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ABSTRACT

The group of assassin bugs including the Sycanus falleni and Sycanus croceovittatus species were
such potential candidates for biocontrol of key pests (fall armyworm Spodoptera frugiperda, black
cutworm Agrotis ypsilon, cotton bollworm Heliothis armigera Hubner, maize caterpillar Mythimna
loreyi (Lepidoptera: Noctuidae)) on Corn biomass in Hoa Binh Province. Seven species of assassin
bugs belonging to the family Reduviidae as S. falleni Stal, S. croceovittatus Dohrn, Coranus
spiniscutis Reuter, Coranus fuscipennis Reuter, Polytoxus fuscovittatus (Stal), Endochus nigricornis
Stal, Sphedanoletes pubinotum Reuter were recorded on the Corn biomass, of which S. falleni and
S. croceovittatus were common. The relationship between the density of the group of assassin
bugs and the density species S. falleni, S. croceovittatus had a close relationship with each other
(R=0.81, R=0.72 respectively).

The relationship between the density of the group of assassin bugs and the density of their prey (4
key pests) on the Corn biomass in the Winter crops and Summer-fall crops were a close
relationship with each other (R?= 0.5166, R2= 0.7274 respectively). The relationship between the
density of the species S. falleni, S. croceovittatus and the density of their prey (4 key pests) in the
Winter crops, and the Summer fall crops were a close relationship with each other (R2 =0.7815, R?
=0.5396 respectively). However, these relationships were not closely related in the Spring-Summer

crops and Winter-Spring crops.

Keywords: Reduviidae; Sycanus falleni; Sycanus croceovittatus; Corn biomass; prey; biocontrol;

relationship, correlation coefficient.

1. INTRODUCTION

The species of the assassin bugs (Heteroptera:
Reduviidae) have been recorded with
approximately 7000 species of 29 subfamilies.
Many species play an important role in the food
chain of animals and plants, as well as the
ecological balance. Many species are either
known as predators of many dangerous pests or
their indicative role for forest habitats except
species blood-sucking bugs (about 139 species)
are dangerous vectors of disease to humans and
animals (Weirauch, 2008). In maize crops many
assassin bug species of the family Reduviidae
can be found, they have an important role in
controlling pests, and should be conserved and
enhanced for use in the biological control of the
plant (Ambrose, 2002 & 2003).

The species of the genus Sycanus have a high
ability to be used for controlling pests, and they
are predacious reduviids that have a wide range
of prey such as both the larvae and pupae of
Lepidoptera, Coleoptera, and Diptera (Abdul et
al., 2018). Several species of the genus Sycanus
have been studied in biology as Sycanus
versicolor Dohrn, a voracious predator upon
Heliothis armigera Hubner and Earias insulana
Boisdual (Kumaraswami & Ambrose, 1992), the
Sycanus sichuanensis Hsiao were noted based
on laboratory rearing and field observations (Hui
Liu et al., 2012), the Sycanus galbanus Distant
were observed to be frequently predating on

Helopeltis antonii Signoret and reared under
laboratory conditions by the larvae of greater wax
moth Galleria mellonella Linnaeus (Nitin et al.,
2017). The Sycanus annulicornis Dohrn reared
by two prey species (Crocidolomia pavonana
(Fabricius) and Tenebrio molitor) for using to
attack and kill the nettle -caterpillar pest
Setothosea asigna van Eecke was performed in
the laboratory (Abdul et al., 2018).

The Sycanus collaris (Fab.) (Hemiptera:
Reduviidae) is one such potential candidate for
biocontrol of Spodoptera litura in polyhouses and
was evaluated on the KPCH 1 variety of
cucumber. The plot in which S. collaris was
released recorded a significantly lower number of
S. litura compared to the untreated control
(George et al., 1998; Singh & Jalali, 1997). The
predatory functional response of 4th and 5th
instar nymphs of Sycanus croceovittatus Dohrn
with attacking efficiency of 1.159 and 2.913,
handling time of 0.297 days and 0.261 days, and
the maximum daily predation number of 3.906
and 3.831, respectively, and fitted well with
Holling 1l. These results show that S.
croceovittatus has potential for the control of
Spodoptera frugiperda (Wang et al., 2020). Khoo
(1990) studied the rearing procedure for S.
collaris and successfully used this species in
controlling the insect pest Nezara viridula in field
maize in Malaysia. The behaviour and biocontrol
efficacy of Sycanus reclinatus Dohrn from South
India have been documented and highlighted the
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distribution of reduviids at the field level and its
correlation with prey in different seasons
(Vennison & Ambrose, 1992). Chen Suyi et al.
(2023) showed that the density of S. falleni was
positively correlated with its prey density, and the
species S. falleni could control S. frugiperda, and
the predation efficiency of adults was greater
than that of the larvae.

In Vietham, the assassin bus species S. falleni
and S. croceovittatus are the common predators
on trees in agricultural ecosystems in Bac Kan,
Cao Bang, Ha Tay, Ha Tinh, Hoa Binh, Ninh
Binh, Son La, Vinh Phuc, Dak Lak, Kon Tum, Gia
Lai, and Lam Dong Provinces (Truong et al.,
2015). The reduviid S. falleni has the potential for
biological control of pest insects in coffee, cotton
and vegetable plants as this species attacks
many lepidopteran larvae such as Anomis flava
Fabricius, H. armigera, S. litura, Pieris rapae and
Plutella xylostela (Truong, 2016; Truong & Ha,
2017). Moreover, the nymphal instars and adults
of S. falleni can be easily reared in the laboratory
by the rice meal moth Corcyra cephalonica
(Stainton) for integrated insect pest management
(P. rapae (Lin.), S. litura (Fab.) and P. xylostella
(Lin.) on the vegetable crops in Vietnam (Truong
et al., 2020). The “Corn biomass”, also known as
“corn stover,” is grown as feed for a feed for
livestock including dairy cows in Northwestern
Vietnam, including Hoa Binh Province. The fall
armyworm S. frugiperda, black cutworm Agrotis
ypsilon (Hufnagel, 1766), cotton bollworm H.
armigera Hibner, 1805, maize caterpillar
Mythimna loreyi (Duponchel, 1827) (Lepidoptera:
Noctuidae) are key pests and very dangerous to
Corn biomass (Vang, 2023). These pest species
are very difficult to control in the field because of
genetic resistance to insecticides. Furthermore,
corn biomass is feed for livestock so the use of
pesticides is always limited to the lowest level
(Palagacheva & Sevov, 2021; Mediouni et al.,
2023). According to Vang (2023), Hoa Binh
province in the Northwest of Vietnam raises
about 36,156 dairy cows, with about 2,000 -
3,000 hectares of Corn biomass.

This study was conducted to understand the
relationship of density between assassin bugs S.
falleni Stal and S. croceovittatus and their prey
(4 key pests of Noctuidae) on Corn biomass in
the Hoa Binh Province, Vietnam to provide the
basis to conserve and utilize the species S.
falleni and S. croceovittatus as biological control
agents on Corn biomass growing areas to avoid
the use of pesticides in the production of animal
feed to protect the health for livestock including
dairy cows in Vietnam.

2. MATERIALS AND METHODS
2.1 Study Site

The survey site is at the field of Corn biomass
growing in Cao Phong, Tan Lac, Lac Son, Mai
Chau Districts in Hoa Binh Province in Vietnam.
The Corn biomass grown here was high biomass
corn varieties VN172 and DDH17-5. The
investigation period is from August 2022 to July
2024 through 4 crops including Winter crops,
Spring - Summer crops, Winter - Spring crops
and Summer-fall crops (Table 2).

2.2 Sampling Techniques

The survey of the density of the assassin bug
species was conducted in 5 Corn biomass fields
that did not use any pesticides and were cared
for equally (each Corn biomass field has an area
of 10,000 m?). In each Corn biomass field, 4
points were randomly selected (each point has
an area of 50 m?), in each point the survey was
conducted using the 5 diagonal point method,
and each point has an area of 1 m2. The unit of
measurement is individual/m2. At the survey
points, the number of assassin bugs (both
nymphs and adults) was counted visually, adults
of each species were collected from 2-3
individuals by insect net (¢=30cm) to determine
the species name. The survey was conducted
every 10 days (3 times/month). At each point,
surveys were conducted from inflorescences,
leaves, stems and lower parts of corn plants
(Plant Protection Institute, 1997).

In parallel with the investigation of the assassin
bug species, we investigated the density of their
prey (the fall armyworm S. frugiperda, black
cutworm A. ypsilon, cotton bollworm H. armigera,
maize caterpillar M. loreyi). Their prey density
was calculated as individuals/m? and was
investigated using the same method as the
survey of the assassin bugs at the same survey
sites.

2.3 Taxonomy

Taxonomy of the assassin bugs species and
their prey based on morphological
characteristics. The analysis of morphology was
conducted with an SZX7 Olympus microscope.
The morphological structure was painted on
SZX7 Olympus. The documents for reference
and comparative morphological description are
based on Cai Wanzhi (1994), Hsiao et al. (1981),
Li Yongxi et al. (1988), Maldonado & Capriles
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(1990), Richter et al., (1990), Wiliam et al.
(1985), Palagacheva & Sevov (2021), Mediouni
et al. (2023).

2.4 Data Analysis

The relationship between the density of reduviids
and the density of their prey is expressed
through the correlation coefficient R and divided
into levels according to Poelou (1977):

0.5< |R|£ 1: Shows a close relationship with
each other

0.5< |R|: Shows no relationship with each
other

The experimental data with the tracking
indicators will be analysed and the probability
level (P<0.05) by Primer-e. The density of the
species S. falleni and S. croceovittatus were also
analyzed using one-way ANOVA and
independent t-tests. All statistical analyses were
carried out at a 5% level of significance (P <0.05)
(Poelou, 1977)

3. RESULTS

3.1 Density of the Assassin Bugs on the
Corn Biomass

On Corn biomass in Hoa Binh province, we
recorded 7 species of assassin bugs belonging
to the family Reduviidae including S. falleni Stal,
1863, S. croceovittatus Dohrn, 1859, Coranus
spiniscutis Reuter, 1881, Coranus fuscipennis
Reuter, 1881, Polytoxus fuscovittatus Hsiao,
1965, Endochus nigricornis Stal, 1859,
Sphedanoletes pubinotum Reuter, 1881 that
frequently appearing, among which species S.
falleni, S. croceovittatus were common with high
average density (0.13-0.17 individuals/m?). The
remaining assassin bug species had very low
average density (0.02-0.05 individuals/m2)
(Table 1).

Research on the relationship between the
density of the group of assassin bugs (the total
density of 7 species recorded) (Table 1) and the
density of species S. falleni, S. croceovittatus
showed that the relationship between the density
of the group of assassin bugs and species S.
falleni (R=0.81) and S. croceovittatus (R=0.72)
were a close relationship with each other (Fig. 1).
This also shows that the increase and decrease
of the density of the group of assassin bugs

depend quite closely on the increase and
decrease of density of species S. falleni and S.
croceovittatus.

3.2 The Relationship between the Density
of Assassin Bug and the Density of
their Prey

We investigated the density prey of the group of
assassin bugs are 4 key pests in Corn biomass
(including species the fall armyworm S.
frugiperda, black cutworm A. ypsilon, cotton
bollworm H. armigera Hibner, maize caterpillar
M. loreyi (Lepidoptera: Noctuidae)) (Table 2).
Fig. 2 shows the relationship between the density
of the group of assassin bugs and the density of
their prey on the Corn biomass in four crops.

The relationship between the density of the
group of assassin bugs and the density of their
prey on the Corn biomass in the Winter crops (R?
=0.5166) and the Summer-fall crop (R? =0.7274)
were a close relationship with each other (Table
2, Fig. 2). In Winter crops and Summer-fall crop,
the increase and decrease in density of 4 key
pests on Corn biomass depended quite closely
on the density of the assassin bugs species. This
shows that the density of the assassin bug
species plays a role in suppressing the density of
4 key pests on corn in the Winter crops and the
Summer-fall crops. However, the predatory
population was low in the Spring-Summer crop
and Winter-Spring crop, and the density of the
assassin bugs species does not play a role in
suppressing the density of 4 key pests on the
Corn biomass (R?=0.0228-0.2121-no relationship
with each other), so it doesn’t control pest upto
the mark, as like Summer-fall crop and Winter
crops (Fig. 2).

The relationship between the density of the
species S. falleni and the density of their prey on
the Corn biomass in the Summer-fall crop (R?
=0.7815) was a close relationship with each
other (Fig.3). In the Summer-fall crop, the
increase and decrease in density of 4 key pests
on Corn biomass depended quite closely on the
density of the S. falleni species. This shows that
the density of the S. falleni species plays a role in
suppressing the density of 4 key pests on corn in
Summer-fall crops. However, in the Winter crops,
Spring-Summer crop and Winter-Spring crop, the
density of the S. falleni species does not play a
role in suppressing the density of 4 key pests on
Corn biomass (R?=0.0399-0.2677-no relationship
with each other) (Fig. 3).
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Table 1. Density of the assassin bugs species on the Corn biomass (corn cultivation for livestock feed) in Hoa Binh Province 2022-2024

Density (individual/m?)

Investigation month

Sycanus Sycanus Coranus Coranus Polytoxus Endochus Sphedanoletes
falleni croceovittatus spiniscutis fuscipennis fuscovittatus nigricornis pubinotum
August/2022 0.50 0.31 0.05 0.08 0.05 0.02 0.03
September 0.45 0.51 0.12 0.05 0.12 0.11 0.09
October 0.32 0.48 0.09 0.12 0.09 0.03 0.02
November 0.03 0.08 0.03 0.03 0.03 0.02 0.02
December/2022 0.56 0.12 0.02 0.05 0.02 0.03 0.02
January/2023 0.50 0.07 0.02 0.03 0.01 0.01 0.01
February 0.06 0.01 0.01 0.01 0.00 0.01 0.00
March 0.00 0.00 0.00 0.02 0.04 0.01 0.01
April 0.00 0.00 0.00 0.02 0.02 0.00 0.00
May 0.00 0.00 0.00 0.04 0.00 0.00 0.00
June 0.20 0.31 0.03 0.09 0.00 0.00 0.00
July 0.10 0.04 0.01 0.02 0.00 0.01 0.00
August 0.00 0.00 0.00 0.02 0.00 0.01 0.01
September 0.00 0.02 0.01 0.03 0.00 0.02 0.01
October 0.17 0.12 0.04 0.05 0.03 0.04 0.03
November 0.18 0.05 0.00 0.09 0.05 0.03 0.02
December/2023 0.00 0.01 0.01 0.02 0.01 0.01 0.01
January/2024 0.12 0.03 0.02 0.04 0.01 0.01 0.01
February 0.08 0.02 0.01 0.04 0.01 0.00 0.00
March 0.00 0.00 0.00 0.05 0.02 0.02 0.02
April 0.00 0.00 0.03 0.07 0.02 0.02 0.01
May 0.10 0.05 0.04 0.09 0.03 0.03 0.03
June 0.25 0.35 0.05 0.14 0.03 0.04 0.02
July/2024 0.52 0.43 0.06 0.08 0.06 0.04 0.03
Trung binh + SD (95%) 0.17+0.02 0.13 +0.02 0.03+£ 0.01 0.05+0.01 0.03+0.01 0.02 +£0.01 0.02 £ 0.01
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18 =e=Density (individuals/m2) of the group of assassin bug
16 =e=Density (individuals/m2) of Sycanus falleni

=o=Density (individuals/m2) of Sycanus croceovittatus
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Fig. 1. The relationship between the density of the group of assassin bugs and the density of species Sycanus falleni and Sycanus croceovittatus
on the Corn biomass in Hoa Binh Province
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Table 2. The density of the group of assassin bugs and their prey on the Corn biomass (corn cultivation for livestock feed)

Density (individual/m?)

Investigation month

Crops Density of the group of assassin bugs  Density of prey (total density of
(total density of 7 species) 4 key pests in Corn biomass)

August/2022 1.04 0.42
September 1.45 0.62
October Winter crops 1.15 1.44
November 0.24 24
December/2022 0.82 2.87
January/2023 0.65 1.32
February 0.1 1.02

March 0.08 1.18

April 0.04 2.08

May Spring - Summer crops 0.04 241

June 0.63 1.55

July 0.18 1.85
August 0.04 1.96
September 0.09 1.09
October 0.48 1.58
November 0.42 1.95
December/2023 Winter - Spring crops 0.07 0.96
January/2024 0.24 0.65
February 0.16 0.34

March 0.11 1.68

April 0.15 1.72

May 0.37 1.15

June Summer - fall crops 0.88 095
July/2024 1.22 0.38
Trung binh + SD (95%) 0.44 £ 0.05 1.39+0.13
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Fig. 2. The relationship between the density of the group of assassin bugs and the density of their prey on the Corn biomass in Hoa Binh Province
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Province
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The relationship between the density of the S.
croceovittatus species and the density of their
prey on the Corn biomass in Winter crops (R?
=0.5396) was a close relationship with each
other (Fig. 4). In Winter crops, the increase and
decrease in density of 4 key pests on Corn
biomass depended quite closely on the density of
the S. croceovittatus species. This shows that
the density of the S. croceovittatus species plays
a role in suppressing the density of 4 key pests
on corn in Winter crops. However, in the Spring-
Summer crop, Winter-Spring crop, Summer-fall
crop the density of the S. croceovittatus species
does not play a role in suppressing the density of
4 key pests on Corn biomass (R?=0.0026-
0.2017- no relationship with each other)

(Fig. 4).
4. DISCUSSION

In this study, the prey of predator species S.
falleni and S. croceovittatus were the fall
armyworm S. frugiperda, black cutworm A.
ypsilon, cotton bollworm H. armigera, maize
caterpillar M. loreyi on Corn similar from
the study of Abdul et al. (2018) to comment that
the species of genus Sycanus have a high
ability to be used for controlling pests, and they
are predacious reduviids that have a wide
range of prey such as both the larvae and pupae
of Lepidoptera, Coleoptera, and Diptera.
Similar to the study of Kumaraswami &
Ambrose (1992) the species of genus Sycanus
have a high ability to be used for controlling
pests, and they are predacious reduviids that
have a wide range of prey such as both the
larvae and pupae of Lepidoptera, Coleoptera,
and Diptera, of Zheng-rong et al. (2020) when it
was said the prey of S. falleni is species S.
frugiperda, and the predation efficiency of the
adult was greater than that of the larvae, of
Truong Xuan Lam (2021) when it was said the
prey of S. falleni and S. croceovittatus were
species A. flava, H. armigera , S. litura, and of
Chen Suyi et al. (2023) when it was assumed
that the species S. croceovittatus is a widely
distributed predatory natural enemy in the
southern provinces of China, and is a potential
biological control agent for Lepidoptera,
Coleoptera and Hemiptera pests.

The predation density of S. croceovittatus was
positively correlated with its prey density, and the
species S. croceovittatus could control
Spodoptera exigua, and the predation efficiency
of adults of S. croceovittatus was greater than
that of the larvae. Moreover, the author also

showed the density of S. croceovittatus was
positively correlated with its prey density, and the
species S. croceovittatus could control S. exigua,
and the predation efficiency of adults was greater
than that of the larvae (Sahayaraj, 2014,
Sahayaraj & Balasubramanian, 2016; Siti &
Norman, 2016; Srikumar et al., 2014), and these
studies are also completely consistent with the
results in this study as the S. croceovittatus
species are such potential candidates for
biocontrol of 4 key pests in Corn biomass and
the relationship between the density of the
species S. croceovittatus in the Winter crops and
the density of their prey (fall armyworm S.
frugiperda) on the Corn biomass were a
close relationship, and the relationship
between the density of the species S.
croceovittatus and the density of their prey
in the Spring-Summer crops and Winter-
Spring crops weren’t relationships with each
other.

The behaviour and biocontrol efficacy of S.
reclinatus Dohrn from South India has
been documented and highlighted that the
distribution of reduviids at field level and its
correlation with prey in different seasons
(Vennison & Ambrose, 1992) was similar
to that of S. croceovittatus and the density of
their prey in the Winter crops and Summer-fall
crops were a close relationship (R2 =0.54), and in
the Spring-Summer crops, Winter-Spring crops
weren’'t relationships with each other in this
study.

5. CONCLUSION

In Corn biomass in Hoa Binh province were
recorded 7 species of assassin bugs among
which species S. falleni and S. croceovittatus
were common with high average density. The
group of assassin bugs on Corn biomass
including the S. falleni and S. croceovittatus
species were such potential candidates for
biocontrol of 4 key pests. The density of
predatory populations S. falleni and S.
croceovittatus were high in the Corn biomass, so
it can control pests up to the mark in the Winter
crops and Summer-fall crops but it doesn’t
control pests in Winter-Spring crops, Spring-
Summer crops.
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