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Abstract: A pot experiment was conducted to evaluate the sensitivity of chickpea, Cicer arietinum

cv. T-3 to nickel and cobalt at 0, 10, 50, 100, 200 and 400 ppm concentrations. The bacterized seeds
of chickpea were sown in 15 cm clay pots containing 1.5 kg steam sterilized soil. Before the sowing
550 ml metal solution of different concentrations was added per pot. Nickel and cobalt at the higher
concentrations (100-400 ppm) were found injurious to chickpea. Seed germination, plant growth and
biomass production were adversely affected. Root nodulation was suppressed and number of functional
nodules appreciably decreased. Leaf chlorophyll contents were greatly reduced. These adverse impacts
reflected in reduced yield of the plants. Nickel was apparently more harmful than cobalt to chickpea.
The study suggests that cultivation of crops like chickpea in metal polluted soils should be avoided
or appropriate control measures be adopted to maintain the heavy metal content of the soil below the
damage threshold levels, which was found to be 10 ppm Ni and 50 ppm Co for chickpea.

Key words: Biomass, chlorophyll content, heavy metals, plant growth, root nodulation, seed
germination, soil pollutant.

INTRODUCTION

Contamination of soil in cultivated fields by industrial effluents loaded with toxic heavy metals has
emerged as a new threat to agriculture. Most of the effluents and wastes contain heavy metals in an amount
sufficient enough to cause toxicity to crop plants (Hutchinson and Whiteby, 1974, Temple and Bisessar, 1981;
Khan et al., 2006). Excessive accumulation of heavy metals like nickel, copper, cobalt, etc. in soil originating
from metal mining and processing and other technological activities of man have been reported on a number
of occasions (Foy et al.,1978; Maliszewaska et al., 1958). 

Nickel is naturally present in soil and water, usually in trace amounts. Several plants nutritionally require
Ni for various metabolic activities (Welch, 1981). Ni (< 5 ìg L ) may stimulation of growth in higher plants-1

(Mishra and Kar, 1974; Stedman, 1968; Welch, 1981). However, rapid industrialization and urbanization during
the recent past have caused accumulation of Ni in varied habitats where from the acquisition by the plants and
their further transfer to human and animal population may affect the life forms seriously. Higher concentration
of Ni may cause numerous adverse effects on flora (Smith, 1996). Physiological role of Ni and its toxic effects
on higher plants have been observed (Bisesser et al., 1983; Hale et al., 1985; Seregin and Kozhevnikova, 2006;
Khan et al., 2006). Growth of most plants species is adversely affected by tissue concentration above 50 μg
Ni g  dry weight. These effects are manifested at morphological, physiological and biochemical levels and they-1

may result either because of tendency of Ni to compete with other cations such as Ca , Fe  and Zn  and thus2+ 2+ 2+

to cause their artificial deficiencies. Higher levels of Ni in the soil and in the plants tissue often induce Zn
or Fe deficiency which leads to characteristic symptoms of chlorosis (Anderson et al., 1973). 

Cobalt is an essential element for humans, animals and prokaryotes, a physiological function for this
12element in higher plants, however, has not been identified. Cobalt containing vitamin B  does not occur in

plants. Normal Co concentrations in plants are cited to be as low as 0.1-10 μg g  dry weights and its-1

beneficial role as a trace element necessary for the normal metabolic functions of the plant has been described
(Bakkaus et al., 2005). Higher concentration of this metal, however, may prove toxic and severely interfere
with physiological and biochemical functions (El-Sheekh et al., 2003; Parmar and Chanda, 2005 and Jayakumar
et al., 2008). Adverse effects of higher concentration of cobalt (upto 750 ìg L ) has been reported on some-1

plants (Terry 1981; Wallace, A. and A.M. Abou-Zam Zam, 1989and Jayakumar and Vijayarengan, 2006).
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Jayakumar et al. (2008) observed that seed germination and length of radical and plumule of ragi and paddy
increased significantly at 5 ìg L , but greatly reduced at 25-100 ìg Co L . -1 -1

High concentrations of Ni, Co and other heavy metals disturb biological equilibrium in the soil which in
turn unfavourably influences soil fertility, plant development and yield (Vallee and Ulmer, 1972, Kabata-
Pendias and Pendias, 1973). Heavy metals also interfere in biochemical reactions of plant and induce
physiological disorders like reduction in leaf chlorophyll (Hale et al., 1985 and Khan et al., 1988). Adverse
effects of nickel, copper and cobalt have been reported on growth characters, biomass, yield, etc. of celery,
tomato and lentil plants both in ambient and artificial treatment conditions (Bisessar et al., 1983, Hale et al.,
1985, Khan et al., 2006). In the present paper, we report the growth performance of chickpea (Cicer arietinum

L.) grown in soil artificially treated with 0, 10, 50, 100, 200 and 400 ìg L  nickel and cobalt. -1

MATERIALS AND METHODS

Treatments and Plant Culture:

Seed Germination: 
2 2 2 2Five concentrations of nickel chloride (NiCl .5H O) and cobaltous chloride (CoCl .H O) viz. 10, 50, 100,

200 and 400 ppm were prepared in distilled water. Seeds of chickpea, Cicer arietinum L. cv. T-3 bacterized
with gram strain of Rhizobium  were sown in coffee cups of 6 cm. diameter containing 100 g water washed
and sterilized sand (10seeds/cup). In each cup 25 ml solution, the quantity found sufficiently enough for
homogenous distribution of the metal solution was added prior to sowing. A set of cups received 25 ml
distilled water in place of metal solutions served as a control. Each treatment was replicated five times. The
cups were placed on greenhouse benches. Ten days after sowing the pots were examined for seed germination.

Plant Growth: 

To study the effect of nickel and cobalt on plant growth and productivity of chickpea, 15 cm clay pots
were filled with 1.5 kg autoclaved soil (clay, sand, compost 2:1:1). In each pot 550 ml metal solution of
different concentrations was added separately prior to sowing. The amount (550 ml) was found sufficient for
the homogenous distribution of metal solution in 1.5 kg of soil. Pots receiving distilled water in place of metal
solution served as a control. Five seeds of chickpea cv. T-3 bacterized with commercial Rhizobium of gram
strain were sown in all pots. Each treatment was replicated five times. The pots were placed on greenhouse
benches. A week later plants were thinned to one in each pot. At termination, three months after sowing, plant
growth (root and shoot length), biomass (fresh and dry weights of shoot and root), root nodulation (functional,
non-functional and total number of nodules/root system) and yield (number of pods/plant) were determined.

Estimation of Metals and Leaf Pigments in Plant Tissue:

Soil Analysis: 

The soil samples were oven dried (40°C) and finely ground (<0.1 mm). They were burnt to ashes in a
crucible. Ashes of 1 g of soil sample were taken in a conical flask and were moistened with 1 ml of double-
distilled water; concentrated HCl and HNO3 were successively added in a 3: 1 ratio. The flask was heated
gently on a heating plate until the sample was digested and indicated by the formation of a clear solution
above the soil residue. The mixture was reduced to a volume of 1 ml. Double-distilled water was added to
reach a final filtrate volume of 100 ml and filtered through Whatman filter paper nos. 1 and 42. Digested soil
samples were analyzed for Ni and Co concentration by Atomic Absorption Spectrophotometer (Malik and
Jaiswal 2000).

Nickel and Cobalt Assay: 
Plant were dried in an hot air oven at  80°C for 24 hr and the leaves, stem and roots were grinded

separately to a make coarse powder. One gram of plant dry matter was taken into a 50 ml volumetric digestion
3 4tube. Using a pipette 10 ml of the mixture HNO  and HClO  (2:1, vv) was added and swirled to thoroughly

wet the sample. 25 mm reflux funnels were placed over samples and allowed to predigest over night. The
3digestion tubes were placed into a digestion block port for 3 hours at 200ºC after the HNO  fumes have

evolved. The funnels were removed 10 minutes before the end of the digestion. The tubes were taken out of
the digestion block, left for 20 minutes in a hood. Thereafter 10 ml deionized water was added in the tubes
on hot plate (90ºC). The contents of the digestion tubes were mixed, cooled and quantitatively transferred into
25 ml volumetric flask and diluted to the final volume, and the Ni and Co contents of plant digest were made
using Atomic Absorption Spectrophotometer (Miller, 1998).
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Chlorophylls: 

Chlorophyll a, chlorophyll b and total chlorophyll were extracted by macerating the leaf tissue in 85 %
acetone (Lichenthaler, 1987). One gram fresh leaf tissue pooled from 5 plants (45 days old) of a treatment was
put in a mortar and pestle, half filled with liquid nitrogen on ice. A small amount of grinding sand was also
added. After the liquid nitrogen having completely boiled off, the leaf tissue was grinded by the pestle. One
ml of 85% acetone (pH 8) was added in the mortar and ground to mix. The suspension from mortar was
poured into 1.5 ml tube and centrifuged at 10000 rpm for 3 minutes. One ml supernatant was diluted to 3 ml
with the acetone and absorbance was read in a spectrophotometer at 637, 647 and 663 nm. If absorbance was
greater than 1.0, the solution was further diluted with acetone.

Statistical Analysis:

The experiment was performed over two consecutive years. The general trend in the effect of treatments
on the considered variables was more or less identical during both years of study but the effect of years was
frequently significant at P � 0.05. Hence the data obtained from the five replicates maintained each year were
analyzed separately. Results describe the experiments conducted during second year. The data on plant growth,
leaf pigments and Ni/Co accumulation were subjected to a single factor analysis of variance (ANOVA) and
least significance differences (LSD) were calculated for each variable at a probability level of P � 0.05, 0.01
and 0.001 (Dospekhov, 1984). The data on metal accumulation in plant parts were analyzed by the two way
single factor ANOVA and LSDs were calculated at the three probability levels. Regression analysis for some
important variables was performed to calculate regression equation and presented in graphical form. Standard
deviation (SD) was calculated for each treatment and has been indicated on the regression lines.

Results:

Seed Germination: All the concentrations of Ni and Co used except 10 ppm inhibited seed germination (Table
1). Percent germinations of seeds in the control and 10 ppm were at par. But from 50 ppm Ni (P � 0.01 and
P � 0.001) and 200 ppm Co onwards, a progressive and significant decline in the seed germination was
noticed in comparison to respective controls (P � 0.01). The differences between 10 and 50 ppm, 50 and 100
ppm, 100 and 200 ppm and 200 and 400 ppm of nickel, and 100 and 200 ppm and 200 and 400 ppm of cobalt
were also statistically significant (P � 0.05 or P � 0.01).

Visual Symptoms: 

As a general indication of toxicity of nickel (Ni) and cobalt (Co), leaves of chickpea developed chlorosis
and exhibited tip blackening and reduced size. Pre-mature leaf drop also occurred. The intensity of the
symptoms was found to be concentration dependent. The symptoms were most pronounced in treatments with
400 ppm concentrations of the metals. Roots of the metal treated plants showed limited growth and their
extensiveness was checked, lateral roots being more suppressed. Discolouration of roots because of
development of dark brown patches was noticed in plants treated with higher concentrations of Ni and Co. In
overall assessment, Ni was more injurious than Co.

Plant Growth, Biomass Production and Pod Formation: 

Both Ni and Co particularly at higher concentrations caused adverse effects on plant growth. Plants treated
with the metal solution exhibited poor root and shoot growth with less number of branches (Table 2). A
significant reduction occurred in shoot length at 200 and 400 ppm Ni and 400 ppm Co over control (P �

0.05). Difference in shoot lengths obtained with 200 and 400 ppm Ni was also significant (P � 0.05).
Reductions in shoot growth with other concentrations of either metal were not significant. Root growth of
chickpea plants treated with 100, 200 and 400 ppm Ni and 200 and 400 ppm Co was significantly retarded
in comparison to respective controls (Table 2). Growth of lateral roots was greatly suppressed.

Biomass (fresh and dry weights of root and shoot) of chickpea was impeded by the metal treatments
(Table 2). Fresh weights of root and shoot were more affected by Ni than Co. There was significant reduction
in the fresh weight of root of the plants grown in 100, 200 (P � 0.05) and 400 ppm Ni (P � 0.01) or 400 ppm
Co treated soils (P � 0.05). Significant reduction in fresh weight of shoot occurred with 400 ppm of Ni and
Co (P � 0.05). Similar reduction in dry weight of root was noticed with the application of 200 and 400 ppm
of Ni (P � 0.01) and 400 ppm of Co (P � 0.05) in comparison to untreated plants (control). Higher
concentrations (100, 200 and 400 ppm) of both the metals were significantly effective in reducing the dry
weights of chickpea shoots (P � 0.05). All the three concentrations were equally harmful as reductions caused
by the concentrations did not differ significantly at P � 0.05. 
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Table 1: Effect of nickel and cobalt on percent seed germination of chickpea (mean of two seasons)
Treatments Seed germination %
 ìg Ni and Co /L ----------------------------------------

Nickel Cobalt 
0 96 96
10 96 96
50 92 95b

100 86 94c

200 73 92c b

400 65 90c c

L.S.D
P�0.05 2.60 2.40
P�0.01 3.55 3.27
P�0.001 4.79 4.4
Each value is mean of five replicates  significantly different from the control at P�  0.01 ( ) and P�  0.001©bc b

Table 2: Effect of soil application of nickel and cobalt on the plant growth of chickpea (mean of two seasons).
Treatment Nickel effects Cobalt effects
Ni/Co ìg/L --------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------

Length (cm) Fresh weight (g) Dry weight (g) Yield Length (cm) Fresh weight (g) Dry weight (g) Yield
------------------------------ ---------------------------- --------------------------- ------------------- ------------------------ ------------------------
Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot

0 (control) 21.3 26.8 6.42 8.00 1.68 2.77 27 21.3 26.8 6.42 8.0 1.68 2.77 27
10 21.3 26.7 6.42 8.00 1.62 2.48 26.46 21.3 26.8 6.42 8.0 1.62 2.77 26.73
50 21.0 26.2 6.20 7.89 1.57 2.39 26.00 21.2 26.6 6.41 7.93 1.61 2.59 26.79
100 18.2 25.7 6.14 7.74 1.43 2.40 25.31 21.0 26.0 6.26 7.80 1.52 2.37 26.11c a a a a

200 16.5 24.7 6.14 7.08 1.32 2.38 25.18 19.8 25.4 6.28 7.53 1.34 2.35 25.46c a a b a a a a

400 13.1 24.3 6.08 6.60 1.15 2.31 24.50 19.2 23.0 6.00 7.04 1.19 2.31 25.20c a b a b a b a a a a a a a

L.S.D.
P�0.05 1.14 2.04 0.28 0.29 0.34 0.39 1.68 1.94 3.15 0.40 0.86 0.42 0.39 1.54
P�0.01 1.60 2.86 0.29 1.84 0.48 0.55 2.29 2.34 4.48 0.56 1.17 0.59 0.55 2.10
P�0.001 2.1 3.76 0.52 2.41 0.63 0.72 3.09 3.57 5.80 0.74 1.58 0.77 0.72 2.84
Each value is mean of five replicates.  significantly different over control at P� 0.05 ( ) and P� 0.01 ( ) and P� 0.001( )abc a b c

Pod formation was greatly suppressed by both the metals, Ni being more harmful than Co and overall it
was concentration dependent. Treatments with 100, 200 (P � 0.05) and 400 ppm Ni (P � 0.01) and 200 and
400 ppm Co (P � 0.05) caused significant decline in the pods/plant over untreated plants.

Root Nodulation: 

Root nodulation was suppressed by Ni and Co concentrations showing a corresponding decrease in total
number of nodules with an increase in the concentrations of either metal. This impact was, however, significant
with 200 and 400 ppm of Ni and 400 ppm of Co over control (Table 3). Number of non-functional nodules
was not affected but number of functional nodules declined considerably. The adverse impact on functional
nodules was significant with 200 (P � 0.05) and 400 ppm Ni (P � 0.01) and 400 ppm Co (P � 0.05). 

Table 3: Effect of soil application of nickel and cobalt on root nodulation of chickpea (mean of two seasons) 
Treatments Nickel Cobalt

------------------------------------------------------------- ---------------------------------------------------------------------
Functional Non functional Total Functional Non functional Total
nodule nodule nodule nodule nodule nodule

0 26 9 35 26 9 35
10 26 9 35 26 9 35
50 26 9.2 36 26 9 35
100 25 9.2 33 25 8.5 34
200 24.1 9 32.4 24.5 9 33a a

400 23.2 8.8 31.8 24.0 8.6 32.3b a a a

LSD
P�0.05 1.61 0.72 2.42 1.72 0.86 2.45
P�0.01 2.20 0.98 3.30 2.35 1.17 3.34
P�0.001 2.97 1.33 4.46 3.16 1.58 4.51
Each value is mean of five replicates.  significantly different over control at P�  0.05 ( ) and P�  0.01 ( ) and P�  0.001(c)abc a b

Leaf Pigments: 

A gradual and significant reduction in the total chlorophyll content occurred in the plants treated with 50,
100 (P � 0.05), 200 (P � 0.01) and 400 ppm Ni (P � 0.001) over control (Table 4). But this reduction with
Co was significant at only 200 (P � 0.05) and 400 ppm (P � 0.01). The significant reduction in chlorophyll
a occurred in the plants treated with 100, 200 (P � 0.05) and 400 ppm Ni (P � 0.01) and 200 and 400 ppm
Co (P � 0.05).  Ni was comparatively more inhibitory than Co for chlorophyll a. Significant reduction in the
chlorophyll b was recorded with only 200 and 400 ppm Ni and not with any concentration of Co (P �  0.05).
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Table. 4: Effect of soil application of nickel and cobalt on leaf chlorophyll of chickpea (mean of two seasons)
Treatments Nickel Cobalt

-------------------------------------------------------------- ---------------------------------------------------------------
Chl a Chl b Total Chl Chl a Chl b Total Chl

0 0.648 0.541 1.193 0.648 0.541 1.193
10 0.648 0.540 1.190 0.648 0.541 1.193
50 0.646 0.540 1.184 0.645 0.539 1.190a

100 0.640 0.538 1.184 0.640 0.533 1.186a a

200 0.640 0.532 1.180 0.622 0.522 1.183a a b a a

400 0.637 0.530 1.170 0.620 0.513 1.176b a c a b

L.S.D  P�0.05 0.008 0.008 0.008 0.02 0.05 0.008
P�0.01 0.01 0.01 0.01 0.03 0.07 0.01
P�0.001 0.02 0.02 0.02 0.05 0.09 0.02
Each value is mean of five replicates.  significantly different over control at P�  0.05 ( ) and abc a

P�  0.01 ( ) and P�  0.001( )b c

Fig 1: Correlation ship between metal accumulation in plant tissue (root and shoot) and dry weight of shoot
and root of chickpea

Metal Accumulation:

Soil: 

Application of 550 ml metal solution of different concentrations resulted to corresponding increase in the
concentration of the respective metals in the pot soil (Fig 3). Concentration of both Ni and Co a day after
application (pre-planting) was found significantly greater than the applied concentration of the solution
(P�0.05). The soil concentration of the two metals at harvest (4 month after application), however, slightly
decreased in comparison to the pre-planting concentration (Fig 3). 
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Fig. 2: Effect of soil application of nickel and cobalt on chlorophyll a, chlorophyll b and total chlorophyll
of chickpea leaves

Plant Parts: 
Highest concentration of the heavy metals was recorded in the leaves of chickpea (Fig 4). Ni concentration

in the leaves of plants applied with 10 ppm concentration was 7.8 ìg/g of leaf tissue which increased gradually
with the increase in the concentration of metal solution applied. A strong linear relationship was recorded with
the concentration of metal solution applied and its accumulation in the leaves (Fig 4). The concentration of
Ni in the roots was significantly less than leaves at 10, 50 and 100 ppm treatments (P�0.05). Lowest
concentration of Ni was recorded in stem and was significantly less than root (P�0.001). But stem
concentration of Ni also showed strong linear relationship between concentration of metal solution applied and
its accumulation in stem. Cobalt concentration in plant parts also increased correspondingly with the increased
in metal concentration applied (Fig 4). Greater accumulation of Co was recorded in leaves followed by roots
and lowest in stem. The linear relationship between concentration of Co in the solution applied and
accumulation of the metal in plant parts was invariably recorded in leaves, stem and roots.
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Fig. 3: Correlation ship between soil application of heavy metals and their accumulation in soil

Discussion:

Contamination of soil with heavy metals has found to suppresses to the seed germination (Jain, 1987; Khan
et al., 1987, 1988), as observed in the present study. Prominent visible injury viz. shoot injury, leaf chlorosis,
leaf-tip blackening and root injury with restricted lateral growth and slight discolouration, the symptoms
observed on chickpea due to Ni and Co toxicity are comparable to those appeared on plants like Acer rubrum,

Cornus stolonifera, Lonicera tatarica, Pinus resinos and Lance culanens due to Ni, Co and Cu toxicity (Heale
and Ormrod, 1982; Khan et al., 1987, 1988, Hilmy and Gad, 2002, Yanqun et al., 2004, Yanqun et al., 2005).
These symptoms especially the yellowing, chlorosis and necrosis may have occurred due to injury or denaturing
of chlorophyll molecules (Smith, 1996) or artificial deficiency of Fe, Zn etc. induced by Ni and Co (Anderson
et al., 1973, Escarre et al., 2000, Hilmy and Gad, 2002, Hilmy et al., 2002, Yanqun et al., 2004, Yanqun et

al., 2005).
Diminutive effects of heavy metals on plant growth particularly on shoot have been recorded near a nickel

refinery where Ni and Co were present at higher concentrations (Bisessar et al., 1983, Gabriella and Attila,
2002, Rotkittikhun et al., 2006). Reduction in shoot growth of lentil plants by Ni, Cu and Co in the artificial
treatments have been observed by Khan et al. (1987, 1988). Although the roots were directly exposed to the 
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Fig. 4: Accumulation correlation between metal treatments and Nickel/Cobalt accumulation in root, stem and
leaves of chickpea.

metal but they act as transporter by absorbing the metals and transporting it to the shoot where the metal gets
accumulated as evidenced by relatively greater concentration of Ni and Co in leaf than root. The metal,
however, caused toxicity to both the parts. Suppression of root enlongation and seedlings of Picea abies, celery
and tomato plants due to various heavy metals on extensiveness and proliferation of root and their subsequent
effects on shoot growth lead to suppression of dry matter production (Bisessar et al., 1983; Hake et al., 1985;
Reddy, 2003, Yang et al., 2003, Vanik et al., 2005, Khan et al., 2006). Adverse effects of Ni/Co on the plant
growth were concentration dependent. Greater accumulation of the metal in leaves or roots resulted to
corresponding decrease in their growth or dry weights. Regression analysis has also revealed a negative
relationship between metal accumulation in the root and leaves and subsequent decrease in their dry weight
and yield.

Over all greater toxic effects of Ni than Co as observed in the present study have also been reported by
other workers (Froster, 1954, Heale and Ormrod 1982, Bisessar et al., 1983, Hale et al., 1985, Jasiewicz and
Antonkiewicz, 2000, Pandey and Sharma, 2002, Giridhara and Siddaramappa, 2002, Hilmy and Gad, 2002,
Hilmy et al., 2002, Ogundiran, 2007).

Root nodulation is directly related to nitrogen economy of leguminous plants and affects their productivity.
Poor root nodulation on chickpea plants grown in Ni or Co contaminated soil may have interfered in the
nitrogen-fixing system causing direct toxic effect on Rhizobium  and/or inhibiting legheamoglobin synthesis
(Khan et al., 1987, Bunzl et al., 2001, Boularbah et al., 2006). Heavy metals may also denature chlorophyll
pigments or may affect their synthesis (Hale et al., 1985, Hilmy and Gad, 2002, Hilmy et al., 2002, Boularbah
et al., 2006). In the present study Ni and Co caused suppression of chlorophylls contents of leaves. Metal
toxicity may have caused phaephytinization of chlorophyll molecules which was expressed as browning and
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necrosis of leaf tissue. Metal ions may replace Mg  ion from the tetrapyrol ring of the chlorophyll molecule+

leading to denaturing of the pigments as evident from the significant reduction in leaf contents of chlorophyll
(Hilmy and Gad, 2002, Hilmy et al., 2002, Reddy, 2003, Khan et al., 2006, Boularbah et al., 2006, Ogundiran,
2007). 

Present study has revealed 10 and 50 ppm as a damage threshold level of Ni or Co respectively for
chickpea cultivation. Appropriate efforts should be employed to maintain the metal concentration below the
damaging level in the areas close to nickel or cobalt source.
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