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Abstract: The study was conducted to investigate the effect of Brassinosteroid (BR) application on the germination, 

physiological and biochemical parameters in week-old tomato seedlings under different treatments, i.e.,) Distilled 

water (control); ii) 15% polyethylene glycol (PEG) solution (drought stress (DS); iii) BR concentration @ 0.30µM and 

iv) 15% PEG supplemented with BR concentration @ 0.30µM. The water deficit condition resulted in a significant 

reduction in seed germination, growth, and tomato seedlings' biomass development. BR application improved these 

parameters under both control and DS conditions. In addition to this, BR application alone, as well as under PEG-

induced drought, improved the antioxidant activity and osmolyte accumulation. It resulted in the reduction of H2O2 

generation and lipid peroxidation resulting in overall ionic homeostasis and maintenance of tissue osmotic conditions. 

In conclusion, PEG induced DS resulted in an adverse effect on seedlings growth and development, which was 

alleviated under BR application. 
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1. Introduction 

Drought Stress (DS) is one of the common 

abiotic stresses which restrict the growth and 

development of various plants. Drought tolerance 

in plants is a trait which is resulted due to the 

integration of several biochemical and molecular 

phenomena [1]. Under water deficit conditions, vital 

plant processes are affected, and nutrient uptake, 

photosynthetic mechanism, protein synthesis are 

drastically down [2]. DS results in reactive oxygen 

species (ROS) production, which results in 

oxidative stress, which disturbs the plant ion 

homeostasis [3]. Thus, maintenance of normal ion 

homeostasis is of prime importance to cope with 

the ill effects of DS. Under such conditions, plants 

counteract by activation of ROS scavenging 

mechanisms, which include an accumulation of 
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compatible solutes, osmolytes, enzymatic, and non-

enzymatic antioxidant systems [4]. Tomato 

(Lycopersicon esculentum) is an important edible 

vegetable crop that belongs to the family 

Solanaceae. Its commercial production is affected 

by several abiotic stresses, of which DS is a serious 

problem and causes significant yield losses. Seed 

germination is the most critical stage in the tomato 

life cycle, which is severely affected in water limiting 

conditions. Further, the establishment of seedlings 

in a dry environment is a major reason for seedling 

mortality. 

BRs are a new group of phytohormones that 

regulate a broad spectrum of physiological 

processes, including seed germination, plant 

growth, vascular differentiation, and 

photomorphogenesis process [5]. One of the most 

promising roles of BRs is their ability to confer 

resistance to a wide array of abiotic stresses. In 

addition, BRs have been reported to enhance 

resistance to various abiotic and biotic stresses, such 

as heavy metal, organic pollutants, drought, salinity, 

high and low temperature [6]. Although BRs as a 

plant growth regulator has been widely used in 

agricultural production, the mechanisms by which 

BRs influence plant productivity and stress 

tolerance are still poorly understood [5]. Here, we 

investigated the effects of BR on seed germination 

and seedling growth of tomato subjected to DS. The 

present study involves the determination of changes 

in the level of de novo synthesis and accumulation 

of antioxidant metabolites, stress metabolites, and 

compatible and osmotically active substances along 

with changes in enzyme activities of superoxidase 

dismutase (SOD) catalase (CAT), peroxidase 

(POD)  in tomato seedlings raised in PEG treated 

osmotic stress as well as BRs alone and with 

supplemented PEG treatment.

2. Materials and Methods  

2.1. Plant material and Experimental 

setup 

Tomato seeds were surface sterilized with 

0.5% (v/v) sodium hypochlorite solution for about 

15 min, and twenty seeds were placed on Whatman 

No. 1 filter paper in sterile Petri-plates which were 

treated with 5 ml solution of i) Distilled water 

(control); ii) 15% PEG solution (water stress); iii) 

Application of BR (24-epibrassinollide) 

concentration @ 0.30µM and iv) 15% PEG 

supplemented with BR concentration @ 0.30µM. 

The hormone and PEG concentrations were 

standardized for their potential effects (Data not 

presented). All the above treatments were replicated 

three times. The plates were kept in the dark at 

25±1°C. Seed germination observations were made 

at the end of 12, 24, and 36 h and reported finally in 

terms of germination percentage, which was 

calculated simply using the relationship as: (Total 

no. of seeds germinated/Total no. of seeds sown) x 

100. After one week, seedlings were used for further 

studies. 

2.2. Seedling physiological parameters 

Physiological parameters were evaluated in 

terms of seedling length (cms), fresh and dry weight 

(gms) using the standard method.  

2.3. Seedling biochemical parameters 

Biochemical parameters were studied related 

to free proline content, chlorophyll content, 

malondialdehyde (MDA) content, ascorbate 

content, glutathione (GSH) content, flavonoid 

content, and H2O2 content. Free proline content 

was measured as per the method of Bates et al. 

(1973) using sulphosalicylic acid. Plant pigments, 

i.e., chlorophyll a, Chlorophyll b, total chlorophylls, 

and carotenoid content, were quantified using 

Arnon[8] protocol using 80% acetone extraction. 

MDA content was estimated by Heath and Packer 

[9] method to estimate the extent of lipid 

peroxidation. Ascorbate content was determined 

using the method described by Mukherjee and 

Choudhuri [10], which involves the reduction of 

dinitrophenylhydrazine (DNPH) by ascorbate to 

phenylhydrazone under acidic conditions. GSH 

content, i.e., oxidized, reduced, and total GSH 

estimated by the method of Anderson [11] using 

dithionitrobenzene (DTNB) reagent. Flavonoid 

content was estimated by the AlCl3 method [12] 

using quercetin as a standard for the calibration 

curve. H2O2 content measured spectrometrically as 

per the method of Gay et al. [12]. 
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2.4. Determination of antioxidant enzyme 

activity. 

Enzyme extraction is carried as per the method 

of Ding et al. [14] with slight modifications. Briefly, 

0.5 g of seedling sample homogenized in 10 ml of 

50 mM sodium phosphate buffer of pH 7.2 having 

0.2 mM EDTA (ethylenediaminetetraacetic acid), 

1% PVP (polyvinylpyrrolidone), 1mM PMSF 

(phenylmethylsulfonyl fluoride) using prechilled 

pestle mortar. Homogenate obtained put to 

centrifugation at 10000 rpm for 30 minutes at 40℃. 

The amount of protein in the enzyme extract was 

calculated, according to Lowry et al. [15]. SOD (EC 

1.15.1.1) activity was assayed by measuring its ability 

to inhibit the photochemical reduction of nitroblue 

tetrazolium (NBT) by Beauchamp and 

Fridovich[16] method. CAT (EC 1.11.1.6) activity 

assayed according to the method of Aebi [17] using 

a reaction mixture consisted of 50 mM phosphate 

buffer, 0.1mM H2O2, and enzyme extract. The rate 

of H2O2 decomposition at 240 nm was measured 

spectrophotometrically and calculated using a molar 

extinction coefficient of 45.2 mM−dcm−m. One unit 

of CAT activity was assumed as the amount of 

enzyme that decomposed 1 µmol of H2O2 per mg 

of soluble protein per minute at 30℃. POD (EC 

1.11.1.7) activity was assayed by employing the 

procedure of Kar and Mishra [18]. The amount of 

purpurogallin formed was estimated by measuring 

the absorbance at 420 nm against a blank. The 

enzyme activity was expressed as a change in 

absorbance Units mg-1 protein min-1. 

2.5. Statistical Analysis. 

One-way ANOVA analysis was performed 

using the IASRI server (New Delhi, India), and 

Pearson’s correlation analysis was conducted to 

study the correlation between studied parameters 

using SPSS software (IBM corp., USA).

3. Results and Discussion 

3.1. Seed Germination and Seedling 

growth. 

The effect of BR concentration on Tomato 

seed germination under normal and stress 

conditions is shown in Table 1. In comparison to 

control, drought stress concentration reduced the 

seed germination. In control, the germination 

percentage was 54.25 ± 3.065 %, which was reduced 

to 15 ± 0.707% under PEG treatment. However, 

the presence of BR escapes the tomato seeds from 

drought stress, and germination percent of around 

58.5 ± 2.102 % was observed, which is the same as 

the condition of BR treatment alone i.e., 56.25 ± 

2.358. Further, the growth of seedlings was 

observed in terms of seedling length, fresh weight, 

and dry weight in cms, gms, and gms, respectively. 

PEG treatment reduced the growth of seedling in 

comparison to control, as presented in Figure 1.  

 

 
Figure 1. Effect of different treatments (T1: PEG@15%; T2: HBL@ 0.30µM; T3: PEG + HBL) on tomato 

seedling growth in comparison to control. 

Table 1. Effect of BR treatments on Tomato seed germination and seedling physiological parameters under drought 

stress and unstressed conditions (mean ± standard error). Means followed by dissimilar alphabets represent the 

significance of value within a column. 

Treatments 
Seed 

germination (%) 

Seedling fresh 
weight 

(in grams) 

Seedling dry 
weight 

(in grams) 

Seedling length 
(in cms) 

Control 54.25 ± 3.065a 0.088± 0.00a 0.012 ± 0.001a 4.725 ± 0.239a 

PEG @ 15% 15 ± 0.707b 0.032 ± 0.0004c 0.007 ± 0.0004b 3.625 ± 0.225b 

BR@0.30µM 56.25 ± 2.358a 0.085 ± 0.0051a 0.012 ± 0.0006a 5.425 ± 0.368a 
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Treatments 
Seed 

germination (%) 

Seedling fresh 
weight 

(in grams) 

Seedling dry 
weight 

(in grams) 

Seedling length 
(in cms) 

PEG + 
BR@0.30µM 

58.5 ± 2.102a 0.073 ± 0.0006b 0.013 ± 0.0006a 5.125 ± 0.232a 

General Mean 46.00 0.07 0.01 4.73 

CV (%) 9.69 7.41 13.08 11.54 

SE(d) 3.152 0.004 0.001 0.386 

LSD at 5% 6.8684 0.008 0.0023 0.8403 

However, the treatment of BRs supports the 

seedling growth as it happens in the control 

condition even in the presence of drought induction 

by PEG. Drought stress causes a significant 

reduction in tomato performance, which is one of 

the important vegetable crops. It has been reported 

that water deficit suppresses plant growth due to the 

osmotic conditions restricting water uptake and 

production of ROS along with other toxic ions. This 

condition further creates conditions of oxidative 

stress, which results in outburstsROS production 

and lipid peroxidation. Oxidative stress results in 

various physiological and biochemical changes. In 

the present study, tomato seedling growth was 

observed under PEG induced drought condition 

and application of BR on seedling growth alone as 

well as along with PEG to observe the BR mediated 

alleviation of oxidative stress due to water deficit. 

Water stress due to PEG resulted in the lowering of 

seed germination of tomato seeds, which was 

reported earlier also (Anwar et al. 2018), but the 

application of BR resumes the normal seed 

germination percentage even in the presence of 

PEG induced water stress. BRs are reported to 

elevate seed germination rate as well as a percentage 

in tomato as well as other crops and thus used as 

seed priming agents[20]. PEG treatment also 

showed its adverse effect on physiological 

parameters, and application of BR supported 

efficient seedling growth even under water deficit 

conditions. These observations were in line with 

earlier reports [21]. BR application was found to 

regulate drought tolerance and improved biomass 

production at the seedling stage in tomato.  

3.2. Biochemical Parameters. 

As compared to the control condition, proline, 

which plays the role of osmotic adjustment 

mediator, was found to be decreased by 33.5% 

under drought conditions induced through PEG 

and increased under BR application by 53.6% and it 

was further increased by 67.2% under induced 

drought condition and BR application. In the case 

of photosynthetic pigments, there is a decrease in all 

pigment contents observed under drought 

conditions as compared to control. However, under 

BR application alone as well as drought condition, 

it was maintained as it was found under control 

conditions. This clears the effect of BR application 

on the photosynthetic machinery of the plant. As 

compared to control, BR supplementation reduced 

the MDA content under normal as well as drought 

conditions, which signifies the control of membrane 

damage by BR supplementation. Under PEG 

application, MDA content was found to be 

increased by 67.9% as compared to control.  Total 

ascorbate level was found to be not affected much 

under PEG induced drought and BR application as 

compared to control, but it increased drastically 

under PEG + BR application. Another oxidant 

system that comprises reduced and oxidized GSH 

was studied, and it was observed that reduced GSH 

decreased and oxidized GSH increased under PEG-

induced drought by 44% and 88%; however, total 

GSH content decreased by 6% as compared to 

control. BR application alone, as well as under PEG 

induced drought condition, maintains the level of 

oxidized, reduced, and total GSH as under control 

condition. Flavonoid level increased under drought 

condition as well as under BR application 

individually and in combination with drought 

condition as compared to control. As compared to 

control H2O2 production increased under PEG 

application and approximately doubled in its 

amount, but supplementation of BR under normal 

and PEG application maintains the H2O2level as 

under control condition. BR supplementation 

decreased H2O2 generation by 25%, and even under 

PEG induced drought, the H2O2 generation was 
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decreased by 0.07% as compared to the control 

condition, which reflects the role of BR control of 

lipid peroxidation. All the results were compiled in 

Table 2. 

Table 2.Biochemical parameters were studied related to free proline content, chlorophyll content, malondialdehyde 
(MDA) content, ascorbate content, glutathione content, flavonoid content and H2O2 content. 

Treatments 

Proline 
content 
(mg/g  
FW) 

Chlorophyll 
A (mg/g  

FW) 

Chlorophyll 
B (mg/g  

FW) 

Total 
Chlorophyll 

(mg/g  
FW) 

Carotenoids 
(mg/g FW) 

MDA 
content 
(µmol/g 

FW) 

Total 
Ascorbate 
(umol/g  

FW) 

Total 
GSH 

content 
(umol/g  

FW) 

Reduced 
GSH 

content 
(umol/g  

FW) 

Oxidised 
GSH 

content 
(umol/g 

FW) 

Flavonoid 
content 
(mg/g 
FW) 

H2O2 

content 
(µmol/g 

FW) 

Control 
6.62  ± 
0.66c 

1.40 ± 0.21a 0.34 ± 0.05b 3.79 ± 0.55b 0.43 ± 0.02 
23.42 ± 
0.37b 

0.02 ± 
0.002b 

0.51 ± 
0.006a 

0.34 ± 
0.006a 

0.17 ± 
0.004a 

0.65 ± 
0.01b 

12.36 ± 
0.02a 

PEG @ 
15% 

4.40  ± 
0.13d 

1.25 ± 0.07b 0.20 ± 0.01c 
2.21 ± 0.06 

c 
0.33 ± 0.52 

39.33 ± 
0.23c 

0.02 ± 
0.001b 

0.48 ± 
0.007b 

0.19 ± 
0.008b 

0.32 ± 
0.010c 

0.79 ± 
0.02a 

23.31± 
0.03b 

BR @ 
0.30µM 

10.17 ± 
0.30b 

1.51 ± 0.36a 0.55 ± 0.02a 2.30 ± 0.05a 0.55 ± 0.14 
18.61 ± 
0.35a 

0.03 ± 
.003b 

0.61 ± 
0.012c 

0.39 ± 
0.006a 

0.18 ± 
0.011a 

0.84 ± 
0.02a 

09.77± 
0.04c 

PEG@ 
15% + 

BR@0.30 
µM 

11.07 ± 
0.56a 

1.31 ± .08a 
0.31 ± 
0.23bc 

2.43 ± 0.2a 0.37 ± 0.26 
20.55 ± 
0.24d 

0.16 ± 
0.014 

0.58 ± 
0.009a 

0.40 ± 
0.004a 

0.19 ± 
0.006b 

0.78 ± 
0.06a 

11.54± 
0.01a 

General 
Mean 

9.09 1.12 0.35 2.43 0.42 4.64 0.06 0.53 0.36 0.22 0.77 14.24 

CV(%) 8.85 17.58 16.31 9.59 41.22 11.45 21.61 2.51 3.00 5.45 7.97 8.85 

SE(d) 0.656 0.30 0.470 0.425 1.423 0.434 0.010 0.013 0.010 0.012 0.050 0.656 

LSD at 5% 1.51 0.70 1.0833 0.9805 NS 1.0005 0.0236 0.0284 0.0213 0.0269 0.115 1.51 

Biochemical responses are usually studied to 

evaluate the plant mechanism to adapt under 

drought stress, which induces changes in the 

number of different osmolytes, enzymatic and non- 

enzymatic antioxidants, etc. Osmotic regulation is 

one of the main ways to control the adverse effects 

of drought stress. Proline content played a major 

role as one of the main osmolytes under plant stress 

and studied as a stress marker. It is an amino acid 

having a role as an antioxidant, energy metabolite, 

and osmolyte [22]. It is induced in the stabilization 

of and function of nucleic acids, mainly DNA, 

proteins, and membrane integrity so, an increase of 

proline levels directly related to the stress condition 

of the plant. Under the present study, under drought 

conditions, the proline level increased as observed 

by various other workers [23, 24].  BR application 

further increases the proline levels under normal 

conditions and PEG induced stress, which helps 

plant to maintain normal osmotic conditions and 

relieving oxidative stress to prevent cellular damage 

as reported earlier [25, 26]. A sharp decrease in the 

content of the photosynthetic component observed 

as one of the important physiological consequences 

under drought stress [27]. The reason behind the 

stress-mediated reduction in carbon metabolism is 

pigment-protein degradation due to an increase in 

the activity of enzymes like chlorophyllase. 

However, BR application improves this condition 

by up-regulation of the antioxidant system and 

availability of amino acid precursors necessary for 

chlorophyll synthesis [28]. 

Non-enzymatic antioxidants play an important 

role in the redox regulation protecting a plant from 

ROS-induced oxidative stress due to drought stress. 

In the present work, under PEG induced drought 

conditions, ascorbate levels fall drastically in 

comparison to the control plants as reported earlier 

also [29]. BR application under stress as well as a 

non-stress condition found to be a regulator of 

ascorbate content and reduces ROS accumulation 

as observed in the present study and reported earlier 

also [19, 26]. Similar to ascorbate, another -non-

enzymatic antioxidant is glutathione, which causes 

active neutralization of ROS, preventing oxidative 

damage to cellular components. It efficiently 

scavenges ROS species [30] under drought 

conditions and a significant reduction in the level of 

total glutathione along with reduced glutathione 

observed with an increase in oxidized glutathione 

and ratio of GSSG as compared to control [31, 32]. 

However, BR application revives the reduced GSH 

pools and causes revival of GSSG/GSH ratio due 

to enhancement in the GSH [33]. BR application 

increases the activity of AsA-GSH cycle, which 

prevents ROS generation and thus alleviating 

adverse effects of stress condition. Besides, water 

stress results in to increase in H2O2 generation and 
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MDA content, which are related to cell membrane 

peroxidation and disintegration [20] as observed in 

the present study. A decrease in the content of both 

H2O2and MDA was observed under BR 

application, which is probably due to enhancement 

in the activity of the cellular antioxidant system [34]. 

BR also improves plant performance through its 

effect on flavonoid content under different stress 

conditions [3]. 

3.3. Antioxidant enzyme activity 

In response to PEG treatment, the activity of 

SOD and CAT enzymes was found to be increased 

by 34% and 64%, respectively, whereas POD 

activity was found to be decreased drastically by 

82% as compared to control. Application of BR 

resulted in to increase in enzyme activity of all the 

three studied enzymes, and under PEG exposure 

along with the application of BR the activity of all 

the three enzymes remains maintained as under BR 

application.  

 

 
The results were presented in Figure 2. BR 

potentially reduces the adverse effects of drought 

conditions by upregulation of the antioxidant 

system, especially the enzymatic components [20]. 

Even under the drought condition, the activity of 

these enzymatic agents was found to increase as 

compared to the control condition, and BR 

application further increases the activity of SOD, 

CAT, and POD like enzymes [3, 20, 33, 34]. In the 

present study, BR application increases the activity 

of antioxidative enzymes, which is due to the 

induction of their gene expression, as reported 

earlier [1]. 

 
Figure 2. Effect of different treatments (T1: 

PEG@15%; T2: HBL@ 0.30µM; T3: PEG + HBL) on 

different antioxidant enzyme activities of tomato 

seedling in comparison to control; A) Superoxide 

Dismutase B) Catalase C) Peroxidase. All enzyme 

activities are expressed as Units mg-1 protein min-1. 

Vertical bars represent the mean ±SE of three 

replicates. 

3.4. Statistical Analysis 

Correlation studies among different 

biochemical parameters in response to different 

treatments presented a positive correlation of 

proline content with all parameters significantly 

except Total chlorophyll, MDA content, oxidized 

GSH content, and H2O2 content (Table 3). 

Chlorophyll A content was found to be positively 

correlated with all studied factors except MDA 

content, total ascorbate, oxidized GSH, and H2O2 

content. Similarly, Chlorophyll B content shows the 

same correlation as in the case of chlorophyll A 

except it was negatively correlated to total 

chlorophyll additionally. MDA content was found 

to be significantly negatively correlated with all the 

studied factors except oxidized GSH and H2O2 

content. Similar is the case of H2O2 content, which 

was found to be significantly negatively correlated 

with different studied parameters except for 

oxidized GSH, flavonoid, and H2O2 content. 
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Table 3. Pearson Correlation between different biochemical parameters studied (PC: free proline content; CA: 
Chlorophyll A; CB: Chlorophyll B; TC: Total Chlorophyll; CT: Carotenoids; MDA: Malondialdehyde content; TA: 
Total ascorbate content; TG: Total glutathione content; RG: Reduced glutathione; OG: Oxidised glutathione; FC: 
flavonoid content and HC: H2O2 content). 

 PC CA CB TC CT MDA TA TG RG OG FC HC 

PC 1            

CA 0.48** 1           

CB 0.63* 0.96* 1          

TC -0.2 0.2* -0.02 1         

CT 0.49* 0.99** 0.98** 0.07* 1        

MDA -0.87** -0.74* -0.78** -0.23** -0.7** 1       

TA 0.69** -0.28* -0.11 -0.25* -0.28 -0.39* 1      

TG 0.94** 0.67 0.82* -0.31 0.7 -0.84** 0.44* 1     

RG 0.92** 0.64 0.7 0.16 0.6 -0.98** 0.52** 0.86** 1    

OG -0.71* -0.72* -0.68* -0.5* -0.65** 0.95** -0.26** -0.65** -0.92** 1   

FC 0.36 0.11 0.33 -0.94 0.24 -0.002 0.17 0.53 0.03 0.28 1  

HC -0.83 -0.77 -0.78 -0.29 -0.72 0.99** -0.33* -0.81** -0.97** 0.97** 0.04 1 

* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-tailed). 

4. Conclusions 

Drought Stress usually results in a 

significant reduction in growth and 

development of tomato due to ROS production 

and oxidative stress. However, BR application 

significantly improves the tomato performance 

and imparts drought tolerance at the seedling 

stage, which is one of the important 

developmental stages in this plant. Thus, BR 

application can keep high commercial 

production of tomato under drought 

conditions. 
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