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A B S T R A C T 
Brassinosteroids (BRs) belongs to the new class of phytohormones holds promising potential in amplification of growth 
and development in plants under normal and stress conditions by mitigating the reactive oxygen species (ROS) in order 
to maintain cellular homeostasis. The current study was performed to examine the role of exogenously applied 28-
Homobrassinolide (HBL) with different concentrations (0, 1 µM, 1nM, 1pM) in Brassica juncea seedlings subjected to cold 
stress (5°C) under laboratory conditions. Low temperature stress reduced the growth parameters but HBL treatment 
significantly augmented these morphological parameters. Further under cold stress condition, increase in H2O2 and MDA 
content was found, but their toxic effect was alleviated with exogenous appliance of HBL. Afterwards, amelioration in 
the content of non-enzymatic antioxidants such as carotenoids and vitamins were observed with the application of HBL 
which confirmed to be favourable in mitigating the harmful effects of low temperature stress. Overall, the seed treatment 
with HBL increased plant’s potential to beat toxic effects imposed by low temperature stress by amplifying the ability of 
antioxidants to higher horizons thus paving the approach towards the use of eco-friendly perspectives in improving stress 
tolerance in plants. 
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Indian mustard belonging to the brassicaceae family has 

been consumed all over the world for centuries. Its roots, shoots 

and leaves are known as vegetables, whereas its seed are used 

as a condiment or a source of oil. In Ancient Greece it was used 

in cases of snake or scorpion bites, while in India and China 

mustard seeds have been devoured in traditional remedy since 

time immemorial for plentiful diseases and disorders. As an 

oilseed crop, after soybean and palm, rapeseed-mustard is the 

third most prominent crop [1]. Identification and development 

of abiotic stress tolerant cultivars are central economic goals for 

our globe. Thus, agronomical and morphological study of 

Brassica sp. performing under environmental extremes could 

direct the research and expansion of new stress-tolerant 

cultivars [2]. Due to their economic significance, as a source of 

good quality cooking oil, protein rich meal and multiple other 

value-added products, B. juncea is the focus of important 

research attention throughout the world. 

Growth and development of plants depends effectively 

on the plant growth hormones that regulate wide array of 

physiological processes. Among the phytohormones, 

Brassinosteroids (BRs) are polyhydroxylated plant steroid 

hormones that can stimulate plant tolerance to variety of abiotic 

stress conditions including low and high temperature, drought 

and salinity [3-5]. BRs play protecting role in plants all the way 

through their developmental processes by regulating the 

different metabolites [6]. 

Every plant needs a particular temperature range to 

flourish well and thus temperature is the principal 

environmental factor that plays key role in plant growth and 

development. However, any kind of instability in the favourable 

temperature condition would put a close down on the function 

of physiological reactions as being sessile organisms; the plants 

cannot escape from these unparalleled changes. So, to tolerate 

dynamic temperature regime, plants must be capable to adjust 

their physiology actively in order to thrive well even under 

harmful environment [7]. Unfavourable conditions cause more 

production of reactive oxygen species (ROS), in so doing 

upsetting the cellular homeostasis. These ROS are accountable 

for peroxidation of lipids that escort to the irreparable 

metabolic, structural dysfunction and ultimately end in cell 

death [8]. In order to handle these ROS and sustain redox 

homeostasis, antioxidant defense system of plants acts as border 

line to protect them. High efficiency of these antioxidants can 

ease the oxidative damage under abiotic stress conditions [9]. 

Injuries are produced by stressful environments can be 

mitigated by synchronized regulation of different enzymatic 

reactions with both endogenous chemicals as well as with 

external signals and this synchrony is sturdily linked with 

phytohormones [10]. Therefore, BRs could be a vital guide for 

adaptive machinery in the unpleasant situations. In last few 
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years, more attention has been given to the carotenoid group of 

pigments to understanding their purpose, mainly as 

antioxidants. The “core” structural part of carotenoids is a 

polyene backbone containing a sequence of conjugated C=C 

bonds. This feature is mainly accountable for the skill of these 

compounds to intermingle with free radicals and thus play role 

as effectual antioxidant [11]. Vitamins such as vitamin A 

(retinol), vitamin C (ascorbic acid) and vitamin E (tocopherol) 

acts as good antioxidants. Vitamin C is a key substrate for the 

detoxification of reactive oxygen entities [12]. Vitamin E is 

capablye to quench the singlet oxygen, scavenge different 

radicals, particularly the lipid peroxy radicals, and thus 

eventually cease the lipid peroxidation chain reactions [13]. 

Moreover, these vitamins are not only acknowledged for 

defending plant cells from free radicals but also for supplying 

the indispensable nutrients for plant growth [14]. 

On the basis of several benefits of BRs that it proposes 

to the plants, this present research was carried out to look at its 

functions under cold stress. This study was conducted to 

evaluate the protective role of Homobrassinolide (HBL) in 

Brassica juncea exposed to low temperature by taking 

following objectives (i) action of HBL on growth parameters 

(ii) role of HBL against H2O2 and MDA accumulation (ii) effect 

of EBL on non-enzymatic antioxidants. 

 

MATERIALS AND METHODS 
 

Plant material and growth treatments 
For the present research, B. juncea (L.) cv. RLC-3 seeds 

were procured from Department of Plant Breeding and 

Genetics, Punjab Agricultural University, Ludhiana, India. 

Seeds were sterilized with sodium hypochlorite (0.1%) washing 

for 15 minutes, followed by rinsing in double distilled water 

(DDW) for 4-5 times. Then, sterilized seeds were soaked in 

different concentrations (0, 1 µM, 1nM, 1pM) of HBL for 

8 hours. Afterwards, the seeds were allowed to germinate on 

Whatman filter paper No. 1 lined in sterile petri-plates for three 

days in seed germinator under controlled conditions as 25°C, 

16/8 hours light/dark periods, uniform light fall of 200 PAR 

(Photosynthetically Active Radiation) m-2s-1 and 70% humidity. 

These germinated seeds were further transferred to brown 

germination paper. 8 days old seedlings were exposed to 5°C 

temperature shock up to three consecutive days for 5 hours 

daily. All these treatments and their duration were chosen on 

the basis of preliminary studies those were formerly conducted 

in the laboratory. 

 

Growth measurement 

Ten seedlings were selected with random sampling from 

each treatment on 13th day for shoot length and root length, 

measured with the ruler (cm). Fresh weight and dry weight of 

random ten seedlings were measured with an electronic 

laboratory weighing machine. 

 

Estimation of hydrogen peroxide (H2O2) and malondialdehyde 

(MDA) content 

The procedure of [15] was followed to quantify the H2O2 

content. 500 mg of fresh sample was crushed in 0.1% 

trichloroacetic acid followed by centrifugation. Supernatant 

was collected and dissolved in 0.5 ml of 10 mM potassium 

phosphate buffer, 1 ml of potassium iodide and then absorbance 

was recorded at 390 nm. Known concentrations of H2O2 were 

used for preparing standard curve. 

MDA content was estimated according to [16]. 1 ml of 

tissue extract was added to reaction solution of 2 mL consisting 

of 20% (v/v) trichloroacetic acid and 0.5% (v/v) thiobarbituric 

acid. Then the same was set aside in water bath at 95°C for 

30 minutes.  Later kept in ice bath for rapid cooling and 

followed by centrifugation at 10,000 × g for 10 minutes. 

Absorbance was taken at 450 nm, 532 nm and 600 nm. 

 

Detection of carotenoids content 

The carotenoid content was determined by following the 

method of [17]. 200 mg fresh sample tissue was crushed in 80% 

acetone. Supernatant was collected by centrifugation at 3000 × 

g. Optical density was recorded at 470 nm, 645 nm and 663 nm. 

 

Determination of Vitamin A, C and E content 

Vitamin A was estimated according to [18] method. 

Fresh tissue was homogenized in 2N KOH and heated gently at 

60°C for 20 minutes. 20 ml of DDW was added to it and mixed 

properly. By using the separating funnel extraction was done 

with Petroleum Ether. Further, sodium sulphate was added to 

eradicate moisture of the sample. Dried residues were dissolved 

in 1 ml of Chloroform and 2 ml of TCA. Absorbance was taken 

at 620 nm. 

Vitamin C was detected according to the method of [19]. 

Fresh sample tissue was used to prepare 2 ml of extract. 8 ml of 

2, 6-dichlorophenol indophenols dye was added to the extract 

and absorbance was recorded at 530 nm. 

Estimation of Vitamin E was done with [20] method. 

Fresh tissue of sample was mixed steadily with 0.1 N sulphuric 

acid and incubated at room temperature for overnight. To the 

tissue extract, xylene was added in 1:1 ratio and centrifuged. 1 

ml of xylene was taken out and then mixed with 1 ml of 2, 2-

dipyridyl. Absorbance was noted at 460 nm. Then 0.33 ml of 

FeCl3 was added to the reaction mixture and after 15 min, 

absorbance was read at 520 nm. 

 

Data analysis 

One-way analysis of variance (ANOVA) was done with 

comparison of mean differences by Tukey’s test using Prism 

Software 7. Data taken for calculations were the mean of three 

replicates (n = 3) and comparisons of p values\0.05 were 

considered significant and different from control. 

 

RESULTS AND DISCUSSION 
 

Growth parameters 

In seedlings exposed to low temperature stress, there was 

significant decline in almost all growth parameters such as seed 

germination (Table 1), shoot and root length and in fresh and 

dry weight as shown in (Fig 1). Pre-sowing soaking treatment 

to seeds with various aforementioned concentrations of HBL 

improved the seed germination extensively under both room 

temperature and low temperature stress condition in 

comparison to analogous control. 1 nM HBL ameliorate the 

seed germination by 20% under normal conditions and 55% in 

the seedlings treated with 5°C temperature shock as compared 

to corresponding controls. Seedlings treated with HBL 

overcame the stress condition and supported the seedling 

growth. 

Homobrassinolide (HBL) supplementations augmented 

both shoot and root length at its all concentrations. Best results 

were observed at 1 pM HBL for shoot length where 13% 

improvement was recorded and root length was ameliorated up 

to maximum with same concentration appliance by 22% over 

control. Further, shoot length and root length got affected under 

low temperature stress and reduced by 10% and 7% over their 

controls respectively. But pre-sowing soaking treatment of 

HBL to seedlings exposed to cold stress condition improved the 

shoot as well root length. Where, 1 nM Homobrassinolide 
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(HBL) demonstrated significant improvement by 31% in shoot 

length and 1 pM Homobrassinolide (HBL) concentration 

amplified root length by 24% as compared to respective 

controls. 

 

   

 Control   1μM HBL 1nM HBL 1pM HBL 

5°C 5°C+1μM HBL 5°C+1nM HBL 5°C+1pM HBL 

 

 

 

Fig 1 Effect of 28-Homobrassinolide on growth parameters of B. juncea seedlings under control and cold stress conditions 

Measurement (A) Shoot Length, (B) Root Length (C) 

Fresh Weight and (D) Dry Weight. On 13th day, 10 random 

seedlings were collected to evaluate these parameters. 

Data represent the mean of three replicates. Error bars 

represent standard deviation (SD) and different letters above the 

bars represent a significant difference as determined by one-

way ANOVA. 

 

Seedlings those were exposed to low temperature stress 

had diminution in fresh and dry weight. Exogenous application 

of Homobrassinolide (HBL) (1µM, 1nm, 1pM) exposed to low 

temperature stress enhanced the fresh weight evidently and 

maximum augmentation was shown by 23% under 1 µM 

Homobrassinolide (HBL) treatment in comparison to control. 

Seedlings also showed amelioration in dry weight with HBL 

supplementation with respect to control whether there was 

control or stressful condition. At all Homobrassinolide (HBL) 

concentrations mentioned above, increase in dry weight was 

reported and maximum amplification was observed under 1 nM 

EBL by 16% under normal conditions and by 19% under low 

temperature condition, with respect to analogous controls, 

respectively (Fig 1). 

 

Table 1 28-Homobrassinolide improved the seed germination and limited the oxidative damage by diminishing H2O2 and 

MDA content in B. juncea seedlings under room temperature and low temperature stress condition 

Treatments Seed germination (%) 
H2O2 content 

(μgg-1FW) 

MDA content 

(µmolg-1FW) 

Control 76.66±6.67a 0.63±0.0a 1.33±0.04a 

1 μM HBL 91.11±1.92b 0.47±0.03b 1.27±0.03a 

1 nM HBL 92.22±5.09b 0.52±0.02c 1.14±0.02a 

1 pM HBL 86.66±0.00a 0.53±0.03c 1.04±0.06a 

5°C 56.66±3.34c 0.73±0.01d 3.26±0.16b 

5°C +1 μM HBL 75.55±1.92ab 0.56±0.01cd 1.30±0.01ab 

5°C +1 nM HBL 87.78±3.85bc 0.53±0.01cd 1.17±0.01ab 

5°C +1 pM HBL 78.89±1.93ac 0.62±0.00ab 1.57±0.02c 

F ratio (7.16) 30.34 67.02 331.9 
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 (A) After pre-sowing soaking treatment, the seed germination 

was recorded on 4th day; (B) H2O2 content was quantified on 

13th day by following potassium iodide (KI) oxidation (C) Lipid 

peroxidation was measured as malondialdehyde (MDA) levels 

on 13th day. Fresh tissue of sample was collected, homogenized 

and used for TBA-based lipid. 

Data is represented here with standard deviation (SD) 

and different letters after SD represent a significant difference 

as determined by one-way ANOVA and F ratio is simply 

signifying the ratio of two variances. 

 

EBL decreased H2O2 and MDA content 

Hydrogen peroxide and malondialdehyde (MDA) 

content was enhanced under stress which spots the onset of 

oxidative stress. Exogenous application of HBL declined the 

H2O2 content under stress or without stress condition. All HBL 

concentrations notably diminished the H2O2 content on 13th day 

of growth but it was 1 nM concentration that showed best 

results by 28% decrease in its content as compared to control 

under cold stress. Moreover, the HBL supplementation also 

decreased the MDA content significantly in the seedlings 

treated with stress as well as in seedlings those were raised 

under room temperature. 1 pM HBL appliance reduced its 

content up to minimum by 22% over that of control under room 

temperature and 1 nM HBL application reduced the MDA 

content by 64% in comparison to control treated with stress 

alone (Table 1). 

 

Carotenoids content 

Exposure of seedlings to low temperature stress resulted 

in enhancement in content if carotenoids up to 8% with respect 

to control on 13th day after sowing. Whereas HBL application 

ameliorated its content significantly under stress or normal 

conditions and maximum expansion was observed with the 

treatment of 1 pM HBL by 27% as compared to control under 

normal condition while 16% enhancement was recorded in the 

seedlings subjected to cold stress, in comparison to 

corresponding controls, respectively (Fig 2). 

 

 

 

 

 Control   1μM HBL 1nM HBL 1pM HBL 

5°C 5°C+1μM HBL 5°C+1nM HBL 5°C+1pM HBL 

 

 

 

Fig 2 28-Homobrassinolide influenced the antioxidant levels in B. juncea seedlings under room temperature and cold stress conditions 

Fresh sample tissue was collected on 13th day, 

homogenized and then centrifuged. Resulting supernatant was 

used for determining the content of non-enzymatic antioxidants 

as (A) Carotenoids, (B) Retinol, (C) Ascorbic acid and (D) 

Tocopherol.  

Error bars represent standard deviation (SD) and 

different letters above the bars represent a significant difference 

as determined by one-way ANOVA. 

 

Vitamins 

Under the exposure to low temperature, Vitamin A and 

E content was decreased by 20% and 30% in comparison to 

their respective controls whereas vitamin C content was 

increased under stress condition by 53% over its control (Fig 2). 

Further, the significant enhancement was observed in vitamin 

A, C and E content in the seedlings treated with different 

concentrations of HBL under normal and stressful environment. 

However, for vitamins mentioned above, HBL behaved in a 

dose dependent manner. For vitamin A, 1 pM HBL treatment 

ameliorated the content by 106% under normal condition and 
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by 54% under cold stress condition in comparison to analogous 

control. Further, 1 nM EBL augmented the vitamin C content 

by 90% under room temperature and by 29% under temperature 

stress condition as compared to corresponding controls.  The 

content of vitamin E was ameliorated up to maximum by 1 nM 

EBL under normal conditions by 18% and by 1 pM HBL under 

low temperature by 33% over their respective controls. 

Temperature is a fundamental abiotic factor as it 

regulates several developmental processes from germination up 

to senescence in plants. These processes of growth and 

development engross a large number of biochemical reactions 

which necessitate optimum temperature for efficient operation 

[21]. But due to fluctuations in the environmental 

circumstances there always arise deviations in the temperature 

beyond the critical threshold that is sufficient to cause 

irreversible injuries to plant growth [22]. Plant growth 

hormones play vital role in making plants tolerant to the 

changing environmental conditions, by arbitrating growth and 

development. BRs have been found to exert anti stress effects 

on plants. 

Present study was conducted to explore the defensive 

role of HBL in protecting the mustard seedlings against low 

temperature stress. In our findings, exogenous supplementation 

of HBL improved the seedling growth by avoiding the harmful 

effects of stress environment. These findings are in accordance 

with the reports of [23] where stress effected the growth but 

application of HBL significantly reduced the damaging effects. 

H2O2 plays twofold role in plants as at lower concentrations it 

behaves as a signaling molecule but escorts to oxidative damage 

at higher concentration [24]. Further we found that under cold 

stress, the levels of H2O2 rise rapidly marking the beginning of 

oxidative burst which further augmented the MDA content due 

to peroxidation of lipids. The increase in content of H2O2 under 

stress conditions is in accordance with the study of [25] on 

Brassica juncea. Oxidative burst leads to limited or complete 

dysfunction of cell membranes that ultimately causes lipid 

peroxidation and finally MDA as the end product [26]. In our 

findings, HBL lessened the H2O2 production and harmonize 

with the study of [27] and this result is providing confirmation 

for the fact that HBL amplifies the ROS scavenging capability 

of antioxidants in B. juncea seedlings that eventually reduce 

lipid peroxidation. Similar pattern of results was observed in 

Zea mays where BR protested the cell by inhibiting the 

formation of MDA [28]. 

Till date, a number of non-enzymatic antioxidants are 

known those play an imperative role in the detoxification of 

ROS. Among them, carotenoids are proficient antioxidants 

defending plants against oxidative harm [29]. Lycopene acts as 

an intermediate in biosynthetic pathway of carotenoids and also 

behaves as scavenger of ROS. In current study, amelioration in 

carotenoid content revealed that HBL played main role here to 

augment the content. Ascorbic acid also plays role in shielding 

organelles and cells from ROS [30]. It controls the cell division 

and cell expansion by acting as a cofactor of many enzymes, by 

modulating plant sense and further by implicating in hormone 

biosynthesis and antioxidant regeneration [31]. Moreover, the 

detoxification of H2O2 is done by ascorbate peroxidase where 

ascorbate acts as an electron donor [32]. In this study, elevation 

in content of ascorbic acid was reported which supported the 

survival of seedlings under stress conditions. Vitamin E plays 

an important role in the protection of thylakoid membrane from 

photo-oxidative damage [33]. Both tocopherol and ascorbate 

have metal ion chelating movement that reduces the formation 

of ROS. HBL showed enhancement in the content of these 

antioxidants under normal or stress conditions. 
 

CONCLUSION 
 

In conclusion, examination of the role of 

Homobrassinolide (HBL) was found to improve the antioxidant 

defense system of Brassica juncea (L.) to combat the ROS 

imbalance under cold stress. This investigation further 

combined the fact that HBL seed priming diminished the extent 

of damage proficiently at harsh low temperature stress by 

reducing the effect of stress on growth and permitting the 

adaptation to unfavourable changes of environment. Thus, due 

to its ameliorative potential in making crops/plants tolerant to 

harsh environment; Homobrassinolide (HBL) may prove to be 

an excellent candidate for Brassica juncea (L.) to look after 

from various stress conditions.
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