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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.

Root Disease
Treatment Stem Length ~ Root Length ShO.Ot Dry Roqt Dry Shqot Fresh Fresh Severity
) Weight Weight Weight .

(mg L) (Cm) (Cm) Weight Index

(® (® ®© (2) (%)
Positive 28.8333 f 1831 ¢ 0.2107 £ 0.0467 ¢ 3.1667 f 1.95¢ 0
Control
Igzﬁi’rtge 25.4333 ¢ 12.16667 1 0.1377 ¢ 0.0267 1.8033 ¢ 0.76 1 99.8767
nCuO 10 36.4333° 24 4 0.407® 0.10°¢ 6.2333° 4.5533°  84.4533°
nCu0 250 37.8333 @ 26.16667 0.5057 @ 0.11° 5.3067 57267 654
nCuO 500 35.1333 be 28.03833 @ 0.2837 ¢ 0.122 4394 327774 39.1867 ¢
nCuO 1000 30.5¢ 22¢ 02173 f 0.0677 ¢ 325¢ 23967%  26.6667
bCuO 10 34.5 cd 25.08333 ¢ 0.4213° 0.1 4.97 bed 3.97¢ 87.59 b
bCuO 250 33.175 24.25 < 0.3207 ¢ 0.0767 < 4.4577 < 3.0257%  76.35°¢
bCuO 500 315167 ¢ 21.83333 ¢ 0.275 0.0673 ¢ 52170 2.57¢f 61.9567 <
bCuO 1000 30.1667 ¢ 20.33333 0.25¢ 0.0433 © 3.3543 ¢ 23t 56.4767 4
—6QQ5JL4 6‘9—:-"“ u|)~.u g, :Aﬁjﬂidadylﬁ 619,‘2.>m gwg.u s s ls acgoxo

Slgome Olinas g, b aliee DlS wagll olals o asall
slajles cdale Sl L ululinly 5 990 (59 mannSTy
Aoy Al oy Cao (pl jo Lol gy wagd )8 g Dl 3gls
CuO bulk )ltl)o ﬁ;éﬂ Veoo ;;E:.Lé)o 6‘9;‘7“' w‘p‘
pSkes Verr il o o VOFF 5 YIVIVA (g a
b awglio o VVVYA o VEEY (55 4 CuO NPs o
(YD JS8) ogs giie J S 9 S J 55
il col asie YE S8 0 a5 jshiles solsy cdile
S 203 i oS ke Ve LI L il o (ol sy
VAR oYY g o eA E e 1D e b i3 4 w0358 a0
oo s 9 03,5 )13 Igtme ity 53 5039 £5 2 J9mg S
Olon o Gaizmen WAL (s n Slyiome (6 5%eS o g

sy S &y Sl SIS gl | iy (Ao J5S gl

& : )

loesSozd ol s 4 38 Dlpdsl (alS pgle o
Lg)l.xiL‘oLl)p:oxélawwdb)lo?o)sm)am
Jables o e LiE Bas 4 698 oS S 9 syl
Slydeil s o (Wuret al, 2021) oS o o) el); <Y game
el (g9, Seend o3le LS Hlyieds 9 (n g e g pte 3B
@ oolazl (gl (ool Jumly 38 plicas i cpl a sl 00l oS
&l (IS Sleladl g 59290 Gl Sz B L plesl sl b (2les
.(Oussou-Azo et al., 2020) s s 257, o Slos dgu0

39/¥4

4 ols Gt Ol g (glgime (o) 1S T gl lyime
4 Comd) Zdo ol 1alS e (e J5S) g B L (Sl
s CUONPs 3 55 2 L jlos rizman 03,5 o0 (Suta 1S
Glgme Ll Cage B L oo o3yl lals CuO bulk
Clale (5 sy Gl Jlaie iy a6 ek b Ol o
s dall diged ply YIVY 5 &l 0,8 id o 0,5 Lo YO
cdale) @ld (gl odg p,8 I Aty o oS cal Jyo ol g
Sl YTV Gl ol (oo Slime » (idys 05 oo YO
(VA JS2) o8 svalive (e JyuS &) S

CuO NPs slo,los cdale 2ol b slad g lal e o
2 alS aigy 7,8 a4 el Hlals  CuO bulk 65 4
oalls ddin a5 sbay 0l casline slid g)lul oy
5 96 pdds oS ke YOO clale joa> o clid (g lub
4 a5 S Cof A odg8 py s 0 S e Ve clale o 5
(VB JSo) wvgs stie aalls diges plu YIVY oV i 3

Sl 5l ol @l (g2 53 0595008 weSTn (Slgione
CUO sl l33l b a5 0o, Lasie awaS] oo &35k
aenSTyy slgize ;o (gyloliae 2ul38 CuO balk 4 NPs
PR 55 2 5l Golesd Chle (nan 095 e Jol> (isee
doder oxge (Rl p Sk Verr) S e OIS
SSCIPRINI R NI NSV I SR
U STTE IS SR AP BN PREY R e
sl diges 5 iy (7,8 4 ooyl site vl digei ;o ool

(YC JSo) 098 ((orabs oLS) e


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

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24236330.1402.10.1.4.7 ]

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

Sl me gl (2 Bas clled b)) o es o (e

MST(%)

g

:

'

MDA Content (molg ' F.W)
B ]

Prolin Conte nt (pmolg 'F.W)
s 2 = o s
= 822 8ER

H202 Cantent(umolg ' F.W)

F & S FE SASS

cF (‘o"'\ P Sl & 99 o
& » FEEe & ¢ ¢ &

Lié ool s (A) F s Sl lszme s (DCUO) o (slosgs o8 5 MCUO)Y s | oo 35 Ciliseo slacdale b Lo il anylie ¥ JSCi

S5 s Sl olie g, o8, pasS 3 waal slasises b alia 15 (B) ol s sl 5 (D) siallisoplle slyioms <€) i 4oy Slyions «(B)

ool D13 Glosgs 0,3 DCUO 5 3556 o5 NCUO el P < o100 mlas 10 Sl (5051 (slice o lo cime 3D pae Kby Ly By, .ol SE £
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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