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Application of nanoparticles in enhancing tolerance to
biotic and abiotic stresses in plants
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Abstract

The demand for agricultural products continues to increase in parallel with the rapid
growth of the global population. However, plants are exposed to a wide range of
biotic stresses, including pests, diseases, and weeds, as well as abiotic stresses such
as drought, salinity, heat, cold, and heavy metals. These stresses significantly reduce
plant growth and crop productivity worldwide, posing a serious threat to agricultural
production and global food security. Moreover, they result in substantial economic
losses. To control pests, weeds, and plant pathogens and to maximize crop yields,
agrochemicals have been widely used. However, the excessive use of these
compounds has led to severe environmental consequences, posed risks to human
health, and imposed considerable economic costs. Therefore, the need for
sustainable utilization of natural resources and the reduction of environmental
impacts has increased interest in the development and application of innovative
technologies. Among these, nanotechnology has emerged as a promising and
effective approach for providing sustainable solutions in various fields, including
crop management. In recent years, the application of nanoscale agricultural inputs,
including nanofertilizers, nanopesticides, and nanoherbicides, has attracted
considerable attention as an innovative and promising strategy for promoting plant
growth, enhancing crop productivity, and improving agricultural performance.
Compared with conventional agrochemicals, these nanomaterials offer greater
efficiency, improved targeted delivery, and reduced environmental impacts. The aim
of this study is to comprehensively review the applications of nanoparticles in
enhancing plant tolerance to biotic and abiotic stresses and to elucidate their role in
improving crop productivity and strengthening global food security to meet the
demands of the growing world population.

Keywords: Food security, Biotic stress, Abiotic stress, Nanoparticles, Plant
productivity

S29 50 e o
M\: J_Aéjb 4.1>r.A
) (o 9 ST qwhigo
s> ISSN 2588-5073
5 9 2SI ISSN 2588-5081 online

188 Obusl 9 slar ) oskod V£ 0595
R SRR P

Research Article
Genetic Engineering and Biosafety
Journal 2025
Volume 14, Number 1, Pages: 133-146

http://gebsj.ir/

https://ecc.isc.ac/showJournal/23064

10.61882/gebsj.14.1.11

oUuS>

Citation dls -pl a5 il 5,

Ghorbani R, Zakipour Z, Ashrafi-Dehkordi E.
2025. Application of nanoparticles in
enhancing tolerance to biotic and abiotic
stresses in plants. Genetic Engineering and
Biosafety Journal, 14 (1): 133-146. Doi:
10.61882/gebsj.14.1.11

URL: http://gebsj.ir/article-1-533-en.html



http://gebsj.ir/
https://ecc.isc.ac/showJournal/23064
http://dx.doi.org/10.61882/gebsj.14.1.11
http://dx.doi.org/10.61882/gebsj.14.1.11
http://gebsj.ir/article-1-533-en.html
Ghorbaniraziyeh@gmail.com
http://dx.doi.org/10.61882/gebsj.14.1.11
https://gebsj.ir/article-1-533-fa.html

[ Downloaded from gebgj.ir on 2026-08-11 ]

[ DOI: 10.61882/gebsj.14.1.11 ]

el S GRS 4 e o 58 s D350 s 8 O 5 S5

Genetic Engineering and Biosafety Journal
Volume 14, Number 1, 2025

s

S s ik 5 me 53 OIS - nl Lo Rl 4 55 Olames Olgr Camer e i) b (50508 OV sae ¢l LS
S Al S S 5 Lo e S 558 (JLSis ol aus f 5 5n glacile daggolen (BT Lols a5 sla i
gmn $353LES M Slge M sl (S Mg 5 208 e e U Ol el 53 (STis Y g (55050 5 oS L,
@ $liS sl slge s S e oolaBl Shlast 4 a5 Lgd e (6t ol Sl OIS 5, Sl b IS ol sl e
3550 $33LS SN pama 3 Shee Olilay Sl a4 gl AL Sl bl 5 5a slacile (SUT e sl 03 1S b
03,5 g |y Ol oDl w03 sboms] (G ama s dlpe LS 5 ol Sl dm 5l e ssliad oJle ol b e S 13 eslicd
sladely  falS 5 b abe Sl ol e Dos @ ars Ll adls sles 4 ) S (golasl glaasss
S Sns Jds a4 S0 sl le al L3 ol w38 I3 ar g sy i Sl e ns slacosls Sl el (e
N gams o e dher ) ccilie ooy 3 WL Glacg Sl Sl gl s GlaKal, 5l S Olgea g5 5 b samis
5 LESESlEl das Sl abaxr 5l b plde 53 30 plend sle 38 el Gladle s pde ald (g5osliS
Ll L3 ol 035 Ll 355 w0 1) (ol a5 QLS W3, Cobi 55 il 5 o8 slagosls Olsea da iSile U
4 Joosd o8 50 D350 5 )8 melr e candllae pl SE e s pd (65,5LES OV same 5 Sas 25 5 Sosee Rl R s

b e Oler ) @ 5 Camer oI Sl sl 5 SN pmmms (605 0 Rl Bl e 55 5 OLLS s il (gls i

dl.ﬁl.; So3 o cQ\)b}:L ‘67'“"3) J‘:.O U,IMJ 4‘57.«.\'.3) o c&‘J& C,.:...A‘ d-l:_JS ;JLQJNS

Introduction and Review g 5 Aedde

e ler Wy 5 Sl dalet il 8 3 lls & 4 Olgr Cgmar Y200 Jla 55 65 L3 e e (FAO) (63,5L5S 5 14 Olesla
Cama ol glaans s (Tyczewska et al,, 2018) LS o351 0 |5 11 (gl p Comer iy 40 5, Lol B L il 3l Ao ys Ve Wb
Shoss Jelse ol Jb s ol asly 058l guelal &g a4 108 sle A5 5 SLE8 g asl 1l e 5 LB gk 4 Ol
oml gles VU glos dile o b o A5 Usd o Olgxr ol 55 (550508 SN gamee 385 Sl o (S b 5 )
N g A5 et ST S0 S e g ) (65slES Sl aelal lsn 5 O 5 B8 Ll o6h 58 ( JLSiS
Ol td ) 5¢b (Oshunsanya et al., 2019) 5535 s (55,5LiS OV puame 5 Shas 5l Ao s AY B 0) VL 5, s 31 Esl (65,5LES
Setd CBLET (Ge SRS pedle el a3lIS 36 (50lES Sl WS e Dose a4 s BB b 4 oSl
3o slacile 5 SUTalS slaglb Lsd o Jpame LS 5 3 Shes J1alS 4 e 50 5,8 slacile 5 g lan (BT Lol
Ho 93058 5 5Ll Slasle S elal s e Ol 55 (9505WS SISl e 5 LB A xS e YL
VYol i e aAS lagben 5 L p o o Ol Oler (6305LES Y s 3l doys £0 BVl alS ST (FAO, 2025) doe

sl el e 4 Jl s (eolasl oyl (Y 5 U

LS)))LMS L;':.«..A Lguuuj) B 6));..& w&v 4L¢J}S J:.QM 9 uﬁejg ‘LAJLSaJ.;..;- cLhJ:s;LLC« 4.Lq.>- J\ ‘Lg)))L.S &lﬁ.q.:‘.:l J‘_}A

- VPeF lamsli g sleg /) oslos /o205l 0590 [ (G § (sl g Sl S (owditeo


http://dx.doi.org/10.61882/gebsj.14.1.11
https://gebsj.ir/article-1-533-fa.html

[ Downloaded from gebgj.ir on 2026-08-11 ]

[ DOI: 10.61882/gebsj.14.1.11 ]

el S GRS 4 e o 58 s D350 s 8 O 5 S5

Y pame oS 3k LU 5L lerd slpe ol Sl e s e S sl Jm ol b tlasls Osde 355l sk
Sge ay Jlail e b asy iy ool Gl Dl g 50 4 ol 5 0lse pl Bl Aoy A Sl Ry ls G5 b 5 Sl (6555l
Sbool 5 S 3 a8 o,5lS slend sl Ll ol w53 L) o 3l ol b Odd ad b St 3 5550 IV s
e 5l P eslinal LS e LA(,;...._MJS\ N & ISR s OBl Sl o oa)ls Caslie sl 4 e (b e
S 5,8 eslizal ol 4x2lI8 G osese 2 s 008 Slsan L el U8 5 eds LaedlS s Sn 55 sl sloml sl La 2S sl
Ghigoben Jolss coslie (Rl o 5 L300 o b e s Dol (a8 Glisolen belse ads o 5ime b iS50
O ol @0 jzein 5 35108 o 3L S o 1) LS wdajlys 3 A= 1 i a0 (Khandelwal et al., 2016) ol ol alS
Gl pads 3 SlS @ bl ane g Sy Jame L 5L slacgisls Ll coplple 58 o G lame o 5 5 S S

(Wangetal, 2021) 15 S (65,58 (1L 5 Jsvame w3 Shas andl 5 w308 5 S

s 25 O 3 Ot e Sl Sl eslinal (a5 ladely SIalS 5 b il Sl OIGL 6)ls e Do S A s L
Sl Sl Gl 6l s el 5l S Olgsas g5 3 e e sla S5y s a4 U (555l Ole pl ps .ol i S 13
2 e $0s\lES (Aguirre-Becerra et al., 2022) 555 o a4l (5355LES SV gams o e dhe Sl ccilites glaey = 5o AelS
3RS e (ol B me (S50 St 4 IS e Doke 555LES 3 5L (5Ll (Sluesly Il el Jl 3§l 5 e SO L
L Kl e 30wl cpl s A8 SaS (ol sl s ca Jases ST alS  olie Coel frends ( aLS s glew
S b LS e ol opl S SGS (65558 SV pame kS 5 5 Ses s5p 5 S5 4 Jeod Rl (e Slge 35S Lol
(El- 555 ol LS sliolen Jolse 28 5 smwsm oL 5 (U358 Jbe Ol ) Slgimn (51 ol slag 5T ol
e 53 osle (,Saws HU (g5l A Ll 4S5 psle oK1 53 VAVE Jle s L sl 45 a5 Gl Saadony et al., 2022)
Vel (S S sl D3 SE Lsd e e b A el (pl 53 45 Wipd e iy plad s e Olge a DL3SL 5 el sl
(Khan & Upadhyaya, Xss o JJs SG5d e 5w 5 plowd st (S o Jold Lol Sy aw 4 a8 dites gl Voo U
s s S350l gl Aten oo 533 4 s sl 50 5d ol shils D386 O S 5 sladslee GS s 2019)
el il 3 0l Sles 5 dlasl Lkl 5 Aols VL Cder i Sl oV e Tl S QLA S Sl o3l
@Il er 5 b dl nl Lol Giae 5 T Glap b OF IS duadib 3503 3 pm 5 S350 tuaib gl il sl g
(e 5 p503S (535 IS (0, o ol b i gne T ile) 3k 5ol b a1 el Ol el s 5 Sl (IS
S35l (e 5 plas LT (o AT s T AT (ol L8100 S 18T (55 (555 eS| ABLe) (g5 slastS]
{(Khan and Hossain, 2022) 3 5 (gduail (s ws 5 5 Waentis 2 g cbap 3555 g 535280 d8le) s

DLLS Sl U 5 5l Jemily

Ll o5 am s SauslaS i s 3 assbaals (S o3 O glas 8 Sl sles xS ik Wb a4 el sladle s U (5
S3oaliS ile sidr (Slas S5 «uiS Slro s 5 a8 5e o s wlF POl Glaasl 53 AN el sl 03,8 Ll 55
A 53 OLLS Jams 3 g il LS &5 80y e (530S il [ e sl gyt 39008 035 6330 el 55 50 5 e
2oesde plply AL e e 58 OLLS (55lS 5 alE Pl ssg el SE Sl s 1y e 5 e GRS
SU sl (ioslis 5o w8 Wl o Il (30slaS 0 ees JHE LS e ALS (S pSTS0 o Jle o e 35S 4 ot
IRl s oz 5 A3 Sl sk e slpe sl 5 OV e bsy sl L ESEITEE 5 e S50 sl s Baas
5 a3 ,S 50 Olye 4 356 5,005 (Shang et al, 2019) 5,5 s 515 esbizal 3550 s Koo lacsbon 5 BT s s ol Conslie

- VPeF lamsli g sleg /) oslos /o205l 0590 [ (G § (sl g Sl S (owditeo


http://dx.doi.org/10.61882/gebsj.14.1.11
https://gebsj.ir/article-1-533-fa.html

[ Downloaded from gebgj.ir on 2026-08-11 ]

[ DOI: 10.61882/gebsj.14.1.11 ]

el S GRS 4 e o 58 s D350 s 8 O 5 S5

308 5 AS Slaosar s ¢l D30 Gl Sy LS SGS OV jame o504 5 M S 4 Ll s S e
5 sl (g3lsliT ity VU o &y s S 2o ) o0 51 5SS sl sl a5 il 5 IS (53,58 slacdlad s L
S350 e e S 5ol 5ok SRSen el L g0 5 L (S (G er 5 Sdne (Sl ) g Seabe Gl
(36l el S5 sla S35 aS s o Ol la w5 S e sbl (63,5l slacled o el S8 sl YL el &S s
OLLS glaain; 5 LS 5 b 51 el sas oplply 5 das e (5l | Joha lad 5 358 cas o L5l 1) gl g pdud i
Cotla (5l a iy slge 31 e05de (6555LES Jas la [ilr v alde (ol )y s dS glaaas Jsb s (Liscano et al., 2000) LS o foges
S350 o 5 gt slge A0l (9355LES SILL arn g lp 2 4 pamie ol Lo Bme b5l slap il 5L
Gl 3y DA 5 rdyy s3Il o ol ol alinad s o IS 5 W LS S35 S 3 (g ST s 3l
s o OLS Jpamn A5y a5 5 ST S LS a3l (s3ledleh b e 53 oS 55500 5 Lo 2SST a3 1,
3 s e 35S WDle S (6l OlalS 55 Sl S 5 5 Sk slassS Olge 0 dl 8 o pozman I3 50 (Wang et al., 2021)
assS 5l s Ko 5U S0 a0 18 o S350 (g305laS OV pame Sjlnd 5 (33LES 3 LS Joo ospe ol eSS
i as S 5 5 a ST 56 e (5 35LES a3l O gV g0 56 555 IS 6 LaoiS 16 5 a 25 sl S/l 28 il L
WLz o il sl 1y QLS @ Je o mes (Las e ialS u-i)":J 3 S Gk Sl S Glagdae gy, Sl e BB b
st S8 Sl Sl el 51 G0 Jasme ey Sl et Solg 55 5 S e A5 0B 1S Do w5 oS 4 ) LS

(Shang et al., 2019) das o a8 |,

sladle s Klo) o Pl 1) Jaecan 3 Ol &S sl 1350 s (gl 5w Sla B, Gommiear s cpl sladis, 5 S
03,5 s5b A5 50 5 5L ke ey o LSl 5 Lo B (LS slaoslas Sl eslinad b (g5 1St 5 (636 S350 s
Slp Wl g e ALS slaelas 5 Lag sl dags U Sl & 0 20l pgm o ol 55 58 s S & Cand (Soled o Sl 5o S
Glp 1 e usld cpl 5 das e 2l 1y (@550 s add Sl eslizal 5 o3 S eale ) W5 Aol b 4 (s eslizad S350 s
SRS 5 S 308 m e o 4 05 e (S Lo LS5l slatss (pl LS e Sl (glodinl B sk 4 s 5 Olkiatils
ol 0313 B (63,5l sz )8 53 e Baee L S 5K (L3S0 e i s e bt sty

(V Js2>) (Katiyar et al., 2020)

Spe L) 65sliS SV puae 3 Shes 5 kS W5 e 85 Lokt L3S (6osli U slas )8 3 Kos S Olss 4 b S it
el 03 sl s 3 i Gl S 5l S e e L Il 5 Y kS L ol OV e s oS Sl s iy
e bl 5 358 s )8 » ol 5 g Sesll lp 5 ALS ligolen Jolss So e 5 asiS gl p GislES Y suame
WlS 5 St adl Sl o e 53 bk el Wl S eslinal gk e eslial o5 Lams (ST imman 5 (6555l plans
Lo (Shang et al., 2019) ol odd Jsame Lol 5 5 St 5 jllad 30 5w shoanas gla g, dde 3l bl 5 iS55
Slaolon ot 5 Sl 5l ey u e QLS S5 pwikige 3 LaolKaws 5U Sl eslinad Jold (55513 56 (55,5LS slas S
Soso e &S Tl Jgame Glaaslp wdige 5 (S5 Sl Glp i baiss Sl eslinal el 55550 .l aLS

(El-Saadony et al., 2022) s oo Wl 1, (55,55LaS (oIl Jb e 55 5 s o Sl |y gosl b e b s 10e aal (g5, 5LS

- VPeF lamsli g sleg /) oslos /o205l 0590 [ (G § (sl g Sl S (owditeo


http://dx.doi.org/10.61882/gebsj.14.1.11
https://gebsj.ir/article-1-533-fa.html

[ Downloaded from gebgj.ir on 2026-08-11 ]

[ DOI: 10.61882/gebsj.14.1.11 ]

el S GRS 4 e o 58 s D350 s 8 O 5 S5

(SosleS s OTJJ{)\SJQ\JS}U),:M}-;;M_\ Jad>

Table 1. Green synthesis of nanoparticles and its application in agriculture.
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Table 2. Application of nanotechnology in plant breeding and genetic engineering.
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