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ABSTRACT

Shallot and scallion are among the essential horticultural crops in the Mekong Delta of Vietnam, and their yields
and quality are affected by the beet armyworm, Spodoptera exigua. To control this pest, farmers have used a large
number of insecticides, which has led to resistance due to continuous use and environmental harm, thereby increasing
interest in biological methods, including the Spodoptera exigua multiple nucleopolyhedrovirus (SeMNPV). The study
aims to assess the efficacy of the liquid and powder formulation of SeMNPV against Spodoptera exigua under the actual
agricultural conditions of Soc Trang (Shallot) and Vinh Long provinces (Scallion). The experimental arrangement used
four treatments: SeMNPV liquid, SS MNPV powder, Radiant 60SC (a chemical insecticide), and the control. Some of
the factors evaluated were larval density, level of leaf damage, yield, and natural enemies attack. The SS MNPV powder
had the least damage, only 0.97 per cent (damage of plant), and a yield of 28.59 t/ha, and was almost equally good as
the Radiant 60SC, which produced a damage of 2.53 per cent (damage of plant) and a yield of 29.41 t/ha. SeMNPV
treatments significantly reduced larval numbers (down to fewer than 10 larvae/m” by day 40) and enhanced natural

enemies, parasitoids, and microsporidia. The untreated one had the highest damage (8.03%), while the yield was lowest
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at 19.61 t/ha. Therefore, SS MNPV in powder form has the potential to control S. exigua infestations and to encourage

biological control, making it a favourable, environmentally friendly addition to synthetic insecticides in the cultivation

of shallot and scallion.

Keywords: Beet Armyworm; Spodoptera exigua; Multiple Nucleopolyhedrovirus; Shallot; Scallion

1. Introduction

In tropical crop regions, increased productivity has
led to more intense pest outbreaks, driving the excessive
use of chemical insecticides. Shallots (Al/lium ascaloni-
cum) and scallions (Allium fistulosum) are widely grown
vegetables in Vietnam, where the Mekong Delta is one of
the country’s most critical vegetable-producing regions and
one of the world’s most populous and productive regions
. Soc Trang and Vinh Long are the leading provinces
where shallot and scallion are grown on almost 14,000
hectares, producing over 200,000 tons per year . Onions,
especially shallots, are significant crops to smallholder
farmers and essential for domestic and export markets .
However, there is a significant threat to shallot production
in the Delta due to the beet armyworm, Spodoptera exigua
(Hiibner), a highly destructive lepidopteran pest in the crop
Bl This pest has a highly voracious feeding habit, feeding
on the leaves of the shallot plant, thus reducing the plant’s
photosynthesis capability and yielding up to 40% in severe
cases . Since the Mekong Delta has a warm and humid
climate and crop production is done throughout the year,
it favours S. exigua breeding "". This problem has been
further increased by the development of resistance in S. ex-
igua to chemical insecticides, particularly pyrethroids and
organophosphates, which has increased 100-fold in South
Vietnam ', Furthermore, challenges regarding the con-
tamination of crops with pesticides pose potential threats
to human health through food products and health risks to

B9 Hence, there is an imminent need for alterna-

labourers
tive methods of sustainable plant protection.

The constant application of chemicals to control
pests, such as S. exigua, has led to the emergence of resis-
tance and environmental degradation """, In the Mekong
Delta of Vietnam, excessive use of chemical pesticides has

M The con-

led to soil and water pollution in the region
tinued use of the chemical also impacts non-target species,
valuable insects such as pollinators and natural enemies,
and causes health hazards to farmers "”. Frequent rainfall

and insecticide applications have contributed to the devel-

opment of resistance in S. exigua larvae to chemicals such
as pyrethroids, organophosphates, and carbamates .

The ecological and biotechnological responses to
control pests based on baculovirus-based biopesticides. A
host-specific entomopathogen, S. exigua multiple nucleo-
polyhedroviruses (SeMNPV), has been perceived to have
great potential as a microbial biological control agent with
little to no harmful effects . It can be easily integrated
effectively into integrated pest management (IPM). It is a
tropical Spodoptera virus that is safe for beneficial insects,
humans, and other animals because it targets and kills only

[14

S. exigua larvae 'Y, SeMNPV is very selective; it does
not cause any form of resistance, remains effective in the
environment, and offers the benefits of residual control
(51 SeMNPV has been shown to significantly reduce pest
populations in field conditions . Therefore, it is possible
and practical to biocontrol S. exigua in the shallot produc-
tion system in the Mekong Delta. However, there is a lack
of data on the impact, effectiveness and residual activity
of SeMNPV under the various meteorological conditions
of the Mekong Delta ", There is a lack of knowledge re-
garding the relationships between Se MNPV and relevant
agroecological practices, such as the use of pesticides and
intercropping. There is a lack of related studies that have
assessed the relative economic cost-benefit and effective-
ness of SeMNPV compared to conventional insecticides

7 1t is essential to note that cur-

for shallot production
rently, no information is available on the effect of SeMN-
PV on non-target species and the general biodiversity of
the shallot-growing system "'*'. Filling these gaps would
enhance the practical adoption and application of IPM in
the Vietnamese and other similar tropical agricultural envi-
ronments.

It is hypothesised that the application of SeMNPV
significantly decreases or suppresses S. exigua infestations
in shallot fields. Furthermore, it is expected that the use
of SeMNPV will reduce leaf damage and increase shallot
yield compared with chemical insecticides under Mekong
Delta field conditions. This study aims to assess the effect
of applying SeMNPV as a biological control agent against
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S. exigua under field conditions in shallot farming in the
Mekong Delta, Vietnam. The objectives focused on assess-
ing the ability of Se MNPV to suppress pest populations.
Furthermore, the objective focused on analysing the effec-
tiveness of liquid and wet powder formulations of SeMN-
PV over chemical insecticides in terms of pest mortality,
leaf damage, and shallot yield. This research is essential
for incorporating viral biopesticides into contemporary
IPM (integrated pest management) solutions that provide
an understanding of biological control agents in applied
plant science.

2. Materials and Methods

2.1.Study Area

The field trials were conducted in the two largest
provinces of shallots and scallion cultivation in the Me-
kong Delta region of Vietnam: the shallot field in Soc
Trang and the scallion field in Vinh Long. The study was
conducted in the primary growing season of 2023. The
choice of these areas was influenced by the high pressure
of the S. exigua pest and the intensive history of pesticide
use, which developed an excellent environment to test the
effectiveness of a biotechnology solution in the field. The
experiments were conducted in standard management sys-
tems in privately owned farms to produce an actual agro-
ecological scenario. Temperatures were relatively high
(25-33 °C), and the relative humidity (>80%) and rainfall
during the cropping seasons were periodic, which favoured
the proliferation of pests as well as the persistence of vi-
ruses. These crops, given their susceptibility to beet army-
worm attack, are suitable for evaluating the efficacy of the
SeMNPYV treatments.

2.2.Nucleopolyhedrovirus Isolation and Prop-
agation

SeMNPV was isolated from a diseased larva of a
beet armyworm collected from a vegetable field of shal-
lots. Occlusion bodies (OBs) were produced in the fourth
instars of S. exigua on artificial diet. Larvae infected with
the viruses were homogenized in 0.1% (wt/v) sodium do-
decyl sulfate (SDS) solution and subjected at 500 rpm for
5 min to remove whole debris. Afterwards, the supernatant
was centrifuged at 3000 rpm for 10 min to pellet the viral

OBs. The resulting pellet was then washed with distilled
water, appropriately diluted, and aliquots were counted
with the help of Thoma’s hemocytometer and observed
with the help of a phase-contrast microscope "*. The puri-
fied OBs were placed on ice for short-term use or stored at

—20 °C for long-term storage.

2.3. Experimental Design

The studied crops were shallot (Allium ascalonicum)
and scallion (4llium fistulosum) due to their economic sig-
nificance and vulnerability to S. exigua. An RCBD (ran-
domised complete block design) with four treatments, four
replicates, and 32 plots was applied, including four repli-
cates at each location. The plots were 20 m” in size, with a
1-m distance between each plot to minimise cross-contam-
ination chances. The research included the following four
options: (1) SeMNPV in liquid suspension formulation,
(2) SeMNPV in wettable powder formulation, (3) chemi-
cal insecticide (chlorfenapyr/Ohayol100SC for shallot field
in Soc Trang and Spinetoram/Radiant 60SC for scallion
field in Vinh Long) as adopted, and (4) an untreated con-
trol which was water alone. They all were kept in standard
agronomic practice. However, they were all irrigated, fer-
tilised, and weed-managed to the same extent.

2.4. Application and Treatment Groups

The viral preparations of Se MNPV were obtained
from a certified biological control centre and checked to
demonstrate purity and occlusion body (OB) concentration
by phase-contrast microscopy. They were then counted us-
ing a hemocytometer. Four treatments were applied to test
the efficiency of SeMNPV on §. exigua larvae. The liquid
and powder were formulated at a standard concentration
of 2.2 x 10> OB/ha. SeMNPV was dissolved in water up
to a final concentration of 320 L per hectare and sprayed
with calibrated backpack sprayers using cone nozzles to
achieve thorough foliar coverage. The third group received
the chemical insecticide chlorfenapyr/Radiant 60SC. The
fourth group had no treatment and served as the standard
control group. Early symptoms of S. exigua infestation
were detected (approximately 15 days after planting).
Afterwards, applications of Se MNPV were initiated, fol-
lowed by repeated spray application at 7-day intervals with

a maximum of three spray events during a single cropping
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cycle. Se MNPV spray was applied in the early morning
hours to reduce degradation by UV and maximise viral at-
tachment to foliage.

2.5.Data Collection and Measurement Param-
eters

The density of the larvae was determined by count-
ing the number of S. exigua found in a randomly chosen
1 m’ area in each plot, and the plots were monitored ev-
ery week. The evaluation of the damage to the leaves was
conducted 30 and 50 days after transplanting using a stan-
dardised visual rating scale (0 to 9) based on the extent
of defoliation, which was further extrapolated to estimate
percent damage.

Bulbs deemed not marketable were not used in the
yield calculation at harvest time. A bulb was considered
marketable when the following information was present:
(1) The bulb was at least 2 cm in diameter, (2) the bulb
had no visible pest-induced damage, (3) the bulb had no
indication of mechanical damage, including bruises, splits,
and rot, and (4) the bulb had appropriate firmness, shape,
and skin qualities; these are commercial grades. The bulbs
that did not meet the said criteria were not included in the
yield. Marketable yield was also quantified as total fresh
weight (before curing) per 5 m® of harvested area per plot
and extrapolated to tonnes per hectare (t/ha).

The third larval stage was sampled in each treatment
plot on three separate occasions (after each spray) and
placed under laboratory conditions to assess the broader bi-
ological control effect. S. exigua control assessment is nec-
essary to understand larval mortality through other parasitic
factors like nucleopolyhedrovirus (NPV), entomopathogenic
fungi, or parasitic wasps infesting larvae *'. Larval mor-
tality caused by natural enemies was noted and ranked into
different categories based on morphological appearance and
microscopy. For instance, Nucleopolyhedrovirus (NPV),
microsporidia, parasitoid emergence, fungal infection, or

unknown, depending on the signs or microscopies.

2.6. Statistical Analysis

The results were analyzed using Analysis of Vari-
ance (ANOVA) to determine the significance of the four
treatments on all recorded factors, including pest density,
leaf loss, grain yield, and S. exigua mortality. In this study,
a one-way ANOVA was performed to determine whether
the means of each treatment were significantly different
from one another at the 95% confidence level (p < 0.05) *"1.
Such statistical analysis helped compare the reforestation
rate of SS MNPV with that of chemical and untreated con-
trols under actual field conditions.

3. Results

3.1. Effect of SeMNPV on S. exigua Popula-
tion on Sallot Experiment at Soc Trang
Province

The results from the field trial experiment in Vinh
Chau District, Soc Trang province, further demonstrate
differences in pest control effectiveness and shallot pro-
ductivity between the treatments. This untreated control
recorded the highest plant damage (8.57%) and the lowest
yield (10.643 t/ha), indicating significant yield loss from
S. exigua. The SeMNPV powder formulation performed
best, with damage of 0.43% and a yield of 19.433 t/ha. The
SeMNPV liquid treatment also successfully minimised
damage to 1.47% and achieved a yield of 17.740 t/ha.
Therefore, the damage control with the chemical insecti-
cide Ohayo 100SC was 2.21%, with a yield of 19.212 t/ha.
The results analysis revealed that all the treatments caused
significant reductions in the damage compared to the con-
trol treatment. SS MNPV powder provided a yield equiva-
lent to chemical control, though with the added advantage
of low damage numbers, supporting the theory of the suit-
ability of biopesticide (see Table 1).

Table 1. Damage estimates and yield of shallots at Vinh Chau District, Soc Trang province.

Treatment Volume (mL/gr per hectare) Damage to Plants (%) Yield (t/ha)
SeMNPV liquid 1000 1.47 £0.092 17.74 £ (.52
SeMNPV powder 1000 0.43 +0.042 19.43 £0.61°
Ohayo 100SC 500 2.21+0.122 19.21£0.572
Untreated control water 8.57+0.33b 10.64 + 0.48¢

Note: The mean percentage damage and means + standard error are described in each value. The marketable yield is given as fresh, unshelled before the curing process.

The superscript letters represent the statistically significant variations between treatments (Tukey HSD < 0.05).
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3.2.Yield Improvement

The data shown in Figure 1 reveal how various
treatments affect the survivors of beet armyworm (S.
exigua) larval density in shallot crops over the period
highlighted. The untreated control always had the high-
est mean larval density, reaching 75 larvae/m’ at 45 days
post-treatment. On the other hand, the SeMNPV powder
treatment maintained the lowest larval density from day
20 to 54, ranging between 0 and 10 larvae/m’. The recip-
rocal in the liquid treatment of SeMNPV was moderate,
decreasing larval density by 15-30 larvae/m’. Ohayo
100SC chemical had a similar, comparably potent impact
on larval density, curbing it to 15-20 larvae/m’ from day
30 onwards. These results show that both formulations of
SeMNPYV impacted larval growth, with SeMNPV pow-

der showing the most significant effect, and that the ef-
fect was greater than that of the control. This confirms
the possibility of being an effective, natural pest control
in shallot production that can replace synthetic chemical
pesticides (Figure 1).

3.3. Mortality of S. exigua

The results in Table 2 show a reduced incidence of S.
exigua larvae infected by natural enemies, including NPV,
microsporidia, fungi, and parasitoids, after the treatments.
It is evident that all the SeMNPV-based treatments were ef-
fective in inducing direct viral infection; in addition, there
was an increase in the activity of other natural enemies of
third instar larvae compared with the chemical insecticide
treatment and the check.

O SeNPV liquid

80.0
70.0
60.0
50.0
40.0
30.0

20.0

Mean number (larvae/m?)

10.0

0.0+

20 23 26 34

B SeNPV powder

O Ohayo 100SC O Untreated control

37 40 45 48 51 54

Days after application

Figure 1. Beet armyworm larval density on shallot in Soc Trang province.

Table 2. Percent of S. exigua larvae infected with natural enemies in the shallot field at Soc Trang province.

Treatment n

Per cent Larvae with Natural Enemies

Spray Time

NPV Microsporidium sp.  Fungi  Parasitoids  Unknown"  Healthy
SeMNPV 1 25 20.0 12.0 0.0 32.0 43 317
liquid 2 16 12.5 25.0 6.3 37.5 0.0 18.8
3 17 17.6 0.0 0.0 17.6 5.9 58.8
SeMNPV 1 19 21.1 15.8 0.0 15.8 10.5 36.8
powder 2 23 8.7 174 43 26.1 174 26.1
3 28 10.7 0.0 0.0 10.7 3.6 75.0
Ohayo 100SC 1 0.0 6.7 0.0 0.0 0.0 13.3 80.0
2 8.3 0.0 0.0 8.3 8.3 33.3 50.0
3 0.0 9.1 0.0 0.0 0.0 9.1 81.8
Untreated 1 28 7.1 10.7 0.0 10.7 7.1 64.3
control 2 30 6.7 3.3 0.0 10.0 13.3 66.7
3 27 7.4 3.7 0.0 11.1 3.7 74.1

Note: NPV: Nucleopolyhedrovirus; *: Unknown: cause of health could not be determined; Healthy: Larvae developed to adults.
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The result of an assessment of the biological effec-
tiveness of the first spray of the SeMNPV liquid formula-
tion was a 20% infection rate by NPV, 12% by Microspo-
ridium, and 32% by parasitoid, while only 31.7% of the
larvae remained healthy. The second spray reduced the
healthy larvae to 18.8%; of the remaining, 12.5% were
infected with NPV, and 25.0% were affected by Microspo-
ridium. In comparison, the parasitoids affected 37.5% of
the total healthy larval population. The healthy population
on the third spray reached 58.8%, likely due to reduced
larval populations, NPV environmental infection, and vari-
ability in parasitoid abundance; nevertheless, 17.6% were
infected with NPV and 17.6% with parasitoids.

Regarding the SeMNPV powder treatment, the first
spray showed 21.1% SeMNPV infection, 15.8% microspo-
ridia, 15.8% parasitoid infection, and 36.8% healthy indi-
viduals. The second spray led to a decline of about 8.7%
SeMNPYV infection, while the parasitoid rate only reduced
to 26.1%. Finally, by the third spray treatment, the health
of individuals was 75.0%, while SeMNPYV and parasitoid
infection were 10.7%, each demonstrating the significance
of early application in biological control. The low results
recorded by all the Ohayo 100SC chemical insecticides
across the different sprays indicate low natural enemy ac-
tivity. For instance, at spray time 3, 81.8% of the larvae
were healthy, and no signs of SeMNPV or parasitoids were
observed. This demonstrates that chemical insecticides re-
duce the action of natural enemies and may hamper long-

term pest control.

The untreated check showed moderate activity of
the natural enemy. During the three spray periods, more
than half of the larvae were healthy, with rates of 64.3% to
74.1%; infection levels of Se MNPV and parasitoids were
6.7% and 11.1%, respectively. These findings imply that
SeMNPYV, particularly in the early stages of pest buildup,
promotes the addition of natural enemies to pest manage-
ment programs and is more environmentally friendly than

chemical applications (see Table 2).

3.4.Effect of SeMNPYV on 8. exigua Popula-
tion in Scallion Experiment at Vinh Long
Province

Research conducted in Vinh Long province found
that all treatment methods reduced plant damage and in-
creased scallion yield compared with the control. The un-
treated control had the highest damage (8.03%) and the
lowest yield (19.61 t/ha), demonstrating that S. exigua sig-
nificantly affected the crop. Both liquid (1.37%) and pow-
der (0.97%) significantly reduced damage levels and there-
by increased yields to 27.78 and 28.59 t/ha, respectively.
Radiant 60SC was also effective in minimizing damage,
resulting in 2.53%, while the yield was 29.41 t/ha. There-
fore, the SeMNPV treatments are as effective as chemical
control in yield and more effective in reducing leaf dam-
age, indicating the possibility of using these treatments for
safe biological management of S. exigua in scallion crops
(Table 3).

Table 3. Damage estimates and yield of scallion at Vinh Long province.

Treatment Volume (mL/gr per hectare) Damage to Plants (%) Yield (t/ha)
SeMNPYV liquid 1000 1.37£0.102 27.78 £0.552
SeMNPV powder 1000 0.97 £ 0.08 28.59 +£0.622
Radiant 60SC 500 2.53+£0.13° 29.41 +£0.702
Untreated control water 8.03 £0.27¢ 19.61 = 0.60°

Note: The mean percentage damage and means + standard error are described in each value. The marketable yield is given as fresh, unshelled before the curing process.
The superscript letters represent the statistically significant variations between treatments (Tukey HSD < 0.05).

The data indicate changes in the population of S. ex-
igua larvae over time under the different treatments shown
in Figure 2. The untreated control group maintained the
highest larval density of any treatment throughout the study,
surpassing 40 larvae/m’ around day 38, indicating a highly
infested site. On the other hand, Se MNPV powder, as well

as Radiant 60SC, yielded low numbers of larvae recorded

on the leaves, below 10 larvae/m’, starting on the 40th day.
SeMNPYV liquid also reduced the number of larvae gradu-
ally and less intensely than the powder formulation of the
product. Radiant 60SC followed the same pattern as the
control at the first few points; it populated very little after
application. Thus, both the SeMNPV formulations and Ra-
diant 60SC significantly reduced larval density compared
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to the untreated control. At the same time, the Se MNPV

powder maintained larval suppression for a longer period,

which indicates its eco-friendly insecticide when compared

to chemical control in scallion against the pest.

Mean number (larvae/m?)

45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

0 10 20 30

’/W‘%

e

f \%;
50 60 70

40

Days after application

—8— SeNPV liquid  —@— SeNPV powder

Radiant 60SC Untreated control

Figure 2. Beet armyworm larval density on scallion at Vinh Long province.

3.5.Mortality of §. exigua Collected from
Each Plot on Scallion at Vinh Long Prov-
ince

The data from Table 4 illustrate the percentage of S.
exigua larvae infected by various natural enemies across
five spray times in different treatments. The SeMNPV
powder treatment consistently resulted in higher rates of
infection by natural enemies compared to the SeMNPV
liquid, radiant 60SC, and untreated control. Specifical-
ly, the SeMNPV powder treatment achieved the highest
combined infection rate on the second application, with
25% infected by SeMNPV, 21.88% by microsporidia, and
34.38% by parasitoids, leaving only 16.95% of larvae
healthy. This indicates a strong synergistic effect between

SeMNPV and naturally occurring entomopathogens.

SeMNPV liquid also showed a similar trend but with
slightly lower effectiveness. By the fifth application, the
results showed 27.59% NPV infection and 5.41% fun-
gal infection, reducing the healthy larval population to
55.95%.

In contrast, Radiant 60SC showed minimal influ-
ence on natural enemy activity, with a high percentage of
healthy larvae ranging from 54.8% to 79.3% and little to
no parasitoid or SeMNPV activity. The untreated control
consistently showed high percentages of healthy larvae,
especially from spray times 2 to 5 (ranging from 56.4% to
96.9%), indicating low natural enemy infection without in-
tervention. These results suggest that SeMNPV treatments,
particularly the powder formulation, not only control pest
populations directly but also enhance the activity of natural

biological control agents in the field.

Table 4. Percent of S. exigua larvae infected with natural enemies in the scallion at Vinh Long province.

Per cent Larvae with Natural Enemies

Treatment  Spray time  n SeMNPV  Microsporidia sp. Fungi Parasitoid Unknown’ Healthy
SeMNPV 1 38 5.26 10.53 2.63 15.79 4.32 61.47
liquid 2 41 19.51 17.07 0.00 26.83 1.8 34.79
3 43 20.93 0.00 0.00 13.95 2 63.12
4 31 10.00 8.33 1.67 2.80 0 77.20
5 29 27.59 6.76 5.41 4.30 0 55.95
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Table 4. Cont.

Per cent Larvae with Natural Enemies

Treatment Spraytime n

SeMNPV  Microsporidia sp. Fungi Parasitoid Unknown’ Healthy
SeMNPV 1 29 6.90 13.79 3.45 20.69 0.00 55.17
powder 2 32 25.00 21.88 0.00 34.38 1.8 16.95
3 37 24.32 0.00 0.00 16.22 2 57.46
4 35 20.00 14.29 2.86 14.29 3 45.71
5 28 28.57 17.86 14.29 7.14 0 32.14
Radiant 1 31 6.5 12.9 0.0 0.0 25.8 54.8
60SC 2 37 0.0 18.9 0.0 0.0 1.8 79.3
3 29 0.0 0.0 0.0 20.7 2 77.3
4 30 0.0 16.7 33 16.7 3 60.0
5 15 6.7 0.0 0.0 13.3 33.3 46.7
Untreated 1 30 6.7 10.3 0.0 0.0 26.7 56.4
control 2 24 3.4 6.5 0.0 33 0 86.8
3 29 0.0 1.3 0.0 20.7 0 78.0
4 32 0.0 0.0 3.1 0.0 0 96.9
5 33 3.0 7.2 3.6 0.0 0.0 86.2

Note: The data correspond to the laboratory evaluation of larvae extracted from field plots. Types of pathogens are NPV, microsporidia and fungi; emergence of the parasit-
oids was registered as well. Values were mean percentages/treatment/spray time; NPV: Nucleopolyhedrovirus; *: Unknown: cause of health could not determine; Healthy:

Larvae developed to adults.

4. Discussion

The research findings revealed that baculovi-
rus-based biocontrol- namely Spodoptera exigua multiple
nucleopolyhedrovirus (SeMNPV) is an effective biotech-
nological agent to control the lepidopteran pests in horti-
cultural production. The experimental data show that both
formulations of SeMNPYV, especially the powder form,
significantly reduced larval density and leaf damage by
controlling S. exigua populations. The results also revealed
results similar to the usage of conventional chemical insec-
ticides. These findings confirm the feasibility of SSMNPV
in pest-intensive environments with high pest pressures
and its contribution to promoting integrated pest manage-
ment (IPM) systems.

Similarly, Yan et al. (2022) emphasised that SeMN-
PV in the formulation of powder was the most suitable
method of delivering the virus to pests as it reduced the
damage caused by the leaves and produced yields **. The
results of the liquid formulation were also encouraging de-
spite the fact that the formulation was marginally less ef-
fective as compared to the powder. Moldovan et al. (2022)
noted the factors of high virulence and field stability of
NPVs in controlling lepidopteran pests in tropical environ-
ments. Further, the decrease of larval density over time in
SeMNPV-treated plots is a healthy testimony to how the

bioinsecticide creates cycles of epizootics in the pest popu-

lations ™. As described by Zhou et al. (2023), NPVs have
the potential to cause epidemics in pest populations, lead-
ing to diseased populations and reduced density .

On the other hand, the untreated control had more
larvae on plants and damage to the crop, which supports
the causative agent for significant economic loss if not
controlled. While Ohayo 60SC insecticide had potential
for pest control, there was little variation in its yield poten-
tial compared to SeMNPV. This view is in agreement with
Gelaye and Negash (2023), who stressed that baculovi-
ruses like Se MNPV are environmentally and ecologically
friendly as opposed to toxic chemical pesticides. SeMNPYV,
especially in powdered form, may serve as a potential bio-
control agent to minimise the use of synthetic pesticides in
shallot farming and fit well into the principles of IPM .
The study by Dai and Zhang (2018) illustrated that SeMN-
PV, particularly in powder formulation, contributed to the
increase of S. exigua through both direct viral infection and
indirect assessment through natural enemies. The re-infec-
tion rates of the larvae by other natural pathogens, namely
nucleopolyhedrovirus (NPV), microsporidia and parasit-
oids, when combined with SeMNPYV, also increase, imply-
ing a synergistic relationship that improves the biocontrol
impact. SeMNPYV was applied successfully during the ear-
ly stage, and its percentage of healthy larvae and infection
rates of useful natural enemies were enhanced **. These

findings support the observations of Mengual Marti (2024),
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who argued that viruses such as SeMNPV can improve the
native antagonist’s activity against the pest, thereby stabi-
lising its destruction *.

In addition, Poveda (2021) supported the idea that
biological agents, such as viruses, enhance the effects of
existing parasitoids and fungi when used to manage pests
in the field *°. In addition, the chemical insecticide treat-
ment (Radiant 60SC) controlling S. exigua on yield was
highly significant as compared to the biological method.
Still, it also showed a very low level of natural enemies
due to broad-spectrum insecticides that are lethal to other
non-target organisms. Rovicky et al. (2024) reported that
natural enemies were observed in the untreated control at
a moderate level; they were insufficient to control the high
larval survival rates; hence, there is a need to intervene
actively . Concisely, the study endorses SeMNPV, es-
pecially the powder formulation, as efficient, ecologically
friendly, and compatible with an existing entomological
system in nature. Baker et al.’s (2020) study provides a
direct pest control method. Still, it is an important way to
conserve and support biological pest control, a key concept
in IPM 7.

Mawcha et al. (2024) demonstrated that infection
rates of S. exigua larvae by natural enemies, including
NPV, microsporidia, fungi, and parasitoids, are higher with
SeMNPV in the powder formulation . It is also evident
from the data collected during spray time 2 that the higher
rate of infection recorded could be a result of interaction
between SeMNPYV and other entomopathogenic fungi al-
ready existing in the environment. Hamid et al. (2024) em-
phasised that the baculoviruses may have positive external
effects on natural enemies for biological control in field
conditions *”. The fact that there is evidence of natural
enemies in SeMNPV plots even after successive spraying
shows signs of the compatibility of ecological pest con-
trol. However, it is clearly evident from these percentages
that Radiant 60SC had a low impact on the natural enemy
population with a consistently high percentage of healthy
larvae compatible. The natural enemy effect in the untreat-
ed control was also low, indicating that there is an urgent
need to apply other approaches like SeMNPYV to enhance
biocontrol. Moore and Jukes (2019) also support the usage
of SeMNPYV as a microbial insecticide and as an additional

naturally occurring pest control tool. This makes it a better

candidate for integrated pest management (IPM), which
seeks to bring down the use of chemicals and embrace
eco-friendly methods of pest control ",

This research has some limitations. The trials were
carried out only for certain provinces within the Mekong
Delta; the results obtained may not be generalisable to the
rest of the shallot-growing areas. Further, future studies
need to focus more on field trials under different climates
to affirm the reliability of SeMNPV. Second, related to
this issue, SeMNPV demonstrated excellent potential for
biological control; however, the feasibility of producing
SeMNPYV in the form of its Bt bacteria and the feasibility
of disseminating the formulation to such farmers were not
evaluated. The pathogen, SeMNPYV, will exist in the long
term within the environment and interact with different ag-
riculturally active entities, such as intercropping or organic
farming. The study did not assess the possibility of damage
to the non-target organisms at different time intervals after
exposure to SeMNPYV, such as pollinators and other ben-
eficial insects. Implementing changes to overcome these
restrictions will help to increase the practical utilisation
and incorporation of SeMNPYV in sustainable pest manage-
ment.

Further, SeMNPYV is a type of biological nanotech-
nology. It offers the advantage of the virus-infection pro-
cess as a specific pest control approach. This research has
been performed on the virus but not at the molecular level.
Therefore, this provides a basis for subsequent research
integrating the virus with transcriptomic or proteomic pro-
filing to study host-pathogen interactions and the effective-
ness of the virus or the acquired resistance.

Based on these findings, future studies should con-
duct long-term efficacy assessments of SeMNPV across
different locations within the Mekong Delta and during
other seasons. New experimental studies are required to
establish the views of SeMNPV on agronomic practices,
such as intercropping, the use of organic matter, and re-
duced pesticide application, as used in sustainable IPM
1 Research should also be conducted on the cost-ef-
fectiveness and the B/C (benefit/cost) ratio of SeMNPV
against conventional chemical insecticides in multiple
cropping systems "”. Furthermore, there is a need to test
some aspects, such as the effects of Se MNPV on non-spe-

cific organisms, pollinators, and microbiota of the soil ).
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Transcriptomic or proteomic profiling of infected insects
should demonstrate the dynamics of viral gene expression
and host immune reaction that can deliver mechanistic in-
formation and can be useful in the development of evolved

3 . .
*¥1 Meanwhile, microencapsu-

stronger viral varieties |
lation-based or polymer-based delivery systems should
be used to improve SeMNPV formulations to achieve
improved environmental stability of the biopesticide, UV
stability protection, and a longer field persistence that will
enhance its potential toward scalable and viable biopesti-
cides as commercialised products.

The research on shallot pests and their management
demonstrated the development and improvement of for-
mulation technologies to improve the shelf life of biopesti-

cides °

! In the field, persistence in increasing the rate of
adoption and commercialisation of biopesticides and sus-
tainable and environmentally friendly pest management is

effective in safeguarding shallot and other crops.

5. Conclusion

This research work revealed that Se MNPV, special-
ly formulated in powder form, is effective in managing S.
exigua pests on shallots. Some of the observations made
are a decrease in larval numbers and enhanced growth out-
comes recorded compared to cohorts that were not exposed
to the bacterial species. Furthermore, SeMNPYV treatments
favoured natural enemies such as parasitoids and mi-
crosporidia, all of which were low in chemical insecticide
treatments. Therefore, these results further strengthen con-
fidence in Se MNPV as an environmentally friendly bio-
logical pesticide solution to replace chemical pesticides. It
stands as a good candidate for use in integrated pest man-
agement. The Se MNPV can be used in the IPM option,
where farmers are encouraged to reduce the use of chem-
icals and the associated risks that come along with them.
This research supports the value of SeMNPV as a plant
protection method in biotechnology, complies with the
objectives of sustainable farming, and reduces the use of
pesticides. Although the research dedicated its attention to
the agronomic and ecological results, it will lay a baseline
for further molecular and formulation innovations, which
may improve the accuracy, stability, and regulatory status
of SeMNPV. Further development of SeMNPYV that incor-

porates molecular diagnostics and more comprehensive
environmental evaluation will be to gain all the potential

benefits of this next-generation crop protection.

Author Contributions

The manuscript writing, study design, field exper-
imentation, and data collection were done by X.T.T. and
L.T.T.X. has also made a contribution to data analysis,
interpretation of data, and critical revision of the article.
S.P.K. guided the project and supported it during the re-
search, as well as reviewed the manuscript and edited it.
The final version of the manuscript was read and approved

by all the authors.

Funding

This work received no external funding.

Institutional Review Board State-
ment

The research did not involve human subjects or ver-
tebrate animals. Therefore, this research does not require

ethical approval.

Informed Consent Statement

The local farmers’ informed consent and cooperation
were ensured in all field experiments. The research com-
plied with institutional and national guidelines on the re-

sponsible conduct of agricultural research.

Data Availability Statement

All of the data that support the findings of this study
are available in the main text or References.
Acknowledgments

The authors would like to appreciate the local farm-
ers in Soc Trang and Vinh Long Provinces, who are partic-

ularly thanked for cooperating during the field trials.

49



Research in Ecology | Volume 08 | Issue 01 | February 2026

Conflicts of Interest

The authors declare no conflict of interest.

References

[1] Nguyen, N.-V.T., Nguyen, K.-N.H., Duong, T.-N.,
et al., 2022. Evaluation of pesticide residues in veg-
etables from Mekong Delta, Vietnam using LC-MS/
MS. Tropical Journal of Pharmaceutical Research.
20(7), 1497-1504. DOI: https://doi.org/10.4314/tjpr.
v20i7.24

Phan, K.D., Nguyen, T.C., Pham, D.T., et al., 2024.
Report on land use analysis for 13 provinces in Viet-
namese Mekong Delta in 2022. Can Tho University:
Can Tho, Vietnam. Available from: https://hdl.handle.
net/10568/151791

Loan, N.T.T., Tung, D.T., Ha, N.T.N., et al., 2024.
Application of the logistics chain approach in analyz-
ing the value chain of shallots: The case of Tra Vinh
province, Vietnam. Tra Vinh University Journal of
Science. 14(4), 9-19. DOI: https://doi.org/10.35382/
tvujs.14.4.2024.88

Wahyuni, S., Kustiari, R., Hestina, J., et al., 2021.
Shallot penetration in the export market. In Pro-

(2]

(3]

(4]

ceedings of the International Conference on Agri-
culture and Applied Science 2020. DOI: https://doi.
org/10.25181/icoaas.v1il.2194
[5] Ahmad, A., 2023. Use of integrated management
approaches to control Spodoptera exigua (beet army-
worm): A review. Journal of Life and Social Sciences.
2023(1), 10.
Rovicky, A., Widowati, W., Astutik, A., 2024. Pest
and disease control strategies to increase the pro-
ductivity of shallot plants (Allium ascalonicum L.).
Riwayat: Educational Journal of History and Human-
ities. 7(3), 1253-1260.
Kaveney, B., Barrett-Lennard, E., Minh, K.C., et al.,
2023. Inland dry season saline intrusion in the Viet-
namese Mekong River Delta is driving the identifica-

(6]

[7]

tion and implementation of alternative crops to rice.
Agricultural Systems. 207, 103632.

Hafeez, M., Ullah, F., Khan, M.M., et al., 2022. Met-
abolic-based insecticide resistance mechanism and

(8]

ecofriendly approaches for controlling beet army-
worm Spodoptera exigua: A review. Environmental
Science and Pollution Research. 29(2), 1746—-1762.

Zhou, S., Zhang, J., Lin, Y., et al., 2023. Spodoptera
exigua multiple nucleopolyhedrovirus increases the

(9]

susceptibility to insecticides: A promising efficient

way for pest resistance management. Biology. 12(2),
260.

[10] Wang, X., Yang, X., Zhou, L., et al., 2022. Population
genetics unveils large-scale migration dynamics and
population turnover of Spodoptera exigua. Pest Man-
agement Science. 78(2), 612—625.

[11] Nguyen, C.T., Vo, T.T., Nguyen, T.X., et al., 2022. As-
sessment of pesticide residues in organic rice produc-
tion in the Mekong Delta, Vietnam. European Journal
of Development Studies. 2(3), 1-11.

[12] Dirikumo, B.O., 2023. Ecological risk assessment of
pesticide use in rice farming in the Mekong Delta,
Vietnam [Master’s Thesis]. Stockholms Universitet:
Stockholm, Sweden.

[13] Ahmad, M., Farid, A., Saeed, M., 2018. Resistance to
new insecticides and their synergism in Spodoptera
exigua (Lepidoptera: Noctuidae) from Pakistan. Crop
Protection. 107, 79-86.

[14] Hussain, A.G., Wennmann, J.T., Goergen, G., et al,,
2021. Viruses of the fall armyworm Spodoptera fru-
giperda: A review with prospects for biological con-
trol. Viruses. 13(11), 2220.

[15] Luo, M., Lin, J., Zhou, X., et al., 2022. Study on
physical properties of four pH-responsive Spodoptera
exigua multiple nucleopolyhedrovirus (SeMNPV)
microcapsules as controlled release carriers. Scientific
Reports. 12(1), 21873.

[16] Nguyen Mai, H., Le, T.T., Giles, J., et al., 2023. Cli-
mate Risk & Vulnerability (CR&V) Assessment for
Climate Services: Rice Production and Value Chain—
Mekong River Delta, Viet Nam. International Center
for Tropical Agriculture: Hanoi, Vietnam.

[17] Dang, A.N., 2022. Parameterising and adapting eco-
system service models in data sparse regions: Gaps,
guidelines, and an application in the Vietnamese Me-
kong Delta [PhD Thesis]. Te Herenga Waka—Victoria
University of Wellington: Wellington, New Zealand.

[18] European Food Safety Authority (EFSA), Alvarez, F.,
Arena, M., et al., 2021. Peer review of the pesticide
risk assessment of the active substance Spodoptera
exigua multicapsid nucleopolyhedrovirus (SeMNPV).
EFSA Journal. 19(10), e06848.

[19] Hunter-Fujita, F.R., Entwistle, P.F., Evans, H.F., et al.,
1998. Insect Viruses and Pest Management. John Wi-
ley & Sons: Chichester, UK. pp. xii—620.

[20] Gelaye, Y., Negash, B., 2023. The role of baculovirus-
es in controlling insect pests: A review. Cogent Food
& Agriculture. 9(1), 2254139.

[21] Lee, S., Lee, D.K., 2018. What is the proper way to
apply the multiple comparison test? Korean Journal
of Anesthesiology. 71(5), 353-360.

50


https://doi.org/10.4314/tjpr.v20i7.24
https://doi.org/10.4314/tjpr.v20i7.24
https://hdl.handle.net/10568/151791
https://hdl.handle.net/10568/151791
https://doi.org/10.35382/tvujs.14.4.2024.88
https://doi.org/10.35382/tvujs.14.4.2024.88
https://doi.org/10.25181/icoaas.v1i1.2194
https://doi.org/10.25181/icoaas.v1i1.2194

Research in Ecology | Volume 08 | Issue 01 | February 2026

[22] Yan, G., Wang, H., Lv, J., et al., 2022. Surface modi-
fication of nucleopolyhedrovirus with polydopamine
to improve its properties. Pest Management Science.
78(2), 456-466.

[23] Moldovan, C., Frumuzachi, O., Babota, M., et al.,
2022. Therapeutic uses and pharmacological prop-
erties of shallot (Allium ascalonicum): A systematic
review. Frontiers in Nutrition. 9, 903686.

[24] Dai, H., Zhang, W., 2018. A quantitative study on de-
velopment, fecundity and mortality of beet armyworm
Spodoptera exigua (Hiibner) infected by SeMNPV.
Arthropods. 7(1), 26-30.

[25] Mengual Marti, A., 2024. Shaping from the Shadows:
Direct and Indirect Effects of Covert Infections with
an RNA Virus in the Lepidopteran Pest, Spodoptera
exigua. FAO AGRIS: Rome, Italy.

[26] Poveda, J., 2021. Trichoderma as biocontrol agent
against pests: New uses for a mycoparasite. Biologi-
cal Control. 159, 104634.

[27] Baker, B.P., Green, T.A., Loker, A.J., 2020. Biological
control and integrated pest management in organic
and conventional systems. Biological Control. 140,
104095.

[28] Mawcha, K.T., Malinga, L., Muir, D., et al., 2024.
Recent advances in biopesticide research and devel-
opment with a focus on microbials. F1000Research.
13, 1071.

[29] Hamid, H., Yanti, Y., Haryanda, F., 2024. Application
effect of rhizobacteria Bacillus strain on plant growth
and pest insects in shallot plantation (Allium ascalon-
icum L.). In IOP Conference Series: Earth and Envi-
ronmental Science. IOP Publishing: Bristol, UK.

[30] Moore, S., Jukes, M., 2019. Advances in microbial

51

control in IPM: Entomopathogenic viruses. In Inte-
grated Management of Insect Pests. Burleigh Dodds
Science Publishing: Cambridge, UK. pp. 593-648.

[31] Vermeire, M.-L., Thiour-Mauprivez, C., De Clerck,
C., 2024. Agroecological transition: Towards a better
understanding of the impact of ecology-based farming
practices on soil microbial ecotoxicology. FEMS Mi-
crobiology Ecology. 100(4), fia031.

[32] Mohapatra, S., 2023. Evaluation of Various Pest Man-
agement Modules for Insect Pest Complex in Okra,
Abelmoschus esculentus (L.) Moench. Odisha Uni-
versity of Agriculture and Technology: Bhubaneswar,
India.

[33] Erler, S., Eckert, J.H., Steinert, M., et al., 2022.
Impact of microorganisms and entomopathogenic
nematodes used for plant protection on solitary and
social bee pollinators. Environmental Pollution. 302,
119051.

[34] Barros, E., Lezar, S., Anttonen, M.J., et al., 2010.
Comparison of two GM maize varieties with a
near-isogenic non-GM variety using transcriptomics,
proteomics and metabolomics. Plant Biotechnology
Journal. 8(4), 436—451.

[35] Fukuzawa, N., Ishihara, T., Itchoda, N., et al., 2011.
Risk-managed production of bioactive recombinant
proteins using a novel plant virus vector with a helper
plant to complement viral systemic movement. Plant
Biotechnology Journal. 9(1), 38—49.

[36] Teixid6, N., Usall, J., Torres, R., 2022. Insight into
a successful development of biocontrol agents: Pro-
duction, formulation, packaging, and shelf life as key
aspects. Horticulturae. 8(4), 305.



