
4276

Research Article
Received: 6 May 2015 Revised: 13 November 2015 Accepted article published: 21 January 2016 Published online in Wiley Online Library: 5 April 2016

(wileyonlinelibrary.com) DOI 10.1002/jsfa.7639

The damage caused by Callosobruchus
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Abstract

BACKGROUND: Beans from cowpea cultivars fertilized with mineral N or inoculated with various rhizobium strains may contain
different nitrogen concentrations and nitrogen metabolite composition, which affects the beans’ defense mechanisms against
pests. In this study, the population growth of Callosobruchus maculatus reared on beans from four cowpea cultivars fertilized
with different nitrogen sources was evaluated. The factors tested were beans from four cowpea cultivars and seven different
nitrogen sources: mineral N fertilization, inoculation with five strains of symbiotic diazotrophic bacteria, and soil nitrogen
(absolute control).

RESULTS: BRS Tapaihum and BRS Acauã cultivars had lower cumulative emergence and instantaneous rate of population growth
of the insects compared with other cultivars, indicating antixenosis resistance against C. maculatus. Inoculation of BRS Acauã
cultivar with the diazotrophic bacteria strain BR 3299 resulted in higher mortality of C. maculatus. For BRS Tapaihum cultivar,
inoculation with diazotrophic bacteria strains BR3267, BR 3262 and BR 3299, and nitrogen fertilization resulted in higher
mortality among C. maculatus.

CONCLUSION: BRS Tapaihum and BRS Acauã cultivars showed the lowest cumulative insect emergence and instantaneous rates
of population growth, and the highest insect mortality, mainly when the grains were obtained from plants inoculated with
rhizobial strains.
© 2016 Society of Chemical Industry
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INTRODUCTION
Cowpea [Vigna unguiculata (L.) Walp] (Fabaceae) is an impor-
tant low-cost and high-quality protein source, especially in trop-
ical regions such as Africa, South America and Central America.
In Brazil, this legume is very important to the production sys-
tems, mainly those small farmers with family-based systems in the
north-east and north regions. For Piauí State, cowpea is the sec-
ond most economically important legume, occupying an area of
232 000 ha with 44 000 tons produced in the year 2012.1,2

Inoculation of cowpea seeds with commercial inoculants helps
to establish plants in the field and can increase grain yield.3 – 6

Recent studies performed in the north-east region of Brazil, inoc-
ulation of cowpeas with efficient nitrogen-fixing rhizobia strains
resulted in yields similar to those observed with nitrogen fertiliza-
tion, indicating that the use of inoculants is an alternative nitrogen
source for cowpea producers of this region.7 – 10

A portion of the grains and seeds produced in each harvest
cannot be used, mainly due to pest attacks during storage. Cal-
losobruchus maculatus is considered the main pest of stored cow-
peas because it causes quantitative and qualitative losses when
the insect larvae enter the beans and leave behind droppings and
eggs.7,11 Farmers use chemicals for C. maculatus control; however,

these methods may present risks for human health and carry a risk
of re-infestation by the pest due to the development of resistant
populations.7

Weevil resistance has been studied in several cowpea
cultivars.8,12 – 14 These studies have mostly focused on the identi-
fication of cultivars that have developed C. maculatus resistance
due to trypsin and 𝛽-amylase inhibitors.15 The identification of
cowpea resistance sources and their specific defense compounds
is important in the determination of which genetic improvements
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could be made to obtain C. maculatus-resistant plants.16 Grains
from cowpea cultivars fertilized with mineral N or inoculated with
rhizobial strains may have different nitrogen metabolite concen-
trations and compositions. Increasing the nitrogen availability in
legumes may result in higher production of defense molecules,
such as flavonoids, alkaloids, terpenes and sterols, which would in
turn bolster the defense mechanisms against pests and result in
beans with different levels of resistance against C. maculatus.20

The goal of the present study was to evaluate the population
parameters of C. maculatus in grains of four different cowpea
cultivars that were inoculated with different rhizobial strains or
fertilized with mineral nitrogen for testing the hypothesis: cowpea
beans from plants fertilized with different sources of nitrogen are
more resistant to attack or are susceptible to C. maculatus.

MATERIAL AND METHODS
For this experiment we used four cowpea cultivars: BRS Acauã,
BRS Tapaihum, BRS Pujante and BRS Carijó. When the seed were
sown in the field, they were inoculated with one of the following
strains of diazotrophic bacteria: BR 3267 (SEMIA 6463), BR 3262
(SEMIA 6464), BR 3299, INPA 03-11B (SEMIA 6462), or UFLA 03–84
(SEMIA 6461). Two non-inoculated control treatments were also
performed: one with urea fertilization (80 kg N ha−1 split into two
applications, one at planting and one 30 days following seedling
emergence) and an absolute control without fertilization or inoc-
ulation with rhizobia. The field experiment was conducted at the
Mandacaru Experiment Station, Juazeiro, Bahia state (BA), Brazil, at
the Embrapa Semiárido premises.

Following harvest, beans were placed in plastic bags and were
left at −20 ∘C for 15 days to eliminate infestations arising from the
field. Prior to conducting the experiment, the beans were removed
from the freezer, placed in plastic containers, covered with voile
fabric and kept in the laboratory for 6 days to allow the seeds to
reach the hygroscopic balance for each cultivar.

Insects were obtained from a breeding stock and kept in closed
3 L plastic containers with perforated lids. The containers were
wrapped with voile fabric to allow gas exchange and avoid the
escape of insects or entrance of undesirable biological agents
and were kept at 27± 2 ∘C, 60± 5% relative humidity with a 12-h
photoperiod. Insects were fed cowpea grains (Vigna unguiculata)
that originated from producers from the Bom Jesus municipality,
Piauí.

The beans were exposed to the 28 treatments (four cultivars and
seven nitrogen sources) were tested for C. maculatus resistance
by performing a no-choice assay and analyzing the population
growth. The bioassay was performed in plastic jars that were 10 cm
in diameter and 6 cm in height. The lids of the jars were perforated
and wrapped in voile fabric to enable ventilation. One hundred
grams of cowpea beans from the different treatments and 20
non-sexed adult insects with ages ranging from 1 to 5 days were
placed in each jar.

After 60 days, the jars were opened, and the following variables
were quantified: number of emerged insects (alive and dead), final
grain mass, consumed bean mass and instantaneous rate of pop-
ulation growth (ri), which was calculated according to the follow-
ing equation:17 ri = [ln(Nf/No)]/Δt, where Nf is the final number of
insects, No is the initial number of insects, and Δt is the time inter-
val in days. A positive value of ri indicates population growth, ri = 0
indicates stable population, and a negative ri indicates population
decline heading towards extinction.

The experimental design was completely randomized with a
4× 7 factorial scheme, with four replicates per treatment. The fac-
tors tested were beans from four cowpea cultivars (BRS Acauã, BRS
Tapaihum, BRS Carijó and BRS Pujante), and seven different nitro-
gen sources: mineral N fertilisation, inoculation with symbiotic dia-
zotrophic bacteria (strains BR 3267, BR 3262, BR 3299, INPA 03-11B
and UFLA 03–84), and soil nitrogen (absolute control, without fer-
tilization or inoculation with rhizobial strains). The data were sub-
jected to an analysis of variance. Interactions between treatments
were tested using an F test, and averages were compared using the
SNK test with using the SAS 8.02 software.18 The differences were
considered significant when P < 0.05.

RESULTS AND DISCUSSION
A significant effect was observed on the cumulative insect emer-
gence, absolute dry biomass consumed and instantaneous rate
of population growth between different cowpea cultivars and
conditions. A significant interaction between cultivars and nitro-
gen sources was observed for the cumulative insect survival and
mortality (Table 1).

Regarding the cowpea genotype, BRS Acauã and BRS Tapaihum
cultivars had a negative effect on insect development, resulting in
decreased cumulative emergence (Table 2). The remaining tested
cultivars supported insect emergence and may provide favorable
conditions for insect development. The decreased insect emer-
gence may result from high larvae mortality caused by proteins
with insecticidal potential, such as vicilin, which is present in some
legumes.14 Higher emergence of adult insects results in higher
quantitative damage, loss of bean nutritional quality, and nega-
tive effects on bean appearance, which makes them unsuitable
for commercialization and consumption. The results of this study
indicate that BRS Acauã and BRS Tapaihum cultivars exhibited
antixenosis resistance, or non-preference, to the pests, similar to
what was observed for the BRS Nova Era cultivar with Zabrotes
subfascuatus.19

A loss of mass in stored beans is an important parameter to mea-
sure both from an economical point of view and as an indicator
of cultivar resistance to pests.20 This measure was positively corre-
lated with the number of emerged insects, i.e. higher emergence
resulted from higher consumption, or negatively correlated with
the presence of substances capable of inhibiting the consumption
of the seed interior by C. maculates.21 As reported in the literature,
the high levels of trypsin inhibitors are responsible for resistance
against C. maculatus.

The lowest instantaneous rates of population growth were
observed for BRS Acauã and BRS Tapaihum cultivars and these
rates were significantly different from the other cultivars tested
(P < 0.05) (Table 2). The instantaneous rate of population growth
was positive for all tested cultivars, indicating that they were sus-
ceptible to attack by C. maculatus.17 However, for this variable,
the cultivars BRS Acauã and BRS Tapaihum showed lower levels
than for the other plant genotypes, pointing out these genotypes
as less susceptible to C. maculatus infestation then the other two
cultivars evaluated in this study. This lower instantaneous rate of
population growth, observed with the data from this study, was
probably due to the presence of substances in the grains that
inhibit insect feeding, such as arcelin or vicilin, as expressed in the
literature.19

A significant interaction (P < 0.05) between cultivars and inocu-
lation was observed for the cumulative insect survival and mortal-
ity (Table 1). The lowest values of cumulative insect survival after
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Table 1. ANOVA of biological parameters of Callosobruchus maculatus reared for 60 days on beans from different cowpea cultivars that were either
inoculated with different strains of nitrogen fixing bacteria or were not inoculated (controls)

FV df

Cumulative
emergence (absolute

number)
Cumulative survival
(absolute number)

Cumulative mortality
(absolute number)

Consumed dry
biomass (g)

Instantaneous rate of
population growth, ri

aCul(C) 3 1 723 014* 10 093 474** 10 049 471** 1 462.43** 0.000206*
bN(T) 6 938 580NS 476 629.26* 1 482 800.7** 5.95NS 0.000069NS

C*T 18 597 433NS 758 085.6** 712 044.0* 76.76NS 0.000063NS

Error 111 511 646 195 628.3 366 106.3 59.81193 0.0000539
CV% – 38.3 45.6 68.1 14.9 9.9
Average – 1 869.6 969.4 889.1 51.8 0.0741

Two types of control were used: with or without mineral nitrogen. Bom Jesus, PI, 2013. CV, coefficient of variation **significant at P < 0.01 *significant
at P < 0.05; NS, not significant, according to the F test.
a Cowpea cultivars: BRS Acauã, BRS Carijó, BRS Pujante, BRS Tapaihum. b Nitrogen sources: diazotrophic bacteria strains (BR 3262, BR 3267, UFLA

03–84, INPA 0311B and BR 3299), mineral nitrogen (C/N), and soil nitrogen (control).

Table 2. Biological parameters of Callosobruchus maculatus reared
for 60 days on beans from different cowpea cultivars in a no-choice
assay: Bom Jesus, PI 2013

Cultivar

Cumulative
emergence

(absolute number)
Consumed
biomass (g)

Instantaneous rate of
population
growth, ri

BRS Acauã 1698.9ab 53.0a 0.073ab

BRS Tapaihum 1620.7b 41.3b 0.071b

BRS Carijó 2027.1a 56.7a 0.077a

BRS Pujante 2131.7a 56.4a 0.076a

a,bAverages followed by the same letter within the same column were
not significantly different according to the SNK test, with a cut-off of
P < 0.05.

60 days of storage were observed for BRS Acauã with urea fer-
tilization and the non-fertilized and non-inoculated controls. For
BRS Tapahium, the lowest cumulative insect survival was observed
for grains from plants inoculated with the strains BR 3262 and BR
3267 (Table 3). The results obtained with this work indicate that
the sources of nitrogen supply used here (inoculation with rhizo-
bia strains or nitrogen fertilization) had an hormoligosis effect on
survival of C. maculatus.

BRS Acauã and BRS Tapaihum cultivars were the most resistant
against C. maculatus, as indicated by the cumulative insect emer-
gence and instantaneous rate of population growth (Table 2). It
is worth noting that there was an increased mortality of C. mac-
ulatus when cowpea beans from BRS Acauã cultivar were inocu-
lated with the diazotrophic bacteria strain BR 3299. Beans from
BRS Tapaihum cultivar inoculated with strains BR3267, BR 3262
and BR 3299 and fertilized with urea also had higher cumulative
insect mortality. Non-protein factors, such as tannins and phytic
acids, may interfere with the nervous system, hormonal balance
and metabolism of the plant’s natural enemies, as reported in
literature.22

The quantity, quality and proportion of nutrients present in
the food (including nitrogen) and the presence of secondary
or anti-nutritional compounds (allelochemicals) can have vari-
ous impacts on the biology of insects, which affect their ability
to contribute to the next generation and may have sublethal

effects.23 Furthermore, arcelin was observed to inhibit the devel-
opment of Zabrotes subfasciatus (Boh.), and vicilin was observed
to interfere in the development of C. maculatus.14

It should be noted that there were significant differences in
the grain N concentration between different sources of nitro-
gen (P < 0.05).9 Thus, applying bacterial inoculation as a nitrogen
source may be associated with changes in cowpea nutrition and
may stimulate the production of defense substances in the grains.
It may be stated that the quantity and quality of the soluble nitro-
gen compounds produced depend on the nitrogen source and
that different sources will induce variable levels of plant resistance
to pests.24

Plant nutrition may also result in bean tegmental resistance. The
tegument is where the attack by bruchids starts and is a physical
line of defense against infestation. Research results reported that
differences in plant teguments resulted in varied rates of larvae
eclosion and adult emergence and the time needed for the larvae
to perforate the tegument.25

Insects completely depend on resources acquired dur-
ing the larval stages for survival and reproduction.26,27 The
decreased survival of adult insects observed in the present
study therefore indicates possible resistance of cowpea culti-
vars to C. maculatus larvae. It should be highlighted that the
higher insect mortality observed for cultivars BRS Acauã and
BRS Tapaihum when provided with certain nitrogen sources
should be further studied given that inoculation with dia-
zotrophic bacteria, in addition to decreasing production costs
and the environmental impacts of nitrogen fertilization, can
also be used for pest control, thereby decreasing the use of
pesticides.

CONCLUSIONS
The infestation caused by C. maculatus was dependent on the
cowpea cultivars and nitrogen sources. BRS Tapaihum and BRS
Acauã cultivars showed the lowest cumulative insect emergence
and instantaneous rates of population growth, and the highest
insect mortality, mainly when the grains were obtained from
plants inoculated with rhizobial strains.
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