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Many bacterial and fungal pathogens are known to affect lotus, which limits both flower quality and
yield production. Treatments such as pesticides can reduce pathogens but can result in resistance. This
study was conducted to identify the most common fungal, and bacterial pathogens associated with leaf spot
diseases of white lotus (Nelumbo nucifera). Molecular-based identification using ITS and 16 s ribosomal
DNA sequences revealed that the isolates belonged to Aspergillus aculeatus, Aspergillus fumigatus, and
Klebsiella pneumoniae. We evaluated the effect of silver nanoparticles against pathogens isolated from
infected white lotus leaves. According to the findings, AgNPs have antifungal activities against these plant
diseases at different concentrations of 0.1,1, 10, 20, and 30 mg/L. Treatment of 30 mg/L silver nanoparticles
on PDA showed the highest inhibition rate of plant pathogenic fungi Aspergillus sp., and bacteria Klebsiella
preumoniae. Based on this result, it is possible to suggest that silver nanoparticles synthesized could be
an efficient, safe, cost—effective, and affordable alternative to control disease in white lotus.
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INTRODUCTION

Lotus (Nelumbo nucifera Gaertn.) is a potential
perennial aquatic crop grown and consumed throughout
Asia. The lotus plant is a symbol of purity in many coun-
tries. All parts of N. nucifera have been used for multi-
ple purposes, such as food, ornamental, and herbal
medicinal products (Zhu, 2017). Besides, it is particu-
larly noted for its 1,300-year seed longevity. In particu-
lar, among the lotus cultivars, the white lotus is a tradi-
tional indigenous variety. It has a characteristic floral
aroma, and its seeds are sweet, fleshy, and sticky.
However, due to the competition of high-yielding lotus
“Cao san” varieties and harmful pathogens appearing in
lotus fields, the planting area gradually shrinks, leading
to the risk of degeneration and loss of varieties.

Many bacterial and fungal pathogens affect lotus,
limiting both lotus flower quality and plant yield produc-
tion. Synthetic chemical fungicides and pesticides have
been the most commonly applied method to control
lotus diseases. However, the extensive use of fungicides
and pesticides is causing environmental pollution (soil,
water). These practices may have a harmful influence
on beneficial non-target species in the ecosystem and
negatively affect the biodiversity, contributing to the
development of resistant pathogens, possibly posing a
potential risk to human health, and threatening the food
security of humans on this planet (Bartlett et al., 2002).
Therefore, there is a growing need to develop alternative
approaches to control plant diseases. Recently, nano-
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technology has drawn attention due to its numerous
applications in health, pharmaceuticals, catalysis, energy,
environmental sciences, and materials (Rajashekara,
2012). The metal nanoparticles demonstrated distinct
and significantly different physical and chemical charac-
teristics (Feldheim and Foss, 2002). This is true espe-
cially in regards to silver nanoparticles (AgNPs) with
their large surface area which makes them attractive to
addressing the challenges not met by the physical,
chemical pesticides, and other biological control meth-
ods methods (Pulimi and Subramanian, 2016).
Therefore, they have the potential to be widely used in
agriculture as biocontrol agents to promote sustainable
agriculture (Franci et al., 2015; Rajwadi et al., 2020).

The objectives of this study were to isolate and iden-
tify plant pathogens from the lake—grown white lotus
regions and investigate the antifungal, antibacterial
effect of green synthesized silver nanoparticles (AgNPs)
to control lotus (V. nucifera) disease.

MATERIALS AND METHODS

Silver nanoparticles

A stock solution of silver nanoparticles (AgNPs) at a
40mg/L (ppm) concentration was synthesized using
green Aloe barbadensis. The synthesis of AgNPs using
leaf extracts was done using the method described pre-
viously (Hong et al., 2021). Solution contain different
AgNPs were added to growth media to make different
AgNPs concentrations (0.1, 1, 10, 20, 30 mg/L). All sil-
ver nanoparticle solutions and media were freshly pre-
pared and used.

Collection of samples
From March to May 2021, lesion leaves were col-



166 N. Q. H VUetal

lected randomly, transported to the laboratory within a
cooler, and then kept at 4°C until further use.

Fungal and bacterial pathogen isolation

Infected leaf lesions were cut into small pieces (5 X
5mm) and sterilized with 1% sodium hypochlorite
(NaClO) solution for 1minute. The samples were
washed three times with sterilized distilled water, then
dried on sterile paper towels, plated on potato dextrose
agar (PDA) medium (38g PDA in 1L distilled water),
and incubated at 28 * 2°C under 12 h photoperiod for
7 days. Pure cultures were obtained by transferring sin-
gle hyphal tips to fresh PDA plates. Pure colonies were
maintained in 70% glycerol solution and stored at —20°C.

Identification morphological of the fungal and bac-
terial isolates

The fungal isolates were used to identify their mor-
phology, such as conidiophores, conidia’s shape and size,
and colony characters.

The morphological characteristics of bacterial iso-
lates were analyzed for their microscopic features
(Colour, shape, margin, transparency) through the Gram
staining technique as described in Bergey’s manual of
systematic bacteriology.

Molecular identification of the fungal and bacte-
rial isolates

The total DNA of isolates was extracted from
infected leaves using the cetyltrimethyl ammonium bro-
mide (CTAB) method for the PCR performance (Namba
et al., 1993). The molecular identity of the fungal and
bacterial isolate was determined using Polymerase chain
reaction (PCR) amplification.

Fungal: The internal transcribed spacer (ITS) region
of the ribosomal DNA was amplified and sequenced
using primers
+ ITS1F (5 TCCGTAGGTGAACCTGCGG-3") and
+ ITS4 (5-TCCTCCGCTTATTGATATGC-3") (White et al.,
1990).

The ITS primers used were ITS-1F and ITS-4. The
PCR amplification program consisted of 95°C for 5 min,
followed by 35 cycles of 95°C for 1 min, 52°C for 30 sec-
onds, 72°C for 1 min, and a final extension temperature
of 72°C for 10 min, holding the temperature of 4°C.

Bacterial: 16sRNA amplification was performed using
the primers
+ 27F (5= AGAGTTTGATCCTGGCTCAG - 3") and
+ 1492R (5'~-TACCTTGTTACGACTT-3").

PCR reaction was performed in a Thermal Cycler
(Eppendorf, Germany), and the thermal program used
for the PCR (polymerase chain reaction) was under the
following conditions: initial denaturation at 92°C for
2man, followed by 35 cycles with final denaturation at
92°C for 1 min, primer annealing at 50°C for 30 seconds,
extension at 72°C for 90seconds, and an additional
10min at 72°C as a final extension. In addition, PCR
product was subjected to electrophoresis on 1.2% (w/v)
agarose gels in 1XTAE Buffer.

The sequences obtained were edited using the

BioEdit 7.0 software, and consensus sequences were
analyzed using the Molecular Evolutionary Genetics
Analysis (MEGA X) software (Kumar et al., 2018). The
similarity of the nucleotide sequences of the isolate was
calculated using the BLAST algorithm (Basic Local
Alignment Search Tool).

Pathogenicity test

The pathogenicity of purified isolates from the dis-
ease leaves lotus was tested on a concave white lotus
and confirmed by Koch’s postulates. Lotus were grown
in pots under greenhouse conditions. Leaves of plant
hosts were sprayed with spore suspensions of each of
the isolates using a hand sprayer. Inoculated plants
were then kept in a humid chamber and observed daily
for disease symptoms

Evaluation of the antibacterial and antifungal
activity of silver nanoparticles in the in vitro

An in viltro assay was carried out on PDA with 0.1,
1, 10, 20, and 30 mg/L of silver nanoparticles (AgNPs).
Medium containing silver nanoparticles was poured into
each 90 X 15 mm Petri dish. The media containing silver
nanoparticles was incubated at room temperature. After
48 hours of incubation, an agar plug of 8 mm diameter
containing fungi was inoculated simultaneously at the
center of each Petri dish and incubated at 28 + 2°C.
The culture medium without silver nanoparticles was
inoculated and cultured under the same conditions for
the control treatment. The sizes of the colonies were
measured after 5days and each treatment was repli-
cated.

The inhibition rate — IR (%) was calculated using the
following formula: where R is the radial growth of fungi
in the control plate, and r is the radial growth of fungi in
silver nanoparticle treated plates.

1R = £ 3100

Antibacterial potency of synthesized AgNPs for
inhibiting the growth of pathogens was tested n vitro
on LB medium using the agar well-diffusion assay
according to Bakht et al. (2011). The bacteria strains
were spread on the LB medium. The disks were loaded
with 50 uL of silver nanoparticles (0.1, 1, 10, 20, and
30mg/L). The disks were then placed on the agar plate
and incubated at 37°C for 24 h. The zone of inhibition
was observed after 24 h of incubation. Three replicates
were set at 30 = 2°C.

RESULT AND DISCUSSION

Characteristics of concave white lotus

Concave white lotus was cultivated from mid-
February 2021 to August 2021. Different stages of con-
cave white lotus were observed in the field and photo-
graphed (Fig. 1). Concave white lotus has a medium-
small tree size; young leaves are light green. Flower
buds were white to pale green, oval long — shaped, seed
pots flat. Lotus seed is elliptical. The pigment inside the
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seed coat is white. The diameter of the leaves of white
lotus is smaller than other lotus variety

The growth and development of the white lotus vari-
ety consists of the following main stages. There are two
types of leaves in the vegetative phase: floating leaves
and standing leaves. The floating leaf stage (S1) is the
initial stage of development for the white lotus plant.
When the floating leaves have covered most of the water’s
surface, the plant begins to generate standing leaves
(S2). Following that, buds appear (S3) marking the
beginning of the reproductive stage (50 — 60 days after
planting). In early and mid-May, blooming starts (S4, S5

(S1)

(S2)

‘Illll

(S8) H
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Fig. 1. Morphological, and physiological of concave
white lotus (Nelumbo nucifera).
S1: floating leaf stage; S2: standing leaf stage;
S3: bud appear; S4, S5, S6: Flower blooming;
S7: Full bloom; S8: Petal begin fallen; S9: Seed
pod has turned green and development; S10:
Seed pod turns brown.

— approximately 65 — 75 days after planting). In late May
and late June, they reach full bloom (90 — 120 days of
planting). The last flowering period starts in mid-July
(142 — 155 days). After 170 — 180 days (S8), their leaves
turn yellow and wither, and the plant enters dormancy,
seed pod has turned green. The seed pod will dry up
and turn brown (S10). The entire growth period is 190
to 195 days.

Disease symptoms, isolation and identification of
the fungal, bacterial pathogen

Necrotic Brown Leaf disease with characteristic
symptoms was represented by light brown, canker
lesions that spread quickly. The initial stage of the blis-
ter blight infection process was marked by brown trans-
lucent spots with a yellow halo zone on the upper sur-
face of leaves. At the end of the infection process,
necrotic lesions on the leaves were observed. After
5days, a colony of about 6.5 to 7.2 cm in diameter of
STM1 isolates appeared on PDA, and it was brownish—
black at the center and white at the edges (Fig. 2 D, E).
Radial growth was 72.3 mm (recorded 5 days after injec-
tion on PDA). The conidiophore appeared pale brown,
and the vesicles were not separate when observed
through the microscope.

Brown leaf spot disease with typical symptoms con-
sisted of small yellowish-brown spots, turning to dark
brown or black after 7 —10 days infected. Lesion shapes
tended to form radial streaks, from specks that became
streaks running parallel to the leaf veins. For STMS3 iso-
late from infected leaf (Fig. 3A), observed under the
microscope, the isolate was characterized by green
Echinulate conidia. Radial growth was 67.2mm
(recorded 5 days after injection on PDA). The mycelium
differentiated into the septum branched and spore-

Fig. 2. Symptoms of Necrotic brown spot and pathogen isolate
STCMI1 (A), (B), (C): Disease symptoms of Necrotic Brown
Spot observed in the lake; (D), (E): Colony morphology
of STM1 on PDA, (F): Morphology of STCM1 in the
microscope. Scale bar = 50 zm.
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Fig. 3. Disease symptoms of Brown leaf spot and pathogen isolate
STCM3
(A), (B): Disease symptoms of Brown leaf spot observed in
the lake;
(C), (D): Colony morphology of STCM3 on PDA,
(F): Morphology of STCM3 in the microscope. Scale bar =

50 zm.
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Fig. 4. Electrophoresis DNA total of STCMI1,
STCMS isolate. MK: marker.
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Fig. 5. Sequence of STCM1 (A). and Sequence STCM3 isolate (B).

forming stalks bearing spherical spores arranged in
chains, with the spore stalks sunflower shaped (Fig. 3E).
Initially, it was possible to identify the strains STCM1
and STCM3, which belong to Aspergillus.

The fungal-specific universal primer pairs I'TS1 (for-
ward) and ITS4 (reverse) effectively amplified the ITS
region from DNA from all Aspergzllus isolates. Capillary
electrophoresis found sequence lengths ranging from
550 to 600 bp (Fig. 4). The morphological identification
was corroborated by BLAST analysis of the ITS rDNA
sequence data. The closest match (99 — 100 percent
similarity) in the NCBI GenBank database was deter-
mined to be with distinct Aspergillus species. The

results showed that the isolate STCM1 was 100% homol-
ogous to the ITS gene sequence of Aspergillus aculea-
tus (code: MN856264.1) (Fig. 5A), white STCM3 isolate
was 100% homologous to the ITS gene sequence of
Aspergillus fumigatus (Fig. 5B). (Code: MT597427.1).
The Aspergillus aculeatus was identified as a path-
ogen of grape berries in southwestern Ontario (Jarvis et
, 1984). It is a wound pathogen that penetrates the
berry via fractures induced by a partial detachment of
fruits at the pedicel in tightly packed bunches, as well as
splits and insect punctures. Other studies have reported
the presence of Botryodiplodia theobromae and
Aspergillus aculeatus — as pathogen causing soft rots of
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Fig. 6. Disease symptoms of Soft Rot and pathogen
isolate STCV1
(A), (B), (C): Disease symptoms of Necrotic
Brown Spot observed in lake;
(D): Colony morphology of STCV1 on LB, (E):
Gram staining of STCV1.

Citrus fruits were grown on wheat offal medium (Adisa
and Fojola, 1982).

Soft rot disease with typical symptoms includes soft
rot, black color, necrosis, and water—soaked lesions at
the edge of leaves and behind entire lotus leaves. We
conducted isolates, and biochemical tests were per-
formed to identify the pathogen from infected leaves.
Strain STCV1 is a rod-shaped bacteria, non—flagellated,
non-motile, and Gram-negative bacteria (Fig. 6E).
Based on the morphological and biochemical test, the
isolates were found to belong to Enterobacteriaceae.

After observing the colony morphology and micro-
scopic visualizations, as shown in Fig. 6. STCV1 was fur-
ther identified based on 16S rRNA sequence analysis.
27TF-AGAGTTTGATCCTGGCTCAG was used as the for-
ward primer, and the reverse primer was 1492R-
GGTTACCTTGTTACGACTTT. Based on the 16 S rRNA
sequence, bacterial isolates were classified into the
genus Klebsiella. With comparative analysis of the 16 S
rRNA gene, both morphological and biochemical, we
identified the strain as Klebstiella pneumoniae, with
99.93% similarity.

Recently, Klebsiella prneumoniae is emerged as an
important bacterial plant pathogen in Asia. The strain
Klebsiella pneumoniae KpC4 was identified as a causa-
tive agent of bacterial top rot in maize, and has been
observed in many areas of Yunnan province, China. In
reports by Liu et al. (2015), it was reported to be a plant
pathogen on onion bulbs causing internal tissue decay
(soft rot) in Guangdong province, China. A previous
report by Ajayasree and Borkar showed that Klebsiella
pneumoniae causes root bark necrosis and wilt disease
on pomegranate trees in India.

Antifungal and antibacterial activities of silver
nanoparticles

The inhibitory effect of fungal mycelia growth was
investigated in PDA medium containing different con-
centrations of 0.1, 1, 10, 20, and 30 mg/L (ppm) of silver
nanoparticles (Fig. 7). The results were given in Fig. 7
and Fig. 8. There was a positive correlation between
increased AgNPs concentration and antifungal efficacy.
In addition, the size of the colonies decreased with the
increased concentrations of silver nanoparticles. The
results showed a very significant effect of synthesized
silver nanoparticles on the mycelium growth of
Aspergillus sp. More than 95% of the inhibitory effect
on fungal growth was demonstrated on the Aspergillus
sp. (96.72% with Aspergillus aculeatus, 97.22% with
Aspergillus fumigatus) treated with AgNPs 30 mg/L.
However, no significant differences were found among
the control, 0.1, and 1 mg/L concentrations, with 0, 0.68,
and 1.38% inhibition rates, respectively. In Aspergillus
Sfumigatus, there were no significant differences when
treated with 0.1 mg/L and 1 mg/L of silver nanoparticles
with approximately 10% growth inhibitory (9.83%,
11,47%, respectively).

In general, the inhibition increased with the concen-
tration of silver nanoparticles. These findings are in
agreement with those obtained by Park et al. (2006);
Kim et al. (2009); and Fatimah Al-Otibi (2021) reported

Control (CT)

0.1 mg/L

1 mg/L

10 mg/L

20 mg/L

30 mg/L

A. aculeatus A. fumigatus

Fig. 7. Inhibition effect of silver nanoparticles (AgNPs)
against fungal pathogen on PDA in vitro. Images
were captured after culture plates had been
incubated for 5 days at 28°C.
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Fig. 8. Inhibition rate (%) of silver nanoparticles (AgNPs) against fungal pathogen.
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Concentration of AgNPs

Fig. 9. Inhibition effect of silver nanoparticles (AgNPs) against
bacterial pathogen.
(A). Zone of inhibition of silver nanoparticles; (B). bar
graph showing zone of inhibition introduced by AgNPs
against Klebsiella pneumonia. Images were captured
after plates had been incubated for 24 hours at 35°C.

that Ag ions and silver nanoparticles had a significant
effect on plant pathogenic fungi, Bipolaris sorokini-
ana, Fusarium solani, Raffaelea species, and
Colletotrichum species.

In this study, we also conducted a detailed study on
the role of concentration for the antibacterial activity of
silver nanoparticles against Klebsiella pneumoniae —
caused soft rot disease in N. nucifera (cv. concave

white lotus). Fig. 9A, 9B shows the resulting zone of
inhibition observed against Klebsiella prneumoniae.
The larger inhibition zone was detected for treated with
AgNPs at 10 mg/L, 20 mg/L, and 30 mg/L concentrations.
No detected antibacterial “halo” with treated AgNPs at
lower concentrations of 10 mg/L (0.1 mg/L, 1 mg/L)

Management of fungal and bacterial diseases on
crops is economically essential. There have been numer-
ous previous reports of silver nanoparticles’ antimicro-
bial, antifungal use in treating FEscherichia colz,
Staphylococcus aureus, Bacillus subtilis, Klebsiella
mobilis, Mycobacterium tuberculosis, and Candida
albicans. This study confirms that silver nanoparticles
have significant inhibitory effects on colony formation
from conidia of Aspergillus fumigatus, Aspergillus
aculeatus, and Klebsiella pneumonia — a pathogens—
caused disease of a white lotus. The exact mechanisms
of AgNPs against plant pathogens (bacteria, fungi)
remain unknown. However, many studies have found
that the electrostatic attraction between microorgan-
isms; negatively charged cell membranes, such as bacte-
ria, viruses, and fungus: and, positively charged nanopar-
ticles play a critical role in the antibacterial activity of
nanomaterials. Therefore, it was believed that silver
nanoparticles with large surface areas could quickly form
Ag+, binding to functional groups (—SH) of proteins and
this resulted in protein denaturation. Besides, the anti-
microbial activities of silver nanoparticles may result
from a loss or inhibition of replication activity that inacti-
vates the cellular proteins and enzymes of the pathogens
(Feng QL, 2000).

The results have shown that silver nanoparticles can
inhibit the growth and development of bacterial and fun-
gal strains. Based on the findings of this study, silver
nanoparticles are one of the most effective solutions for
disease management on the white lotus (Nelumbo
nucifera) in vivo. AgNPs green synthesis is considered
less harmful, toxic, and cost—effective than other meth-
ods. This study promises the application of silver nano-
materials in the prevention and control of diseases on
lotus plants caused by microbial agents, improving both
the quality and quantity of white lotus.
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CONCLUSION

This study has isolated and identified fungal and
bacterial (Aspergillus fumigatus, Aspergillus aculea-
tus, Klebsiella pneumoniae) caused diseases in white
lotus (Nelumbo nucifera). Endophytes can act as
potential pathogens of white lotus, capable of inflicting
severe damage to cultivate. Silver nanoparticles show
significant antibacterial activity, antifungal against plant
pathogens. Therefore, AgNPs could be a good alterna-
tive for development as an antibacterial, antifungal agent
in this lotus variety. AgNPs can lead to valuable findings
in various applications in agriculture, providing a novel
and sustainable alternative in the food and agriculture
sectors for disease management and control.
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