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Cotton stainer, red cotton bug (Dysdercus spp., Heteroptera: Pyrrhocoridae) is one of the economical pest
of cotton crop. Pyrrhocorid bugs have multiple hosts and are highly mobile, rendering their insecticidal
control less effective. Among pyrrhocorid bugs, Antilochus coquebertii (Heteroptera: Pyrrhocoridae) is
considered highly effective predator of cotton stainers. However, predator and prey proportion and their
ecological behavior are very important and there is no previous study regarding oviposition behaviour
both of predator and prey. In this study, effects of different media on the fecundity both of predator
(A. coquebertii) and prey (D. koenigii) were explored for the first time under controlled conditions.
Eight different media consisted of Dry Soil + Dry Leaves (DSDL), Dry Soil + Wet Leaves (DSWL), Wet
Soil + Dry Leaves (WSDL), Wet Soil + Wet Leaves (WSWL), Dry Soil (DS), Wet Soil (WS), Dry Soil +
Cylindrical Perforated Plastic Bottle (DS-CPPB), and Wet Soil + Cylindrical Perforated Plastic Bottle
(WS-CPPB). The results revealed significantly higher number of egg batches both of predator and prey
on WSWL followed by WSDL. It is, therefore concluded that both the predator and prey preferred
WSWL and WSDL media for egg deposition.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The red cotton bug or cotton stainer, Dysdercus koenigii Fabri-
cius, (Hemiptera: Heteroptera: Pyrrhocoridae) causes economical
damage to cotton crop in various cotton-growing countries includ-
ing Pakistan since 2008 (Jaleel et al., 2013; Jaleel et al., 2014;
Malinga and Laing, 2021; Naqqash et al., 2014). The red cotton
bug was considered a minor pest in cotton crop till 2008 then after
it became a major pest, due to the cultivation of transgenic cotton
varieties containing Bacillus thuringiensis (Bt.): which reduce boll-
worm populations and use of foliar sprays in cotton growing areas
(Greene and Turnipseed, 1996; Shah, 2014). Moreover, the early
sowing of Bt. cotton varieties has also played a key role in complet-
ing multiple generations and turning their status to major pests of
cotton. Dysdercus koenigii feeds on cotton seeds in developing cot-
ton bolls resulting in warts (Shah, 2014) and also transmits fungus
on lint and seeds (Bergé and Ricroch, 2010; Lacey et al., 2015),
resulting in a stain on the lint (Jaleel et al., 2013; Shah et al.,
2016). Feeding of D. koeinigii by puncturing the flower buds or
young cotton bolls cause reduction in boll size or partial boll open-
ings which later drop to the ground. Both nymphs and adults of the
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red cotton bug have a strong proboscis, a needle-like stylet meant
for piercing and sucking plant sap (Malinga and Laing, 2021; Saeed
et al., 2016).

Biological control of insect pests is the safest method of pest
control since it is self-perpetuated, non-toxic, to humans, as well
as is a key component of the Integrated Pest Management (IPM)
(Heydari and Pessarakli, 2010). However, smooth mass production
of natural enemies in the laboratory critically requires parallel
mass production of their hosts. Among natural enemies, Antilochus
coquebertii (Fabricius) (Heteroptera: Pyrrhocoridae) is the most
effective biocontrol agent against cotton stainer and related spe-
cies (Kohno, 2003; Sarmad et al., 2020). Though, A. coquebertii
has a high fecundity rate (Sarmad et al., 2020), and its status as a
highly voracious insect predator, just a few studies have been con-
ducted on its ovipositional response. Therefore, this research was
designed to investigate high fecundity rate both of A. coquebertii
and D. koeinigii in different media under controlled conditions.
2. Materials and methods

2.1. Prey and predator

Adults of A. coquebertiii were collected from cotton fields at
Central Cotton Research Institute (CCRI), Multan, Punjab, Pakistan
in 2020 and its culture was established in the bio-control labora-
tory on D. koenigii, which was reared from field collected adults
in plastic cages (30�30�30cm), kept in the laboratory (26±2�C,
60–65% R.H., and 12L:12D photoperiod). Each Plasrtic cage con-
tained sterilized soil as a natural medium for oviposition Water-
soaked fuzzy cotton seeds were provided for food and replaced
at 4-6 days intervals. Additionally, 3-6 Petri-dishes (5cm diameter)
having moistened cotton wool covered with filter paper were
placed in cages as red cotton bug likes moist environment.
2.2. Egg-laying media

The egg-laying media were Dry Soil + Dry Leaves (DSDL), Dry
Soil + Wet Leaves (DSWL), Wet Soil + Dry Leaves (WSDL), Wet Soil
+ Wet Leaves (WSWL), Dry Soil (DS), Wet Soil (WS), Dry Soil +
Cylindrical Perforated Plastic Bottle (DS-CPPB) andWet Soil +Cylin-
drical Perforated Plastic Bottle (WS-CPPB). Dry and wet cotton
leaves were provided as plant debris to observe the fecundity
response both of the predator and its prey. Following is a detailed
explanation of these eight different media inside every experimen-
tal cage:
2.3. DSDL, DSWL, WSDL, and WSWL media

Each of the four media contained 10g of dried cotton leaves.
About 6ml water was sprinkled over the leaves of DSWL medium
in a way that leaves were taken out carefully from the cage on a
small plastic plate, water was sprinkled over the leaves with the
help of a syringe and placed back in the cage. The same procedure
was adopted with the WSDL medium (leaves were taken out and
about 6ml water sprinkled over the soil and leaves placed back
in the cage), whereas in the WSWL medium soil and leaves were
simultaneously moistened with 6ml water inside the cages and
DSDL medium was kept without water application.
2.4. DS and WS

Dry Soil medium was kept water-free whereas, WS medium
was having only the soil sprinkled directly with 6ml water inside
the cage.
2

2.5. DS-CPPB and WS-CPPB

Similarly, a plastic bottle measuring 7.62cm in length and
4.83cm in diameter having 24 holes drilled all around was filled
with wet cotton wool. Delinted cotton seeds were inserted ran-
domly in 12 holes, while the rest of the holes were left empty for
sucking water both by predator and prey. Each perforated bottle
was placed inverted in plastic Petri dishes of 5cm diameter
(Fig. 5). Two CPPBs were kept i.e. (DS-CPPB and WS-CPPB) in each
A. coqueberti and D. koenigii cages. Daily, 3ml water was applied
with help of a syringe over the open-top perforated bottles, while
additional 3ml water was applied in the soil around the WS-CPPBs,
and the soil around DS-CPPBs was kept dry. The perforated bottles
with cotton wool and seeds were replaced at 4-6 days intervals
(Shah et al., 2016).
2.6. Predator and prey releases

In each replication, four newly formed pairs of A. coquebertii and
four pairs of D. koenigii adults along with eight nymphs each of
third, fourth, and fifth instars were collectively released over the
above-mentioned eight different media. In each replication of the
cotton stainer, ten newly formed adults were released over these
eight different media.
2.7. Incubation

Egg batches of predators and its prey were collected from differ-
ent media and were kept in glass Petri dishes of 5cm diameter
conatining a layer of wet soil compact with thumb pressure. Eggs
were placed on compact soil in the Petri-dishes andwere then kept
in an incubator at 30�C and 50±5 % R.H.
2.8. Data recording

Observations regarding the egg batches, incubation period, egg
hatching percentage, and predation were recorded at 24h intervals.
2.9. Data analyses

Data regarding fecundity/egg laying, incubation period, egg
hatching percentage (both predator and prey), and predation effi-
cacy (predator) were analyzed using one-way ANOVA with LSD
test (Jaleel et al., 2013).
3. Results

3.1. Egg batches in different media

The highest number of egg batches (12.00±1.20) of A. coque-
bertiiwere observed on WSWL medium as compared to (DSWL,
WSDL and WS-CPPB) media, whereas lowest number of egg
batches (1.00±0.50) on DSWL (Fig. 1, P<0.05), however, no egg
batches were recorded in whole course of the experiment on
(DSDL, DS, WS and DS-CPPB). Similarly, highest number egg
batches of D. koenigiiwere also recorded on WSWL (32.80±1.45)
compared with (DSWL, WSDL and WS-CPPB) media, whereas, low-
est number of egg batches (1.00±0.20) were collectively reported
on DSDL and DS-CPPB (Fig. 1, P<0.001), however, no egg batch of
D. koenigiiwas recorded throughout the experiment on DS and
WS media (Fig. 1).



Fig. 1. Number of egg batches laid by A. coquebertii and D. koenigii on different
media. Dry Soil + Dry Leaves (DSDL), Dry Soil + Wet Leaves (DSWL), Wet Soil + Dry
Leaves (WSDL), Wet Soil + Wet Leaves (WSWL), Dry Soil (DS), Wet Soil (WS), Dry
Soil + Cylindrical Perforated Plastic Bottle (DS-CPPB), and Wet Soil + Cylindrical
Perforated Plastic Bottle (WS-CPPB). Error bar within the column bar showing the
standard error.

Fig. 3. Number of eggs per batch and their hatching (%) of A. coquebertii and D.
koenigii on different media. Dry Soil + Wet Leaves (DSWL), Wet Soil + Dry Leaves
(WSDL), Wet Soil + Wet Leaves (WSWL), Dry Soil + Cylindrical Perforated Plastic
Bottle (DS-CPPB), and Wet Soil + Cylindrical Perforated Plastic Bottle (WS-CPPB).
Note: Dry Soil + Dry Leaves (DSDL), Dry Soil (DS), and Wet Soil (WS) were not
suitable for the fecundity.
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3.2. Incubation period in different media

The maximum incubation period of A. coquebertii was noticed
on WSWL (8.50±1.23d) as compared with DSWL, WSDL and WS-
CPPB (Fig. 2, P<0.05). But in case of D. koenigii, maximum incuba-
tion period was reported on WSDL (7.30±0.10d) compared with
DSDL, DSWL, WSWL, DS-CPPB and WS-CPPB media (Fig. 2,
P<0.001).
3.3. Number of eggs per batch and their hatchability

The maximum number of eggs per batch (78.80) and hatching
percentage (90.00%) of A. coquebertii were collectively recorded
on WSWL compared with other DSWL, WSDL and WS-CPPB media
(Fig. 3). Likewise, the predator, D. koenigii also laid maximum num-
ber of eggs per batch (174.30) and highest hatching percentage
(93.30%) on WSWL medium as compared with DSWL, WSDL, DS-
CPPB and WS-CPPB media (Fig. 3).
3.4. Predation

Maximum predation percentage (64.3) was recorded on third
instar of D. koenigii as compared with fourth instar to adult stage,
Fig. 2. Effect of different media on the incubation period of eggs laid by A.
coquebertii and D. koenigii. Dry Soil + Dry Leaves (DSDL), Dry Soil + Wet Leaves
(DSWL), Wet Soil + Dry Leaves (WSDL), Wet Soil + Wet Leaves (WSWL), Dry Soil
(DS), Wet Soil (WS), Dry Soil + Cylindrical Perforated Plastic Bottle (DS-CPPB), and
Wet Soil + Cylindrical Perforated Plastic Bottle (WS-CPPB). Error bar within the
column bar showing the standard error.
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however, predation percentage of fourth instar of the prey was
reported significantly different from fifth instar (Fig. 4, P<0.05),
whereas predation percentage on fifth instar and adult stage were
recorded statistically similar.
4. Discussion

Among the sucking insect pests of cotton, red cotton bug is the
most noxious pests in Pakistan (Noman et al., 2016). Interestingly,
A. coquebertii is reported to be a voracious predator on it (Vreysen
et al., 2016), however, for its eco-friendly management, the preda-
tor needs to be further investigated (Shafiq et al., 2020). This study
was mainly focused to evaluate factors that enhance the fecundity
of A. coquebertii and D. koeinigii for their rapid mass production
under laboratory conditions for augmentative field releases of A.
coquebertii, which will help maintaining ecological balance.

Kohno (2003) experimented on the fecundity of A. coquebertii,
but the collection sites of eggs were not mentioned as to where
he actually collected the egg batches. We noticed maximum fecun-
dities of A. coquebertii and D. koenigii on WSWL medium. However,
no egg batch of A. coquebertii was recorded on DSDL, DS, WS, and
DS-CPPB. It means, A. coquebertii females mostly preferred moist
soil below the plant debris or residues for egg-laying.

Similarly, most of the studies reported that D. cingulatus depos-
ited eggs under the bottom of Petri-dishes provided for moisture
and food, while in the field it oviposited in shallow depressions
made in the soil under debris or occasionally on undersides of cot-
Fig. 4. Predation (%) of A. coquebertii on choice of immature and mature stages of D.
koenigii. Error bar within the column bar showing the standard error.



Fig. 5. Cylindrical Perforated Plastic Bottle (CPPB; Shah et al., 2016).
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ton leaves below the plant canopy (Bissdorf, 2005). Likewise, the
predator, no eggs batch of D. koenigii was found on DS and WS
media throughout the experiment. Our findings are in accordance
with (Verma et al., 2013), who reported egg batches mostly under
plant debris in field conditions and Karar et al. (2020) noticed
oviposition in moist patches below the plant residues.

Soil medium is also important for the egg period and develop-
ment of red cotton bug. Jaleel et al. (2013) recorded incubation per-
iod of 6.70 days: Verma et al. (2013) recorded average incubation
period of 4.97 days. However, the egg-laying media had a signifi-
cant effect on the incubation period of bugs. In our study, the long-
est incubation period of A. coquebertii eggs was (8.50±1.23d) on
WSWL medium, while in case of D. koenigii, it was observed to
be (7.30±0.10) on WSDL.

Jaleel et al. (2013), Verma et al. (2013) and Bissdorf (2005) col-
lectively reported 7 to 100 eggs per batch of red cotton bug, while
in case of A. coquebertii, Shafiq et al. (2020) recorded 61 eggs per
batch. It is evident from the results that fecundity of both the
predator and its prey could be enhanced on moist soil patches cov-
ered with plant decaying material (Shafiq et al., 2020), as we
reported (174.3 and 78.80) eggs per batch of D. koenigii and A. co-
quebertii respectively on WSWL medium.

The most interesting findings of this research indicated the
common behavior both of predator and the prey regarding fecun-
dity and oviposition sites which can lead to an efficient source of
mechanical control (Muthupandi et al., 2014) and their convenient
eggs collection.

Significantly maximum predation was recorded third instar of
the prey as compared with fourth to adult stage which indicates
that predation is inversely proportional to the prey size. Analogous
findings were recorded by Kohno (2003), who reported that the
adult stage of the A. coquebertii consumed fewer adults of D. koeni-
gii and fifth instar nymphs, while it consumed higher number of
rests of the younger stages of the prey, which suggested that prey
body mass and size affect predation efficiency.
5. Conclusion

Generally, A. coquebertii preferred moist soil for egg-laying
whereas, its prey, D. koenigii laid eggs on soil irrespective of its
moisture content under the decaying plant residues. However,
moist soil under the plant debris increases their eggs-laying poten-
tial. Such findings regarding the egg-laying behavior both of the
predator and its prey suggest key factors for rapid mass production
in the laboratory for safe management of red cotton bug including
other pyrrhocorid pests. Rapid reproduction rate, high mobility
and wide host range are major bottle-necks that make red cotton
bug control rather difficult under field conditions, however, infor-
mation about such habitats would provide a suitable platform for
4

employing IPM tactics against the red cotton bug and colonies of
its early nymphal instars could give a chance for mass collection
of A. coquebertii.
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