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Abstract: Copper oxide nanoparticles gained significance in agriculture for their antifungal action on
various fungal plant pathogens. In this context, gum ghatti capped copper oxide nanoparticles (CuO
NP) were generated by optimizing metal precursor conc. Synthesized NP were analyzed with different
instrumental techniques such as UV-vis spectroscopy (UV-vis), X-ray diffraction (XRD), Fourier
transform infrared spectroscopy (FTIR), dynamic light scattering, and transmission electron
microscopy. NP showed characteristic absorption at 280 nm in UV-vis spectra and indicated monoclinic
crystal structure. FTIR spectra confirmed the capping of NP by functional groups of the gum. Produced
NP were spherical and showed a mean particle size of 4.5 = 1 nm. The in vitro antifungal action of the
gum-capped NP (25-100 pg/mL) was determined using resazurin broth assay against mycelia and
sclerotia of Rhizoctonia solani, a soil and seed-borne fungal plant pathogen. Minimum inhibitory
concentration (MIC) values ranged from 50-75 and 75-100 pg/mL, respectively, for mycelia and
sclerotia of R. solani strains. NP inhibited the mycelial growth and sclerotial germination by 41.4-59%
and 46.8-69.3% at respective MIC values. Therefore, the present report paves the way for the production
of CuO NP-based fungicidal formulations towards the control and management of different fungal
diseases in a broad range of crops.
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1. Introduction

The different copper nanomaterials, such as copper oxide nanoparticles (CuO NP) are
widely employed in agriculture to control and manage various plant diseases caused by fungal
pathogens [1]. It is mainly due to their facile synthetic methodologies, controllable size and
morphologies, versatile applications, and cheaper cost than their counterparts, silver
nanoparticles [2-7]. The CuO NP are used as a fungicide against an arrow of phytopathogenic
fungi infecting a broad range of host crops including, cereals, vegetables, fruits, trees, etc. in
comparison with other macro copper formulations including, Bordeaux and Burgundy
mixtures; and copper sulfate due to the slow copper ion release [8]. Also, the copper
nanomaterials gained wide acceptance as antifungal agents due to higher solubility and
bioavailability; and enhanced activity at lower copper dosage [1,9-12].

In literature, various colloidal thermal synthesis processes were adapted for the
synthesis of CuO NP at alkaline pH using different plant extracts such as tree gum [13], leaf
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[14], flower [15], bacteria [16], fungi [17,18], etc. In this scenario, the CuO NP were
synthesized using the proteinaceous, edible, exudate tree gum, gum ghatti utilizing its
renewability, biodegradability, nontoxicity, and low-cost nature [19]. The gum ghatti was
extensively employed for the synthesis of silver [20], gold [21], palladium [22], platinum [23],
iron oxide [24] and titanium dioxide [25] nanoparticles.

The synthesized ghatti gum capped CuO NP were analyzed with UV-vis spectroscopy
(UV-vis), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), dynamic
light scattering (DLS), and transmission electron microscopy (TEM). Further, the in vitro
antifungal action of the CuO NP at variable concentrations was evaluated against the mycelia
and sclerotia of various strains of Rhizoctonia solani using the resazurin broth assay. The
fungus R. solani is a soil and seed-borne fungal plant pathogen responsible for sheath blight
disease in rice [26].

2. Materials and Methods

2.1. Materials.

Gum ghatti (Girijan Co-operative Corporation Ltd., Hyderabad, India), sodium
hydroxide, copper chloride dihydrate (SD Fine, Mumbai, India), potato dextrose agar (PDA),
potato dextrose broth (PDB), resazurin (HiMedia, Mumbai, India), propiconazole (Sigma-
Aldrich, Bengaluru, India) were used during this work. The gum, salt, and other needed
solutions were made with ultra-pure water. Autoclave sterilized plasticware, glassware and
media were utilized throughout the experimentation.

2.2. Synthesis of copper oxide nanoparticles (CuO NP).

As reported earlier, 0.5% of gum aqueous solution was prepared [23]. The CuO NP
were prepared by autoclaving the 0.5% gum solution at pH 12 by varying the copper chloride
concentration (1-10 mM) at 121°C and 15 psi for 30 min with slight modifications [13,23].

2.3 Characterization of CuO NP

The UV-visible (UV-vis) absorption spectra of the produced CuO NP solutions were
measured from 250-800 nm against the autoclaved gum blank (Analytik Jena AG, Specord 200
Plus, Jena, Germany). The X-ray diffraction (XRD) pattern of the glass slide deposited NP was
acquired (Rigaku, Ultima 1V diffractometer, Tokyo, Japan). The infrared (IR) spectra of the
lyophilized gum and NP were measured (Bruker Optics, TENSOR 27, Ettlingen, Germany).
The hydrodynamic radius of NP and zeta potential of the synthesized NP solutions
nanoparticles were recorded (Malvern, Zetasizer Nano ZS90, Malvern, UK). The transmission
electron microscope (TEM) images of the NP solution were obtained (FEI, Tecnai 20 G2 S-
Twin, Eindhoven, Netherlands) [23].

2.4. Antifungal activity of synthesized CuO NP.

The in vitro antifungal action of the synthesized CuO NP was studied against the
mycelia and sclerotia of Rhizoctonia solani strains (TS-06, TS-10, TS-14, TS-20, TS-22, TS-
24) with resazurin assay [26]. The potato dextrose broth (PDB) tubes (2 mL) were augmented
with varying concentrations of CuO NP (50-100 pg/mL), and the tubes were inoculated with 2
mm myecelial agar plug from 3 days old actively growing fungus on potato dextrose agar (PDA).
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The negative and positive and control PDB tubes were kept with 0.5% autoclaved gum and
propiconazole (100 pg/mL), respectively. After 24 h of growth at 27°C, 50 pl of resazurin dye
(200 pg/mL) was added into the tubes and further incubated. After a total incubation of 48 h,
the tubes were noted for hyphal growth and color change. The fungal growth inhibition was
revealed from blue, purple, faint yellow, or yellow color, and live fungi were signified from
the pink color of tubes. The minimum inhibitory concentration (MIC) values were obtained
based on fungal growth inhibition at tested NP concentrations. The absorption of the tubes was
measured at 500 and 600 nm, and the mycelial growth inhibition (%) and sclerotial germination
inhibition (%) were was calculated [27]. A similar method was adapted for sclerotia (2-3 mg
fresh weight) collected from PDA-grown fungus for 7 days. The assay was repeated three
times.

3. Results and Discussion

3.1. Synthesis and characterization of CuO NP.

The CuO NP were synthesized by autoclaving the 0.5% gum solution supplemented
with variable concentration of copper chloride (1-10 mM) at 121°C and 15 psi for 30 min. The
color of the reaction mixture was blue before autoclaving and turned brownish-black during
autoclaving, confirming the synthesis of CuO NP [13] (inset of Figure 1). The CuO NP
solutions synthesized at 1 mM and 10 mM were faint brown and dark blue, indicating low and
incomplete synthesis. Further, these solutions were precipitated with time, and the
corresponding UV-vis absorption spectra showed continuous wide absorption. While the CuO
NP synthesized at 5 mM of copper chloride showed brownish-black coloration and remained
stable in the solution with no precipitation (inset of Figure 1). The solutions of CuO NP
synthesized at 5 mM concentration were diluted 4 times, and the collected UV-vis spectrum
showed a prominent absorption peak at 275 nm (Figure 1). The recorded absorption peak
concurs with earlier studies on CuO NP biosynthesized with leaf extracts [14,28].
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Figure 1. The UV-visible absorption spectra of copper oxide nanoparticles synthesized by autoclaving at
different concentrations (1-10 mM) of copper chloride and 0.5% gum at pH 12. Inset: Color of the reaction

mixture of 0.5% gum and 5 mM copper chloride (a) before and (b) after autoclaving.

The XRD pattern of CuO NP synthesized at an optimal concentration of 5 mM showed
distinctive diffraction peaks at 35.2°, 38.7° and 49.0° corresponding to (022), (111), and (-202)
planes of the characteristic monoclinic crystal structure of CuO (JCPDS-05-0661) (Figure 2)
[13].
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Figure 2. The XRD pattern of gum-capped copper oxide nanoparticles.

The IR spectrum of gum showed typical absorbance peaks at 3421 (O-H group) 2920,
2855 (asymmetric stretching, scissoring; and symmetric stretching vibrations of methylene
groups), 2318 (different carbonyl species), 1736 (carbonyl stretching vibrations of aldehydes,
ketones, and carboxylic acid), 1632 (asymmetrical carboxylate stretch and amide | linkage of
protein), 1429 (the symmetrical stretch of carboxylate groups) and 1035 cm™ (C-O stretch of
the alcoholic group) [23]. The capped CuO NP revealed absorbance bands at 3437, 2922, 2853,
2359, 1738, 1635, 1457, 1417, 1318 and 1030 cm™ (Figure 3). The NP demonstrated major
peak shift (3421 to 3437 cm™, 2318 to 2359 cm™ and 1429 to 1417 cm™), minor peak shift
(1035 to 1030 cm™), and new peak emergence (1318 cm™), confirming the binding of copper

ions with gum’s hydroxyl, carbonyl and carboxylate groups [23,29].
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Figure 3. The FTIR spectra of (a) gum and (b) gum capped copper oxide nanoparticles.

The CuO NP showed a hydrodynamic radius of 80 nm and a zeta potential value of
-25.7 mV, respectively (Figure 4).
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Figure 4. The (a) particle size distribution and (b) zeta potential of synthesized copper oxide nanoparticles.

The TEM photographs revealed the spherical morphology of the produced NP. The
particle size ranged from 3.6 - 9.3 nm, and the mean particle size was 4.5 + 1 nm. The crystal
character of the fabricated CuO NP was also corroborated from the selected area electron
diffraction (SAED) pattern (Figure 5). The particle size of CuO NP achieved in the present
report is compared with the previous studies on biosynthesized CuO NP. The CuO NP of 60-
100 nm size were fabricated with aqueous spinach leaf extract [30]. The Piper betle leaf extract
synthesized CuO NP showed a particle size of 50-100 nm [31]. At the same time, the CuO NP
of 10-70 nm were generated by bacterial-mediated synthesis with Pseudomonas
fluorescens[32]. The leaf extract synthesized CuO NP of 34 nm and 68 nm were fabricated
with Prosopis juliflora and Pluchea sericea [33]. The CuO NP of 20-35 nm were
biosynthesized with flower extract of Stachys lavandulifolia [15]. The CuO NP with a mean
size of 28 nm were biosynthesized with extract of Eichhornia crassipes leaves [34]. The CuO
NP of 27.5 nm size were fabricated employing leaf and stem ash of Seidlitzia rosmarinus [35].
The CuO NP of 20 nm were green synthesized by the leaf extract of Aloe barbadensis [14].
The cell-free culture supernatant of Streptomyces produced the biogenic CuO NP in the range
of 5-14 nm [16]. The CuO NP of 7.8 nm size were prepared with another tree gum, karaya [13].
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Figure 5. The TEM images of gum-capped copper oxide nanoparticles at (a)5 nm, (b) particle size histogram,
and (c) corresponding selected area electron diffraction (SAED) pattern.
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3.2. Antifungal evaluation of CuO NP.

The in vitro antifungal activity of the produced CuO NP (25-100 pg/mL) was evaluated
with the resazurin broth method towards the mycelia and sclerotia of different strains of
Rhizoctonia solani, a soil and seed-borne fungal plant pathogen causing sheath blight disease
in rice. Among the other antifungal evaluation techniques, the resazurin reduction method is a
simple, rapid, sensitive, visual colorimetric, non-toxic, stable, liquid-based viable cell detection
assay that is amenable to automation and serves as an indicator of microbial respiration [27].
The minimum inhibitory concentration (MIC) values were obtained from the PDB color change
after 48 h incubation. The values ranged from 50-75 and 75-100 pg/mL, correspondingly
towards mycelia and sclerotia of various R. solani strains (Figure 6). The NP inhibited both
mycelial growth and sclerotial germination. The inhibition (%) ranged from 41.4-59% and
46.8-69.3% at 50-75 and 75-100 pg/mL for the respective mycelia and sclerotia. The positive
control, propiconazole (100 pg/mL), completely inhibited hyphal growth and sclerotial
germination (Table 1).

The utilization of elemental copper and copper-based compounds as antimicrobials
were approved by the US Environmental Protection Agency (EPA), and the copper
nanocomposites are commercially utilized in food packaging [36], paints, textiles, fabrics,
agriculture, etc. [11]. The copper-based nanocomposites are exploited as bactericides; and
fungicides towards various phytopathogenic fungi, including Alternaria, Macrophomina,
Fusarium, Penicillium, Colletotrichum, Rhizoctonia, Phytophthora, Botrytis etc. because of
their capability to cross biological barriers interact with target organelles [14,20,28,29]. The
antifungal results obtained in the present report study were weighed against earlier research
carried out with CuO NP. In the case of Penicillium, the CuO NP of 40 nm inhibited mycelial
growth at 150 mg/mL [37]. The CuO NP (30 nm) treatment at 10000 pg/mL inhibited the wood
decay caused by Trametes versicolor [38]. At 100 pug/mL, the 28 nm-sized CuO NP inhibited
the phytopathogenic fungi, Aspergillus flavus, A. niger, A. fumigatus, Fusarium oxysporum,
and F. culmorum [34]. In-field studies, 14 nm-sized CuO NP decreased the necrosis of tomato
after 10 days of treatment at 277.8 pug/mL [1]. Thus, the results achieved in the present report
are comparable with previous antifungal studies. In sclerotia-forming phytopathogenic fungi
such as R. solani and Sclerotium rolfsii, the fungicidal action of copper nanomaterials was
attributed to cytoplasmic loss cytoplasmic coagulation, deformation, and destruction of fungal
hyphae [39].

Figure 6. The antifungal action bf CO NP tords (a) m;;célia and (b) sclerotia of R. solani TS-20 strain in
resazurin broth assay at, (a) 0, (b) 25, (c) 50, (d) 75 and (e) 100 pg/mL; and (f) propiconazole (100 pg/mL).
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Table 1. The minimum inhibitory concentration (MIC) values of CuO NP towards mycelia and sclerotia of R.
solani strains obtained from the resazurin broth assay.

Strain Mycelia Sclerotia
MIC Mycelial inhibition MIC Sclerotial germination inhibition
(Hg/mL) (%) (ug/mL) (%)

TS-06 50 50.8 +0.7 100 69.3+1.0
TS-10 75 44.2 £0.6 100 48.4 0.7
TS-14 75 59.0 +0.8 100 60.4 0.9
TS-20 50 54.7 £0.8 75 67.4+1.0
TS-22 50 41.440.6 100 54.140.8
TS-24 50 44.1 +0.6 100 46.8 £0.7

4. Conclusions

The current paper synthesized gum ghatti capped CuO NP of 4.5 nm by a facile
autoclaving method. The in vitro antifungal action of synthesized CuO NP was determined
towards mycelia and sclerotia of various R. solani strains using the facile, visual resazurin
method. At MIC values of 50-75 and 75-100 pg/mL, the NP inhibited the mycelial growth
(41.4-59%) and the sclerotial germination (46.8-69.3%), respectively. Thus, the present report
serves as a green method for producing CuO NP-based fungicides towards the control and
management of different fungal diseases in a broad range of crops. However, further studies
are warranted on the role of NP particle size, shape, capping, oxidation state, etc., on antifungal
action and mode of antifungal activity.
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