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Abstract

Aim and Background: Nowadays, the accumulation of nanoplastics in water and soil ecosystems has accompanied
by critical environmental challenges, thereby threatening health of all living organisms, including plants and humans.
Considering limited researches exploring the effects of nanoplastic contaminants on plants, this study was conducted

to understand the physiological responses of tomato plants to nanopolyethylene.

Materials and Methods: Tomato seeds were planted in pots containing a culture medium containing cocopeat and
perlite contaminated with different concentrations of polyethylene nanoplastics (diameter ranging from 20 to 40 nm),
including 0 (control), 0.1 and 1 g nanoplastic per kg soil. Changes in some physiological indices, such as stem and
root fresh weights, relative leaf water content, ion leakage rate, substomatal carbon dioxide concentration (Porometere
device), and superoxide dismutase enzyme activity (spectrophotometry method) were evaluated.

Findings: Pot experiment confirmed the negative effects of soil contamination with nanoplastics. The decrease in
stem fresh weight and root fresh weight indicated the toxic effects of nanoplastics on tomato growth. Soil pollution
with nanoplastics significantly increased the stem diameter. With increasing nanoplastic concentration, the relative
water content of leaves decreased significantly. Besides, the concentration of sub-stomatal carbon dioxide also
decreased significantly in response to the nanoplastic pollutants. The exposure of tomato seedlings to the nanoplastic
contaminant, the ion leakage index was linearly and significantly increased. Soil contamination with nanoplastics also

caused significant induction of superoxide dismutase (SOD) enzyme activity.

Conclusion: The findings warn about the dangerous aspects of nanoplastics for agricultural ecosystems and food
security. It is necessary to conduct further researches, thereby investigating the environmental effects of nanoplastics
on plant life cycle, ecosystem, and food security.

Keywords:Tomato (Solanum Licopersicum), Soil pollution; stress; superoxide dismutase; nano-pollutant;
nanoparticles.
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Figure 1 - Scanning electron microscope image (a) and infrared spectrum (b) of polyethylene nanoplastic
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Figure 2- The effect of soil contamination with nanoplastics on the different growth characteristics, including stem fresh wight (a),
stem diameter (b), leaf width (c), and root fresh weight (d)
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ion leakage (c) and superoxide dismutase enzyme activity (d) following soil contamination with different concentrations of
nanoplastics
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Figure 4- Correlation matrix in which the relationships between the explored dependent variables are shown; Blue and red colors
indicate positive and negative correlation, respectively. The color intensity indicates the intensity of the correlation.

).EJ O OV0) Cewl ool u_‘é)m «_i:.».w)byb )4‘)4 5o laaLo.A
s 0)lops Al 5 JsSly )0 geas a8 45 ) o0
St Slhs el sl Caglie slo pasilSe
Lol 5550 40,8 (nl DL 6l gan Dlades wil
Vols 5 T lgie el N ko ol ol
ol 45 il Saidgls sla et o sl %535, 535
0dS oSain el pmf Do A g sl el
odle 4 .0ld Jiwgid ohg A pedglie Jlix! als
ot g0 e S Tppg w3l Cellad 5 VL g s
Sl 2l 4 0,Ll Setadl gl b o las (sl 05,5 5o
Sl s iledled 5 glanST i ey 5 Lié
3has Wloads (Byre aliee GlapuailSe o ls Slaus]
s i 015 o Sy (gl VT o o] 5y o

OP

.

2 Samdlls b S Sogll (i ool ulss ol
oL Sy alizes slo aizr (o0l (ghie Dl s Sl
a8lus Hhad ol 38l Crge Stdgib b S Fodll .cusls
Aok ools &, Ll e ,em toli8lass o ilgd o aS ol
o Sl Sl s ead; sl (el sgpie alS
ale o) 0dlo5k slacygeyen 5o Gl alals b Wil
AL (V) ST g Sedecdlos aul «(V0) S5 jnnn] s
(s oS 50 (V) (o)) Ken 5 Yang glo sl L Lo s
g 0 (VF) (), 9 Qiu o )d 1o (F) )], K2 9 Sun
o) B sl callae gals o (1) o Ken ¢ Lian 4
slaisS olee & Lemna minor oS « lus sla aigS


http://ncmbjpiau.ir/article-1-1746-fa.html

[ Downloaded from ncmbjpiauL.ir on 2026-05-31 ]

NCMBYJ, volume & issue, 15/58, April 2025-VF ¥ ,les VO/OA o)lods g 0,95 ¢ JsSg0 = Jolus (555/5:5 5 slool dalilad

Research Article- _iag3 allis

S ol -F
D5 63,5 (g ol y

‘53|.>)d.§ 9 ,&v&) ) —V

ol s slp 608 Jeelowl waige I alwgnos
250,58 )b 1y Lo iegh cpl plxil o S (g0l 3l ples g L]
oS o S,08 tleges

&L (2l - A

o Ao a5 Wl o el Wiyl G ass e
i b gl anlyn a5 ol ad e b oased o Jbo adlie
DI S92y il S 15T rmehy ol sl ool

&UM@J (o -9
Lo ools (6,5 moz i imgh (hb o Gy (ol
oy dlamils oS lie dlie 5K 5 Jdou
L bLs,l g allie Jlo,l Salea (sl pl Lo yude) Jsine

sl e B s seled ol alils snge 1) dlxe
ol sode cdgtas 5 0l ooges ol 5 anlllas |, allie

Lpdy o

Setdlgil a5 ol oad 5155 oS sbml kS s
ST ) PS5 (00) selons] 55 590w
NF) (Sih sl o] £985 oo 098 oo (VA) cliné
(V) e Sl (Y +) (Il (slacSalasl a4y sl (14
a5 Wyl dgg Slimisd Slalllas .ol oais (535 5
3fbee 5 collid  Sadbgl ogllel b Sl
I cogdlas sl (1) Jgbus 1355 a5 (YY) s o
2 56 08) oL wdss o P! (Y ) Sdglie
o, Slee 5 (YY) Sibgiomw NS «(14) aiu, ogili]

ol oo 5,155 55 (V0) jowgsd cans
S S Az -0

Setadly il o0ry VT i digSa aS ol lis Gadow oy
4255 oS 39t 5 o) 5o Olpesd Wl crge S o
Sbylas gbacs 550 0 badl ol wd S8
@l Cutel 5 (65,5LaS bS] s oSl 5l
2l Sgrd p Grized Gedodd pl S am e ot
Slighs ool el 0yl WST ity Gladss slaoss
Gy Sl e il cals ¢l
el (65908 (2108 Cuial 5 ST DL (lalS (S
o S Sj9p0 p isres G5 (nl laasdly
5 95 Sl Copae 5 by Vst
ST (65,9laS SlapunwsST )0 ohrg 4 laSidl gl

R


http://ncmbjpiau.ir/article-1-1746-fa.html

[ Downloaded from ncmbjpiauL.ir on 2026-05-31 ]

NCMBYJ, volume & issue, 15/58, April 2025-VF ¥ ,les VO/OA o)lods g 0,95 ¢ JsSg0 = Jolus (555/5:5 5 slool dalilad
Research Article- _ing3 allio

&b

1.LLi Y, Lin X, Xu G, Yan Q, Yu Y. Toxic effects and mechanisms of engineered nanoparticles and nanoplastics on
lettuce (Lactuca sativa L.). Science of the Total Environment. 2024; 908:168421.

2.Aransiola SA, Ikhumetse AA, Babaniyi BR, Abioye OP, Oyedele OJ, Falade NO. Phytoaccumulation of micro-and
nanoplastics: root uptake. InMicro and nanoplastics in soil: threats to plant-based food 2023 Mar 7 (pp. 165-188).
Cham: Springer International Publishing.

3.Li Z, Li Q, Li R, Zhou J, Wang G. The distribution and impact of polystyrene nanoplastics on cucumber plants.
Environmental Science and Pollution Research. 2021; 28:16042-53.

4.Sun H, Lei C, Xu J, Li R. Foliar uptake and leaf-to-root translocation of nanoplastics with different coating charge
in maize plants. Journal of Hazardous Materials. 2021; 416:125854.

5.Sun H, Lei C, Yuan Y, Xu J, Han M. Nanoplastic impacts on the foliar uptake, metabolism and phytotoxicity of
phthalate esters in corn (Zea mays L.) plants. Chemosphere. 2022; 304:135309.

6.Lian J, Wu J, Xiong H, Zeb A, Yang T, Su X, Su L, Liu W. Impact of polystyrene nanoplastics (PSNPs) on seed
germination and seedling growth of wheat (Triticum aestivum L.). Journal of hazardous materials. 2020; 385:121620.

7.Li L, Luo Y, Li R, Zhou Q, Peijnenburg WJ, Yin N, Yang J, Tu C, Zhang Y. Effective uptake of submicrometre
plastics by crop plants via a crack-entry mode. Nature sustainability. 2020; 3(11):929-37.

8.Yang C, Yin L, Guo Y, Han T, Wang Y, Liu G, Magbool F, Xu L, Zhao J. Insight into the absorption and migration
of polystyrene nanoplastics in Eichhornia crassipes and related photosynthetic responses. Science of The Total
Environment. 2023; 892:164518.

9.Lian J, Liu W, Meng L, Wu J, Chao L, Zeb A, Sun Y. Foliar-applied polystyrene nanoplastics (PSNPs) reduce the
growth and nutritional quality of lettuce (Lactuca sativa L.). Environmental pollution. 2021; 280:116978.

10.Adamczyk S, Chojak-Kozniewska J, Oleszczuk S, Michalski K, Velmala S, Zantis LJ, Bosker T, Zimny J,
Adamczyk B, Sowa S. Polystyrene nanoparticles induce concerted response of plant defense mechanisms in plant
cells. Scientific Reports. 2023;13(1): 22423.

11.Zhang Y, Yang X, Luo ZX, Lai JL, Li C, Luo XG. Effects of polystyrene nanoplastics (PSNPs) on the physiology
and molecular metabolism of corn (Zea mays L.) seedlings. Science of the Total Environment. 2022; 806:150895.

12.Guo S, Zhang X, Sun H. Transcriptomic mechanism for foliar applied nano-ZnO alleviating phytotoxicity of
nanoplastics in corn (Zea mays L.) plants. Science of The Total Environment. 2023; 905:166818.

13.Maddela NR, Ramakrishnan B, Kadiyala T, Venkateswarlu K, Megharaj M. Do microplastics and nanoplastics
pose risks to biota in agricultural ecosystems?. Soil Systems. 2023; 7(1):19.

14 Kirnak H, Kaya C, Tas I, Higgs D. The influence of water deficit on vegetative growth, physiology, fruit yield and
quality in eggplants. Bulg. J. Plant Physiol. 2001; 27(3):34-46.

15.Arikan B, Alp FN, Ozfidan-Konakei C, Yildiztugay E, Turan M, Cavusoglu H. The impacts of nanoplastic toxicity
on the accumulation, hormonal regulation and tolerance mechanisms in a potential hyperaccumulator-Lemna minor
L. Journal of Hazardous Materials. 2022; 440:129692.

16.Qiu G, Han Z, Wang Q, Wang T, Sun Z, Yu Y, Han X, Yu H. Toxicity effects of nanoplastics on soybean (Glycine
max L.): Mechanisms and transcriptomic analysis. Chemosphere. 2023; 313:137571.

17.Yang Y, Wu Q, Wang D. Dysregulation of G protein-coupled receptors in the intestine by nanoplastic exposure in
Caenorhabditis elegans. Environmental Science: Nano. 2021; 8(4):1019-28.

18.0zfidan-Konakci C, Yildiztugay E, Arikan B, Alp-Turgut FN, Turan M, Cavusoglu H, Sakalak H. Responses of
individual and combined polystyrene and polymethyl methacrylate nanoplastics on hormonal content,


http://ncmbjpiau.ir/article-1-1746-fa.html

[ Downloaded from ncmbjpiauL.ir on 2026-05-31 ]

NCMBYJ, volume & issue, 15/58, April 2025-VF ¥ ,les VO/OA o)lods g 0,95 ¢ JsSg0 = Jolus (555/5:5 5 slool dalilad
Research Article- _ing3 allio

fluorescence/photochemistry of chlorophylls and ROS scavenging capacity in Lemna minor under arsenic-induced
oxidative stress. Free Radical Biology and Medicine. 2023; 196:93-107.

19.Giorgetti L, Spano C, Muccifora S, Bottega S, Barbieri F, Bellani L, Castiglione MR. Exploring the interaction
between polystyrene nanoplastics and Allium cepa during germination: Internalization in root cells, induction of
toxicity and oxidative stress. Plant Physiology and Biochemistry. 2020; 149:170-7.

20.Wang J, Zhu J, Zheng Q, Wang D, Wang H, He Y, Wang J, Zhan X. In vitro wheat protoplast cytotoxicity of
polystyrene nanoplastics. Science of The Total Environment. 2023; 882:163560.

21. Spano C, Giorgetti L, Bottega S, Muccifora S, Ruffini Castiglione M. Titanium dioxide nanoparticles enhance the
detrimental effect of polystyrene nanoplastics on cell and plant physiology of Vicia lens (L.) Coss. & Germ. seedlings.
Frontiers in Plant Science. 2024; 15:1391751.

22.Spand C, Muccifora S, Castiglione MR, Bellani L, Bottega S, Giorgetti L. Polystyrene nanoplastics affect seed
germination, cell biology and physiology of rice seedlings in-short term treatments: Evidence of their internalization
and translocation. Plant Physiology and Biochemistry. 2022; 172:158-66.

23.Haldar S, Yhome N, Muralidaran Y, Rajagopal S, Mishra P. Nanoplastics toxicity specific to liver in inducing
metabolic dysfunction—A comprehensive review. Genes. 2023; 14(3):590


http://ncmbjpiau.ir/article-1-1746-fa.html
http://www.tcpdf.org

