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Abstract

A comparative study of the ovipositional preference and developmen-
tal response of the cowpea beetle, C. chinensis was made in the laboratory
using six, commonly available pulses. The beetle preferred smooth coated
seeds for oviposition and rejected seeds with a rough coat. The most
preferred seeds for oviposition were mung and soybean whereas chickpea
was least preferred. The study revealed that the ovipositional preference was
not an indication of suitability for the larval development. Development was
comparatively faster in mung and the black and white varieties of cowpea
followed by chickpea. A hundred percent larval mortality was found in
soybean. On the basis of ovipositional preference, growth index and
fecundity, mung bean and the white and the black varieties of cowpea proved
to be most suitable for the development of the cowpea beetle. Based on the
performance of the beetles, green pea was found to be most resistant to attack
by the cowpea beetle.
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1. Introduction

Callosobruchus chinensis, Linnaeus (Coleooptera: Bruchidae), com-
monly known as the cowpea beetle is widely distributed throughout the
tropical and sub-tropical regions of the world. It is one of the most
destructive pests of stored pulses, which are a major source of protein in
many countries. Although infestations often begin on mature pods and seeds
in the field, the serious damage is done in the store where the insects spread
from seed to seed and considerable losses of quality and market value are
caused. The infested seeds may be almost completely hollowed by the
feeding activities of the larvae, and characteristic emergence holes or
'windows' are evident after the adults leave the seeds (Giga and Smith 1983).
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Because of the economic importance and wide spread distribution, the
development of suitable control measures for this pest is essential. As it is
difficult to find suitable, cheap methods of control, emphasis should be
placed on developing new plant varieties that have a natural resistance to
bruchids as well as high yield (Giga and Smith, 1981). The knowledge on
pest resistance characteristics of seeds and the biology of the pest is therefore
very important to achieve this goal.

Most species of the genus Callosobruchus are capable of breeding on
a wide variety of legumes. The process of host selection and oviposition is
mainly influenced by physical and biochemical factors. The degree of
resistance and susceptibility of different pulses to bruchid attack vary with
their different characteristics (Bellows, 1982; Howe & Currie, 1964; Nwanze,
1975;Nwanze & Hober, 1976).

The present investigation was undertaken with a view to study the
ovipositional preference of the cowpea beetle to different pulses and their
suitability for subsequent development.

2. Materials and methods

Cowpea beetles were collected from infested mung beans and a
culture was maintained on mung bean in the laboratory at a temperature of
28±2°C and a 70±1O% relative humidity. Twelve hours of light and twelve
hours of dark periods were provided for the culture throughout the study
period. Under these conditions, a new generation emerged within 3-4 weeks.

Adults (0-24 hr old) emerged from seeds bearing only a single hatched
egg per seed was selected for all experiments to eliminate any effect of larval
competition. Such seeds were selected after oviposition and were trans-
ferred into small transparent cages (15cm x 15 em x 15cm). At the peak of
adult emergence each cage was continuously observed and all the adults
were collected as soon as they emerged.

The laboratory experiments were conducted usng mung bean (Vigna
radiata), two white and black varieties of cowpea (Vigna unguiculata),
soybean (Glycine max), green pea (Pisum sativum) and chickpea (Cicer
arietinum) which are commonly available in the local market. All the pulse
grains were weighed and then washed in water mixed with a mild detergent
(Teepol) before using them for experiments to prevent any adverse effects
due to insecticide residues or any other microbial contamination. These
were then dried in an oven (30°C) until the initial weight was gained.
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Ovipositional preference of the female to different pulses

Forty seeds of each pulse were randomly placed in a large petridish
(l4cm diameter x 2cm height). Two pairs of newly emerged adult beetles
were allowed to mate in a glass vial (a female was considered as mated after
the aedeagus of the male was inserted into the female opening and the
coupled pair staying in the same position for at least five minutes). Then they
were introduced into the center of the petridish and covered with a muslin
cloth. The total number of eggs laid on each type of pulse was counted after
three days. This experiment was replicated fifteen times. Average number
of eggs laid on each type of pulse was taken as the criterion for assessment
of ovipositional preference.

Development of the cowpea beetle to different pulses

The following parameters were used to determine the development of the
cowopea beetle in different pulses.

(i) Percentage adult emergence
(Number of adults emerged x 100/ number of eggs hatched)

(ii) Rate of development
(Time period between oviposition and adult emergence)

(iii) Seed weight loss (Larval food consumption)
(Initial weight of seed - final weight of seed)

iv) Adult weight

(v) Sex ratio (male: female)

(vi) Adult longevity (time period between emergence and death of the
adult)

(vii) Fecundity (mean number of eggs laid by afemale during her life time)

Experiments were carried out in glass vials covered with muslin cloth
and secured by rubber bands. These were placed in a horizontal position
throughout the experimental period.

Development of larvae of Callosobruchus chinensis in different pulses

Approximately 300 seeds of each type of pulse were separately placed
in enamel basins covered with nylon net. These were provided as oviposition
sites for thirty mated females for six hours. Seeds bearing only one egg were
selected for the experiments to eliminate any effect of larval competition.
Individual seeds with freshly laid eggs were weighed and were kept in glass
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vials separately. After ten days, the seeds were examined and those with
unhatched eggs were discarded. When emergence 'windows' appeared on
seeds, daily examinations were made to record the adult emergence and the
sex of each adult. Adults, which emerged, were anaesthetized with ether and
the weight of each adult was recorded. Seeds from which adults emerged
were re-weighed separately. Thirty replicates for each pulse were made for
this experiment.

The suitability of seeds for the development of the beetle was assessed
by using a 'Growth Index' (Srivastava and Bhatia, 1958) which was calcu-
lated by dividing the percentage adult emergence by the developmental
period. The coefficient of correlation (r) was calculated between adult
weight and the seed weight loss to establish the relationship between them.

Longevity and fecundity of adults that emergedfrom different pulses

One unmated female emerging from each type of pulse (seeds bearing
only one egg each were separated one seed to a vial. Females that emerged
obviously, virgin were used for the experiments.) was placed together with
two newly emerged males in a glass vial, each containing about 125 mung
beans to provide excess oviposition sites. The vials were observed daily and
the death of each adult and its sex were recorded. Fifteen days after the last
adult died, the total number of eggs laid was counted for each pulse. Twenty
such replicates were made for each pulse.

All experiments were conducted at 28±2° C and at 70±1O% R.H.

Statistical analysis

Data collected during the study were subjected to statistical analysis
where necessary. A one way of analysis of variance (ANaYA) was applied
to test the significance between treatments. Wherever the ANaYA indi-
cated a significant difference between them, Duncan's Multiple Range Test
(DMRT) was carried out at p=O.05 level of significace to identify which of
the treatments were significant. Student's t- test was applied to compare the
significant difference between two treatments. The coefficient of correlation
(r) was calculated between the weight of the females emerged from different
pulses and their fecundity to find out the possible relationship between the
two factors.



Oviposition and development of Callosobruchus chinensis 139

3 Results

Ovipositional preference of the female to different pulses

Table 1 depicts some characteristies of the pulses considered in this
experiment. The results showed that the ovipositional response of the
females varied with different pulses (Table II). Except for chickpea, all the
other pulses were utilized by the female for egg laying. The highest number
of eggs (per 40 seeds) was observed on mung beans (35.1O±2.72). Soybean
(32.31±3.27) and white and black varieties of cowpea closely followed this.
The lowest number of eggs (6.90±1.64) were dep~sited on green pea.
Oviposition was not observed on chickpea at all.

Table I. Some characteristics of the pulses used in the study

Pulse Shape Seed colour Characteristics of seed coat

Mung bean round green smooth

Cowpea(white) kidney shaped cream slightly rough

Cowpea(black) flattened dark brown smooth with rough edges

Soybean slightly oval cream smooth

Green pea round yellowish green rough

Chickpea round whitish brown very rough

Table II. Ovipositional preference of the female cowpea beetle to different types of pulses

Pulse Number of eggs laid
(Mean±SE)

Mung bean
a

35. I0±2.72

Cowpea(white)
8

25.00±1.77

Cowpea(black)
a

27.20±1.61

Soybean
'8

32.31±5.27

F-value

b
6.9O±1.64

0.00

13.86

p<0.05

Greenpea

Chickpea

Probability level

Means followed by the same letters are not significantly different(p>0.05; DMRT)
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Development of larvae of C.chinensis on diferent pulses

All the pulses tested produced different developmental responses in
the cowpea beetle (Table III). The highest adult emergence was observed
from white and black varieties of cowpea (90%) followed by mung bean
(83.33%) and chickpea (75.75%) The lowest was recorded in green pea
(33.66%) whereas from soybean, no adult emergence could be observed (in
100 replicates).

Table III. Effect of different pulses on the development of the cowpea beetle

Pulse Adult Sex ratio Growth
emergence (male: female) index
(%)

83.33 1:0.92 3.57

90.00 1:0.92 3.96
90.00 1:1.25 3.77

0.00

33.66 1:0.83 1.29

75.75 1:0.92 3.08

Mung

Cowpea(white)
Cowpea(black)

Soybean

Green pea

Chickpea

Growth Index = Percentage adult emergence
Developmental period

Dissection of seeds (green pea and soybean) from which the adults did not
emerge showed that all the larvae had penetrated the seed coat of green pea
and have died before they developed further. In soybean.only 7% of the
larvae were unable to penetrate the seed coat, but 93% which had penetrated
into the seed cotyleons, had died thereafter.

The sex ratio of the adult cowpea beetles (male: female ) were approxi-
mately 1:1although this varied from 1:0.8 (green pea) to 1:1.3 (black variety
of cowpea).

Mean developmental periods of both males and females were found
to be significantly different among different pulses (Table IV). The shortest
developmental period for both males and females was recorded from the
white variety of cowpea (22.64±OAO) even though this was not significantly
different from the development period in mung bean and the black variety
of cowpea. The longest developmental period for both males and females
was recorded from green pea. The developmental periods of males in
different pulses were not significantly different from those of females (t-test;
p>O.05).
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Table IV. Effect of different pulses on the developmental periods of the male and female cowpea beetles

Pulse Developmental Period (days) t-value

(Mean±SE)

Male Female

ab ab

Mung bean 23.21±O.28 23.42±O.40 NS

a a

Cowpea(white) 22.64±O.4 22.85±O.27 NS

ab ab

Cowpea(black) 23.75±O.37 24.06±O.32 NS

Soybean

c c

Green pea 27.67±O.7l 29.20±O.80 NS

b b

Chickpea 24.62±O.26 24.67±O.3l NS

F-value 19.42 26.28

Probability level p<O.05 p<O.05

Means followed by the same letters in each column are not significantly different (p>O.05;DMRT).

The maximum growth was obtained from the white variety of cowpea
where the growth index was 3.96 (Table III). This was closely followed by
the black variety. Development was lowest in green pea in which a growth
index of 1: 1.29 was observed.

Although the loss of seed weight due to feeding by a single male larva
did not produce any significant difference among different types of pulses
(Table V), it varied from a minimum of6. 73 mg (mung bean) to a maximum
of 7.97 mg (black variety of cowpea). In the case of the female, the lowest
seed weight loss was observed in green pea. But this was not significantly
different (p>O.05) from all the other types of pulses except chickpea, which
gave the highest (l3.37mg) loss in weight. Although the analysed results
showed that different types of pulses had no significant effect on the average
weight of the adults, the highest values were observed for males and females,
which emerged from mung bean and chickpea respectively. A positive
correlation coefficient of r=0.811 was obtained for the adult weight and the
seed weight loss.
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Table V. Comparison of the weights of male and female cowpea beetles emerged from different pulses
and the seed weight loss due to their development.

Pulse Adult weight (mg) t-vaiue Seed weight loss(mg) t-value

(Mean±SE) (Mean±SE)

Male Female Male Female

Mung bean 3.28±0.13 4.51±0.24 5.08 6.73±0.29 9.39±0.65h 3.81

Cowpea(white) 3.08±0.12 4.39±0.27 4.87 6.79±0.38 9.66±0.84b 3.24

Cowpea(black) 3. I4±0.09 4.69±0.22 5.71 7.97±0.47 1O.29±0.47b 2.83

Soybean

Green pea 3.08±0.22 3.96±0.13 3.22 6.79±0.49 8.80±0.15b 3.79

Chickpea 3. 19±0. 12 5.18±0.21 8.59 7.86±0.54 13.37±0.6I' 6.94

F-value 0.52 2.39 1.98 6.76

Probability level NS NS NS p<0.05

Means followed by the same letters are not significantly different; Students t-test was applied at p=0.05

level; NS-Not significant

The analysed results indicated that the average weight of females was
significantly higher than that of males emerged from all types of pulses
(TableV). Similarly the seed weight loss due to the development of females
were also significantly higher than that of males.

Longevity and fecundity of adult cowpea beetles.

Adults that emerged from the black variety of cowpea showed the
highest longevity (9.41±O.27 days for males and 8.50±O.30 days for fe-
males). However, these were not significantly higher than those values
obtained from other pulses (Table VI). Furthermore, the results indicate that
the longevity of females that emerged from all types of pules were lower than
that of males.



Oviposition and development of Callosobruchus chinensis 143

Table VI. Longevity and fecundity of adult cowpea beetles emerged from different pulses

Pulse Longevity(days)
(Mean±SE)

Fecundity
(Mean±SE)

Male Female

a

Mung 8.44±O.30 7.17±O.24 85.95±2.26

a

Cowpea(wh.ite) 8.52±0.33 7.5O±O.36 82.70±2.26

a

Cowpea(black)

Soybean

9.41±O.27 8.51±O.30 82.25±1.75

Greenpea 8.81±O.5l 7.63±0.43

b

6O.40±2.85

a

Chickpea

Probility level

8.IO±0.45

NS

7.76±0.36

NS

87.05±3.46

p<O.05

Means followed by the same letters in each column are not significantly different (p>O.05).; NS= Not
Significant

Singnificant differences were observed for the fecundity of females
emerged from different types of pulses (Table VI). Females, which emerged
from chickpea, even though this was not significantly different from those,
that emerged, showed the maximum fecundity from mung and the white and
black varieties of cowpea. Significantly lowest fecundity was recorded from
females which developed in green pea. The weight of females was found to
be positively correlated with their fecundity (r=0.89).

4. Discussion

The present study showed that the ovipositional preference offemale
Callosobruchus chinensis varied among different types of pulses. Smooth
well-filled seeds of mung bean and soybean appear to increase the tendency
of cowpea beetle to lay more eggs on them even though they were not
significantly different from each other. Though the seed coat of the black
variety of cowpea was smooth, the rough edges on it may have been
responsible for the reduction of oviposition, when compared to mung bean.
Also the small reduction of egg laying on the white variety of cowpea may
be related to its slightly rough seed coat. Chickpea was not selected at all by
the females for oviposition, and this inhibition may be due to its considerably
rough seed coat. Similarly, the rough seed coat of green pea may have
inhibited oviposition by females.
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According to the observations, the texture of the seed coat appears to
playa major role in the selection of oviposition sites by the cowpea beetle.
The female preferred seeds with a smooth coatto a rough coat. Schalk (1973)
noticed that the resistance in chickpea for the oviposition by C. maculatus
was related to the roughness of the seed coat. Further, Girrish (1974)
observed that C.maculatus was guided in its oviposition where preferences
had been shown towards the smoothness of the seed coat and the size of the
grain.However, the smoothness of the seed coat may not be the only factor
responsible for high oviposition by the cowpea beetle. A combination of
several factors such as seed texture, seed size and shape, weight and volume
of the seed and the seed colour have been suggested to be responsible for the
ovipositional preference of bruchids to different pulses (Nwanze, 1975;
Mitchel, 1975; Satya Vir & Jindal, 1981;Manohar & Yadava, 1990). Howe
and Currie, (1964) reported that odour of seeds may also provide a stimulus
for oviposition which could come from the chemical composition of the
seed.

Development responses ofthe cowpea beetle varied among different
pulses. Adult emergence was highest in white and black varieties of cowpea,
closely followed by mung bean. A hundred percent developmental mortality
of cowpea beetle was seen in soybean.

A number of physical and chemical factors of seeds appear to be
responsible for the reduction of the development of the cowpea beetle in
some pusles. The ability of the larva to penetrate the seed coat appears to be
influenced by the physical properties of the seed coat such as thickness,
hardness and roughness (Manohar and Yadava, 1990). Loose testa (as in
green pea) may also provide difficulties for the larva to enter successfully
into the cotyledon.

In addition, factors such as poor nutrition, presence of growth deter-
rents or toxic substances may have been responsible for the death of all or
most of the larvae after penetration into the cotyledons of soybean and green
pea. Also compactness of the seed cotyledon may cause difficulties for the
larvae to feed resulting in their death due to starvation. According to Nwanze
& Hobor (l976),Jarval surival during penetration of the seed coat is also
affected by surface texture and structure, and larval development within
seeds depends on quality and compactness of seed as well as the amount of
food available.

The present study clearly indicates that the preference for oviposition
by females is not an indication of suitability for the development of cowpea
beetle. Highest larval mortality was recorded from one of the most preferred
oviposition sites, i.e. soybean. Considerably high adult emergence was
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recorded from chickpea although it was not preferred by the female as an
oviposition site. Therefore, it is evident that the female C. chinensis is not
able determine the most suitable oviposition site for the development of its
larvae. This is in accordance with the findings of Satya Vir and Jindal (1981)
for C.maculatus.

Variability in food did not seem to have any impact on the sex ratio,
although the proportion of the females that emerged from the black variety
of cowpea was slightly higher than the rest. According to the study, the
longest developmental period for both male and female was recorded from
green pea. Although the white variety of cowpea gave the shortest develop-
mental period for both sexes, these were not significantly lower than the
develpmental periods in the black variety and mung bean. Delay in develop-
ment can cause a considerable reduction of the pest population by increasing
the generation time of the pest and also increasing the opportunity for
parasitism by insect parasites such as Anisopteromalus calandrae.

On the basis of the growth index, the white variety of cowpea appears
to be the most efficient pulse in the population build up of the pest, whereas
green pea with its considerably low growth index tends to maintain the
population at a Lowlevel.

Though the mean food consumption (recorded as seed weight loss) of
a single larva of the male beetle did not differ signficantly among different
pulses, it was significantly higher in chickpea in the case of the females.
Neither the males nor the females that emerged from the different pulses
showed any significant weight difference. However, the significantly higher
weight of the females, which emerged from all types of pulses, compared to
the weight of males, may be due to the higher food consumption oflarvae that
developed into females. In addition to the lesser intake of the seed cotyledon
by the larvae, other factors such as the lack of essential nutrients in the seed,
the presence of growth deterrents and other unfavourable conditions may
have contributed to produce relatively smaller adults in green pea.

According to the findings,significantly lowest fecundity was re-
corded from the adult females that emerged from green pea. All the females
emerged from other pulses laid relatively higher number of eggs.It is
reported that in addition to the effects of external factors such as temperature,
humidity and oviposition sites etc., a number of internal factors such as adult
and larval nutrition, fertilization, internal secretions etc.also control the
fecundity of insects. For most insects, proteins are essential for egg produc-
tion. Vitamins are also important for this purpose (Wigglesworth, 1939).
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According to the results, it is apparent that comparatively higher food
intake of the larva has played a significant role in the production of females
with a higher weight and fecundity. This is clearly evident in chickpea in
which the highest seed weight loss together with the highest female weight
and fecundity were observed. On the other hand, the food intake of the
larvae, which developed inside green pea, was less than that of other pulses
and this may have resulted in the production of females with the lowest
weight and fecundity. This is also emphasized by the positive correlation
between the adult weight and the seed weight loss as well as the female
weihgt and their fecundity.

The longevity of the females developed in different pulses was found
to be relatively lower than that ofthe males. As cowpea beetles do not feed
as adultls, the females are dependent upon the food consumed during the
larval stage for the production and maturity of their eggs as well as for their
survival. These dual processes, despite the higher weight may be the reason
for the reduced longevity of females. The poor performance of C. chinesis
on soybean is of great interest. Hundred percent larval mortality may be due
to nutritional difficulties, which the larvae had to experience within the seed.
Comparatively higher fat content and a lower moisture content of soybean
may have contributed to the higher mortality which the larvae experienced
in such seeds (Perera et aI., 1989).

When all the factors in this investigation are taken into consideration,
it can be concluded that mung bean together with the white and black
varieties of cowpea are the most susceptible pulses for attack by the cowpea
beetle. Soybean was the most resistant for larval development although it
was highly preferred by the females for oviposition. Chickpea on the other
hand, was least preferred for oviposition, but was suitable for the subsequent
development of the beetle. Performance of the cowpea beetle on green pea
was very poor, hence it can be considered relatively resistant to attack by the
cowpea beetle.
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