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 Drought is one of the most important environmental factors that are known as limiting 

factor of plants growth in many parts of the world.  Identification of drought tolerant 
cultivars is the most effective method for increasing yield. In this study, the seeds of 

four varieties of Brassica napus were sterilized and then were cultured on MS medium 

supplemented with mannitol(at percentages of 0, 2, 4, 6 and 8). After 4 weeks, 
morphological parameters, contents of photosynthetic pigments (chlorophylls a, b and 

carotenoid), anthocyanin, flavonoid, proline content and soluble sugar were measured 

in treated plants. Results showed drought stress increases soluble sugar, anthocyanin, 
flavonoid, proline accumulation and decreases growth parameters, photosynthesis 

pigments in four varieties of treated plants. Increased Prolin and soluble sugars as 

osmotic regulators and increase in flavonoids in scavenging of hydrogene peroxide and 
other species of active oxygen could consider as a defensive reaction of plants against 

drought stress Elite was the most tolerant cultivar to drought stress.This variety had the 

highest level of proline, pigments contents, shoot and weight among four varieties of 
Brassica napus under stress condition 
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INTRODUCTION 

 

 Rapeseed (Brassica napus L.) is an annual herbaceous plant. This plant as a dought-tolerent one with oil-

rich seeds is considered to be grown in Iran with regard to the climatic conditions of this country. The oil 

produced from this plant is a widely valuable nutrient due to the presence unsaturated fatty acids with no 

cholesterol [29]. High ability of the plant and its adaptation to the different climatic conditions makes it a 

significant plant compared to other oil plants such as sunflower and safflower; thus, the plant is expected to be a 

good source to supply the raw oil demand in Iran [20]. Brassica napus is mostly produced under rain-fed 

agriculture conditions; so, the plant reaction to water stress should be taken into account. 

 Drought is known as the most serious abiotic factor which leaves detrimental impacts on the plants growth 

and function and makes adverse changes to the molecular and physiological processes within the plants. 

Drought is detrimental to the plants because it causes oxidation and producing a high amount of reactive oxygen 

species such as Anion super oxide, Radical hydroxyl, and Hydrogen peroxide which cause chlorophyll 

breakdown in chloroplast and disappearance of thylacoid membranes which finally disrupt photosynthesis 

process. In addition, reactive oxygen decreases carotenoids concentration by oxidizing carotenoids and 

damaging their cell membrane [26]. In order to react to photosynthetic pigments damage, anthocyanins and 

flavonoids that act as accessory pigments protect the plant from the stress by removing reactive oxygen species 

[5]. 

 A plant under stress reserves its needed water supply by a series of mechanisms arisen from plant genotype 

or plant physiology. An important mechanism that helps a plant to react to drought stress is osmotic adjustment 

[24]. By this mechanism, osmotic potential of the plant is reduced as a result of the accumulation of proline and 

soluble carbohydrates. 

 Mannitol is a type of sugar having six carbon molecules. This sugar which is produced naturally in many 

plants acts as an antioxidant which protects the plant from drought and saline stress. Since this sugar alcohol is 
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not metabolized by the plants, it is used for plant tissue culture and the determination of drought-tolerant plants 

[9]. 

 Evaluation of drought tolerance is a major step to improve plants. With regard to that some varieties of 

Brassica napus are grown increasingly in dry regions of Iran, it is important to examine drought-tolerance 

physiological reactions of different varieties of Brassica napus to determine the effective tolerance reactions and 

select the most tolerant species to be grown in water-stressed regions of Iran. Since it is difficult to examine the 

plant tolerance to drought by traditional methods, these days more recent methods such as tissue culture are used 

to examine the plant tolerance to drought and other damaging factors [13]. This study aims at examining the 

effects of different levels of water stress on morphologic, physiologic, and metabolic parameters of four 

varieties of Brassica napus under in vitro conditions.  

 

MATERIALS AND METHODS 

 

 The dry mature seeds of B. napus cultivars Tassilo, Okapi, Elite, and Zarfam were studied for percentage of 

germination, growth parameters, soluble sugar, anthocyanin, flavonoid, proline accumulation, in shoots and 

roots. The seeds were provided by the Oil Seed Cultivation Company, Isfahan-Iran. The mature and sterilized 

seeds were grown on MS [21] medium containing concentrations of 0 (control), 2, 4, 6 and 8 gr mannitol. All 

cultures then were kept in the culture room with a 16/8- h light/dark photoperiod at 25 ± 2 ºC and 95% relative 

humidity for 4 weeks.  

 

Measurement of Percentage of germination and growth parameters:  

 Germination percentage of seeds was determined after 5 and 10 days after culture. Shoot and root lengths, 

shoot and root fresh weights were measured as the growth parameters of canola plants in response to drought 

stress. Shoot and root lengths were measured using a centimeter scale and fresh weights were measured using a 

digital scale (Kern pls precision balance0.001). 

 

Measurement of chlorophyll and carotenoids:  

 Measurement of chlorophyll and carotenoids was determined according to Lichtenthaler method. 0.05 g of 

frozen leaf was homogenized in 10 ml acetone 80%. This solution contains chlorophyll a, b and carotenoids. 

The absorbance of each sample was read at 646.8, 663.20 and 470 nm. The amount of chlorophylls and 

carotenoids was expressed as g ml -1 FW.  

 

Measurement of anthocyanin:  

 Measurement of total anthocyanin was determined according to modified Wagner [34] method using 

acidified ethanol (Ethanol: HCl 99: 1 v/v). 0.05 g of frozen leaf was homogenized in 2.5 ml acidified ethanol 

and then kept at 25°C for 24 h in the dark. The extract was centrifuged at 4000 g for 10 min at room 

temperature. The absorbance of each supernatant was read at 550 nm. The extinction coefficient 33,000 (mol-1 

cm-1) was used to calculate the amount of total anthocyanin and it was expressed as μ mol g-1 FW.  

  

Measuring flavonoids:  

 Flavonoids concentration was measured using a spectrophotometric method following Kirzek et al. method 

(1998). Leaf disks were prepared and ground in mortars filled with acid ethanol (Ethylic alcohol and Acetic acid 

glacial in 99:1 vol/vol.). The extract was treated for 10 minutes in a warm bath under 80 ˚C after centrifuge. Its 

absorption spectrum was recorded at wavelengths 270, 300, 330 nm. 

 

Measuring the amount of reducing carbohydrates:  

 Reducing carbohydrates content was measured by adapting Somogyi-Nelson’s method 

(1952).Approximately 0.05 g of fresh leaves and roots were extracted with 10 ml distilled water. The mixture 

was boiled in a boiling water bath, cooled and filtered. Then 2 ml of the extract was mixed with 2 ml of alkaline 

copper tartarate and the reaction mixture was heated for 20 min (Alkaline copper tartarate was prepared by 

dissolving 4 g anhydrous sodium carbonate, 0.75 g tartaric acid and 0.45 g hydrated cupric sulphate in 80 ml of 

distilled water and finally made up to 100 ml). Two ml of phosphomolibdate solution was added and the 

intensity of blue color was measured at 600 nm using spectrophotometer. D-glucose was used as standard. The 

reducing sugar content was expressed as mg/g FW. 

 

Measurement of proline:  

 Proline content was estimated using ninhydrin reaction (Bates et al. 1973). A small portion (0.5 g) of leaves 

or roots was homogenized with 10 ml of 3% (w/v) sulphosalicylic acid, and passed through Whatman filter 

paper no. 2. Then ninhydrin reagent (2 ml) (Sigma) and glacial acetic acid (2 ml) were added to 2 ml of the 

filtered extract. The mixture was incubated at 100°C for 1 h, and the reaction was terminated by placing it on 
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ice. The reaction mixture was extracted with 4 ml toluene, and absorption of chromophore was measured at 520 

nm, against toluene as blank, using spectrophotometer (Shimadzu UV-160, Japan). Proline content was 

calculated using L-proline (Sigma) as a standard curve.  

 All experiments were carried out in three replications and mean values ± standard deviation were presented. 

Data were subjected to ANOVA using the statistical package SPSS and the mean differences were compared by 

Dunkan test at p < 0.05. 

 

Results: 

 Assessment of ability to absorb water for seed germination and seedling growth under water stress 

conditions in vitro culture by measuring the length of the stem and the root was performed. Statistical 

calculations done at level 0.05 by SPSS software indicated that drought stress had significant influence on 

germination rate, shoot and root lengths, shoot and root fresh weights. It was found that the increase of water 

stress decreases these characteristics in all varieties. 

 

 Germination rate:  

 In this study, it was observed that water potential decrease and drought levels increase significantly affected 

the germination of B. napus seeds. As figure 1 shows germination percentage of canola seeds cultivars Tassilo, 

Okapi, Elite, and Zarfam decreased significantly due to the addition of mannitol to medium.The maximum seed 

germination was observed in Tassilo as compared to control plants. 

 

 
 

Fig. 1: The effect of mannitol on the germination percentage of Brassica napus varieties after 7 days. Values 

represent the mean of three replicates and dissimilar letters are significantly different according to 

Duncan's test (P ≤ 005). 

 

Growth parameters:  

 Application of the concentrations of mannitol to canola plants variously influenced their growth parameters 

(shoot and root length, fresh weight of shoots and roots) as compared to control plants. The present study, all 

growth parameters such as length and fresh weight of shoot and root decreased with increase in drought levels. 

Drought treatments caused significant reduction in shoot length and fresh weight of shoot (Figure 2 a and b). 

The interactions between variety and drought treatment were not significant. In addition, reducing of root 

length, fresh weight of root were presented under water stress in the presence of mannitol treatment (Figure 3 a 

and b). Among four varieties, Okapi showed the highest growth rate and Zarfam showed the lowest growth rate 

at treatment level 8%. 

 

 
 

Fig. 2: The effect of mannitol on the shoot length (a) and shoot fresh weight (b) of Brassica napus varieties. 

Values represent the mean of three replicates and dissimilar letters are significantly different according 

to Duncan's test (P ≤ 005). 
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Fig. 3: The effect of mannitol on the root length (a) root fresh weight (b) of Brassica napus varieties. Values 

represent the mean of three replicates and dissimilar letters are significantly different according to 

Duncan's test (P ≤ 005). 

 

 Chlorophyll a, b, total chlorophyll content, and carotenoids:  

 The varieties under drought treatment showed significant losses in chlorophyll a and b, total chlorophyll 

and carotenoids content compared to control plants. Accorrding to the results obtained from the increase of 

drought stress levels, a statistically significant difference was observed in chlorophyll a and b and total 

chlorophyll content among varieties under different levels of drought treatment. In addition different osmotic 

potential treatment affected each variety differently (Figure 4). Among varieties, Elite and Zarfam showed the 

highest and lowest photosynthetic pigment concentration respectively. 

 

 
 

 
 

Fig. 4: The effect of mannitol on the amount of Chlorophyll a (a), chlorophyll b (b), total chlorophyll (c), and 

Carotenoids (d) of Brassica napus varieties. Values represent the mean of three replicates and dissimilar 

letters are significantly different according to Duncan's test (P ≤ 005). 

 

Flavonoids:  

 All four varieties showed an increase in flavonoids content under the increase of drought stress. According 

to the results of the statistical calculations, a significant increase was observed in flavonoid content treated 

plants compared to untreated plants at different drought stress levels. The highest Flavonoid content was 

observed in Okapi at 8% drought stress level (Figure 5a). 

 

Anthocyanins:  

 Higher concentration of mannitol induced a significant increase in anthocyanin content in comparison to the 

control. The highest anthocyanin content was observed in Tassilo at 8% stress level (Figure 5b). 

 

Proline content:  

 It was statistically observed that drought stress had a significant influence on proline content of shoots in all 

varieties. The interactions between variety and drought treatment were significant. The result of present study 
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has indicated that drought stress was effective in increasing of proline content of shoots in all varieties and 

significantly increased it than control (Figure 6a). Proline content was the highest in Elite. 

 

 
 

Fig. 5: The effect of mannitol on flavonoids content (a) and anthocyanins content (b) of Brassica napus 

varieties. Values represent the mean of three replicates and dissimilar letters are significantly different 

according to Duncan's test (P ≤ 005). 

 

Soluble sugars:  

 Drought stress had a significant influence on soluble sugar concentration in shoots. The present results 

demonstrated that drought sress was significantly improved the reducing sugars production and accumulation in 

shoots of four varieties of B. napus). Also four varieties showed the highest value of soluble sugars content in 

shoots at 8% stress level (Figure 6b). The interactions between variety and drought treatment were also 

significant. Zarfam showed the highest sugar content as compared to other varieties. 

 

 
 

Fig. 6: The effect of mannitol on proline content (a) reducing sugars of shoots (b) of Brassica napus varieties. 

Values represent the mean of three replicates and dissimilar letters are significantly different according 

to Duncan's test (P ≤ 005). 

 

Discussion: 

 Drought stress is the most important biotic factor disrupting plants germination and growth. Loss of water 

potential is a common result of drought stress. High negative water potential inhibits seed to absorb water and 

blocks germination processes in the plant. 

 According to the observations in this experiment, germination rate decreased in four varieties under drought 

stress. But, the highest germination rate was observed in Tassilo. In this regard, it is noted that seeds have to 

absorb high enough water to conduct germination process; but  soluble substances such as Poly-Ethylene Glycol  

that exist in medium reduce water absorbance rate in the plants and inhibit germination [33]. The decrease of 

germination rate is resulted mainly from the change in transporting seed nutrients and protein synthesis under 

stress conditions.  

 Also, a decrease in the length of stem and root of the varieties was observed. Such a decrease is common in 

the plants under stress and is a result of a change in the plant metabolism. Studies show that the plants change 

their morphologic, physiologic, and anatomic characteristics to increase their tolerance to the drought stress. In 

this study Okapi and Elite showed the highest growth value at 8% manitol. Whereas Okapi showed the highest 

growth value, Zarfam showed the lowest length of stem and root. In a study on the effect of water stress resulted 

by Poly-ethylene glycol on the growth and germination of Millet and Sorghum seeds observed that increase in 

stress level from -0.4 Mpa upward results in a significant decrease in the length of the roots of the varieties 

under study. In another study on the effects of water stress resulted by Poly-ethylene glycol on the growth and 

germination rate of chickpea cultivar (Cicer arietinum), It was observed that loss of water potential results in a 

significant decrease in the length of the stem and root of cultivar under study [15]. 
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 Usually drought stress increase results in a decrease in fresh weight. In this study, it was also observed that 

drought stress resulted in a significant decrease in fresh weight of roots and shoots in four varieties. According 

to the observations of this experiment, Elite showed the highest fresh weight under 8% treatments. It seems that 

fresh weight reduction in the plants under stress treatment may be a result of inhibition of cell growth as a result 

of turgor pressure reduction [25]. In another study observed that the fresh weight of wheat’s cultivar may be 

caused by reduction of nutrients movements in the seeds and plants weakness to transport nutrients from seeds 

to xylem [31]. 

 Drought stress affected photosynthetic pigments significantly and decreased all photosynthetic pigments. 

Decreases in photosynthetic pigments were due to instability of protein complexes and destruction of 

chlorophyll by increased activity of chlorophyll degrading enzymes and chlorophyllase under stress condition. 

The reduction of chlorophyll due to stress is related to the increase of production of Reactive oxygen species 

(ROS) in the cell. These radicals cause peroxidation, disintegration and reduction of chlorophyll content in 

plants under stressful conditions. It seems that osmotic shock resulted by mannitol, increases some growth 

regulator substances such as ethylene and abscisic acid. This process causes to stimulate chlorophyllase and 

degrades chlorophyll. When a chlorophyll molecule breaks down, chlorophyllides will be produced and after 

opening prophyrin rings are moved to vacuole [26].  Other studies in the field also observed that the reduction of 

water potential in the leaves of wheats caused in an increase in chlorophyllase activities [19]. In addition, 

drought stress disrupts the activity of enzymes preventing reactive oxygen species activity and increases lipid 

peroxidation and thus damages to the cell membrane and pigments [3]. Some of these results are in agreement 

with the earlier findings in Salvia Leriifolia [12]. Similar results were also reported in Phragmites australis. 

Under drought stress Carotenoids are reduced and are not able to function as accessory pigments. In the present 

study, a significant decrease was observed in Carotenoids content under stress. The highest value for 

Carotenoids content was shown by Elite at 8% stress level. Carotenoids cause the protection of photosynthesis 

system against extra photons and oxidative stress such as reaction to chlorophyll to prevent the formation of 

active radicals of oxygen. In fact, carotenoids as a protective system against induced oxidative stress are 

disintegrated and destroyed. The photochemical suppression of induced chlorophylls by carotenoids results in 

the disruption of carotenoid structure and finally reduction in their amount.  

 Many observations indicate that under stress, the production of some secondary metabolites increase in the 

plant. Flavonoids are a type of secondary metabolites and polyphonic compounds of plants. These components 

are derivatives of phenyl propanoid. According to the observations of this experiment, flavonoids concentration 

increased in four varieties under stress. The highest value was observed in Okapi at 8% stress level. The results 

obtained from this study confirm the results of studies on Linum usitatissimum L. which showed an increase in 

flavonoids content under stress. This increase may result from high volume of reactive oxygen species such as 

anion super oxide, radical hydroxyl, and hydrogen peroxide. Under such conditions, flavonoids identify the 

number and the situation of phenolic OH groups and start erasing operation [18]. In addition, other similar 

results were reported in Stellaria Longips [28]. According to the results of this study, flavonoids can scavenge 

reactive oxygen species. 

 Anthocyanins also function as accessory pigments which protect the plant from water stress [5]. 

Anthocyanin as a group of soluble flavonoids is synthesized in the pathway of flavonoid biosynthesis at the end 

point [16]. By creating oxidative stress in plant, antioxidant genes expression [32] and induction of phenyl 

propanoid pathway especially Flavonoid biosynthesis are increased [8].  Under stress condition, anthocyanins 

content increased in four varieties. The highest value for anthocyanin concentration was observed in Tassilo 

followed by Elite. Similar result was reported in Begonia semperflorens [36]. According to the results, the 

increase occurs because anthocyanins function as Light protection by erasing reactive oxygen species during 

oxidation stress. 

 To retain ion balance and osmotic regulation in vacuoles and cytoplasm, the plants accumulate low 

molecular weight compounds such as proline, glycine, betaine and sugars like glucose and fructose that are 

collectively called osmolite [21]. Under stress, prolin content increased in all four varieties. The highest value 

was observed in Elite followed by Okapi at 8% stress level. Proline is an amino acid. Proline increase is the 

most common and immediate response of plants to the stress. Proline accumulation may occur because it 

functions as an osmolite in osmotic adjustment and protects many proteins and cytoplasmic enzymes [6]. Other 

studies also reported similar results about increase in proline concentration. It was observed that proline content 

in Sesuvium portulacastrum cultivar increased 3 times compared to that of control group. The study suggests 

that the increase may occur because over expression of ornithine omega-aminotransferases enzyme in proline 

biosynthesis pathway and inhibition of proline dyhydrogenase activity. In a study on the effect of water and salt 

stress on Triticum durum cultivar observed that these stresses result in the increase of amino acids concentration 

especially proline amino acid [17]. Water stress may result increase in proline content by increasing enzymes 

biosynthesizing proline and reducing enzymes inhibiting proline [35]. 

 Drought directly or indirectly cause the accumulation of reactive oxygen species lead to the accumulation 

of soluble sugars that act as an adaptive mechanism to stress condition [32]. It seems that soluble sugars play an 



141                                                  Fatemeh Adabavazeh and Roya Razavizadeh, 2015 

Advances in Environmental Biology, 9(2) January 2015, Pages: 135-142 

important role in relation with reactive oxygen species. Sugars are also needed for performing anti-oxidative 

processes like pentose phosphate pathway [1] and carotenoid biosynthesis. Soluble sugars are accumulated in 

response to abiotic stresses and have an impact on osmotic adjustment, protecting cell membranes, and erasing 

oxygen free radicals. Current paper shows that sugar concentration increases under stress. Higher values in this 

regard were observed in Zarfam and Elite. Researchers attribute soluble sugar content increase to factors such as 

the increase of non-soluble carbohydrates break down, increase of soluble sugar levels, osmotic substances 

synthesis via non-photosynthetic paths, growth inhibition, reduction of substances transportation speed, and the 

increase of Sucrose synthesis rate due to the activation of sucrose phosphate synthase [22]. Results of another 

study on chickpeas were also similar to the results of our study [27]. 

 

Conclusion: 

 The results of this study showed that drought stress had adverse effects on morphological and physiological 

parameters of Brassica napus varieties. It was observed that canola plants are somewhat resistant to water stress. 

In general it can be concluded that Brassica napus cultivars show effective responses to stress to be protected 

from damage. These responses depend on the severity of the stress and plant variety. According to the different 

characteristics studied in this study can be said among four varieties, Elite was the most tolerant variety and 

Zarfam was the most sensitive one.  
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