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Effect of Botanical Powders on controlling Pulse Beetle (Callosobruchus
maculatus Fabricius) in cowpea (Vigna unguiculata) seeds under Laboratory
Conditions
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Purpose: Adverse impacts of the application of synthetic pesticides, especially in stored grains, necessitate
considering alternate and safe methods for managing pests such as Callosobruchus maculatus in
warehouses. Therefore, the potential of various indigenous plant extracts was tested against C. maculatus
under laboratory conditions.

Research Method: Leaves of Azadirachta indica and Mentha longifolia, fruits of Citrullus colocynthus,
Allium sativum, and Trigonella foenum-graecum seeds at a rate of 2 grams in 100 grams of cowpeas along
with aluminum phosphine tablets were applied in separate jars that contained 5 fresh pairs of C. maculatus.
Observations were taken at 24 hours, 48 hours, and one week for the toxicity of botanicals, whereas the
population of beetles was also recorded monthly for three months.

Findings: All botanicals were found to be effective in causing mortality of C. maculatus adults. M.
longifolia, A. indica, and C. colocynthus caused 100% mortality of targeted C. maculatus within one week,
whereas aluminum phosphine took only 24 hours to kill all beetles with no further population development.
A gradual rise in C. maculatus population was recorded in T. foenum-graecum and A. sativum treatments,
whereas a slow growth was recorded in M. longifolia and A. indica. The highest population and maximum
weight loss were recorded in the control, whereas M. longifolia and A. indica treatments suffered lower
losses.

Originality/value: All the botanicals were found effective against C. maculatus, with M. longifolia
and A. indica being the most effective; hence, they may be applied for its management in warehouses.

Keywords: Botanical powder, Callosobruchus maculatus, stored cowpea grains.

INTRODUCTION

Callosobruchus maculatus F. (Coleoptera: Chrysomel-
idae) is considered one of the most damaging insect
pests of stored pulses with estimated losses of 90%
within 6 months of its infestation (Bibi et al., 2021;
Agour et al., 2022). Considering its huge damage to
pulses, mostly synthetic pesticides are used to manage
C. maculatus populations in the stored pulses (Kedia et
al., 2015). However, these pesticides adversely affect
humans and non-target organisms and can pollute soil
and water (Mahanta et al., 2021; Rani et al., 2021).

Therefore, various alternatives have been evaluated
against C. maculatus (Xie et al., 2020) in various
regions of the world that include the use of high
temperatures and UV-light radiation (Kalpna et al.,

2022) along with various phytochemicals (botanicals)
that have long been used for the management of
devastating insect pests, especially in the warehouses
(Basile et al., 2022).
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Accordingly, in recent years, plant extracts along
with secondary metabolites of plants have been
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getting popularity as potential alternatives to synthetic
pesticides in managing pest populations (Batiha et
al., 2021). The biopesticides have been found to
be very effective and target specific pests with a
minimum potential for developing resistance among
pest populations as well as have low hazardous to the
environment (Tozlu et al., 2011). Among botanicals,
neem (Azadirachta indica) has been successfully used
in various regions of the world against a variety of
stored grain pests, including C. maculatus (Radha
and Susheela, 2014; Saxena and Sayyed, 2018;
Akbar et al., 2022a, b). Many other indigenous plant
extracts, i.e., Erucas sativa, Brassica nigra, Allium
sativum, Curcuma longa, Citrus spp., and Eucalyptus
sp., have been evaluated against C. maculatus in
different countries based on their easy availability and
preparation (Saxena and Sayyed, 2018; Fouad et al.,
2020; Nizamani et al., 2020; Bibi et al., 2021; Ahmed
et al., 2022; Madavi et al., 2022).

Therefore, considering the effectiveness and easy
availability of botanicals in managing C. maculatus in
various regions of the world, studies were carried out
to determine the potential of various locally available
botanicals for their insecticidal performance against C.
maculatus under laboratory conditions.

MATERIALS AND METHODS

Collection and Preparation of Botanical Extracts

Fresh neem leaves (Azadirachta indica Linn.),
bitter apple fruits (Citrullus colocynthus Linn.), fenu-
greek seeds (Trigonella foenum-graecum), garlic fruits
(Allium sativum Linn.), and mint leaves (Mentha
longifolia Linn.) were collected from the local markets
or vicinities of the Sindh Agriculture University,
Tandojam, Pakistan. After collection, plant materials
were air-dried in the laboratory for seven days until
completely dried and then ground using a GEEPAS
model electric grinder (China GCG289). The obtained
powder was sieved through a fine muslin cloth with
a pore size of 2 mm to get fine powders, which
were stored in separate clean plastic jars with proper
labeling.

Experimental Design, Data Collection, and
Analysis

Each botanical powder was applied at the rate
of 2%, i.e., 2 grams into 100 grams of cowpea
seeds (Vigna unguiculata var. Rawan-2003) in separate
plastic transparent jars of 300 mL to observe their
effect on the mortality and population fluctuation

of C. maculatus. After application, each botanical
treatment was shaken thoroughly with cowpea seeds
for three minutes to create a homogenous mixture in
the jar. In addition to botanical powder treatments,
two control treatments were also used: a positive
control using aluminum phosphine tablets applied at its
recommended dose (0.25 grams per square foot), and a
negative control (without any botanical insecticide).

After treatment application, five freshly emerged
pairs (10 individual insects: five males and five
females) of C. maculatus were released into individual
jars, which were covered with muslin cloth and secured
with elastic rubber bands to ensure aeration and
containment of the insects. All treatments were placed
in separate plastic cages of 2 cubic square feet to
avoid cross-treatment interference, particularly from
aluminum phosphine tablets. The moisture content of
cowpea seeds in all treatments was adjusted to 12%
before insect release and treatment application.

The experiment followed a Completely Random-
ized Design (CRD) with five replications. Toxicity of
botanical powders against C. maculatus was recorded
at 24 hours, 48 hours, and 7 days post-application.
Population data of live and dead adult C. maculatus
were collected monthly for three consecutive months.
At the end of the third month, 100 seeds from
each treatment replication were randomly sampled to
determine the number of damaged and undamaged
grains. Additionally, seed weight was measured to
assess weight loss due to feeding activity of C.
maculatus.

The following formulas were used:

% damaged grains =
(

damaged grains
total grains

)
× 100

%WL =

(
FWG
IWG

)
× 100

WL = Weight loss; FWG = Final weight of grains; IWG
= Initial weight of grains.

A separate experiment was conducted to assess
the impact of the above treatments on the germina-
tion capability of cowpea seeds. Ninety days post-
treatment, ten seeds from each replicated treatment
were randomly selected and placed on moist filter paper
in petri dishes. These were kept for seven days at ambi-
ent laboratory conditions (30 ± 2 ◦C) temperature and
(60 ± 5%) relative humidity). Germinated seeds were
counted, and germination percentage was determined
accordingly.
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Statistical Analysis

Analysis of Variance (ANOVA) was employed for
data analysis. Means showing significant differences
were separated using the Least Significant Difference
(LSD) test at a 5% probability level. The software
STATISTIX 8.1 was used for performing statistical
analysis.

RESULTS AND DISCUSSION

It was observed in the study that all the botanical
powders used were effective in causing mortality
among adults of C. maculatus, as a rise in adult
mortality was recorded over time (Fig.01). The
percentage mortality of C. maculatus recorded 24 hours
after the application of botanical powders, aluminum
phosphine, and control treatments showed a highly
significant difference (F = 42.70, P < 0.001)
among the treatments. All treated adults were found
dead in the aluminum phosphine treatment (positive
control), whereas no mortality was recorded in the
control (negative control). Among botanical powders,
the highest mortality percentage (68.00 ± 5.83%) of
adult C. maculatus was recorded in M. longifolia, but
it was not significantly different from the mortality
recorded in A. indica (60.00± 7.07%), C. colocynthus
(58.00 ± 3.74%), and T. foenum-graecum (56.00 ±
5.10%) treatments. Significantly, the lowest mortality
percentage after 24 hours of exposure was recorded in
A. sativum (50.00± 4.47%) (Fig.01).

A rise in adult mortality was further observed after
48 hours and 7 days of the application of botanical
powders, with significant differences among treatments
(F = 53.30, P < 0.001 and F = 277.00, P < 0.001,
respectively) (Fig.01). After 48 hours, although 100%
mortality was observed in the aluminum phosphine
treatment, it was not significantly different from the
mortality recorded in M. longifolia (90.00 ± 4.47%).
The mortality percentages in A. indica (82.00±6.63%),
A. sativum (80.00 ± 4.47%), and C. colocynthus
(78.00 ± 3.74%) were also not significantly different
from that of M. longifolia. The lowest mortality
(72.00 ± 5.83%) was observed in T. foenum-graecum,
but it was also not significantly different from the
above-mentioned three treatments.

After 7 days, 100% mortality of adult C. maculatus was
recorded in the aluminum phosphine, M. longifolia, A.
indica, and C. colocynthus treatments. Significantly
different mortality percentages were recorded in A.
sativum, T. foenum-graecum, and control treatments as
90.00 ± 3.16%, 82.00 ± 3.74%, and 6.00 ± 2.45%,

respectively (Fig.01).
The application of botanical powders and aluminum
phosphate not only caused significant mortality of
C. maculatus adults but also elicited a substantial
impact on its further population development (Fig.02).
According to the results, no alive adult C. maculatus
was observed in any of the treatments (including
control) after one month of observation; that may be
due to the mortality of released beetles either due to the
application of various treatments or their short adult
longevity. Moreover, no population of adult beetles was
recorded in the aluminum phosphine treatment during
the entire study duration, whereas a rapid increase
in the beetle population was recorded in the negative
control treatment, especially during the 3rd month after
the application of various treatments (Fig.02).

A gradual increase in the population of adult alive
C. maculatus was recorded in various botanical
powder treatments, especially T. foenum-graecum
and A. sativum, whereas a slow increase in the alive
population was recorded in M. longifolia and A. indica
treatments. Accordingly, the highest mean population
after the 2nd and 3rd months of observations was
recorded in the negative control (55.80 ± 7.10 and
656.80±32.82 beetles, respectively). Among botanical
powder treatments, the highest mean population of
alive C. maculatus after the 2nd and 3rd months was
recorded in T. foenum-graecum (27.80 ± 3.65 and
99.40 ± 8.21 beetles, respectively), but the same was
not significantly different from the population observed
in A. sativum treatments with a mean population of
20.20± 6.42 and 58.40± 11.67 beetles, respectively.

Overall, the minimum adult population of alive C.
maculatus at the end of the 2nd and 3rd months of
observation was recorded in M. longifolia with a mean
population of 4.80 ± 1.07 and 28.60 ± 6.84 beetles,
respectively, but the same were not significantly
different from the mean population recorded in the A.
indica treatment with a mean population of 11.60±2.56
and 47.60 ± 9.11 beetles, respectively. Thus, a highly
significant difference was recorded among treatments
with respect to the population of alive adult C.
maculatus after the 2nd (F = 19.00, P < 0.001)
and 3rd (F = 254.00, P < 0.001) months of
their application. Figure 03 shows the results of the
effect of botanical powders along with aluminum
phosphine (positive control) and control (negative
control) treatments on the monthly mean population
of dead adult C. maculatus. The results confirmed a
significant difference in the mean population of dead
C. maculatus after the 1st (F = 391.00, P < 0.001),
2nd (F = 3.43, P = 0.0115), and 3rd (F = 16.50,
P < 0.001) months of observations. At the end of the
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Figure 1: Effect of selected botanical powders on the mortality percentage of Callosobruchus maculatus adults in
cowpea seeds under laboratory conditions.
*Means followed by same letters against each observation interval are not significantly different from each other
at P < 0.05 (LSD values: 24-hours = 13.139, 48-hours = 12.769, 7-days = 5.9971).

Figure 2: Effect of botanical powders on monthly mean population of alive Callosobruchus maculatus adults in
cowpea seeds.
*Means followed by same letters against each observation intervals are not significantly different from each other
at P < 0.05 (LSD values 2-months = 12.323, 3-months = 42.201.

1st month, the dead adults were only recorded in the
control (9.40 ± 0.24 beetles) and T. foenum-graecum
(1.40±0.40 beetles). Moreover, the highest and lowest
mean populations of dead C. maculatus adults after
two months of application of various treatments were
recorded in T. foenum-graecum (4.00 ± 0.71 beetles)
and A. sativum (2.20±0.58 beetles) treatments. A rapid
increase in the population of dead C. maculatus adults
was recorded during the 3rd month in cowpeas. The
significantly highest mean population was recorded in
the negative control (55.20 ± 7.36 beetles), followed
by T. foenum-graecum (35.80 ± 4.39 beetles). The
significantly lowest dead adults after three months
were recorded in M. longifolia (8.00 ± 1.73 beetles),
but the same was not significantly different from
the dead adult population recorded in the A. indica
(12.80 ± 2.48 beetles) treatment. Results of the
application of botanical powders along with aluminum

phosphine and negative control on the percentage
damage of cowpea seeds by C. maculatus are given
in Figure 04. The application of botanical powders
caused a significant reduction in the damage by C.
maculatus in cowpea seeds, as all the treatments
suffered significantly lower losses compared to the
negative control treatment. According to the results,
cowpea seeds in the negative control treatment suffered
significantly the highest damage by C. maculatus with
respect to the percentage of damaged grains (100%)
and weight loss (89.80±2.06%), whereas no damage to
cowpea seeds was recorded in the aluminum phosphine
treatment. Among botanical powder treatments, the
lowest percentage of damaged grains (7.40 ± 1.29%)
and weight loss (4.80 ± 0.97%) was recorded in M.
longifolia, but it was not significantly different from A.
indica with a percentage of damaged grains and weight
loss of 9.40 ± 1.60% and 7.60 ± 1.03%, respectively.
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Figure 3: Effect of botanical powders on monthly mean population of dead Callosobruchus maculatus adults in
cowpea seeds .
*Means followed by same letters against each observation intervals are not significantly different from each other
at P < 0.05 (LSD values 1-month = 0.5136, 2-months = 1.9769, 3-months = 13.239).

Figure 4: Impact of various botanical powders on percentage loss of cowpea seeds by Callosobruchus maculatus
.
* Means followed by same letters in each category are not significantly different from each other at P < 0.05
(LSD value: % damage grains = 4.5118, % weight loss = 4.2179)

The percentage of damaged grains recorded in the
remaining treatments, i.e., C. colocynthis, A. sativum,
and T. foenum-graecum, were 14.60± 2.06%, 16.00±
1.70%, and 21.00 ± 2.37%, respectively, whereas
the percentage of weight loss in the same treatments
was observed as 10.00 ± 1.22%, 13.20 ± 2.03%,
and 16.60 ± 1.72%, respectively. Thus, statistically,
a significant difference was recorded among various
botanical powder treatments and control treatments
with respect to the percentage of damaged cowpea
seeds (F = 481.0, P < 0.001) and weight loss
(F = 457.0, P < 0.001). Results regarding the effect
of various botanicals along with aluminum phosphate
and control treatments on the germination percentage
of cowpea seeds have been given in Figure 05. No
significant (F = 1.00, P = 0.448) effect of the
application of various treatments was recorded on
the germination capability of the cowpeas. According

to the results, 100% germination of cowpea seeds
was recorded in the control and aluminum phosphate
treatments, whereas germination percentages recorded
among other treatments, i.e., M. longifolia, A. indica,
A. sativum, C. colocynthis, and T. foenum-graecum,
were 97.00 ± 2.00%, 98.00 ± 2.00%, 96.00 ± 2.45%,
99.00± 1.00%, and 96.00± .

All the botanicals used in the study, i.e., A. indica,
C. colocynthis, T. foenum-graecum, A. sativum,
and M. longifolia, were found effective against C.
maculatus, as all of these not only cause mortality
of the adults but also cause significant reduction
in its further population development. However,
there was a significant difference among botanical
powders and synthetic aluminum phosphine tablets
used in the study, as aluminum phosphine caused
100% mortality of the C. maculatus adults with
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Figure 5: Impact of various botanical powders used against Callosobruchus maculatus on germination percentage
of cowpea seeds .
* Means followed by same letters are not significantly different from each other at (LSD = 5.0176, P < 0.05)

no further population development in the treatment.
Among botanical powders, M. longifolia and A.
indica were found to be the most effective with
respect to mortality and population reduction of C.
maculatus, whereas T. foenum-graecum and A. sativum
were found comparatively less effective. Considering
the target specificity and less hazardous effect of
botanicals, their use has shown an increasing trend
in agriculture, especially against stored grain pests,
including Callosobruchus spp. Therefore, a large
number of plant powders, extracts, and essential oils
have been used either as repellents or insecticides
against a huge range of stored grain pests. Among the
botanicals, A. indica plant extracts and neem products
are widely used against dangerous insect pests, both
in the field and in the warehouse, since ancient times,
mainly because of their wide range of actions against
target pests.

A recent study evaluating the repellency of five
botanicals against C. maculatus also found A. indica
to be the most effective repellent, followed by Melia
azedarach, whereas Nicotiana tabacum, N. rustica,
and Thuja orientalis were comparatively less repellent
for C. maculatus adults. However, Akbar et al. (2022a)

recorded 80.56% mortality of C. maculatus with A.
indica extracts, whereas 100% and 86.11% mortality
was recorded with the application of 3% (v/v) extracts
of N. tabacum and N. rustica, respectively. Saxena
and Sayyed (2018) also found that extracts of A.
indica, A. sativum, Curcuma longa, Citrus sinensis,
Citrus limon, Murraya koenigii, and Eucalyptus sp.
have the repellent and insecticidal potential against C.
maculatus. Among these botanicals, A. indica caused
maximum mortality (58%), followed by A. sativum
(52.66%) and C. longa (49.33%), whereas A. indica
also exhibited a maximum repellency index (IR) value
of 0.53, followed by A. sativum (IR = 0.66). The
results of the above-mentioned studies supported our
findings, as besides M. longifolia, A. indica also caused
100% mortality of C. maculatus within 7 days of the
exposure. Moreover, both these treatments, i.e., M.
longifolia and A. indica, caused significant reduction
in the future population development and damage of
C. maculatus. Considerable reduction in the population
of beetles was also recorded by Radha and Susheela
(2014) with the application of A. indica extracts,
as Dubey et al. (2008) reported that azadirachtin
in A. indica is mainly responsible for affecting the
feeding, growth, molting, and reproduction of insects.
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Accordingly, many other studies also confirmed the
insecticidal potential of A. indica extracts and oils
against a wide variety of stored grain pests, including
Callosobruchus spp., as their results were found to be
at par with the synthetic insecticides.

Among the botanicals, M. longifolia was most effective
with respect to mortality and future population
reduction of C. maculatus; hence, cowpea seeds
suffered the lowest damage in the treatment that
was comparable to synthetic aluminum phosphine.
Mirshekar (2021) evaluated the essential oils of M.
longifolia and M. mozaffarianii against C. maculatus
and found that M. mozaffarianii essential oil was
comparatively more toxic and repellent than M.
longifolia with LC50 values after 96 hours of 55.4
and 38.5 µL/L, respectively. The piperitenone oxide-
type M. longifolia essential oil and a 10% (w/w)
nano-emulsion of its essential oil were tested against
various stored grain pests of wheat, i.e., T. castaneum,
T. confusum, Tenebrio molitor L., Oryzaephilus
surinamensis L., and Acarus siro L. The results
suggested that both treatments were found effective
to cause significant mortality of all the targeted pest
species, as almost 100% mortality was recorded
for both larvae and adults. Shafaie et al. (2019a)
also confirmed comparatively more mortality of C.
maculatus than S. granaries with the application of
M. longifolia essential. Moreover, the insecticidal
potential of M. longifolia extracts and essential oils
has also been confirmed against many noxious stored
grain pests that include T. castaneum, T. confusum,
Sitophilus granaries, and O. surinamensis (Shafaie et
al., 2019b; Bhatti et al., 2020; Memon et al., 2020).
Moreover, most of these studies also confirmed that
the application of M. longifolia in stored grains could
result in lower grain damage by the pests. Therefore,
the insecticidal effectiveness of M. longifolia against
many stored grain pests, including C. maculatus,
supported the findings of our study, as its application
not only caused 100% mortality of adult C. maculatus
within seven days of exposure but also the lowest
grain damage and weight of cowpea seeds was also
observed in this treatment, which was not significantly
different from the commercial application of aluminum
phosphine tablets by commercial warehouse managers.

Besides, A. indica and A. sativum were also found to be
effective botanicals in our study that caused 90% adult
mortality and a considerable reduction in the number
of C. maculatus and reduced cowpea seed damage.
Studies of Boeke et al. (2004), Kosini et al. (2015), and
Nukenine et al. (2010) also reported that A. sativum
has insecticidal potential against C. maculatus, not
only causing the death of the targeted beetles but also

proving to be repellent with less population growth.
Allium sativum mainly affects the midgut of target
insects due to the presence of lectins in it, leading to
their death (Upadhyay and Singh, 2012).

It was also observed in the study that the application
of various botanical insecticides in cowpea seeds
against C. maculatus did have any significant impact
on their germination capability. Accordingly, the
germination of cowpea seeds recorded in treatments
ranged between 96% and 100%, showing no significant
variation among themselves. Talib (2020) also found no
significant impact of the application of three vegetable
oils (Cinnamomum cassia, Piper cubeba, and Mentha
spp.) along with untreated control against C. maculatus
on the germination capability of mung bean seeds,
as germination was recorded in the range of 77.5
to 87.5%. However, Sharma et al. (2016b) found a
significant reduction in the germination of pigeon pea
as compared to 96% germination in untreated control;
the seed germination recorded in neem essential oil
was 88.66%. The reduced germination percentage of
treated seeds recorded in this study in comparison
to our study may be because we used botanicals as
powders, whereas Sharma et al. (2016a) used neem
essential oils. However, Asawalam and Anaeto (2014)
observed significantly more germination of cowpea
seeds treated with various botanicals, including A.
sativum, than in the control treatment infested with C.
maculatus. Similarly, a significant effect of botanicals
was recorded on the germination of chickpea seeds
as compared to the control; a higher germination
percentage was recorded in Datura stramonium,
A. indica, and A. sativum treatments. Overall, the
application of botanical insecticides, particularly in
the shape of powder extracts, not only reduces the
infestation of C. maculatus but also does not exhibit
any negative impact on the germination capability of
the pulse grains.

CONCLUSIONS

All the botanical insecticides used in the study were
found effective to cause mortality of C. maculatus
adults and reduce its further population growth as
compared to growth; however, they varied in their
effectiveness. Mentha longifolia and A. indica were
found to be the most effective botanicals, as their
performance with respect to mortality, population
growth, and reduction in percentage damage was
comparable with the synthetic aluminum phosphine
tablets used in the study. The minimum percentage
of damaged grains and weight loss was also recorded
in M. longifolia and A. indica treatments, whereas
untreated controls suffered maximum beetle popula-
tion, percentage of damaged grains, and weight loss.
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Moreover, no significant difference in the germination
percentage of cowpea seeds was recorded among
various treatments. Therefore, it is suggested that the
application of M. longifolia and A. indica powders may
be evaluated in the warehouses to protect the stored
pulses from C. maculatus that may also lower the

adverse effects of the synthetic pesticides.

Declaration of interest statement

Authors declared no conflict of interest.

REFERENCES

Agour, A., Mssillou, I., Mechchate, H., Es-Safi, I., Allali, A., Barnossi, A.E., Al Kamaly, O., Alshawwa, S.Z.,
El Moussaoui, A., Bari, A. and Lyoussi, B. (2022). Brocchia cinerea (delile) vis. essential oil antimicrobial
activity and crop protection against cowpea weevil Callosobruchus maculatus (Fab.). Plants, 11(5), 583.
DOI: https://doi.org/10.3390/plants11050583.

Ahmed, A.M., Khoso, F.N., Alhilfi, A.Z.A., Otho, S.A., Ali, Q., Soomro, D.M. and Soomro, Z.A. (2022). Efficacy
of plant seed oils against Callosobruchus maculatus L. on chickpea grains. Sarhad Journal of Agriculture,
38(5), 222-233. https://dx.doi.org/10.17582/journal.sja/2022/38.5.222.233

Akbar, R., Khan, I.A., Alajmi, R.A., Ali, A., Faheem, B., Usman, A., Ahmed, A.M., El-Shazly, M., Farid,
A., Giesy, J.P. and Aboul-Soud, M.A. (2022a). Evaluation of insecticidal potentials of five plant extracts
against the stored grain pest, Callosobruchus maculatus (Coleoptera: Bruchidae). Insects, 13(11), 1047.
https://doi.org/10.3390/insects13111047

Akbar, R., Khan, I.A., Faheem, B., Azad, R., Zaman, M., Altaf, R., Usman, A., Fawad, M., Farid,
A., Saljoqi, A.U.R. and Qayyum, A. (2022b). Biorational control of Callosobruchus maculatus
(Coleoptera: Buchidae) in stored grains with botanical extracts. BioMed Research International, 3443578.
https://doi.org/10.1155/2022/3443578

Asawalam, E.F. and Anaeto, C.G. (2014). Laboratory evaluation of five botanicals as protectants against cowpea
bruchid Callosobruchus maculatus F.(Coleoptera: Bruchidae) on stored cowpea. Advancement in Medicinal
Plant Research, 2(2), 41-46. https://www.netjournals.org/pdf/AMPR/2014/2/14-020.pdf

Basile, S., Badalamenti, N., Riccobono, O., Guarino, S., Ilardi, V., Bruno, M. and Peri, E. (2022).
Chemical composition and evaluation of insecticidal activity of Calendula incana subsp. maritima and
Laserpitium siler subsp. siculum essential oils against stored products pests. Molecules, 27(3), 588.
https://doi.org/10.3390/molecules27030588

Batiha, G.E.S., Hussein, D.E., Algammal, A.M., George, T.T., Jeandet, P., Al-Snafi, A.E., Tiwari, A., Pagnossa,
J.P., Lima, C.M., Thorat, N.D. and Zahoor, M. (2021). Application of natural antimicrobials in food
preservation: Recent views. Food Control, 126, 108066. https://doi.org/10.1016/j.foodcont.2021.108066

Bhatti, M.A., Rajput, L.B., Gilal, A.A., Sahito, J.G.M., Brohi, M.U. and Chandio, S.A. (2020).
Relative performance of different concentrations of mint (Mentha longifolia L.) against Tribolium
castaneum (Coleoptera: Tenebrionidae) in wheat. Pure and Applied Biology (PAB), 9(4), 2470-2475.
http://dx.doi.org/10.19045/bspab.2020.90262

Bibi, R., Tariq, R.M., Abdelgaleil, S.A. and Rasheed, M. (2021). Insecticidal Potential of Botan-
icals from red seaweeds against stored grain pests, rice weevil (Sitophilus oryzae L.) and
Cowpea Weevil (Callosobruchus maculatus Fab.). Pakistan Journal of Zoology, 54(4), 1657-1664.
https://dx.doi.org/10.17582/journal.pjz/20190819070846

Boeke, S.J., Barnaud, C., van Loon, J.J., Kossou, D.K., van Huis, A. and Dicke, M. (2004). Efficacy of plant
extracts against the cowpea beetle, Callosobruchus maculatus. International Journal of Pest Management,
50(4), 251-258. https://doi.org/10.1080/09670870410001702206

Dubey, N.K., Srivastava, B. and Kumar, A. (2008). Current status of plant products as
botanical pesticides in storage pest management. Journal of Biopesticides, 1(2), 182-186.
http://www.jbiopest.com/users/lw8/efiles/N.K.Dubey44.pdf

179

https://doi.org/10.3390/plants11050583
SINGER
Rectangle



The Journal of Agricultural Sciences - Sri Lanka, 2025, Vol. 20 No 2

Fouad, H.A., Abdelmeged, H.B. and Salman, A.M.A. (2020). Insecticidal activity of six botanical powders against
the cowpea seed beetle Callosobruchus maculatus F. (Coleoptera: Bruchidae). Journal of Plant Protection
and Pathology, 11(4), 237-240. https://doi.org/10.21608/JPPP.2020.96011

Iqbal, H., Jahan, N., Ur-Rehman, K. and Jamil, S. (2022). Formulation and characterisation of Azadirachta indica
nanobiopesticides for ecofriendly control of wheat pest Tribolium castaneum and Rhyzopertha dominica.
Journal of Microencapsulation, 39(7-8), 1-44. https://doi.org/10.1080/02652048.2022.2149870

Kalpna, Hajam, Y.A. and Kumar, R. (2022). Management of stored grain pest with special ref-
erence to Callosobruchus maculatus, a major pest of cowpea: A review. Heliyon, e08703.
https://doi.org/10.1016/j.heliyon.2021.e08703

Kavallieratos, N.G., Nika, E.P., Skourti, A., Xefteri, D.N., Cianfaglione, K., Perinelli, D.R., Spinozzi, E.,
Bonacucina, G., Canale, A., Benelli, G. and Maggi, F. (2022). Piperitenone oxide-rich Mentha longifolia
essential oil and its nanoemulsion to manage different developmental stages of insect and mite pests
attacking stored wheat. Industrial Crops and Products, 178, 114600. https://doi.org/10.1016/j.indcrop.2022.
114600

Kedia, A., Prakash, B., Mishra, P.K., Singh, P. and Dubey, N.K. (2015). Botanicals as ecofriendly biorational
alternatives of synthetic pesticides against Callosobruchus spp. (Coleoptera: Bruchidae)—a review. Journal
of Food Science and Technology, 52(3), 1239-1257. https://doi.org/10.1007/s13197-013-1167-8

Kosini, D., Nukenine, E.N. and Tofel, K.H. (2015). Efficacy of Cameroonian Ocimum cannon leaf extract fraction
against Callosobruchus maculatus, infesting Bambara groundnut. Journal of Entomology and Zoology
Studies, 3, 487–494. https://doi.org/10.1007/s42398-018-00029-x

Madavi, P.N., Sadawarte, A.K., Undirwade, D.B., Moharil, M.P. and Satpute, N.S. (2022). Repellent impact
of botanicals against store grain pests pulse beetle (Callosobruchus chinensis). The Pharma Innovation
Journal, 11(8), 1823-1825.

Mahanta, K., Rajkhowa, D.J., Kumar, M. and Verma, H. (2021). Impact of herbicides used in agriculture: benefits
and hazards. Biotica Research Today, 3(11), 999-1001. https://biospub.com/index.php/biorestoday/article/
view/1199

Memon, S., Sahto, J.G.M., Bashir, L., Nizamani, I.A. and Rajput, A.Q. (2020). Relative efficacy of different
concentrations of mint (Mentha longifolia) against Tribolium confusum (Coleoptera: Tenebrionidae).
Journal of Applied Research in Plant Sciences, 1(2), 59-64. https://doi.org/10.38211/joarps.2020.1.2.9

Mirshekar, A. (2021). Chemical composition and insecticidal activities of Mentha longifolia and Mentha
Mozaffarianii essential oils against Callosobruchus maculatus. Chemical Methodologies, 5(6), 454-463.
https://doi.org/10.22034/chemm.2021.136811

Moreira, M.D., Picanço, M.C., Barbosa, L.C.D.A., Guedes, R.N.C., Campos, M.R.D., Silva, G.A. and Martins,
J.C. (2007). Plant compounds insecticide activity against Coleoptera pests of stored products. Pesquisa
Agropecuária Brasileira, 42, 909-915. https://doi.org/10.1590/S0100-204X2007000700001

Nizamani, B., Agha, M.A., Ali, Q., Hussain, A., Manghwar, H., Kamran, M., Keerio, A.A., Solangi, Z.A., Lashari,
M.A. and Soomro, D.M. (2020). Influence of indigenous plant materials on reproductive performance of
Callosobruchus chinensis (L.) (Coleoptera: Bruchidae) on chickpea. International Journal of Tropical Insect
Science, 40(4), 1003-1011. https://doi.org/10.1007/s42690-020-00158-z

Nukenine, E.N., Adler, C. and Reichmuth, C. (2010). Bioactivity of fenchone and Plectranthus glandulosus oil
against Prostephanus truncatus and two strains of Sitophilus zeamais. Journal of Applied Entomology,
134(2), 132-141. https://doi.org/10.1111/j.1439-0418.2009.01439.x

Pathania, M. and Thakur, A.K. (2020). Effect of plant products on oviposition, adult emergence and weight loss
of pulse beetle, Callosobruchus chinensis (Linn.) in stored black gram grains. Journal of Entomology and
Zoology Studies, 8(3), 2070-2073. https://www.entomoljournal.com/archives/2020/vol8issue3/PartAI/9-1-
217-857.pdf

180

https://doi.org/10.1016/j.indcrop.2022.114600
https://doi.org/10.1016/j.indcrop.2022.114600
https://doi.org/10.1007/s13197-013-1167-8
https://doi.org/10.1007/s42398-018-00029-x
https://biospub.com/index.php/biorestoday/article/view/1199
https://biospub.com/index.php/biorestoday/article/view/1199
https://doi.org/10.38211/joarps.2020.1.2.9
https://doi.org/10.22034/chemm.2021.136811
https://doi.org/10.1590/S0100-204X2007000700001
https://doi.org/10.1007/s42690-020-00158-z
https://doi.org/10.1111/j.1439-0418.2009.01439.x
https://www.entomoljournal.com/archives/2020/vol8issue3/PartAI/9-1-217-857.pdf
https://www.entomoljournal.com/archives/2020/vol8issue3/PartAI/9-1-217-857.pdf


The Journal of Agricultural Sciences - Sri Lanka, 2025, Vol. 20 No 2

Radha, R. and Susheela, P. (2014). Efficacy of plant extracts on the toxicity, ovipositional deterrence and
damage assessment of the cowpea weevil, Callosobruchus maculatus (Coleoptera: Bruchidae). Journal of
Entomology and Zoology Studies, 2(3), 16-20. https://www.entomoljournal.com/archives/2014/vol2issue3/
PartA/1.pdf

Rani, L., Thapa, K., Kanojia, N., Sharma, N., Singh, S., Grewal, A. S. and Kaushal, J. (2021). An extensive
review on the consequences of chemical pesticides on human health and environment. Journal of Cleaner
Production, 283, 124657. https://doi.org/10.1016/j.jclepro.2020.124657

Sami, A.J., Bilal, S., Khalid, M., Nazir, M.T. and Shakoori, A. R. (2018). A comparative study of inhibitory
properties of saponins (derived from Azadirachta indica) for Acetylcholinesterase of Tribolium castaneum
and Apis mellifera. Pakistan Journal of Zoology, 50(2), 725-733. http://dx.doi.org/10.17582/journal.pjz/
2018.50.2.725.733

Saxena, B. and Sayyed, R.Z. (2018). Botanical insecticides effectively control chickpea weevil, Callosobruchus
maculatus. Environmental Sustainability, 1(3), 295-301. https://doi.org/10.1007/s42398-018-00029-x

Shafaie, F., Aramideh, S., Valizadegan, O., Safaralizadeh, M.H. and Hosseini-Gharalari, A. (2019a). Efficacy
of herbal essential oils against cowpea weevil, Callosobruchus maculatus Fabricius, and wheat weevil,
Sitophilus granarius L. Oriental Journal of Chemistry, 35(3), 1174. http://dx.doi.org/10.13005/ojc/350337

Shafaie, F., Aramideh, S., Valizadegan, O. and Safaralizadeh, M.H. (2019b). Bioactivity of essential oils, extracts
and powders of Cupressus arizonica Greene, Juniperus communis L. and Mentha longifolia L. on three
stored product pests. Thai Journal of Agricultural Science, 52(4), 205-219. https://li01.tci-thaijo.org/index.
php/TJAS/article/view/246045

Sharma, R., Devi, R., Soni, A., Sharma, U., Yadav, S., Sharma, R. and Kumar, A. (2016a). Growth and
developmental responses of Callosobruchus maculatus (F.) on various pulses. Legume Research, 39(5), 840-
843. http://dx.doi.org/10.18805/lr.v39i5.3774

Sharma, R., Devi, R., Yadav, S., Sharma, R., Sharma, U., Kumar, A. and Godara, P. (2016b). Effect of some
botanicals against pulse beetle, Callosobruchus maculatus (F.) infesting pigeonpea. Legume Research, 39(6),
1043-1047. http://dx.doi.org/10.18805/lr.v39i6.6647

Solihu, A.A., Uddin II, O.R., Babatunde, S.F. and Gambari, L.I. (2021). Efficacy of neem leaf (Azadirachta indica),
bitter leaf (Vernonia amygdalina) and pawpaw leaf (Carica papaya) powder in the control of Callosobruchus
maculatus in stored cowpea. Selcuk Journal of Agriculture and Food Sciences, 35(1), 49-55. http://dx.doi.
org/10.15316/SJAFS.2020.228

Talib, Y.J. (2020). Efficacy of three botanical powders as mung bean grain protectants against Callosobruchus
maculatus (Fabricius) (Coleoptera: Bruchidae). Plant Archives, 20(1), 971-977. http://plantarchives.org/20-
1/971-977%20(5680).pdf

Tozlu, E., Cakir, A., Kordali, S., Tozlu, G., Ozer, H. and Akcin, T.A. (2011). Chemical compositions and
insecticidal effects of essential oils isolated from Achillea gypsicola, Satureja hortensis, Origanum acutidens
and Hypericum scabrum against broadbean weevil (Bruchus dentipes). Scientia Horticulturae, 130(1), 9-17.
https://doi.org/10.1016/j.scienta.2011.06.019
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