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Abstract: An experiment carried out to study the effect of five Cd as well as Zn levels on growth and amino
acids content of tomato. It clear that the addition of 0.1 µmol/L of Cd and Zn induced a slight increase in plant
height and leaf number. However, at higher levels, i.e., 5 and 10 µmol/L, root length, plant height and leaf
number values were all significantly reduced. The exposure to 10 µmol/L Cd and Zn for 12 d reduced plant
height by 46.4, 36.7% compared with control, respectively. Similarly, root length was reduced by 41.1% and
25.8% respectively. The addition of Cd and Zn in the growth medium also had significant deleterious effect on
chlorophyll content of tomato seedlings. Total amino acids content is decreased with the increasing of Cd and
Zn in growth medium. The accumulation of proline and glycine seems to correlate with the greater tolerance of
tomato seedlings against Cd and Zn stress. 
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INTRODUCTION transpiration showed significant decline, in particular,

Heavy metal pollution is of considerable importance It is very imperative to determine the effect of Cd and Zn
and relevant to the present scenario due to the increasing toxicity on tomato seedlings as it is one of the most
levels of pollution and its obvious impact on human important vegetables in the world.
health through the food chain [1]. Cadmium (Cd) and zinc The present study was undertaken to investigate the
(Zn) are toxic to all organisms [2, 3]. The accumulation of effect of Cd and Zn on growth and chlorophyll content as
Cd and Zn in biotic systems as a consequence of human well as amino acids of tomato at seedling stage, in order
activities  is  becoming  a  major environmental problem. to clarify physiological effect of Cd and Zn stress on
The application of sewage sludge, city waste and Zn or tomato plants.
Cd-containing  fertilizers  causes  the increase of Cd and
Zn content in soils [4]. These elements easily taken up by MATERIALS AND METHODS
plants and then enters the food chain, resulting in a
serious health issue for humans. For instance, people will Experimental design: The experiment was carried out in
suffer from renal tubular disease if they consume rice with October 2007 in Botanical greenhouse at Taif University,
relatively high Cd content [5]. The presence of excessive Saudi Arabia. Tomato seeds were submerged in distilled
amount of Cd in soil causes many toxic symptoms in water for 4 h, surface sterilized with 0.5% (m/V) K MnO
plants, such as reduction of growth, especially root for 30 min, rinsed several times with distilled water and
growth [6], disturbances in mineral nutrition and then germinated on moist filter paper placed in sterilized
carbohydrate metabolism [7] and may therefore strongly petri dishes. Three-day-old seedlings were transferred to
reduce biomass production. The reduction of biomass by sterilized moist sand at (22±0.5)°C (13 h, day)/(22±0.5)°C
Cd toxicity could be the direct consequence of the (11 h, night). When seedlings grew the first true-leaf, the
inhibition of chlorophyll synthesis [8] and plants were supplied with 25% nutrient solution
photosynthesis [9]. Some studies reported a marked containing  the  following chemicals (mg/L) Ca(NO )
reduction in photosynthetic rate for different plant ·4H O 708.45, MgSO ·7H O 492.94, KH PO 136.09, K SO
species  under  exposure  to  Cd  and  Zn  stress [10-12]. 348.50, (NH ) SO  396.39, CaCl ·2H O 441.09, H BO  2.868,
In contrast, Haag-Kerwer et al. [13] reported that MnSO ·H O 1.545, EDTA-Fe 33.0345, ZnSO ·7H O 0.220,
photosynthesis  in  Brassica  juncea  was not affected CuSO ·5H O 0.080, Na MoO ·2H O 0.0299. At two leaf
even when it was exposed to 25 µmol/L Cd, while stages, seedlings were selected for uniformity and

under lower light conditions ( 300 µmol photons/(m ·s)).2
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transplanted to a 5-L container containing 5 L 25% (V/V) Amino acids: Amino acids were carried out according to
basic nutrient solution as described above, which was the methods described by Hussein et al. [14]. Dry and
covered with a polystyrol-plate with 5 evenly spaced defatted samples containing 50 mg protein were weighed
holes. One plant was fixed in each hole and the containers in the ampoules and 5 ml of 5.7N HCl was added.
were placed in a greenhouse under natural light condition Ampoules was sealed under vacuum and the contents
at (22±0.5)°C. The pH of the solution was adjusted to were digested at 110  for 24 hr. The sealed tubes were then
6.5±0.1 with NaOH or HCl as required. opened and samples were filtered and the residue was

At the 5th day after transplanting, cadmium and zinc washed with distilled water and the filtered volume was
were added as CdCl  and ZnSO  ((corresponding to day completed to 50 ml with double distilled water. Five ml of2 4

0 of the experiment)  respectively  to  each  container to the filtrate were evaporated under vacuum at room
form 5 concentrations of each : 0 (control), 0.1, 1, 5 and 10 temperature. The residue was dissolved in 5 ml sodium
µmol/L., with five replications. The nutrient solution in the citrate buffer (pH 2.2) and filtered trough 0.22um
growth container was continuously renewed once a week. membrane. Twenty ul of the filtered hydrolyzate was used
At 4, 8 and 12 day of the beganing of the experiments for the amino acids fractions. Condition: flow rate: 0.2
seedlings were harvested, dividing into shoot and roots, ml/min, pressure of buffer: 0-50 bar and reaction
weighed to determine fresh weight and then dried after at temperature: 123 .
least 48 h desiccation at 80°C. The dry and fresh weights All data presented are the mean values. Statistical
were used as a measure of growth. analysis was carried out by one-way ANOVA using

Water content of the seedlings: This parameter was between means. Means were considered significantly
expressed, using the values obtained for fresh and dry different for P=0.05
weights of all plants, according to (FW-DW)x100/FW.

Chlorophyll analysis: Measurements (days 4, 8 and 12) of
chl a  chl b and carotenoids fluorescence were made at Plant growth parameters and biomass: As shown in,,

room temperature in the growth chamber using the Table 1 no significant difference in leaf number and plant
portable fluorescence monitoring system (FMS1, height was found between 0.1 µmol/L Cd and Zn
Hansatech Instruments Ltd., King's Lynn, UK). treatments and control, except slight increase in case of

c

c

Student’s t-test to test significance of the difference

RESULTS

Table 1: Effect of Cd and Zn treatments on root length (cm), shoot length (cm) and number of leaves of tomato after 4, 8 and 12 days of treatments. Values

are the means±SEM of three replicated measurements

Time in days

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 8 12

----------------------------------------------------- ---------------------------------------------------- ------------------------------------------------------

Treatments R.L S.L Nu.Le R.L S.L Nu.Le R.L S.L Nu.Le

Cd (µmol/L)

0 5.1±0.4 11.1±0.4 6±1.0 8.2±0.4 18.3±0.4 8±1.0 9.2±0.4 22.1±0.4 10±1.0

0.1 5.3±0.4 11.6±0.4 6±1.0 8.3±0.4 19.6±0.4 8±1.0 10.3±0.4 23.6±0.4 11±1.0

1 3.2±0.4* 8.1±0.4* 4±1.0* 5.1±0.4* 13.8±0.4* 5±1.0* 6.1±0.4* 17.8±0.4* 6±1.0*

5 2.2±0.3** 6.6±0.3** 3±0.1** 4.2±0.3** 10.6±0.3** 4±0.1** 4.6±0.3** 14.6±0.3** 5±0.1**

10 2.0±0.2*** 5.1±0.2*** 3±0.1*** 3.8±0.2*** 8.3±0.2*** 3±0.1** 4.0±0.2*** 10.3±0.2*** 4±0.1**

Zn (µmol/L)

0 5.1±0.4 11.1±0.4 6±1.0 8.2±0.4 18.3±0.4 8±1.0 9.2±0.4 22.1±0.4 10±1.0

0.1 5.4±0.4 12.2±0.4 7±1.0 9.1±0.4 20.2±0.4 9±1.0 10.9±0.4 24.4±0.4 12±1.0

1 3.8±0.4* 9.4±0.4* 5±1.0* 6.3±0.4* 15.4±0.4* 7±1.0* 7.1±0.4* 19.3±0.4* 8±1.0*

5 3.1±0.4* 8.1±0.4* 4±0.1** 5.1±0.4* 12.3±0.4* 6±0.1** 6.2±0.4* 17.3±0.4* 7±0.1**

10 2.6±0.4** 7.1±0.4** 4±0.1** 4.6±0.4** 10.9±0.4** 4±0.1** 5.4±0.4** 14.4±0.4** 5±0.1**

R.L = Root Length, S.L = Shoot Length, Nu.Le= Number of leaves, *=Significant at P<0.5, **=Significant at P< 0.1, ***=Significant at P<0.05
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Table 2: Effect of Cd and Zn treatments on tomato fresh and dry weight (g/plant) as well as relative water content (%) after 4, 8 and 12 days of treatments.
Values are the means±SEM of three replicated measurements

Time in days
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 8 12
-------------------------------------------------------- ------------------------------------------------------ -----------------------------------------------------

Treatments FW DW RWC FW DW RWC FW DW RWC

Cd (µmol/L)
0 13±0.4 5.2±0.1 48.0±3 23±0.4 12.0±0.3 53.0±3 36±0.4 18.5±0.7 55.0±3
0.1 14±0.4 5.4±0.1 49.0±2 23±0.4 13.0±0.3 54.0±2 37±0.4 19.3±0.6 58.0±6
1 7±0.4* 3.0±0.4* 37.0±2* 16±0.4* 5.6±0.1* 40.0±2* 25±0.4* 8.2±0.4* 43.0±2*
5 4±0.3** 1.3±0.3** 31.0±2*** 10±0.3** 3.0±0.1** 34.0±2*** 17±0.3** 5.3±0.3** 37.0±2***
10 2±0.2*** 0.7±0.2*** 22.0±1*** 6±0.2*** 1.8±0.1*** 28.0±1*** 11±0.2*** 3.7±0.2*** 30.0±1***

Zn (µmol/L)
0 13±0.4 5.2±0.1 48.0±3 23±0.4 12.0±0.3 53.0±3 36±0.4 18.5±0.7 55.0±3
0.1 14±0.4 5.7±0.2 49.0±2 24±0.4 13.6±0.3 55.0±4 38±0.4 19.9±0.8 59.0±5
1 8±0.4* 3.3±0.1* 41.0±2* 18±0.4* 6.3±0.2* 43.0±2* 28±0.4* 9.3±0.5* 47.0±2*
5 6±0.4* 2.0±0.1* 33.0±2** 13±0.4* 4.2±0.1* 37.0±2*** 20±0.4* 6.8±0.3* 41.0±2**
10 3±0.4** 1.1±0.1** 26.0±1*** 9±0.4** 2.1±0.1** 32.0±1*** 13±0.4** 4.1±0.2** 34.0±1***

FW= Fresh Weight, DW= Dry Weight, RWC= Relative Water Content, *=Significant at P<0.5, **=Significant at P<0.1, ***=Significant at P< 0.05

Table 3: Effect of Cd and Zn treatments on the pigment contents (ug/g DW) during seedlings development of tomato seedlings after 4, 8 and 12 days of
treatments. Values are the means±SEM of three replicated measurements

Time in days
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 8 12
------------------------------------------------------- ------------------------------------------------------- ------------------------------------------------------

Treatments Chl.a Chl.b Caret. Chl. a Chl. b Caret. Chl. a Chl. b Caret.

Cd (µmol/L)
0 80.0±7 67.0±5 14.0±1 93.0±8 60.0±5 16.0±1 72.0±7 60.0±5 18.0±1
0.1 83.0±6 42.0±4* 10.0±1* 97.0±7 44.0±4* 12.0±1* 81.0±6 43.0±4* 16.0±1*
1 61.0±5* 36.0±4** 6.0±0.4* 79.0±6* 38.0±4** 9.0±0.4* 54.0±5* 35.0±4** 12.0±0.4*
5 56.0±5** 30.0±3*** 4.0±0.3*** 66.0±5** 33.0±3*** 7.0±0.3*** 37.0±5** 28.0±3*** 9.6±.3***
10 43.0±3*** 22.0±2*** 2.2±0.2*** 54.0±4*** 28.0±2*** 5.8±0.2*** 23.0±3*** 20.0±2*** 2.2±.2***

Zn (µmol/L)
0 80.0±7 67.0±5 14.0±1 93.0±8 60.0±5 16.0±1 72.0±7 60.0±5 18.0±1
0.1 88.0±7 52.0±4* 12.0±1* 99.0±8 55.0±4* 14.0±1* 76.0±7 57.0±4* 17.0±1*
1 71.0±6* 46.0±4** 10.0±0.4* 84.0±7* 50.0±4** 12.0±0.4* 62.0±6* 53.0±4** 15.0±0.4*
5 66.0±5** 40.0±3*** 7.0±0.4*** 76.0±7** 45.0±3*** 10.0±0.4** 46.0±5** 48.0±3*** 12.0±.0.4***
10 53.0±4** 32.0±2*** 5.3±0.3*** 63.0±5** 38.0±2*** 7.3±0.3*** 33.0±4** 40.0±2*** 9.3±0.3***

Chl.a = Chlorophyll a, Chl.b = Chlorophyll b, Caret.= Caroteins, *=Significant at P<0.5, **=Significant at P<0.1, ***=Significant at P< 0.05

0.1 µmol/L Zn treatment. However, increasing Cd and Zn metals   (Cd   and  Zn)  significantly  decreased  root
concentrations (1~10 µmol/L) in the medium induced a length   of   tomato   seedlings.   The   root length of
significant decline (P=0.05) in these 2 measurements. The plants  (10  µmol/L  Cd  and  Zn  exposure)  reduced  by
deleterious effect of these elements became more severe 41.1 and 36.2%,  respectively, compared  with  the  control
with increasing doses and extended time exposure. For at day 12. 
example, at the 12 d of 10 µmol/L Cd and Zn exposure, the Seedlings   biomass   of  tomato  increase  at  low
average plant height decreased by 53.4% and 34.7%, while level (0.1  µmol/L)  of  Cd  and  Zn  treatments.  At  high
leaf number decreased by 60% and 50%, respectively, level (1-10 µmol/L) seedlings biomass of tomato decreased
indicating that irreversible damage to tissue formation was linearly with increasing Cd and Zn levels in the nutrient
induced under heavy metal stress. The addition of heavy solution  after  4,  8  and  12  d  of  exposure (Table 2). For
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Table 4: Effect of Cd and Zn treatments on the amino acid profile induces of tomato seedlings after 12 days of treatments (g/100g protein)

Treatments

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cd (µmol/L) Zn (µmol/L)

------------------------------------------------------------------------ -------------------------------------------------------------------

Amino acid Control 0 0.1 1 5 10 0.1 1 5 10

Aspartic 9.43 8.34 7.71 5.87 4.26 9.00 8.21 7.23 6.10

Thrionine 5.23 4.86 4.00 3.65 3.12 4.99 4.52 3.85 3.62

Serine 6.23 5.89 5.12 4.99 4.00 6.00 5.52 5.12 4.40

Glutamic 14.54 12.73 10.43 9.45 8.20 13.73 11.43 9.99 8.90

Proline 18.56 20.21 24.31 16.34 14.28 19.27 21.31 23.14 18.28

Glycine 1.76 2.21 2.78 2.11 1.87 2.00 2.20 2.67 1.99

Alanine 2.65 2.43 2.11 1.87 1.11 2.53 2.31 1.99 1.61

Cystine 0.70 0.63 0.60 0.53 0.23 0.68 0.62 0.59 0.43

Valine 8.45 7.76 7.23 6.89 5.78 7.96 7.53 7.00 6.12

Muthionine 0.93 0.87 0.75 0.65 0.45 0.89 0.79 0.71 0.55

Isolycine 5.76 5.00 4.67 4.21 3.65 5.30 4.97 4.51 3.95

Lucine 12.54 11.43 10.54 9.87 7.87 12.43 11.94 10.00 8.97

Tyrosine 4.17 3.67 3.54 3.00 2.22 3.97 3.74 3.32 3.02

Phynilalanine 7.45 6.89 6.33 5.87 4.76 7.00 6.83 6.22 5.16

Histidine 3.57 3.21 2.89 2.25 1.87 3.66 3.00 2.45 2.18

Lycine 4.95 4.12 3.93 3.21 2.87 4.62 4.03 3.71 3.00

Arginine 6.48 6.00 5.66 5.12 4.38 6.20 5.99 5.42 4.98

TAA 113.40 106.25 102.60 85.88 70.92 110.23 104.94 97.92 83.26

example, the addition of 10 µmol/L Cd resulted in dry in the growth medium, it was observed that control
weight decreased by 80% and 77.3% respectively at day seedlings reached the maximal level of total amino acids
12. RWC was significantly lower in the tomato seedlings (113.4 g/100g protein) on the 12 day after treatments. In
treated with Cd and Zn from the fourth day as compared seedlings subjected to Cd and Zn stress there was
with the C group. This decrease persisted up to the 12 gradually decrease in total amino aicds content compared
day, Table 2. The decrease was more in Cd (42.1%) than to the control seedlings.
in  Zn  (35.2%)  compared  with  the  C group at 12 day for The seedlings  germinated  in  Zn  and Cd
10 µmol/L treatments. containing medium led to an increase in proline and

Pigment contents: As shown in Table 3, pigments (24.31  and  2.78  g/100g  protein)  were  attained in
decreased nearly linearly with increasing Cd and Zn in seedlings  of  Cd treatments (1 µmol/L).Total amino acids
nutrient solution from 1 to 10 µmol/L. In seedlings treated content  was  constitutively  lower  in  Cd  group than in
with 10 µmol/L Cd and Zn, chl a was lowered by 68.2% Zn group (Table 4).
and 54.1% at day 12 compared with controls. In contrast,
the chl a increased with low concentration (0.1 µmol/L) of DISCUSSION
the two elements in nutrient solution. Seedlings treated
with 1~5 µmol/L Cd showed significant decrease and the In the present work, when the tomato seedlings were
deleterious effect of Cd became more pronounced with exposed to 0.1 µmol/L Cd and Zn, seedlings height
increasing Cd level than that of Zn. Cartenoids was showed a slight increase. The results are consistent with
gradually decreased with increasing Cd and Zn in the the previous finding that there is some potentially
growth medium of tomato seedlings from 0.1 to 10 µmol/L positive impact of heavy metals on barley growth at lower
compared with control. concentration [15]. The same phenomena were found that

Amino acid contents: When amino acids content were concentrations [16]. The main explanations for this
determined in tomato seedlings with or without Cd and Zn enhancement  in  growth  include  increased  Fe solubility

glycine compared to control. The peak proline and glycine

it frequently stimulates plant growth at low
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and availability in calciolous plants, prevention of P The present investigation showed that the total
toxicity or promotion of P uptake, reduction in growth rate amino acid contents decreased in tomato seedlings
and prevention of Ca depletion, alternation of growth germinated in medium containing Zn or Cd. Sanginga and
regulators  and protection against Cu/Mn toxicity [17]. Van Hove [22] found that the total amino acids content
But verification of the explanation needs more evidences. was effected by growth medium and phase as well as
However, at higher Cd and Zn levels, e.g., 5~10 µmol/L as population density. Amino acids depression induced by
used in this study, a significant decrease in root length, the highest level of Cd and Zn (10 µmol/L) reached to 80%
plant height and leaf number values and corresponding of that control seedlings. El-Tayeb [23] found that soluble
decrease  in  biomass of tomato seedlings was observed. sugars, soluble proteins, free amino acids including
Visual symptoms due to toxicity, such as leaf necrosis, proline  content  and  lipid effected  by stress conditions.
chlorosis reddish-brown discoloration of the leaf blades, El-Basseouny and Bakheta [24] reported that stress
browning  of  root system also became more severe with increased  the  total  amino acid content in Gemmaza 9,
increasing levels and exposure time, indicating that Cd while  it  decreased  this  content  in Giza 168 wheat
toxicity caused damage to tissue development and variety. This finding confirmed results obtained by Aziz
function. This accorded with earlier reports [6, 18]. et al. [25]. Cd induce base modifications of protein, this

It was found that Cd and Zn toxicity caused notable generates covalent linkages such as thymine-cysteine
reduction in photosynthetic pigments in tomato adducts making the DNA-protein inseparable and is lethal
seedlings. Baszynski et al. [9] and Sawhney et al. [10] to  the  system  if  replication  or  transcription precedes
showed that Cd concentrations of 56 and 112 mg/L the repair mechanism  [26].  They  add that it also known
inhibited net photosynthesis to about 50% at early to inhibit the  DNA  repair  processes.  The  DNA  isolated
development stages of pigeonpea (30-day-old plants) and from  Zn-supplemented  Cd  treatments  showed  complete
did not exert any significant effect on that process at later restoration of the lost fluorescence of EB-DNA interaction
stages (70-day-old plants). The Cd concentrations used indicating intact structural integrity brought about by Zn
in their experiment were very high and rarely occur ions  favouring  enhanced  binding  of  EB  with  the
naturally. Sheoran et al. [12] also reported that at the early DNA. Zn ions were shown to inhibit DNA fragmentation
stage of pigeonpea, CO  exchange rate was quite and apoptosis induced by various stimuli in different2

susceptible to Cd stress. In the current study, the results systems [27, 28]. Zn probably modulates the protection of
in Pigment contents of tomato seedlings exposed to 1 to DNA from Cd-induced damage either by inhibition of
10  µmol/L  Cd  and  Zn confirmed these observations. Ca /Mg -dependent  endonuclease  or  by  inhibiting
The  observed  decrease of photosynthetic pigments in metal catalyzed  oxidative  damage  through  OH   attack
Cd or Zn-stressed plants could be partly attributed to on either the DNA or protein both by-SH group
lower pigment synthesis, as expressed. Sheoran et al. [12] protection and inhibition of redox cycling of the
reported that reduction of CO -exchange rate could not be associated  metal  ions  thereby  preventing  the2

completely explained by any single factor and appeared to generation of covalent linkages such as thymine-cysteine
be due to the integrated effect on stomatal conductance, adducts [29, 30].
chlorophyll content and on function of photosynthetic
apparatus. Malik et al. [19] showed that reduced CO REFERENCES2
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