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Abstract: Effect of various concentrations of nickel (100, 200, 500 and1000 µM) and recovery treatments of boron (50 and100 µM) and

copper (15 and 75 µM) each with 200 µM and 500 µM of nickel on germination, growth, biomass, chlorophyll, carotenoids, pheophytin,

amylase, protein, sugar as well as activity of catalase and peroxidase were studied in radish (Raphanus sativus cv. Early menu) seedlings.

Nickel treatments caused a considerable reduction in germination percentage, growth and biomass. The different pigments were also

decreased with nickel treatments. However, boron addition with nickel recovered the negative effect on pigment contents. Among

biochemical estimations, amylase activity and total proteins were found to be reduced in nickel treatments. Peroxidase and catalase

activity were induced other than higher total sugar with nickel treatments. The combination of nickel with boron resulted into increased

protein contents. This combination also reduced the catalase and peroxidase activity. The influence of nickel with copper failed to produce

significant recovery except 200 µM nickel in combination with 15 µM copper with regard to catalase and peroxidase activity. The effect of

nickel on hydrolyzing enzyme amylase was observed to be inhibitory, resulting into poor germination followed by poor seedlings growth. The

stress protecting enzymes peroxidase and catalase seem to be induced under the influence of nickel, and providing protection to the

seedlings.The application of boron with nickel showed improved germination and growth.The level of catalase and peroxidase were found

to be significantly  reduced showing normal growth and biomass of seedlings.
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Introduction

Heavy metal contamination of the environment is currently a

global problem threatening vegetation, wildlife and human

(Heckathorn et al., 2004; Nath et al., 2008).The biological importance

of nickel as a possible micronutrient for higher plant has already

been reported (Gerendas et al., 1999;  Adriano, 2001; Saxena et

al., 2007; Ravikumar et al., 2007). Nickel at higher concentration is

known to inhibit plant and seedling growth (Madhava and Sresty,

2000; Wang et al., 2001).The presence of elevated concentrations

of heavy metals in growth medium of germinating seeds suppresses

mobilization and translocation of reserve materials from the storage

tissue to growing regions and their subsequent utilization (Hsu and

Chang, 1992; Mishra and Choudhuri, 1997; Pandey et al., 2007;

Gautam and Pandey, 2008).

Das et al. (1978) studied the effect of nickel chloride (10-6-10-1 M)

on germination rate, root and shoot length, catalase, peroxidase, and

total protein in rice seeds and found that lower concentration was

stimulatory while higher concentration was inhibitory. Baccouch et al.

(1998) reported that 10 days old maize seedlings when transferred to

nutrient solution with 0, 20, 50, 100, 250 and 500µM nickel, leaves

showed chlorotic spots in lower level whereas at higher level seedlings

showed necrosis. Moreover there was accumulation of soluble

phenolics, starch and reducing sugars in leaf of maize seedlings.

Interaction between metals has been defined as mutual or

reciprocal effect that affects plant growth. For instance the concentration

of one element may affect the  accumulation level of other metals or

may modify the toxic effects of other elements (Beckett and Davis,

1978; Mukherjee and Mishra, 2008).They also stated that the nickel-

zinc interaction and nickel-copper interactions were ineffective in

reducing the nickel toxicity, i.e. varying concentrations of zinc or

copper neither reduced nor increased the effect of nickel. Fernandes

and Henriques (1991) found that copper is to be synergistic with zinc

and nickel, antagonistic with cadmium, but additive with cobalt. Boron

is involved in a number of processes, such as carbohydrate

metabolism, synthesis of polyphenol compounds (Adriano, 2001;

Pandey and Pandey, 2008),  photosynthesis and other transport

processes in plants (Bonilla et al.,1990). As there is no literature

available about the significant interation of nickel with boron, although

boron helps in carbohydrate metabolism whereas nickel toxicity

causes accumulation of soluble phenolics, starch and reducing sugars

(Baccouch et al.,1998) in leaves. Thus attempts were made to find

out the effect of  interaction of nickel with boron in radish seedling, a

common root plant. Therefore, the investigations were carried out to

explore the nickel toxicity and to quantify the toxic responses of

excess nickel at 14th day of seedling growth in terms of physiological

and biochemical parameters in radish.

Materials and  Methods

Radish (Raphnus sativus c.v. Early menu) seeds were used

for petridish experiments. Seeds were surface sterilized with 0.1%

HgCl
2 
for the prevention of fungal/ bacterial contamination (Young,

1926).The different concentrations of nickel (100, 200, 500 and

1000 µM) were prepared in double distilled water using nickel
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Table - 1: Effect of nickel and its combinations with boron and copper on seedling growth in radish (Raphanus sativus)

Treatments Plumule length Radicle length Laterals roots Fresh weight Dry weight

(cm) (cm) (No.) (g seedling-1) (g seedling-1)

Control 8.33±1.69 5.40±0.83 13.00±0.57 0.270±0.023 0.025±0.002

Ni 100 µM 6.66±0.72 3.60±0.20 9.33±0.66* 0.183±0.017* 0.022±0.000

Ni 200 µM 6.20±0.49 3.33±0.24 8.00±0.57* 0.133±0.008* 0.012±0.001*

Ni 500 µM 1.70±0.10* 1.73±0.23* 0.00±0.00* 0.073±0.006* 0.007±0.001*

Ni 1000 µM 0.66±0.21* 0.53±0.03* 0.00±0.00* 0.040±0.011* 0.004±0.001*

Ni+B (200+50 µM) 9.13±0.44 3.80±1.65 8.66±0.88* 0.247±0.027 0.024±0.002

Ni+B (200+100 µM) 9.33±0.33 3.92±0.01 9.00±0.57* 0.143±0.008* 0.013±0.001*

Ni+B (500+50 µM) 2.03±0.39* 1.56±0.47* 0.00±0.00* 0.100±0.017* 0.010±0.001*

Ni+B (500+100 µM) 1.86±0.24* 1.40±0.30* 0.00±0.00* 0.100±0.011* 0.009±0.001*

Ni+Cu (200+15 µM) 6.36±0.41 3.53±0.20 8.66±1.66 0.167±0.017* 0.013±0.001

Ni+Cu (200+75 µM) 5.70±0.36 1.16±0.53* 0.00±0.00* 0.117±0.016* 0.010±0.000*

Ni+Cu (500+15 µM) 2.10±0.45* 0.90±0.35* 0.00±0.00* 0.060±0.005* 0.005±0.000*

Ni+Cu (500+75 µM) 1.50±0.25* 0.80±0.40* 0.00±0.00* 0.050±0.005* 0.004±0.000*

The averages of three replicates ±S.E and (*) Statistically significant at p<0.05 level

Yadav et al.

sulphate (NiSO
4
). Likewise, concentration of boron (50 and100 µM)

and copper (15 and 75 µM) were also prepared using boric acid

(H
3
BO

3
) and copper sulphate (CuSO

4
) respectively. The experiment

was performed in triplicate.The sterilized seeds were grouped

separately and soaked overnight in different requisite concentration

of nickel, nickel+boron, nickel+copper solutions.Twenty seeds were

placed on filter paper in each respective petridish and 10 ml of

respective solution was used separately as prepared above.The

fresh solutions(test solutions) were applied every alternate day for

prevention of contamination and also for the maintenance of

concentration (Nath et al., 2005).In place of test solution just distilled

water was used in control.The nutrient solution was provided once

in a week for 24 hr after removal of test solution. The petridishes

were monitored daily for fungal and other type of infections. The

growth parameters like germination, plumule and radicle length, and

number of lateral roots were observed on 14th day after seedling

emergence. The seedling fresh weight was measured with the help

of digital balance (Shimadzu A-Y 220) and dry weight was measured

by placing seedling at 80±1oC in hot air oven for 24 hr until constant

weight was observed.

All the biochemical parameters were analysed. The pigment

estimation (mg g-1 fresh weight) was done by using the method of

Arnon and Stout (1949) as amended by Lichtenthaler (1987).

Amylase activity was measured as mg starch hydrolysed g-1 fresh

weight of tissue, catalase activity was measured as ml H
2
O

2

hydrolysed g-1 fresh weight of tissue, and peroxidase activity as

∆ O.D g-1 fresh weight of tissue by the methods of Katsuni and

Fekuhara (1969), Bisht  and Mehrotra (1989) and Luck (1963)

respectively. The total proteins (µg mg-1 fresh weight tissue) were

estimated by the method of Lowry et al. (1951), while total sugars

(µg mg-1 fresh weight) were determined by the method of Dubais et

al. (1956) after 14th day of seedling emergence.

The data observed in the experiment, were statistically

analyzed for the calculation of standard error (S.E).Student ‘t’ test

was administered for testing the hypothesis with the help of computer

software sigma stat 2.0 programme. The data shown are the average

of three replicates ±S.E. and statistically significant at p<0.05 level.

Results and Discussion

The results obtained in the  experiment are shown in Table

1 to 4 and Fig. 1. The results after 14th day of aqueous exposure of

different nickel levels (0, 100, 200, 500 and 1000 µM) in Radish

seedlings showed considerable reduction in seed germination (91.9,

83.3, 70.0, 55.0 and 45.0%), plumule length (8.33, 6.66, 6.20, 1.70

and 0.66 cm), radicle elongation (5.40, 3.60, 3.33, 1.73 and 0.53

cm) and number of lateral roots (13.00, 9.33, 8.00, 0.00 and 0.00)

in respective doses of nickel. But it showed better response in recovery

treatments of nickel (200 µM) with boron (50 and 100 µM), as in 200

µM of nickel in combination with 50 µM boron, plumule length, radicle

length and number of lateral roots were 9.13, 3.80 and 8.66. Likewise

in 100 µM treatment of boron plumule length was observed 9.33 cm,

radical length 3.92 cm and number of lateral roots 9.00.While in 200

µM of nickel they were significantly reduced to 6.20 cm, 3.33 cm and

8.00 respectively. Second highest concentration of nickel (500 µM)

also reduced the growth of seedling as plumule length was observed

1.70 cm, radical length 1.73.The laterals roots did not develope at

all. When this 500 µM concentration of nickel was combined with

boron (50, 100 µM), showed increase in plumule length only, as

combination of 500 µM of nickel with 50 µM boron resulted into

plumule size 2.03 cm in comparison to 1.70 cm in alone 500 µM

nickel. Although 100 µM of boron caused very little increase in

plumule length  i.e. 1.86 cm. The treatment of nickel with copper

showed only good results in the treatment of nickel (200 µM)  with

copper (15 µM) rather than any other combination (Fig. 1 and Table

1). The fresh and dry weights of seedlings decreased on increasing

the concentration of nickel, as fresh weight was observed 0.183,

0.133, 0.073 and 0.040 g seedling-1 in respective concentrations of

nickel 100, 200, 500 and 1000 µM in comparison to 0.270 of control.

Similarly, the dry weight was observed 0.022, 0.012, 0.007 and 0.004

g seedling-1 in respective concentrations of nickel (100, 200, 500 and

1000 µM) in comparison to 0.025 g seedling-1 of control.  They were
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Remedial approach in nickel toxicity

Table - 3: Effect of nickel and its combinations with boron and copper on α,

β and total amylase (mg starch hydrolysed g-1 fresh tissue weight) activity

Treatments
Amylase Amylase Total

(ααααα) (βββββ) amylase

Control 0.690±0.035 0.580±0.008 1.270±0.040

Ni 100 µM 0.513±0.006* 0.520±0.005* 1.033±0.008*

Ni 200 µM 0.363±0.003* 0.300±0.005* 0.663±0.008*

Ni 500 µM 0.280±0.011* 0.270±0.005* 0.550±0.005*

Ni 1000 µM 0.220±0.000* 0.210±0.005* 0.430±0.005*

Ni+B (200+50 µM) 0.400±0.010* 0.320±0.005* 0.720±0.005*

Ni+B (200+100 µM) 0.363±0.003* 0.440±0.005* 0.803±0.008*

Ni+B (500+50 µM) 0.350±0.015* 0.283±0.008* 0.633±0.014*

Ni+B (500+100 µM) 0.373±0.008* 0.337±0.012* 0.710±0.005*

Ni+Cu (200+15 µM) 0.280±0.011* 0.270±0.005* 0.550±0.005*

Ni+Cu (200+75 µM) 0.317±0.003* 0.320±0.005* 0.637±0.008*

Ni+Cu (500+15 µM) 0.250±0.005* 0.190±0.005* 0.440±0.005*

Ni+Cu (500+75 µM) 0.183±0.003* 0.150±0.005* 0.330±0.005*

The averages of three replicates ±SE and (*) Statistically significant at

p<0.05 level

Table - 2: Effect of nickel and its combinations with boron and copper on different pigments in radish seedlings

Chlorophyll (mg g-1 fresh tissue weight) Pheophytin (mg g-1 fresh tissue weight) Total carote-

Treatments a b Total a/b a b Total noid (mg g-1

fresh tissue

weight)

Control 0.521±0.006 0.238±0.000 0.812±0.001 2.18 0.734±0.002 0.430±0.003 1.164±0.001 0.397±0.001

Ni 100 µM 0.512±0.007 0.221±0.002* 0.737±0.027 2.31 0.689±0.005* 0.423±0.005 1.113±0.002* 0.310±0.001*

Ni 200 µM 0.410±0.000* 0.165±0.002* 0.599±0.005* 2.48 0.552±0.007* 0.329±0.006* 0.882±0.001* 0.228±0.005*

Ni 500 µM 0.1540.002* 0.081±0.001* 0.242±0.007* 1.90 0.209±0.003* 0.144±0.002* 0.353±0.002* 0.139±0.002*

Ni1000 µM 0.031±0.000* 0.030±0.003* 0.063±0.002* 1.03 0.040±0.003* 0.041±0.001* 0.082±0.001* 0.064±0.002*

Ni+B (200+50 µM) 0.502±0.002* 0.245±0.001* 0.781±0.006* 2.04 0.555±0.005* 0.450±0.003* 1.005±0.002* 0.235±0.002*

Ni+B (200+100 µM) 0.432±0.001* 0.176±0.003* 0.655±0.026* 2.45 0.552±0.008* 0.4520.008 1.004±0.001* 0.236±0.002*

Ni+B (500+50 µM) 0.158±0.000* 0.088±0.001* 0.250±0.005* 1.79 0.552±0.007* 0.329±0.006* 0.882±0.001* 0.310±0.001*

Ni+B (500+100 µM) 0.156±0.000* 0.082±0.001* 0.245±0.005* 1.92 0.689±0.005* 0.423±0.005* 1.113±0.002* 0.228±0.005*

Ni+Cu (200+15 µM) 0.418±0.001* 0.170±0.004* 0.598±0.003* 2.45 0.551±0.009* 0.329±0.002* 0.880±0.010* 0.243±0.000*

Ni+Cu (200+75 µM) 0.407±0.002* 0.164±0.000* 0.598±0.001* 2.48 0.550±0.008* 0.329±0.000* 0.876±0.009* 0.197±0.001*

Ni+Cu (500+15 µM) 0.150±0.002* 0.079±0.002* 0.241±0.008* 1.89 0.207±0.003* 0.143±0.002* 0.350±0.000* 0.123±0.001*

Ni+Cu (500+75 µM) 0.029±0.000* 0.074±0.004* 0.237±0.009* 0.39 0.202±0.000* 0.138±0.001* 0.340±0.000* 0.117±0.001*

The averages of three replicates ±S.E and (*)Statistically significant at p<0.05 level

463

found to be increased in combination of nickel with boron as compared

to lone concentration of nickel (200 and 500 µM). Whereas the

performance of nickel with copper proved ineffective in recovering

the inhibition of fresh and dry weight of seedlings caused by nickel

alone except 200 µM nickel with 15 µM of copper, where the plumule

and radicle lengths were noticed 6.36 and 3.53 cm respectively in

combination of 200 µM of nickel with 15 µM of copper compared to 6.20

and 3.33 as of nickel (200 µM) alone. Other higher concentration (500

µM) of nickel when given in combinatorial treatment of copper (15 and

75 µM), the seedling growth was almost unaffected. Moreover,  results

in treatments were never more than control.  Noteworthy decline in

pigments with increased nickel exposure was noted in total chlorophyll

as for example they were 0.737, 0.599, 0.242 and 0.063 mg g-1

fresh weight of tissue in different concentrations of nickel (100, 200,

500 and 1000 µM) in comparison to 0.812 mg g-1 fresh weight of

control. Total pheophytin contents were determined 1.113, 0.882,

0.353 and 0.082 mg g-1  fresh weight of tissue in 100, 200, 500

and1000 µM of nickel respectively, in comparison to 1.164 mg g-1

fresh weight of tissue of control. Total carotenoids were 0.310, 0.228,

0.139 and 0.064 mg g-1  fresh weight of tissue in 100, 200, 500 and

1000 µM of nickel in comparison to 0.397 of control (Table 2).

Although all these pigments were found to be increased in recovery

treatments of nickel with boron, and only  in the case of carotenoid

200 µM of nickel with 15 µM of copper showed slight effect in recovery.

The amylase activity (Total amylase, α  and β amylase) was

decreasing in nickel treatments (100, 200, 500 and 1000 µM) and

increased in the recovery treatment of boron (Table 3). Marked

increase in catalase ( 44.000, 48.667, 56.333 and 74.333 ml H
2
O

2

hydrolysed g-1 fresh weight) and peroxidase( 13.753, 22.377, 28.623

and 30.637 ∆ O.D g-1 fresh weight of tissue) (Table 4) was noticed

in all nickel treatments as compared to control where their values

were 40.000 and 4.733 respectively. There was noticeable

decreased activity in nickel with boron and combination of 200 µM

nickel with 15 µM copper. Similarly proteins were decreased from

93.067, 76.000, 55.000 and 32.867 µg mg-1  in 100, 200, 500 and

1000 µM nickel respectively as compared to control where it was

102.533 µg mg-1  fresh weight of tissue (Table 4).Eventually it

increased in nickel (200 µM) with boron (50 and 100 µM) whereas

starch contents increased (4.567, 5.000, 5.633 and 5.867µg mg-1

fresh weight of tissue) with increase in concentration of nickel in

contrast to control which was 4.433 µg mg-1  fresh weight of tissue.

The various treatments of nickel at 100 to 1000 µM were

found to be toxic. A significant reducing effect was found  regarding

germination percentage, plumule length, radicle length, number of

lateral roots, fresh and dry weights with increasing  concentration of

nickel, while the toxicity potency of nickel (200 µM) could be reduced

when it was used in combination of nickel with boron (50 and 100

µM) and copper (15 µM) as shown in Fig.1 and Table 1. The
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Table - 4: Effect of nickel and its combinations with boron and copper on catalase (ml H
2
O

2
 hydrolysed g-1  fresh weight), peroxidase (∆ O.D g-1 fresh tissue

weight) activity, total proteins and total sugars (µg mg-1 fresh tissue weight)

Treatments Catalase Peroxidase  Total proteins Total sugars

Control 40.000±0.577 4.773±0.342 102.533±2.591 4.433±0.219

Ni 100 µM 44.000±0.577* 13.753±0.382* 93.067±1.551* 4.567±0.186

Ni 200 µM 48.667±0.882* 22.377±0.881* 76.000±0.577* 5.000±0.057

Ni 500 µM 56.333±0.882* 28.6230.629* 55.000±0.577* 5.633±0.176*

Ni 1000 µM 74.333±1.202* 30.637±0.734* 32.867±1.073* 5.867±0.186*

Ni+B (200+50 µM) 41.000±0.577 15.857±0.408* 82.867±2.070* 4.100±0.057

Ni+B (200+100 µM) 44.000±0.577* 16.917±0.459* 83.667±0.882* 4.133±0.088

Ni+B (500+50 µM) 51.000±0.577* 26.333±0.687* 54.933±2.008* 4.900±0.057

Ni+B (500+100 µM) 49.000±0.577* 26.763±0.118* 55.233±0.606* 5.000±0.100

Ni+Cu (200+15 µM) 42.667±0.882 15.973±2.959* 75.333±0.882* 4.367±0.167

Ni+Cu (200+75 µM) 64.000±0.577* 41.213±1.147* 72.000±0.200* 4.833±0.066

Ni+Cu (500+15 µM) 75.000±0.577* 37.553±1.142* 47.000±3.512* 5.733±0.176*

Ni+Cu (500+75 µM) 85.000±0.577* 41.900±0.686* 42.200±0.416* 5.633±0.233*

The averages of three replicates ±S.E and (*) Statistically significant at p<0.05 level
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1- Control, 2- 100µM Ni, 3-200µM Ni, 4- 500µM Ni, 5-1000µM Ni,

6- 200+50µM (Ni+B),7- 200+100µM (Ni+B),8- 500+50µM (Ni+B),

9- 500+100µM (Ni+B), 10- 200+15µM (Ni+Cu),11- 200+75µM (Ni+Cu),

12- 500+15µM (Ni+Cu), 13- 500+75µM (Ni+Cu). The averages of three

replicates ±S.E and (*)Statistically significant at p<0.05 level
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Fig. 1: Effect of different concentration on germination percentage of radish

(Rahanus sativus)
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dynamics of seed germination and formation of sprouts were studied

by Lyanguzova(1999), who found that copper was more toxic for

seeds than nickel because of delay in sprouting and declaration of

seedling development even at lower copper concentration (1.6 x

10-3 M). He also suggested that in the presence of nickel and/or

copper the seedling growth is inhibited due to the inhibition of cell

elongation and division. Gupta et al. (2001) also found that copper is

more toxic than nickel which inhibited seed germination and seedling

growth of Raphanus sativus L.var.Pusa chetki. The effect of copper

on wheat seedling was studied by Singh et al. (2007).They found

that supra optimal level of copper (100 mg l-1) caused considerable

reduction in germination percentage, biomass, seedling growth,

pigment content (chlorophyll, carotenoid and pheophytin), total

amylase, protein and sugars, and increased activity of catalase,

peroxidase  in 14th and 21th day of copper exposure. Similar results

were also found by Zengin and Kirbag (2007), who observed that

the increasing concentration of copper (0.4, 0.5 and 0.6 mM) caused

degradation in (a and b) chlorophyll  and protein in Helianthus

annuus  seedlings.  Seregin et al. (2003) performed experiment in

maize roots and found that nickel accumulation in the pericycle

restricted root branching. Although nickel did not affect the final cell

length, and the inhibition of root growth resulted from suppressed cell

division.

Our results regarding the inhibition of seed germination and

seedling growth in different treatments (Fig. 1 and Table 1) are in

correlation with the findings of Lyanguzova (1999), Gupta et al.

(2001), Seregin et al. (2003). Seedling  subjected to nickel toxicity

showed decrease in concentration of chlorophyll and carotenoids

(Table 2), The concentration of both chlorophyll ‘a’ and ‘b’ was

reduced in response to nickel supply, although decrease in chlorophyll

‘b’ was more marked than chlorophyll ‘a’. Bhattacharjee and

Mukherjee (2003) performed experiment on Amaranthus lividus

seedlings and found that heavy metal caused reduction in pigment

content (chlorophyll, carotenoid). Although the loss of chlorophyll ‘b’

was more than chlorophyll ‘a’ under the identical conditions of heavy

metal treatment.  The decrease in these plant pigments might be due

to the cellular disorganization under nickel toxicity, which cause

agglutination of chloroplasts (Molas, 2002; Pandey and Pathak

(2006). In nickel treated (50 and100 µM) wheat decrease in

chlorophyll content of shoots has been shown by Gajewska and

Sklodowska (2007). It is well known that catalase and peroxidase

play an important role in preventing oxidative stress by catalyzing

the reduction of hydrogen peroxide (Weckx and Clijsters,1996).

Madhava and Sresty (2000) studied  zinc and nickel treated pigeon

pea seedlings (Cajanus cajan. c.v. LRG 30) which showed high

level of catalase, peroxidase, glutathione reductase, ascorbic acid

and total glutathione contents. The activity of superoxide dismutase,

catalase, ascorbate peroxidase and ionically wall-bound peroxidase
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Remedial approach in nickel toxicity 465

of both nickel treated tea cells and tea plants were shown to be

increased as compared with those of control groups by Faezeh and

Ishka (2006). The higher concentration of nickel in leaf tissue

significantly declined the total protein contents but increased  sugar

level. The level of protein  was increased in  recovery treatments.

when nickel was given in combination with boron but not  with copper.

According to Espen et al. (1997) increased concentration of nickel in

radish seedlings strongly affected  reactivation of oxygen uptake

and increased the energy change, the mobilization of sugar,

phosphor-organic compounds, and inhibited the synthesis of DNA,

RNA and protein of soluble and microsomal fractions. However,

increased RNA content did not lead to increase in protein synthesis

causing imbalances in protein distribution between cytoplasm and

nucleus (Stecka et al.,1995). This suggests that the assembly of the

translation machinery from RNA and ribosomes as well as its

functioning in protein synthesis may also be a possible target of

heavy metal toxicity.

Moya et al. (1993) performed experiment on rice plants that

were grown 5 or 10 days in a nutrient solution with nickel (0.1 and

0.5 mM). Nickel reduced carbohydrate transport by  inhibition of

starch conversion into sucrose, and its translocation to the roots

resulting into reduced carbohydrate supply for roots and in

consequences depressed mitotic activity in root meristems.

To explore interactive action of nickel with other micronutrients

like boron, copper etc. The objective of work was to find out the

toxicity level of nickel on germination, amylase, pigment contents,

proteins, sugar contents and certain antioxidative enzymes like

catalase, peroxidase, and minimization of its toxicity using

micronutrients like boron and copper. Thus the toxicity level of nickel

can be minimized by using micronutrients. In the present study it was

concluded that the soil or water containing nickel toxicity, if used for

plant growth, the use of certain micro-nutrients like boron and copper

can minimized the heavy metal toxicity.
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