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Summary. The effect of 24-epibrassinolide (24-epiBL) on 
seedling growth, metal uptake and accumulation were 
investigated in seedlings of Brassica juncea L. cv. PBR 91. 
Seeds of B. juncea treated with different concentrations (0, 10-7, 
10-9 and 10-11 M) of 24-epiBL for 8 h were subjected to various 
concentrations (0, 25, 50 and 100 mg l-1) of heavy metals (Zn, 
Mn, Co and Ni). Seedling growth was improved by 24-epiBL 
treatments under heavy metal stress. In addition, 24-epiBL 
applied at concentrations of 10-9 and 10-11 M blocked heavy 
metal uptake and accumulation. 

Key words: Brassinosteroids, heavy metal stress, Indian mustard, 
hormone.
Abbreviations: 24-epiBL - 24-epibrassionolide; BCF - bio-                             
concentration factor; BRs - brassinosteroids; ROS - reactive 
oxygen species.
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INTRODUCTION

  Brassinosteroids are phytohormones with pleiotropic effects. They 
influence growth, seed germination, cell elongation, photomorphogenesis 
and senescence. They also help to overcome stress provoked by low and 
high temperature (Dhaubhadel et al., 1999), drought (Li and Van Staden, 
1998), salt (Sasse et al., 1995), infection and pesticides (Sasse, 1999) and 
heavy metals (Bajguz, 2000b; Janeczko et al., 2005).

Heavy metal pollution has developed as a horrible ecological crisis. 
Industrial pollution by heavy metals such as Cr, Mn, Co, Ni, Cu, Zn 
and Hg is harmful not only to human beings, but also to all living 
organisms. Brassinosteroids have been proposed to reduce the absorption 
and accumulation of heavy metals and radioactive elements in plants 
(Bajguz, 2000b; Kaur and Bhardwaj, 2004). It was observed that the low 
concentrations of brassinosteroids applied at a certain stage of development 
reduced the metal absorption in barley, tomatoes and sugar beet significantly 
(Volynets et al., 1997). 

The present study was designed to determine the 24-epiBL - regulated 
effects on growth parameters, metal uptake and accumulation (Zn, Mn, Co 
and Ni) in Brassica juncea L. seedlings. 

MATERIAL AND METHODS

Treatments 
 

Certified seeds of Brassica juncea L. used in the present investigation 
were procured from the Department of Plant Breeding, Punjab Agriculture 
University, Ludhiana. The seeds were surface sterilized with 0.01% HgCl2 
and rinsed with double distilled water 3-4 times. The sterilized seeds were 
soaked for 8 h in different concentrations of 24-epiBL (0, 10-7, 10-9 and 10-11 

M), which was purchased from Sigma Aldrich Ltd. (USA). 10-3 M stock 
solution of this brassinolide was prepared by dissolving it in methanol and 
further serial dilutions were made in distilled water to prepare 10-7, 10-9 and 
10-11 M concentrations. In control (distilled water), an appropriate amount 
of methanol was added.
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The 24-epiBL-treated seeds were then transferred to Petri dishes lined 
with Whatman No 1 filter paper and containing different concentrations (0, 
25, 50 and 100 mg l-1) of heavy metal solutions (Zn, Mn, Co and Ni), which 
were chosen after determining the LD50 of all these metals. The experiment 
was conducted in a germinator at 25 ºC and 16 h light/8 h dark in three 
replicates.

Seed germination percentage, root and shoot lengths and fresh weight of 
7-day-old seedlings were measured. 

Heavy Metal Analysis 

Samples of ground, dried plant material were digested using digestion 
mixture (H2SO4: HNO3: HClO4 in 1:5:1 ratio) by following the method 
of Allen et al. (1976). The digested samples were fine filtered through 
Whatman No 1 filter paper by using double distilled water. The analyses 
of heavy metals were done using an atomic absorption spectrophotometer 
(AA-6200 Shimadzu, Japan). The bioconcentration factor (BCF) was 
calculated as follows:

        Trace element concentration in plant tissues (mg kg-1) at harvest
BCF=   ___________________________________________________________________________________________________

Initial concentration of the element in the external nutrient solution (mg l-1)

Statistical Analysis

        Morphological parameters, heavy metal uptake and the bioconcentration 
factor (BCF) were statistically analyzed by calculating the mean value, 
standard deviation, standard error, Student’s t-test and Z–test using the 
methodology proposed by Bailey (1995). Significant values were calculated 
at P ≤ 0.05 compared to the seedlings grown in heavy metals alone. 
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RESULTS

Seed Germination

There was a reduction in seed germination percentage with increasing 
metal concentration in various treatments. However, when 24-epibrassinolide 
presowing treatments (10-7, 10-9 and 10-11M) were applied, the percent 
germination increased as compared to the control. Out of different 
concentrations of 24-epiBL applied, 10-7 M caused the maximum increase. 
It was observed that presowing treatment for 8 h reduced considerably the 
inhibitory effect of heavy metals, especially of Co on seed germination. 
The application of 10-9 M 24-epiBL promoted seed germination in seeds 

Fig 1. Shoot length of 7-day-old seedlings of B. juncea after treatment with 
24-epibrassinolide. Bars represent the SE; * indicates statistically significant 
difference from control at P ≤ 0.05.
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treated with 25 mg l-1 Co and 50 mg l-1 Zn. In the seeds treated with Mn and 
Ni, the most effective concentration of 24-epiBL was found to be 10-7 M 
(Table 1).        

Shoot length           

Similar to germination, shoot length progressively decreased (2.55 cm) 
with increasing the concentrations of all the heavy metals tested (5.1 cm). 
When brassinolide treatments alone were given, there was a maximum 
increase in the shoot length of the seedlings as compared to the control, 
10-7 M concentration being the most effective (Fig. 1). 24-epiBL applied 
at 10-7 M increased significantly shoot length at all concentrations (25, 50 
and 100 mg l-1) of Zn. Similar effects were obtained with Mn treatment. It 
was recorded that 10-7 M significantly reduced toxicity of Mn applied at 50 
and 100 mg l-1. At 50 mg l-1 Mn shoot length was increased (5.88 cm) due 
to the effect of 10-7 M 24-epiBL (4.11 cm) (Fig. 1) while 10-9 M 24-epiBL 
was found to be the most effective concentration in lowering the toxicity 
of Co. In addition, the concentrations 10-7 and 10-11 M 24-epiBL reduced Ni 
toxicity to the highest degree (Fig. 1).

Root Length

Presowing treatments with 24-epiBL increased root length (Fig. 2). 
The application of 10-7 and 10-9 M 24-epiBL led to a maximum reduction 
in the toxicity of the heavy metals tested. Treatment with 10-7 M of 24-
epiBL promoted the root lengths in Zn, Mn, Co and Ni-treated seedlings 
as compared to the control. At lower concentrations (25 mg l-1) of Zn, Mn, 
and Ni, the most effective concentration of 24-epiBL was 10-7 M. On the 
other hand, 10-9 M was found to be the most effective concentration for 
promoting root length in the presence of Co (Fig. 2). It was observed that 
presowing treatment with 24-epiBL reduced also the toxicity of the higher 
concentrations (50 and 100 mg l-1) of the heavy metals tested (Fig. 2).
 
Fresh weight 
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Fig 2. Root length of 7-day-old seedlings of B. juncea after treatment with 
24-epibrassinolide. Bars represent the SE; * indicates statistically significant 
difference from control at P ≤ 0.05. 

The high concentration (100 mg l-1) of heavy metals alone decreased 
the fresh weight of the seedlings (Table 2). Our results showed that 10-7 M 
brassinolide alone (2.77 gm) increased the fresh weight of the seedlings 
when compared with the control (1.68 gm). 24-epiBL applied at 10-11 M 
could effectively overcome the effect on seedling fresh weight due to 25 mg 
l-1 of the heavy metals tested (Zn, Mn and Co) (Table 2). The toxicity caused 
by 25 mg l-1 Ni was significantly reduced by 10-7 M 24-epiBL as compared 
to the control. Similarly, at a heavy metal concentration of 50 mg l-1 (Zn, 
Mn, Co and Ni) the most effective concentration of 24-epiBL was10-9 M. 
Almost similar results were obtained for 100 mg l-1 concentration of heavy 
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Fig 3. Bioconcentration factor (BCF) of 7-day-old seedlings of B. juncea after 
treatment with 24-epibrassinolide. Bars represent the SE; * indicates statistically 
significant difference from control at P ≤ 0.05.

metals in combination with  10-7 M and 10-9 M 24-epiBL (Table 2).

Heavy metal uptake and bioconcentration factor (BCF)  

The uptake of heavy metals and BCF content were significantly 
lowered under the influence of 24-epibrassinolide treatments. Heavy metal 
uptake was increased with increasing the metal concentration alone when 
compared to untreated plants (Table 3). The presowing treatment with 
different concentrations (10-7, 10-9 and 10-11 M) of 24-epiBL led to lesser 
accumulation of heavy metals in the seedlings than the control plants treated 
with heavy metals alone. A maximum reduction in the uptake and BCF was 
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observed at 10-11 M 24-epiBL with all concentrations of Zn and Mn applied 
(Table 3 and Fig.3). The different concentrations (25, 50 and 100 mg l-1) 
of Co caused a significant reduction in metal uptake and BCF content in 
the presence of 10-7 M 24-epiBL (Table 3 and Fig. 3). The concentration of 
10-9 M 24-epiBL was found to be most effective in lowering heavy metal 
uptake and accumulation of Ni (Table 3 and Fig. 3). 

DISCUSSION

Heavy metals have become essential environmental contaminants due 
to rapid industrialization and urbanization. Increasing levels of heavy 
metals in the environment affect various physiological and biochemical 
processes in plants. The toxicity symptoms observed in the presence of 
excess amounts of heavy metals may be due to interactions at the cellular/
molecular level. Toxicity may be due to binding of metals to sulphydryl 
groups in proteins, thus leading to inhibition of activity or disruption of 
structure (Hall, 2002).

The antistress and immunomodulatory activities of brassinosteroids have 
made them proper candidates for third generation chemicals, which are 
natural and ecofriendly. The protective effects of BRs have been reported 
especially under unfavorable low temperature conditions (Takeuchi et al., 
1996). BRs further strengthen drought resistance and show favorable effects 
on plant growth and yield under soil water deficient conditions (Upreti and 
Murti, 2004). They exhibit salt tolerance (Ozdemir et al., 2004) and disease 
resistance (Nakashita et al., 2003; Wang and He, 2004) in a number of 
plants.

The growth-promoting and other regulatory properties of BRs in plants 
are well known (Khripach et al., 1999). In the present investigation, 24-
epiBL were found to reduce the toxicity of heavy metals in Brassica 
juncea plants. The germination percentage of 7-day-old seedlings was 
significantly increased due to the application of 24-epiBL especially at 
the lower concentrations applied (10-9 M and 10-11 M). This result may 
further be supported by the observation of Hayat and Ahmad (2003) that 
homobrassinolide increased the percent germination by 17% in wheat 
grains. Similarly, shoot and root lengths and their fresh weights were 
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increased by the application of BRs. It was observed that seed pretreatment 
with 24-epiBL reduced significantly heavy metal toxicity. Abd El-Wahed 
and Gamal El Din (2004) reported stimulation of growth and biochemical 
constituents in Chamomilla recutita upon spermidine and stigmasterol 
(sterol compounds) application.

Plants have a range of potential mechanisms at the cellular level that 
might be involved in the detoxification of heavy metals, thus increasing 
plant tolerance to heavy metal stress. The tolerance could also involve the 
plasma membrane either by reducing the uptake of heavy metals or by 
stimulating the efflux pumping of metals that have entered the cytosol. One 
of the mechanisms for heavy metal detoxification in plants is the chelation 
of the metal ion by ligands, such as organic acids, amino acids, peptides 
and polypeptides. Peptide ligands include the metalothionins or small 
gene-encoded cysteine-rich polypeptides (Bajguz, 2002). The present study 
revealed the ability of 24-epiBL to reduce the toxic effect of heavy metals 
(Zn, Mn, Ni and Co) by lowering their uptake and accumulation (BCF). 
Practically promising results concerning the regulation by BRs of the cell 
permeability for ions have been recently obtained using different model 
systems in experiments on the absorption of heavy metals and radionucleides 
by plants. These may be due to the effect of BRs on the electrical properties 
of membranes, their permeability and the structure, stability and activity of 
membrane enzymes. The reduction of toxicity by BRs is associated with 
enhanced levels of soluble proteins and nucleic acids with the increasing 
activity of ATPase (an enzyme responsible for acid secretion and changes in 
membrane level) (Bajguz, 2000a). Brassinosteroids bind to the membrane 
proteins and scavenge the reactive oxygen species which are generated by 
heavy metal toxicity, thereby reducing the membrane destruction that results 
from AOS-induced oxidative damage (Cao et al., 2005). After binding to the 
membrane proteins BRs may enhance the enzyme and metabolic activities, 
thus detoxifying heavy metals in plants. 

The ability of BRs to regulate cell membrane permeability and transport 
of ions has found an agricultural application in the areas polluted with 
heavy metals. Earlier reports showed that treatment with 24-epiBL reduced 
significantly the absorption of heavy metals in barley, sugarbeet, tomato 
and radish (Khripach et al., 1996). Bajguz (2000b) reported that 24-epiBL 
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applied at the concentration range of 10-6 – 10-4 M in combination with 
heavy metals blocked metal accumulation in algal cells. The present study 
revealed the involvement of BRs in lowering the uptake of heavy metals, 
thus reducing their toxicity in plants.
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