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Abstract  

The synthesis of nanoparticles using plants represents a green and sustain-
able method that uses natural and non-toxic resources for nanoparticle 

production. In this study, CuO nanoparticles were synthesized from allspice 
(Pimenta dioica), which served as both the capping and reducing agent dur-
ing synthesis. Synthesised nanoparticles were validated using UV-Vis spec-

troscopy, X-ray diffraction, FT-IR analysis and Transmission Electron Micros-
copy (TEM). The monoclinic phase of the synthesised particles was revealed 
through the X-ray diffraction pattern indicating its crystalline nature. The UV

-visible spectrum showed a strong absorbance of UV rays at a wavelength of 
294 nm, confirming the presence of CuO nanoparticles. FT-IR analysis iden-
tified different functional groups from the phytochemicals in the plant ex-

tract used for the green synthesis, with peaks at 424.34 cm-1, 478.35 cm-1, 
555.50 cm-1 and 648.08 cm-1 corresponding to Cu-O bond vibrations, thereby 
confirming the existence of CuO nanoparticles. TEM analysis revealed that 

the nanoparticles had spherical and hexagonal shapes, with sizes ranging 
from 10 to 20 nm. The antiviral potential of these nanoparticles was as-
sessed against Tobacco streak virus, isolated from black gram plants, as 

spray applications at concentrations of 100, 200, 400 and 500 ppm.  The pre-
inoculation spray at 500 ppm of CuO nanoparticles, followed by challenge 
inoculation with the virus, yielded the most effective result, with a reduction 

of 59.58 % compared to the control. Therefore, the antiviral efficacy of syn-
thesized CuO nanoparticles against plant viruses was established, support-
ing their potential as a novel strategy for plant management.   

 

Keywords  

Pimenta dioica ; nanoparticles; antiviral; Tobacco streak virus ; reactive oxygen spe-

cies    

 

Introduction  

Agriculture is a field of science that focuses on cultivating crops scientifical-

ly to address worldwide food demand. Key goals include improving both 
the quality and quantity of food production and mitigate with the nutrition-
al imbalances. However, abiotic and biotic factors affect reduction in the 
global food production. Among the biotic factors, pests and diseases play 
major role in yield loss. Often, it is affected by many diseases leading to sub-

stantial losses in yield (1). Plant viruses are sub-microscopic entities that 
infect the plants which is a production constrains to different crops. Loss in 
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global food production due to plant viral diseases account 
about 47 % (2). Management of plant virus is tedious as it 

is transmitted mainly by vectors, seeds, planting material, 
etc. Fungal and bacterial diseases can be managed 
through different means including chemical fungicides 

and antibiotics while viral diseases remain particularly 
challenging to control, lacking effective management 
strategies. We are expanding the horizon for the manage-

ment of plant viruses using different methods.  

 Nanotechnology is a rapidly evolving applied sci-

ence which make use of particles in nano dimensions (less 
than 100 nm). Nanotechnology is an applied science which 

covers multi-dimensional aspect of nanoparticles (3). Na-
noparticles is significantly important because of its smaller 
size and larger surface to volume ratio.  Biological synthe-

sis of nanoparticles is an emerging area of green and safe 
method for metal/metal oxide nanoparticles synthesis 
using plants and microbes as the reducing and capping 

agent. The use of plant extract rather than microbes is ad-
vantageous due to ease of handling with less biohazard 
(4). Green synthesis of nanoparticles is safer, ecofriendly, 

cost-effective approach. This method doesn’t require high 
temperature or pressure, and the process is found to be 
stable and biocompatible. Thus, green synthesis is a clean, 

safe and pollution free approach in nanoparticle synthesis 
(5). Different plant extracts are used for the synthesis of 
nanoparticles. Various secondary metabolites present in 

the leaf extracts like terpenoids, flavonoids, alkaloids, etc. 
reduce the precursor molecule and act as capping agent 
which stabilize the nanoparticles synthesised.  

 Allspices (Pimenta dioica) is a spices crop belongs to 

the family Myrtaceae with wide range of application. The 
essential oil derived from Allspice have typical aroma of 
clove, nutmeg, pepper and cinnamon. Allspices contain 

wide range of phenols, polyphenols, flavonoids which im-
part pharmaceutical importance to the plant species. Cen-
tre of origin of Caribbean Island Jamaica. Economic im-

portant part of allspices is dried unripe berries. Jamaica is 
the largest producer of allspices with their exceptionally 
high quality of essential oil. India is the top exporter of 

allspices (6). Allspices can be exploited its potential for the 
reduction of precursor molecule to yield nanoparticles. 
Allspices leaf extracts were used for the synthesis of gold, 

copper oxide and silver nanoparticles (7-9).  

 Green synthesised nanoparticle exhibits wide appli-

cation including antibacterial, antifungal activity, antioxi-
dant property, etc. Nanoparticle can be used as biofertiliz-

er, nano pesticide, nano based drug delivery system, nano 
sensor for the detection (10). They exhibit antiviral proper-
ty against broad spectrum of viruses and reduce the infec-

tivity of viruses. Silver nano particle exhibit antiviral prop-
erty against potato virus Y and Tomato spotted wilt virus 
(11). CuO nanoparticle exhibit antiviral property against 
herpes simplex virus, SARS corona virus (12, 13). However, 
we are exploring the potential of CuO nanoparticle in the 
management of plant virus. Tobacco streak virus (TSV) is 

an important virus infecting cotton, sunflower and many 
other crop species. Virus is widely expanding its host range 
of infectivity. TSV cause infection in black gram which 

cause necrotic lesion and considerable reduction in crop 
yield. Current study is focused on the synthesis, characteri-

sation of CuO nanoparticle and evaluating the efficacy in 
reducing tTSV infection in black gram.   

 

Materials and Methods 

Collection of leaf sample and preparation of leaf ex-

tract          

Pimenta dioica (allspices) leaves were collected from the 
tree orchard of Tamil Nadu Agricultural University. The 

leaves were shade dried for one week and grinded into fine 
powder. 10 g of leaf powder was dissolved in 100 mL of 
water and kept in water bath for 30 min at 60 °C.  The mix-

ture was then filtered through Whatman filter paper and 
extract was collected.  

Synthesis of nanoparticles          

100 mL of 0.01 M copper sulphate solution was prepared, 
which was titrated against 30 mL allspice leaf extract by 

continuous stirring for 5 h at 300 rpm. The pH was adjust-
ed to 8 during stirring. The solution was kept for overnight 
for the ageing process. The solution was centrifuged to get 

the pellets. The Pellets were subjected to 3 ethanol washes 
and 2 distilled water washes. The pellets were dissolved in 
distilled water and kept in hot air oven to at 60 °C to obtain 

flakes. The flakes were grinded to fine powder and kept in 
muffle furnace at 600 °C for 2 h.  

Characterization of nanoparticles           

The synthesised nanoparticles were characterized through 
X- Ray Diffraction (XRD), UV-Vis spectroscopy, Fourier-

transform infrared spectroscopy (FT-IR), Transmission 
electron microscopy (TEM) and Energy-dispersive X-ray 
spectroscopy (EDAX). 100 µg of nanoparticle was sonicated 

in 100 mL distilled water and the sample was submitted 
for various characterization process.  UV Visible spectros-
copy analysis of the nanoparticle in range of 300-600 nm 

was done using SPECORD 210 PLUS, Germany. FT-IR data 
was recorded by Shimadzu, Japan which will characterize 
the functional groups present. XRD results were obtained 

through Diffractometer Bruker D8 advance indicating the 
crystalline property of nanoparticles. Size of nanoparticle 
was determined by TEM analysis using FEI TECHNAI SPIRIT, 

Netherlands. The elemental composition of nanoparticles 
was determined by EDAX along with the TEM.   

Multiplication and propagation of virus         

Tobacco streak virus (TSV) infected plants were collected 
from black gram field from Department of Pulses, TNAU, 
Coimbatore. TSV produce characteristic necrotic lesion in 
veinal and interveinal regions. The infected samples were 
collected and inoculated into local lesion host cowpea 
(CO7) for multiplication and maintenance of the virus. 
About one gram of infected leaves was macerated with 3 
mL sodium phospahte buffer (pH 7.2) in pre-chilled pestle 
and mortar. Sodium phosphate buffer was prepared using 
sodium phosphate mono and dibasic, Na2SO3, Na2EDTA 
and 0.1 % Mercaptoethanol (14). Carborundum powder 
and celite were used as abrasive. Abrasive was applied 
before sap inoculation. The sap was applied on the upper 
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surface of leaves and washed well after application. Unin-
oculated healthy control was also maintained. Time taken 
to express the symptoms and nature of symptoms ex-
pressed was recorded.  

Molecular characterization of virus         

Molecular characterization of virus infected samples was 
performed through Reverse Transcriptase PCR (RT-PCR). 
Inoculated leaf samples of cowpea and infected green 
gram plants exhibiting TSV symptoms were used to extract 
the Total RNA (15). Approximately 100 mg of infected leaf 
tissue were finely ground with liquid nitrogen and 1 mL of 
Trizol reagent was mixed with the sample. After incubation 
for 3 min, it was centrifuged at 10000 rpm for 15 min, fol-
lowed by separation of aqueous phase containing RNA, 
mixed with chloroform and centrifuged. The aqueous 
phase was again transferred and mixed with NaCl and iso-
propanol solution undergone centrifugation to collect the 
pellets. Pellets were washed with ethanol, dried and re-
constituted in RNase-free water. Non-infected tissue sap 

served as a control. For first strand cDNA synthesis, 1.5 μg 

of RNA was combined with random primer (1 μL) and nu-

clease-free water (6 μL) within a sterile tube. This process 

utilized the Thermo Scientific RevertAid First Strand cDNA 
synthesis kit. The thermocycler was set for 5 min at 25 °C 
followed by 60 min at 42 °C. The reaction mixture was 
heated to 70 °C for 10 min to stop the reaction.  

 The synthesized cDNA was PCR amplification using 
coat protein (CP) gene with the specific primer pair se-
quence of forward primer 5’AGATAAGTC GCTTCTCGGAC 3’ 
and reverse primer 5’ TGCTCGCAT GGGTCATAGAC 3’ (16). 
Reaction conditions were initial denaturation at 94 °C for 2 
min, denaturation 94 °C for 1min, annealing 59 °C for 2 
min, extension 72 °C for 1 min and final extension 72 °C for 
10 min. Reaction conditions of denaturation, annealing 
and extension was repeated for 30 times. The amplified 
product undergone agarose gel electrophoresis for illumi-
nating the band formed corresponding to the primer. The 

amplified PCR product was submitted for sanger sequenc-
ing to obtain the nucleotide sequence of virus. CLUSTAL W 
was used to compare and analyse the consensus sequenc-
es of coat protein genes of other known TSV isolates from 
GenBank. MEGA version 11.0 was used to create the phylo-
genetic tree at the nucleotide level. Sequences for com-
parison were retrieved from Genbank. The analysis was 
made on coat protein sequence with a bootstrap percent-
age (1000 replication) which was further submitted in the 
NCBI Genbank database.  

Antiviral activity of synthesised CuO nanoparticles       

Synthesised nanoparticle was applied in different concen-
tration in cowpea and challenge inoculated with virus. 
Nanoparticles were dissolved in distilled water and kept in 
water bath sonicator for 5 min. Different concentrations of 
nanoparticle at 100, 200, 400 and 500 ppm were applied as 
pre-inoculation (24 h before virus inoculation), simultane-
ous inoculation (along with virus inoculation) and post 
inoculation (24 h after virus inoculation). The virus sap was 
inoculated into the cowpea plant. The observation was 
taken on 5th day after inoculation of virus.   

Results  and Discussion 

Synthesis of CuO nanoparticle           

CuO nanoparticles were obtained by the reduction of pre-

cursor molecule (CuSO4 5H2O) using allspices leaf extract. 
Here leaf extract act as stabilizing and reducing agent. 

During the reaction, copper ions in the precursor solution 
react with hydroxide ions to form copper hydroxide mole-
cule 

 Cu2+ + 2OH- → Cu(OH)2(s)  

 Copper hydroxide was then converted to copper 

oxide (CuO) through a thermal decomposition process 
(muffling and hot air oven). 

 2Cu(OH)2(s) → 2CuO(s) + 2H2O(g)  

 While titrating the leaf extract against precursor 
molecule there was a change in colour of solution after few 

Fig. 1. Flowchart for the synthesis of the nanoparticles. 
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hours of stirring (Fig. 1). CuO NPs formation was initially 
confirmed through the change in colour of the reaction 

mixture. This is due to the formation of monoclinic (copper 
(II) oxide) and cubic (Copper (I) oxide).  After keeping the 
solution for ageing process, the colour of solution again 

changes to darkish brown from orange-brown. This is due 
to the complete decomposition of copper hydroxide mole-
cule and the formation of nanoparticles (Fig. 1). Change in 

the colour of solution is the first indication of nanoparticle 
formation.  

Characterization of synthesised CuO nanoparticles         

X-Ray Diffraction         

The synthesised particles were further characterized for 
their nano dimensions using XRD.  Crystalline nature of the 

particle was indicated by the diffraction pattern. 2 Sharp 
peak in the XRD graph suggests that the strong crystalline 
nature of nanoparticle synthesised (Fig. 2). XRD pattern of 

nanoparticles formed diffraction peaks at 2 θ values of 

(32.74°, 35.81°, 38.96°, 48.87°, 58.27°, 61.69°, 66.41° and 
68.56° were assigned to be (110), (002), (111), (202), (020), 

(202), (113), (311) and (113), which were highly consistent 
with JCPDS standard no. 01-080-0076 which has monoclin-
ic phase CuO NPs (17, 18). The diffraction peak of nanopar-

ticles coincides with the standard CuO nanoparticles pat-
tern indicating the crystalline nature of CuO nanoparticles 

which is monoclinic (copper (II) oxide). 

 

UV- Visible spectroscopy         

The UV spectrum of the CuO nanoparticles was analysed 
by dispersing it in distilled water and subjected to spectral 

analysis.  The spectrum exhibits strong absorbance of UV 
rays within the 294 nm wavelength indicating the presence 
of CuO nanoparticles in the sample (Fig. 3). It was reported 

that the UV spectrum of the CuO nanoparticles synthe-
sised dispersed in water exhibited a strong absorbance of 
UV rays between the wavelengths of 200-300 nm (19). The 

peak observed at 294 nm was attributed to the surface 
plasmon absorption of CuO nanoparticles. According to a 
study (20), this phenomenon happens when incoming UV 

radiation causes the free conduction band electrons with-
in the metal oxide (CuO) to oscillate coherently. Surface 
plasmon absorption often occurs when the incident light's 

wavelength is substantially longer than the nanoparticle's 

diameter.  

Fourier Transform Infrared Spectroscopy (FT-IR)      

FT-IR used to identify functional groups of chemicals in 
plant extracts utilised for synthesis of CuO nanoparticles 

(Fig. 4). Peaks at 424.34 cm-1, 478.35 cm-1, 555.50 cm-1 and 
648.08 cm-1 is due to Cu-O bond vibration indicating the 

Fig. 2. XRD diffraction peak of synthesised CuO nanoparticle. 

Fig. 3. UV- Visible image of CuO nanoparticle synthesised from allspices leaf 

extract. 

Fig. 4.  FT-IR spectral analysis of CuO nanoparticles. 
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presence of synthesised CuO nanoparticles. Similar peaks 

were observed at 488 and 658 cm−1 in the spectrum of 

green synthesised CuO nanoparticles (21). Peaks ranging 
725.23 attributed to presence of phenolic groups and alco-
hol, C–N stretching in amines. The peak formed at 2978.09 

cm-1 indicated the formation of C-H stretching (435 cm−1). 

FT-IR spectral peak confirmed the existence of several 
compounds, including alkynes, aromatics, alkane com-

pounds, alkyl halides, nitro compounds and different aro-
ma-related phytocompounds. These active plant com-
pounds likely played a role in reducing and capping agent 

for CuO nanoparticles. The main constituent of allspices is 
eugenol, methyl eugenol which contain alcoholic and phe-
nolic compounds (22). C-H bond stretching is contributed 

by eugenol and other constituent of allspices.  

Transmission Electron Microscope (TEM)          

TEM image reveals the actual size and shape of nanoparti-

cles synthesized. The CuO nanoparticle synthesized have 
characteristic hexagonal shape and spherical shape 

(Fig. 5). The average size of CuO nanoparticles is 10-20 nm. 
Nanoparticle can acquire various shaped depending on 
synthesis procedure. Different metal atoms can exhibit 

hexagonal structure depending on reaction conditions.  
CuO nanoparticle can exhibit hexagonal shape (23). It was 
also synthesized nanoparticles CuO nanoparticles which 

were hexagonal in shape with size ranging from 10-20 nm 

(24).  

 

Energy-dispersive X-ray spectroscopy (EDAX)          

The EDAX profile showed the presence of Cu as elemental 
composition of green synthesized CuO nanoparticles. The 

highest peak of O indicates the presence oxide form of Cu 
nanoparticle (Fig. 6). This confirms the synthesised nano-

particle is of CuO material.  

Multiplication and propagation of virus          

Symptomatology of Tobacco Streak Virus        

Tobacco streak virus infection in black gram plants appear 
as necrotic lesion around veinal region which later coa-

lesce and results in complete drying of the leaf. Necrotic 
lesion starts from one part of leaf lamina later spread to 
other leaf parts. Undersurface of the leaves also contain 

interveinal necrosis. Necrosis spread to petiole and stem 

Fig. 5. TEM image of CuO nanoparticles. 

Fig. 7. Black gram field infected by Tobacco streak virus.  
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region and ultimately lead to the drying of plants (Fig. 7).  
It describes the symptoms of TSV in black gram plant as 

necrotic spots which correlates with the symptoms de-
scribed (25). TSV from infected plant samples was me-
chanically inoculated into the local lesion host (cowpea 

CO7) which produces symptoms after 3 days of inocula-
tion. Different symptoms were produced on TSV inoculat-
ed cowpea plant. On the fourth day after inoculation, 

round chlorotic spots appeared on the cotyledonary 
leaves later changes into necrotic spots (Fig. 8). Additional-

ly, systemic infection is produced on subsequent leaves 
which include veinal necrosis, stem necrosis, petiolar ne-

crosis. Infected plant eventually dies within 10-12 days 
under greenhouse conditions (Fig. 9). TSV obtained from 
various sources, including sunflower (26), groundnut (27), 

soybean and black gram (28), which was mechanically 

inoculated onto cowpea plants.  

Molecular characterization of Tobacco streak virus        

cDNA synthesised from RNA of TSV infected samples were 
subjected to PCR amplification using coat protein (CP) 

specific primer. Field samples and local lesion samples 
were amplified producing a band at expected amplicon 
size of approximately 750 bp size (Fig. 10). It was employed 

Reverse Transcriptase PCR (RT-PCR) as a rapid and de-
pendable method to detect TSV in various crops, including 
cotton, sunflower, urd bean and soybean (29). They uti-

lized specific primers targeting the coat protein gene, re-
Fig. 8. Necrotic spots appeared on cowpea plant on inoculation with TSV. 
Chlorotic spots produced on cowpea leaf on virus inoculation. 

Fig. 9. Veinal necrosis and petiolar necrosis on TSV inoculated cowpea 

plants. 
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sulting in the amplification of a region approximately 750 

base pairs in size for TSV detection. Amplified PCR product 
was given for sanger sequencing and obtained the partial 
sequence. The sequence was submitted in NCBI site and 

obtained accession number as for nulcleotide sequence 
with coat protein id XAH03903.1. The sequence 
(PP738875.1) was compared with corresponding sequence 

of known TSV isolates at amino acid and nucleotide se-
quence levels. Black gram TSV show maximum percent 
identity with TSV isolates from onion (99.86 %), sunflower 

(99.58 %) (AY061929.1, HM131490.1) (Fig. 11). The amino 
acid sequence of TSV isolate show maximum percent iden-
tity with TSV isolates from sunflower (99.58 %) and green 

gram (99.16 %) (AAL31701.1, ADI99750.1). This confirms 
the presence of TSV in infected plant samples. 

Antiviral property of synthesised CuO nanoparticles           

The antiviral efficacy of synthesized CuO nanoparticles 
was evaluated against TSV. Different concentration of CuO 

nanoparticles was sprayed on cowpea and challenge inoc-
ulated with virus at different time intervals and the num-
ber of lesions produced was counted (Table 1). The num-

ber of lesions produced was less at 500 ppm when applied 
in plant as pre inoculation spray that produced 8.33 le-

sions per plant (Fig. 12). Percent reduction of virus over 
control was found high when applied at 500 ppm which 
produced 59.58 % reduction followed by 200 ppm of 48.25 

% with 10.67 lesions per plant. Highest number of lesions 
was produced in inoculated control plant with 20.61 le-
sions per cowpea plant. In simultaneous inoculation of 

nanoparticles, 10.33 lesions per plant were observed at 
500 ppm concentration followed by 200 ppm with 13.17 
lesions per plant. Application of 500 ppm recorded 49.86 % 

reduction over the control found to be highest followed by 
200 ppm (36.12 %). Simultaneous inoculation of nanopar-
ticles at 100 ppm found the highest number of lesions with 

21.17 which is found to be higher than control. (-2.7 % re-
duction over the control). Post inoculation treatment of 
nanoparticles also reduced the virus concentration. Appli-

cation at 200 ppm, 400 ppm and 500 ppm reduced the 
number of lesions over control by 12.28, 12.17 and 13.17 
with reduction of 40.43 %, 40.97 % and 36.12 % respective-

ly. Post inoculation at 100 ppm concentration of nanopar-
ticles was found ineffective which produced 23.67 lesions 
per plant which is 14.83 % higher than control.  

 Pre inoculation spray nanoparticle produced signifi-

cant reduction in virus titre compared to post and simulta-

Fig. 10. PCR amplification of TSV infected green gram sample and local 

lesion sample. 

Treatment Pre- inoculation 

spray 

Reduction 

over control 
(%) 

Simultaneous spray Reduction over 

control (%) 
Post- inoculation 

spray 
Reduction over 

control (%) 

100 ppm 12.70ab (20.88) 38.38 21.17c (27.39) -2.70 23.67b (29.11) -14.83 

200 ppm 10.67b (19.06) 48.25 13.17ab (21.28) 36.12 12.28a (20.51) 40.43 

400 ppm 12.50b (20.70) 39.35 15.83b (23.45) 23.18 12.17a (20.41) 40.97 

500 ppm 8.33a (16.78) 59.58 10.33a (18.75) 49.86 13.17a (21.28) 36.12 

Control 20.61c  (27)   20.61c (27)   20.61b (27)   

CD 3.8381  3.6562  3.7581  

SE(d) 1.7225  1.6409  1.6867  

Table 1. Number of lesions and per cent reduction in number of lesions produced in cowpea treated with nanoparticles and challenge inoculated with virus.  

Fig. 11. Phylogenetic tree of Tobacco streak virus. 
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neous spray of nanoparticles. Spraying of nanoparticles 
even after infection of virus also reduced the virus titre to 
an extent. It was studied about the impact of CuO 

nanostructures towards the management of Zucchini yel-
low mosaic virus (ZYMV) in squash) (30). The nanostructure 
controls the virus by reducing the disease severity by 85 %.  

He explained that copper oxide nanoparticles effectively 
limit ZYMV viral infectivity by obstructing virus-cell con-
tact, potentially influenced by nanoparticle size and zeta 

potential. They induce resistance-related gene expression, 

leading to PR protein production that blocks virus move-
ment through plasmodesmata. They may also activate PR 

genes and stress indicators in plants. 

 The CuO nanoparticles may bind with virus and in-

hibit virus replication in host plants, effectively inactivat-
ing the virus. CuO nanoparticles were synthesized using 
Syzygium alternifolium fruit extract and assess their effec-
tiveness in combating Newcastle Disease Virus (NDV) (31). 
He reported that the nanoparticle can control virus effec-

tively control viruses. It was synthesised ZnO nanoparti-
cles from Menta spicata and evaluated its antiviral poten-
tial against Tobacco mosaic virus (TMV) (32, 33). He also 

reported that double foliar application of ZnO nanoparti-
cles, was the most effective treatment by 90.21 % reduc-
tion of viral accumulation at 24 h before and 24 h after TMV

-inoculation. Nanoparticle application also induce PAL, PR
-1 genes at the transcriptional levels indicating the in-
duced plant systemic resistance. Antiviral property of vari-

ous metal and metal oxide nanoparticles was evaluated 
against different plant viruses (34-36). 

Mode of action of virus particles            

 Nanoparticles has been widely exploited as the nov-
el agent for the management of virus particles. Ag nano-

particle has been used for the management of plant virus-
es like Tomato spotted wilt virus, Potato virus X, Tobacco 
mosaic virus, etc. (36, 37). Interaction of nanoparticles with 

viral particle occur directly and indirectly. Application of 
nanoparticles will induce the systemic acquired resistance 
(SAR) against the viruses and increase the levels of total 
soluble proteins (TSP), antioxidant enzymes polyphenol 
oxidase (PPO) and peroxidase (POD) activities. Nanoparti-
cle can also interfere with the replication cycle of virus and 

affect the replication cycle. Even it will affect the transmis-
sion and encapsidation process of viral virions (38). The 
nanoparticles could potentially affect various stages of 

viral activity, including fusion, binding, infectivity and rep-
lication. They generate reactive oxygen species (ROS) and 
protein oxidation, rendering the virus inactive (Fig. 13). 

Additionally, the NPs might disrupt virus recognition and 
entry into host plants. By interacting with glycoprotein 
receptors of virus surface proteins, they hinder the virus 

recognition in host cells.  

 

Conclusion  

This study explored the potential of allspice-derived CuO 

nanoparticles for controlling plant viruses, using copper 
sulfate as a precursor and leaf extract as a reducing agent. 
Characterization of the nanoparticles showed crystalline 

CuO particles with a hexagonal shape and an average size 
of 20 nm, confirmed by XRD, UV-Vis, FT-IR and TEM analy-
sis. The synthesized nanoparticles were tested against 

Tobacco Streak Virus (TSV), a pathogen affecting crops like 
sunflower, cotton and pulses. When applied before or after 
virus inoculation, the nanoparticles reduced viral titre, 

with the most significant effect (59.58 % reduction) ob-
served when applied at 500 ppm before inoculation. The 
nanoparticles likely inhibit viral replication by binding to 

the coat protein and nucleic acids, while also inducing 

Fig. 12. Reduction in number of lesions produced by nanoparticle in different 

concentration in cowpea. 
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systemic acquired resistance (SAR) in plants. The study 
concludes that green-synthesized CuO nanoparticles pos-

sess promising antiviral activity against plant viruses. The 
nanoparticles when encapsulated with a biopolymer to 
increase the efficiency of application. The nanoparticle 

formation can be applied in field level to reduce the virus 
infection in black gram and green gram field.  
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