthesis, 
translocation of assimilates to various organs and 
enzymes activation, thus improves drought tolerance 
ability of plants (Mengel, Kirkby, 2001). Application 
of K under water deficit stress has also been reported to 
help in enhancing the crop performance and ultimately 
yield. Plant experiencing the drought stress needs more 
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internal K (Cakmak, 2005 a). Higher plant height, root 
weight, shoot weight and grain yield of rape was obtained 
with 120 kg ha-1 of K as compared to 60 and 90 kg ha-1 
of K under water deficit conditions. As K is involved in 
stomatal oscillation, maintenance of photosynthesis and 
partitioning of photosynthates so greater plant weight and 
yield were observed in plants with sufficient K application 
under water deficit stress as compared to drought stresses 
plants without K application (Cakmak, 2005 b). 

Higher stomatal conductance was recorded in 
rape provided with more K under drought stress (Fanaei 
et al., 2009). Leaf RWC was also significantly affected 
by K application under water deficit stress. More RWC 
was recorded in different rape varieties with increasing 
rate of K under drought stress (Ali et al., 2014). Similar 
results were reported by Umar and Din (2002) that 
K application improves the RWC in drought affected 
plants. Higher RWC in drought affected rape is due to 
the positive effect of K on stomatal conductance, WUE 
and lowering of transpiration rate. 

Breeding. Due to the prevalence of drought 
in most arid regions, resistance of crop plants against 
drought has always been taken into account as one of 
the important breeding factor for inducing drought 
tolerance (Talebi et al., 2009). Water is becoming limited 
not only in arid and drought prone areas but also in 
regions where rainfall is abundant. Thus, drought indices 
provide a measure of drought based yield loss under 
drought conditions in comparison to normal conditions 
(Mitra, 2001). Drought tolerance ability is a polygenic 
phenomenon and is associated with those characters of 
plants which are helpful for drought mitigation like root 
to shoot ratio, type of root system, transpiration rate, 
frequency and size of stomata, stomatal conductance 
and rate of photosynthesis (Ahmad et al., 2009). The 
main processes on which breeding program to improve 
the WUE of plants are based on are efficient uptake of 
available water, higher biomass production per unit water 
transpired and partitioning of assimilates towards the 
economic parts of crop plants (Condon et al., 2004). 

There is little literature available at molecular 
genetics level for drought tolerance in rape. Varieties 
having higher stress tolerance index (STI), yield index 
(YI), yield stability index (YSI), drought resistance index 
(DRI) and modified stress tolerance index (MSTI) are 
well adapted to water deficit conditions (Khalili et al., 
2012). STI is the most important criterion to select a 
variety for cultivation under water deficit conditions 
due to its highest correlation with seed yield. Twenty 
rape varieties were grown under different irrigation 
regimes and it was observed that although drought stress 
significantly decreased the seed yield in all varieties as 
compared to control treatment but  varieties with high 
values of STI produced higher seed yield and vice versa 
(Rad, 2000). So, crops having minimum yield loss under 
drought stress are best to cultivate in arid regions. 

Qualitative trait loci (QTL) is a particular portion 
of gene controlling a specific attribute/trait (Tanksley, 
1997). Advances in molecular genetics make it easier to 
find the specific sites on chromosomes containing QTLs. 
Nowadays, most commonly used technique to find QTLs 
is DNA marker technology (Prioul et al., 1997). Hall et al. 
(2005) made QTL map of Brassica crops for WUE and 
photosynthetic traits and identified 30 significant QTLs. 
QTLs of many important traits like photosynthesis, 
nitrogen content, leaf thickness and number of stomata 
were reported to share the same location in Brassica crops 
(Zhang et al., 2014). Similar effects of QTLs for drought 
mitigation in rape were reported by Heiliger (2012). 

Conclusion 
Drought is the most detrimental abiotic stress 

affecting the plant growth and development globally. In 
rape, drought causes a reduction in growth by impairing 
germination, root growth, shoot growth, and reduced 
leaf area due to loss of turgor. Photosynthesis, the prime 
important process is also disturbed by drought mainly 
due to stomatal closure, reduced chlorophyll contents, 
restricted activity of enzymes and production of reactive 
oxygen species (ROS), which cause oxidative damage 
to membrane and organelles. Reproductive growth of 
rape is more sensitive to drought than vegetative growth. 
Drought causes a decrease in the number of pods per 
plant, seeds per plant, 1000 seed weight and seed yield by 
influencing a number of morphological and physiological 
traits. Adverse effects of drought can be minimized by 
different management practices like planting methods, 
foliar application of plant growth regulators, nutrients, 
compatible solutes and various breeding programmes for 
drought tolerance in rape. So, there is a need to adopt the 
various management techniques in order to combat the 
problem of drought. 
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Santrauka 
Rapsas (Brassica napus L.) yra visame pasaulyje svarbus aliejinis augalas. Sausra yra žalingiausias aplinkos veiksnys, 
veikiantis augalus nuo sudygimo iki brandos. Labai svarbu įvertinti sausros poveikį ir klimato kaitos įtaką rapsų 
auginimui. Vandens trūkumo stresas veikia rapsų augalų morfologiją, fiziologiją ir vystymąsi. Straipsnio tikslas – 
pateikti sausros streso poveikio rapsų augimui, fiziologiniams procesams, derliaus ir kokybės rodikliams apžvalgą. 
Trumpalaikiam arba ilgalaikiam drėgmės stygiui pasireiškiant kritiniais augalų vystymosi tarpsniais, gali būti 
neigiamai paveikti svarbūs jų fiziologiniai procesai, sąlygojantys, pavyzdžiui, lapų ploto, šaknų, stiebų augimo, 
atskirto lapo vandens, santykinio vandens kiekio, fotosintezės ir vandens naudojimo efektyvumo sutrikimus, 
gaminant reaktyvų deguonį, mažinant žiotelių laidumą, ardant chlorofilą ir kitus pigmentus. Rapsai vandens 
trūkumui yra jautresni reprodukcinių tarpsnių metu – tai turi įtakos derliui ir aliejaus kokybei. Straipsnyje 
aptariamos ir svarbios sausros valdymo strategijos, galinčios sumažinti sausros stresą rapsų pasėliuose – specifinių 
tirpalų (aminorūgščių), maisto medžiagų, augimo reguliatorių naudojimas, įvairių sėjos metodų taikymas. 

Reikšminiai žodžiai: Brassica napus, poveikis, sausros stresas, valdymas. 
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