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Abstract 

The growth responses and accumulation of heavy metal cadmium (Cd) was studied in tomato plants. Tomato seedlings 
were raised in sand-culture and watered with nutrient solution containing cadmium (in the form of CdCl2) at doses 
ranging from 0 to7.12 mM. At low concentrations, there was no marked growth reduction in terms of fresh and dry mass. 
However, the highest concentration (7.12 mM) of cadmium depressed growth in terms of fresh and dry mass and caused 
reduction in chlorophyll content. Sodium Dodecyl Sulfate Page Gel Electrophoresis (SDS-PAGE) of proteins showed the 
expression of low molecular weight proteins (~18, ~30 kDa) in Cd-treated plants when compared to control. Among the 
different plant parts examined for Cd accumulation, the root tissue showed maximum accumulation. The uptake, 
distribution and possible implications of cadmium tolerance in tomato plants are discussed. 
 
1 INTRODUCTION 

Cadmium is a heavy metal of great environmental 
concern and is toxic to plants, animals and humans. The 
inappropriate disposal of industrial wastes and wide spread 
use of military explosives have considerably enhanced the 
heavy metal contamination in soils and water bodies. The 
environmental contamination of Cd is mainly through the 
effluent discharge from industries, mining and leakage 
waste, and by phosphate fertilization (Hsu and Kao 2003). 
The use of plants and their associated microbs, to remove 
soil contaminants – called, phytoremediation is gaining 
increasing importance in recent years (Cherian and 
Oliveira 2005). However, the use of plants in 
phytoremediation requires an adequate understanding of 
the uptake and tolerance mechanisms and the distribution 
of contaminants like heavy metals in plant systems. 
Although, a non essential element for plant growth, Cd is 
easily taken up by roots and readily translocated and 
accumulated in several plant species (Wagner 1994; 
Scebba et al. 2006). In this paper, we study the uptake, 
distribution and accumulation of Cd in tomato plants. 
 
2 MATERIALS AND METHODS 
2.1 PLANT GROWTH AND CADMIUM 
TREATMENTS 
Tomato seeds were sown in polyethylene bags (10 × 20 
cm) filled with acid washed riverbed sand and grown at 
natural day light conditions (day/night air temperatures 
30/25 ± 2 oC). When the seedlings grew first true leaves, 
three unifromly grown plants per bag were selected and 
supplied with nutrient solution as described in Ferriera and 
Davis (1987). At six leaf stages, Cd was supplied to plants 
every alternate day by adding CdCl2 to nutrient solution at 
concentrations of 0.89, 1.78, 3.56, 5.34 and 7.12 mM for 
14 d. Seeds pregerminated in petri dishes with distilled 
water for 48 h were also treated with same concentrations 
of Cd as described above for 7 d.  In this case, only the 
effect of Cd on early seedling growth was noted. The 

untreated control plants received only nutrient solution. At 
the end of the treatments, the plants were harvested and 
rinsed with deionized water and blotted dry. The plant 
parts were separated into leaves, stems and roots and 
analyzed for growth, chlorophyll, protein and ion (Cd2+) 
contents. Three replicates were kept for each treatment. 
 
2.2 ESTIMATION OF GROWTH 

PARAMETERS 
Growth was determined as fresh and dry mass. The 

plant dry mass was determined after drying in an oven at 
70 oC to a constant weight. Water content was determined 
as gram of water per gram dry mass of the tissue (fresh 
mass- dry mass/dry mass).  
 
2.3 PROTEIN EXTRACTION AND 

SODIUM DODECYL SULFATE 
POLYACRYLAMIDE GEL 
ELECTROPHORESIS (SDS-PAGE) 

0.5 gram of leaf material was ground in a cold mortar 
with a pestle in an ice bath (0-4 oC), until no fibrous 
residue could be seen. The grinding medium (4-6 ml/g. 
fresh mass) consisted of 50 mM Tris-HCl buffer (pH 8.0), 
1 mM PMSF, 10% (v/v) glycerol and homogenizing glass 
beads. The homogenate was filtered through 4 layers of 
cheesecloth and centrifuged at 12,000 rpm for 20 minutes 
at 4 oC and the supernatant was taken. An aliquot of the 
extract was used for protein concentration following the 
method of Bradford (1976) with bovine serum albumin 
(BSA) as standard. 
SDS-PAGE was performed according to Laemmli (1970) 
with 12.5% acrylamide gels. Prior to electrophoresis, an 
equal volume of loading buffer (100 mM Tris-HCl. pH 
8.0, 2% (w/v) SDS, 5% (v/v) β–mercaptoethanol, 10% 
(v/v) glycerol, 0.025% (w/v) bromophenol blue was added 
to protein sample and boiled at 100 oC for 2 minutes. 
Electrophoretic run was carried out at a constant current of 
30 mA per plate towards the cathod for 2 hours. For 
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detection of proteins, gels were stained with 0.03% 
Coomassie Brilliant Blue R-250. 
2.4 DETERMINATION OF 

CHLOROPHYLL CONTENT 
The method of Harborne (1984) was followed for 

chlorophyll estimation. 200 mg fresh leaf tissue was 
homogenized in 80% acetone and centrifuged at 12,000 
rpm for 15 minutes at 4 oC. Chlorophyll levels in the 
supernatant after appropriate dilutions were determined 
spectrophotometrically using the following formula.  

 
 
 
 
 
 
 
 

2.5 DETERMINATION OF  
CADMIUM IONS 

 Wet digestion of oven dried tissue was employed 
for the extraction of cadmium following the method of 
(Gajeswska et al. 2006) with minor modifications. 200 mg 
of dry powdered plant material was extracted thrice with 
boiling deionized water and the supernatants were 
collected after centrifugation at 6000 rpm for 10 minutes. 
The residue obtained was re-extracted with 10 % (v/v) 
nitric acid at 90 oC for one hour. The suspension was 
cooled and centrifuged at 6000 rpm for 10 minutes.  The 
nitric acid extraction procedure was repeated thrice. All 
supernatants were pooled and made up to a known volume 
(25 ml). Following appropriate dilutions the cadmium 
concentrations in plant parts (leaves, stems and roots) were 
determined using atomic absorption spectrophotometer 
(Perkin Elmer, AAanalyst 700).  
All the data were subjected to two way analysis of variance 
and significance was determined at 95% confidence limits.  

 
3 RESULTS AND DISCUSSION 

In the present study, visible effect of Cd on plant 
morphology was evident only at the highest (7.12 mM) 
dose (Fig. 1 A, B). The presence of Cd in the nutrient 
solution (all tested concentrations) caused fresh mass 
reduction in tomato plants. However, growth in terms of 
dry mass did not show marked reduction except at 7.12 
mM Cd (Table 1). Consequently, a slight increase in water 
content in terms of gram water per gram dry mass was 
observed in all the treatments except at 7.12 mM level, 
where it showed reduction when compared to untreated 
control. No visible symptoms of Cd toxicity was observed 
in Miscanthus sinensis up to 4.4 µM concentration, 
whereas with 6.6 µM Cd, roots appear shorter and thicker 
and the whole root system become compact after one 
month exposure (Scebba et al. 2006). Enhanced plant 
growth and Cd accumulation was reported at low 
concentrations of Cd (4.4µM) in Miscanthus sinensis 

(Arduini et al. (2003, 2004). Growth of pea (Pisum 
sativum L.) plants with 50 µM CdCl2 for 15 d produced a 
reduction in the number and length of lateral roots, and 
changes in structure of the principal roots (Rodriguez-
Serrano et al. 2006). Similarly, higher concentrations of 
Cd caused reduction in root length of tomato plants in the 
present experiment (data not shown). The growth 
discrepancies reported in different plant species under Cd 
treatments are probably attributed to the metal 
concentration and period of treatment used in each case. 
Likewise, the cell response to Cd is also different 
depending on the species, organ or tissue (Sobkowiak et al. 
2004; Benavides et al. 2005). Tomato cell lines, that were 
able to grow in concentrations of CdCl2 up to 6 mM were 
reported (Gupta and Goldsbrough 1991). It is evident from 
our data that tomato plants could tolerate Cd 
concentrations up to 5.34 mM level without much loss in 
biomass, in terms of dry mass and water content.  

 
Total chlorophyll content (mg L-1)  =  17.3 A646 
+ 7.18 A663
Chlorophyll a (mg L-1)  =   12.21 A663 - 2.81 
A646
Chlorophyll b (mg L-1)  =  20.13 A646  - 5.03 
A663 A decrease in chlorophyll content was noticed at higher 

Cd concentrations (Table 1).  Chlorosis is considered as a 
visible symptom of heavy metal toxicity (Pandey and 
Sharma 2002; Gajeswska et al. 2006). The decrease in 
chlorophyll content in tissues of Cd treated plants has been 
attributed to disturbances in the synthesis as well as 
increased degradation (Scebba et al. 2006). It is probable 
that the decline in total chlorophyll content of the present 
study may result mostly from its enhanced degradation as 
evident by the increased chlorosis at higher concentrations 
in the older leaves. No significant difference in chlorophyll 
b was observed. In agreement with our results, a decline in 
chlorophyll content, chlorosis and sensitivity of 
chlorophyll a than chlorophyll b to heavy metal nickel (Ni) 
was reported in cabbage plants (Pandey and Sharma 2002).  
In contrast, in Ni- treated wheat plants, concentrations of 
chlorophyll b was more reduced than that of chlorophyll a 
(Gajeswska et al. 2006). Similar results were also reported 
by Fargasova (1998) and Gopal et al. (2002). 

Distinct changes in protein profiles were observed in 
leaf tissue of tomato plants. Two low molecular weight 
cytoplasmic proteins of ~18 kDa and ~30 kDa expressed at 
higher concentrations when compared to untreated control 
plants (Fig. 2). Rauser and Glover (1984) suggested that up 
to 85% of Cd was bound to proteins of low molecular 
weight in roots of maize. Rodriguez et al. (1997) reported 
the appearance of ~12 kDa protein in the root tissue of pea 
plants when supplied with 0.05 mM Cd and suggested that 
this protein might be a putative phytochelatin. The role of 
phytochelatins in binding Cd and thereby imparting 
tolerance were well documented including in tomato cell 
cultures (Scheller et al. 1987; Gupta and Goldsbrough 
1991; Rodriguez et al. 1997). Phytochelatins were found to 
bind most of the Cd present in the cells of Cd- treated bean 
plants (Weigel and Jager 1980). Although, we did not 
analyze the root tissue of tomato for the protein, it is 
obvious to assume that this could be true in the case of 
tomato plants in our experiments and studies in this 
direction are underway.  
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Figure 1 (A). Cadmium effect on early seedling growth of tomato plants. Pregerminated seedlings were raised in petri-
dishes at laboratory conditions and were grown with different concentrations of CdCl2 (a. control, b. 0.89, c. 1.78, d. 3.56, 
e. 5.34 and f. 7.12 mM) for 7 d. Folding of cotyledonary leaves, reduction in root length and chlorophyll depletion were 
observed in treated plants, when compared to untreated control plants. 
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(d)        (e)          (f) 

 
Figure 1 (B). Cadmium effect on growth of tomato plants raised in sand culture under different concentrations (a. control, 
b. 0.89, c. 1.78, d. 3.56, e. 5.34 and f. 7.12 mM) of CdCl2 for 14 d. Chlorophyll depletion and wilting symptoms  were 
evident at the highest (7.12 mM) concentration, when compared to untreated control 
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Figure 2. SDS-PAGE profile of leaf extract of sand culture raised tomato plants. Arrow heads indicates ~18 and ~30 kDa 
proteins expressed at 5.34 and 7.12 mM CdCl2 (lane 3 and 4) respectively, compared to untreated control (lane 2). Lane 1. 
Molecular weight markers. 
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Table 1. Effect of Cd treatment on growth and chlorophyll content of sand culture raised tomato plants. CdCl2 treatment 
was given every alternate day for 14 d.   Mean values ± s.e. (n = 5).  
 

Cd  
(mM) 

Fresh mass 
(g) 

Dry mass 
(g) 

Water content 
(g. water/g. 
dry mass) 
 

Chlorophyll a 
(mg./L) 

Chlorophyll b 
(mg./L) 

Total 
Chlorophyll 
(mg./L) 

0.00 23.94 ± 0.18 1.92 ± 0.41 12.13 ± 3.21 31.46 ± 1.55 21.99 ± 2.50 53.41 ± 1.62 
0.89 21.22 ± 1.49 1.48 ± 0.45 14.28 ± 3.27 28.09 ± 1.36 23.35 ± 0.88 51.40 ± 1.20 
1.78 18.62 ± 4.27 1.23 ± 0.19 15.03 ± 6.40 23.01 ± 0.98 22.64 ± 1.79 45.63 ± 1.58 
3.56 15.94 ± 1.58 1.12 ± 0.19 13.84 ± 4.06 22.80 ± 0.48 19.25 ± 1.36 42.02 ± 1.89 
5.34 13.42 ± 2.22 1.00± 0.17 12.36 ± 0.14 18.34 ± 1.28 22.25 ± 0.96 40.56 ± 1.19 
7.12 8.06 ± 1.05 0.68 ± 0.06 10.80 ± 0.49 17.92 ± 0.81 21.89 ± 0.58 39.78 ± 0.99 

 
Table 2. Effect of Cd treatment on Cd 2+ ion accumulation in different tissues of sand culture raised tomato plants. CdCl2 
treatment was given every alternate day for 14 d.  Mean values ± s.e. (n = 5). 

 
Cd 

(mM) 
Leaves 

(mg/g. dry mass) 
 

Stems 
(mg/g. dry mass) 

Roots 
(mg/g. dry mass) 

0.00 0.00 0.00 0.00 
0.89 2.23± 0.04 1.40± 0.14 15.77± 0.46 
1.78 2.62± 0.57 2.20± 0.08 18.23± 0.30 
3.56 2.52± 0.40 18.43± 0.38 22.31± 0.41 
5.34 3.70± 0.08 20.52± 0.45 36.17± 0.30 
7.12 9.03± 0.17 23.22± 0.28 43.33± 0.68 

 
Among the various plant parts analyzed for Cd, the root 

tissue showed higher accumulation followed by stem and 
leaf. Almost 3 fold increase in Cd was observed at 7.42 
mM level, when compared to the lowest concentration 
(0.89 mM) supplied, in the leaf as well as root tissue 
(Table 2). The untreated control plants did not show Cd 
accumulation. On Cd exposure, plants adopt a range of 
potential mechanisms including the complexation with 
phytochelatins to reduce the concentration of free Cd in the 
cytosol (Rodriguez et al. 1997; Hall 2002). Another 
mechanism is the compartmentalization of Cd into the 
subcellular compartments such as vacuoles. The high 
concentration of Cd found in the root tissue of the present 
study is in agreement with the results of Velazquez et al. 
(1992). Barcelo and Poschenrieder (1990) suggests that Cd 
retention in root might be due to cross-linking of Cd to 
carboxyl groups of the cell wall and/or to an interaction 
with thiol residues of soluble proteins (Leita et al. 1993).  
Rodriguez et al. (1997) reported the distribution of Cd in 
shoot and root tissues of maize and pea plants, where Cd 
was mostly found in the cell wall and in soluble fractions. 
The reduced translocation to shoots and leaves may also 
account for the high concentration of Cd in the root tissue 
of tomato plants. Further studies are underway to check 
whether tomato root tissue ought to have more proteins on 
account of the high Cd accumulation and the possible 
binding of Cd and also the oxidative stress and antioxidant 
defence systems in tomato plants.  At present, all these, 
appear to be primarily involved in avoiding the build-up of 
toxic concentrations of Cd within the cells of tomato plants 
and thus help preventing the damage.   
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