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Abstract  
  
The study contributes to the enhancement of knowledge about the behaviour of Trigonella foneu-graecum L. 
(fenugreek) plants with lead [Pb (NO3)2] and their combinations with plant growth hormone 28-homobrassinolide (28-
HBL). The growth and biochemical parameters of Trigonella foenu-graecum L. plants subjected to lead toxicity were 
determined. Application of HBL might be improved plant biomass due to increase of photosynthetic pigments; this 
further induced the rate of photosynthesis in fenugreek plants. The biochemical parameters like carbohydrates, proteins 
and nucleic acids were found decreased in pb applied plants and the toxicity was inhibited by HBL at low concentrations. 
The results clearly demonstrated the ameliorating effect of HBL in mitigating the toxicity of pb in fenugreek plants. 
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1. Introduction 
 
Fenugreek is one of the oldest medicinal plants, 
originated in India and Northern Africa. The plants and 
seeds are traditionally used to treat disorders such as 
diabetes, high cholesterol levels, inflammation, 
gastrointestinal ailments, hypertension, sexual problems 
and rheumatism. Fenugreek seeds have also been 
postulated to exert hypoglycemic effects by stimulating 
glucose-dependent insulin release by beta cells [1]. 
Recent studies suggest that fenugreek and its active 
constituents may possess anti-carcinogenic potential by 
Amin et al. [2]. In recent days fenugreek is restated using 
as a supplement in wheat, sorghum and maize flour for 
bread-making and also using in multigrain flour.

 

 Plants are exposed to a range of abiotic stresses like 
osmotic, salinity, chilling, temperature and heavy metal 
toxicity, which affect their growth and various 
physiological processes [3, 4]. Heavy metals pollution 
from different sources like industrial and agricultural 
activities have detrimental impact on surrounding areas 
[5]. Pb is one of the heavy metals, which effects on plants 
at higher concentration can interfere with important 
physiological functions and imbalance of nutrients and 
have detrimental effects on synthesis and functioning of 
enzymes [6]. Douchkov et al. [7] and Neculita et al. [8] 
reported the main drawback in plant is substitution of 
magnesium (Mg) atom in chlorophyll is replaced by heavy 
metal leads to decrease photosynthetic rate.  

Pb reduces the radius of vessels by blockage with cellular 
debris and gums, this phenomena leads to decrease the 
water translocation to leaves in plants by Chaudhry and 
Khan [9]. Photosynthetic pigments (chlorophyll-a, 
chlorophyll-b and carotenoid) content of the leaves was a 
gradual decrease with the increase in Pb concentration in 
Brassica rapa by Cenkci et al. [10]. Heavy metals are very 
toxic and oxidize biological macromolecules such as 
nucleic acids, proteins, and lipids, thereby disturbing the 
cell stability and membrane permeability. Plant growth is 
controlled by numerous hormonal and environmental 
factors that interact to regulate cell division and rate of 
cell expansion. 
 Brassinosteroids are a novel group of polyhydroxy 

steroids, ubiquitously distributed in the plant kingdom. 

When applied to plants, improve their quality and yield in 

geranium plant reported by Swamy and Rao [11, 12]. 

They have been further explored for stress-protective 

properties in plants against Abiotic and biotic stresses 

like, salt 13], osmotic stress [14], heavy metal [15, 16, 17], 

chilling [18] drought stress [19]  and heat stress [20]. 

However, it is unclear whether BRs are involved in the 

modulation of plant responses to oxidative stresses. The 

effect of BRs on the response of antioxidative enzymes in 

plants under stress conditions has been started. The 

present research work was designed with an objective to 

explore the interactive effects of brassinosteroids on 

fenugreek plants under lead toxicity. 
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Material and Methods 
 
Chemicals and plant material 
 
28-homobrassinolide was procured from CID 
Technologies Inc., Brampton, Ontario, Canada. Fenugreek 
seeds were obtained from the National Seeds 
Corporation, Hyderabad, India. 
 Seeds were surface sterilized with 0.5% (v/v) sodium 
hypochlorite and thoroughly washed several times with 
distilled water. Seeds were sown a week for germination. 
Selected equal size germinated seedlings were 
transplanted to earthen pots which were filled with 
garden soil. Before transplanting into the pots 10 mM Pb 
was mixed to the soil for some of the pots for Pb control 
and for HBL+Pb treatment.  On 10

th
 and 20

th
 day foliar 

application of distilled water (water control), HBL at 0.5 
µM and or 1µM concentrations for HBL control and HBL+ 
Pb treatments. Plants were grown in the natural light and 
were watered regularly. Samples were collected after 30 
days to assess the following parameters. Plant growth 
analysis, photosynthesis, chlorophylls, biochemical 
parameters, electrolyte leakage, lipid peroxidation, 
hydrogen peroxidase and enzyme activities were 
estimated. 
 
Growth analysis 
 
The growth of the plant was measured in terms of plant 
height, root growth, leaf area, leaf number, leaf weight, 
fresh and dry weights of root and shoots. 
 
Chlorophylls 
 
The chlorophyll pigments were extracted and estimated 
according to the procedure of Arnon [21] for extracting of 
the plant material 80% (v/v) acetone was used. 
 
Net photosynthetic rate (PN) 
 
Fully expanded leaves of intact plants under natural light 
were measured by LI-COR 6400 portable photosynthesis 
system (LI-COR, Lincoln, NE, USA). The atmospheric 
conditions were maintained during the experiment (PAR, 
1500 ± 30; Ci, 280 ±12 μmol mol

–1
; atmospheric CO2, 350 

μmol mol
–1

; relative humidity, 60±5 %; atmospheric 
temperature 30±2 ºC). 
 
Carbohydrate fractions 
  
The alcohol homogenate was heated and centrifuged. The 
supernatant was used for the estimation of total sugars 
[22] and reducing sugars [23].  
 
Soluble proteins  
 
Soluble proteins in the ethanol homogenate were  

precipitated by adding 20% (w/v) trichloroacetic acid. The 
precipitate was dissolved in 1% (w/v) sodium hydroxide.  
Lowry et al. [24] method was employed for quantitative 
estimation of proteins. 
 
Nucleic acids 
 
DNA and RNA fractions in the ethanol homogenate were 
separated by the method of Ogur and Rosen [25]. While 
DNA estimation was done with diphenylamine reagent 
[26], RNA was quantified with orcinol reagent [27].  
 
Results and Discussion 
 
 Results of the present study pointed out that Pb stress 
caused significant growth reduction in fenugreek plants 
as compared to the control (Fig-1).  Reduction in growth 
has been attributed to Pb as it disrupts the microtubule 
assembly and disturbing cytokinesis therefore, less cell 
division and cell elongation. However, supplementation 
of HBL considerably removed the inhibitory effect of Pb 
toxicity in fenugreek plants. HBL at 1.0μM concentration 
was found to be highly effective in not only removing the 
inhibitory effect of Pb stress but also further improved 
the growth in terms of foliage growth, fresh and dry 
weights (Fig-2&3). The application of HBL alone also 
significantly increased in all the growth parameters over 
all the treatments. Earlier work revealed that Pb toxicity 
substantially reduced fenugreek at seedling stage and was 
improved by brassinosteroids, reported by Swamy and 
Rao [28]. Foliar application of 24-EBL was effective in 
improving growth, in terms of increasing plant fresh and 
dry biomass under both non-saline and saline conditions 
in wheat [29]. As observed in this study,  a significant 
enhancement in plant growth attributes in HBL treated 
plants could be presumably referred to the well known 
effect of HBL on cell elongation and cell cycle progression 
as well as  regulation of genes encoding XTH (xyloglucan 
endotransglucosylase/hydrolase) enzymes responsible for 
cell wall modification and enlargement [30]. Similarly, 
Pinol and Simon [31] observed that BRs supplementation 
caused an increase in number of leaves of bean. This 
could be due BRs role in regulating cell expansion and cell 
proliferation in the leaf due to activation of the CycD3 
gene [32].  
 Results compiled in Fig-4 revealed that Pb stress 
significantly reduced Chlorophyll ‘a’ and ‘b’ levels as 
compared to the control. Decreased chlorophyll content 
associated with Pb stress may be the result of inhibition 
of chlorophyll biosynthesis or due to chlorophyll 
degradation by increased chlorophyllase activity [33]. 
However, foliar treatment of HBL to fenugreek plants 
under stress mitigated the inhibitory effect of the metal 
toxicity and restored the pigment levels. HBL alone 
treatment to stress-free plants exhibited the marked 
increase in chlorophyll content at 1.0 μM HBL 
concentration. Bajguz [15] also found that application of 
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brassinolide prevented the chlorophyll loss in heavy metal 
stressed Chlorella vulgaris cultures. Our results further 
supported by the findings of Anuradha and Rao [34] in 
radish and Hasan et al. [35] in tomato under cadmium 
toxicity.  
 

 
 
Fig-1. Effect of 28-homobrassinolide on shoot and root 
lengths of trigonella foenum greacum  under lead toxicity 
 

 
 
Fig-2. Effect of 28-homobrassinolide on foliage growth of 
trigonella foenum greacum under lead toxicity 
 

 
 
Fig-3. Effect of 28-homobrassinolide on growth of 
trigonella foenum greacum under lead toxicity 
 
In the present study, net photosynthetic rate was 
markedly decreased in the fenugreek plant leaves 
challenged with Pb stress. However, foliar application of 
HBL improved the net photosynthetic rate in Pb stressed 
plants (Fig-5). Heavy metal toxicity especially lead directly 
effects the inhibition of chlorophyll synthesizing enzymes 
and Calvin cycle enzymes and also disarray of electron 
transport due to the lowering of the plastoquinone pool 

and ferredoxin-NADP+ oxidoreductase activity resulting 
the decreased rate of photosynthesis in plants. Several 
studies have shown the anti-stress properties of BR in 
improving the net photosynthetic rate under different 
stress conditions [35 - 37].  
  

 
 
Fig-4. Effect of 28-homobrassinolide on chlorophyll 
content in trigonella foenum greacum  leaves under lead 
toxicity 
 

 
 
Fig-5. Effect of 28-homobrassinolide on photosynthetic 
activity in trigonella foenum greacum  leaves under lead 
toxicity 
 

 
 
Fig-6. Effect of lead toxicity in the absence or presence of 
HBL on the protein and carbohydrate fractions in 
fenugreek plant. 
 
Foliar application of HBL to fenugreek plants elevated the 
level of carbohydrate fractions, soluble protein and 
nucleic acid contents under stress conditions (Fig-8&9). 
Sugars are building substances for plant as well as a key  
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Fig-7. Effect of lead toxicity in the absence or presence of 
HBL on the nucleic acid content fenugreek plant. 
 
source of energy necessary for inciting all the biochemical 
processes. The loss of chlorophyll content and decreased 
photosynthetic activity might be reduced the total and 
reducing sugar levels in fenugreek leaves. The results 
were consistent with the findings of Kastori et al. [38] that 
protein content was decreased when plants were 
exposed to high concentrations of the heavy metals in 
sunflower. Application of brassinolide to Chlorella vulgaris 
cultures reduced the accumulation of heavy metals stress 
prevented sugar, and protein loss by Bajguz [15]. 
Application of EBL and spermidine together increased the 
levels of total soluble sugars in radish seedlings under cr-
treatment by Choudhary et al. [39]. The arrest of cell 
divisions resulted slow down of the basic metabolic 
processes. Zhang [40] reported barley treated with 
cadmium proved nuclear acid and damaged the structure 
of the nucleolus, as well as causing chromosome 
fragmentation, aberration, conglutination and 
liquefaction. Cheng [41] well documented the effect of 
heavy metals on nucleic acid decrease and or damage in 
various plants. Nucleic acid content was induced by 
brassinosteroids application in geranium by Swamy and 
Rao [11].  
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