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ABSTRACT 

 

During germination, plants are exposed to various biotic and abiotic stress. Drought stress is a biotic stress which 

effect plant growth efficiency.  To determine the influence of exogenous application of Manganese (as manganese 

sulfate) and zinc (as zinc sulphate) on chemical constituents (Reducing and non-reducing sugars, total 

carbohydrates, total proteins, total flavonoids, total phenols and total antioxidant status) of Brassica juncea grown 

under drought stress, an experiment was conducted in the botanical garden of Abdul Wali Khan University Mardan. 

Plants were subjected to drought stress as 7, 14 and 21 days. As foliar spray zinc sulphate (Zn) and manganese 

sulfate were applied alone and in combination at concentrations of 3000mg/L and 4000 mg/L. Results showed that 

total proteins, total carbohydrates, reducing and non-reducing sugars and total antioxidant status showed significant 

increase while phenols and total flavonoids showed significant reduction under drought stress. Plants that treated 

(foliar spray) with different concentrations of ZnSO4 and MnSO4(3000 and 4000 mg/l) showed significant 

improvement in above mentioned parameters in control as well as in drought stress plants. 

KEYWORDS:  Drought, antioxidant status, total carbohydrates, total proteins, phenols, flavonoids. 

 

INTRODUCTION 

 

Abiotic stress means any negative impact of non-living factors of the environment on the most advantageous 

performance of an organism. In both natural and agricultural systems plants are commonly encountered by abiotic 

stress like high and low temperature, drought, alkalinity, salinity, UV stress, flooding, high wind or oxidizing agents 

and toxicity [1]. Two conditions either surplus of water or water deficiency may cause water stress. Plant growth 

and its efficiency is affected by drought stress[2, 3] The sternness of water stress is random as it rely on various 

factors like rainfall distribution, nature of climates and nature of soils [4]. 

To improve the plant growth the term drought managing implies that human interruption can decrease susceptibility 

and shocks. Roots and foliage are the organs through which plants absorb nutrients. The nutrients which are needed 

in great quantities are mostly supplied to plants through roots than through foliage. Foliar application of the nutrient 

are preferred when the soil conditions are unfavorable. For foliar application, fertilizer materials are needed in 

smaller quantities than when supplying to the soil. Since long in literature, the important mineral elements are 

known having role in development and growth of plants [5]. 

One of the most important genus within the family Cruciferae is Brassica, having 37 different species. In the tribe 

Brassiceae, Brassica juncea is one of 51 genera and economically the most fundamental genus of the family [6].  It 

has high medicinal values and used to cure different diseases. Its leaves used as antiscorbutic, diuretic, stimulant and 

stomachic, relieve headache, Muscular and skeletal pains, diaphoretic. It is also used as liniment for rheumatic pain 

Anti helmintic, anti dysentric, diaphoretic, Fever and cold, for bladder inflammation or hemorrhage in china [7]. 

One of the critical element for the growth in animals and plants is the zinc (Zn). It is used as a plant nutrient as well 

as essential for various plant processes like oxidation reduction reactions, enzymatic reactions and metabolic 

activities. The Zn acts a key role by effecting plant metabolic activities like cytochrome synthesis, stabilization of 

ribosomal fractions and hydrogenase and carbonic anhydrase activities [8, 9]. Poor growth, undersized petioles and 

internodes and small leaves are the common symptoms of Zn deficiency which results in the “rosette” symptom in 

the primary growth stages of dicots and “fan shaped” stems in monocots  [10]. 

Manganese (Mn) is an important micronutrient in most organisms. Certainly, it is common to see a peppering of 

brighter, cleared spots across the leaf blade and necrotic pits develop.  Initially, the deficiency of Mn effect the 

rapidly increasing leaves, a few nodes back from the tip. But as the symptom intensifies, both older and younger 
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leaves are affected [11]. Present study was under taken in order to determine the results of drought and foliarly 

applied micronutrients (Manganese and zinc) on some biochemical aspects of brassica juncea. 

 

MATERIAL AND METHODS 

 

The present experiment was performed to examine the effect of zinc sulfate and manganese sulfate on 

relative water content, leaf water loss, electrolyte leakage and pollen viability, total phenols, total flavonoids and 

total antioxidants of Brassica juncea grown under drought stress. Seeds of Brassica juncea were obtained from 

Agricultural Research Institute, Tamab Peshawar, Khyber Pukhtunkhwa. 

 

Growth condition and treatments:   

For this experiment 84 pots were used. Seven sets were made from these 84 pots. Detail of these 7 sets is follows:  

1st Set: With no zinc and manganese, the set consists of control and three treatments of drought (7, 14 and 21 

days). 

2nd Set: Zinc applied as zinc sulfate @ 3000 mg/L, the set consists of control and three drought treatments (7, 14 

and 21 days). 

3rd Set: Zinc provided a zinc sulfate @ 4000 mg/L, the set comprises of control and three drought treatments (7, 

14 and 21 days). 

4th Set: Manganese applied as manganese sulfate @ 3000 mg/L, the set consists of control and three treatments 

of drought (7, 14 and 21 days). 

5th Set: Manganese provided as manganese sulfate @ 4000 mg/L, the set comprises of control and three drought 

treatments (7, 14 and 21 days). 

6th Set: Zinc and manganese provided as zinc sulfate and manganese sulfate in combination @ 3000 mg/L, the 

set comprises of control and three drought treatments (7, 14 and 21 days). 

7th Set: Zinc and manganese provided as zinc sulfate and manganese sulfate in combination @ 4000 mg/L, the 

set comprises of control and three drought treatments (7, 14 and 21 days). 

 

These plastic pots of 17.5 cm in diameter and 6.5 cm deep have outlet at the base for drainage. Out of 7 sets, each 

set comprises of 12 pots with 4 treatments i) control (non-saline), ii) 7 days drought, iii) 14 days drought and iv)  21 

days drought. For each treatment 3 replicates were kept. 1 Kg sandy loam soil was washed carefully and filled in 

each pot. Strong Hoagland’s solution was used for saturation of soil of every pot. 0.1% mercuric chloride was used 

for surface sterilization of seeds for one minute. After this with distilled water these seeds were washed. Seeds were 

used of approximately equal number and of uniform size. In every pot 5 seeds were sown. Pots were then irrigated 

daily, each with 50 ml of tap water i.e., with an equal amount. When plants were fully germinated, they were 

thinned out (one seedling per pot). All these 84 pots were then placed in the Botanical Garden of Department of 

Botany, Abdul Wali Khan University, Mardan. Drought treatment was given and then tap water of 1.5L was used 

for irrigation of every pot as twice per week. As drought treatment was completed, zinc sulfate and manganese 

sulfate were given exogenously through foliar spray to pots of different sets in different concentrations.   

 

Reducing Sugars Estimation: 

The reducing sugars were estimated by applying arsenomolybdate reagent introduced by Nelson, 1944 [12] for 

colorimetric determination of the cuprous oxide formed in the oxidation of the sugars by alkaline cooper tartarate 

reagent.  

 

Total Carbohydrate Content: 

 According to modified anthrone reagent total carbohydrate content was determined following  Fales, 1951 protocol 

[13] .  

 

Analysis of Total Protein: 

 After extraction, total proteins were analyzed by Bradford method [14]. 

 

Estimation of total Phenol: 

total phenolic contents of leaves were estimated by following Singh and Malik protocol [15].  

  

Total Flavonoids Estimation: 

 Total flavonoid content of the sample extracts was concluded by using the method of aluminium chloride [16]  
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Total Antioxidants: 

 Modified method was used for determination of the ferric ion reducing power capability of samples [17].   

 

Experimental design and statistical analysis: The experimental design was completely randomized Design (CRD) 

with three drought levels and three replicates. Collected DATA was examined statistically by SPSS software for 

analysis of variance (ANOVA), and the Duncan’s multiple range test (P < 0.05) was used to compare the means. 

 

RESULTS AND DISCUSSION 

 

Reducing Sugar and Non-Reducing Sugar: 

 In a large series of plants grown at low level of humidity, the amount of sugars have been long known to increased 

[18]. In our observation plants treated with drought stress pronounced significant (P<0.05) increase in total soluble 

sugar (reducing and non-reducing sugar) level Fig. 1 & 2. Both in germinated embryos and endosperm a significant 

increase in DW from 0 h to 14 h of stress infliction corresponded with an enhancement in total soluble sugar content 

and reducing content   [19]. These results can be compared with the previous annotations where infliction of water 

stress was related to a high level of sugars in soybean seedling [20], corn [21],  in the seeds and leaves of wheat [22], 

chickpea [23] and cotton [24]. Effective osmoregulation under water stress conditions is also helped by this 

enhancement in the sugar levels of stressed tissues [25]. Our observation also stated that plants treated with ZnSO4 and 

MnSO4 alone or in combine form showed significant (P<0.05) increase in the level of total sugar, which showed 

resemblance with the consequence of Prakash et al. [26] who illustrated that the significant improvement in reducing 

sugar was noticed by applying micro nutrients and the fruits of treated trees showed more reducing sugar as compared 

to control. Among the three micro nutrients zinc proved more beneficial expressing. This result is in agreement with 

those obtained by Abdel-Ghany [27] and Ahmed [28]. They also stated the same pattern in their reports. 

 

Total Carbohydrates: 

In our observation drought treated plants showed significant (P<0.001) increase in total carbohydrate level in plant 

Fig. 3. Our findings are in concurrence with the results of Mafakheri [29]. He observed that during both the 

flowering and vegetative phases in drought resistant chickpea cultivars water soluble carbohydrate is increased 

significantly by severe drought stress. Praxedes [30] and Asish [31] also observed similar results in their 

experiments. We also reported through our observations that plants treated with different doses of ZnSO4 and 

MnSO4 (3000mg/l, 4000mg/l) showed significant (P<0.05) increase in total carbohydrate content. Observation of 

Aline [32] also reported the same pattern that higher contents of total carbohydrate and soluble carbohydrates by 

foliar application of Zn were enhanced as compare to control plants. In our experiment plants treated with different 

doses of MnSO4 (3000mg/l, 4000mg/l) showed significant (P<0.05) increase in carbohydrates level. Mousavi in 

2011 [33] also reported that foliar spray of Mn showed increase in carbohydrate metabolism. 

 

Total Proteins:  

In our experiment drought treated plants showed significant (P<0.001) increase in total protein level Fig. 4. Our 

results showed little resemblance with result of Asish [31], who reported that although very small decrease upon 

drought treatment, protein contents showed a statistically significant. As compared to stressed plants, the protein 

contents increased significantly in Zn and Mn treated recovered stressed plants likely to be equal to their 

corresponding controls. Plants treated with doses of ZnSO4 and MnSO4 (3000mg/l, 4000mg/l) showed non-

significant increase in protein content. Our findings are in correspondence with the outcomes of Raholla et al in 

2007 [34], who examined a rise in protein contents by application of Zn and Mn. Aline et al in 2013 [32] also 

described that higher protein content in grains is promoted by foliar application of Zn . In our observation plants 

treated with ZnSO4 (3000mg/l, 4000mg/l) showed significant (P<0.05) increase in this parameter as compared to 

control set.  Mousavi et al in 2007 [34] also reported  that Zn Sulphate promotes increased protein content in potato 

crop when applied exogenously in higher doses. 

 

Total Phenols: 

Total phenols exhibited reduction in different levels of drought as compared to control plants (Fig. 5). Plants can 

accumulate phenolic compounds under various stress conditions such as low temperature, light, hydric deficit [35]. 

Factors resulting from the applied drought stress here suggest the offset of stimulating effect of aeration in 

Sphagnum-dominated peat caused the significant (P<.0001) decrease in phenol activities. Acidification induced by 

drought is the major evident change of chemical properties [36]. They also indicated that acidification may caused 

poorer phenol activity in peat lands, and suggests that one of the main factors hindering phenol activity is the 

83 



Ali, 2017 

 

acidification incited by drought stress. Our data showed that total phenolics are relatively stable among the 

experimental categories. The water deficit did not alter total phenolics in Opal and Cayuga cultured in shade and 

water deficit conditions but it induced their decrease in Ruvi. Under water deficit conditions, the accumulation of 

total phenolics was slightly stimulated in Thorn free, mainly in plants cultured in full sunlight conditions. Contrary, 

total phenolics decreased in Lochness, mainly in shaded plants [37]. ZnSO4 and MnSO4 illustrated non-significant 

enhancement in this parameter as compared to control. Zn significantly reduced the H2O2 content in drought stress. 

Increasing the amount of Zn application at higher drought levels significantly reduced the H2O2 content.  As 

compared to drought treatment used alone, Zn treatment resulted a conspicuous enhancement in phenolic content  

[38]. The evidence illustrate that phenolic content is increased in drought stressed pistachio seedlings by zinc 

treatment, thus alleviating drought effects and ameliorating the growth of seedlings [39]. 

 

Total Flavonoids: 

Flavonoids showed significant (P<0.001) decline in different levels of drought as compared to control plants (Fig. 

6). Flavonoids have multiple protective functions such as protective against heavy metal stress [40-42] and have anti 

oxidative activity [43-45]. While application of flavonoids through foliar spray might not be enough for shielding 

against drought stress because of probable problems with uptake and proper delivery of flavonoids to the appropriate 

tissues, e.g. in the mutant lines, over expression of genes coding for components of flavonoid biosynthesis or 

transcription factors could be a fruitful approach for clarifying their role in drought tolerance [46]. In this study, total 

flavonoids exhibited reduction in different levels of drought as compared to control plants. In the biosynthesis 

approach of the flavonoids which was directly correlated with the flavonoid content and was greatly affected by 

deficit water stress. In addition, anthocyanins, which are synthesized by the same method as flavonoids, are tolerant 

to stressors such as salt stress and drought stress [47]. ZnSO4 and MnSO4 exhibited significant (P<0.05) decline as 

compared to control. Above results illustrated that the micronutrients greatly affect the total flavonoids and it mainly 

decreased the flavonoid content. The reduction of flavonoid content was consistent with the increase of 

micronutrients activity [48]. 

 

Total Antioxidant: 

Antioxidant exhibited significant (P<0.05) promotion in different levels of drought but that were no significant 

difference between control and other plants (Fig. 7). Our results were same as of Blokhina et al. 2003 [49]. He 

studied that a lot of antioxidant enzymes illustrated maximum enzymatic activity in stress treatment but there were 

significant differences between recovered and control plants. As compared with Borujerd, Birjand had more enzyme 

activity especially under stress treatments. Thus this experiment illustrated better performance of Kochia in Birjand 

area than that of Borujerd and could settle in unfavourable situation. Fazeli et al. [50] examined the response of 

antioxidant enzymes under drought stress. The changes in antioxidant metabolism correlated with water dearth in 

this experiment are in concurrence with the results of Sgherri et al. [51], who described that by exposing to a phase 

of water scarcity and re watering, activity of some antioxidants is enhanced such as ascorbate peroxidase activity in 

the leaves of wheat. Similarly their findings showed that different antioxidant elements can react differently to water 

shortage which was indicated by diminished activity of superoxide dismutase. As compared to control, significant 

(P<0.05) increase was showed for ZnSO4 and MnSO4. Our results were in concurrence with the outcomes described 

by [52-55]. Decreased harmful effects of H2O2 in drought stress conditions is contributed by the concurrent 

enhancement in the activity of these enzymes. Rahmati et al. found that excess of Mn increase antioxidant activity 

compared with control treatment [56]. Moreover, analysis of variance showed that there were significant differences 

(P<0.05) between activity levels of these drought stress condition were increased, with the increase of 

micronutrients especially Zn and Mn treatment [57]. 
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Figure 1. Influence of micronutrient (Zinc and Manganese) on reducing sugars 

(mg/gmfr.wt) of Brassica juncea grown under drought stress. 

 

 

 
 

Figure 2. Influence of micronutrient (Zinc and Manganese) on non-reducing sugars 

(mg/gmfr.wt) of Brassica juncea grown under drought stress. 
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Figure 3. Influence of micronutrient (Zinc and Manganese) on total carbohydrates 

(mg/gmfr.wt) of Brassica juncea grown under drought stress. 

 

 

 
 

Figure 4. Influence of micronutrient (Zinc and Manganese) on total proteins 

(mg/gmfr.wt) of Brassica juncea grown under drought stress. 
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Figure 5. Interactive effects of drought and micronutrients (Zinc and Manganese) on 

total phenols (mg/gmfr.Wt) of Brassica juncea. 

 

 

 
 

Figure 6. Interactive effects of drought and micronutrients (Zinc and Manganese) on 

total flavonoids (mg/gmfr.Wt) of Brassica juncea. 
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Figure 7. Interactive effects of drought and micronutrients (Zinc and Manganese) on 

total antioxidant status(mg/gmfr.Wt) of Brassica juncea. 
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