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ABSTRACT 

 
The present study describes the effects of 28-homobrassinolide (28-homoBL) on plant growth, metal (Mn) 
uptake and bioconcentration factor (BCF) in plants of Brassica juncea L. cv. PBR 91 under Mn stress. The 
seeds of B. juncea pre-treated with different concentrations of 28-homoBL were sown in earthen pots 
containing various concentrations of heavy metal (Mn) in soil. The observations were made for percent seed 
germination, shoot length and fresh weight, Mn-uptake and BCF after 30 days of sowing. The investigation 
revealed reduced rate of growth and germination with increasing concentration of metal. However pre-treatment 
of 28-homoBL was found significantly effective in lowering the growth inhibition and germination and metal 
uptake, indicating stress protective properties of this compound. 
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INTRODUCTION  
 
Brassinosteroids (BRs) represent a new class of plant 
hormones with wide occurrence in the plant kingdom in 
addition to auxins, gibberellins, cytokinins, abscisic acid 
and ethylene. They have unique biological effects on 
plant growth and development (Sasse, 1997; 1999; 
Bhardwaj et al., 2006, 2007a). BRs are growth-promoting 
plant hormones with structures similar to animal steroid 
hormones. In addition to their role in plant development, 
BRs have the ability to protect plants from various 
environmental stresses, including drought, extreme 
temperatures, heavy metals, herbicidal injury and salinity 
(Dhaubhadel et al., 1999, 2002; Bajguz 2000, Krishna, 
2003; Kaur and Bhardwaj, 2004; Ozdemir et al., 2004; 
Upreti and Murti 2004).  
 
Soil contamination with heavy metals is a worldwide 
problem, leading to agricultural losses and hazardous 
health effects as metals enter the food chain and being 
nondegradable in nature, keep on cycling from abiotic to 
biotic components. Toxicity of heavy metals depends 
upon their concentration experienced by plants in the 
environment. They interfere with the normal functioning 
of the plant body, which due to the stress, may result in 
loss in production, often leading to death. Among heavy 
metals, Mn at higher concentration leads to reduction in 
the relative growth rate (RGR), chlorophyll a and b 
content, photosynthetic O2 evolution activity and 
photosystem II (PSII) activity in pea plants (Doncheva et 
al., 2005). Compared the treatment of normal Mn (10 
µM), excess Mn significantly increased H2O2 
concentration and lipid peroxidation. Excess Mn induced 
formation of brown spots and callose in the cell walls of 

leaves of cowpea and the plant growth was significantly 
inhibited (Fecht-Christoffers et al., 2003; Shi et al., 
2005). BRs have been reported to possess the ability to 
regulate the uptake of heavy metals and radioactive 
elements in plants grown in polluted areas (Khripach et 
al., 2000; Janeczko et al., 2005) and can be used to reduce 
the accumulation of heavy metals and radioactive 
elements. The application of BRs in appropriate doses at 
an appropriate stage of development reduces the metals 
absorption (Zn, Cd, Pb and Cu) significantly in different 
agricultural plants such as barley, tomatoes, radish, sugar 
beet and winter rape (Volynets et al., 1997). Keeping in 
mind the anti-stress properties of BRs, the present piece 
of work was undertaken to observe the effect of 28-
homobrassinolide (28-homoBL) on growth and metal 
uptake under Mn stress in B. juncea plants. 
 
MATERIALS AND METHODS 
 
Study material and treatments: 
 
The surface sterilized seeds of B. juncea L. cv. PBR 91 
were soaked for 8h in different concentrations of 28-
homoBL (0, 10-7, 10-9 and 10-11 M). In order to study the 
effects of 28-homoBL on the plant growth and Mn uptake 
in the different parts of the plant (leaves, shoots and 
roots), a seasonal field experiment was performed. The 
seeds treated with different concentrations of 28-homoBL 
were sown in earthen pots (26 cm diameter). 
Approximately 9 kg (in each pot) of garden soil (clay: 
sand: manure in the ratio of 2:1:1) was filled in the 
experimental pots. Different concentrations of heavy 
metal (Mn) (0, 25, 50 and 100 mg/kg soil) were added in 
pots containing garden soil. 28-HomoBL treated seeds 
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(8h) were sown in the pots that contained different 
concentrations of Mn (0, 25, 50 and 100 mg kg-1). The 
plants were kept in natural seasonal conditions. After 30 
days of sowing, the plants were harvested and 
observations were made on percent seed germination, 
shoot length and fresh weight. Mn-uptake was studied in 
leaves, shoots and roots of the plants. 
 
Manganese uptake Analysis 
 
The collected samples were oven dried at 80º C for 24 
hours. The dried samples of leaves, shoots and roots of 
Brassica juncea were digested in H2SO4: HNO3: HClO4 
(1:5:1) by following the method of Allen et al. (1976). 
The digested samples were fine filtered with double 
distilled water by using Whatman No. 1 filter paper and 
final volume was made up to 20 ml.  
 
 Heavy metal analysis was done using Atomic Absorption 
Spectrophotometer (AA-6200 Shimadzu). The bio-
concentration factor (BCF) was calculated as follows: 
 

 Tace element concentration in 
 plant tissues (mg kg-1) at harvest 
BCF = 
 Initial concentration of the element  
 in the applied external solution (mg l-1) 
 
Results were statistically analyzed by one-way analysis of 
variance (ANOVA), Z-test and comparisons with p values 
<0.05 were considered significantly different. Standard 
error due to replicates was also calculated.  
 
RESULTS  
 
Morphological parameters 
 
The observation made on various morphological 
parameters revealed that the treatment of 28-homoBL to 
plants under Mn stress reduced the toxicity of metal by 
showing improved growth. The effects of seed pre-sowing 
treatments of 28-homoBL on morphological parameters 
(percent germination, shoot length and fresh weight) in 
field experiment are presented in fig 1. The percent 
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Fig. 1. Effect of 28-homobrassinolide (M) (seed-presowing treatment, 8h) on shoot length (cm) and fresh weight 
(g/plant) and percent germination of 30-days old B. juncea plants under different concentrations (25, 50 and 100 mg l-1) 
of heavy metal (Mn). Bars represent the SE.   *Indicate significant at p≤0.05     
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germination and shoot length of plants got reduced as 
metal treatment alone was enhanced to B. juncea plants. 
Maximum reduction in percent germination and shoot 
length was observed in 100 mg kg-1 of Mn. The pre-
sowing treatment of seeds with 28-homoBL alone 
increased percent germination and shoot length of plants. 
The most effective treatments were 10-9 M and 10-11 M 
for percent germination and shoot length of plants 
respectively. However in 25 mg kg-1 treatment of Mn, 10-

11 M and 10-7 M of 28-homoBL showed maximum 
percent germination and shoot length respectively. In 50 
mg kg-1 of Mn supplemented soil, 10-7 M of 28-homoBL 
showed maximum percent germination and shoot length. 
In case of 100 mg kg-1 of Mn supplemented soil, 10-7 M 
and 10-9 M of 28-homoBL showed maximum percent 
germination and shoot length respectively. Similar 
observations were made for fresh weight of whole plant 
under the influence of various concentrations of 28-
homoBL treatments.   
 
Metal uptake and bioconcentration factor (BCF) 
 
The observations on Mn-uptake in different plant parts 
(leaves, shoots and roots) revealed that Mn2+ content of 
roots was higher, when compared to leaves and shoots of 

B. juncea plants given treatments of Mn2+ (Fig. 1). 28-
homoBL pre-sowing treatments, resulted in a significant 
reduction in metal uptake and BCF content. In all plant 
parts (leaves, shoots and roots), uptake of Mn2+ and BCF 
content was significantly lowered under the effect of 
different concentrations of 28-homoBL. In 25 mg kg-1 of 
Mn supplemented soil, 10-7 M and 10-9 M of 28-homoBL 
showed maximum reduction in metal uptake and BCF in 
leaves, shoots and roots. In 50 mg kg-1 of Mn 
supplemented soil, 10-9 M and 10-11 M of 28-homoBL 
showed maximum reduction in metal uptake and BCF in 
leaves, shoots and roots. In case of 100 mg kg-1 of Mn 
supplemented soil, 10-7 M and 10-9 M of 28-homoBL 
showed maximum reduction in metal uptake and BCF in 
leaves, shoots and roots (Figs. 1, 2). Among all plant 
parts, maximum reduction was reported in case of leaves.  
 
DISCUSSION  
 
It is evident from the observations made on the present 
piece of work that the pre-treatment of different 
concentrations of brassinilode not only improved percent 
germination and plant growth but also reduced the 
toxicity of metal by lowering the metal uptake. The work 
is in continuation to our earlier studies done on copper 
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Fig. 2. Effect of 28-homobrassinolide (M) (seed-presowing treatment, 8h) on Mn ions uptake (mg g-1 DW) in leaves, 
shoots and roots of 30-days old B. juncea plants under different concentrations (0, 25, 50 and 100 mg l-1) of heavy 
metal (Mn). Bars represent the SE.    *Indicate significant at p≤0.05 
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and nickel toxicity in B. juncea plants (Sharma and 
Bhardwaj, 2007a, 2007b). Other related reports also 
indicate stress-protective properties of BRs in other 
plants.  Braun and Wild (1984) reported that BRs 
stimulated leaf elongation of wheat and mustard plants. In 
addition, Clouse et al. (1992) also found that BRs at a 
concentration of 0.1 µM induced measurable increase in 
length of soybean epicotyl.  
 
The pleiotropic effects of BRs also indicate their ability to 
regulate the uptake of ions into the plant cell and hence 
have the potential to reduce the accumulation of heavy 
metals and radioactive elements when plants are grown in 
polluted areas (Khripach et al., 1996; Zhang et al., 2005). 
Barley plants (Cv. Zazersky) treated with epibrassinolide 
in the booted stage at a dose of 10 mg/ha showed that the 
diminution of metal content in the plant was 40-98 % in 
comparison to control. The accumulation of metals (Cd, 
Cu, Zn and Pb) under the influence of epibrassinolide had 
been studied in different agricultural plants such as 
barley, tomatoes, radish and sugar beet (Volynets et al., 
1997). In tomato seeds, soaking treatment for 12h in 10-8 
M solution of epibrassinolide before sowing was found 
more efficient in decreasing the content of Zn and Cd in 
tomato fruits than spraying treatment. It was shown that 
changes in the ions/metal content were influenced by 24-
epibrassinolide and dependent on the stage of plant 
development when the seeds were treated. The content of 

137Cs in the plants at the flowering stage was even higher 
than in the untreated control. Fully matured plants showed 
some decrease of 137Cs content especially in the 
vegetative organs probably as a result of vegetative 
dilution (Khripach et al., 1999). 
 
 It was observed that brassinosteroids in combination with 
Pb caused stimulation of phytochelatins synthesis in 
Chlorella vulgaris. BRs stimulated growth and 
photosynthetic parameters after blocking the bio-
absorption of lead in Chlorella vulgaris (Bajguz, 2002). 
Bilkisu et al. (2003) reported that BL during Al-related 
stress stimulated growth in Phaseolus aureus. The 
protective effect of epibrassinolide on winter rape plants 
under Cd stress was investigated by Janeczko et al. 
(2005). The changes in plant growth, photosynthesis, 
carbonic anhydrase, nitate reductase and antioxidative 
enzymes by giving cadmium and 28-homobrassinolide to 
Brassica juncea were studied in 60-days old plants by 
Hayat et al. (2007). They observed that the toxic effects 
generated by Cd were reduced with homobrassinolide 
spraying treatment due to increase in plant growth and 
enhanced enzyme activities. Xia et al. (2006) found that 
24-epibrassinolide pretreatment enhanced the resistance 
of cucumber seedlings to pesticides by increasing CO2 
assimilation capacity and activities of antioxidant 
enzymes. The finding of Alam et al. (2007) revealed that 
when plants of Brassica juncea L. cv. T-59 were supplied 
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Fig. 3. Effect of 28-homobrassinolide (M) (seed-presowing treatment, 8h) on bioconcentration factor in leaves, 
shoots and roots of 30-days old B. juncea plants under different concentrations (0, 25, 50 and 100 mg l-1) of heavy 
metal (Mn). Bars represent the SE.    *Indicate significant at p≤0.05 
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with 50 or 100 µM nickel (Ni50, Ni100) in 10-days after 
sowing and sprayed with 28-homobrassinolide at 20 days 
after sowing, 28-homoBL treatments overcame the toxic 
effect of Ni metal by increasing net photosynthetic rate, 
content of chlorophyll and the activities of nitrate 
reductase. Our earlier studies had also shown that 24-
epiBL treatments (presowing) improved the shoot 
emergence and plant biomass production in Brassica 
juncea seedlings and plants under heavy metal stress (Cu, 
Zn, Mn, Co and Ni). 24-EpiBL has also been found to 
reduce the heavy metal uptake (Cu and Zn) and 
accumulation in B. juncea and B. campestris seedlings 
and plants. (Kaur and Bhardwaj 2004; Sharma and 
Bhardwaj, 2007a, 2007b). Further our studies on heavy 
metal stress indicate that 28-HomoBL ameliorate the Ni 
toxicity by increasing the activities of antioxidative 
enzymes like superoxide dismutase, guaiacol peroxidase, 
ascorbate peroxidase, catalase and glutathione reductase 
(Bhardwaj et al., 2007b). 
 
The mechanism involved for reducing toxicity may be the 
chelation of the metal ions by the ligands. Such ligands 
include organic acids, amino acids, peptides or 
polypeptides (Bajguz, 2002). Further plant growth via cell 
elongation and cell division requires the coordination of 
several processes, some of them appears to be influenced 
by BRs. Plasticity of the cell wall is increased when 
proton extrusion by H+- ATPases acidifies the apoplast, 
thereby activating the cell wall loosening enzymes. It 
increases the synthesis of new cell wall and membrane 
materials. BRs have been found to increase the ATPase 
activity in Azuki bean epicotyls and maize roots, leading 
to proton extrusion, and induced cell wall relaxation 
(Cerana et al., 1983, 1984; Haubrick and Assmann, 
2006). Further BRs also affect membrane permeability. 
Lowered uptake of metal ions could have been controlled 
at membrane level by BRs. The high biological activity of 
BRs therefore suggests an important role of BRs in 
protecting plants under stressed conditions.  
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