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Abstract

Sheath blight disease in rice is of major concern as it has led to a decrease in the rice crop yield worldwide. Therefore,
to combat this particular fungal pathogen using a sustainable alternative, nanomaterials have come into play. This study
reports the usage of green chemistry for the synthesis of silver nanoparticles using silver nitrate as the precursor agent
and Syzygium aromaticum (clove) extract as the reducing agent and surfactant. The evaluation of the in-vitro antifungal
activity was performed on Rhizoctonia solani using various concentrations of silver nanoparticles. Several methods like
UV-Vis Spectroscopy and Scanning Electron Microscopy, were employed for characterization purposes. The Scanning
Electron micrograph showed that nanoparticles were roughly spherical. The clove silver nanoparticles were highly
effective in inhibiting the growth of the pathogen as observed and based on the obtained results, the clove nanoparticles
can be investigated further as a probable replacement for synthetic fungicides.

Keywords: Green synthesis, silver nanoparticles, Rhizoctonia solani, plant nano-biotechnology, in vitro antifungal

activity.

1. Introduction

A global estimation tells that the total food production will
only be sufficient for only sixty per cent of the world pop-
ulation, as by 2050 it is expected to reach over nine billion.
This predicted increase in population will also require a sig-
nificant increase in crop yield to meet the requirements of
the advancing global need for food [1]. Rice (Oryza sativa
L.) is yet another staple crop in Asian countries and is also
considered as the world’s most widely consumed cereal crop
with the leading producers being China and India). In India,
it is grown over a land area of 43.95 million hectares with a
production rate of 106.54 million tons [2]. This crop can be
grown in any type of soil including alkaline and acidic soils.
The major rice-growing states in India are Assam and other
northeastern states, Chhattisgarh, Punjab, Orissa, West Ben-
gal, etc. There are several numbers of rice varieties present
all over the world among which IR64 is considered the best
due to its wide adaptation, early maturity, improved quali-
ty, high yield, and disease resistance against brown plan-
thopper (BPH), green leafhopper (GLH), grassy stunt virus
and stem borer [3]. Lately, plant pests and pathogens have
caused a significant reduction in the production yield of
rice, the major pathogen being Rhizoctonia solani (R. solani)
which causes sheath blight (ShB) disease-causing nearly fif-
ty per cent damage to the yield [4]. The disease cycle starts
with the advancement of abrasion which finally restrains the
grain filling. R. solani is challenging to manage owing to the
extensive host range of the pathogen even under unfavour-

able environmental conditions [5]. Strategies for pest man-
agement rely heavily on the use of chemical-grade fungicides
whose disadvantages outweigh the advantages as many of
these fungicides have a harmful effect. Thus, to combat this,
an environment-friendly, efficient alternative is required
which is adept by nanotechnology.

The field of nanotechnology has implicated great interest
and is being increasingly seen as a promising solution for
various problems ranging from the areas of medicine to
sustainable agriculture. Nanoparticles are formulated from
certain bioactive agents like plant materials and microorgan-
isms and several forms of nanoparticles can be prepared like
silver (Ag) nanoparticles, copper (Cu) nanoparticles, and sili-
ca-based nanoparticles that have significant importance due
to their certain properties like low toxicity, biocompatibility,
and eco-friendliness.

Recently, there has been a growing inquisitiveness about
gold and silver nanoparticles as they present superior char-
acteristics with handy flexibilities [6]. The use of nanoparti-
cles has seen a rapid increase, especially in the use of silver
nanoparticles as they are being utilized in various fields like
medical, food, healthcare, consumer,; and even industrial pur-
poses due to the one-of-a-kind physical and chemical repre-
sentations.

Because the surface-to-volume ratio of nanoparticles varies
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greatly, these nanoparticles are unique and can significantly
change physical, chemical, and biological properties, so they
are overworked for individual applications [7, 8]. To meet
the requirements of the AgNP, several methods have been
adopted for coalescence purposes. Broadly, the physical and
chemical methods after being in use were considered to be
expensive as well as hazardous [9]. Among the various syn-
thetic methods used for the synthesis of nanoparticles the
biological method of synthesis was deemed fit as a simple,
reliable, and green approach that can generate clearcut di-
mensions and arrangement under revamped circumstanc-
es for translational investigations. After much research, the
environmentally safe chemistry concept for the synthesis of
silver nanoparticles shows an ample amount of promise.

In crop protection, nanotechnology has the potential to rev-
olutionize the way we grow and protect crops. Nanoparticles
can be used as delivery systems for pesticides, fertilizers,
and other agricultural inputs [10]. They can also be used
to enhance plant growth, increase nutrient uptake, and im-
prove soil quality. The use of nanomaterials is widening and
some of these include Zinc, copper, and silver nanoparticles
which have been studied and tested for their antifungal, and
anti-bacterial properties against a variety of pathogens [11].

Among the many nanoparticles in use, silver nanoparticles
(Ag-NP) have caught the attention of researchers because
of their unique characteristics including chemical stability,
high catalytic activity, and anti-fungal efficiency [12].

There are numerous ways for producing nanomaterials
mechanically which are not considered to be safe at times.
Customarily, the nanoparticle synthesis takes place by put-
ting into use, the three different methodologies which typ-
ically include the top-down or bottom-up approaches [13].
In physical terms, nanoparticles were composed by evapo-
ration-condensation by applying the tube furnace at atmo-
spheric pressure [14]. The usual substantial methods includ-
ed spark discharging and pyrolysis for the synthesis of silver
nanoparticles. Some of the advantages included speed and
radiation which were in use as the reducing agents with no
toxic chemicals in use. However, the detrimental effects in-
cluded low yield and increased level of energy consumption,
contamination of the solvent, and lack of orderly distribution
[15]. Chemical method of nanoparticle synthesis incorpo-
rates several methods like cryochemical synthesis laser ab-
lation, lithography, electrochemical reduction, laser irradia-
tion, and many more [16]. The downside of these included
the excessive use of hazardous chemicals and its effects on
living beings and this has prompted researchers to look for
safe and effective methods of production. Researchers have
come up with the green synthesis method of nanoparticles
using fungi, bacteria as well as plant [17]. Various plants that
have been explored for the green synthesis of AgNPs include
Callistemon lanceolatus Xanthostemon chrysanthus Cassia
auriculate Andean blackberry and Ficus panda [18-20].

A plant that has received relatively little attention is Syz-
ygium aromaticum, (L) commonly referred to as the clove
[21]. This spice is popular for its aroma due to the presence

of eugenol and rich antioxidants belonging to polyphenols,
aromatic hydroxy acids, and many more. Several studies
performed on clove have found its antiseptic, antibacterial,
antifungal, and antiviral properties. Clove is also a beloved
antidote for dental disorders and respiratory disorders. sore
throat in daily medicines of Asian countries. This spice plant
holds particular promise for preparing silver nanoparticles
(AgNPs) owing to the phytoconstituents [22].

In this context, the study aimed to synthesize silver nanopar-
ticles using the green synthesis method from Syzygium aro-
maticum L (clove) extract thereby evaluating the in-vitro
antifungal activity of Ag-NPs on the phytopathogenic fungi
Rhizoctonia solani known to cause increased damage to rice
plants (Oryza sativa L).

2. Material and Methods

2.1. Plant Materials and Chemicals

Clove (Syzygium aromaticum) buds were bought from the
local market of Kolkata, West Bengal, India. Culture media
(Potato Dextrose Agar) SRL Pvt.Ltd, Petri plates, and silver
nitrate present in the laboratory were used. The chemicals
in use were of analytical grade with greater than 95% purity.

2.2. Microorganisms

The phytopathogenic fungi selected for the anti-fungal assay
was Rhizoctonia solani. The stock culture of the same was
obtained from the Department of Plant Pathology, Bidhan
Chandra Krishi Vishwavidyalaya (BCKV), Mohanpur, Nadia,
West Bengal.

2.3. Clove extract preparation

Clove buds of 25g were measured and thoroughly crushed
into a fine powder using mortar-pestle available in the labo-
ratory. It was mixed with 250ml of distilled water and heat-
ed at 80°C with continuous stirring for 1-2 hours in a bea-
ker. The mixture was filtered using Whatman's filter paper,
No.1, and kept at 4°C for further use. The filtrate obtained
portrayed yellowish-orange colour. The whole process is de-
picted in Figure 1.

Ep—re 8 j
Mixture was stirred and ~
heated at 80°C for 1-2h I

Clove extract was keptat  Filtering using Whatman filter
4°C for future use paper

W s

25g of clove 250 ml water was
buds were added to the
crushed powder

Figure 1: Schematic showing the Syzygium aromaticum
(clove) extract preparation.

2.4. Synthesis and extraction of silver nanoparticles us-
ing Syzygium aromaticum (clove) extract

The synthesis of AgNPs was carried out by adopting the
methodology of [23, 24]. 90 ml of 1 mM AgNO3 solution was
prepared and mixed with 10 ml of clove extract in a conical
flask. Again, it was heated at 80°C for 2-3 hours with con-
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tinuous stirring. The formation of Ag-NP in conjugation with
clove extract showcased a drastic color change from yellow-
ish orange to dark brown which was visible by the naked
eye. This dark brown extract was transferred into falcon
tubes and centrifugation was initiated thrice at 10,000 rpm
for 15 min. The supernatant was discarded, and the pellet
was washed thrice with distilled water. As a result, greyish
nanoparticles were observed at the bottom of the falcon
tubes. The obtained nanoparticles were resuspended using
1ml distilled water. The entire process described above is il-
lustrated in Figure 2

Clove buds Clove powder e
Yellow- orange color of

clove extract

Heated and stirred

25 Clove powder mixed with 250 mi
distill " at 80=cfor 12h.

The color change
proved successful Ag-
- NP formation

Addition of 80m| 1mM AgNO3.

Clove-Ag-NP resuspended in
distilled water Again, heating at 80°Cfor 2-3h.

Aft

pellet at 10000 rpm for

- P
supernatant is obtained 16-20 min.

Figure 2: Green synthesis of the clove extract mediated Ag-
NPs.

2.5. Characterization of the attained AgNPs

The samples were loaded into a UV-Vis spectrophotometer
and the analysis was performed in the range of 200-800nm
to investigate the successful formation of AgNPs. To evaluate
the surface morphology,10ul supernatant of silver nanopar-
ticles was taken on a glass stub (1cm. X 1cm.) and vacuum
dried. The sample was then subjected to scanning electron
microscopy using FEI Quanta 200 (FEI, Hillsboro, OR, USA).

2.6. Antifungal response on the mycelial growth of Rhi-
zoctonia solani

To assess the response of Rhizoctonia solani upon exposure
to the synthesized silver nanoparticles (AgNPs), the exper-
imentations were carried out in triplicate with Potato Dex-
trose Agar (PDA) in the Petri plates under aseptic conditions
by differing the concentration of the AgNPs. A standard sam-
ple without treatment of AgNPs was considered as control
and different concentrations of the AgNPs were taken follow-
ing the Poison plate method. The control plate was prepared
by pouring 20 ml of PDA that was allowed to be set for some
time, followed by the addition of a mycelial plug (5mm) at
the centre that was obtained from the edge of the 7-day-old
colonies of the received mother plate. A similar process was
carried out for the plates having various concentrations of
AgNPs. The plates were then subjected to incubation and
were checked after a brief time period of 24,48 and 72 hrs.

Figure 3 displays a schematic diagram of the experimental
design for the evaluation of the in vitro anti-fungal activity

/
I 4 ' \
\ p— o — e 10 ug/200u!

Control
(R.seland +PDA)
& -
..[ £Dug/1000ul

R-solani mycelial plug
+ clove-Ag-NP

Potato Dextrose
Agar (POA)

Figure 3: Experimental design carried out for the anti-fun-
gal evaluation. Created with BioRender.com.

3. Results and Discussion

This section produces the various results of the optical prop-
erties demonstrated by the synthesized Ag-NPs followed by
the assessment of the antifungal behavior of the AgNPs.

3.1. Visual inspection and absorbance analysis by UV-Vis
Spectroscopy

The synthesis process was carried out with the aqueous ex-
tract and silver nitrate in the presence of heat. The addition
of silver nitrate to the solution led to a color change from
orangish yellow to dark brown Figure 4a which strongly in-
ferred the formation of the clove-AgNPs. The formation of
AgNPs was further confirmed by analyzing the synthesized
nanoparticles as well as the clove extract with a UV-Vis spec-
trophotometer as demonstrated in Figure 4b.

These bio-transformed products were characterized by
UV VIS spectroscopy performed at 24h, 48h, and 72h time
points in order to study the change in light absorption of
the solution with an increase in color intensity; a graph of
which is shown in Figure 4c. It was generally recognized that
the brown coloration in water was due to the surface plas-
mon resonance (SPR) effect and reduction of AgNO3 [25].
The strong surface plasmon resonance centered at ca.400 -
450nm increases with time. The absorption peak was about
405 nm, this is a typical range for Ag nanoparticles support-
ed by literature.
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Figure 4: Characterization of the bio-fabricated clove-Ag-
NPs. (4a) Preliminary identification of the nanoparticles
through colour change. (4b) UV-visible spectrum for clove
extract as well as clove-Ag-NP extract. (4c) Graph measured
atthe required time intervals indicating the absorption peak.
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3.2. The morphological study by Scanning Electron Mi-
croscopy

Figure 5 shows a micrograph recorded from clove ex-
tract-based AgNPs. The structural features revealed that
individual silver nanoparticles were spherical in shape. The
vast majority of them were single crystalline in nature. The
SEM studies confirmed the formation of the nanoparticles in
the range of 20-100 nm thereby providing a clear indication
of the formation of the silver nanoparticles.

Figure 5: Scanning Electron Microscopy of the silver
nanoparticles.

3.3. Analysis of the in vitro antifungal activity of the
Clove-AgNPs

Figure 6 illustrates the antifungal activity of the Clove-Ag-
NPs against the phytopathogenic fungi Rhizoctonia sola-
ni cultivated in agar mixed with varying concentrations of
(10ug/200ul,30ug/600ul, 60ug/1000ul) AgNPs at observed
time intervals of 24,48 and 72 hrs. This figure mainly depicts
how using the poison food technique the silver nanopar-
ticles caused a delay in the growth of fungi. A decrease in
the growth of R. solani was recorded for a concentration of
30ug/600ul and 60ug/1000ul indicating that the percent-
age inhibition of the radial growth of R. solani increased as a
function of concentration and exposure time.

24 hrs 48 hrs

Control

10ug/200ul

30ug/600ul

60ug/1000ul

Figure 6: Pictographic record of the fungal mycelium growth
of Rhizoctonia solani

Figure 7 shows the mycelial growth measurement in each
plate recorded as a function of time and AgNP concentration
in the form of a histogram.

m24 m48 m72

Fungal growth in (mm)

0% 1% 3% 5%
Concentration of silver nanoparticle used in (%)

Figure 7: Histogram depicting fungal growth with respect to
the various concentration of nanoparticles in use.

In support of our findings, the antifungal activities of sever-
al bio-based inorganic metal/ metal oxides have been under
investigation previously. The studies performed by various
researchers have been in support of the green synthesis of
nanoparticles and their use as antifungal agents to protect
the plant from fungal pathogens in a sustainable manner.
In various other studies where, in vitro, the antifungal ca-
pability was researched against Botrytis cinerea, Alternaria
solani, and many more using AgNPs. It was determined that
the inhibitory action was increased by accelerating the con-
centration [26-28]. The vigorous inhibitory activity of the
nanoparticles shown in the present study could be due to
the small size and the capability to permeate the cell altering
the fungal cell activity as reported by AshaRani et al., [29].
Numerous studies have also been performed to explain the
antifungal mechanisms of the AgNPs and studies performed
by various researchers suggest that the process involves oxi-
dative stress which leads to the reticence of the spore germi-
nation initiating cell death.

4. Conclusion

The present study revealed the eco-friendly, cost-effective,
and fast method of the synthesis of AgNPs using the aque-
ous extract obtained from Syzygium aromaticum that was
frequently used in traditional medicine. The various char-
acterization techniques were confirmative of the successful
formation of the spherical and crystalline silver nanoparti-
cles which further provided evidence of the role of the phy-
tochemicals as the reducing and circumscribing agents in the
conflation of AgNPs.

Likewise, upon biological evaluation, the AgNPs were found
to have good anti-fungal properties against Rhizoctonia so-
lani, a phytopathogen that causes extensive damage to rice
plants all over the world.

Hence, this study vouches that the AgNPs obtained via green
synthesis hold tremendous potential to tackle fungal diseas-
es. This study performed could be of benefit in the sustain-
able agriculture fields.

Volume - 2 Issue - 3

and Education Research. 2(3), 1-6.

Citation: Patra, S., Ghosh, S., Chakraborty, A., Ray, S. (2024). Green Synthesized Clove Nanoparticles: a novel, potent antifungal innovation. Journal of Agriculture P 40f6
age 4 o0



Journal of Agriculture & Education Research Copyright © Sarmistha Ray

Declaration of Interest
The authors declare no conflict of interest

Funding
This research received no external funding

Acknowledgements

The authors would like to thank the Department of Plant
Pathology, Bidhan Chandra Krishi Vishwavidyalaya (BCKV),
Mohanpur, Nadia, West Bengal for providing the necessary
culture plate to aid the present work.

References

1.

10.

11.

Quecini, V,, Viana, V. E., Pegoraro, C., & de Oliveira, A. C.
(2020). Gene Delivery Systems for Conventional Genetic
Engineering and Genome Editing to Improve Grain Qual-
ity. The Future of Rice Demand: Quality Beyond Produc-
tivity, 369-394.

Chiranjeevi, N., Kumar, P. A,, Jayalakshmi, R. S., Prasad, K.
H., & Prasad, T. N. (2018). Bio efficacy of biogenic silver
nanoparticles against rice sheath blight causing patho-
gen Rhizoctonia solani Kuhn. International Journal of
Current Microbiology and Applied Sciences, 7(7), 4148.
Mackill, D. ]., & Khush, G. S. (2018). IR64: a high-quality
and high-yielding mega variety. Rice, 11, 1-11.

Li, D, Li, S.,, Wei, S., & Sun, W. (2021). Strategies to man-
age rice sheath blight: Lessons from interactions be-
tween rice and Rhizoctonia solani. Rice, 14(1), 1-15.
Yang, Q. Yang, L., Wang, Y., Chen, Y, Hy, K, Yang, W, ...
& Li, G. (2022). A High-Quality genome of Rhizoctonia
solani, a devastating fungal pathogen with a wide host
range. Molecular Plant-Microbe Interactions, 35(10),
954-958.

Noah, N. (2019). Green synthesis: Characterization and
application of silver and gold nanoparticles. In Green
synthesis, characterization and applications of nanopar-
ticles (pp. 111-135). Elsevier.

Zhong, Y., Shao, Y, Ma, F, Wy, Y, Huang, B, & Hao, X.
(2017). Band-gap-matched CdSe QD/WS2 nanosheet
composite: Size-controlled photocatalyst for high-effi-
ciency water splitting. Nano Energy, 31, 84-89.
Jemilugba, O. T, Parani, S., Mavumengwana, V., & Oluwa-
femi, O. S. (2019). Green synthesis of silver nanoparti-
cles using Combretum erythrophyllum leaves and its
antibacterial activities. Colloid and interface science
communications, 31, 100191.

Gurunathan, S., Kalishwaralal, K., Vaidyanathan, R., Ven-
kataraman, D., Pandian, S. R. K,, Muniyandj, J., ... & Eom,
S. H. (2009). Biosynthesis, purification and characteri-
zation of silver nanoparticles using Escherichia coli. Col-
loids and Surfaces B: Biointerfaces, 74(1), 328-335.
Usman, M., Farooq, M., Wakeel, A, Nawaz, A, Cheema,
S. A, ur Rehman, H,, .. & Sanaullah, M. (2020). Nano-
technology in agriculture: Current status, challenges
and future opportunities. Science of the Total Environ-
ment, 721, 137778.

Widatalla, H. A., Yassin, L. E, Alrasheid, A. A., Ahmed, S.
A. R.,, Widdatallah, M. 0., Eltilib, S. H., & Mohamed, A. A.
(2022). Green synthesis of silver nanoparticles using
green tea leaf extract, characterization and evaluation

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

of antimicrobial activity. Nanoscale Advances, 4(3),911-
915.

Gitea, D.A.N.I.E. L. A, Teodorescu, A. N. D. R. E. I, Pantis,
C. A.R. M. E. N, Tit, D. M., Bungau, A. F, Bogdan, M. I. H.
A.E.L. A, ..&Bustea, C.R. I.S. T. 1. A. N. A. (2020). Green
synthesis of silver nanoparticles using Hypericum per-
foratum L. extract and evaluation of their antibacterial
activity. Rev. Chim, 71, 273-279.

Thivaharan, V., Ramesh, V., & Raja, S. (2018). Green syn-
thesis of silver nanoparticles for biomedical and en-
vironmental applications. Green Metal Nanoparticles:
Synthesis, Characterization and their Applications, 287-
439.

Tien, D. C,, Tseng, K. H,, Liao, C. Y, Huang, ]. C,, & Tsung, T.
T. (2008). Discovery of ionic silver in silver nanoparticle
suspension fabricated by arc discharge method. Journal
of alloys and compounds, 463(1-2), 408-411.

Elsupikhe, R. F, Shameli, K., Ahmad, M. B., Ibrahim, N. A,,
& Zainudin, N. (2015). Green sonochemical synthesis of
silver nanoparticles at varying concentrations of k-car-
rageenan. Nanoscale research letters, 10, 1-8.

Sergeev, B. M., Kasaikin, V. A,, Litmanovich, E. A, Sergeey,
G. B, & Prusov, A. N. (1999). Cryochemical synthesis and
properties of silver nanoparticle dispersions stabilised
by poly (2-dimethylaminoethyl methacrylate). Mende-
leev communications, 9(4), 130-132.

Hernandez-Diaz, . A., Garza-Garcia, J. ]., Zamudio-Oje-
da, A, Ledn-Morales, J. M., Lopez-Velazquez, |J. C, &
Garcia-Morales, S. (2021). Plant-mediated synthesis of
nanoparticles and their antimicrobial activity against
phytopathogens. Journal of the Science of Food and Ag-
riculture, 101(4), 1270-1287.

Paosen, S., Saising, J., Septama, A. W,, & Voravuthikun-
chai, S. P. (2017). Green synthesis of silver nanoparticles
using plants from Myrtaceae family and characteriza-
tion of their antibacterial activity. Materials Letters, 209,
201-206.

Muthu, K., & Priya, S. (2017). Green synthesis, charac-
terization and catalytic activity of silver nanoparticles
using Cassia auriculata flower extract separated frac-
tion. Spectrochimica Acta Part A: Molecular and Biomo-
lecular Spectroscopy, 179, 66-72.

Kumar, B., Smita, K., Cumbal, L., & Debut, A. (2017).
Green synthesis of silver nanoparticles using Andean
blackberry fruit extract. Saudi journal of biological sci-
ences, 24(1), 45-50.

Lakhan, M. N,, Chen, R., Shar, A. H., Chand, K., Shah, A.
H., Ahmed, M,, ... & Wang, ]. (2020). Eco-friendly green
synthesis of clove buds extract functionalized silver
nanoparticles and evaluation of antibacterial and antid-
iatom activity. Journal of microbiological methods, 173,
105934.

Cortés-Rojas, D. F, de Souza, C. R. F, & Oliveira, W. P.
(2014). Clove (Syzygium aromaticum): a precious
spice. Asian Pacific journal of tropical biomedicine, 4(2),
90-96.

Maciel, M. V. D. O. B., da Rosa Almeida, A., Machado, M.
H., de Melo, A. P. Z.,, da Rosa, C. G., de Freitas, D. Z., ... &
Barreto, P. L. M. (2019). Syzygium aromaticum L.(clove)
essential oil as a reducing agent for the green synthesis

Volume - 2 Issue - 3

Citation: Patra, S., Ghosh, S., Chakraborty, A., Ray, S. (2024). Green Synthesized Clove Nanoparticles: a novel, potent antifungal innovation. Journal of Agriculture P 5 of 6
age 5 0

and Education Research. 2(3), 1-6.



Journal of Agriculture & Education Research Copyright © Sarmistha Ray

24.

25.

26.

of silver nanoparticles. Open Journal of Applied Scienc-
es, 9(2), 45-54.

Kasim, S., Dali, S., & Rahmah, M. (2021). Synthesis of sil-
ver nanoparticles using bioreductors from clove leaf ex-
tract (Syzygium aromaticum) and test of its antibacteri-
al activity. In Journal of Physics: Conference Series (Vol.
1763, No. 1, p. 012051). IOP Publishing.

Ostrowski, J. C., Mikhailovsky, A., Bussian, D. A, Summers,
M. A, Buratto, S. K., & Bazan, G. C. (2006). Enhancement
of phosphorescence by surface-plasmon resonances in
colloidal metal nanoparticles: the role of aggregates. Ad-
vanced Functional Materials, 16(9), 1221-1227.

Hao, Y, Cao, X,, Ma, C,, Zhang, Z., Zhao, N., Alj, A,, ... & Rui,
Y. (2017). Potential applications and antifungal activities
of engineered nanomaterials against gray mold disease

27.

28.

29.

agent Botrytis cinerea on rose petals. Frontiers in plant
science, 8, 1332.

Madbouly, A. K., Abdel-Aziz, M. S., & Abdel-Wahhab, M.
A. (2017). Biosynthesis of nanosilver using Chaetomium
globosum and its application to control Fusarium wilt of
tomato in the greenhouse. et Nanobiotechnology, 11(6),
702-708.

Wang, D., Xue, B., Wang, L., Zhang, Y., Liu, L., & Zhou, Y.
(2021). Fungus-mediated green synthesis of nano-silver
using Aspergillus sydowii and its antifungal /antiprolif-
erative activities. Scientific reports, 11(1), 10356.
Asharani, P. V,, Hande, M. P, & Valiyaveettil, S. (2009). An-
ti-proliferative activity of silver nanoparticles. BMC cell
biology, 10, 1-14.

Volume - 2 Issue - 3

Citation: Patra, S., Ghosh, S., Chakraborty, A., Ray, S. (2024). Green Synthesized Clove Nanoparticles: a novel, potent antifungal innovation. Journal of Agriculture P 6 of 6
age 6 o

and Education Research. 2(3), 1-6.



