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Table 1. Analysis of variance for the effect of different levels of cadmium and potassium on the biochemical traits of tomato.
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**: Significant at 1% probability level, *: Significant at 5% probability level, ™: non-significant
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(Cd1: 0mg L' Cd, Cd2: 2 mg L' Cd, Cd3:4mgL'Cd,K1: 100 mg L', K2: 200 mg L' K, K3: 300 mg L' K)
Fig. 1. Mean comparisons of the interaction effect of different levels of potassium and cadmium on the malondialdehyde (MDA)
content of tomato; Columns with the same letter are not significantly different (Duncan, p < 0.05).
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(Cd1: 0mg L' Cd, Cd2: 2 mg L' Cd, Cd3:4 mg L' Cd, K1: 100 mg L, K2: 200 mg L' K, K3: 300 mg L' K)
Fig. 2. Mean comparisons of the interaction effect of different levels of potassium and cadmium on the guaiacol peroxidase (GPX)
activity of tomato; Columns with the same letter are not significantly different (Duncan, p < 0.05).
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Fig. 3. Mean comparisons of the interaction effect of different levels of potassium and cadmium on the hydrogen peroxide (H202)
content of tomato; Columns with the same letter are not significantly different (Duncan, p < 0.05).
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Fig. 4. Mean comparisons of the effect of different levels of cadmium on the total protein of tomato; Columns with different letters
are significantly different (Duncan, p < 0.05).
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Fig. 5. The effect of different levels of potassium on the total protein of tomato; Columns with different letters are significantly
different (Duncan, p < 0.05).
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Table 2. Analysis of variance for the effect of cadmium and potassium on the concentration of nutrients in the leaf and fruit of tomato.
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**: Significant at 1% probability level, *: Significant at 5% probability level, ™*: non-significant
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Fig. 6. The effect of different levels of potassium on the tomato fruit Fe; Columns with different letters are significantly different
(Duncan, p <0.05).
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Fig. 7. The effect of different levels of cadmium on the tomato fruit Fe; Columns with different letters are significantly different
(Duncan, p <0.05).

% 60 - a

M‘*-; 50 -
’ﬂ ‘%E‘n 40 - ¢
3 45
) = 30 -
s A S
% 3 20
v S g

43 10

e 0.

Cdl cd2 Ccd3

M)‘)@AQ}L&J&‘)‘) Q}L&ZA&_&}J;-ladl.hu_,:.w‘éﬁb;gf)béjijaﬁélsMC)kﬂf‘l\ JS.:
(Cd1:0,Cd2: 2and Cd3: 4 mg L' Cd) (w5 0 SSls)

Fig. 8. The effect of different levels of cadmium on the tomato leaf Zn; Columns with different letters are significantly different
(Duncan, p < 0.05).
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Fig. 9. The effect of different levels of cadmium on the tomato fruit Zn; Columns with different letters are significantly different
(Duncan, p < 0.05).
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Fig. 10. The effect of different levels of cadmium on the tomato fruit K; Columns with different letters are significantly different
(Duncan, p <0.05).
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Fig. 11. The effect of different levels of cadmium on the tomato leaf K; Columns with different letters are significantly different
(Duncan, p <0.05).

% 60 -
“’ki; 50 -
% "ien,;u}.
3 3 =
L eh 30 o
M, B
ARSI
5 3 3
;ﬁm 10 -
- 0-

K2
K) oy sl

Lt ls e sl Slols slite Gy = U slad st ¢ K0 e S 650 o Mbgkl;fwbukmcjbjj\ AY S
(K1: 100, K2: 200 and K3: 300 mg L' K) (435 0 ,SSls)

Fig. 12. The effect of different levels of potassium on the tomato fruit K; Columns with different letters are significantly different
(Duncan, p <0.05).
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Fig. 13. The effect of different levels of potassium on the tomato leaf K; Columns with different letters are significantly different
(Duncan, p < 0.05).
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Abstract

The presence of cadmium in the soil is a major threat to plant growth and productivity. Plants often accumulate
cadmium in their edible part, reducing the yield and quality of the product. In order to evaluate the effect of different
concentrations of potassium (100, 200 and 300 mg L") under different levels of cadmium (0, 2 and 4 mg L!) stress in
tomatoes and potassium efficiency in reducing stress effects, a factorial experiment based on a completely randomized
design was carried out with 3 replications. The results showed that with raising the cadmium concentration,
malondialdehyde content, hydrogen peroxide content and guaiacol peroxidase activity were increased. The interaction
effect of cadmium and potassium on the Fe concentration in the fruits and Zn concentrations in the leaves and fruits of
tomatoes was not significant; however, the use of each of them alone had a significant effect; so, potassium
consumption increased the concentrations of Fe, Zn and K in the fruits and decreased the malondialdehyde and
hydrogen peroxide. The results of greenhouse experiments showed that the use of potassium nitrate fertilizer improved
the efficiency of the plant phytoremediation in reducing the cadmium stress, although it is necessary to continue
research in the field.

Keywords: Antioxidative enzyme, Iron, Protein, Heavy metal, Lycopersicon esculentum Mill.

Background and Objective: Cadmium is one of the heavy metals with high mobility in the environment; it is easily
absorbed by plant roots and transferred to various plant organs. Potassium moves easily throughout the plant; it is
present in large amounts in the active and growing parts of plants. The results of several studies have shown that the use
of potassium can be effective on the cadmium content accumulating in the plant. Giilser and S6nmez (3) for instance,
showed that increasing potassium in branches significantly reduced the average concentration of cadmium in them. The
aim of the present study was to evaluate the efficacy of potassium in reducing the effect of cadmium in hydroponic
culture and to assess the biochemical properties and concentrations of some nutrients in the tomato leaves and fruits
under cadmium stress.

Methods: Cheif Super tomato seeds were obtained from BONANZA (USA) with 99% purity and 85% germination
ability. Twelve liter plastic pots were used as the planting containers and sand as the planting medium. The experiment
was carried out based on a factorial arrangement in complete randomized block design with three replications.
Potassium was used at three levels (control K1: 100, 200 (K2) and 300 (K3) mg L' of potassium nitrate source (KNO3).
Cadmium was applied at three levels of zero (Control: Cdl), 2 (Cd2) and 4 (Cd3) mg L' of cadmium sulfate source
(3CdS0O4.8H,0). At the end of the experiment, the amount of biochemical parameters, such as guiacol peroxidase,
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malondialdehyde, protein and hydrogen peroxide, as well as some nutrients including iron, potassium, zinc and
cadmium, were measured in the fruits and leaves (1, 2, 4).

Results: The highest and lowest concentrations of malondialdehyde in the fruits were 208.3 and 130.2 umol g in
Cd3K1 and CdIK3 treatments, respectively. Increasing potassium decreased the concentration of malondialdehyde
from 142.6 pumol g! in the control (Cd1K1) to 139.6 and 130.66 umol g in the Cd1K2 and CdI1K3 treatments,
respectively. Using potassium and cadmium in combination with the nutrient solution increased the activity of guaiacol
peroxidase. Cadmium caused the production of hydrogen peroxide; this, in turn, increased the activity of antioxidant
enzymes, which maintained the strength of the cell wall. By using cadmium sulfate, the average concentration of
potassium in the fruits and leaves ranged from 55.50 and 33.60 mg kg! in the Cdl treatment to 44.90, 39.03 and 27.64,
19.04 mg kg in the Cd2 and Cd3 treatments, respectively. Potassium application also had a significant effect on the
iron concentration in the fruit. Therefore, it was increased from 49.96 mg kg™ in the K1 treatment to 58.21 and 66.09
mg kg! in the K2 and K3 treatments, respectively.

Conclusions: The results showed that with the application of potassium, the concentration of potassium in the fruits and
leaves was increased. Using potassium and cadmium together had a significant effect on the activity of guaiacol
peroxidase, malondialdehyde and hydrogen peroxide contents, reducing the harmful effects of the heavy metal;
however, the absorption of iron and potassium in the fruit was only affected by using potassium. The main effects and
also, the interaction of potassium and cadmium on the concentration of cadmium in the leaves and fruits were
significant; this was since increasing the concentration of cadmium in the nutrient solution raised the concentration of
cadmium in the leaves and fruits; however, using the combination of potassium and cadmium reduced the concentration
of cadmium in the leaves and fruits of tomatoes.
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