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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.

Key words. Defense mechanism, Disease suppression, Fusarium calmorum, Nanotechnology, Wheat

Received 09.07.2022/ Revised 13.08.2022/ Accepted 21.08.2022/ Published 20.06.2022 AASATER TAIRR K-+ VAR SRVEYNL SRS SR AR SRTEYNA S 0 W TAR SRTER AV SR IR

33/XY



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

St 5 oS g sl € A5 e sl et o
@ Wi o 7,8 op! (Wagacha et al., 2007) el saes
3 et S 0 porlins 5 p9200S (G grganedlS O 90
9> o (I. aestivum) p3i3 ;35 ;0 5 bjes oL slaoaile 3L
ady, g aisb sl Sogll asl aiils se>g (H. sativum)
aalsl o g ably Gl glaxals al> o blgl jo Wl o puss
o> (Scherm et al, 2013) sgd axald S, sl
0l 0ol S 55S0le 5 pg )98 (6 ilew S sl B,
loojlas 5l oolaiwl ( S5 Cwglin o ol)) ogls a5l
oslitnl (Suigdom 5 @bt JpS dagulul 5 ool
JrS o 8l sl 5l il Sldlas 131 09,5 o
5 ailiiassn ol ool oad ool alS lacslon:
ade lp (omlie Jool) Wi oo gl ol )3 (oleardolys
(Tiwari et al., 2020) ol JSiw ol

Ple> 50 s b oS cl oalllg )5 )l (3595l
@l 1y csloslall5sd SISl ()3 IS 5 88 ooleio) Slga
Ibrahim et ) wiS o pol,d cilisee slaaie) o ol solatl
Lol az g b8 0,05 s 4 (65808 3410 qal., 2022
Sogkd ((Shy g pele alex Gl gloars o
9 9,0 JU! (olordrolio (55l pole «Sig xS ¢ olieolge
El) st jlo)55 5 los S ongemme 1 (s sl ,Sex
ooly lis gl wlellas pixen (Shafey et al., 2020
s adg ial38l ) wlgi e (308 il b 5l eolizl 4 e
5 Bl 5 olom aln o Sslie Gl ol culem 5 03,
5 A (i) in) o ISl alo Bl it
5l (Ashkanvand et al., 2019) asb ails 55,5 (55,9leS
oz B sy Bl OlS p9Sens SIS e )
ool 43S 5 addlae Sy9e 53 bawgns 5 LSt
.Kazemian et al., 2019)

hiery o ol pog oSles wizx o 4 e yais
gloanlp o a8 cul Qlls Gy gysre 5 gl
5 S el (b egtd wile Suste (Sufole
) ol bagsmyer g dnd dagtign Sl (e
5 Sl ¢ gy slalisd (g0, Slos g (g L5l plSil
lawe 35T 3l led) (o mpe (5o ymns 3 guilaanST (15 5l
2o G ST Jlmy 3w g (oo ks g8
(CuO NPs) osnS! &l)dgL (Asadi et al., 2013)
Joily 55 s dlea (Dl plend 5 (So58 lo>
@bl (o pledo st clldcnlie (59,

3 A e plas 33l ot solwl g aleSEe8

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

doddo

ol g JuSis ol Camez AB, ojs,l
BT g bl oaldl i (55,9laS (sloya; Zudgaze
o O ol 5l s gl e el Lol clanyags
Vo om fhy SYsame o Slee ol 0 (2B lags e
paiS (Borgatta et al., 2018) coul oads (5,155 oo 0 ¥
ale pPage g oo s 31 SO (Triticum aestivum L.)
poilps 3 el Gras sl shol e oole 5 ouds cutS
— R a5 O laeg S Lol e (lyied o5 Cl oz
Sy a3 SNy lacmaling g ooy daatsn Sl (>
o (T, aestivum) po5  ozmes (Kumar et al, 2011)
Ol (@& 0yed) 50 (coter S5 (S SV gazma I S plgie
Ghahremaninejad et al., ) sls ;) obws, g 5 bl
sl ls o Jeaxe ol 5, Sles odne Lilil o) Je (2021
Ol Gl )0 5 sty o alex I OMSas I (S 2]
Sbes Jily pasS (gady) oS 55 s Jelss 5 ol
(Parry et al., 1995) il ools zalS |y Joame oy
sz B pieee 3l S Fusarium Spp.) ps)lied
e oo paiS dly) g ddsb (Sowg crge &5 Sl 56 len
5 ey 05 onb a5 5l AU (Qlemeol Sled 4 4z
ol 53 Gleny (nl oy Sl wslhe Ll Yl Zugh,
Cogae gg,5 (Desai et al., 2020) culoas wold ol
5 sl oo Kl 53,505mglS b puiS 53 51598 slaaiss
A 85l Sy Sl 55 5 s, Cennd 45 35,5 ol
sl ln sleass o S (Winter et al, 2019)
ol sladgle Jdo 4 5,5laS o Fusarium spp.
e (DON) Jslssi S50 alaz 51 (1o 5355L)
Ksieniewicz-) cosl (ZEN) 51,65 5 (T-2) oo «(NIV)
» b S esile ol 5l (Wozniak et al., 2021
RNA etisn 3o e @ Ol Sl sladsle
5 Fobo e 2 23U (g uSghe 9Shes o DNA
5h sk il o)lal eal Gl Guizen 5 slid Jos
A 0 BomisSe s 5 logsisesd alaz I Lo 55l
ol 536 5l oSl ol e 55 ol 5 ai)ls Cunglin o)l
SgkiS Eolre 5o ol (hneS 5 oy halS b g nSsle
a8 Ve 5l o F. calmoru.(Pellan et al., 2020) <.l
Coled 50 5 ade; g Bl (o el a5 Sl g li98 o
S Sl By fgmsen g S A ol 0gd oo azalS S e
(Hordeum sativum L.) 4> «(T. aestivum) pas5 LS 4
L obsS (guuSgSle oS o ala> (Zea mays L.) &,3 4

34/¥¥



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

RURSENC CE SRRt I TR SENE S
sl o3 Eldgl o ylias Sl @sS gl |, olacs,
;0 CuO NPs Ulg Gragh ol pledl 5l s .ol 00,8
F. calmorum g8 J ;S ¢ jlee 10 oyl (sloogs p,8 b anslie
Cowl S iy ale o S Olsie & (T0 aestivum) pasS o
S Sz 0 Ss rl 3ok Sl > U ol Wl b

Dy o pAS g 4 g I (7B o LS

gy 9 dlge

CuO )8 Sl 3U oy ysbaie @yl hagh
F. C)ls )Lér" > (CUO bulk) u] 6‘ 00g3 ‘n)é 9 NPs
Sal o el as solad YalS 7 )b CJB o paiS culmorum
Wl Ssgb' eS8, 5l eog g8 9 CuO NPs @il 34l
woll (gl ol ’O‘j‘ﬂ)’ 08y PS5 Hds el (55l =
Foogl ala g op oSl glupd 5o &l gobs
oasSaily ol lag o Gidu emSIS lculmorum
A4S Moo (gugd B olRisls (55 p9laS
S| o iz Lo p )3 b (50 Hlowd iy

5 (B3N )V/V) do 0 Ve Jgill jo pacS sla,dy fal o
5 osacdd (AaBo)  YW/V) doys VYD o o lSson
Soltani et ) wos eols gy o ¢ syl o] b Gures
Veeo g O0e YO N elacdale 4y cys .@l,2016
0093 9 M‘w})b LgLﬁbrn)S UAM )‘MA s)lsj)s) rﬁ)f‘;.m
a0V sles g 4B Fr o Gow w4 g Jo ogsgs ol o ]
5990 ol 5l om ad eals 18 Sogul I sles yo ol 5 il
185 e o Jalowe jo el V Do 4 (6,dy Lot i S
ol cidS solel oy cpl L 5 ey g 08,518
L alo and

PDA L. o F. culmorum z,5 oz 2S5 jglaie
39 g axdls p a5l pll> z)B 5! Srosks ¥V slocsiugs
,55LsSTl o g Wil cnS PDA S e jo syl Lol i
4.l ools 13 56, Y e 4y o 5 il axy0 YA sles b
@B @ paS e o0,Se0dl] g, 5l @B ale 4 sk
Sde 4y paiS oy laol gy cpl Gub 90,5 olal
30 Jlge 9y 99 e o odilas Hhies] o cele VY
09w (o3l Vo jLid g ol T S0l a0V YY) Les) oS g5l
g alils p PDA ciS lase (g4, 5l bbaglas 039,V slacuss
20,8 Blal (g lapasS 05 ) (sl (s e 4
YA Glo b ,gilisSSl glad jo atan ¥ Goe 4 b jiaog i

35/¥0

OF V) TY-FF ) oylas ) ol ¢ g psle 50 (s (sloazily

5 elas clhedls Gl aler 5l leae
Sl 00gy Bige oS|I logul 5 abShas
Sy el oo 5155 (Badawy et al, 2021)
s @ o, 51 s glsil Llas 5 CuO NPs > l5us
L) 57,8 Jobo aSslaiss a Conl pomm @ o YUyl S
e 5 e b 5o oS85 Job ik a5
@9Send Jole S plaie @ g dpee (S5 ool
(Bondarenko et al., 2012) sy, oo ,lad 4 puiiee
ldgil ple 3l i CuO NPs (= ,Bos ol e
ol 01t B 55 (S sy w0l oyl il
CuO &5 cuul o cosnl Sl a5 (Viet et al., 2016)
ks 5 ol s ol sl ange glockale > NPs
Hsiao et ) el Job LG oz B glgl 5 o] > Bos codlad
oS 0 aie Gl addlae Sy @b al Gl 2006
plS 4 e Bb Jale &ye0 4 CuO NPs ) oolai!
F. oxysporum f. sp. z,6 5| 56 (aopoV+) g les
ol o o, mliél o Alternaria solani 4 Lycopersici
S9dis0 K paxsS
= Bas 3l w5l Jol> s (Saharan et al., 2015)

Solanum  lycopersicum L.)
F. & osy)l (Citrullus lanatus) «lgoie ,, CuO NPs
ol ) eolaul &S ols lasoxysporum f. sp. niveum
& e (d o a5 e V) o5 lecdale o o34l
ol auls .(Borgatta et al., 2018) 0ol oo (5 lews LrolS

FRazsS oS (el ) aw gl @ ataly lo
8 L (PTIS) 555k L s o sl (ommgig oS Jlad]
& [PRPIAD) Al ol cuglio oSy 3 PPO) jlans]
Ma ) cel ool Jroas CuO NPs Lavg (65,34 jamie j4b
» CuO NPs _=,Bos el 5l _zags o (etal, 2019
aby) pBislesl bl o Alternaria solani z )& oS yu
S Gl (Sl SlBl s Gl (S50l 5 @58 ponkoncs
pobre 5 8,5 )13 (owy 0 )9e (T0 aestivum) posS )5 » ol
w23 00 (JTY i 0 g )8 Horl G5alsz oo &5 005
Colled (mal3l gl 5 ata; Jsbo Gl38d Sialez Sene
ol sl eoliiwl slaasly alex 5l SlanST ST slags 3
CuO _=,Bus il .(Zakharova et al., 2019) 54 &f,346
Penicillium slag B g5, » pislej] Lls ;0 NPs
F. . Neofusicoccum Penicillium digitatum 4 italicum
Oless B ws, LuelS L F. solani oxysporum

Chalandar et al., 2017; ) 55 ol o2 lopglns So355059,50
sy a5 by ledl b colys 4o (Pariona et al., 2019



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

Ot 0 gy il 42 B Vo Do 4y 42800550 YO+ o
5 b3S Glpime i Cwz polidy, Jebre
oslisl ol FEY 5 SEO FV- claggesb ;5 Waadsiss S
b bagsss)lS 5 JS 85,5 b slodeds)ls slyime i
> ol polde g o 5 dcile ) sladdoles 3l ool
oyt CATON, 1967) 45 ol g Scrsse S o o
Ll s IS s lS i o Sl 505 bl (st
dnslne 25 g Lald o S d0)lS oliae 40 i

(Terzi and Kadioglu, 2006) 45,5

Chlorophyll a =

(12.7 x Asez — 2.59% Agss) V/IW*x1000
Chlorophyll 6 = (22.9x

Agas- 2.68 x Agsz) V/Wx1000

Carotenoids =[1000 (A47) — 1.82 (mg chl.
a) — 85.02 (mg chl. b)]/198

Chlorophyll T=[20.2 (A¢ss) + 8.02 (Ags3)
V/W]x1000

)9 ué? =A ‘L5>5.».w| O)LA.C L_n;’Ler’ > =V caloleo u.:‘ B
2 %903 5059 = W pegilb PPY 5 PO TV (laggaJsb 5o
S 3t Ol g (glgie
2 el S ol Glge pSejlul jglie w
CbdS Gl am ol jgabee Hhieo] Loeady slas o
bl Al jo byl 059 9 2B ol 5l S, wellYf
Lo b gl 5o el FA Goe 0 oS e s (5 S0l
g Sisiy 5 Bas,S Sis o5 tle gax,e V-
aJolzs uJLAA‘)J (M)O) Lﬁj): u] ‘5~AM’ 6‘9*7“' 9 LS)A?O)‘A"

% RWC = [(F.W.-D.W.) / (T.W.-D.W.)]x 100

Sy 5oy FWL Ol s lgime RWC tddolas ol o
oeildye b 0 Sy TW. g 8y Sas 59 DLW,
(Smart and Bingham., 1974) ¢l Jul5
ik gl (L

S 5 28l o) (ol i ol 2 e
JEsl 035500 ol oo Vo sl alef] Wl 5,5 50
Lo b gylocymys aido Ve Sow 4y baalgd Jgl 0,5 ol oold
50 4z Bo Vo Do 4 pgd 09,5 slaalyl g ol 5 il ax o ¥
Jrasd 5l e 28,5 1B 01T il a0 Ve e Lo b sylogy
denway Jow) o EC ofws b oyl o pstlcolsn des
slad gyl a3l (lie n) dlole 3ok 5 xSl
&5 bl (Azizpour et al., 2010)

slae gl asls = 1-(EC1 / ECy) X100

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

Dehghanpour-farashah ) wiois (5,0 ol 5 ile as 0
(et al., 2019
obls Siab

b oorod S bsb oS e siluoslel jslaten,
il a0 YV Lo Cod g ags (V1)) (g5l gooe> S
2 2Bl e (i 0D il sl S Lad g ol S
GBS ol o S5hS s 0,5 Lo VF woslial 5,50 SIS
>y Sl a4 (VIV) oy Yoo Jeibl bosads Jsacas
FoogB L glls Sl cez ab ads b o bl
2 sl 4 eadoguislS suiS LA 05 Y e « culmorum
2 oare Sl sl T Ges 50 oadesls ciS )4
Loaish,los ioo ,du 00 Ve olasd e 8,8 18 WIS
OLE s ctS 2 L sad Sl clanllS s ol gl
Olye @ Sldgl Jles w9 (2B sl K5 g
oy g8 b sled ghls ks &5 plaglals g oo JyuS
wlad ;o baglals an ass b s e S plaea
5 Bl (g )l o5 cile 4z oV0 Lo b slagew ailxls
Sdmmd 9 0by Jalse (owyn Sz o7 SISl
eV 28 b Jlmms s9il5 LSS g S 9 Sadlop
S b aty, 5 @leeis gl ad,s 18 ol s se
s bl ada; plislom Do A8 gy n Sk
o S50 Slaz e O Gulde Gliwy 5 adgb g aty, S,
$lp &5 55 ol 4 .(Boukaya et al., 2018) <8 5,138
g 5 ady; Sy et Sl 5 Sales] slaasly 1 S0y
4 boe = wliae (pl » 4z 0wl elo O L - 5l Glas o
=) a0 g og oanlice JB cudle a5gS 0 aBL WJle slaais,
YO B AY =Y a0 oo 00 U VP2V ax 0 ws oV )
) ada) g dsb K5 jusd 9o )0 V7 5l iy =¥ az 0 g ooy
00y HLLS @ wbde pl O az 0 ol jo g wisl s
ale 35 doles bugi ol len s il olazs]
W

(22,0) 23 e o =3 (R X N) x 100/(H x T)

ol LSS a4 adl, plaisl axye Roolee pl o
Wl 1) a5 a0 ax 0 a5 s SO sle,|,SE sl (N canlas
5 (0 ax,0) aslllas ol jo ooband ) § o s ax o o YL H
sl Yo S 6l o anlllas (sla|,S5 S slaws T
londion 9 (Sa39le a8 b iw
G wgid b 0355 giono

@i 3l om S p dadidg)lS slgie o cox
Jol> 35en Jaloe o ool (V/V) auoy0 Ae gl ol po

36/YF



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

Sk Vg ousemos Syre ke YL sl s
Voo Lo b g)locp o cele S o 4 Lal Saulal
ol B b 4 aloldl ladigel puw o ool 13 o F luas o
Sl 305 0 4 s A 25Ty b 05 e
@285 Vo Dol e s ST 5 4l Ve D 4y g 00938l Sgles
Eonlsl o ety Al § ool b B Jslowe (5 iz
cdale o lubinl goue 3l eslatul b g al odilem gl OY-
dolae Bllae (BLS w905 SiyiepS 53 Joe9,See wluly (s

(Bates etal., 1973)as acul>e

Wgod 5 (339 25 50 Oelan JsessSee
=[Prolin (pug )/ml XToloen(ml)/115/5(pg/umol)]/sample(g)/S

osls el Jukonig 4 525

olls AT sty (] b 5 4 e
osls Nl b oolatwl SPSS li8ls 5 o (ANOVA)
P < ilhas Jlisl ghw o Sls laeloais fygej] Lawgs
A 4 lda0.05

slocdile oo (uibly AT ol gl gy 0

slozally 2 slogine Sl ()T (slodgs o8 5 apnST e Dl y35k
5 Ay g laidn SASg Sojy WJek) wbyasle
g 5 98ll &) Cod ladiged 4y 2licsslen doyd (rizeen
s 35l s 5 () Jgazr) axils P < 0.05 cllas Jlazs|
Blo Job nigie s p S ke YOl o ws]
el Sydel yidys o8 dee B+ Calé oS Iy s canline
SESGjs it Orired L ady) Jsb Gl o i
P ke 000 5 VO lajlod po i 4 a5 2low
—edle o 5 gl 5oge e g ey ol 4 Sl3g
5 ool b caslie CuO NPs jdyo o8 Lo YO 5V sl
CLE 5 0, gloaslh den Jude oS o5 e b
gl odalive e deST )3 005 p 8 X0 p S o Vool
adyy licten oo o seeliuibse (Lol @S gy Gob
iy oS skea Voo g8 +) CUO NPS o5 YU clocile o
4 39 pil> ragy axg B gl Ko jlesg e 4 S
ssb & atn; @l )le woyo (D39l clale 2l L aS s ol
ol wlil oS>y bl pl () Jogoz) 8l ralS g LB
ol sl 0als ol (Ganjeali et al., 2022) Facws g Lo
VUSS 5 eadles GlalS 5 )8 @ oosll oS anl puS |

Lol 0as |

37/XY

OF V) TY-FF ) oylas ) ol ¢ g psle 50 (s (sloazily

—cole ECy 5 adyl Spaslleglan ECriolee (pl o
ol g5l S S
03939 STy (glgimo

b OiassedanaSly A1y elaln (39,0008 (slgiee
Sy 836 2l 3l )5 /0 gy al o b S (KD oy w0y
o bas o el S pw (W/V) o pd +/) el Sitlg IS 6 5 40
A Gew il dBB0 (090 Ver e e 0 adBs VO Sde 4 Jol>
Dland B jdy o 000« g29) Joboes 5| g San 80 4 s
VKD by p: pdishee Vg PH = V) Yoo oo Ve oy
odilgm ogl YA+ zaa Jsb 1o diged 0 i .0y ,5 adlsl Ve
mM em™) ogels oy 3l eoliin b g 5 dlolee Gubo g 0
F 039 5 5 J9e9Ses el (gyaed 9pnSTy ke (+TAA
(Velikova et al., 2000) o alxo

A= ¢bc

feB9els o po € a3 50 diged Dz A salolee ()l o
£ Jse9,Sem ey Cald € e il ) DogeS 556D
el 505
sl gopgle slgiome

Jsas plely slae lasedd GemlanaSTy o
Lt sl GgpmslinnSTy ) Jol asdlligopglle LSl
LSy 5l shie opl a4 ol plal G500 badanl b
Jol> 5908 0l Kad (W/V) 2o yo +/) Sitwlg ST 5 o]
0,5 ety il ARB0 10 190 Ve g0 5 Al O e @
by Vo Sy IS g i Jolona b sl Jsle o
g (WIV) doyn /0 S50, bgdol (gol> a5 (W/V)
o b gloryp ;o 420 ¥ Cuw 4 dlol> Joloxe ol bglis
@ by B aloye ol a9 28,5 )18 o5 il 4z o A
S 4 loaze > e j0 0l e Fy pla> 4y lasre Les
Sop PAz A Gy ;b afe8s,0,90 Ve e
s L gl YT gpelsb o latige | K 5o
2 ool t S5 e e b oalss iegihy S
Coles 53 B S Jagil OTY ,5 Sla Gl 5l ey 700
M ) Gogalsn o 5l wdallgogglle clale vl (sl
503 055 JpsSen aly (el 5 eslizul (/) 00CM
(Health and Packer, 1968) o aulxs
Odlay cdile

[ IR X I PR Y1 TR IR AU JEE S PP
GliSan b ad sodle WV) dop ¥ Sellogilguiond

50 g aids V-

50 ABB Ve S 4 Jols iged e Saliwnsdy S3eSs
@ yslety; Joboes Sl il oo Vol Sy yils 4dB3,9,60 ¥e e



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

Sl me gl (2 Bas el b)) o es § (e

SBLS 5 (1CUO) aS| s S35 L ol oL o J5255) 6 & 00931 oL (e J5) (onnbs (s, ) iS5 ol ) S

(bCuO) _L....Slw u_:|).) oa,ﬁ' ‘éJS l; a_x..‘;';)la.u

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.
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