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Abstract

Nature is gifted with a wide range of ornamental plants, which beautify and clean the nature. Due to its great
aesthetic value, there is a need to protect these plants from a variety of biotic and abiotic stresses. Hibiscus rosa-
sinensis (L.) is an ornamental plant and it is commonly known as China rose or shoeblack plant. It is affected by
several fungal and bacterial pathogens. Current study was designed to isolate leaf spot pathogen of H. rosa-sinensis
and its control using silver nanoparticles (AgNPs). Based on molecular and morphological features, the isolated
leaf spot pathogen was identified as Aspergillus niger. AgNPs were synthesized in the leaf extract of Calotropis
procera and characterized. UV-vis spectral analysis displayed discrete plasmon resonance bands on the surface of
synthesized AgNPs, depicting the presence of aromatic amino acids. Fourier transform infrared spectroscopy (FTIR)
described the presence of C-O, NH, C-H, and O-H functional groups, which act as stabilizing and reducing molecules.
X-ray diffraction (XRD) revealed the average size (~32.43 nm) of AgNPs and scanning electron microscopy (SEM)
depicted their spherical nature. In this study, in vitro and in vivo antifungal activity of AgNPs was investigated. In
vitro antifungal activity analysis revealed the highest growth inhibition of mycelia (87%) at 1.0 mg/ml concentration
of AgNPs. The same concentration of AgNPs tremendously inhibited the spread of disease on infected leaves of
H. rosa-sinensis. These results demonstrated significant disease control ability of AgNPs and suggested their use
on different ornamental plants.
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Resumo

Anatureza é presenteada com uma grande variedade de plantas ornamentais que embelezam e limpam a natureza.
Por causa de seu grande valor estético, existe a necessidade de proteger essas plantas de uma variedade de estresses
bidticos e abidticos. Hibiscus rosa-sinensis (L.) € uma planta ornamental comumente conhecida como rosa-da-
China ou graxa-de-estudante. E afetada por varios patégenos fiingicos e bacterianos. O presente estudo buscou
isolar o patégeno da mancha foliar de H. rosa-sinensis e seu controle usando nanoparticulas de prata (AgNPs). Com
base nas caracteristicas moleculares e morfoldgicas, o patégeno isolado da mancha foliar foi identificado como
Aspergillus niger. As AgNPs foram sintetizadas no extrato de folhas de Calotropis procera e caracterizadas. A analise
de espectroscopia UV-vis mostrou discretas bandas de ressondncia plasmonica na superficie das AgNPs sintetizadas,
mostrando a presenca de aminoacidos aromaticos. A espectroscopia no infravermelho com transformada de Fourier
(FTIR) descreveu a presenca de grupos funcionais C-O, NH, C-H e O-H, que atuam como moléculas estabilizadoras e
redutoras. A difragdo de raios X (DRX) revelou o tamanho médio (~32,43 nm) das AgNPs e a microscopia eletronica
de varredura (MEV) mostrou sua natureza esférica. Neste estudo, foi investigada a atividade antifiingica in vitro
e in vivo de AgNPs. A andlise da atividade antifiingica in vitro revelou a maior inibi¢do do crescimento de micélio
(87%) na concentracdo de 1,0 mg/ml de AgNPs. A mesma concentragao de AgNPs inibiu a propagacdo da doenga
em folhas infectadas de H. rosa-sinensis. Esses resultados demonstraram significativa capacidade de controle de
doengas das AgNPs e sugeriram seu uso em diferentes plantas ornamentais.
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1. Introduction

Ornamental plant diseases are prevalent around the
world. These diseases are caused by several pathogenic
fungi in different parts of the world (Anvar et al., 2021).
Gardens and parks hold a unique position in preserving
the ornamental plants, which play significant role in
enhancement of natural beauty and decreasing the
pollution, caused by anthropogenic activities. In this
scenario, it is very important to protect ornamental plants
from variety of pathogens Hibiscus rosa-sinensis (L.), locally
known as China rose and Gul-e-zban-daraz, is an annual
and perennial plant. It belongs to family Malvaceae and
it is native to Pakistan, China, India, Sri Lanka, Nigeria
and Southeast Asia (Shelke et al., 2021). H. rosa-sinensis
(L.) has a lot of applications in pharmacology, medicines,
beverages and cosmetics (Sivaraman and Saju, 2021).
Phyto-constituents like flavonoids, phenols, sterols,
tannins, glucosides, anthocyanin and lignin are present in
H. rosa-sinensis (Kapoor et al., 2021), and testified as pain-
relieving, antipyretic, anti-asthmatic, anti-inflammatory
(Begum et al., 2015), cardio-protective (Khandelwal et al.,
2011) and wound healer (Sharma et al., 2021). Several
fungal pathogens including Cercospora hibisci-manihotis
(Ghosh et al., 2009), Pseudomonas cichorii, Pseudomonas
syringae, Xanthomonas campestris (Chase, 1986) and
Fusarium oxysporum have been reported to causes leaf
spots of H. rosa-sinensis (Lecomte et al., 2016).

In ornamental plants, about 70% of biotic diseases
are caused by fungi, which result in significant losses
(Khan et al., 2021). Pathogenic fungal species produce
toxins, that disturb normal metabolic activities in
plant tissues (Punja, 2006). Most of the plants fungi
are saprophytic while some others are bio-trophic and
necrotrophic that cause diseases on their respective hosts
(Dey, 1978). Obligate bio-trophic fungi grow on living hosts
and in return cause ornamental plant diseases like leaf spots,
blights, rusts, smuts, powdery mildew, and downy mildew.
Fungal diseases are traditionally controlled with chemical
fungicides, which are helpful only for specific diseases.
Excessive use of fungicide causes hazardous human health
and environmental consequences. Synthetic compounds,
used in agriculture to control plant pathogens, are genotoxic
to humans (Cohn et al., 2007). Fungicide application during
bloom may limit pollination by reducing pollen deposition
and insect foraging performance (Tamburini et al., 2021).
Once the infection spreads, the commodity becomes
unsuitable for commercialization. Due to negative
consequences of chemicals on animals, human health, and
the environment, several plant pathologists have focused
on establishing novel alternatives for the management
of plant pathogens. An integrated strategy can give the
best results for disease prevention, in which biological
control can enhance the ornate selection for resistance
(Lecomte et al., 2016).

Application of nanotechnology in agriculture has shifted
the momentum and nanomaterials are gaining importance
in plant disease management (Pinto et al., 2019). With
the outburst of antibiotic resistance in bacteria and fungi,
more focus is being given on developing new antimicrobial
agents. Metallic nanoparticles have been reported to
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exhibit enhanced antimicrobial capabilities (Amin et al.,
2020). Nanoscale materials display excellent antimicrobial
agents because of their large surface area to volume
ratio, and distinctive physical and chemical attributes.
The terminology of “nanotechnology” was proposed by
Norio Taniguchi in 1974 (Taniguchi, 1974). Nanoparticles
(NPs) typically ranging from 1 to 100 nanometers (nm),
are being used as anti-microbial agents (Madkour, 2019).
In green synthesis of nanoparticles, plant extracts are
used to produce nanoparticles for biological applications
in a sustainable, biocompatible, and environment
friendly way (Razavi et al., 2015). Plant extracts are more
appropriate for the synthesis of NPs and plant phyto-
constituents also function as both reducing and capping
agents (Hamelian et al., 2018). Green synthesis is less
time consuming and more economical (Aravind et al.,
2021). Due to distinctive anti-microbial properties, silver
nanoparticles (AgNPs) have been extensively employed
in numerous pharmacological and biological applications.
AgNPs are environment friendly, sustainable, easy to
process, cost effective, and nontoxic (Bao et al., 2021). Like
other medicinal plants, Calotropis procera (L.) possesses
antimicrobial, anti-coagulant, parasiticidal, purgative,
anti-inflammatory and diuretic properties and it is being
used in ethno-veterinary medicine system of Pakistan
(Silva et al., 2010). C. procera (L.) leaf extract has been
successfully used to synthesize NPs due to presence of
phytochemicals like fatty acid, ethyl ester, linoleic amino
acids (Pattnaik et al., 2017), phenolic compounds, flavonoid
contents and terpenoids (Kainama et al., 2020).

Current study has been designed to synthesize AgNPs
in the extract of C. procera (L.) and analyze their antifungal
activity potential to control leaf spot disease of H. rosa-
sinensis.

2. Materials and Methods

2.1. Chemicals and reagents

Chemicals utilized in experiment work were of
analytical reagent grade and were bought from Sigma
Aldrich (Germany).

2.2. Sample collection

Diseased leaf samples of H. rosa-sinensis (L.) were
collected from the parks of Quaid-i-Azam University,
Islamabad, during August-September 2021. Diseased leaf
samples were collected randomly and separately kept
in sterilized polythene bags, labeled and brought to the
laboratory for further study.

2.3. Isolation of disease-causing pathogen

For isolating pathogen from the infected leaf samples,
tissue planting method was used. Infected sample was
surface sterilized with 70% ethanol for two minutes.
Disinfected leaf sample was cut from the infected portion
with the sterilized blade and placed in the Petri plate of
potato dextrose agar (PDA) containing medium. Petri plates
were sealed with Parafilm™ and incubated for seven days
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at 27° C. To get pure culture, the mycelia from the edges of
fungal colony was transferred to PDA plates. After seven
days of incubation of the pure culture, cultural traits were
observed on PDA plates.

2.4. Microscopic identification of pathogen

For identification, hyphae and reproductive structures
of isolated fungus were examined under light microscope.
Few drops of lactic acid and lacto-phenol blue were
positioned on slide. Mycelium were picked from edges
of fungal culture and placed on the slide. Cover slip was
carefully placed, avoiding air bubbles and the slide was
observed under light microscope at 100 x magnification.

2.5. Molecular identification of pathogen

Fungal DNA was isolated, following a standard method
(Jin et al., 2004). Polymerase chain reaction (PCR) with
CMD5/CMD6 primers was performed to amplify the
calmodulin (CaM) gene (Susca et al., 2007). Similarly, the
tubulin gene was also amplified using tubulin primers
(Bt2a/Bt2b) (Liaquat et al., 2019). In the reaction mixture,
genomic DNA (1 pl), Tag DNA polymerase (1.5 ul), dNTPs
(6 ul), 10x polymerase buffer (5 ul), and each primer
(1 pl) were used. Reaction was performed at 94°C for
4 minutes, followed by 32 cycles of 94° C for 60 seconds,
58° C for 1 minute, and 72 °C for 60 seconds. The PCR was
maintained at 72 °C for 10 minutes after 35 cycles for
terminal extension. Product of PCR was sequenced and
used for BLAST analysis on NCBI database (http://www.
ncbi.nlm.nih.gov). MEGA 7.0, was used to align nucleotide
sequences (Tamura et al., 2004) and phylogenetic tree was
constructed with 1,000 bootstrap replications.

2.6. Pathogenicity test

Koch’s postulates were followed to confirm the
pathogenicity of isolated fungus (Khizar et al., 2020).
The fungus was grown for seven days on PDA media.
Isolated pure fungal culture was inoculated on healthy
leaves of H. rosa-sinensis. The inoculated leaves were
placed in petri plate at 25 °C. After 3-4 days of incubation,
leaf spot symptoms were observed. The disease-inducing
pathogen was re-isolated on PDA media, from the infected
leaves, and compared with initially isolated pathogen.

2.7. Preparation of plant extract

Fresh leaves of C. procera were washed with distilled
water and dried in shade at room temperature. Dry leaves
were grinded to fine powder, using a blender. Leaf powder
(20 g) was dissolved in water (500 ml) and kept at 80 °C
for 30 minutes in water bath. Solution was cooled down
at room temperature and filtered using muslin cloth and
sterilized Whatman filter paper no. 1 to obtain aqueous
extract. The pH of plant extract was recorded and stored
at 4 °C, till further use.

2.8. Synthesis of silver oxide nanoparticles

For the synthesis of AgNPs, 100 ml of C. procera
extract was mixed with 100 ml of 1 mM AgNO, (1:1) in
500 ml Erlenmeyer flask at 25 °C. After combining plant
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extract with AgNO, solution, a color shift was detected.
The flask was placed on hot plate stirrer for 2 hours at
70 °Cand 150 rpm. Mixture was centrifuged at 6000 rpm
for 10 minutes and the obtained pellet was re-suspended
in 70% ethanol to remove any interactive biomolecule.
This procedure was repeated thrice to ensure enhanced
separation of AgNPs. The sample was then calcined
by placing in a hot furnace at 500° for 3 h. This high
temperature treatment produced nanoparticles in the
form of fine powder.

2.9. Characterization of silver oxide nanoparticles

Synthesized nanoparticles were characterized by the
following analyses.

2.10. UV-vis spectral analysis

The reduction of silver oxide NPs by leaf extract was
monitored by evaluating the UV-vis spectra of the solution
with UV-vis spectrophotometer (Shimadzu model UV-1601)
in 200-350 nm range.

2.11. Fourier transform infrared spectroscopy (FTIR)
spectrophotometer

FTIR spectra of AgNPs was obtained to determine the
presence of different functional groups on synthesized
AgNPs. Infrared (IR) spectra were recorded using FTIR
Spectrometer (Model No. FTSW 300 MX, BIO-RAD,
California, USA) with 4 cm™ resolution.

2.12. X-ray Diffraction (XRD) analysis

X-ray diffraction (XRD) technique was carried out
by using Bruker, D8 advance at the scan range of 10°-
80°. The XRD was operated with CuK radiation source
(A=1.54056A), generated at 40 kV and 40 mA. The average
crystal particle size was calculated using Debye-Scherrer’s
formula (Equation 1).

D = kA/BCosO (1)

Where: k = constant; A-= wavelength of X-Ray; D = average
crystalline size; B = Full width half maximum (Wang, 2000).

2.13. Scanning Electron Microscopy (SEM)

Morphology of AgNPs was determined by Scanning
electron microscopy (JSM5910, JEOL Japan) and images
were obtained.

2.14. Antifungal activity of AgNPs, in vitro

For antifungal activity analysis, PDA media was amended
with different concentrations of AgNPs viz. 1.0 mg/ml,
0.75 mg/ml, 0.5 mg/ml, 0.25 mg/ml, and 0.1 mg/ml. Cork
borer was used to excise and place the fungus in center of
AgNPs amended media plates. Media without NPs served
as control. Inoculated plates were placed in an incubator
at27° Cfor 7 days and zones of inhibition were calculated
by the following formula (Equation 2):

Growth inhibition percentage = (C—T) / C x 100 (2)

3/10



Nawab, R. et al.

Where, C = Average mycelial growth in control Petri
disease; T = Average mycelial growth in AgNPs amended
Petri dishes.

2.15. Antifungal activity of AgNPs, in vivo

In this experiment, nine healthy plants of H. rosa-
sinensis were used in three treatments. Three plants of
first control treatment (T,) were neither treated with
fungus nor with nanoparticles. While six plants of other
two treatments (T, and T,) were spray inoculated with a
known spore suspension (1x 10° spores per ml). All the
plants were covered with polythene bags. After two days
of inoculation, T, treatment was left undisturbed while
T, treatment was sprayed with 1 mg/ml concentration of
AgNPs. Plants of T, treatment were sprayed thrice with
AgNPs, on alternate days. All the plants were kept in green
house at 25 °C and 90% relative humidity for one week
and symptoms were recorded, thereafter.

2.16. Estimation of physiological and biochemical changes

After one week of inoculation, following parameters
were studied:

2.17. Osmo-protectants

For the determination of proline content, a standard
protocol was followed (Bates et al., 1973). At 520 nm, the
absorbance of the mixture was recorded, and the amount
of proline was calculated. Using the method of Hahm et al.
(2017) total sugar contents were measured. Total soluble
sugar contents were quantified using a standard curve
(spanning from 0 to 10 mg of dextrose sugar) and the
optical density was determined at 620 nm. Standard
protocol was used to determine total protein content
(Lowry etal., 1951). As a standard phosphate buffer, bovine
serum albumin was used (stock solution).

2.18. Photosynthetic pigments

Fresh leaves (0.1 g) were grinded in 80% acetone
and placed in the dark for 24 hours. The absorbance for
chlorophyll a (at 645 nm), chlorophyll b (at 663 nm) and
carotenoids (at 480 nm) were calculated (Hassanzadeh et al.,
2009; Stockburger and Mitchell, 1999).

2.19. Relative electrolytic leakage and relative water
content

Relative electrolytic leakage (REL) was calculated by
the standard method of Lutts et al. (1996). The relative
water contents (RWC) of leaves were determined by first
determining the fresh weight (FW) of leaves. These leaves
were placed in water for 24 hours and its turgid weight
(TW) was determined. Leaves were dried in hot air oven
and their dry weight (DW) was determined. Relative
water contents were derived by the following formula
(Weatherley, 1950) (Equation 3):

RWC = FW — DW | TW — DW x 100 (3)
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2.20. Antioxidant enzyme assay

Protocol of Beauchamp and Fridovich (1971) was
followed to determine the amount of Superoxide Dismutase
(SOD). Activity of peroxidase (POD) was determined by the
protocol of (Vetter et al., 1958) with little modifications
(Gorin and Heidema, 1976)

2.21. Statistical analysis

The experiments were carried out in triplicates, unless
otherwise described. The means and standard errors were
determined using Excel 2016. Using Statistix version 8.1,
one-way ANOVA was performed, followed by Tukey’s least
significant difference analysis.

3. Results

3.1. Identification of pathogen and analysis of its
pathogenicity

In the gardens of university, small, blackish, round spot
was observed on the leaves of H. rosa-sinensis (Figure 1a).
Diseased parts were placed on PDA and after 7 days of
incubation, white to yellow mycelial mat was observed.
With the maturation of conidia, these mycelia turned
black, rapidly (Figure 1b). On the back side of Petri plate,
the mycelia were white to pale (Figure 1c). These features
depicted this pathogen to be Aspergillus niger. Microscopic
observations at 100x magnification displayed large dark
brown conidia and conidiophores turned dark towards
vesicles. Conidiophores formed septate hyphae (Figure 1d).
Koch's postulates successfully described the pathogenicity
of isolated pathogen. Initial symptoms appeared after three
days of inoculation (Figure 1e). These symptoms spread
further and resembled with typical field symptoms, after
one week of inoculation (Figure 1f). Fungus was isolated
from these self-infected leaves and grown on PDA media.
After 3-4 days, similar fungal morphology was observed
(Figure 1g-1h).

BLAST analysis of obtained sequence showed 100%
similarity with A. niger (Accession no. JN587346.1).
Phylogenetic tree efficiently depicted evolutionary
relationship and showed the presence of these two
sequences in the same clade as shown in Figure 2.

3.2. UV-vis spectral analysis

UV-vis spectroscopy revealed the synthesis of AgNPs by
displaying discrete surface plasmon resonance bands with
apeak centered around 271 nm (Figure 3). This absorption
band depicted the presence of proteins (aromatic amino
acids) and showed the electronic excitations in tryptophan
and tyrosine of protein molecules (Ahmad et al., 2011).

3.3. Fourier Transform Infrared Spectroscopy (FTIR)

FTIR was employed to examine the significance of
stabilizing and reducing proficiency of C. procera extract.
FTIR peaks were observed at 1116, 1384, 1606, 2361,
2804, 2923, 3315 and 3421 cm™ (see Figure 4). FTIR
spectrum confirmed the presence of alkanes, alcohol,
and primary and secondary amides of proteins. Peak at
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Figure 1. Spots were observed on the leaves of H. rosa-sinensis (a). Disease causing fungus was isolated on PDA and observed from front
side (b) and back side (c) of Petri plate. Fungus was observed under light microscope at 100x magnification (d). Disease symptoms
were observed after 3 days (e) and 7 days post inoculation (f). Pathogen was re-isolated and petri plates were observed from front (g)

and back side (h).

1116 cm™' indicated strong C-O stretch (alcohol), while
bands at 2361, 2923 and 3421 cm revealed NH stretching
vibrations of primary and secondary amides of proteins
(Ali and Abdallah, 2020). The band at 1384 cm™' described
C-Hbending (Mohamed et al., 2014) while prominent band
at 1606 cm' represented N-H stretching (amide group),
which can reduce AgNO, to Ag (Sanci and Volkan, 2009).
Peaks at 2804 cm and 3315 cm™ corresponded to -CH
(alkane) and O-H groups (alcohol), respectively (Verma
and Bharadvaja, 2021).

3.4. X-ray Diffraction (XRD) analysis

XRD analysis successfully demonstrated the nature
of AgNPs as shown in Figure 5. The peak positions were
consistent with metallic silver. This method was based on
projecting a monochromatic X-ray beam onto the material
at theta (0) angle. Several Bragg reflections with 20 values
of 37.79°, 43.98°, 64.13° and 77.09° were obtained (see
Figure 5). The Full Width at Half Maximum (FWHM) was
measured for planes of reflection (111, 200, 220 and 311)
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and used in Debye-Scherrer equation to calculate the size of
NPs. Average size of ~32.43 nm of green silver oxide NPs was
calculated. The strong and sharp peaks revealed crystalline
nature of AgNPs (Aravind et al., 2021). The observed XRD
pattern was similar to JCPDS: 87-0720. All reflectance
patterns showed a pure and polycrystalline face-centered
cubic structure of pure silver metal (Parvathi et al., 2020).
Additionally, some undesired peaks were also noticed,
suggesting the crystalline organic phase of AgNPs.

3.5. Scanning Electron Microscopy (SEM)

SEM examination further revealed predominantly
spherical and well-defined shape of AgNPs as shown in
Figure 6. Varying particle sizes may be linked to diverse
forms. Some were present in agglomerations due to drying
process of the samples (Safa et al., 2021).

3.6. Antifungal assay, in vitro

Avariable growth inhibition was observed at different
concentration of AgNPs (see Figure 7; Table 1). Maximum

5/10



Nawab, R. et al.
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Figure 2. Phylogenetic analysis of isolated pathogen.
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Figure 3. UV/Vis of AgNPs, showing the synthesis of AgNPs.

growth inhibition (87%) was measured at 1.0 mg/mL
concentration of AgNPs. Our findings further declared that
even at low concentrations of NPs (0.1 mg/mL), mycelial
growth can be significantly inhibited.

3.7. Disease control assay, in vivo

Application of AgNPs gave amazing results to control
leaf spot of H. rosa-sinensis. In AgNPs treated plants (T,),
no disease symptoms were observed (see Figure 8a) while
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Figure 4. FTIR spectra of C. procera mediated AgNPs.
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Figure 5. XRD analysis of C. procera mediated AgNPs.

Figure 6. SEM of C. procera mediated AgNPs.

inoculated plants (T,) displayed significant damage to the
leaves (Figure 8b). Inoculated plants displayed blackish,
round and necrotic leaf spots (Figure 8c).
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Figure 7. Effect of different concentrations of C. procera synthesized
silver oxide nanoparticles on fungal growth (A) control, (B)
0.1mg/mL concentration, (C) 0.25mg/mL concentration, (D)
0.5mg/mL concentration, (E) 0.75mg/mL concentration, (F)
1.0mg/mL concentration.

Figure 8. Application of AgNPs on fungal inoculated plants, in
vivo. Plant with AgNPs application exhibited no fungal leaf spots
(A), while control plants exhibited leaf spots symptoms (B) and
resulted in leaf necrosis (C).

Table 1. Growth inhibition at different concentrations of AgNPs.

Concentrations (mg/ml) Growth Inhibition (%)
1.0 87 +6.7
0.75 79+5.5
0.5 70+£3.5
0.25 59+3.6
0.1 49+2.8
Control 0

Application of AgNPs to control leaf spot of Hibiscus rosa-sinensis (L.)

3.8. Physiological and biochemical parameters of plants

Study of various physiological parameters (Table 2) and
antioxidant enzyme assay (Table 3) assisted to comprehend
the defense mechanism of treated plants. Osmo-protectants
displayed significant production and remarkable increases
in the proline and sugar contents were observed in AgNPs
treated plants, when compared with control plants.
Protein content varied among all the treatments and the
highest protein contents were observed in T,. Contents
of chlorophyll a, chlorophyll b and carotenoids were also
increased in T, plants, while the lowest contents were
observed in T, plants. Application of AgNPs increased
RWCinT, plants and resulted in least electrolyte leakage,
among all treatments. Antioxidant enzyme assays depicted
distinct variation in the accumulation of enzymes. AgNPs
treated plants exhibited higher accumulation of both
SOD and POD.

4. Discussion

Agricultural commodities face various pathogenic
and abiotic stresses. For the prevention and control of
biotic diseases, chemical pesticides are the most used
materials. These chemicals can quickly kill the pathogens
but they also possess hazardous effects on environment
and disturbs human health. Researchers in the agriculture
field are focusing on the alternative methods of pesticides.
Nanotechnology has become an emerging field to replace
chemical applications on plants. They pose less harm to
human and animals and provide health friendly control
of plant diseases (Jo et al., 2009).

In this study, C. procera leaf extract was used for the
synthesis of AgNPs. By mixing C. procera plant extract
with AgNO, solution, a color shift was detected, indicating
actual reduction process. Aqueous extract of C. procera did
capping and reduction of AgNPs. Designation of brown color
surface plasmons are the typical characteristics of AgNPs
(Ahmad et al., 2003; Valodkar et al., 2011). UV results of
AgNPs depicted the reduction of silver ions, due to release
of proteins in the solution of C. procera (Ahmad et al.,
2011). XRD analysis revealed excellent size of AgNPs (~
32.43 nm). Nanoparticles have a concentration-dependent
impact on plants. NPs concentration influences several
plant activities like growth, flowering etc. Small particle
size of AgNPs is the key reason of their tremendous
antifungal potential, which allows them to penetrate into
the leaves during the treatment period and express its
growth-enhancing capabilities. AgNPs have been reported
to show significant antimicrobial activities against different
fungi (Trichophyton rubrum, Candida albicans, Aspergillus

Table 2. Study of physiological parameters in three different treatments.

Protein Proline  Chlorophyll Chlorophyll Carotenoids
Treatments Sugar RWC (% REL (%
gar (ng/e) (ng/g) (nglg) a(pg'/mL) b(pg'/mL) (ng'/mL) %) %)
Control (T)) 384+30.1 54+4.7 124472  0.036%0.004 0.12+0.007 41123 0.12+0.007 79+3.1
Diseased (T,) 458+32.2 30+ 270+15.2  0.013%0.005 0.027%0.005 28+1.1 0.027+0.005 87+4.8
AgNPs Treated (T,)  85555.7 68+2.8 420+13.3  0.07£0.003 0.206+0.009 75+1.7 0.206+0.009 77+3.7
Brazilian Journal of Biology, 2024, vol. 84, 261123 7/10
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Table 3. Estimation of antioxidant enzymes in three different
treatments.

Treatments SOD POD

Control (T,) 0.25*+ 0.05 13+02

Diseased (T,) 1173 £ 0.08 2.1 £ 0.05
AgNPs Treated (T,) 212+ 0.04 2.58 £ 0.11

terreus) and Gram-negative bacteria (Escherichia coli,
Pseudomonas aeruginosa, Serratia sp.) (Mohamed et al.,
2014). In this study, fungal growth inhibition increased
with the increase in AgNPs concentration. It is due to
the high density at which solution could adhere and
deactivate the pathogenic fungus. This study showed that
AgNPs concentration use is less toxic and very effective for
anti-fungal application on different plants. Mechanisms
responsible for the fungicidal activity of AgNPs include
cell membrane damage and the production of reactive
oxygen species (ROS). AgNPs attach with cell membrane
and destroy spore structure. Silver ions react with thiol
group of enzymes and deactivate them. Generation of
ROS results in the inhibition of respiratory enzymes via
silver ions and destroy cell (Matsumura et al., 2003).
AgNPs have been reported to deactivate the replication
capability of microorganisms (Feng et al., 2000), which
results in deactivating the expression of ribosomal and
several other proteins. C. procera mediated AgNPs has
been used to shield crops from a variety of plant diseases,
as an efficient alternative to chemicals.

Green house inoculation assay confirmed the disease
control ability of AgNPs. Treated plants showed no disease
symptoms, when compared with control. NPs therapies
result in the accumulation of minerals that promotes
chlorophyll formation, and enzyme stimulation for
carbon fixation. NPs increase the photosynthetic rate to
stimulates the growth and yield of plants (Tamura et al.,
2004) AgNPs have been reported to increase the levels
of chlorophyll a, b and carotenoids in Brassica juncea
(L). leaves due to increased quantum efficiency of PS II
(Djurfeldt et al., 2010; Mirzajani et al., 2013). Increased
plastid pigments production in AgNPs treated plant is due to
improved electron transport (Giraldo et al., 2014). Pigments
content increases with the increase in NP concentration
(Khodakovskaya et al., 2009) AgNPs application increased
sugar content, which are important in the synthesis of
defense related lignin and callose (Khizar et al., 2021).
Proline content is also produced under stress condition
and works as a great osmo-regulator (Alexieva et al., 2001).
Application of AgNPs improved the osmoregulation of
stressed plants and helped them to bear these conditions.

5. Conclusion and future prospective

Present study has suggested an inexpensive,
environment friendly and very effective method of
synthesizing AgNPs, using the extract of C. procera.
These AgNPs can tremendously control leaf spot disease
by improving the osmoregulation of diseased plants.

/10

Application of AgNPs helped plants to accumulate greater
amounts of sugar and proline. Against phyto-pathogenic
fungi, AgNPs can be used as a bio-fungicide to protect
plants. The findings of our study proved that the green
AgNPs could become a new technology for sustainable
control of plant diseases.
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