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Article Info ABSTRACT
Article type: Background and Objectives: Microplastics affect plant growth by
Full Length Research Paper  changing the biological diversity and physical and chemical characteristics
of the soil. One of the microplastics with serious environmental risks is
) ) polyvinyl chloride, which is consumed in agricultural areas and in direct
Article history: . . . . :
Received: 02.07.2024 contact with the soil. Cadmium is also an unnecessary heavy metal with
Revised: 03.12.2024 high pollution, whose presence in agricultural 1apd§ apd natqal
Accepted: 04.14.2024 environments can harm the growth of crops. Phytoremediation is an on-site
cleaning method using green plants with high coverage to remove, destroy
or separate pollutants including cadmium from the environment. Kochia is

Keywords: a very adaptable herbaceous plant, resistant to salinity, drought and
Antioxidant, environmental stresses, which has a wide range of expansion due to its high
Cadm‘“‘,“a adaptability in different climates. This study was conducted to investigate
Free radicals, the potential of cadmium remediation by the Kochia plant in the conditions
Microplastic, - L . . . . . .

Nutrien of soil contamination with cadmium and polyvinyl chloride microplastics

and the extent of the plant's access to important nutrients in such
conditions.

Materials and Methods: The factorial experiment was carried out on the
base of a completely randomized design in three replications in the
research greenhouse of Crop Physiology, Faculty of Agriculture,
Bu-Ali Sina University in 2022. The experimental treatments included
polyvinyl chloride microplastic at three levels of zero, 0.1 and 1% by
weight of soil and cadmium at two levels of zero and 10 mg kg™ of soil. In
this research, root dry weight, shoot dry weight, proline, total antioxidant
capacity, free radical inhibition percentage, bioaccumulation factor and
accumulation of cadmium, iron, copper, manganese and zinc elements in
shoots were investigated.

Results: The results showed that increasing the concentration of cadmium
to 10 mg in the soil and microplastic to 0.1 and 1% caused a decrease in
root dry weight, shoot dry weight, iron, copper, manganese and zinc
element concentration in Kochia seedlings. The combined effect of
cadmium and microplastic significantly increased the amount of proline,
the total antioxidant capacity, inhibition percentage of free radicals and
cadmium. The interaction of cadmium and microplastic on the dry weight
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of the root and shoot of the seedling was significant at the 5% probability
level. So, at the highest stress level (cadmium 10 mg and microplastic 1%),
the dry weight of root and shoot was 1.10 and 5.60 g per plant,
respectively. Also, the interaction of cadmium and microplastics on the
amount of proline was significant at the 1% probability level. The highest
amount of proline was obtained in the concentration of 10 mg/kg of
cadmium and 1% soil microplastic, equivalent to 38.70 /g fresh weight. In
the treatment of 10 mg of cadmium, with the increase of soil microplastics
from zero to 0.1 and 1%, the amount of total antioxidant activity increased
by 53.62 and 81.38%, respectively, compared to the control treatment. The
inhibition percentage of free radicals was significant at the probability level
of 1% and in the treatment of 10 mg of cadmium and 1% microplastic, it
increased by 9.55% compared to the control. The interaction of cadmium
and microplastics on the amount of cadmium, iron, copper, manganese and
zinc was significant at the 1% probability level. At the concentration of
10 mg of cadmium in the soil, with the increase of soil microplastics
from zero to 0.1 and 1%, the amount of cadmium in the shoot increased
by 21.30 and 42.02%. At the highest level of stress, cadmium 10 mg and
microplastic 1%, the amount of iron, copper, manganese and zinc elements
in the shoot decreased to 24.13, 55.97, 39.88 and 47.93 mg kg™ soil,
respectively, compared to without microplastic (control), so that the highest
negative effect was observed in copper, zinc, manganese and then iron,
respectively.

Conclusion: In general, the results of this research showed that although
the used concentrations of cadmium and polyvinyl chloride microplastics
in the soil, caused a decrease in the absorption of important nutrients, a
decrease in the growth and dry weight of the plant's shoot and root, but the
Kochia plant through absorption and the accumulation of cadmium in
aerial parts has a good potential for plant remediation in cadmium and
microplastics contaminated soils.
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Fig. 1. Kochia seedlings grown under cadmium and polyvinyl chloride microplastic stress.
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Table 1. Analysis of variance (mean square) of the effects of cadmium and microplastics on measured traits in
Kochia seedlings.

BT dSsl, Jlee S st sl e b w2 = =
RIS ' " Sleub TS
’ 2 ST Han Sl s el el lets mle
Free radical Total antioxidant Prolin ) Sources of chanees
scavenging capacity Root dry Shoot dry dn &
weight weight
Fok Fok ok Fok ok r):dJLf
1020.40 81056.80 2404.94 5.89 42.33 1
Cadmium
22291 55044.09 891.36 1.26 10.63 2 S
Microplastic
. o " M X S s
49.06 5729.89 598.06 0.183 4.05 2 s S X
Cadmium x Microplastic
Lo
7.48 649.26 3.493 0.030 0.624 12
Error
L .
5.15 6.76 8.53 8.86 10.36 - T
Coefficient of variation

e
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** % and ™ are significant at 1% and 5% probability level and non-significant, respectively
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Table 2. Analysis of variance (mean square) of the effects of cadmium and microplastics on the desired
elements in Kochia seedlings.

) e Jole S N o ol pe3lS &3l3T am s Sl pis mle
Bioconcentration Factor Zn Mn Cu Fe Cd df Sources of changes
*k *k *k *k ns *ok (}:ﬁéls
4.5541 0.2431 0.1475 0.0115 0.0040 75.29 1
Cadmium
" " " " " " Sy 5,5
0.3109 0.0350 0.0548 0.0048 0.2518 0.929 2 ’
Microplastic
0.2342 0.0053  0.0040°  0.0008"  0.0687"  0.782 2 s S X
Cadmium x Microplastic
- o
0.0058 0.0010 0.0010 0.0001 0.0058 0.092 12
Error
Ol s 5
10.09 7.07 6.23 10.30 531 13.17 - S

Coefficient of variation

J\éwfwjé@jugidw‘da.n)éﬂéw%j A..vnsjiﬁ:m

** % and ™ are significant at 1% and 5% probability level and non-significant, respectively
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Table 3. Comparison of the average interaction effect of cadmium and microplastic on measured traits in
Kochia seedlings.

= —

=} — K] -

3] = ‘o, DAY s e
3, % o 2 2 o 2 =3 I ogs f
5) 2 L2 —%z L - I B %“ 4 B J) 'gn Hg ow g

& S o \\{ o 0 2 o - \,2 3 Y ) é; 7=
LDEOSE ME SE SE BE FE Y 32 j“ ¥ g
4 2 S = 3 2 3 = 15 47 E

S S 2 -~ 9 P &

=1 & S b _g O

A ~ 73}
0211°  0.609* 0.709° 0.174° 1.715* 0221  7.58° 3.16° 11.56° 0
0258° 0593  0.599° 0.146° 1.523° 0.268° 10.84%  2.56° 8.46° 0.1 0
0284°  0519° 0534° 0.137°  1.107% 0.286% 12.63¢ 1.90° 7.43% 1
0.991°  0.436° 0514 0.134%* 1517° 3.591° 17.32°  1.66% 6.63% 0
1.033°  0360% 0475%  0.111° 1.422% 4356° 24.38° 1.43¢ 6.03% 0.1 10
1747  0227°  0.309° 0059 1.316° 5.100° 38.70° 1.10° 5.60¢ 1
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Fig. 2. The effect of cadmium and microplastics on the total antioxidant capacity and inhibition of free radicals
of Kochia seedlings.
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