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ABSTRACT

The spotted cowpea weevil, Callosobruchus maculatus (Fabricius) (Coleoptera: Bruchidae) is reported to

be the most damaging pest of legume seeds in the tropics and subtropics. In this research, biology and growth

population parameters of this pest were investigated on chickpea (variety Jam) cowpea (variety Parastoo), lentil

(variety Mardom) and green gram (variety Gohar) in a growth chamber at temperature of 25±1 C, 20±5%°

relative humidity and a photoperiod of 16:8 (L: D) h. The experiments began from eggs and continued to the

oend of adult longevity. The results showed that net reproductive rates (R ) were 12.85±1.53 on chickpea,

15.37±0.72 on cowpea, 11.57±2.71 on lentil and 14.74±2.29 on green gram. Intrinsic rates of increase on above

legumes were 0.0795±0.004, 0.0919±0.001, 0.0683±0.006 and 0.0791±0.004, respectively. There was significant

c cdifference between generation time (T ) on four legume species. The generation time (T ) was the longest on

 lentil (36.28±0.01 day) and the shortest on the cowpea (29.77±0.07 day). The shortest doubling time (DT) was

o mobtained on cowpea (7.55±0.12 days). Total comparison of parameters such as R , r  and DT showed that the

cowpea was more sensitive host in comparison with others. 
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Introduction

The cowpea weevil, Callosobruchus maculatus

(Fabricius) (Coleoptera: Bruchidae) is a cosmopolitan

polyphagous pest in the most tropics and subtropics

such as USA, European, Mediterranea's areas, Africa,

India, Malaysia, China, Japan, Pakistan, Irag and Iran

[2,4,24,32]. This weevil is reported to be the most

damaging pest of legume seeds and it's larvae infests

grains such as been, chickpea, green gram, lentil,

broad bean and green pea. Females lay single eggs

on the surface of grains sheath in field or on dried

seeds in stores of grain legumes. The hatched larvae

bored the seed below the lower surface of eggs and

the egg shell remains glued to the bean. The larval

developmental period is different by physical

conditions [2,24,40]. Larvae remained in side the

seed and the appearance of a capped exit hole on the

seed showed the pupal stage [40]. The adults do not

need food or water, and can reproduce immediately

after emergence [24,27].

C. maculatus causes serious damage to grains so

that, over 30 percent of Iran's pea (Cicer arietineum

L.) was destroyed by this weevil, annually [44].

Since legumes provide the cheapest and richest

source of plant protein and are supposed to be poor

men's meal, thus control of this pest essential [40]. 

It has been suggested that the growth and
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development of C. maculatus depends on the

nutritional value of the seeds. So that various

parameters of C. maculatus, such as ovipositional

behaviour, development period, and ability of newly

hatched larvae to utilize the host for further growth,

are effected by host attributes that could exist

physically or chemically in nature. For example,

variation in egg and adult production of C.

maculatus, was investigated on cowpeas, green gram

(Vigna radiate) and adzuki beans (Phaseolus

angularis [Vigna angularis]) by [49]. He reported

that host species influenced egg and adult production.

Of the 3 host species, cowpea was the most suitable

food substrate for adult production. Study by [43]

showed that green gram (Phaseolus aureus [Vigna

radiate]), black gram (P. mungo [V. mungo]), red

gram (Cajanus cajan) and cowpeas (V. sinensis [V.

unguiculata]) were the most susceptible to the pest.

Lentis, Bengal gram (Cicer arietinum), peas, Lathyrus

sativus and yellow- and black-seeded soybeans were

less preferred. 

Studies on biology and demography are

important in developing population models, sampling

and trapping methods, in understanding infra- and

inter-specific relationships, and in developing and

applying new control methods [35]. The purpose of

this study was to provide information on the effectc

of four legume species on the biology and growth

parameters of C. maculatus under constant

conditions.

Materials and Methods          

Population of C. maculatus was originally

collected from Tehran stores in June 2003. the

cowpea weevils were reared on chickpea, cowpea,

lentil and green gram in a growth chamber at

temperature of 25 ± 1 ºC, relative humidity of 60 ±

5 % and a photoperiod L 16: D 8 h. A colony of C.

maculatus was reared on each legume species for

three generation before they were used in the

experiments.

Experimental Procedures on Biological and

Population Growth Parameters

At the beginning of experiments, to synchoronize

the age of eggs, ten pairs of C. maculatus were

transferred from the colony on each legume species.

After 12 h. at least 100 laid eggs on seeds of each

legume species were used foe experiments. The

collected eggs were transferred individually into

cages (5 cm diameter and 1.5 cm height) and were

carefully checked daily until the emergence of adults.

Incubation and larval periods and their mortality were

recorded on each legume species. Duration of adult

longevity was also recorded daily until death of last

female. After emergence of adults, each female with

one male was placed into each plastic cage (10 cm

diameter and 3.5 cm height) containing chickpea,

cowpea lentil and green gram. The duration of

ovipositon and post-oviposition periods as well as

longevity, daily fecundity (eggs per reproduction day)

and total fecundity (eggs during reproduction period)

were recorded. 

Data analysis

Age-specific survival rates (lx) and average

number of female offspring (mx) for each age

interval (x) were used to construct age-specific

fertility life tables. Using survivorship and fertility

schedules, the demographic parameters of C.

omaculatus  including net reproduction rate (R ),

mintrinsic rate of increase (r ), finite rate of increase

(ë), mean generation time (T), doubling time (DT)

xand life expectancy (e ) were calculated. All

terminology and formulae for computing demographic

parameters are consistent with [5]. 

      We used the Jackknife method to estimate the

mvariance for r  and the other reproduction and

population parameters [28]. It is based on repeated

recalculation of the required estimator, missing out

each sample in turn [25]. Algorithms for Jackknife

estimation of the means and variances are described

monly for r . The same procedure used for the other

parameters. 

m     The r  value was estimated by considering the

survival and reproduction data for all the n females,

referred to as true calculation (         ). Then  this

procedure was repeated for n times, each time

excluding a different female. In so doing, in each

time data  of n-1 females  were  taken  to  estimate

parameters (       ).  In  the  following step, pseudo-

m  values of r (             ) were calculated for the n

samples using the following equation:

 

mAfter calculating all the n pseudo-values for r ,

Jackknife estimate of the mean (                or 

m (m ean)        ), variance (VAR r ) and standard error

m (m ean )(SEM r ) calculated  by the following equations:
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The mean values of (n-1) Jackknife pseudo-
values for each legume species were subjected to
analysis of variance (ANOVA). The same procedures

owere used for the other parameters R , ë, T and DT.
If significant differences were detected, multiple
comparisons were made using the Student-Newman-
Keuls (SNK) (P < 0.05). Statistical analysis was
carried out using SPSS statistical software [41]. Data
were checked for normality prior to analysis.

Results and discussions

There was a significant difference in the
immature development period of C. maculatus on
four legume species. It was shortest on cowpea
(34.94 ± 0.28 days), and longest on lentil (42.66 ±
0.22 days) (Table 1). The pre-ovipositional period
was not observed in this bruchid. The adults did not
need food or water, and could reproduce immediately
after emergence [24]. This bruchid must rely on
resources acquired during larval stages for survival
and reproduction [26]. The oviposition period of C.
maculatus was significantly affected by various
legume species (Table 1). The shortest and longest of
oviposition period was recorded on lentil (4.40±0.40
days) and green gram (7.36±0.49 days). Post
oviposition period was longest on chickpea and this
was significantly different with cowpea and green
gram but not with lentil  (Table 1). 

The results of this research showed that the
legume species significantly affected the adult
longevity of C. maculatus (F=17.03; df=59; P<0.01).
The adult longevity was longest on green gram
(8.29±0.38 days) and shortest on cowpea (5.87±0.08
days) (Table 1). 

The number of eggs laid by C. maculatus reared
on green gram was significantly higher than that laid
by females reared on cowpea, chickpea and lentil
(F=20.47; df=59; P<0.01) (Table 1). This study has
shown that however the number of egg and emerged
adults was different on all seed (Table 1). Increasing
the age of female reduced the oviposition of C.
maculatus on all seed. Most eggs laid on day 1 on
green gram, cowpea and lentil; and was on day 3 on
chickpea. Over 80% of eggs being laid during the

first 4. In addition to the highest oviposition, the
number of emerged adult of eggs and the mean
female progeny (62.5±5.29 and 31.57±3.00,
respectively) were highest on green gram that they
were different from other seeds significantly (Table
1). As the oviposition, the emergence of adult and
the production of females also gradually reduced with
increasing age of females.

Data obtained from development and
reproduction experiments of C. maculatus  were
compiled into a table and by using of this parameters
and related formula, the population growth
parameters was caculated (Table 2). 

xAge-specific survival rate (l ) at age of adult
emergence of C. maculatus on cowpea, lentil,
chickpea and green gram were 0.55, 0.75, 0.71 and
0.74, respectively (Fig 1). The net reproductive rate
was not found to be significantly different on various
legumes (F=0.923; df=3.46; P=0.437).

mThe value of intrinsic rate of natural increase (r )
was 0.0795±0.004, 0.0919±0.001, 0.0683±0.006 and
0.0791±0.004 on chickpea, cowpea, lentil and green
gram, respectively. Finite rate of increase () was
relatively similar on all seed. The highest and lowest
value of finite rate of increase (l) was on cowpea
(1.09 day ) and lentil (1.07 day ).   -1 -1

The generation time on cowpea was lower than
other three host. This means the population of C.
maculatus on cowpea increase in shorter time
comparison to other seeds. The longest generation
time was obtained on lentil. The lowest and longest
doubling time were obtained on cowpea and lentil,
respectively. 

Total comparison of parameters including: net
reproductive rate, intrinsic rate of increase, generation
time and doubling time showed that the cowpea was
more sensitive host in comparison with others. 

Discussions

Results obtained in this study revealed the
obvious effects of various legumes species on
development and fecundity of C. maculatus. Studies
by some researchers demonstrated that the growth
and development of C. maculatus affected by the
nutritional value of the seeds [7, 47], temperature and
humidity [6,20,37], host size [13,36], mother's age
[47,48], body weight [39], population density [26],
competition [27] and strain of C. maculatus [12].
Since in this study the above factors expect host type
was constance therefore the difference between
development period of C. maculatus probably related
to host type. It has been reported that a longer larval
development time on chickpea and pigeonpea in
comparison to cowpea [16]. The developmental
period of this pest was determined to be 29 and 34
days on cowpea and pigeonpea, respectively [10].
The shortest development time (egg to adult) of C.
maculatus in this study was obtained on cowpea that
it lasted in 34.94±0.43 days.
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Table 1: M ean (±SE) biological parameters of  Callosobruchus maculatus on four leguminouse species

Biological parameters Greem gram Cowpea Chickpea Lentil

Immature development period 39.53 ± 0.16 34.94 ± 0.28 37.43 ± 0.43 42.66 ± 0.22b c b a

Oviposition period 7.36 ± 0.49 4.81 ± 0.21  5.87 ±0.40  4.40 ± 0.40a c ab c

Post oviposition period 0.93 ± 0.20 1.06 ± 0.17 2.07 ± 0.24 1.53 ± 0.19b b a ab

Adult longevity 8.29 ± 0.38 5.87 ± 0.08 8.27 ± 0.40 5.93 ± 0.37a b a b

M ean eggs per female 88.47 ± 4.99 57.62 ± 2.93 39.13 ± 4.72 55.47 ± 4.90a b c bc

M ean progeny per female 62.50 ± 5.29 33.12 ± 2.21 30.07 ± 5.19 41.53 ± 3.58a b b b

M ean female progeny per female 31.57 ± 3.00 16.94 ± 1.17 14.53 ± 2.44 21.73 ± 2.28a b b b

Percentage of female progeny 48.00 ± 3.01 48.00 ± 1.17 46.00 ± 1.02 48.00 ± 0.95a a a a

* M ean (±SE) followed by the same letter in the same row are not significantly different (p<0.05, SNK after one-way ANOVA)

Table 2: Population Growth Parameters of Callosobruchus maculatus on different legume

Population Growth Parameters Green gram cowpea chickpea lentil

oNet reproductive rate (R ) 14.74±2.29 15.37±0.72 12.85±1.53 11.57±2.71 a  a  a  a

mIntrinsic rate of increase (r ) 0.0791±0.004 0.0919±0.001 0.0795±0.004 0.0683±0.006 ab  b  ab  a

Finit rate of increase (ë) 1.08±0.005 1.10±0.002 1.08±0.004  1.07±0.007 ab  b  ab  a

Generation time (T) 34.13±0.37 29.77±0.07 32.20±0.15 36.28±0.01 d  b  c  a

Doubling time (DT) 8.73±0.49 7.55±0.12 8.70±0.42 10.06±0.98 ab  a  ab  b

* M ean (±SE) followed by the same letter in the same row are not significantly different (p<0.05, SNK after one-way ANOVA)

x xFig. 1: Age-specific survival rate (l ) and fecundity (m ) of C. maculatus on four legumes.
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The significant variations in mean total fecundity

of C. maculatus among legumes species show that

different species have not the same nutritional for C

maculatus reproduction. The mean total fecundity

observed in this study ranged from 39.13±4.72 to

88.47±4.99 eggs per female on chickpea and green

gram, respectively, whereas in studies by [11,47] the

longest fecundity of  this weevil was found on

cowpea.    

Several studies performed about reproduction and

fecundity of C. maculatus and become distinguished

that egg production in this weevil affected by type of

seed [47], seed size and weight [11,19,27], seed

availability [27], seed attributes such as roughness or

wrinkling [47], strain of beetle [12,16], mating

behaviour [9,11,38], nutrition of females [14,45],

female weight at the time of mating [7,39], male size

and density [17,38], egg and larve density in seed

[33,49] and temperature [16,21]. Studies by [17,38]

demonstrated that females multiply mated to virgins

had higher fecundity than females mated to

nonvirgins males and the increasee male density

significantly reduced the realized fecundity of C.

maculatus.

It has been reported that fecundity of C.

maculatus was usually highest one day after adult

emergence, if females have an ample supply of seeds

[27]. The oviposition period of C. maculatus in this

study was shortest on lentil (4.40±0.40) and longest

on green gram (7.36±0.49). this period is lasted

4.81±0.21 and 5.87±0.40 days on cowpea and

chickpea, that were agreement with previous studies,

which reported that oviposition period of C.

maculatus on cowpea and chickpea is 5 and 6 days,

respectively [13]. The study of oviposition behaviour

of this weevil have shown that the oviposition period

of mated females lasted about 5 days and 88% of

eggs being laid during the first 4 [18].

The legume species significantly affected the

adult longevity of C. maculatus. Previous studies

demonstrated that the female's adult longevity

affected by nutrition of adult [14], adult weight and

size [27], seed availability and fecundity [27] and

seed age [31]. As mentioned previously, when

females were maintained under starvation conditions,

multiple mating increased female longevity, but when

females had unlimited access to yeast and sugared

water, this influence disappeared [14]. Other studies

were also showed that mated females have higher

longevity comparison to unmated females [14,18].

The adult longevity of C. maculatus on broad bean

seeds was 7.7 day [1]. 

xAge-specific survival rate (l ) at age of adult

emergence of C. maculatus on cowpea, lentil,

chickpea and green gram were 0.55, 0.75, 0.71 and

0.74, respectively. The survival of C. maculatus

indirectly depends on mating behaviour of female

[11,38], density of larve and adult [23,26], host

species [47] and seed size [15] which effect on

female fecundity. Some researchers found that

females multiply mated to virgins had higher

fecundity than females mated to non-virgins and

since increasing the fecundity increased the metabolic

activity of weevil, consequently mortality in the

population occurred faster [38]. Therefore all factors

can effect on the survival rate and finally net

reproductive rate. It has been obtained that

percentage survival of larvae in lentil is lower than

cowpea [9].  

mThe greatest r  of C. maculatus has been

obtained on green gram and cowpea by [6]. This

parameter that was equal with difference of intrinsic

birth and death rate, affected by temperature,

humidity of the environment, nutritional value and

moisture content of  the food [22]. 

With general comparison of biological parameters

of C. maculatus on four seeds can conclude that

cowpea is the adapted host for C. maculatus

comparison to other seeds. Therefore C. maculatus is

able to produce higher population on cowpea and

causes considerable damage on it. The results

obtained in this survey provide information for the

future management of C. maculatus.
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