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Abstract

Callosobruchus maculatus (Fabricius) (Coleoptera: Chrysomelidae) is a significant pest of
legumes, exhibiting oligophagous feeding behavior. Infestation by this pest during storage can
result in substantial economic losses, as its larvae consume the seed endosperm, leaving the
seeds hollow and thereby reducing both their quantity and quality. The aim of this study was
to investigate the biology of C. maculatus and the extent of its damage to commercial mung
bean and cowpea in Makassar, Indonesia. The results showed that the population growth of C.
maculatus was significantly higher in mung bean (228.22 adults) compared to cowpea
(190.22 adults). This population growth also affected the average weight of the adults. For
females, not significant difference was observed, with an average weight of 1.66 mg/adult in
mung bean and 1.73 mg/adult in cowpea. In contrast, a significant difference was observed in
males, with an average weight of 1.12 mg/adult in mung bean and 1.06 mg/adult in cowpea.
The percentage of damaged beans was significantly higher in cowpea (95.16%) compared to
mung bean (78.95%). Similarly, the percentage of weight loss was significantly greater in
cowpea (31.69%) than in mung bean (22.65%). This damage and weight loss pose a serious
storage problem, reducing both the quality and quantity of beans.
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Introduction

Mung bean and cowpea, two essential
dietary staples in tropical and subtropical
regions such as Indonesia (1), offer
significant nutritional benefits. Renowned
for their high protein content, mung bean
have been extensively consumed by
populations worldwide. Their protein
content ranges from 20 to 30% (2), making
them a valuable dietary protein source.
Cowpea, on the other hand, provides a
balanced nutritional profile containing
approximately 22% protein, 15% fat,
and 60% carbohydrates. Despite their
nutritional value, these legumes face
significant challenges during storage
due to the prevalence of insect
infestations, such as the cowpea weevil,
Callosobruchus  maculatus  (Fabricius)
(Coleoptera: Chrysomelidae) (3 and 4).

The cowpea weevil is oligophagous in
nature allows it to infest a wide range of
legume species, including mung bean,
cowpea, adzuki beans, soybeans, pigeon
pea, bambara groundnut, and lentils (5).
This pest has a cosmopolitan distribution,
including Indonesia (6). Infestation by
C. maculatus in stored legumes can lead to
substantial economic losses. The larvae
consume the endosperm of the seeds,
rendering them hollow and reducing both
quantity and quality (7). Severe
infestations can also facilitate secondary
pest invasions and fungal contamination,
further diminishing the economic value of
infested seeds (8). Controlling C.
maculatus is challenging due to its rapid
life cycle and

Material and Methods

the high fecundity of females, which can
lay large numbers of eggs, leading to rapid
population growth (9).

Losses during storage caused by
C. maculatus infestation represent a
serious problem in legume preservation.
Legume seeds stored for six months may
experience up to 70% infestation and an
estimated yield loss of about 30%,
rendering them unsuitable for human
consumption (10). Economic losses due to
C. maculatus infestation in stored legumes
have been estimated at 35% in Central
America, 7-13% in South America, and
73% in Kenya (11). In Egypt, seed weight
loss commonly reaches 50% after only
three months of storage (12). This issue
warrants special attention given the critical
importance of ensuring adequate and
sustainable food availability (13).

Pest population growth is influenced by
various factors, including host quality.
Suitable hosts can enhance insect
population  growth,  survival, and
reproduction (14). Host suitability is
determined by factors such as nutritional
properties (15) and physical characteristics
of beans, including size, color, texture, and
hardness (12, 13, and 14). This study
aimed to investigate the biology of C.
maculatus on mung bean and cowpea in
Makassar, Indonesia, to better understand
its impact on stored legume commodities
and develop effective pest management
strategies.

Insect infestation, mung bean, and cowpea
were obtained from Daya traditional
market in Makassar, Indonesia (5°06'46"S

KJAS is licensed under a Creative Commons Attribution 4.0 International License. -.



http://creativecommons.org/licenses/by/4.0/

Kufa Journal for Agricultural Sciences-2025: 17(4): 155-164

Asra et al.

119°30'45"E) (Figure 1). Thirty unsexed
adults were introduced into a glass jar (h=9
cm; d=5.5 cm) with thirty grams of mung
bean and cowpea, each replicated nine
times, under laboratory conditions (28+2
°C; relative humidity (r.h.) 30+£10%). Each

glass jar was covered by organdy mesh and
sealed with rubber band. Insect infestations
were removed after seven days, and
number of F1 progeny was counted from
first emergence until no adults appeared
for five consecutive days (18).

et

Figure 1. Insect infestation, cowpea, and mung bean source from Daya

traditional market, Makassar, Indonesia

Twenty males and females C. maculatus of
their progeny were weighed separately
using an analytical balance (KK-LABR,
Panasonic Kenko®, Japan).

The percentage of damaged beans was
calculated using the formula (19).

Nd o
Narne < 100%

Damage bean (%) =

Nd = number of damaged beans
Nu = number of undamaged beans

While the percentage of beans weight loss
was calculated from the following formula
(20).

Weight loss (%) = X100%

W1 = weight of the beans before the assay
W = weight of the beans at the end of the
assay.

All observation parameters were tested for
normality using the Shapiro-Wilk test and
for homogeneity using Levene’s test to
meet the assumptions. All analyses were
done by Microsoft Office Excel 16.86
version for one-tailed independent T-test
and their box plots. Additionally, R-Studio
3.6.0 version 2.0 package was employed
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for the creation of heat maps to visualize
the relationships between biological

Results and Discussion

Biological Performance of

C. maculatus

The F1 progeny of C. maculatus on mung
bean (228.22 adults) and cowpea (190.22
adults) exhibited a significant difference (P
< 0.05) (Figure 2a). The number of F:
progeny was higher on mung bean
compared to cowpea. Various factors
influence the development and survival of
C. maculatus on different legume species.
Grain characteristics, such as seed surface
texture and nutritional content, play crucial
roles (6 and 18). Some of the observed
variation can be explained by seed texture,
for instance, the smooth seed coat of mung
bean, which facilitates oviposition and
larval development by C. maculatus (23
and 24). Additionally, the nutritional
balance of the beans significantly impacts
insect development. Mung bean contain
30% more protein than cowpea (2),
providing a more suitable nutrient
composition for
C. maculatus growth (22).

Population density can also influence
insect development. The higher number of
beans in the tested mung bean samples
resulted in a lower population density.
High population density can induce stress
in insects, impacting their growth and
development (25). Moreover, bean size can
affect adult emergence success. Larger
beans may allow for more eggs to be laid,
but they may also lead to a lower
percentage of C. maculatus emergence due

parameters (21).

to increased competition among larvae
(26).

The weight of female C. maculatus on
mung bean (1.66 mg/adult) and cowpea
(1.73 mgl/adult) did not exhibit a
significant difference (P > 0.05), while the
weight of male C. maculatus on mung
bean (1.12 mg/adult) and cowpea (1.06
mg/adult) differed significantly (P < 0.05)
(Figure 2b). Significant differences were
also detected for the weight of both male
and female C. maculatus on the two
legumes (P < 0.01) (Figure 2b). Adult
weight in C. maculatus is influenced by
various factors. Insect body size, with
larger insects tending to be heavier, is one
such factor (27). The nutrient content of
the host legume also plays a role in adult
weight (28). Females, in particular, require
a substantial amount of protein for egg
maturation, resulting in heavier weights
compared to males (29). This explains the
observed differences in weight between
males and females on both mung bean and
cowpea. Male reproduction can also
influence  weight differences in C.
maculatus. According to Matek et al. (30),
reproducing males provide substantial
ejaculate to their female partners, ranging
from 0.06-0.31 mg, which constitutes
about 10% of the male body mass.
Additionally, Matek et al. (31) found that a
single C. maculatus ejaculate corresponds
to a loss of body mass equivalent to 0.4—
2.0 days. In males that mated twice, the
combined 'day equivalent of two
ejaculates increased to 1.2-2.5 days of
body mass loss.
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Figure 2. Biological ascpect of Callosobruchus maculatus on mung bean and cowpea, (a)
F1 progeny and (b) weight of male and female. * = significant at P < 0.05, ** = significant
at P < 0.01, and ns = not significant differences by one-tailed independent T-test. The
box plots represent the mean as a cross mark, the median as the center line, the upper
and lower whiskers as the maximum and minimum values, and the box limits as the

upper and lower quartiles.

Seed Damage and Weight Loss

The percentage of damaged beans attacked
by C. maculatus revealed a significant
difference between mung bean (78.95%)
and cowpea (95.16%) (P < 0.01) (Figure
3a). Bean size plays a crucial role in
C. maculatus oviposition and the extent of
subsequent damage. Larger beans provide
more surface area for egg deposition and
can support the development of multiple
larvae within a single bean, resulting in
higher infestation levels (32). Due to their
larger bean size, cowpea experiences a
higher percentage of damage compared to
mung bean, even though the F1 progeny is
higher in mung bean.

Additionally, bean size can influence
resistance to C. maculatus infestation, with
smaller beans generally showing higher
resistance than larger ones (33). The
damage caused by C. maculatus resulted in
a decrease in bean weight. This reduction
in weight can have significant economic

implications for stored

commodities.

legume

The percentage of weight loss in cowpea
(31.69%) was significantly higher than in
mung bean (22.65%) (P < 0.05) (Figure
3b). C. maculatus infestations result in
perforated beans, a decrease in nutritional
value, and a reduction in bean weight,
leading to a decrease in both the quality
and quantity of the beans (34). This
damage and weight loss pose a severe
problem in storage, as they leads to
economic losses due to the reduced weight
of the beans, thereby affecting their
economic value (35). The correlation
analysis revealed a significant positive
correlation between the percentage of
damaged beans and weight loss (r = 0.650;
P < 0.01) (Figure 4). This indicates that a
higher percentage of damaged beans is
directly associated with a greater loss of
weight. Resistant seeds exhibited the
lowest weight loss caused by C. maculatus
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due to their small size, broad and thick
seed coat, and well-developed seed coat
texture.  Furthermore, delayed insect
development in such resistant seeds can
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result in a significant reduction in seed
weight loss during grain storage (24 and
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Figure 3. Damaged beans (a) and weight loss (b) of mung bean and cowpea by
Callosobruchus maculatus. * = significant at P < 0.05, ** = significant at P < 0.01 by
one-tailed independent T-test. The box plots represent the mean as a cross mark, the
median as the center line, the upper and lower whiskers as the maximum and
minimum values, and the box limits as the upper and lower quartiles.
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Figure 4. Heat map Pearson’s correlation matrix among the observed variables at P <
0.05. Strong positive correlations are indicated by darker red shades, and negative
correlations by darker blue shades. FP: Fi1 progeny, DB: damaged beans, WL: weight
loss of beans, MW: male weight, FW: female weight.
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Conclusion

This study found that mung bean supported
a higher F1 progeny count compared to
cowpea, while cowpea experienced a
higher percentage of damage. Infestation
by C. maculatus results in perforated beans
and a reduction in bean weight.
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