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Abstract. Wheat (Triticum aestivum L.), as one of the most important cultivated crops in the world and Iran, is constantly
threatened by many diseases, including Fusarium contamination. Due to the unique characteristics of nanoparticles, copper oxide
nanoparticles show high antibacterial and antifungal properties. The purpose of this research was to comparatively investigate the
antifungal effects of copper oxide nanoparticles and its bulk form on the suppression of Fusarium calmorum in wheat. For this
purpose, a pot experiment was done with four levels (10, 250, 500, and 1000 mg L) of nanoparticles and bulk form of copper
oxide treatments in wheat (Roshan cultivar). The results showed that the maximum inhibition of root pathogenicity was observed
in a high concentration of nanoparticles as compared to bulk form. The 250 and 500 mg L concentrations of copper oxide
nanoparticles caused the highest stem and root length and the highest dry weight of the aerial part and root, respectively.
Treatment with 10 and 250 mg L' nanoparticles also increased the content of chlorophyll a, total chlorophyll, carotenoid,
chlorophyll stability index, membrane stability coefficient, and relative leaf water content. While the content of chlorophyll b,
malondialdehyde, hydrogen peroxide, and proline increased with the increasing concentration of both nanoparticle and bulk
forms. The results of this research showed that the low and medium concentrations of nanoparticles were more successful in
inhibiting the aforementioned fungus than the bulk form.
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Figure 1. View of natural wheat (Roshan cultivar) (Positive Control), fungal-infected plant (Negative Control), plants treated
with copper oxide nanoparticles (nCuO), and plants treated with bulk form of copper oxide particles (bCuO).
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Table 1. Effect of copper oxide nanoparticles and copper oxide bulk on the growth and disease severity indices in wheat (Roshan
cultivar). Each data is the mean of 3 independent replicates; values with the same letter did not significantly differ at P < 0.05
levels based on the Duncan test. nCuO is the nanoparticle form and bCuO is the bulk form of the particle.
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Figure 3. Comparison of the effect of different concentrations of copper oxide nanoparticles (nCuO) and the bulk form
(bCuO) on the relative water content (A), membrane stability index (B), hydrogen peroxide content (C), malondialdehyde
content (D) and proline content (E) compared to the controls in wheat (Roshan cultivar). Each data is the mean of 3
independent replicates = SE; values with the same letter did not significantly differ at P < 0.05 levels based on the
Duncan test. nCuO is the nanoparticle form and bCuO is the bulk form of the particle.

o (Podosphaera pannosa) _wspy 5 (benthamiana
Hao et al., ) oS s .5 ol> (Rosa rugosa Thunb.) ;, |5
Solowm jeliaibos oSy yies (2018 and 2019
ol,396 dawgs Bl oxysporum g8 51 56 pgle8 (S0 ek

s sl (Citrullus lanatus) dlgae o 0S| o
o852 § Kazemian s.é> o (Borgatta et al., 2018)
28 sl o 00l S 0S| e 3,356 0 )15 (2019)

deeS e JS3] plo a8 wa oo Lt ol Sl mbs
2 ke g chale 4 Aty &g 4 (0395 5 5L p)8)
— e sk el 8 U Sy Wl e pa )l 2B e
ot (i Sldllae o il 0098 0,8 00 5l iy gl
05 1y bl ol 6l ST 5 5308 S35l a5 el o
SSlige mild ugpg ez Sl omany Slagipl Sshe 516
Nicotiana ) Sl o (Turnip Mosaic Virus)

40/% -


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.4.7
https://nbr.khu.ac.ir/article-1-3558-fa.html

[ Downloaded from nbr.khu.ac.ir on 2025-11-09 ]

[ DOR: 20.1001.1.24236330.1402.10.1.4.7 ]

Nova Biologica Reperta 10(1): 33-46 (2023)

aASad osalie pizmes (Zuverza-Mena et al., 2015)
Yo bV glecdide 5) CuO NPs b ouss 2ol sasls
Sl Gl 1y paS al, g B ek (il 05 e
ol (ol )15 bt Ley o (IS sk 4y (Hafeez, 2015)
ol e oS 545 0 olS 0, ialS g0 CuO NPsclale
S g Sdsi g Solld als g Ll ade Gl 4 )
DA G Jsh ady S (St 5 ool b
oS QLS lo b e plis o peians 208 b g oions
(Coombes et al., 1976) sias o s
(PLS 2 s Cdib )0 She Jelse (n St
388 Sl Gigid SlaopSs) plu g laidg IS (slyiowe
Sk cuye (SS9l @ Judo)lS 2l o, A BeiS
Sosll jpa 10 (b S35 5| et ) oaseii) 5 5 b IS
95 b led aile 5 o5 lacdale izran o) Cod 4y ()
59 ,55% Slas dsgy g0 CuO bulk 4 CuO NPs 48
3l e SlLSU e 45T iz e 0l ool Lo paiS
ol @l b alie g ol sl oogi 08 5l e D3 9l g3
5 sy, k) 5y clooseSs, CUuO NPs a8 claclake
(Solanum Ilycopersicum) 55,3425 olS (Ladess)ls
wnl g oedle wls Gl 1) Foooxysporum z,8 a5 esgll
4255 Fegtd (liee Cendlyy CUO NPs 5ol slacilale
S S ,o0 (wals mhaw b dwslio j0) w0 VR LT, (S8
Slyd b6l 55 simgh o (Saharan et al., 2015)
o l(d )0 05 (e B 5 VD) o5 cdale jo s puegil
Scenedesmus Sz 055515 5 8,5 lgizme il
Olydgl 5L slacdale b ass a5 >0 ol dimorphus
Kazemietal., ) sg uSep Gidyo p,5 Lo Vo 9)0) 45500
ol il jo 308 oly3gl a5 sl ond cub (2019
95 o3y JSas 5 00,5 Casdi |) Jedg 5 LSle il oo
s 53 Lol S g |y (St slocodld o1 Jlis &
Sk Vet 500 ) 3l Sl Yl e ) Jol>
SasS St Rl & az g b (ol gy s eS8
sblad o35 (liee wadlyg)ls 53 ROS) (y5ens] Sias
St Sl b Jdg)lS b o l38) 55 (dlys IS
sblad cops Jlis 4 5 aas o ol LROS Ll s
Slyze Chl /b o55gy ShoS G 55 5 (dhs)lS
! o355 g 0,35l p8 Vb slo cdile yo ST D LIS
0ol Sz 4 Il pingsd izren S (0 g (1
Sl elgl 4 i Colas 5l it b L8g 1S slass
555, G8lS %o s el 55 glaneS] 5 alex

41/

OF V) TY-FF ) oylas ) ol ¢ g psle 50 (o csloazily

Solanum )  SpaxeS o (Botrytis  cinerea)
3 s pais &S Sl 0 aseiwe W03 (lycopersicum L.
Al e laady; o Slee ly ohgh wlS (B lops
b lallhe (b asis Gl oS s 35250 slagisil
L Ol S n e 59575 (i Sl sSns Ko 5| oolicd
Jlasl b oash aals (le g oad (wyn 1) bpndlS)lg S
35ls ol Jsho @ (g9 ol 5 Gletslo Sl i (2340
(S pipdeii alex 5l Jsbo Sl Jloel (ol jsboay 9 355 o0
o e i 43 2 il el (Slple slacolls
sl walex Jlos a |y Joho Sye coles 0 5 005
Szl 5l sodlas e o5 (Chwalibog et al., 2010)
g oo DNA - 8155 oole 4 saz coml @ yoie l,3550
ST o S35 Cialises slacdale 13 51 ool Coay b
ST Caols Sl3sl ol iy slheale a5 sl i
Bondarenko et ) s,ls o] (sloogs p8 b amolie o (5 s
(l., 2012
T8 S ob 0ol ol Gk @l 4 4z L
A5 olS Gad 03 g ab) Slho (b oS 2z ge pelig
ail B ol hawsi sz slasl slal asly wilgi oo aS
g dig sbable L s a5 s (Viet et al., 2016)
Gl Slzge ol gl 8 oy 4 ST e )3 il
5 ey Jsbo sl anllls 4o 505 al,3 1, el (slo sl
a=5,0 (Solanum melongena L.) el s a8l
1 Gadys poSdes Vo) CuO NPs o8 clile b L
2 Gl e Slg (oo a8 28l Rl aals lalS L anlie
aslb ang sladle ;o CuO NPs og al, Syme
oole ol al, slojlee ioli8l (Baskar et al., 2018)
35 CuO NPs 5 chale oy &uly ;o (Vigna radiata L.)
cdale goliel (Spanos et al, 2021) ol oads jo,l58
g a8l Jgb ralS sl ly aiw; 55 CuO bulk 3 CuO NPs
e Sl 4 cde aS oged w2l 3 (H. sativum) o> 4l
Jisls » CuO bulk 4 CuO NPs 6,8 oYL slecdale
Geiod ailen 55 e gk (ul jo b ool S (Jole
5 CuO bulk ,5 L Lo 5l 2 CuO NPs L jles ) i
Rajput et al.,, ) o ools gz 5 YU cdale ay o o5 clale
Gl poiS HLE 0, 4 3155 ol opdle (2020
Hossain et al., ) ¢l azily 21381 CuO NPs b oo 5k
5niS LT S g 55s a5 el s glasdlas s (2020
ol ol S o a5 W (Coriandrum sativum L.)
el ialsil s, 0, CuO NPs o ,55LS s 0 5 Lo Acly


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.4.7
https://nbr.khu.ac.ir/article-1-3558-fa.html

[ Downloaded from nbr.khu.ac.ir on 2025-11-09 ]

[ DOR: 20.1001.1.24236330.1402.10.1.4.7 ]

Ganjeali et al. Evaluation of antifungal activity of nano copper oxide

Liang et al., ) 05,5 oo Jobw J3b ot )b Siol38l Coge
2009

el s (35l Cishe 4 olS o sla 1aSTy (sl 51 (S
Gl bl ok el silacnST el an]3 s ROS
Sy Gl CUO o5 5 5 ldglh o3 50 5o clale
23 S0 B ) S @ paiS S 53 (395900
ExSoIl 0ad o5 S!S slasSze gyl o
Ar e elS sty Uy oln osm Silas HoOs el
Slanllas o (Asaeda ef al., 2022) asb ] Gos g i
Glycine ) Lgw (Linum usitatissimum L.) tS g3, »
ko (H. sativum) o> (Z. mays) &,d (max L.
F. g F. culmorum glag,B L mili 5| o (59,0005,
Galindo-Gonzélez et al., ) cél ¥l oxysporum
CUO Y clcdile e ,5 28,5 L3 opde 4 (2016
OodedSlyy JSi5 50 s BB Lldl 4 e NPs
wo 8 (Brassica juncea L.) Jo,> 4 (G. max) Lgw
- Sldgl YL slaclale o (Faraz et al., 2018)
slagasSly &b 5l 0390 weSTite (Lol s S|
Bediss SFRmg g pSIl Ul Goyb I L ey ple
IYo 1 (SO gl ol oS canl o 5,158 cpiren
aeles (Husen et al., 2014) coul &350 Coons Lol
CUuO 4, 50 o chale _ayl53 W, L sls ol yol> aslllas
78 @ 005l puiS asallsoy9lle (slsize LU0 bulk 3 NPs
O39Sl adss (aldl b alles cnl Ladas el (a8
oo sl a5 coul Ly b ROS glsil slo
sl adlle o el salg: o ol ol 4 canl g ol
Glsime CUO 366 YU shedale 5 a5 0i asie
e sk @ 5 Allium cepa L) 5Ly ads, asllss gl
—30slle Sl (m Cote (SKenen wbioe Gl )
ol a5 ws ke s sadyles CuO NPs clale | o sl
el Jebe slie S LG in pols Caws oo
Dai ) 39 CuO NP8 L awslio ,0 Cu? (5 yme o (38,5 1,3
(etal., 2018

b Jars & dly o SI3T Bls LS Sl (5l o
oS b g Al pod () é g (S SO Sl (ors
mo (Yaish, 2015) wS o S 5650 ol j0 glis sl p
Ol Jbs 5 @B jpa> 50 plalS a5 ol plas jol> hagy,
Odgn ok aezs CuO bulk 3 CuO NPs ¢ 8 g0 2 b jlas
Olals 5o (dyn Sy i @S el imdse 590 1,
OkolS Sjge @ oy g gl )8 Sl plasye b sl les

QS T e 93U 2 Bas codled oLl o)) Kan 5 (JaS

Gl oo S0l s & Wl rios sl
FCALE A sy iy S5 sloo3sSS) 5 b IS i
15 S5 L (CUO NPs alox 5 (558 ol,356 oYU (sl
Jee 1) oSS (nl S5 &g, LHCID (gnsiy; el
5 bades S 5 50 4o (Tzvetkova et al., 1996) aijlu
Elgl o o o] Ol a5 sl Glo Wb dagl o Slae
ailb LROS Gis cyz 0 Jge 2, Slg o s
2l ol el olyss ) ol 5l (Swapnil et al., 2021)
OOVl Sz 50 (b el D350 Al slacale L
R

Srdiges b aunlio 10 oud lewd slopasS ©f (ood slgons
e 90 2 Yk slakle jles Sy <l Gl s
ol b alie s o] zelS cog0 CuO bulk 4 CuO NPs
el pS e YO Cll b e a5 Wb _asie qmls
oS Ol s Glgizme al38l Cge Fes04 NPs il 34l
S >y w8 Matricaria chamomilla L.) «gb
e Vo boad e Gl o o (s Gl (7S
Rastegaran et al., 2022) sl cows a4 &l,3650 ydy0 0,5
CuO bulk 5 CuO NPs Vi cdale jo 45 50,5 o oloriny
slas o Gl gg goye lsle l eadol)l e e
Sl 23 (25 obml (o] Jamlo a5 sl oo o mudlysims
5 A5 i b 6,5l sl oS (U iz s Sl oS
25 Sn ol g gl o bz, e b ey Lk
Pourakbar et ) ogi o Sy ol cond Slgizme SralS coles
(al.2014

CuO bulk 5 CuO NPs @l)d s,850,0 L jled sz ,o
A Gladiges ap cond slids lubica o SR e
Verr 500 ) YL lackale o (J5 oS (ol o8, poS
FCLle & S sl b s S G S ke
1 el 3o b alie gy g ol e sla
paiS sliis b ,e CUO Sldgl Y clhedle
5 (Gossypium hirsutum) «, «(Etesami et al., 2021)
b galS wasa (Arabidopsis thaliana)  ewsgows )]
aS Cewl ool Lo Al opl 445 o (Nair et al., 2014)
saxsSoolsl oS sl 5l oo ol5T ee g0 cdale ol58l
IS0l el 5emSRAS S 5 5 g il s
JeeS 5000 GlaJSesly 5 035,060 ST ST g slo
5 NS oo w3 1) (Joke slid Conled Cold )0 5 0580
Pl ol s 00,5 Gsl Jsbe 51 s & by 2SIl lboay

42/FY


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.4.7
https://nbr.khu.ac.ir/article-1-3558-fa.html

[ Downloaded from nbr.khu.ac.ir on 2025-11-09 ]

[ DOR: 20.1001.1.24236330.1402.10.1.4.7 ]

Nova Biologica Reperta 10(1): 33-46 (2023)

OF V) TY-FF ) oylas ) ol ¢ g psle 50 (o csloazily

REFERENES

Arnon, D.I., Tsujimoto, H.Y. & McSwain, B.D. 1967.
Ferredoxin and photosynthetic phosphorylation.
Nature, 214: 562-566.

Asadi, M., Zahedi, M., Ehtemam, M. &
Khoshgoftarmanesh, A. 2013. The effect of zinc
oxide application as nanoparticles on growth and
content of four wheat cultivars under saline stress.
Journal Cultural Science and Technology 25: 25-35.

Asaeda, T., Rahman, M. & Abeynayaka, H.D.L. 2022.
Hydrogen peroxide can be a plausible biomarker in
cyanobacterial bloom treatment. Scientific Reports
12: 1-11.

Ashkavand, P., Tabari Koocksra, M. & Zarafshar, M.
2015. Some applications of nanoparticles in plant
science. Journal of Food Science and Agriculture 125:
65-73.

Azizpour, K., Shakiba, M.R., Khosh Kholgh Sima, N.,
Alyari, H., Moghaddam, M., Esfandiari, E. &
Pessarakli, M. 2010. Physiological response of
spring durum wheat genotypes to salinity. Journal of
Plant Nutrition 33: 859-873. (In Persian).

Badawy, A.A., Abdelfattah, N.A., Salem, S.S., Awad,
M.F. & Fouda, A. 2021. Efficacy assessment of
biosynthesized copper oxide nanoparticles (CuO-NPs)
on stored grain insects and their impacts on
morphological and physiological traits of wheat
(Triticum aestivum L.) plant. Biology 10: 233. DOI:
10.3390/biology10030233.

Baskar, V., Nayeem, S., Kuppuraj, S.P., Muthu, T. &
Ramalingam, S. 2018. Assessment of the effects of
metal oxide nanoparticles on the growth, physiology
and metabolic responses in in vitro grown eggplant
(Solanum melongena). Biotech 8: 1-12.

Bates, L. S., Waldren, R.P. & Teare, I. D. 1973. Rapid
determination of free proline for water-stress studies.
Plant and Soil 39: 205-207.

Bondarenko, O., Ivask, A., Kiikinen, A. & Kahru, A. 2012.
Sub-toxic effects of CuO nanoparticles on bacteria:
kinetics, role of Cu ions and possible mechanisms of
action. Environmental Pollution 169: 81-89.

Borgatta, J., Ma, C., Hudson-Smith, N., Elmer, W.,
Plaza Perez, C.D., De La Torre-Roche, R.,
Zuverza-Mena, N., Haynes, C., White, J. &
Hamers, R.J. 2018. Copper based nanomaterials
suppress root fungal disease in watermelon (Citrullus
lanatus): role of particle morphology, composition
and dissolution behavior. ACS Sustainable Chemistry
& Engineering 6: 14847-14856.

Boukaya, N., Goudjal, Y., Zamoum, M., Chaabane
Chaouch, F., Sabaou, N., Mathieu, F. & Zitouni, A.
2018. Biocontrol and plant-growth-promoting
capacities of actinobacterial strains from the Algerian
Sahara and characterization of Streptosporangium
becharense SG1 as a promising biocontrol agent.
Biocontrol Science and Technology 28: 858-873.

Chalandar, H.E., Ghorbani, H.R., Attar, H. & Alavi,
S.A. 2017. Antifungal effect of copper and copper
oxide nanoparticles against Penicillium on orange
fruit. Biosciences Biotechnology Research Asia 14:
279-284.

43/fY

S, s5le 51 S o3l 3l YL slacdile i o
b 5 Wls e 45 ol olF (gpomsl Jomily Lais
oials8 (Kumari et al., 2022) asl wglite bls calise
o OS5 g B e 3 LS s )0 (sn e
3 adadbne lp GlS Ll pudl sl e wS]
0> 3l G 9l S B el e o ok sla sl
CuO bulky CuO NPs ol,d oYU slacdale 51 56 ROS
Yu ) ol Lo lanST T slognl b olanbay 45wl

(et al., 2020

& S dx

g dge slacdale ;0) CuO @l dgl 5l eolawl (IS ek 4
T8 Golom st Sl o T (sloog o8 b anlin 1 (o5
5 beordisn Slas g ol asls 2uliEl o F. calmorum
ple Copus Gl 4 az g b onlply ol (pby, 08, pasS
aloz 5l alise glaaie; jo ol 0028 Sl 5 (55505355l
Olgise Yzl (2,8 slas )l 5 7,8 U5 5 ke (2Ll
sbols JyS coz y0 Shy ol 5l ol Sl 0> b
Dy oy pS ofgd 9 S B

S Swlew
wl) '-‘Qr**" ‘5«»..:5»))3 oliw)‘d >.w.&> 5).: W9L\A )| ulf.\.:)li:
ol 35 et Shliel Joe 5l yols imgh sbednje el

Ailes oo (S19,08 (VIOY -+ + 8 oLt 4y )b oS L) oglae


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.4.7
https://nbr.khu.ac.ir/article-1-3558-fa.html

[ Downloaded from nbr.khu.ac.ir on 2025-11-09 ]

[ DOR: 20.1001.1.24236330.1402.10.1.4.7 ]

Ganjeali et al. Evaluation of antifungal activity of nano copper oxide

QS T e 93U 2 Bas codled oLl o)) Kan 5 (JaS

Chwalibog, A., Sawosz, E., Hotowy, A., Szeliga, J.,
Mitura, S., Mitura, K., Grodzik, M., Orlowski, P.
& Sokolowska, A. 2010. Visualization of interaction
between inorganic nanoparticles and bacteria or fungi.
International Journal of Nanomedicine 5: 1085. DOI:
10.2147/1JN.S13532.

Coombes, A.J., Lep, N.W. & Phipps, D.A. 1976. Effect
of copper on TAA oxidase activity in root tissue of
barley (Hordeum vulgare. c. v. zephyr). Plant
Physiology 55: 236-242.

Dai, Y., Wang, Z., Zhao, J., Xu, L., Xu, L., Yu, X,,
Wei, Y. & Xing, B. 2018. Interaction of CuO
nanoparticles with plant cells: internalization,
oxidative stress, electron transport chain disruption,
and toxicogenomic  responses. Environmental
Science: Nano 5: 2269-2281.

Dehghanpour-Farashah, S., Taheri, P. & Falahati-
Rastegar, M. 2019. Effect of polyamines and nitric
oxide in Piriformospora indica-induced resistance
and basal immunity of wheat against Fusarium
pseudograminearum. Biological Control 136: 104006.
DOI: 10.1016/j.biocontrol.2019.104006.

Desai, S., Dubey, S.C. & Prasad, R.D. 2020. Impacts of
climate change on Fusarium species vis-a-vis
adaptation strategies. Indian Phytopathology 73: 593-
603.

Dignam, B.E., Marshall, S.D., Wall, A.J., Mtandavari,

Y.F., Gerard, E.M., Hicks, E., Cameron, C.,

Aalders, L.T., Shi, S. & Bell, N.L. 2022. Impacts of

soil-borne disease on plant yield and farm profit in

dairying soils. Journal of Sustainable Agriculture and

Environment 1: 16-29.

Shafey, A.M. 2020. Green synthesis of metal and

metal oxide nanoparticles from plant leaf extracts and

their applications: A review. Green Processing and

Synthesis 9: 304-339.

Etesami, H., Fatemi, H. & Rizwan, M. 2021. Interactions
of nanoparticles and salinity stress at physiological,
biochemical and molecular levels in plants: A review.
Ecotoxicology and Environmental Safety 225: 1127609.
DOI: 10.1016/j.ecoenv.2021.112769.

Faraz, A., Faizan, M., Hayat, S. & Alam, P. 2022.
Foliar Application of Copper Oxide Nanoparticles
Increases the Photosynthetic  Efficiency and
Antioxidant Activity in Brassica juncea. Journal of
Food Quality 2022. DOI: 10.1155/2022/5535100.

Galindo-Gonzalez, L. & Deyholos, M.K. 2016. RNA-
seq Transcriptome Response of Flax (Linum
usitatissimum L.) to the Pathogenic Fungus Fusarium
oxysporum f. sp. lini. Frontiers in Plant Science 7:
1766. DOI: 10.3389/fpls.2016.01766.

Ganjeali, V., Cheniany, M., Taheri, P. & Mazaheri-
Tirani, M. 2022. Evaluation of treatment of copper
oxide nanoparticles on inhibition of Fusarium
culmorum in wheat. 22™ national and 10"
international congress on Biology. Shahrekord, Iran.

Ghahremaninejad, F., Hoseini, E. & Jalali, S. 2021.
The cultivation and domestication of wheat and barley
in Iran, brief review of a long history. The Botanical
Review 87: 1-22.

Hafeez, A., Razzaq, A., Mahmood, T. & Jhanzab,
H.M. 2015. Potential of copper nanoparticles to

E

I

increase growth and yield of wheat. Polymers for
Advanced Technologies 1: 6-11.

Hao, Y., Fang, P., Ma, C., White, J.C., Xiang, Z.,
Wang, H., Zhang, Zh., Rui, Y. & Xing, B. 2019.
Engineered nanomaterials inhibit Podosphaera
pannosa infection on rose leaves by regulating
phytohormones. Environmental Research 170: 1-6.

Hao, Y., Yuan, W., Ma, C., White, J. C., Zhang, Z.,
Adeel, M., Zhou, T., Rui, Y. & Xing, B. 2018.
Engineered nanomaterials suppress Turnip mosaic
virus infection in tobacco (Nicotiana benthamiana).
Environmental Science: Nano 5: 1685-1693.

Health, RL. & Packer, L. 1968. Photoperoxidation in
isolated chloroplast. I. Kinetics and stoichiometry of
fatty acid peroxidation. Archives of Biochemistry and
Biophysics125: 189-198.

Hossain, Z., Yasmeen, F. & Komatsu, S. 2020.
Nanoparticles: synthesis, morphophysiological
effects, and proteomic responses of crop plants.
International Journal of Molecular Sciences 21: 3056.
DOI: 10.3390/ijms21093056.

Hsiao, M.T., Chen, S.F., Shieh, D.B. & Yeh, C.S. 2006.
One-pot synthesis of hollow Au3Cul spherical-like
and biomineral botallackite Cu2 (OH) 3Cl flowerlike
architectures exhibiting antimicrobial activity. The
Journal of Physical Chemistry B 110: 205-210.

Husen, A. & Siddiqi, K. S. 2014. Photosynthesis of
nanoparticles: concept, controversy and application.
Nanoscale Research Letters 9: 1-24.

Ibrahim, A.S., Ali, G.A., Hassanein, A., Attia, AM. &
Marzouk, E.R. 2022. Toxicity and uptake of CuO
nanoparticles: ~ Evaluation of an  emerging
nanofertilizer on wheat (Triticum aestivum L.). Plant
Sustainability 14: 4914. DOI: 10.3390/su14094914.

Kazemi, M. & Shariati, F. 2019. The effect of Copper
Oxide nanoparticle on pigments systems of algae
Scenedesmus  dimorphus. Biological Journal of
Microorganism 8: 13-25.

Kazemian, S., Zarrinnia, V., Khosroshahli, M. &
Hasanzadeh, N. 2019. Investigation on the control
effects of green copper oxide (CuO) nanoparticles on
the tomato gray mold disease caused by Botrytis
cinerea. Iranian Journal of Medicinal and Aromatic
Plants 35: 54-67. (In Persian)

Ksieniewicz-Wozniak, E., Bryla, M., Michalowska, D.,
Wasgkiewicz, A. & Yoshinari, T. 2021.
Transformation of Selected Fusarium Toxins and
Their Masked Forms during Malting of Various
Cultivars of Wheat. Toxins 13: 866. DOI:
10.3390/toxins13120866.

Kumar, P., Yadava, R.K., Gollen, B., Kumar, S.,
Verma, R.K. & Yadav, S. 2011. Nutritional contents
and medicinal properties of wheat: a review. Life
Sciences and Medicine Research 22: 1-10.

Kumari, K., Warepam, M., Bansal, A.K., Dar, T. A.,
Uversky, V.N. & Singh, L.R. 2022. The gut
metabolite, trimethylamine N-oxide inhibits protein
folding by affecting cis—trans isomerization and
induces cell cycle arrest. Cellular and Molecular Life
Sciences 79: 1-16.

Liang, G., Pu, Y., Yin, L., Liu, R., Ye, B., Su, Y. & Li,
Y. 2009. Influence of different sizes of titanium

44/%f


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.4.7
https://nbr.khu.ac.ir/article-1-3558-fa.html

[ Downloaded from nbr.khu.ac.ir on 2025-11-09 ]

[ DOR: 20.1001.1.24236330.1402.10.1.4.7 ]

Nova Biologica Reperta 10(1): 33-46 (2023)

OF V) TY-FF ) oylas ) ol ¢ g psle 50 (o csloazily

dioxide nanoparticles on hepatic and renal functions
in rats with correlation to oxidative stress. Journal of
Toxicology and Environmental Health 72: 740-745.

Ma, C., Borgatta, J., De La Torre-Roche, R., Zuverza-
Mena, N., White, J.C., Hamers, R.J. & Elmer,
W.H. 2019. Time-dependent transcriptional response
of tomato (Solanum lycopersicum L.) to Cu
nanoparticle exposure upon infection with Fusarium
oxysporum f. sp. lycopersici. ACS Sustainable
Chemistry & Engineering 7: 10064-10074.

Nair, P.M.G. & Chung, I.M. 2014. Assessment of silver
nanoparticle-induced physiological and molecular
changes in Arabidopsis thaliana. Environmental
Science and Pollution Research 21: 8858-8869.

Oussou-Azo, A.F., Nakama, T., Nakamura, M.,
Futagami, T. & Vestergaard, M.D.C.M. 2020.
Antifungal potential of nanostructured crystalline
copper and its oxide forms. Nanomaterials 10: 1003.
DOI: 10.3390/nan010051003.

Pariona, N., Paraguay-Delgado, F., Basurto-Cereceda,
S., Morales-Mendoza, J. E., Hermida-Montero, L.
A. & Mtz-Enriquez, A.I. 2020. Shape-dependent
antifungal activity of ZnO particles against
phytopathogenic fungi. Applied Nanoscience 10: 435-
443.

Parry, D.W., Jenkinson, P. & McLeod, L. 1995.
Fusarium ear blight (scab) in small grains-a review.
Plant Pathology 44: 207-238.

Pellan, L., Durand, N., Martinez, V., Fontana, A.,
Schorr-Galindo, S. & Strub, C. 2020. Commercial
biocontrol agents reveal contrasting comportments
against two mycotoxigenic fungi in cereals: Fusarium
graminearum and Fusarium verticillioides. Toxins
12: 152. DOI: 10.3390/toxins12030152.

Pourakbar, L. & Ebrahimzade, N. 2014. Growth and
physiological responses of Zea mays L. to Cu and Ni
stress. Applied Field Crops Research 27: 147-159.

Rajput, V., Minkina, T., Sushkova, S., Behal, A.,
Maksimov, A., Blicharska, E., Ghazaryan, K.,
Movsesyan, H. & Barsova, N. 2020. ZnO and CuO
nanoparticles: a threat to soil organisms, plants, and
human health. Environmental Geochemistry and
Health 42: 147-158.

Rastegaran, M. M., Hassanpour, H. & Ziyadi, H.
2022. Synthesized Fe304 nanoparticles induced
antioxidant activity and total phenolic and flavonoid
content in Matricaria chamomilla seedlings. Iranian
Journal of Plant Physiology 12: 4003-4011.

Saharan, V., Sharma, G., Yadav, M., Choudhary,
M.K., Sharma, S.S., Pal, A., Raliya, R., Biswas, P.
& Biswas, P. 2015. Synthesis and in vitro antifungal
efficacy of Cu-—chitosan nanoparticles against
pathogenic fungi of tomato. International Journal of
Biological Macromolecules 75: 346-353.

Scherm, B., Balmas, V., Spanu, F., Pani, G., Delogu,
G., Pasquali, M. & Miqgheli, Q. 2013. Fusarium
culmorum: causal agent of foot and root rot and head
blight on wheat. Molecular Plant Pathology 14: 323-
341.

Smart, R.E. & Bingham, G.E. 1974. Rapid estimates of
relative water content. Plant Physiology 53: 258-260.

45/¥0

Soltani, E., Rajabian, T., Abrishamchi, P. & Tali, D.
2016. Physiological and biochemical responses of
(Melissa officinalis) to nickel stress and the protective
role of salicylic acid. Archives of Agronomy and Soil
Science 63: 330-343.

Spanos, A., Athanasiou, K., Ioannou, A., Fotopoulos,
V. & Krasia-Christoforou, T. 2021. Functionalized
magnetic nanomaterials in agricultural applications.
Nanomaterials. 11: 3106. DOI:
10.3390/nano11113106.

Swapnil, P., Meena, M., Singh, S.K., Dhuldhaj, U. P.
& Marwal, A. 2021. Vital roles of carotenoids in
plants and humans to deteriorate stress with its
structure, biosynthesis, metabolic engineering and
functional aspects. Current Plant Biology 26: 100203.
DOI: 10.1016/j.cpb.2021.100203.

Terzi, R. & Kadioglu, A. 2006. Drought stress tolerance
and the antioxidant enzyme system. Acta Biologica
Cracoviensia Series Botanica 48: 89-96.

Tiwari, S.K., Sahoo, S., Wang, N. & Huczko, A. 2020.
Graphene research and their outputs: Status and
prospect. Journal of Science: Advanced Materials and
Devices 5: 10-29.

Tzvetkova, N. & Kolarov, D. 1996. Effect of air
pollutionon carbohydrate and nutrients concentrations
in some deciduous tree species, Bulg. Journal of Plant
Physiology 22: 53-63.

Velikova, V., Yordanov, I. & Edreva, A. 2000
Oxidative stress and some antioxidant systems in acid
Rain-treated bean plants: Protective role of exogenous
poly-amines. Plant Science 151: 59-66.

Viet, P.V., Nguyen, H.T., Cao, T.M. & Hieu, L.V.
2016. Fusarium antifungal activities of copper
nanoparticles synthesized by a chemical reduction
method. Journal of Nanomaterials 2016. DOI:
10.1155/2016/1957612 .

Wagacha, J M. & Muthomi, J.W. 2007. Fusarium
culmorum: Infection process, mechanisms of
mycotoxin production and their role in pathogenesis
in wheat. Crop Protection 26: 877-885.

Winter, R.S., Yan, J., Busche, C., Mathieson, J.S.,
Prescimone, A., Brechin, E. K., Long, D.L. &
Cronin, L. 2013. Nanoscale control of
polyoxometalate assembly: a {Mn8W4} cluster
within a {W36Si4Mn10} cluster showing a new type
of isomerism. Chemistry—A European Journal 19:
2976-2981.

Wu, Z.P., Caracciolo, D.T., Maswadeh, Y., Wen, J.,
Kong, Z., Shan, S., Hopkins, E., Park, K., Sharma,
A., Ren, Y., Petkov, V., Wang, L. & Zhong, C.J.
2021. Alloying—realloying enabled high durability for
Pt—Pd-3d-transition metal nanoparticle fuel cell
catalysts. Nature Communications 12: 1-14.

Yu, Z., Li, Q., Wang, J., Yu, Y., Wang, Y., Zhou, Q. &
Li, P. 2020. Reactive oxygen species-related
nanoparticle toxicity in the biomedical field.
Nanoscale Research Letters 15: 1-14.

Zakharova, O., Kolesnikov, E., Shatrova, N. & Gusev,
A. 2019. The effects of CuO nanoparticles on wheat
seeds and seedlings and Alternaria solani fungi: in
vitro study. In IOP Conference Series: Earth and
Environmental Science 226: 012036.


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.4.7
https://nbr.khu.ac.ir/article-1-3558-fa.html

[ Downloaded from nbr.khu.ac.ir on 2025-11-09 ]

[ DOR: 20.1001.1.24236330.1402.10.1.4.7 ]

Ganjeali et al. Evaluation of antifungal activity of nano copper oxide ST 556 () Bas ol b, o) e § JamS

Zuverza-Mena, N., Medina-Velo, 1.A., Barrios, A.C., agronomic and physiological parameters in cilantro
Tan, W., Peralta-Videa, J.R. & Gardea-Torresdey, (Coriandrum  sativum). Environmental Science:
J.L. 2015. Copper nanoparticles/compounds impact Processes & Impacts 17: 1783-1793.

ek ok

How to cite this article:
Ganjeali, V., Cheniany, M., Taheri, P., Mazaheri-Tirani, M. 2022. Evaluation of antifungal activity of nano and
bulk forms of copper oxide in wheat (Roshan cultivar). Nova Biologica Reperta 10: 33-46. (In Persian).

Sloaisl puiS g, 1) 30 SnS e Slosg g 6l slapd 2 Bas cdlad byl NF-Y e (Sl gl cp (s olb Sl g xS
XY-f7 ) ) ﬁ?l"" BRRRY

46/F7


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.4.7
https://nbr.khu.ac.ir/article-1-3558-fa.html
http://www.tcpdf.org

