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Introduction

Heavy metal contamination of soil and water is one of the

most serious environmental problem across the world due to their

toxicity to human, animals, plants and microbes (Singh et al., 1997;

Meagher, 2000; Chandra et al., 2009). Cadmium is released into

the biosphere naturally by volcanoes, weathering of rocks

(Mahmood et al., 2005) as well as anthropoegenically through

various urban/industrial wastes such as mining and metal refining

(Fialkowski et al., 2003; John et al., 2007; Pandey et al., 2007),

compost application (Ramos and Lo´pez-Acevedo, 2004), cadmium

rich phosphate fertilizers (Jiang et al., 2005) and waste water

irrigation (Chandra et al., 2009). Like other toxic metals, Cd is also

taken up by the plants and gets accumulated in various plant parts

as free metal which may adversely affect the plant growth and

metabolism (Choudhary and Singh, 2000; Hasan et al., 2009;

Sylwia et al., 2010). In case, plant tolerate high level of the metal

and get survived in the metal rich environment, it may enter in to the

food chain and can cause serious health hazards to animals and

human (Munzuroglu and Geckil, 2002).

Cadmium decreases activities of various enzymes (Gouia

et al., 2003; Mishra et al., 2006; Khan et al., 2006 and 2007; Singh

et al., 2008) and interfere with general and membrane physiology

such as oxidative reactions and nitrogen metabolism( Hasan et al.,

2009). Indian mustard (Brassica juncia), a high biomass producing

plant, has been one of the most studied terrestrial plants for its

potentiality to extract heavy metals including Cd from soils, fly ash

and sediments (Singh et al., 2007; Qadir et al., 2004; Marchiol et

al., 2006; Gasic and Korban, 2007; Simnova et al., 2007; Tickoo et
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Abstract

Cadmium application inhibited various growth and biochemical parameters in seedlings of five cultivars of

Brassica juncia L. with different magnitude at lower Cd supply, however, at higher metal applications the variation

in Cd toxicity ranged with minor differences. The seedling vigour index (SVI) was inhibited more severely in

Gangotri (62.25% over control) and least in Pusa Jai Kisan (8.95%) at 1.0 mM CdCl
2
. The SVI of all five

mustard cultivars, however, severely inhibited (84.29-91.80%) at 5.0 mM Cd. The root and shoot elongation in

7 days old seedlings were inhibited by 32.39-40.38 and 11.83-56.40% respectively at 1.0 mM CdCl
2,
 whereas

the varietal differences in root and shoot elongation were 76.71-82.47 and 71.57-78.91 respectively at 5.0 mM

CdCl
2. 
The genotypic differences at lower Cd level were more pronounced in shoot elongation than that in the root

elongation. The dry weight and moisture content of the seedlings, however, does not show much varietal differences

even at lower Cd level, though the Cd toxicity increased at higher level of Cd application. The metal tolerance index

(MTI) and % phytotoxicity of 3 days old seedlings ranged between 43.30-98.37 and 1.63-56.70% respectively at

1.0 mM CdCl
2
 for different mustard genotypes, whereas at 5.0 mM CdCl

2
 these factors ranged between 12.26-

20.92 and 80.08-87.74% respectively. The varietal differences of MTI and % phytotoxicity was, however, less

pronounced at all the metal levels when the seedling attained an age of 7 days. A similar trend of genotypic variation

was noticed in Cd accumulation in the seedlings at lower and higher levels of Cd supply to the seedlings. Amongst

some biochemical parameters e.g. photosynthetic pigments, carbohydrates and proteins in the leaves, the

photosynthetic pigments i.e. chlorophylls and carotenoids were decreased more drastically. The carbohydrate

content of leaves, however, was the least affected component. Our data indicate that the differential toxicity of

cadmium to Indian mustard genotypes was dependent on the level of contamination and growth phases.
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al., 2007; Nouairi and Ammar, 2009). However, most of the studies

indicate that Cd toxicity and Cd accumulation in Brassica juncia is

genotype dependent and different cultivars may have different level

of tolerance to the metal due to their different genetic potentials. Our

objective for this work was to examine, whether the differential

toxicity of Cd to different genotypes of Indian mustard is independent

to plant age or metal levels in the plant rhizosphere or these two

factors affect the tolerance potential of the plant.

Materials and Methods

The seeds of different cultivars of Indian Mustard (Brassica

juncia L.) i.e. Pusa Jai Kisan (PJK) and Pusa Bold (PB) were

obtained from National Seed Disposal Centre of Indian Agricultural

Research Institute (IARI), New Delhi. Three other cultivars of

Brassica juncia L. i.e. Gangotri, PT-1001 and Kranti were collected

from seed disposal centre, Lucknow. The uniform and healthy seeds

were selected on the basis of their abundance, and germination

quality. The seeds were surface sterilized in 0.1 % (w/v) mercuric

chloride (HgCl
2
) for five minutes to avoid fungal/bacterial

contamination and then washed thoroughly by running tap water

and thereafter by distilled water (DW) and placed 30 seeds in

sterilized Petridishes (100 mm diameter) with double layer of filter

paper (Whatman No.1). The filter papers were moistened with 5ml

of solution of 0.0, 0.5, 1.0, 2.0, 3.0 and 5.0 mM Cadmium chloride

(CdCl
2
). The covered Petridishes were kept at 25oC ±2oC for 7

days in a growth room. A photoperiod of 130-135 µ mol m-2 s-1 for 16

hr was provided with incandescent tubes and day light bulbs to the

germinating seedlings. The seeds were considered germinated

once the radical emerged about 2 mm out from the seeds. The root

and shoot length of germinated seeds were measured 3 and 7

days after germination using a meter scale. Seedling Vigour Index

(SVI) was calculated according to Abdul-Baki and Anderson, 1973

by multiplying percentage of germination with radical length.

Percent phytotoxicity was calculated on 3rd as well as 7th d

after germination using the formula of Chou et al. (1976):

    Radicle length of control - radicle length of test
Percent Phytotoxicity = ——————————————————--— x 100

               Radicle length of control

Metal tolerance index was calculated on 3rd as well as 7th d

after germination from the radicle length using the formula of Turner

and Marshal, 1972.

Radicle length of seed in test

Metal Tolerance Index (MTI) = —————————————————x100

Radicle length of seed in control

Six seedlings were taken out randomly from each petri dish

and their fresh and dry weight (g) was measured. Fresh weight (g)

was measured on 7th d after germination using a digital balance.

Seedlings were dried in a hot air oven (80±1oC) for the determination

of dry weight. Moisture percentage was calculated by formula:

     Fresh wt of seedlings- Dry wt of seedlings

Moisture % = ----—————————————--——————- x 100

 Fresh wt of seedlings

The content of chlorophyll and carotenoid in leaf samples

were estimated using the method by Arnon (1949). The total protein
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Fig. 2: Effect of Cd on moisture content (%) of different mustard cultivars in 7 days old seedlings. Data are mean of 6 replicates with standard error. Different

letters indicate statistically significant differences between the treatments at p< 0.05
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Fig. 1: Effect of Cd on seedling vigour index (SVI) of different mustard

cultivars. Data are mean of 6 replicates with standard error
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was estimated by the method of Lowry et al. (1951) while total sugar

was determined by the method Dubois et al. (1956).

The experiments were carried out in the complete

randomized design (CRD).  One way analysis of variance (SPSS,

Statistical package and MS Excel) was done on all data to confirm

the viability of data followed by Duncan multiple range tests to

determine the significance difference among treatments.

Results and Discussion

Seedling vigour index (SVI): The cadmium stress adversely

affected seedling vigour index (SVI) in all the cultivars which

was decreased with increasing level of CdCl
2
 in rhizosphere.

The SVI was found higher in the cultivar Pusa Jai Kisan at all

the concentrations of Cd and ranged from 29.27 to 240.0 (0.5

mM), where as the cultivar Gangotri have the least  seedling

vigour index, ranged from 20.44 to 159.11 (0.5 mM). The SVI

was highest in the cultivar gangotri in the absence of CdCl
2
,

whereas the metal resulted lowest SVI in the cultivar gangotri

(Fig. 1).

Seedling elongation: Seedling growth was recorded as the

elongation of root and shoot of the young seedlings of Indian mustard

during the application of CdCl
2
. The heavy metal decreased

elongation of roots and shoots as a function of increase in Cd supply

(Table 1). The decrease in the root length was 16-28% in the

different cultivars at 1.0 mM Cd supply, the cultivar Pusa Jai Kisan

showed minimum decrease. A similar variation in the effect of Cd on

root elongation was maintained up to 2.0 mM of Cd application.

However, such a varietal difference could not be observed at 3.0

and 5.0 mM in root length of 7 days old B. Juncia seedlings. A

similar trend was observed in shoot elongation, as the cultivar Pusa

Jai Kisan showed fairly high tolerance over the other four cultivars

up to 2.0 mM CdCl
2
 application (Table 1). The metal caused high

toxicity at 3.0-5.0 mM to all the five cultivars. In all the cultivars, the

roots were found more sensitive to cadmium than shoots, which

correspond to higher content of cadmium in roots than that in the

shoots (Fig. 7). In plants, roots are the first organ which come in to

contact with the toxic metal and it usually accumulate a higher amount

of the metal than that in shoots (Kumar et al., 1993; Bharti and Singh
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Fig. 4: Effect of Cd on metal tolerance index (MTI) in 3 days [A] and in 7 days old seedlings [B] of different mustard cultivars. Data are mean of 6 replicates

with standard error
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1993, 1994; Bharti et al., 1996; Simonova et al., 2007). The

reduction in germination and growth due to the cadmium stress may

result as a consequence of many biochemicals, physiological and

molecular changes in the plants. Cadmium toxicity in plants has

been reflected as stunted growth, leaf chlorosis and alteration in the

activity of key enzymes of various metabolic pathway (Bharti and

Singh, 1994; Di Toppi and Gabbrielli, 1999; Chaudhary and Singh,

2000; Sharma et al., 2010).These affects may be consequence of

inhibition of some primary physiological processes e.g. nitrogen

assimilation and other metabolic processes (Bharti and Singh, 1994;

Bharti et al., 1996). The higher reduction in root elongation than

that in shoots could be a result of more retention of cadmium in

roots (Sharma et al., 2010). Possibilities of the metal induced

phytochelatins in the shoot are also much more likely because of

a delayed supply of the metal to the organ (Grill et al., 2007;

Sylwia et al., 2010).

Biomass accumulation: The biomass accumulation (dry weight

and moisture content) represents overall growth of the plants.

Application of CdCl
2
 (0.5 to 5.0 mM) to the germinating seedlings

reduced dry weight and moisture content in B. juncia cultivars (Table 2).

The total dry weight accumulation of the seedlings was comparatively

less affected by Cd in all the five cultivars of Indian mustard. The

maximum decrease in dry weight at 5.0 mM Cd application was less

than 35% whereas that in root and shoot length was up to 80 and

78% respectively at the same metal application. Cadmium reduced

percent moisture content in 7 d old Indian mustard seedlings as a

function of the metal concentration (Fig. 2). The reduction in moisture

content was found least in the cultivar Pusa Jai Kisan, whereas, it

was maximum in cultivar Gangotri. Application/contamination of

cadmium to the plant rhizosphere reduces biomass accumulation in

terms of dry weight and fresh weight in many plants (Bharti and

Singh, 1994; Bharti et al., 1996; Chaudhary and Singh, 2000;

Correa et al., 2006; Simnova et al., 2007). Genotoxicity and

ecotoxicity of cadmium in animals have also been reported (Fowler,

2009; Adiele et al., 2010; Jihen et al., 2010; Lag et al., 2010). The

mechanism of cadmium toxicity is not completely understood yet,

however, as per the pertaining literature it can alter the uptake of

minerals by plants (Sharma and Dubey; 2006), can reduce soil

microbes and inhibit stomatal opening, transpiration photosynthesis

and nitrogen metabolism in plants (Bharti and Singh, 1994; Bharti et

al., 1996; Chaudhary and Singh, 2000; Shridhar et al., 2007).

Table - 2: Dry weight of 7 days old seedlings (g) of Indian mustard cultivars during application of CdCl
2
 (0-5.0 mM)

Conc. (mM) PJK PB Gangotri PT-1001 Kranti

0.0 0.056a±0.005 (100) 0.052a±0.006 (100) 0.053a±0.003 (100) 0.059a±0.001 (100) 0.052a±0.004 (100)

0.5 0.049b±0.001 (87.05) 0.049b±0.004 (93.59) 0.051b±0.002 (95.00) 0.054b±0.002 (91.01) 0.048b±0.006 (84.71)

1.0 0.047c±0.002 (83.92) 0.043c±0.001 (82.69) 0.046c±0.003 (86.79) 0.053c±0.002 (89.33) 0.046c±0.002 (81.18)

2.0 0.044d±0.003 (78.57) 0.039d±0.003 (75.64) 0.041d±0.002 (77.35) 0.046d±0.003 (77.96) 0.045d±0.001 (79.41)

3.0 0.043e±0.001 (76.78) 0.038e±0.002 (73.08) 0.039e±0.001 (73.78) 0.042e±0.003 (70.22) 0.041e±0.003 (72.35)

5.0 0.039f±0.001 (69.64) 0.035f±0.002 (67.95) 0.035f±0.003 (66.94) 0.041f±0.002 (69.29) 0.038f±0.001 (67.29)

CD NS NS 0.002 0.011 NS

Data are mean of 6 measurements with standard error. Values followed by different letters are significantly differences between the treatments at p<0.05,

values are parentheses are relative to control, NS = Non significant

Table - 1: Root and shoot elongation (cm) of different mustard cultivars during application of CdCl
2
 (0-5.0 mM)

Conc. (mM)
Root length (cm) of 7 days old seedlings

PJK PB Gangotri PT-1001 Kranti

0.0 5.28a±0.134 (100) 5.88a±0.115 (100) 4.62a±0.066 (100) 5.20a±0.222 (100) 4.43a±0.079 (100)

0.5 4.44b±0.030 (84.09) 4.25b±0.141 (72.27) 3.62b±0.038 (78.35) 4.00b±0.098 (76.92) 3.37b±0.186 (76.07)

1.0 3.57c±0.052 (67.61) 3.85c±0.064 (65.47) 2.94c±0.088 (63.63) 3.10c±0.084 (59.62) 2.87c±0.092 (64.79)

2.0 2.63d±0.049 (49.81) 2.48d±0.037 (42.17) 1.94d±0.037 (41.99) 2.57d±0.048 (49.42) 1.52c±0.052 (34.31)

3.0 1.91e±0.088 (36.17) 2.11d±0.121 (35.88) 1.67d±0.062 (36.15) 1.78e±0.107 (34.23) 1.24d±0.061 (27.99)

5.0 1.23f±0.046 (23.29) 1.12e±0.083 (19.05) 0.81e±0.032 (17.53) 0.92f±0.109 (17.69) 0.84e±0.081 (18.98)

CD 0.662 0.283 0.28 0.211 0.382

Shoot  length (cm) of 7 days old seedlings

0.0 3.13a±0.119 (100) 3.72a±0.065 (100) 3.27a±0.082 (100) 4.45a±0.098 (100) 4.55a±0.079 (100)

0.5 3.13a±0.067 (100) 3.22b±0.024 (86.56) 2.81a±0.054 (85.93) 3.56b±0.079 (80.00) 3.56b±0.058 (78.24)

1.0 2.76b±0.052 (88.17) 2.17c±0.093 (72.48) 2.31b±0.125 (70.64) 3.04c±0.109 (43.60) 2.02c±0.052 (44.39)

2.0 2.26c±0.080 (72.20) 1.80d±0.030 (48.39) 1.64c±0.074 (50.15) 1.94d±0.052 (32.81) 1.89c±0.050 (41.54)

3.0 1.21d±0.050 (38.65) 1.32e±0.078 (35.48) 1.12d±0.061 (34.25) 1.46e±0.041 (32.81) 1.25d±0.085 (27.47)

5.0 0.89d±0.041 (28.43) 0.93f±0.034 (25.00) 0.73e±0.029 (22.32) 1.11f±0.072 (24.94) 0.96e±0.048 (21.09)

CD 0.215 0.266 0.386 0.309 0.394

Data are mean of 6 measurements with standard error. Values followed by different letters are significantly differences between the treatments at p<0.05,

values are parentheses are relative to control

Kuldeep Bauddh and Rana P. Singh
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Cadmium in higher concentration damages root tip, reduce nutrient

and water uptake, impairs photosynthesis and inhibits growth of the

plants (Chaudhary and Singh, 2000; Jihen et al., 2010; Lag et al.,

2010). The basis of these dysfunctions is due to formation of metal

thiolate bond and alteration of cell wall and membrane permeability

by binding of nucleophylic groups (Stohs et al., 2000; Schutzendubel

et al., 2003).

Phytotoxicity and metal tolerance index (MTI): The

phytotoxicity and metal tolerance index, both are the parameters

which depend on the growth of the radical length of the seedlings.

The phytotoxicity was found increased in all the cultivars with

increased Cd supply (Fig. 3. A , B). The studies on these parameters

indicated that the varietal differences in Indian mustard during Cd

toxicity were higher not only at the lower metal levels but also at

early age of the seedlings. At 3rd days the varietal differences in

response to Cadmium toxicity was higher as compared to that on 7th

days (Fig. 3. A, B). When the plants were grown up to seven days

in the metal stress, even the sensitive cultivars recover for the

growth and showed less varietal differences. The cultivar Pusa Jai

Toxicity of cadmium to mustard genotypes
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Kisan showed least phytotoxicity after three days as well as after

seven days of Cd treatment.  It was least at all the concentrations of

Cd than the other cultivars. The phytotoxicity ranged from -3.27 to

84.08 (5.0 mM) in Pusa Jai Kisan, whereas it ranged from 33.33 to

87.74 (5.0 mM) in the cultivar Gangotri showing highest phytotoxicity.

The metal tolerance index was found in contrast to the phytotoxicity

for all the cultivars. The metal tolerance was highest in the cultivar

Pusa Jai Kisan whereas, it was lowest in the cultivar Gangotri (Fig.

4 A, B). The decrease in metal tolerance index and increase in

percent phytotoxicity with increase in Cd concentrations in the

rhizosphere has been reported recently in Cicer arientinum and

Phaseolus mungo (Kumar et al., 2009). Similar results was found

in Brassica juncia by nickel application (Bauddh and Singh, 2009).

Cadmium toxicity adversely affects germination of seeds, seedling

vigour, plant growth, and metabolism by limiting water transport to

growing tissues and leaves impairing transpiration rate, causing

ultra structural changes in cell organelles and altering activity of

enzymes of various metabolic pathways (Belimov et al., 2007;

Dinakar et al., 2008; Chen et al., 2010). Avoidance and tolerance

to metal ions in symplasm by complexation are the two mechanisms

reported for the tolerance to heavy metals in the plants (Rengel,

1997; Seregin and Ivano, 2001; Sharma and Dubey, 2006; Shi

and Cai, 2009).

Pigments, total sugar and total protein contents: Cadmium

decreased chlorophyll and carotenoids, total sugars and total

protein in 7 d old seedlings of all five cultivars of Indian mustard

(Fig. 5, 6 and 7). The photosynthetic pigments; chl a, chl b and total

chl as well as carotenoids in the leaves of the seedlings were

very sensitive to the cadmium toxicity (Fig. 5. A and B and Fig. 6

A,B,C and D). Amongst the different pigments Chl a and carotenoids

were more sensitive to cadmium toxicity than Chl b. The

photosynthesis which is directly related to the plant productivity is

considered sensitive to most of the abiotic stresses. Cadmium

exposure have been reported to variably decrease the chlorophyll

contents in Triticum aestivum (Latif, 2008), B. juncia (Ebbs and

Unchil, 2008) and cotton (Bachir et al., 2004). The reduction of

biomass by cadmium toxicity was considered as a direct

consequence of inhibition in chlorophyll biosynthesis and

photosynthesis (Padmaja et al., 1990; Hasan et al., 2009).

The carbohydrate content in the leaves of seedlings was

found slightly increase at lowest concentration of Cd (0.5 mM)

whereas, after 0.5 mM the carbohydrate was drastically reduced

with increase in the concentration of Cd (Fig. 6. C, D). Sugar

metabolism is adversely affected in the plants growing under the

stresses (Jha and Dubey, 2004). In many plant species, the

accumulation of soluble sugars has been observed in response to

various environmental stresses (Agarwal and Singh, 2003).

Reducing sugar formation in almond was found enhanced by

cadmium (Nada et al., 2007).

Bioaccumulation of Cd in seedlings of mustard cultivars:

The accumulation of Cd in to the seedlings was found increased
with increase the levels of Cd in the culture media in all the cultivars
(Fig. 7). The accumulation of Cd2+ has been reported in the plants
grown in hydroponic, pot culture and under field conditions (Bharti
and Singh, 1994; Bharti et al., 1996; Chaudhary and Singh, 2000;
Aeri and Rana, 2002; Qadir et al., 2004; Benavides et al., 2005;

Zhang et al., 2010; Bradac et al., 2010; Liu et al., 2010; Sharma et
al., 2010). At the lower concentration the accumulation of Cd was
significantly different in the different cultivars; however, at the higher
concentrations the accumulation of Cd was in the close vicinity in all
the five cultivars studied. The cultivar PJK showed highest
accumulation of the metal. It is possible that more Cd induced

phytochelatins are synthesized in this cultivar which provide more
tolerance as well as higher metal accumulation in the vacuoles. It
has been recognised that metal accumulation capacity varies greatly
between different species and cultivars and is affected by various
abiotic conditions (Shi and Cai, 2009; Chandra et al., 2009; Selvam
and Wong, 2009).
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