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Abstract

In Bangladesh, brinjal (Solanum melongena L.) is an impor-
tant vegetable crop due to its year-round cultivation, high demand
for consumption, and nutritional value. The main obstacle to the
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successful cultivation and production of brinjal is insect pests. The
current study was carried out in the winter, when green leathop-
pers (Amrasca biguttula biguttula), one type of sucking insect
pest, are most prevalent. Early in the vegetative stage, an infesta-
tion of green leathoppers (GLH) was noted; as the canopy size
increased, so did their numbers. The consumption of brinjal with
its peel poses a health risk due to possible contamination with
toxic chemical insecticides. We assess a few non-toxic or mini-
mally toxic bio-insecticides against GLH in order to tackle this
crucial problem. Fizimite, one of the bio-insecticides, was found
to be effective against GLH in a sodium lauryl ether sulfate prepa-
ration. Fizimite decreased the amount of GLH in the plant by
85.8%, the amount of leaf infestation by 77.84%, and the amount
of GLH-infected brinjal leaf abundance by 54.34%. But Voliam
Flexi, a chemical control, was also discovered to be successful
against GLH. Fizimite may therefore be a non-toxic, bio-rational
substitute for Voliam Flexi, a synthetic, toxic medication used to
control GLH.

Introduction

Brinjal (Solanum melongena L.), also known as eggplant or
aubergine is a vitamin, mineral, phenol, and antioxidant-rich veg-
etable (Gurbuz ez al., 2018). This vegetable is cultivated throughout
the world because of heat insensitivity, and genetic or morphologi-
cal diversity (Chapman, 2020) with a production of 55,197,878 tons
from a 1,847,787 ha area (FAO, 2019). However, insect pests are
the major impediment to the successful cultivation and production
of brinjal (Mollah et al., 2022a). Insect infestation starts at the
seedling stage and continues up to the final harvest. About 140
species of insect and arachnid pests are reported to infest brinjal
throughout the world (Sharma and Tayde, 2017). In Bangladesh,
green leathopper (Amrasca biguttula biguttula), aphid (Aphis
gossypii), whitefly (Bemisia tabaci), thrips (Thrips tabaci), shoot
and fruit borer (Leucinodes orbonalis G.), and from arachnid, red
spider mite (7etranychus macfurlanei) are most prevalent (Dutta et
al., 2017). Among these, brinjal shoot and fruit borer (BSFB),
leathopper, whitefly, and mealy bugs are most common, prevalent,
and destructive in the summer season (Kapil ez al., 2022; Mollah et
al., 2023) while aphids are most common in both winter and sum-
mer seasons in brinjal and leguminous vegetables causing low yield
(Mollah, 2022; Mollah et al., 2017a; Mollah et al., 2013a; 2013Db).
Both adults and nymphs of leathoppers and other leaf suckers cause
serious damage to leave by sucking cell sap from the lower surface
of the leaves causing chlorosis and necrotic spots. Finally, the entire
plant turns brown and shows burn symptoms and ultimately the
leaves droop off. The indirect effect of leathoppers includes honey-
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dew secretion that facilitates fungal growth and interrupts photosyn-
thesis (Bosquee et al., 2018).

Although chemical control by synthetic insecticides is mostly
practiced for managing leathoppers and other sucking pests, their
overuse causes insecticide resistance and the outbreak of secondary
pests (Bass et al., 2014). Several detrimental effects including mor-
tality of non-target organisms (Mollah et al., 2017b), beneficial
predators (Mollah ez al., 2012a) or parasitoids (Mollah and Khatun,
2023), and insecticidal residues on fruits (Blair et al., 2015) are also
observed. Therefore, the introduction of non-hazardous, plant-based,
or microbial-origin bio-insecticides is very essential. Additionally,
these are mostly effective, safe for non-target organisms and natural
enemies, and target pest-specific, and ecologically sound solutions
to pest problems (Mollah et al., 2022b). Some commercially formu-
lated microbial or pathogenic bio-insecticides were found effective
against the major insect pests of brinjal, brinjal shoot, and fruit borer
(Mollah et al., 2023) and the sucking insect pests (Gayathri and
Geetha, 2019). The efficacy of pathogenic or microbial insecticides
might come from the combined effect of toxicity (Tobias et al.,
2018; Mollah et al, 2020a), insect host immunity suppression
(Mollah et al., 2020b; Mollah and Kim, 2020), inhibition of immune
mediator secretion (Hasan et al., 2019, Mollah, 2023) and bind with
immune proteins (Mollah, 2024; Mollah et al., 2021). Some botani-
cal insecticides were found effective against the bean pod borer
(Mollah et al., 2012b) and sucking insect pests including aphids of
country bean (Mollah et al., 2013b) and green leathoppers of brinjal
(Kunbhar et al., 2018). However, little or no information is available
about the efficacy of commercially available bio-insecticides against
green leathoppers in the brinjal field. Therefore, the present study
aimed to evaluate some commercially formulated bio-insecticides
against green leathoppers, infesting brinjal plants under field condi-
tions. For this, some commercially available bio-insecticides were
applied in brinjal fields grown during the winter season.

Materials and Methods

Location, soil characteristics, and land preparation

This study was conducted during the winter season (November
2021 to March 2022) at the Bangladesh Institute of Nuclear
Agriculture substation, Barisal, Bangladesh to evaluate the perform-
ance of some microbial and plant-origin bio-insecticides against
green leathoppers (GLH) infesting brinjal plant. This area possesses
calcareous, alluvium, and calcareous brown floodplain soil belong-
ing to the Agro-Ecological Zone of Active Ganges Floodplain (AEZ
10) (Khatun and Mollah, 2023). Soils are characterized by low
organic matter and mildly alkaline in reaction. The soil has a medi-
um fertility level with a nitrogen deficiency (N), pH ranging from
5.8-6.5, and cation exchange capacity is 25.58 with silty clay loam
textured soil. The study area is 2 meters above sea level and situated
at 22.8162°N latitude and 90.3137°E longitude (Khatun and Mollah,
2023). The climate is characterized by the alternate hot and cold sea-
sons. Repeated tillage was provided to ensure good tilth condition of
the soil and fertilized properly for successful crop production.

Experimental design, planting, and treatment
application

A randomized complete block design with three replications was
adopted for this study. Good quality and healthy seedings were
planted maintaining 0.8 m plant-to-plant distance and 0.8 m row-to-
row distance. All the intercultural operations including irrigation,
weeding, mulching, and fertilizations were performed whenever
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needed. The treatment includes some bio-insecticides as: T1:
untreated control, T2: Biomax M 1.2 EC (Abamectin) @ 1.0 mL L-
! of water, T3: Fizimite 20% (Sodium Lauryl Ether Sulphate) @, 1.0
mL L' of water, T4: Fytomax 0.1% (Azadirachtin) @ 5.0 mL L-! of
water, T5: Spinomax (Saccharopolyspora spinosa + Btk broth) @
2.0 mL L' of water, T6: Fytoclean 40% (Potassium salt of fatty acid)
@ 5.0 mL L' of water, T7: Volium Flexi 300 SC
(Chlorantraniliprole + Thiamethoxam) @ 0.5 mL L! of water. All
the bio-insecticides were purchased from Russell IPM Bangladesh
Limited and the chemical insecticide Voliam Flexi 300 SC was col-
lected from the local market, and their details are provided in Table
1. Insecticides were applied at noon to avoid the toxic effect on pol-
linators as honeybees and wasps are mostly active in the afternoon
from 1:00 to 4:00 PM in the crop field. Application dose was fol-
lowed according to the previous study (Mollah et al., 2022a; Mollah
et al.,2023) and the manufacturer’s description. To prepare the spray
mixture, water was directly added to the sprayer tank already con-
taining bio-insecticides and mixed well for convenient foliar spray.
A measuring cylinder was used to confirm the desired concentration
of the bio-insecticides. A hand sprayer (SeeSa®) was used to apply
the insecticide mixture and it was applied at the rate of 300-700 mL
plant! depending on the canopy size and growth stage of the plants.
Both sides of the leaves were sprayed well with the spray mixture.
Precautions were taken to avoid the contamination of insecticides by
preventing the drifting of the spray mixture. Spraying was started at
the early flowering stage and continued up to the last harvest with an
interval of 10 days throughout the flowering and fruiting stage. After
the application of an insecticide, the sprayer was cleaned very well
by repeated washing with clean water, then another spray mixture
was prepared.

Data collection and presentation

Data collection started at the early vegetative stage before bio-
insecticide application to observe the pattern of GLH infestation. At
this stage, data was collected on each 4™ day on the number of GLH
per plant. For this, all the leaves of all the plants were checked. After
seven observations, at the early flowering stage, treatments were
applied. All the leaves of all the treated plants were observed twice
(5™ and 10™ day) between the spray interval of 10 days to record the
effect of insecticides on the GLH population. At this stage, data col-
lection was conducted on the number of GLH in each plant, the
number of infested and healthy leaves in the infested plant to work
out the percent leaf infestation, and the number of GLH in each
infested leaf to show the abundance of green leathoppers in the field.
The collected data were processed, analyzed, and applied for graph
preparation. The percent leaf infestation and percent reduction of
leaf infestation over control were found using the formulae
described in a previous study by Mollah and Hassan (2023):

Number of infested leaves

Percent leaf infestation = x 100
Total number of leaves
Mean value of the treatment —
Percent reduction mean value of the control
over control = x 100

Mean value of the control

Statistical analysis and presentation of data

For processing, calculating, and arranging the collected raw
data, Microsoft Excel was used. PROG GLM in the SAS program
(SAS, 2002) was used for the analysis of variance (ANOVA) for all
the continuous variables data. The least significant difference test at
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0.05 level of type I error was applied to compare the means. Every
treatment was replicated thrice in three individual plants. Each bar
represents the mean value of the replications and error bars represent
the standard deviation. Graphical data were prepared using Sigma
Plot 12.5 software.

Results

Infestation and pattern of infestation in brinjal
field at the vegetative stage

The present study found that GLH infested the lower surface of
the brinjal leaf (Figure 1A) and the infestation starts from the early
vegetative stage. In the infested plants, GLH abundance increased in
most cases with the increase in plant age and canopy size although
exceptions were found in some cases (Figure 1B). The abundance or
number of GLH was different among the plants grouped under dif-
ferent treatments. The maximum number of GLH was observed in
T6 which was followed by T7, T4, T5, T3, and T2 while the least
was in T1 (Figure 1B).

Effect of bio-insecticides on GLH infestation
in brinjal plant

Application of bio-insecticides significantly (F=120.1; df=6, 14;
P<0.001) affects the GLH infestation in the brinjal plant. The highest
GLH individual was recorded from Fytoclean (7.44 GLH/plant)
treated plants which were statistically similar to Biomax M (6.77
GLH/plant), and Fytomax (6.44 GLH/plant) (Figure 2A). In con-
trast, the lowest GLH individual was observed in Fizimite (2.66
GLH/lant) treated plants (Figure 2A). Moreover, very few GLH
(0.33 GLH/plant) were observed in the chemical control Volium
flexi-treated plants. However, the maximum number of GLH was
recorded from untreated control plants (18.77 GLH/plant) (Figure
2A). Thus, the maximum reduction of GLH over untreated control
was achieved from Fizimite (85.88%) which was followed by
Spinomax (76.33%), Fytomax (65.68%), and Biomax (63.91%)
while the minimum was obtained from Fytoclean (60.36%) of the
applied bio-insecticides (Figure 2B). However, the chemical insecti-
cide Volium flexi provided a 98.23% reduction of GLH over untreat-
ed control (Figure 2B).

Similarly, bio-insecticides have a significant (F=219.6; df=6, 14;
P<0.0001) effect on the reduction of leaf infestation by GLH (Figure
3). Among the bio-insecticides, the lowest infestation in leaf by GLH
was obtained from the Fizimite (6.27%) application which was sta-
tistically different but followed by Spinomax (8.46%), Fytoclean
(8.63%), and Biomax (12.17%) while the highest was observed in
Fytomax (14.78%) treated plants. Moreover, the chemical insecti-
cide Volium Flexi also confirmed very low (1.55%) leaf infestation
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by GLH. However, the untreated control plants ensured maximum
leaf infestation by GLH (28.32%) (Figure 3A). Therefore, the max-
imum reduction of leaf infestation over untreated control was
achieved from Fizimite (77.84%) application which was followed
by Spinomax (70.10%), Fytoclean (69.54%), and Biomax (57.06%)
while the lowest reduction of leaf infestation was achieved from
Fytomax (47.8%) application of the bio-insecticides (Figure 3B).
However, the chemical control Voliam flexi provided a 94.52%
reduction of leaf infestation by GLH (Figure 3B).

Bio-insecticides significantly (F=27.49; df=6, 14; P<0.001) con-
trol the abundance of GLH in the infested leaf also (Figure 4).
Among these, Fizimite (1.29 GLH/infested leaf) and Fytoclean (1.27

(A)
16

14
12
10

Green leaf hopper/plant
(number)

oo
[TTT T[T T T[T T[T I T[T T T [T [ TT I [TTTT]

1st 2nd 3rd 4th 5th 6th 7th
Observations (B)

Figure 1. Infestation of green leathoppers in brinjal plant. (A)
Green leafhopper-infested brinjal leaf; (B) pattern of leaf infesta-
tion. Plants were randomly divided for treatments. Each treatment
consists of three replications and each plant was considered a repli-
cation. The number of infested and healthy leaves was counted for
leaf infestation calculation. Different letters above the error bar
denote significant differences (P<0.05, least significant difference
test) among the treatments.

Table 1. Different treatments used in this study with their pieces of information.

Treatments Active ingredient Suppliers Dose

T1 = Water N/A N/A N/A

T2 = Biomax M 1.2 EC Abamectin Russell IPM BD Ltd. 1 mL L' water
T3 = Fizimite 20% Sodium laurylether sulphate Russell IPM BD Ltd. 1 mL L' water
T4 = Fytomax 0.1% Azadirachtin Russell IPM BD Ltd. 5 mL L-! water
T5 = Spinomax Saccharopolyspora spinosa + Btk broth Russell IPM BD Ltd. 2 mL L' water
T6 = Fytoclean 40% Potassium salt of fatty acid Russell IPM BD Ltd. 5 mL L water
T7 = Volium Flexi 300 SC Chlorantraniliprole + Thiamethoxam Syngenta BD 0.5 mL L' water
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GLH/infested leaf) showed the lowest GLH abundance in each
infested leaf while Biomax M (2.25 GLH/infested leaf) showed the
highest abundance of GLH (Figure 4A). However, in the untreated
control, GLH abundance was 2.83 GLH/infested leaf and in the
chemical control of Voliam flexi, it was 0.22 GLH/infested leaf
(Figure 4A). Compared to the untreated control, the maximum
reduction of GLH abundance was achieved by Fizimite (54.34%) as
well as Fytoclean (54.91%) while the lowest reduction was observed
in Biomax M (20.37%) (Figure 4B). However, the chemical control
Voliam flexi achieved a 92.16% reduction of GLH (Figure 4B).

Discussion

Leathopper is a serious pest to brinjal that sucks cell sap and
causes chlorosis, necrosis spots, and curling in the edges of the leaf
resulting in droop off the leaves (Ghosh and Karmakar, 2021). It also
interrupts photosynthesis by honeydew secretion and transmits path-
ogenic viruses to plants.

Among the treated bio-insecticides, a sodium lauryl ether sulfate
preparation, Fizimite 20% was found effective against leathoppers.

25
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bc bc

Green leafhopper/plant
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c 40
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® [
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Figure 2. Effect of bio-insecticides on abundance of green
leathoppers. (A) Number of green leathoppers per plant; (B) Green
leafthopper number reduction over control. Bio-insecticides were
applied at 10-day intervals on the whole plant. Control plants were
sprayed with water. The number of green leathoppers was recorded
from the infested leaf. The mean value represents the average of
six observations. The error bar above the mean value represents the
standard deviation. Each treatment was replicated three times.
Different letters above the error bar denote significant differences
(P<0.05, least significant difference test) among the treatments.

It reduces 85.80% leathopper population in the plant, a 77.84%
reduction of leaf infestation, and a 54.34% reduction in the abun-
dance of leathoppers in the infested brinjal leaf. Sodium lauryl ether
sulfate is an anionic highly soluble and non-volatile surfactant that
helps to control chewing and sucking pests by physical means. It is
effective against hoppers, aphids, mealybugs, whiteflies, spiders,
scale, and psyllids (Lewis er al, 2016). Another research by
Gayathri and Geetha (2019) reported that applications of bio-pesti-
cide, Buprofezin 25SC reduced 78.78% reduction of the leathopper
population in brinjal leaf. Another study by Ali et al. (2016) reported
that neem extracts reduced 55.95 and 68.73% of Jassid/leathopper
populations in brinjal leaf after the first and second spray, respective-
ly. Successive research showed that Datura extract reduced 63.11%
and neem extract reduced 68.73% population of Jassid/leathoppers
(Ali et al., 2017). Kunbhar et al. (2018), performed a study with
some botanical pesticides (Neem, Tobacco, Trooh) and found that
Neem was potent and reduced up to 56.09% of the Jassid population
after seven days. The above discussion thus revealed that synthetic
bio-pesticides are relatively more potent than botanicals or plant-ori-
gin insecticides. We found that the Synthetic bio-pesticide
Buprofezin 25 SC provided a 78.78% leathopper reduction, Fizimite
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Figure 3. Effect of bio-insecticides on rate of leaf infestation. (A)
Percent leaf infestation; (B) Reduction of leaf infestation by bio-
insecticides over control. The number of infested and healthy
leaves was recorded from the plants to work out the rate of infes-
tation. The number represents the average of six observations. The
error bar above the mean value represents the standard deviation.
Each treatment was replicated three times. Different letters above
the error bar denote significant differences (P<0.05, least signifi-
cant difference test) among the treatments.
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Figure 4. Effect of bio-insecticides on the presence of green
leathopper in the infested leaf. (A) Abundance of green leathop-
per in the infested leaf (B) Reduction of green leathopper abun-
dance by bio-insecticides over control. The number of green
leafhoppers in the infested leaf was counted. The number repre-
sents the average of six observations. The error bar above the
mean value represents the standard deviation. Each treatment was
replicated three times. Different letters above the error bar denote
significant differences (P<0.05, least significant difference test)
among the treatments.

20% provided a 85.80% leathopper population reduction while
among the botanical insecticides Neem extract provided a maximum
68.73% reduction of leathopper population which is much less than
Fizimite 20%. As leathoppers are very active and relatively hard-
bodied insects among the sucking insect pests, their control is not so
easy. Considering all the issues, it can be concluded that Fizimite
20% is an effective bio-insecticide to control the leathoppers in brin-
jal. However, further research on the impact of Fizimite 20% on the
physiological process of leathoppers might enhance the process.

Conclusions

The efficacy of bio-insecticides was evaluated against the
leathopper in the brinjal field during the winter season. A sodium
lauryl ether sulfate preparation Fizimite 20% found effective against
leathoppers providing an 85.80% reduction of leathopper number in
the plant. It also provided a 77.84% reduction in leaf infestation by
leathoppers and a 54.34% reduction of leathopper number in the
infested leaf. These results followed the chemical insecticide,
Voliam Flexi 300 SC. So, Fizimite 20% can be treated as a non-toxic
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alternative to chemical insecticides.

References

ALIS.S.,AHMAD S., AHMED S.S., RIZWANA H., SIDDIQUI S.,
ALIS.S., RATTAR I.A., SHAH M.A., 2016 - Effect of biopes-
ticides against sucking insect pests of brinjal crop under field
conditions. - J. Basic Appl. Sci. 12: 41-49.

ALI S.S., AHMED S.S., RIZWANA H., BHATTI F.R., KHOSO
A.G., MENGAL M.L, JATOI J.H., BUGTI A., RIND M.A,,
SHAHWANI S.A., 2017 - Efficacy of different bio-pesticides
against major sucking pests on brinjal under field conditions. - J.
Basic Appl. Sci. 13: 133-138.

BASS C., PUINEAN A.M., ZIMMER C.T., DENHOLM 1., FIELD
L.M., FOSTER S.P,, GUTBROD O., NAUEN R., SLATER R.,
WILLIAMSON M.S., 2014 - The evolution of insecticide resist-
ance in the peach potato aphid, Myzus persicae. - Insect
Biochem. Mol. Biol. 51: 41-51.

BLAIR A., RITZ B., WESSELING C., FREEMAN L.B., 2015 -
Pesticides and human health. - Occup. Environ. Med. 72: 81-82.

BOSQUEE E., BOULLIS A., BERTAUX M., FRANCIS F., VER-
HEGGEN F.J., 2018 - Dispersion of Myzus persicae and trans-
mission of potato virus Y under elevated CO, atmosphere. -
Entomol. Exp. Appl. 166: 380-385.

CHAPMAN M.A., 2020 - Eggplant breeding and improvement for
future climates. In Genomic Designing of Climate-Smart
Vegetable Crops. - Kole, C., Ed.; Springer: Cham, Switzerland:
257-276 pp.

DUTTA N.K., ALAM S.N., MAHMUDUNNABI M., AMIN M.R.,
KWON Y.J., 2017 - Effect of insecticides on population reduc-
tion of sucking insects and ladybird beetle in eggplant field. -
Bangladesh J. Agric. Res. 42: 35-42.

FAO. 2019. FAOSTAT: Crops; Eggplant (Aubergines). Food and
Agriculture Organization of the United Nations.

GAYATHRI S., GEETHA B., 2019 - Evaluation of biorational pes-
ticides against sucking insect pests of brinjal (Solanum melonge-
na). - Int. J. Curr. Microbiol. App. Sci. 8: 479-485.

GHOSH S.K., KARMAKAR R., 2021 - Sustainable management of
leaf hopper (Admrasca biguttula biguttula) on eggplant/brinjal
(Solanum melongena (Linn.) and related crops. In: Hi-Tech
Crop Production and Pest Management. - Biotech Books.
Daryaganj, New Delhi. 231-255 pp.

GURBUZ N., ULUISIK S., FRARY A., FRARY A., DOGANLAR
S., 2018 - Health benefits and bioactive compounds of eggplant.
- Food Chem. 268: 602-610.

HASAN M.A., AHMED S., MOLLAH M.M.L,, LEE D., KIM Y.,
2019 - Variation in pathogenicity of different strains of
Xenorhabdus nematophila; Differential immunosuppressive
activities and secondary metabolite production. - J. Invertebr.
Pathol. 166: 107221.

KAPIL, AHLAWAT D.S., YADAV S.S., BHALL R., VIPUL.
2022 - Seasonal abundance and impact of abiotic factors on
major sucking pests of brinjal. - J. Entomol. Zool. Stud. 10:
165-168.

KHATUN S., MOLLAH M.M.L, 2023 - Improved soil fertility level
increases the growth and yield of soybean by enhancing chloro-
phyll content. - Entomol. Appl. Sci. Lett. 10: 43-9.

KUNBHAR S., RAJPUT L.B., GILAL A.A., CHANNA G.A,,
SAHITO J.G.M., 2018 - Impact of botanical pesticides against
sucking insect pests and their insect predators in brinjal crop. -
J. Entomol. Zool. Stud. 6: 83-87.

LEWIS K.A., TZILIVAKIS J., WARNER D., GREEN A., 2016 - An
international database for pesticide risk assessments and man-

OPEN 8 ACCESS



press

N

agement. - Hum. Ecol. Risk Assess. Int. J. 22: 1050-1064.

MOLLAH M.M.I., 2023 - Spatzle processing enzyme is required to
activate dorsal switch protein 1 induced Toll immune signaling
pathway in Tenebrio molitor. - PLoS ONE. 18: ¢0291976.

MOLLAH M.M.I.,, HASSAN N., KHATUN S., RAHMAN M.M.,
2023 - Bacillus thuringiensis increases the efficacy of bio-pesti-
cides against eggplant shoot and fruit borer, Leucinodes
orbonalis Guenee. — J. Nat. Pest. Res. 6: 100055.

MOLLAH M.M.1,, 2022 - Insect pests of heat tolerant country bean
(Lablab purpureus L.) in Bangladesh. In: Research aspects in
biological science. Vol. 9. BP Inter Publishers: 116-124 pp.

MOLLAH M.M.I, RAHMAN M.M., ALAM M.Z., HOSSAIN
M.M. 2013a - Yield performance of heat tolerant country bean
(Lablab Purpureus Lin.) as influenced by insecticides during
Kharif season. — J. Entomol. Zool. Stud. 1: 1-6.

MOLLAH M.M.L, RAHMAN M.M., MIAH M.A., MALA M.,
HASSAN M.Z., 2013b - Efficacy of insecticides on the inci-
dence and infestation of lablab bean aphid (Aphis craccivora
Koch) under field conditions. — J. Patuakhali Sci. and Tech. Uni.
4: 53-59.

MOLLAH M.M.I, RAHMAN M.M., KHATUN S., MALA M.,
2017a - Insect pest complex of year-round country bean (Lablab
purpureus L.) during summer season. - SCIREA J. Agric. 1:
186-196.

MOLLAH M.M.I.,, RAHMAN M.M., KHATUN S., MALA M.,
AKON M.R., 2017b - Toxicity of botanical and chemical insec-
ticides on stink bug complex (Heteroptera: Pentatomidae) in
lablab bean (Lablab purpureus Lin.) field. — J. Entomol. Zool.
Stud. 5: 537-541.

MOLLAH M.M.I,, RAHMAN M.M., ALAM M.Z., 2012a - Toxic
effect of some insecticides on predatory lady bird beetles
(Coleoptera: Coccinellidae) in country bean (Lablab purpureus
L.) Field. - World J. Zool. 7: 347-350.

MOLLAH M.M.I., KHATUN S., 2023 - Evaluation of insecticides
against bean pod borer and its larval parasitoids, Tachinid fly. —
Arch. Phytopathol. Plant Protect. 56: 547-559.

MOLLAH M.M.I, HASSAN N., KHATUN S., RAHMAN M.M.,
2022a - Sequential application of biopesticides suppress egg-
plant shoot and fruit borer, Leucinodes orbonalis G. infestation.
—J. Entomol. Zool. Study. 10: 140-146.

MOLLAH M.M.I, HASSAN N., KHATUN 8., 2022b - Evaluation

OPEN 8 ACCESS

of Microbial Insecticides for the Management of Eggplant Shoot
and Fruit Borer, Leucinodes orbonalis Guenee. — Entomol.
Appl. Sci. Lett. 9: 9-18.

MOLLAH M.M.I, YEASMIN F, KIM Y., 2020a -
Benzylideneacetone and other phenylethylamide bacterial
metabolites induce apoptosis to kill insects. — J. Asia Pacific
Entomol. 23: 449-457.

MOLLAH MM.I, DEKEBO A., KIM Y., 2020b -
Immunosuppressive activities of novel PLA, inhibitors from
Xenorhabdus hominickii, an entomopathogenic bacterium. -
MDPI Insects. 11: 505.

MOLLAH M.M.IL, KIM Y., 2020 - Virulent secondary metabolites
of entomopathogenic bacteria genera, Xenorhabdus and
Photorhabdus, inhibit phospholipase A, to suppress host insect
immunity. - BMC Microbiol. 20: 359.

MOLLAH M.M.1,, 2024 - Ligands of HMG-like dorsal switch pro-
tein 1 of Spodoptera exigua leads to mortality in diamondback
moth, Plutella xylostella. - Heliyon 10: ¢27090.

MOLLAH M.M.I., AHMED M.S., KIM Y., 2021 - Immune media-
tion of HMG-like DSP1 via Toll Spatzle pathway and its specific
inhibition by salicylic acid analogs. - PLoS Pathogens. 17:
¢1009467.

MOLLAH MM.I, RAHMAN M.M., ALAM M.Z., 2012b -
Efficacy of different insecticides against pod borer, Maruca tes-
tulalis (Geyer) on country bean. - Bangladesh J. Entomol. 22:
13-20.

MOLLAH M.M.L,, HASSAN N., 2023 - Efficacy of Trichoderma
harzianum, as a biological fungicide against fungal diseases of
potato, late blight, and early blight. — J. Nat. Pest. Res. 5:
100047.

SAS Institute Inc. 2002. SAS/STAT user’s guide, release 6.03, Ed.
Cary (NC).

SHARMA J.H., TAYDE A.R., 2017 - Evaluation of bio-rational pes-
ticides against brinjal fruit and shoot borer, Leucinodes
orbonalis Guen. on Brinjal at Allahabad Agroclimatic region. —
Int. J. Curr. Microbiol. Appl. Sci. 6: 2049-2054.

TOBIAS N.J., SHI Y.M., BODE H.B., 2018 - Refining the natural
product repertoire in entomopathogenic bacteria. - Trends
Microbiol. 26: 833-840.

[Journal of Entomological and Acarological Research 2024; 56:12398)]





