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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.

Corresponding author:
Institute of Converging sciences and Technologies, SR.C., Islamic Azad University, Tehran, Iran.
Email: iranbakhsh@iau.ac.ir


mailto:iranbakhsh@iau.ac.ir
http://ncmbjpiau.ir/article-1-1746-fa.html

[ Downloaded from ncmbjpiau.ir on 2026-01-31 ]

5

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

Sioles b 9 Sy il U S Sogll wae wils wi il
Solanum lycopersicum) 5,8 4> o5 oLS

¥ shas,yl SBlysl o) o goles sibaao ¥ il ] Lo ke (g yi5 doguano

Ol eliels o oMol 81T o8l ¢ lials amly ¢ colicds G ;09,5 .Y
Ol Gl 8 e ool 03T olBtils ¢jlune )5 alg ¢ (cwlids Sy 05,5 ¥

US>

L ool Gl hemecan; slagilly (S 5 ol @it GlapiunmsST ;o Mgl paxd 0390l 180 g adlis
ISL i 3924 4 5 el e laladl 5 olalS alax 5l o) Blogzgs glsil dan Lods (gl a5 sl anils JLiny
Sl @ (K8 4z s5 ol Sujelnnsed slo Gl L jolaie 4 o (al (LS 5 Seadgil sle can VT Ol 315500
a1l bl

Gl slocdale 4y ond ogll colyy 5 CasS S (ssl wetS lazme (55l sle IS 50 (K ax S el ilaghy; 9 dlge
WAl LBl SIS ) 5elS e 53 Sl o5 g o) (J5S) Sho Jold (gl Ve -F e k) (sl (b Seadl il
ST 60 CBle (g ceti 530S o f Slgiome vy 5 Al 055 e Siieln it sl (a3Ls (B g0 s
)5 58 23yl 350 (g il (5) ) S ad SS9 w3l Cllid g sl ai5s, 25 S

5 a8l 5 yj5 50 oo sddlive o me 2alS 0,5 0ol |, SLadgib b S Sogll Late il il SlalS clislesl s basdl
Soisre Gl carge Seadlsl b S (Sogll g () azsS ol ) p Sedlysil poms ST Sle 4ty 03
ogdle il alS (gl g lake 4 Sy (oo (2] Slgioee (SNl cdale 1L al sall 0,5 4y o Al b
S I3l s o rne elS Sdslh b S Fogll b o 5 ol 5, 5 S S (50 il ol
s Wl czge eizman Sidlygil b S (Sogll el (alidl ylogine 5 (b b & G ol (as s (Sadlygils
B, cre Silodly il b ool jlons LS o Sglas Lol 09y ol jod 3Uige s SS9 M)'.;—l ol o sixse

i @i coal 5 (65 )0liS SlapiasST sl S dl gl ST s glaasar 9550 )0 B Gl Sloandly : (g S Al
51 S AL S5 45 oSl aseaans Sl oy sl it Uik sliessn ) 208 oo
Lol 5 900 2l Sl g

1,356 0o VTgl slge o S| gun i3 « S Sogll (Solanum lycopersicum) 555 ax55:goadS 5514

doudo —)

i oo O g3

5 @l GpiunwsST ;0 b SLLudgil 5 9o pozs wliggiss g psle woly dSen clacyglis 5 psle suSisls
Sl 00,5 Jozd |, Sl aowcwg) sl il (S Al ol ceodal ol3T oKl
) aolasl g olalS alex 5l oai) Slog> g dod Cuodls a5 S S oy
iranbakhsh@iau.ac.ir
VFY/-ANY hpél)).b CJ)L

b bass o (Se5edomnS 95551 Sl ylas (65,5l (slapinnsnssS] VEY AVE by eyl


mailto:iranbakhsh@iau.ac.ir
http://ncmbjpiau.ir/article-1-1746-fa.html

[ Downloaded from ncmbjpiau.ir on 2026-01-31 ]

Yy

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

sy sla s Je Sigle s sl mub (S p
S denST 60 clale (g ot oSy oo (2] (Slyine
oLS ge s anSTpgw mupl cudld 5 6l aje, 5
plosl bl b Stdlgl slo sVl a4 (K58 ax oS

b gy 9 dlgo Y

Ve shahdshd b oLl (gl Jyame aslllas cnl )
Ol il A (Gl i) 295 b Al 51 gl Fe b
Ty ot o T b iolar SIS b ol s s
5 pole axly codlul of3T oSl yo (Sy3elon S 1,85
ool o bl VEYVEY o o ol olidss
Vs ) (U)ol sl e s S ]
FUCHIRRVINN Je FEXT SINSNE SINIREIN
5 S5 sS Sol> CeiS Lae (ol sla oIS )0 (02
Sty b cilisee glacale 4 oas eogll (1)) oy
2 Szl 08 Vg N (S e el
Slowd 09,8 A 0 bacaw, dils Laiol ails S 6,56l
o S5LS a1 Saiadly b p,5 0.1) NPO.L canlss Lol
(S p,55LS o (T3l s Setadlygil o, VINPL 4 (S5
AY) Wuls (g3 05,5

wPl cdld gl g Pl gl sy
SOD )L’,Mé M‘fgm

Gy 4 bgemsd  weSThsw iyl ool

bl 5l ol (Saiylosl coll ulaly 5 (6 2egids il
OF« zoge Jsb o VINBT) podgil i35 ol 50 (oabooniisnd
ool 55 ool 5,00 zlial 3L b (5, Sl siegl
V (PH YIA) s Slind Vgo oo 0 biglia Liglesl
b deg b (e 4 059) ey V9 EDTA Yoo e
b 5y il ol gl il Caz 0 YPVPP) sy
Dgls . odlos gl 10 sl 3L s o V0,18
FOC oo ;o a8 Yo Sow 4 Jol> o lac 4 0i Blo
Jodoee b Gondy yile 4B 50 )93 VFr e Sy g
lax ol)] 4 g oo B w3l o lac a5 SYL Blas

2. polyvinylpolypyrrolidone (PVPP)

Slge g Hhusn b atile pibasazs glaean¥T ol o
Jlaiol 0525 b () el ol il 1 ool Setadly
€6 3y9bS (SlapiamsngST 4y Sidly il o e dlge 0959
soebs oYl pl LS Canw oS5 sole Dlilas
5 DI Wezge cele walsd ulalyy s )S om0 |,
aile (a5 &8 oz o s Sdlygilly S lml>
i 5,15 (1) salS 5 (B) pasS (0 F) &5 (Y) L5
P9y Sen S0y pgal 5 il ysld (60T iz o]
2l oo LSGEW gl a5 0,5 ] a0 3 ol (S xSl
oy dilaie g Bl ploi (Pl aly; S Gk |
S ook 5l g Wad ady ) slacdl o)y ilr slaads,
4 e lon sloplail a4y (gl s Gk 5 55 5l AL
Sl 00y aseiin o ol pogde (V) Wgds Jao S 0% g
e Gk 5l el asy; Jlal e oS
w b Sl 395 40 a5 Cenl (0l (Sl ]

Ailgy g0 OloS 5 ol amis j0 g 0l i s5g] pw
OHen o Li L(A) 05 oo Jaiie glsn plasl 4y a5
e s abule iz a8 WS @)l 1) sumlsd (F)
L cloges ¢ S daaily daady, 1o |, oSl gl
by Syl gun) (ow s ool poogdle w0l las
S sl Sy wlgegl eles aile Jelse 4 (NPS)
A ) 5yl Sy LT o 65T £55 5 S g S
oS ashl ol asdlas (V) o Ken o Adamezyk .() -
4l 995 (PS5 92) &) ST WS aaiz el o] o oS
dlio ()il (b S350 4 (o 9 (K3 42s5)
4 ola oL S e 4y |y (58 ax6S Ll andllas o
SenS 3553 S el g ogdle 0,5 8 me Setadlgib
oeels (V) gulasT g bl Selodhgillg S
5 (OF ) Sglie oS (F F) 0b, sl asls
J ol bl ohan (V1) S pya See 5o &y
(S Ssletise o Eel 9y5e o (e Ul
AL Sadbslh & kS JsSpe 5 (Sjslsesd
ol o5l ST s gy e et 4y el oile 3L
Culgis; cpslisy spmdgilio iy p Syl gla oanY]
Gl Gt azg sl alS iz lo @55 p535

', nitrobluetetrazolium (NBT)


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

[ Downloaded from ncmbjpiau.ir on 2026-01-31 ]

A

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

oo 3l &l wig,p5 COp cdale byl jalaie oy
A oolaiwl (Porometere, Delta, England) AP4 o ,,

(EL) Fo ciis (5 po5 ojl0sl-F-Y

@S paxkd 0 Jolo glid gyl 655 ojlil cgz
@ ooy Oloj 50 Jless 2 Sl e el SG sk
oBylojl a4y alolddly g ouds oy S5 090 (A5l
B sl S 3o 1) Ll aisd Jate 5,8 ojlail g
e ol ) a0 e e 5 0888 )3 (55 b
Lyl 980 s 00,5 0 aBlo | T @y ooy julais b g0
aw g ools J1 8 Sl (g9, 3BT sles jo sl YT oo
eSS i Colas ool sl ul b o ol
5958 sl (555 o3l LT (ECL) (S STl colas
a0 VYY) Gloo o aaBo Ve Due 4 b diged g9l sl
lom G Wad 5] a3l Sy L3 g g L
loaze 3U1 gloo U o aigad (s5l> slo 5T o o, s
SR Seid Gl 5 S o3lail Ll (EC2) (S sl colan
A e aluly Bl

EL%=[EC1/EC2]*100

oSl colas =ECL «edg oSl cis s o = EL

a9l S S colas =EC2 ¢ o],

bl by -0-Y

o3 55y 2 (ANOVA) (uibls Lloss el

GraphPad prism 9 158l s, 5l cowl Caws 4 sla ools
Jis (Se35l5es 51,55 ds (5S0len ol plos . ool
S50 doys O Jleisl maw j0 (Se oyge;l 5l soliiul b
Syge Sl (Samad alal, 28,5 15 6 Ll anylie
38,5 18l ey shesliiwl b 5 oo o B o aslllas

S o
AR

JS& )0 ez (ol o (Brae hSl (gl slo (S

‘5&‘..35) (5,3)&‘ usiwj)iw fyd.» Cewl 00l solo QLAAJ \
allb) ga) slo S 0 i @ 5e)8 gole il
S1y356 (3598590 (S9Nl gy Se Se sl ol

A Ve e 80 Jolds 28Ty Jole (rizren 08
Jse oo Yo NBT Jso e ) dPH= YIA) i ol
59 (Moo Joo (oo +/V 9 EDTA Jgo o/ (gt
08 VIV i o] 5l il oo Voo ,m angs el oS
s oo Ae s (N&HPOLIZH,0) sl i il
£S5 I ol Gl s ws Je ke O
055 IEVY (igio o5+ IVED NBT L podssl sl s
oxile; 2l o> & pgdosm, o5 /0 VO 5 EDTA
e ¥ Jlaie SOD il cedlad liae cpats (gl
Verg gl 8l e ySee Ve STy Joloe 1
)18 oolil 550 5 0l bylixe waly w3l ojlae 12s Koo
lg 10 Guiboysls oY j55 5 b algd (ol 1B L s )8
PONRH AL PRI N RCRVVPRPICONCE W ;P SEIR
oailisgy ogminesl] Lisd L 1o alg) s Vo 5l Ly s 2T
)‘“"5‘-95)'&“‘”| Kws S8 QO W) L)"’?Al’ > wy 9
Jsb ,0 b aiges ©dx slacl (CARY-100 Jow) Varian

S 3 (RWC) 0l (cmis (glgsixn —Y-Y

‘jﬁ (RWC) uT P d‘jim 6)‘.55 a)'ijl G‘ﬁ

(hol 155 (9t 5 Kt o e ) 551 ol
S 035 e yshite 4 0d e b o 5 (55 5 Sl
Sad 0 el YF Sae a0 S Oladad il o5 cdl> o
8 ke ST B 55 Gugpndes az )0 ¥ gles 5 o5 58
o a5 00508 iz Ol Sy 3l Gledshe b as S
JelS” Lzl b azily polol ladad e s 0110 il o8
az s VO glos po LSy ol JWis 4 isd ()39 0ylige
Ll Sis yy9 9 oo St el Y o 4 g
o adaly 5l (e, caws ) RWC 5 0l (5,5 o3ludl 58

Wf —wd

RWC % =—— "=
=W wa

100

S s WS Slis (59 WA « 5y 5 59 WI
ol >y

&l 439,52 CO2 cdale g 5 ojlil-Y-Y


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

[ Downloaded from ncmbjpiau.ir on 2026-01-31 ]

39

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- ciag3 allis

Sl el s osdle il CH (il s iles ) oy

o8 Ogdle il 0 (pizmen s (o i | bl Ly
2iS ol )l 4 e 5l YAD: zae Jsb jo &8y wiby
Lgipe VAV: dgu> als oS > jo 0)l0 0 Lol C-H i

T %

4000

3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm")

StadMigib sl L 050,38 (ysole b 5 @) (oiiagy (95l 5Ky San o guai - IS

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
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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.
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