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Abstract: In the present study a novel approach has been made to evaluate the toxicity of cadmium in maize (Zea mays L. cv. KJ9451)

in terms of germination, seedling growth, pigment development and relevant enzyme activity,and the possible remedial approach using

potassium and copper to reduce cadmium toxicity. For the present investigations maize seeds were sown in petridishes on filter paper in

triplicate containing different doses of cadmium viz. 0.05, 0.10, 0.25, 0.50, 0.75 and1.0 mM and for interactive studies maize seeds sown

in 0.50, 0.75 and 1.00 mM Cd concentration were subjected to 0.50 and 1.00 mM concentration of potassium and copper respectively. At

the high cadmium concentrations, germination percentage was decreased. I also showed considerable reduction in plumule length, radicle

length and number of lateral roots while the potassium and copper combination with cadmium increased the seedling growth. The calculated

values of SVI were found to be decreased with increase in the concentration of cadmium. Decreased GRI values were observed in maize

treated with three higher concentrations of cadmium but the combination of potassium and copper showed recovery in GRI values. The

fresh weight, dry weight and moisture contents were also found reduced with higher cadmium concentrations but the potassium and copper

combination showed recovery when used with higher concentration of cadmium. Declined chlorophyll contents were noticed under the

influence of higher cadmium concentrations. Both the combination of potassium and copper used with 0.50, 0.75 and1.00 mM cadmium

concentrations resulted in increased chlorophyll and pheophytin contents and decreased in Cu combination respectively. The potassium and

copper (both 0.50 and 1.00 mM) with 0.75 and 1.00  mM cadmium increased the carotenoid contents although lone cadmium decreased it.

Amylase activity was found to be gradually reduced at all concentrations of cadmium. The 0.50 mM and 1.00 mM potassium combination

improved amylase activity. Marked increase in catalase and peroxidase activity by the application of test chemical was observed in different

doses of cadmium. The potassium and copper combination used with cadmium concentration reduced catalase activity while peroxidase

activity was promoted.
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Introduction

Plants are continually exposed to potentially toxic chemicals
including heavy metals. In most environmental conditions, cadmium
enters through the roots resulting in their damage (Sanita di Toppi
and Gabbrielli, 1999). Despite the different mobility of metal ions in
plants, the metal content is generally greater in roots than in the
tissues above the ground (Ramos et al., 2002; Yang et al., 1998;
Singh et al., 2008). Although Cd is not an essential and beneficial
element for plants growth and development even then they generally
exhibit measurable Cd concentrations particularly in roots and leaves,
most probably as a result of its inadvertant uptake and translocation
(Assuncao et al., 2003), It is relatively more mobile in the earth’s
surface and its cycling may be highly modified by its accumulation
through plants and animals.

It is released into the environment by power stations, heating
systems, metal working industries and urban traffic. It is widely used
in electroplating, pigments, plastic stablizers and nickel-cadmium
batteries (Sanita di Toppi and Gabbrielli, 1999). It is recognized as
an extremely significant pollutant due to its high toxicity and large
solubility in water (Pinto et al., 2004). Recently Nigam et al. (2002)

reported significant increase in Cd accumulation in various plant
tissues of Zea mays with increasing supplementation of
phytochelators (organic compound) and suggested the existance
of cadmium-organic acid interaction in soil-rhizosphere environment
of the plant. Cadmium also reduces the absorption of nitrate and its
transport from root to shoot by inhibiting the nitrate reductase activity
in shoot (Hernanderz et al., 1998). It interacts with photosynthetic
pigment, respiration, plant growth and low biomass accumulation
(Sanita diToppi and Gabbrielli, 1999; Giri, 2008).

In sensitive plants, high concentration of these metals
inhibits enzymes involved in photosynthetic reaction (Wang and
Zhou, 2005; Smirnoval et al., 2006). Reports on the level of
antioxidant molecules and antioxidant enzymatic activities in the
plant in response to cadmium exposure are discordant, both
stimulation and inhibition have been reported (Shaw, 1995;
Gallego et al.,1996; Chaoui et al., 1997; Schutzerdubel et al.,
2001; Giri et al., 2008). Potassium plays an important role in soil
plant relationship along with Ca, Mg and Na. Copper is one of
the micronutrient necessary in wide range of metabolic processes
in both prokaryotes and eukaryotes. It is widely prevalent
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in our environment and considered as essential elements for all
living organisms including plants (Underwood, 1977; Goyer, 1999).
It occurs in the environment as hydrated ionic species, forming
complex compounds with inorganic and organic legends.
Subsequent nutritional studies have demonstrated that copper is
essential for optimal growth of plants and animals (Woolhouse, 1983).

In this study, the impact of cadmium toxicity on seed
germination and seedling growth of maize (Zea mays L.) and the
interactions of potassium and copper with cadmium were
investigated.

Materials and Methods

Maize (Zea mays L. cv. KJ9451) seeds were used for
petridish experiment. The seeds were surface sterilized by dipping
i n  0 . 1 %  H g C l

2
 solution for 30 seconds to avoid fungal/bacterial

contamination, and washed properly by distilled water. All petridishes
were autoclaved for the prevention of fungal / bacterial contamination.
Test solutions of 0.05, 0.10, 0.25, 0.50, 0.75 and 1.00 mM
concentration of cadmium were prepared in pure distilled water in
laboratory by using cadmium sulphate. Pure distilled water was
used as control. Potassium and copper solutions were prepared in
pure distilled water by using potassium sulphate (K

2
SO

4
) and copper

sulphate (CuSO
4
) respectively. For interactive studies only higher

concentration of cadmium (0.50, 0.75 and 1.00 mM) were subjected
to 0.50 and 1.00 mM concentration of potassium and copper
separately. The 0.50 and 1.00 mM doses of K

2
SO

4
 and CuSO

4

were selected on the basis of literature available and the acceptability
of the plant. For the purpose of recovery against toxicity of cadmium
the nutrients like potassium and copper were used as they are
involved in certain important metabolic steps in plant life either as
ionic channels (ionic pumps) or the cofactors in enzymes or the
component of certain metabolic intermediates or products.

Twenty seeds were sown on filter paper in each petridish
and 10ml solution was used as prepared above. The experiments
were performed in triplicate. The fresh solutions were applied everyday
to avoid contaminants and to maintain concentration levels. The
petridishes were monitored daily for fungal and other type of infections.

The experiments were kept under observation for one
week. After seventh day the seedlings were harvested. Seeds with
radicle emergence of 2 mm length were counted for germination.
The growth parameters like plumule length, radicle length and
number of lateral roots were observed after one week of their
sowing. The fresh weights were measured with the help of digital
balance (Shimadzu AY-220). Dry weight was measured by placing
the seedlings at 80o ± 1oC in hot air oven for 24 hr, until constant
weight was observed, and moisture contents were calculated. Seed
vigour index (SVI) and Growth relative index (GRI) were calculated
by the method of Singh and Singh (1982).

Chlorophyll estimation was done by the method of Arnon,
(1949) amended by Lichtenthaler (1987). Pure 85% acetone

solution was used as blank and readings were taken in
spectrophotometer (Chemito UV2000) at the wavelengths 645Å,
652Å and 663 Å for estimation of chlorophyll, 655 Å and 666 Å for
estimation of pheophytin and at  480 Å and 510 Å for estimation of
carotenoid contents. Amylase estimation was done by the method of
Kastuni and Fukuhara (1969). Optical density was measured at
620 Å along with that of the blank in the same spectrophotometer.
Catalase activity was determined by the method of Euller and
Josephson  (1927) with recent modifications. Peroxidase activity
was measured by using the method of Luck (1963). Optical density
of the supernatant was measured at 485Å with the help of
spectrophotometer (Chemito UV-2000).

All the measurements were made on samples drawn in
triplicates and data presented were analyzed (ANOVA) for
significance (Duncan multiple range at p<0.05).

Results and Discussion

The results obtained in petridish culture are shown in Table
1-3 and Fig. 1-3. Germination percentage was decreased at 0.10,
0.25, 0.50, 0.75 and 1.0 mM concentration of cadmium. The
combination of potassium and copper (0.50 and 1.00 mM in both
cases respectively) increased the germination when used with  their
higher concentration of cadmium 0.50, 0.75 and 1.00 mM
respectively. The result after one week of aqueous exposure of
cadmium in maize (Zea mays L.) showed considerable reduction in
plumule length, radicle length and number of lateral roots. The
combination of potassium and copper showed higher recovery as

Table - 1: Effect of different concentrations of cadmium on fresh and dry
weights ( g) of seedlings and moisture contents in one week old maize
(Zea mays L.) seedlings

Treatments Fresh weight Dry weight Moisture

(mM) (g) (g) (%)

Control 1.867±0.217 0.222±0.001 87.799± 1.320
0.05 Cd 1.787±0.127 0.202±0.001 88.584± 0.772
0.10 Cd 1.643±0.068 0.176±0.000* 89.229± 0.480
0.25 Cd 1.533±0.082 0.136±0.002* 91.084± 0.630
0.50 Cd 1.293±0.093* 0.117±0.003* 90.890± 0.682
0.75 Cd 1.143±0.046* 0.108±0.002* 90.569±0.207
1.00 Cd 0.963±0.046* 0.067±0.000* 92.938±0.396
0.50 Cd+0.50 K 1.383±0.033* 0.108±0.003* 92.196± 0.428
0.50 Cd+1.00 K 1.343±0.119* 0.209±0.004 84.177± 1.375
0.75 Cd+0.50 K 1.163±0.163* 0.076±0.000* 93.190± 0.894
0.75 Cd+1.00 K 1.323±0.106* 0.140±0.000* 89.296± 0.782
1.00 Cd+0.50 K 1.103±0.057* 0.119±0.000* 89.126± 0.554
1.00 Cd+1.00 K 1.033±0.041* 0.058±0.001* 89.624± 4.821
0.50 Cd +0.50 Cu 1.033±0.064* 0.121±0.000* 88.195± 0.761
0.50 Cd+1.00 Cu 1.027±0.003* 0.124±0.000* 87.955± 0.051
0.75 Cd+0.50 Cu 1.087±0.158* 0.0237±0.001* 97.645± 0.400*
0.75 Cd+1.00 Cu 1.027±0.023* 0.122±0.003* 84.884± 0.402
1.00 Cd+0.50 Cu 0.907±0.155* 0.116±0.003* 86.415± 2.983*
1.00 Cd+1.00 Cu 0.893±0.175* 0.114± 0.002* 86.098± 3.068*

The average of three replicates ± S.E and (*) statistically significant at
p<0.05 level
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Cadmium toxicity on the growth of maize

the plumule length, radicle length and the number of lateral roots
were increased when compared to control (Fig. 1).

SVI values were significantly decreased with the higher
concentration of cadmium. The potassium combination shows slight
increase in SVI relative to that higher concentration of cadmium but
the copper combination did not recover the damage (Fig. 2). GRI
values were decreased with increase in the concentration of
cadmium. The potassium and copper combination used with cadmium
concentration increased the GRI values when compared with the
higher cadmium concentration alone (Fig. 3).

The data regarding fresh weight, dry weight and moisture
contents clearly showed reduction in higher concentrations of
cadmium (0.50, 0.75 and 1.00 mM). The combination of potassium
and copper (0.50 and 1.00 mM in both cases) with these higher
concentrations of cadmium (0.50, 0.75 and 1.00 mM) showed
recovery meaning their by increase in fresh and dry weights, and
moisture contents (Table 1).

Data regarding the chloropastic pigments show significant
changes resulting from the treatments. The total chlorophyll contents
in different treatments of cadmium were declined from 2.617 to 0.840
mg g-1fresh weight and total pheophytin contents from 0.845 to
0.452 mg g-1fresh weight. The potassium combination (0.50 and
1.00 mM) used with 0.50, 0.75 and 1.00 mM cadmium increased
the chlorophyll and pheophytin contents. The copper combination
(0.50 and 1.0 mM) when used with higher cadmium concentration
increased the chlorophyll contents but decreased the pheophytin
contents. Chlorophyll a/b ratio was reduced from 4.09 to 1.65 mg
g-1 fresh weight in comparison to control (4.55). The combination of
potassium and copper (1.00 mM in both cases) when used with

higher concentration of cadmium increased the chlorophyll a/b ratio.
However, carotenoid contents were reduced with the higher cadmium
concentrations. The potassium and copper combination (0.50 and
1.00 mM in both cases) with these higher concentration of  cadmium
(0.75 and 1.00 mM) showed recovery meaning their by increasing
in carotenoid contents (Table 3).

429

Table - 2: Effect of different concentrations of cadmium on pigment contents (mg g-1 fresh weight of tissue) in one week old maize (Zea mays L.)  seedling

Treatments        Chlorophyll Pheophytin Total

(mM)
Total ‘a’ ‘b’ a/b Total ‘a’ ‘b’

carotenoid

Control 2.453±0.05 1.963±0.00 0.431±0.002 4.554±0.015 0.811±0.084 0.535±0.008 0.276±0.011 0.150±0.006
0.05 Cd 2.617±0.808* 1.984±0.002* 0.484±0.002* 4.099±0.029* 0.845±0.064* 0.557±0.005* 0.288±0.001* 0.157±0.005*
0.10 Cd 2.198±0.404 1.664±0.002* 0.407±0.000* 4.088±0.001 0.805±0.029 0.526±0.001 0.281±0.009* 0.165±0.006*
0.25  Cd 1.820± 0.002 1.157±0.006* 0.331±0.0023* 3.496±0.003* 0.663±0.002* 0.475±0.008 0.188±0.006* 0.176±0.011*
0.50 Cd 1.634± 0.035 0.964±0.070* 0.315±0.000* 3.059±0.223* 0.548±0.001* 0.405±0.002* 0.143±0.006* 0.162±0.019*
0.75  Cd 1.115±0.000* 0.722±0.128* 0.305±0.001* 2.037±0.090* 0.517±0.002* 0.400±0.001* 0.117±0.002* 0.109±0.001*
1.00  Cd 0.840±0.115* 0.336±0.002 0.203±0.000* 1.655±0.007* 0.452±0.010 0.370±0.008* 0.082±0.012* 0.055±0.001*
0.50  Cd+0.50 K 1.898± 0.000 1.238±0.007* 0.431±0.002 2.872±0.032* 0.640±0.048* 0.496±0.001 0.144±0.006 0.115±0.001*
0.50 Cd+1.00 K 1.646± 0.028 1.027±0.000* 0.413±0.002 2.486±0.016* 0.572±0.012* 0.477±0.011 0.095±0.001* 0.131±0.002
0.75 Cd+0.50 K 1.339±0.017* 0.754±0.060* 0.464±0.011* 1.634±0.172* 0.598±0.106* 0.460±0.012* 0.138±0.007 0.150±0.006
0.75 Cd+1.00 K 1.062±0.019* 0.661±0.004* 0.317±0.001 2.097±0.010* 0.449±0.008* 0.347±0.009* 0.102±0.000* 0.123±0.001
1.00 Cd+0.50 K 1.988± 0.000 0.661±0.004* 0.415±0.002* 1.593±0.000* 0.505±0.002* 0.358±0.005* 0.147±0.009* 0.086±0.005*
1.00 Cd +1.00 K 1.095±0.000* 0.575±0.011* 0.341±0.009* 1.692±0.079* 0.415±0.003* 0.306±0.001* 0.109±0.001* 0.052±0.004*
0.50 Cd+0.50 Cu 1.343±0.010* 0.757±0.058* 0.433±0.002* 1.747±0.123* 0.575±0.012* 0.439±0.060* 0.136±0.001* 0.137±0.003
0.50 Cd+1.00 Cu 1.088±0.004* 0.565±0.005* 0.392±0.003* 1.442±0.026* 0.524±0.051* 0.403±0.002* 0.105±0.002* 0.123±0.001
0.75 Cd+ 0.50Cu 1.437±0.061* 0.871±0.048* 0.458±0.009* 1.908±0.147* 0.465±0.012* 0.356±0.017* 0.109±0.002* 0.144±0.005
0.75 Cd+1.00 Cu 1.572± 0.020 0.811±0.084* 0.343±0.008* 2.380±0.306* 0.421±0.002* 0.322±0.002* 0.099±0.001* 0.130±0.002
1.00 Cd+0.50 Cu 1.428±0.017* 0.674±0.334* 0.330±0.008 3.059±0.07* 1.054±0.016* 0.253±0.006* 0.800±0.029* 0.065±0.000*
1.00 Cd+1.00 Cu 1.091±0.003* 0.819±0.084* 0.213±0.002* 3.857±0.451* 0.182±0.001* 0.166±0.002* 0.066±0.001* 0.055±0.001*

The average of three replicates ± S.E and (*) statistically significant at p<0.05 level
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Fig. 1: Percentage increase or decrease in germination over control in one
week old maize (Zea mays L.) seedling.

Treatments: 1=0.05 mM Cd; 2=0.10 mM Cd; 3=0.25 mM Cd; 4=0.50 mM
Cd; 5=0.75 mM Cd; 6=1.00 mM Cd; 7=0.50 mM Cd+0.50 mM K;
8=0.50 mM Cd+1.00 mM K; 9=0.75 mM Cd+0.50 mM K; 10=0.75 mM
Cd+1.00 mM K;11=1.00 mM Cd+0.50 mM K; 12=1.00 mM Cd+1.00
mM K; 13=0.50 mM Cd+0.50 mM Cu;14=0.50 mM Cd+1.00 mM Cu;
15=0.75 mMCd+0.50 mM Cu;16=0.75 mM Cd+1.00 mM Cu; 17=1.00
mM Cd+0.50 mM Cu;18=1.00 mM Cd+1.00 mM Cu

Germination Plumule length Radicle length No. of lateral roots

2 3 4 5 6%
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Table - 3: Effect of different concentrations of cadmium on enzyme activity in one week old maize (Zea mays L.) seedling

Treatments (mM)
Amylase

Peroxidase Catalase
Total αααα ββββ

Control 0.680± 0.023 0.390±0.029 0.290±0.023 13.920±0.595 40.00±2.887
0.05 Cd 0.660±0.012 0.280±0.035* 0.380*±0.035* 15.403±0.245 120.00±8.660
0.10 Cd 0.590±0.017* 0.270±0.029* 0.320±0.012* 17.800±0.086 120.00±25.981
0.25 Cd 0.540±0.012* 0.340±0.012 0.200±0.023* 27.600±1.068 120.00±10.392
0.50 Cd 0.450±0.010* 0.270±0.029* 0.180±0.012* 17.040±0.300 144.00±0.577
0.75 Cd 0.403±0.003* 0.270±0.029* 0.130±0.017* 40.640±0.583 112.00±5.774
1.00 Cd 0.260±0.023* 0.160±0.012* 0.100±0.006* 23.120±0.339 110.00±5.774
0.50 Cd+0.50 K 0.470±0.017* 0.320±0.012 0.150±0.017* 33.360±0.219 140.00±2.887
0.50 Cd+1.00 K 0.410±0.006* 0.290±0.029* 0.120±0.012* 48.040±0.779 128.00±4.041
0.75 Cd+0.50 K 0.420±0.012* 0.260±0.023* 0.160±0.012* 40.840±0.005 168.00±0.577
0.75 Cd+1.00 K 0.400±0.012* 0.230±0.023* 0.170±0.006* 22.960±0.011 152.00±0.577
1.00 Cd+0.50 K 0.270±0.029* 0.120±0.012* 0.143±0.023* 25.280±0.063 36.00±0.577
1.00 Cd+1.00 K 0.230±0.023* 0.100±0.000* 0.130±0.029* 44.540±0.132 44.00±10.970
0.50 Cd +0.50 Cu 0.380±0.035* 0.200±0.023* 0.180±0.012* 42.000±0.277 40.00±8.660
0.50 Cd+1.00 Cu 0.340±0.012* 0.200±0.012* 0.140±0.023* 30.040±1.697 64.00±1.732
0.75 Cd+0.50 Cu 0.260±0.023* 0.140±0.023* 0.120±0.012* 19.920±1.195 48.00±13.279
0.75 Cd+1.00 Cu 0.320±0.012* 0.220±0.023 0.100±0.006* 23.720±0.543 28.00±4.041
1.00 Cd+0.50 Cu 0.180±0.012* 0.1000.006* 0.080±0.012* 38.200±0.196 56.00±1.732
1.00 Cd+1.00 Cu 0.120±0.012* 0.080±0.012* 0.040±0.012* 22.640±0.075 56.00±1.732

Amylase activity in starch hydrolyzed mg g-1fresh weight, peroxidase activity in ∆O.D.g-1fresh weight, catalase activity in ml H
2
O

2
 hydrolyzed g-1 fresh

weight tissue. The average of three replicates ± S.E and (*) statistically significant at p<0.05 level
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Fig. 2: Effect of cadmium on SVI in seedling of maize (Zea mays L.)
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The higher doses of cadmium showed poor amylase
activity, resulting into poor germination and finally poor seedling
growth. The combination of potassium with cadmium improved
amylase activity but the copper combination did not increase
the amylase activity which was also apparent from the inhibition
of seed germination. The catalase and peroxidase activity were
found to be increased with increase in cadmium concentration.
The potassium and copper combination used with cadmium

concentration decreased catalase activity while peroxidase
activity was induced (Table 3).

In present study, when SVI and GRI were calculated, they
clearly concluded the growth inhibitory effect of cadmium. Although
its combination with potassium showed recovery in germination and
seedling growth as it is clear in Fig. 2, 3 in the value of SVI and GRI.
Our results regarding inhibitory effects of cadmium on growth are in
agreement to the findings of Singh et al. (2005) who observed that

Treatments: 1= Control;2=0.05 mM Cd; 3=0.10 mM Cd; 4=0.25 mM Cd; 5=0.50 mM Cd; 6=0.75 mM Cd; 7=1.00 mM Cd; 8=0.50 mM Cd+0.50 mM
K; 9=0.50 mM Cd+1.00 mM K; 10=0.75 mM Cd+0.50 mM K; 11=0.75 mM Cd+1.00 mM K;12=1.00 mM Cd+0.50 mM K; 13=1.00 mM Cd+1.00 mM
K; 14=0.50 mM Cd+0.50 mM Cu;15=0.50 mM Cd+1.00 mM Cu; 16=0.75 mMCd+0.50 mM Cu;17=0.75 mM Cd+1.00 mM Cu; 18=1.00 mM Cd+0.50
mM Cu;19=1.00 mM Cd+1.00 mM Cu

0
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6

                                               Treatments
Fig. 3: Effect of cadmium on GRI in seedling of maize (Zea maize L.)
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Cadmium toxicity on the growth of maize 431

supraoptimal concentration of cadmium drastically inhibited shoot
length and number of axillary branches of pea plants. Yang et al.
(1998) also reported that addition of cadmium to growth medium
could cause decreased growth rate, dry matter yield and
accumulation of Fe, Mn, Cu, Ca and Mg in certain plants.

Strong reduction in the chlorophyll level at higher
concentration of cadmium was earlier reported by Somashekaraiah
et. al. (1992) and Singh et al. (2005). Cadmium caused reduction
in chlorophyll content by interacting with SH requiring enzyme like
d amino-levulinic acid dehydrates (ALAD) and porpholinogen
deaminase leading to accumulation of intermediates of chlorophyll
synthesis like amino-levulinic acid (ALA) and porphyrin (Padmaja
et al., 1990). Our results clearly show the reduction in chlorophyll
contents at the higher doses of cadmium, maximum inhibition was
found at 1.0 mM dose.

Our results regarding the inhibition of seed germination
and seedling growth in cadmium treatments can be correlated to the
decreased amylase activity as reduced amylase activity was noticed
in cadmium treatments, as shown in Table 3. The poor germination
rate and seedling growth in present study seems to be due to the
poor breakdown of starch by low amylase activity in seeds under
the influence of different concentrations of cadmium in comparison to
control. The potassium treatments improved the amylase activity but
copper did not improve it. Important role of this enzyme during seed
germination through hydrolysis of reserve starch and release of
enzyme has already been worked out by Thevenot et al. (1992).
Studies of Dunn (1974), Chang (1982) on role of amylase, related
with more hydrolysis of starch and release of enzyme can be
correlated with the findings in our experiment where potassium
application with cadmium increased germination percentage and
seedling growth.

Peroxidase and catalase showed variations in their activities
that depend on the cadmium concentration and plant species (Wua
et al., 2003; Sandalio et al., 2001; Metwally et al., 2003, 2004;
Balestrasse et al., 2003). In Phaseolus vulgaris enhanced activity
of the peroxidase was observed in roots and leaves at 5 mM Cd by
Chaoui et al. (1997). However, cadmium inhibited catalase activity
has been shown by several workers (Shim et al., 2003; Sandalio
et al., 2001; Fornazier et al., 2002). Milone et al. (2003) presented
Cd-induced antioxidative responses in wheat treated with realistic
concentration of cadmium (up to 10 mM). Catalase has been
suggested to play a role in the protection against environmental
stress (Taiz and Zeiger, 2002; Nath et al., 2008). Our findings clearly
show that the different concentrations of cadmium increased the
catalase and peroxidase activity. It seems that synthesis of catalase
and peroxidase is initiated in potassium treatments and remains
almost unchanged in the copper treatment of seedling growth.

Our result are quite suggestive of inhibitory and toxic effect
of cadmium, as increased concentration of cadmium showed marked
difference in growth parameters. The combination of the lower doses
of potassium with cadmium showed recovery but the combination of

copper did not recover the damage. The presence of cadmium in
the atmosphere, soil and water in excessive amounts can cause
serious problems to all organisms. Knowledge of metal plant
interactions is important not only for the safety of the environment,
but also for reducing the risk associated with introductions of trace
metals into the food chain.
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