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Abstract

Cowpea bruchid Callosobruchus maculatus (F.) is a major constraint to cowpea production throughout sub-
saharan Africa. The identification of sources of C. maculatus resistance and their incorporation into breeding
programs would be a beneficial strategy to combat the devastation caused by the bruchid in stored cowpea. We
evaluated 145 cowpea genotypes from Uganda and introductions from Kenya and Nigeria for resistance to
bruchids. The mean number of eggs and number of holes, percentage pest tolerance, percentage weight loss,
bruchid developmental period, bruchid growth and Dobie susceptibility index were significantly different among
the 145 genotypes. Based on Dobie susceptibility index value, there were 18 resistant, 114 moderately resistant
and 13 susceptible genotypes. Dobie’s susceptibility index correlated negatively with insect development period
and percentage pest tolerance, and positively with number of eggs, growth index, number of holes and weight
loss. The study identified new sources of cowpea from the studied genotypes that could be used by cowpea
breeders to develop cultivars with relatively high resistance to cowpea bruchid. However, further investigations

and identifcation of biochemicals that are responsible for cowpea seed resistance to bruchid are recommended.

* Corresponding Author: Weldekidan Belay Miesho P4l belaymiesho@yahoo.com
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Introduction

Cowpea (Vigna unguiculata (L.) Walp.) is an
important indigenous legume providing dietary
protein, minerals, carbohydrates, fats, vitamins and
income to many poor people in Africa, Asia, and
central and South America (Enwere et al., 1998;
Popelka et al.,, 2004; Langyintuo et al., 2005;
Agbogidi, 2010). Its protein content ranges from
24.7-33.1% with low anti-nutritional factors (Nielsen
et al., 1994; Rangel et al., 2003). Globally, more than
12.32 million hectares of cowpea are harvested, 98.1%
being from Africa (FAO, 2016). However, cowpea
production in these producing countries is limited by

insect pest attacks (Beck and Blumer, 2007).

In storage, cowpea weevil Callosobruchus maculatus
(Coleoptera: Chrysomelidae) is the most destructive
pest (Deshpande et al., 2011). The insect females
deposit their eggs on seed coat, and embryogenesis is
completed after 3 to 5 days (Beck and Blumer, 2007).
After eclosion, the larvae penetrate the cotyledons
where they develop by consuming the energy reserves
of cotyledons, reducing both the quantity and quality of
seeds, making them unfit for planting, marketing and
human consumption (Ali et al, 2004). Adult
emergence occurs after 25-30 days (Oliveria et al,
2009). The loss in quality is due to contamination with
insect exudate, eggs, dead insects and holes, conversion
of seed contents (Ali et al., 2004). The loss in quantity

is attributed to seed weight loss (Maina et al., 2012).

In Sub-Saharan Africa, chemical control using
insecticdes is a common practice used by the majority
of farmers to minimize losses due to bruchid
infestations (Olakojo et al, 2007). However, the
method is expensive, pose health hazards to farmers
and consumers and their continuous use can lead to
development of insecticide resistant bruchids (Boyer
et al., 2012). The use of resistant genotypes offers a
promising alternative control method to the
hazardous pesticides for the management of C.
maculatus, especially where huge quantities of grains
are involved (Cruz et al., 2015). Several studies have
assessed the performance of C. maculatus infesting
different genotypes (Singh et al., 1985; Shade et al.,

1999).

In Nigeria, for example, out of the 8000 germplasm
lines screened, only three C. maculatus resistant lines
(TVu-2027, TVu 11952 and TVu 11953) were
identified by the International Institute for Tropical
Agriculture (IITA), and C. maculatus showed
decreased survival and increased developmental
times during infestation of those seeds. However, the
use of resistant genotypes is affected by the durability
of resistance (Appleby and Credland, 2004), which is
rapidly being overcome by changes in pest
populations (Keneni et al., 2011) and by lack of high-
resistance sources (Leach et al, 2001). A study in
Nigeria, for example, showed that the already
identified bruchid resistance genotype, TVu-2027 has
been overcomes by the pest population (Shade et al.,
1999). Such breakdown of genetic resistance of
improved cowpea genotypes to bruchids highlight the
need to search for new sources of resistance from
different cultivated varieties and wild species. In
Uganda, information on sources of local and
improved cowpea bruchid resistant genotypes is
scarce. Therefore, in this study, we investigated the
susceptibility and resistance of 145 V. unguiculata
genotypes to infestation and damage by C. maculatus.
The aim was to identify new sources of cowpea
genotypes resistant to bruchid in Uganda for the

improvement of the breeding programme.

Materials and methods

Sources of cowpea genotypes

Seeds of 145 cowpea genotypes (130 Ugandan, one
Kenyan and 14 genotypes from IITA Nigeria) were
used for the study (Table 1). To generate sufficient
seeds for laboratory testing, each of the genotypes
were grown at the Makerere University Agricultural
Research Institute Kabanyolo (MUARIK) (0°28’'N
and 32°37’E, approximately 1200 m asl), between
May and December 2015.

Bruchid laboratory culture

Adult C. maculatus (F.) were obtained from the
National Agricultural Research Laboratory, Kawanda.
A permanent laboratory culture of the insect was
established at MUARIK by allowing the insects to lay
eggs on a susceptible inbred line IT71. Insects were
reared on 12 kg seeds kept in four transparent plastic

buckets of five liter capacity whose tops were covered
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with muslin cloth to provide aeration and prevent the oviposit and their progeny maintained by regularly

insects from escaping. The insects were allowed to replacing the infested seeds with fresh seeds.

Table 1. Cowpea genotypes evaluated for bruchid resistance.

Cultivar Genotype Cultivar

Genotype type source Genotype  Cultivar type source type source
182 Landrace  Uganda MUg Landrace  Uganda 5T-3B Inbredline  Uganda
2282 Landrace  Uganda NE13 Landrace Uganda 5T X Acci2 Inbred line  Uganda
2309 Landrace  Uganda NE15 Landrace  Uganda 5TX4W Inbred line  Uganda
2392 Landrace  Uganda NE19 Landrace Uganda ACCi2 X 3B Inbredline Uganda
2419 Landrace  Uganda NE23 Landrace Uganda ACCi2 X 2W  Inbredline Uganda
2434 Landrace  Uganda NE30 Landrace Uganda ACC2X ACCi2 Inbredline Uganda
3306 Landrace  Uganda NE37 Landrace Uganda  ACC2 X IT Inbredline  Uganda
1T109 Improved IITA NE39 Landrace Uganda ACC23 X 4W  Inbredline Uganda
IT97 Landrace IITA NE39 X SEC2 Inbredline Uganda ACC25 Landrace Uganda
KVU-27-1 Improved  Kenya NE39 X SEC4 Inbredline Uganda ACC26xACC2 Inbredline Uganda
NE20 Landrace  Uganda NE4 Landrace Uganda ALEGIx4W  Inbredline Uganda
NE51 Landrace  Uganda NE40 Landrace  Uganda ALEGI Local Uganda
3B x 2W Inbred line Uganda NE44 Landrace Uganda  ALEGIX3B Inbred line  Uganda
ACCi12x 5T Inbred line Uganda NE48 Landrace Uganda  ALEGIX5T Inbredline  Uganda
ACC23x 3B Inbred line Uganda NE5 Landrace Uganda ALEGI X ACC2 Inbredline Uganda
ACC26 *IT Inbredline Uganda NE51 X SEC3 Inbredline Uganda CIG Inbredline  Uganda
EX-1Seke Landrace  Uganda NE51 X SEC4 Inbredline Uganda EBELATXNE39 Inbredline Uganda
IT x ACC23 Inbred line Uganda NEs55 Landrace = Uganda EBELATXNES51 Inbredline Uganda
IT xALEGI Inbred line Uganda NE67 Landrace Uganda WC32 X SEC5 Inbredline Uganda
1T2841 x BROWN | Inbred line Uganda NE70 Landrace  Uganda IT71 Inbred line IITA
MU17 Landrace  Uganda NYBOLA Landrace  Uganda 1T84 Improved IITA
MU20B Landrace  Uganda OBONQ1 Landrace  Uganda 1T889 Improved IITA
MU24C Landrace = Uganda SEC1 X SEC4 Inbredline Uganda MU15 Landrace Uganda
NE21 Landrace  Uganda SEC5 X SEC2 Inbredline Uganda WCs Landrace Uganda
NE31 Landrace = Uganda SEC5 X NE39 Inbredline Uganda WCs5 Landrace Uganda
NE32 Landrace  Uganda SECOW2W  Improved Uganda WC60 Landrace Uganda
NE36 Landrace  Uganda  SECOW5T  Improved Uganda WCa4 Landrace Uganda
NE41 Landrace  Uganda UW X 5T  Inbredline Uganda WC46 Landrace Uganda
NE45 Landrace  Uganda 2WXAcc2  Inbredline Uganda WC62 Landrace Uganda
NE46 Landrace  Uganda 4W X 5T Inbred line Uganda WC63 Landrace Uganda
NE49 Landrace  Uganda W10 Landrace  Uganda WC64 Landrace Uganda
NEs50 Landrace  Uganda W32 Landrace  Uganda WC67 Landrace Uganda
NE53 Landrace  Uganda WCio Landrace  Uganda WC674 Landrace Uganda
NE6 Landrace  Uganda WCi13 Landrace  Uganda WC67B Landrace Uganda
NE71 Landrace  Uganda WCis5 Landrace  Uganda WC68 Landrace Uganda
SEC1xSEC3 Inbred line Uganda WC16 Landrace  Uganda WC684 Landrace Uganda
SEC5x SEC1 Inbredline Uganda WC17 Landrace Uganda IT82D -716 Improved IITA
WC2 Landrace  Uganda WCi18 Landrace Uganda  IT84s-2246 Improved IITA
WC29 Landrace  Uganda WCi19 Landrace Uganda IT97K-499-35 Improved IITA
WC35C Landrace  Uganda WC21 Landrace  Uganda TVu-2027 Improved IITA
WCq2 Landrace  Uganda WC26 Landrace Uganda IT9oK-277-2 Improved IITA
WCs2 Landrace  Uganda WC27 Landrace  Uganda IT9oK-76 Improved IITA
WCs8 Landrace  Uganda WC30 Landrace Uganda IT95K-207-15 Improved IITA
WC69 Landrace  Uganda WC32A Landrace Uganda IT98K-205-8  Improved IITA
WCy Landrace  Uganda WC35A Landrace Uganda IT99K-1399 Improved IITA
WCS8 Landrace  Uganda WC35D Landrace  Uganda

WC4q1 Landrace  Uganda WC36 Landrace  Uganda

2Wx IT Inbredline Uganda WC37 Landrace  Uganda

SEC5 x SEC2 Inbredline Uganda WC48 Landrace  Uganda

SEC5 x NE39 Inbred line Uganda WC48A Landrace  Uganda

Infestation and data collection moisture level of the seeds uniform (Amusa et al.,

Seeds of each of the 145 cowpea genotypes were dried 2014). Ten randomly selected seeds from each

in an oven at 40°C for 24 hours to eliminate any genotype were initially weighed and put into a petri-

bruchid infestation coming from the field and to keep dish of 90 x 15 mm.
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Each petri-dish was infested with two pairs of newly
emerged male and female adult bruchid and covered
to prevent the insects from escaping. The insects were
left undisturbed in the petri-dishes for three days to
allow for mating and oviposition, after which they
were removed (Amusa et al., 2013). The experiment
was laid in a completely randomized design with
three replications per genotype. Data on number of
eggs, number of exit holes, number of damaged and
undamaged seeds, initial seed weight (g), residual
seed weight (g), were recorded for 44 days and
percentage weight loss and percentage pest tolerance
were computed using the method of Amusa et al.
(2014). The number of emerged adult bruchids was
recorded daily until no more adults emerged for five

days.

Insect growth index and Bruchid resistance rating
Insect growth index (GI) (Badii et al, 2013) was
calculated by combining the data on the number of
eggs, percentage adult bruchid emergence and the
median development period (Sharma and Thakur,
2014) for each genotype using the formula;

Number of adults emerged
Total number of eggs laid

x100

Adult emergence (%) =

Gl Adult emergence (%)

~ Median deelopment period

At the end of the experiment, Dobie Susceptibility
Index (DSI) was calculated for each genotype using
the data on total number of adult bruchid that
emerged on each genotype and their median
development period (i.e. the time from the middle of
oviposition to the emergence of 50% of adult

bruchids) using the formula of Dobie (1974);

Loge F1 x 100
MDP
F1— total number of emerging adults and

DSI =

MDP —median developmental period (days).

The susceptibility index ranging from o to 11 was used
to categorize the cowpea genotypes; where; 0-3 =
resistant, 4-7 = moderately resistant, 8-10 =
susceptible and =10 = highly susceptible (Dobie,
1974).

Statistical analysis

One-way analysis of variance (ANOVA) was used to
examine differences in the performance of different
cowpea genotypes for resistance to bruchid and
Fisher’'s LSD test was used to separate the means.
Pearson correlation was used to examine the
association among resistance parameters including
the DSI for the genotypes. Multiple linear regression
analysis was used to identify which traits (number of
eggs, number of holes, seed weight loss and pest
tolerance) were better predictors of resistance (DSI).
All analyses were conducted using GenStat Discovery,

16.1th Edition statistical package.

Results

Performance of cowpea genotype resistance to
bruchids

The results of performance of cowpea genotype
resistance to bruchid are presented in Table 2.
Significant differences (P< 0.001) were found in the
number of eggs laid (NE) by C. maculatus, median
time to adult bruchid emergence (MDP), insect
growth index (GI), average number of holes (ANH),
percentage weight loss (PWL), percentage pest
tolerance (PPT) and Dobie susceptibility index (DSI)
amongst the 145 cowpea genotypes.

Table 2. Mean squares for the performance of cowpea genotypes to callusbrocus maculatus infestation.

Source of variation Variables

df NE GI MDP ANH PWL PPT DSI
Genotype 144 2302.92 2.089 27.66 13.18 196.88 1718 8.23
Residual 290 51.65 0.12 0.87 0.15 2.96 64.83 0.05

NE= Number of eggs; GI=Growth index; MDP= Median development period; ANH= Average number of holes;

PWL= percentage weight loss; PPT= percentage pest tolerance and DSI= Dobie susceptibility index. For all

variables P<0.001.
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Effects of V. unguiculata genotypes on growth
performance of adult C. macculatus

The studied cowpea genotypes showed significant (P<
0.001) impacts on all bruchid growth parameters
(Table 3). Result showed that mean number of eggs
laid by bruchid ranged from 0-147.7. The top four
genotypes in terms of mean number of eggs laid were
NE32 (147.7), WCi9 (141), WC69 (141) and
EBERATxNEs51 (137.7). There was a significant
(P<0.001) reduction in the oviposition on genotypes
1T84s-2246, IT95K-207-15 and TVu-2027. The

median development period to adult emergence of all

the genotypes ranged from 20.8 to 44 days. The
shortest period was recorded from genotypes, IT889
(20.8 days) and SECOWs5T (21.1 days) while the
longest was from genotype IT84s-2246 (44 days). The
highest bruchid growth index was recorded from
genotypes SECOW2W (3.92), MUg (3.82), WC67B
(3.69), IT889 (3.67), IT71 (3.56) and SECOWS5T (3.5)
whereas genotypes 2419 (0.03), WC42 (0.23), IT97K-
499-35 (0.23), TVu-2027 (0.37), IT84s-2246 (0.38),
ACC23%x3B (0.46) and WCi16 (0.51) showed least

growth index values.

Table 3. Means of genotypic performance under bruchid infestation.

Genotype NE/10 MDP GI ANH/seed PWL PPT (%) DSI
seeds (days)

IT109 124.0 21.5 2.92 7.8 27.6 0.0 8.8
SECOW2W 87.3 22.8 3.92 7.7 24.2 0.0 8.3
WCi9 141.0 23.0 2.42 7.8 22.3 0.0 8.2
WC69 141.0 23.0 2.42 7.7 35.9 0.0 8.2
IT71 87.0 22.8 3.56 6.9 44.7 0.0 8.1
MUg 75.7 22.5 3.82 6.5 16.7 0.0 8.1
SECOWS5T 68.3 21.2 3.50 5.1 27.8 0.0 8.1
1T889 61.0 20.8 3.67 4.5 15.5 3.3 8
SEC5XNE39 80.7 24.0 3.40 6.5 19.6 0.0 7.6
1T84 86.0 24.5 3.30 6.9 13.8 10.0 7.5
2282 88.3 25.2 3.19 7.0 16.7 3.3 7.3
OBONQ1 122.7 25.5 2.22 6.9 7.0 26.7 7.2
1To7y 67.3 24.5 0.49 5.7 9.9 0.0 7.2
WC10 83.0 26.2 3.02 6.5 10.0 23.3 6.9
ALEGI 103.7 24.8 1.69 4.3 10.0 36.7 6.6
NE15 71.0 24.2 2.16 3.6 14.8 33.3 6.5
WC36 67.7 27.5 3.21 5.9 10.9 26.7 6.5
2WxACC2 53.3 25.3 3.13 4.2 10.9 33.3 6.4
WC64 74.7 26.5 2.53 4.9 21.6 3.3 6.4
WC26 55.7 24.2 2.63 3.5 6.5 46.7 6.4
EX-1Seke 95.3 28.2 2.37 6.2 12.1 20 6.4
EBERATxNE39 94.0 28.0 2.30 5.9 14.0 6.7 6.4
NE20 95.7 28.5 2.27 6.1 28.9 3.3 6.3
NE48 61.3 27.3 3.11 5.2 13.4 3.3 6.3
NE5 119.3 29.5 1.88 6.6 22.3 3.3 6.1
WC62 91.3 27.5 1.92 4.7 13.1 23.3 6.1
WC21 45.7 26.2 3.13 3.7 8.7 13.3 6.0
WC32A 96.3 29.5 1.87 5.3 7.6 26.7 5.8
3306 72.7 27.0 1.87 3.7 17.0 3.3 5.8
SEC5xNE51 98.0 29.7 1.69 4.9 14.8 10.0 5.7
NE55 66.3 28.0 2.09 3.8 13.2 20.0 5.7
NE13 82.0 20.5 1.83 4.3 12.9 10.0 5.6
WC37 56.3 27.0 2.10 3.2 20.2 13.3 5.6
ACCz25 57.0 28.7 2.29 3.7 7.0 20.0 5.5
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Genotype NE/10 MDP GI ANH/seed PWL PPT (%) DSI
seeds (days)
ACC2 x IT 67.0 30.0 2.12 4.1 8.6 13.3 5.4
EBERATxNEs51 137.7 31.3 1.16 2.1 26.6 10.0 5.4
NE21 72.0 32.8 2.46 5.7 18.9 3.3 5.4
WC46 53.0 27.7 2.09 3.0 7.3 16.7 5.4
NE30 73.3 31.8 2.09 4.7 19.9 10.0 5.3
WCi18 64.0 31.2 2.28 4.4 12.3 10.0 5.3
WC63 49.3 29.7 2.53 3.7 10.2 23.3 5.3
SEC5xSEC1 76.0 20.8 1.65 3.6 10.9 13.3 5.3
WC684 64.7 20.8 1.93 3.6 20.7 30.0 5.3
NE32 147.7 33.8 1.83 9.2 25.6 0.0 5.2
NE36 55.7 20.3 2.28 3.4 14.7 20.0 5.2
NE46 68.0 28.5 1.63 3.1 14.2 40.0 5.2
MU15 47.7 20.7 2.55 3.5 18.9 30.0 5.2
NE6 72.7 20.5 1.64 3.5 9.7 30.0 5.2
ALEGIxgW 47.7 25.8 1.82 2.3 5.7 56.7 5.2
ITXxALEGI 53.7 30.2 2.30 3.5 18.1 16.7 5.2
5TxAcc12 45.7 29.7 2.57 3.4 6.6 36.7 5.2
WCso0 50.0 29.0 2.22 3.2 6.1 36.7 5.2
WC17 75.3 30.2 1.62 3.6 41.8 10.0 5.2
NE67 39.3 27.5 2.50 2.6 14.8 10.0 5.2
WC2 78.3 20.5 1.44 3.2 19.7 20.0 5.2
NE71 53.0 20.7 2.11 3.3 11.9 30.0 5.1
NE51xSEC4 58.3 31.2 2.13 3.8 6.9 26.7 5.1
UWx5T 51.3 28.3 1.89 2.6 6.9 36.7 5.1
NE45 39.7 28.8 2.53 2.7 7.7 30.0 5.0
WC44 63.0 20.8 1.73 3.1 9.2 50.0 5.0
NE23 50.0 20.5 2.09 3.0 10.8 30.0 5.0
5Tx4W 37.0 30.2 2.96 3.2 7.7 10.0 5.0
NE31 50.3 28.2 1.81 2.6 12.7 16.7 5.0
W32 55.7 30.8 1.98 3.3 10.9 6.7 5.0
ACC26xIT 38.7 20.5 2.60 2.8 23.5 10.0 5.0
MU24C 51.3 29.0 1.80 2.7 5.1 60.0 4.9
NE39 x SEC2 30.7 20.3 3.00 2.6 11.7 23.3 4.9
NE50 48.7 20.3 1.85 2.5 9.6 10 4.8
Wio 63.0 30.7 1.59 3.0 7.8 46.7 4.8
WCis 44.3 31.0 2.32 3.0 13.7 50.0 4.8
WC29 54.0 29.0 1.54 2.3 13.8 10.0 4.8
IT82D-716 33.0 30.8 2.80 2.6 14.4 0.0 4.7
NEs51 49.3 28.8 1.60 2.2 10.9 36.7 4.7
ACC12x5T 83.0 34.5 1.40 4.0 37.6 6.7 4.6
MU17 35.3 29.5 2.25 2.3 10.2 10.0 4.6
NE37 38.7 29.7 2.08 2.4 7.5 50 4.6
SEC1xSEC3 48.7 28.8 1.59 2.1 15.7 10.0 4.6
IT9oK-277-2 26.3 28.8 2.98 2.1 5.6 13.3 4.6
SEC5xSEC2 57.3 28.5 1.27 2.0 15.9 10.0 4.6
WC35C 54.7 28.5 1.33 2.0 14.3 20.0 4.6
WC67B 44.7 20.8 3.69 2.3 19.5 26.7 4.6
ACC26xACC2 39.0 26.2 1.54 1.5 12.6 50.0 4.5
NE70 44.0 29.0 1.60 2.0 10 40.0 4.5
NE40 35.0 27.8 1.81 1.7 16.9 20.0 4.5
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Genotype NE/10 MDP GI ANH/seed PWL PPT (%) DSI
seeds (days)
WC35A 52.0 29.0 1.32 1.9 16.5 0.0 4.5
NE19 75.0 29.7 0.96 2.1 25.2 26.7 4.4
IT2841xBROWN 57.3 33.2 1.56 2.9 13.7 20 4.4
NE49 38.0 290.8 1.80 2.0 22.6 3.3 4.4
WCs5 45.3 31.0 1.59 2.2 16.1 36.7 4.4
2309 41.3 30.0 1.56 1.9 22 16.7 4.3
ACCi12 x 2W 46.7 31.5 1.52 2.2 21.2 36.5 4.3
WC60 52.7 29.7 1.19 1.7 18.1 26.7 4.3
KVU-271 46.0 30.0 1.40 1.9 8.5 53.3 4.2
WC674 38.0 33.8 2.05 2.5 9.7 20.0 4.2
NE18 50.3 20.5 1.15 1.7 12.5 10.0 4.2
WCy 50.7 29.2 1.09 1.5 11.2 23.3 4.1
WC68 48.0 20.0 1.11 1.5 8.9 30.0 4.1
NE44 52.0 30.5 1.10 1.7 10.4 30.0 4.1
5Tx3B 33.0 29.7 1.62 1.6 12.2 30.0 4.0
WC48A 40.3 30.5 1.38 1.7 12.7 13.3 4.0
NYBOLA 29.7 30.5 1.85 1.6 8.6 20.0 4.0
NE51xSEC3 45.7 31.8 1.35 1.8 17.7 30.0 4.0
IT99K-1399 56.0 32.0 1.10 1.9 9.1 33.3 4.0
WC27 18.7 27.2 2.39 1.2 10.0 50.0 4.0
NE41 37.3 29.2 1.32 1.4 10.3 20.0 4.0
ACC12x3B 56.0 29.8 0.91 1.4 10.5 53.3 3.9
WCs 43.0 290.5 1.10 1.4 11.5 26.7 3.9
ITxACC23 29.7 20.5 1.57 1.4 10.9 46.7 3.8
ACC23x4W 20.3 20.8 2.33 1.3 8.9 36.7 3.8
NE39 22,7 29.2 2.01 1.3 9.8 20.0 3.8
MU20B 27.0 31.3 1.84 1.5 22,7 30.0 3.8
WCs8 39.3 32.2 1.28 1.6 1.7 43.3 3.7
WC35D 54.7 30.0 0.80 1.3 4.8 30.0 3.7
WC8 43.7 20.3 0.96 1.2 15.0 40.0 3.7
2392 48.0 30.2 0.85 1.2 12.3 40.0 3.6
ALEGIx3B 54.7 33.2 0.87 1.5 12.2 20.0 3.6
WC32xSEC5 36.0 29.0 1.08 1.0 1.3 66.7 3.6
NEs53 47.0 28.3 0.78 1.0 5.7 46.7 3.6
IT98K-205-8 39.7 28.3 0.9 1.0 3.9 53.3 3.5
2434 33.0 30.0 1.15 1.1 10.3 46.7 3.5
4W x 5T 21.3 29.0 1.63 1.0 6.4 33.3 3.4
WCi13 23.7 29.0 1.41 1.0 3.5 70.0 3.4
CIG 49.3 29.2 0.61 0.9 13.9 40.0 3.2
2WxIT 38.0 30.0 0.76 0.9 4.4 46.7 3.1
ALEGIxACC2 39.7 30.5 0.74 0.9 2.2 56.7 3.1
SEC1xSEC4 14.0 25.0 1.62 0.6 1.3 76.7 3.0
3Bx2W 28.0 30.0 0.95 0.8 3.4 66.7 3.0
WC48 12.0 25.2 1.88 0.6 6.0 53.3 3.0
WCo67 18.3 28.8 1.19 0.6 3.4 60 2.7
ACC2xACC12 54.7 32.0 0.41 0.7 1.6 70 2.6
ALEGIx5T 77.3 29.3 0.25 0.6 1.0 70 2.6
NE4 17.0 20.3 1.13 0.5 2.5 50 2.5
WCi16 36.3 32.3 0.51 0.6 2.2 60 2.4
NE39xSEC4 13.7 25.0 1.16 0.4 2.7 70 2.4
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Genotype NE/10 MDP GI ANH/seed PWL PPT (%) DSI
seeds (days)
IT90K-76 12.7 29.2 1.34 0.4 0.7 8o 2.3
182 23.3 29.2 3.43 0.4 1.0 80 2.2
ACC23 x 3B 31.7 20.8 0.46 0.4 10.7 66.7 2.1
IT95K-207-15 6.0 28.3 1.41 0.2 1.7 86.7 1.3
1T97K-499-35 19.7 29.2 0.23 0.1 3.7 90 0.3
WC4q2 17.3 32.0 0.23 0.1 0.5 90 0.3
TVu-2027 7.0 42.0 0.37 0.1 0.0 93.3 0.2
2419 39.7 42.0 0.03 0.0 0.0 96.7 0.0
1T84s-2246 0.7 44.0 0.38 0.0 0.2 96.7 0.0
LSD 11.4 1.5 0.55 0.5 2.7 12.9 0.4

ACC = Accession; NE = Northern and Eastern; WC = Western and Central; Inbred lines at Fy generation;

MU=Makerere University and IT = International Institute of Agricultural Research

Effect of bruchid attack on seeds of cowpea
genotypes

Bruchid attack caused significant (P< 0.001) effects
on seeds of cowpea genotypes (Table 3). The lowest
mean number of holes and the highest percentage
pest tolerance were observed on four cowpea
genotypes including genotype 2419 (0 and 96.7%),
1T84s-2246 (0 and 96.7%), TVu-2027 (0.1 and 93.3
%) and WC42 (0.1 and 90%). Meanwhile, the highest
number of holes and lowest percentage pest tolerance
was recorded on genotype NE32. The weight loss in
different genotypes ranged from zero to 44.7 percent.
The highest weight loss was recorded on genotype
1T71 (44.7%) followed by WC69 (35.9%) while the

lowest was recorded from genotype 2419 and TVu-
2027 (0.0%), IT84s-2246 (0.2%) and WC42 (0.5%)
(Table 3). Based on the Dobie susceptibility index,
2419, WC42,
IT97K-499-35, IT95K-207-15, ACC23 x 3B, 182,
IT90K-76, NE39 x SEC4, WC16, NE4, ALEGI x 5T,
ACC2xACCi12, WC67, WC48, 3B x 2W and SECi1x
SEC4 were considered resistant, whereas IT1009,
SECOW2W, WC19, WC69, IT71, MUg9, SECOWST and
1T889 were susceptible to the pest (Table 3).

genotypes 1T84s-2246, TVu-2027,

Frequency distribution of the 145 genotypes based on
the DSI, showed that 12% were resistant, 79.3%
moderately resistant and 8.7% susceptible (Table 4).

Table 4. Classification of mean values of genotypes based on Dobie susceptibility index.

Class | Resistance  No. Of NE/10 GI MDP ANH/seed  PWL PPT (%) DSI
class Genotypes  seeds (days) (%)
1 Resistance 18 0.7-77.7 0.03-3.43  25-44 0.0-0.8 0.0-3.7 50-96.7 0.0-3.0
2 Moderately 114 22.7-147 0.74-3.69 24.2-34.5 0.9-6.6 1.3-28.9 0.0-66.7 3.1-6.9
resistance
3 Susceptible 13 61-141 0.49-3.82 20.8-25.5 4.5-7.8 7-44.7  0.0-26.7 7.2-8.8

NE= Number of eggs; GI=Growth index; MDP= Median development period; ANH= Average number of holes;

PWL= percentage weight loss; PPT= percentage pest tolerance and DSI= Dobie susceptibility index.

Correlation and regression analysis

The correlation coefficients (r) of cowpea resistance
parameters screened are presented in Table 5. The
percentage grain weight loss was significantly
(P<0.001) positively correlated with the number of

eggs (r = 0.55) and number of holes (0.54). Pest
tolerance showed significant (P<0.001) negative
correlations with number of eggs (-0.56), insect

growth index (-0.50), number of holes (-0.66) and

seed weight loss (-0.66). Dobie Susceptibility index

showed significant (P<0.001) and negative
correlations with insect development period (-0.63)
and pest tolerance (-0.75); and positively correlated
with number of eggs (0.72), growth index (0.7),
number of holes (0.88) and weight loss (0. 57). Dobie
Susceptibility index was predicted by a multiple linear
regression analysis which was performed with
number of eggs, number of holes, seed weight loss

and pest tolerance as predictor variables.

Miesho et al.

Page 46



Int. J. Agron. Agri. R.

The results of analysis indicated that these variables
accounted for 82.3 % of the total variability among

the genotypes for their resistance to bruchid (Table

6), but the best and only significant (P<.001)
predictor of DSI was number of holes and pest
tolerance (Table 6).

Table 5. Correlation coefficients (r) for cowpea genotype under Callosobruchus maculatus artificial infestation.

NE GI MDP ANH PWL PPT DSI
NE 1
GI 0.21 1
MDP -0.30 -0.48 1
ANH 0.81 0.61 -0.42 1
PWL 0.55 0.34 -0.20 0.54 1
PPT -0.56 -0.50 0.29 -0.66 -0.66 1
DSI 0.72 0.70 -0.63 0.88 0.57 -0.75 1

NE= Number of eggs; GI=Growth index; MDP= Median development period; ANH= Average number of holes;

PWL= percentage weight loss; PPT= percentage pest tolerance and DSI= Dobie susceptibility index. All

correlations are significant (P<0.001).

Table 6. The results of multiple regression analysis for cowpea genotypes under Callosobruchus maculatus

artificial infestation.

Parameter Regression coefficient (b) Adjusted R-square P-value
Regresie (Dobie susceptibility index) 3.778%%* .001
NE 0.000"8 .661
ANH 0.543%** 82.32 .001
PWL 0.002"8 .672
PPT -0.021"" .001

***= gignificant at P< 0.001 level, ns=non-significant; NE= Number of eggs; GI=Growth index; MDP= Median

development period; ANH= Average number of holes; PWL= percentage weight loss; PPT= percentage pest

toleranc and DSI= Dobie susceptibility index.

Discussion

The study demonstrate the existence of new sources
of cowpea resistance to bruchid which could be used
to introgress resistance into farmers’ preferred but
susceptible cowpea cultivars. Substantial variations
were observed among the tested cowpea genotypes on
their bruchid resistance parameters (Table 2) such as
DSI (Dobie, 1974). According to Dobie (1974), the
susceptibility index is linearly correlated with the
intrinsic rate of increase and the logarithm of the
number of insects that emerge over a given time
period hence it provides a reliable estimate of
resistance levels. Several studies have used Dobie
susceptibility index as a measure of resistance to
cowpea bruchid (Singh et al, 1985, 2002; Singh,
2005). Genotypes that were identified as resistant
based on DSI included I1T97K-499-35 (Singh, 2005);
1T84S-2246, IT9oK-76 and IT95K-207-15 (Singh et
al,, 2002); and TVu-2027 (Singh et al., 1985).

However, IT98K-205-8 and IT82D-716, introduced
from IITA, Nigeria as resistance sources were found
moderately resistant to the bruchid attack, suggesting
the existence of bruchid biotypes which could break
resistance of earlier reported resistant genotypes
(Shade et al., 1999).

Evidence of the resistance of cowpea genotypes to C.
maculatus was clearly confirmed by reduced rate of
oviposition in the resistance cowpea genotypes.
Earlier work (Tripathi, 2012) showed a negative
relationship between the number of eggs laid by
bruchids and the level of resistance to bruchid,
the

biochemical factors which could either limit the insect

suggesting existence of physical and/or
from accessing the grain or make the seeds difficult
for eggs to adhere to it. Sharma and Thakur (2014)
also reported similar findings on the role of physical
and biochemical factors of seed of resistant varieties

in reducing oviposition rate.
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Amusa et al. (2014) also reported significant

reduction in oviposition of bruchid on resistant

cowpea genotypes.

Differences between the genotypes were apparent
with the days to adult emergence. The resistant
genotypes were characterized by extended adult
emergence period while adult emergence in
susceptible lines was rapid. In case of resistant
genotypes, the time to adult emergence was long for
example 44 days in case of 1T84s-2246 compared to
20.8 days, for the susceptible line IT889. This was
accompanied by lower growth index values observed
on resistant genotypes compared to susceptible ones
(Table 3) with the insect progeny development taking
a longer time in a resistant than in susceptible
genotypes (Jackai and Asante, 2003; Amusa et al.,
2014). This significant delay in development of C.
maculatus on the resistant genotypes could suggest
the difficulty the insect was facing to infest the seeds
and to cause damage. Badii et al. (2013) recorded
extended adult emergence and low growth index
value from the resistant cowpea genotypes and
reported that growth index was the most reliable

indicator of resistance of cowpea to bruchid.

Number of holes as an indicator of the innate
potential of a genotype to overcome bruchid attack
is known to affect the resistance of a particular
cowpea genotype by causing a reduction in the rate
of oviposition. High number of holes per seed was
recorded from susceptible genotypes (ranging 4.5-
7.8/seed) compared to the resistant genotypes (0-
0.8/seed) (Table 4). This could suggest the
existence of physical barrier in the seeds of
resistant genotypes which could affect larval
penetration (Laphale et al., 2012) resulting in
lowered number of holes. Similar results were
reported by Appleby and Credland (2003) who
observed reduced number of holes in resistant
cowpea genotypes. This could also be related to the
seed’s biochemical compounds and its antixenosis
nature (Sales et al.,, 2005). Oviposition cues
utilized by female bruchids may be more related to
the presence or absence of certain chemical factors
in the seed coats of these resistant cultivars (Epino
and Rejesus, 1983).

As shown by Sharma and Nwanze (1997) and Afzal
et al. (2009) the presence or absence of certain
plant biochemicals are involved in feeding and
oviposition stimulation and deterrency which
renders the seed undesirable to be bad host for
rather an easy invasion to the insect (Dhaliwal and
Arora, 2003). It is possible that the genotypes
identified as resistant in this study may have an
elevated level of certain chemical deterrents or a
reduced level of certain oviposition stimulants in

their seed coats than the susceptible genotypes.

Our result also showed wide variability among the
cowpea genotypes with respect to seed weight loss
(0.0% for the resistant to 44.70% for the susceptible)
(Table 3). Low reduction in seed weight by the
bruchid could be attributed to low insect growth
index and seed damage. It was observed that,
genotypes that had low weight loss generally had
fewer eggs, low growth index, reduced number of
holes and increased percentage pest tolerance. It has
been reported that variables such as weight loss,
number of holes and growth index are the most
reliable indicators for resistance of cowpea to damage
by C. maculatus (Jackai and Asante, 2003). Our study
indicated that the genotypes which were least
preferred by the C. maculatus for oviposition
recorded less per cent weight loss (0-3.7%) compared
to the highly preferred genotypes (16.7-44.7%) (Table
4). Similar reports were given by Jackai and Asante

(2003) and Badii et al. (2013).

Correlation and regression studies

The extent to which the studied traits contributed to
increase bruchid resistance was given by information
obtained through correlation studies supplemented
by multiple regression analysis. The results of
correlation analysis between growth parameters of C.
maculatus and DSI in the different cowpea genotypes
indicated that weight loss was positive and
significantly (P<0.001) correlated with the number of
eggs laid, average number of holes and DSI but
correlated negatively with percentage pest tolerance.
This suggests that seeds permitting higher number of
holes leading to higher weight loss and Dobie’s
susceptibility value. Similar correlation results were

reported by Shade et al. (1999).
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The results also indicated that number of eggs and
number of holes and weight loss could be used as
reliable indicators for identifying cowpea genotypes
resistant to bruchid damage. Dobie susceptibility
index showed significant (P<0.001) positive
correlation with average number of holes but
negatively correlated with percentage pest tolerance
and median development period. This indicates that
the longer the insect development period, the lesser
the seed weight loss during storage due to low rate of
insect multiplication as confirmed by a lower number
of holes compared to susceptible genotypes. Similar
results were reported by Shade et al. (1999), Lephale
et al. (2012); Tripathi (2012) and Amusa et al. (2014)

on cowpea and Mwila (2013) on common beans.

The results of multiple regression analysis indicated
that number of holes and pest tolerance were major
contributors for genotypic variation. The positive
correlation relationship between number of holes and
number of eggs indicated that these two traits could
be controlled by similar, overlapping, linked genetic
loci (Acquaah, 2012). This information could guide
breeders on how to improve resistance in cowpea
genotypes by focusing on reducing number of holes
and eggs. The regression and correlation results also
indicated that the number of holes and pest tolerance
could be considered essential while selecting bruchid
resistant genotypes, because they had strong
correlations and higher contributions to variation of

genotypes for their resistance to bruchid attack.

Conclusions

Results of the study showed the existence of genetic
variability among the studied genotypes for resistance
to bruchid. We identified new sources of resistance
from the studied genotypes and recommend further
investigations and identification of biochemicals that
are responsible for cowpea seed resistance to bruchid.
In addition, genetic studies of resistance to bruchid
should be carried to help the incorporation of these
factors into developing new resistant cowpea
varieties. Among the tested genotypes for resistance
against C. maculatus, landraces; 2419, 182, WCjq2,
WC16, NE4, WC67 and WC48, inbred lines; ACC23 x
3B, NE39 x SEC4, ALEGIx5T, ACC2 x ACC12, 3B x

2W and SEC1 x SEC4 and IITA supplied genotypes;
1T84s-2246 , TVu-2027, 1T97K-499-35, IT95K-207-
15 and IT9oK-76 were found to be resistant to
bruchid damage and therefore are recommended as
promising donor source/parent for cowpea resistance

to bruchid breeding programmes.

Acknowledgements

This research was supported by a capacity building
competitive grant Training “the next generation of
scientists” of Carnegie Cooperation of New York
through the Regional Universities Forum for Capacity
Building in Agriculture (RUFORUM). International
Institute of Tropical Agriculture (IITA), Ibadan and
Cowpea Breeding and Germplasm Maintenance
Project of Makerere University Agricultural Research
Institute, provided seeds of cowpea genotypes used in
this work.

References
Acquaah G. 2012. Principles of Plant Genetics and
Breeding. Second Edition. John Wiley & Sons, Ltd.

Afzal M, Nazir Z, Bashir MH, Khan, BS. 2009.
Analysis of host plant resistance in some genotypes of
maize against Chilo partellus (Swinhoe) (Pyralidae:
Lepidoptera). Pakistan Journal of Botany 41, 421-428.

Agbogidi OM. 2010. Response of six cultivars of
cowpea (Vigna unguiculata (L.) Walp.) to spent
engine oil. African Journal of Food Science and
Technology 1, 139-142.

Ali SM, Mahgoub SM, Hamed MS, Gharib
MSA. 2004. Infestation potential of Callosobruchus
chinensis and Callosobruchus maculatus on certain
broad bean seed varieties. Egyptian Journal of
Agricultural Research 82, 1127-1135.

Amusa OD, Ogunkanmi A L, Bolarinwa K,
Ojobo O. 2013. Evaluation of four cowpea lines for
bruchid

Journal of Natural Sciences Research 3, 46-52.

(Callosobruchus maculatus) tolerance.

Amusa OD, Ogunkanmi LA, Adetunbi JA,
Akinyosoye ST, Bolarinwa KA, Ogundipe OT.
of bruchid (Callosobruchus
maculatus) tolerance of some elite cowpea (Vigna

2014. Assessment

unguiculata) varieties. Journal of Agriculture and
Sustainability 6,164-178.

Miesho et al.

Page 49



Int. J. Agron. Agri. R.

Appleby JA, Credland PF. 2003. Variation in
responses to susceptible and resistant cowpeas among
West  African

populations of Callosobruchus

maculatus (Coleoptera: Bruchidae). Journal of

Economic Entomology 96, 489-502.

Appleby JH, Credland PF. 2004. Environmental
conditions affect the response of West African
Callosobruchus maculatus (Coleoptera: Bruchidae)
populations to susceptible and resistant cowpeas.

Journal of Stored Products Research 40, 269-287.

Badii K, Asante S, Sowley E. 2013. Varietal
susceptibility of cowpea (Vigna unguiculata L.) to the
storage beetle, Callosobruchus maculatus F.
(Coleoptera: Bruchidae). International Journal of

Scientific and Technology Research 2, 82-89.

Bawa LY, Oparaeke AM, Ainika JN. 2012. Cowpea
(Vigna unguiculata) pest control methods in storage
and recommended practices for efficiency. Journal of

Biology, Agriculture and Healthcare 2, 27-33.

Beck CW, Blumer LS. 2007. A handbook on bean
beetles, Callosobruchus maculatus.

www. beanbeetles.org

Boyer S, Zhang H, Lempériere G. 2012. A review
of control methods and resistance mechanisms in
stored-product insects. Bulletin of Entomological

Research 102, 213-229.

Deshpande VK, Makanur B, Deshpande SK,
Adiger S, Salimath PM. 2011. Quantitative and
qualitative losses caused by Callosobruchus
maculatus in cowpea during seed storage. Plant

Archives 11, 723-731.

Dhaliwal GS, Arora R. 2003. Principles of Insect

Pest Management. Second edition.

Publishers, Ludhiana, India.

Kalyani

Dobie P. 1974. The laboratory assessment of the
inherent susceptibility of maize varieties to post
harvest infestations by Sitophilus zeamais Mots.
Journal of Stored

(Coleoptera: Curculionidae).

Products Research 10,183-197.

Enwere NJ, Mcwatters KH, Phillips RD. 1998.
Effect of processing on some properties of cowpea
(Vigna unguiculata), seed, protein, starch, flour and
akara. International Journal of Food Sciences and

Nutrition 49, 365-73.

Epino PB, Rejesus BM. 1983. Physico-chemical
properties of mungbean, Vigna radiata (1.) (Wilcz ek)

(L.). Philippine Entomologist 6, 607-620.

Food and Agricultural Organization (FAO).
2016. http://faostat.fao.org. accessed April 2018.

Hall AE. 2004. Breeding for adaptation to drought
and heat in cowpea. European Journal of Agronomy

21, 447-454.

Jackai len, Asante SK. 2003. A case for the
standardization of protocols used in screening cowpea,
Vigna unguiculata for resistance to Callosobruchus
maculatus F. (Coleoptera: Bruchidae). Journal of Stored

Products Research 39, 251-263.

Keneni G, Bekele E, Getu E, Imtiaz M, Damte
T, Mulatu B, Dagne K. 2011. Breeding food
legumes for resistance to storage insect pests:

potential and limitations. Sustainability 3, 1399-1415.

Langyintuo AS, Lowenberg-Deboer J, Arndt C.
2005. Potential impacts of the proposed West African
monetary zone on cowpea trade in west and central

Africa. Agricultural Economics 33, 411-421.

Langyintuo AS, Lowenberg-Deboer J, Arndt
C. 2005. Potential impacts of the proposed West
African monetary zone on cowpea trade in west and

central Africa. Agricultural Economics 33, 411-421.

Leach JE, Cruz, CMV, Bai J, Leung H. 2001.
Pathogen fitness penalty as a predictor of durability of

disease resistance genes. Annual Review of

Phytopathology 39, 187-224.

Leach JE, Cruz, CMV, Bai J, Leung H. 2001.
Pathogen fitness penalty as a predictor of durability of

disease resistance genes. Annual Review of

Phytopathology 39, 187-224.

Miesho et al.

Page 50


http://www/

Int. J. Agron. Agri. R.

Lephale S, Addo-Bediako A, Ayodele V. 2012.
Susceptibility of seven cowpea cultivars (Vigna
unguiculata) to cowpea beetle (Callosobruchus
maculates). Agricultural Science Research Journal

2, 65-69.

Maina Y, Mbaya A, Mailafiya D. 2012.
Susceptibility of six local and four improved cowpea
cultivars to  Callosobruchus maculatus (F.)
(Coleoptera: Bruchidae) Infestation in North Eastern
Nigeria. Journal of Environmental Issues and

Agriculture in Developing Countries 4, 31-37.

Moussa B, Otoo M, Fulton J, Lowenberg-Deboer
J. 2009. Evaluating the effectiveness of alternative
extension methods: triple-bag storage of cowpeas by
small-scale farmers in West Africa. Selected paper
prepared for presentation at the Journal Annual Meeting
of the Agricultural and Applied Economics Association
and the American Council on Consumer Interests, 26-29

July. Milwaukee, Wisconsin USA.

Moussa B. 2006. Economic impact assessment of
cowpea storage technology. M.Sc. thesis, Department
of Agricultural Economics, Purdue University, Purdue

University, West Lafayette Indiana.

Mwila N. bruchid

(Callosobruchus maculatus) resistance in common

2013. Inheritance of
beans (Phaseolus vulgaris). M.Sc. dissertation,

University of Zambia, Lusaka.

National Agricultural Research Organization
(NARO). 2012. Agriculture in Uganda. Vol. II. Crops.

Nielsen SS, Osuala CI, Brandt WE. 1994. Early leaf
harvest reduces yield but not protein concentration of

cowpea seeds. Hort Science 29, 631-632.

Olakojo SA, Ayanwole JA, Obasemola VI. 2007.
“Laboratory screening of seeds of some cowpea
cultivars (Vigna unguiculata) for tolerance to cowpea
beetles (Callosobruchus maculatus) in a hot humid
Journal of

environment”,  American-Eurasian

Agricultural and Environmental Science 2, 528-533.

Oliveira AEA, Fernandes KVS, Souza AJ,
Santos PO. 2009. Influence of the soybean seed coat
upon seed infestation and development of
Callosobruchus maculatus larvae (in press). In:
Soybean and Wheat Crops: Growth, Fertilization, and
Yield: Soybean crops: growth, fertilization and yield.

Nova Science Publishers, New York pp. 335-372.

Phillips RD, Mcwatters KH, Chinnan MS,
Hung YC, Beuchat LR, Sefa-Dedeh S, Sakyi-
Dawson E, Ngoddy P, Nnanyelugo D, Enwere
J. 2003. Utilization of cowpeas for human food. Field
Crops Research 82, 193-213.

Popelka JC, Terryn N, Higgins TJV. 2004. Gene
technology for grain legumes: can it contribute to the
food challenge in developing countries? Plant Science

167, 195-206.

Rangel A, Domont GB, Pedrosa C, Ferreira ST.
2003. Functional properties of purified vicilins from
cowpea (Vigna unguiculata) and pea (Pisum
sativum) and cowpea protein isolate. Journal of

agricultural and Food chemistry 51, 5792-5797.

Sales MP, Andrade LBS, Ary MB, Miranda
MRA, Teixeira FM, Oliveira AS, Fernandes
KVS, Xavier-Filho J. 2005. Performance of bean
bruchids Callosobruchus maculatus and Zabrotes
subfasciatus (Coleoptera: Bruchidae) reared on
resistant (IT81D-1045) and susceptible (Epace 10)
Vigna unguiculata seeds: Relationship with trypsin
inhibitor

Biochemistry and Physiology Part A 142, 422-426.

and vicilin excretion. Comparative

Sanginga N, Dashiell KE, Diels J, Vanlauwe B,
Lyasse O, Carsky RJ, Tarawali S, Asafo-Adjei
B, Menkir A, Schulz S, Singh BB, Chikoye D,
Keatinge D, ORTIZ R. 2003. Sustainable resource
management coupled to resilient germplasm to
provide new intensive cereal—grain—legume-livestock
systems in the dry savannah. Agriculture, Ecosystems

and Environment 100, 305-314.

Shade RE, Murdock LI, Kitch LW. 1999.
Interactions between cowpea weevil (Coleoptera:
Bruchidae) populations and Vigna (Leguminosae)

species. Journal of Economic Entomology 92, 740-745.

Miesho et al.

Page 51



Int. J. Agron. Agri. R.

Sharma HC, Nwanze KF. 1997. Mechanisms of
resistance to insects in sorghum and their usefulness
in crop improvement. Information Bulletin No. 45.
International Crops Research Institute for the Semi-
(ICRISAT), Andhra
Pradesh, India 56 pp.

Arid Tropics Patancheru,

Sharma S, Thakur DR.

developmental

2014. Comparative
compatibility of  Callosobruchus
maculatus on cowpea, chickpea and soybean genotypes.

Asian Journal of Biological Science 10, 1996-3351.

Singh BB, Singh SR, Adjadi O. 1985. Bruchid

resistance in cowpea. Crop Science 25, 736-739.

Singh BB. 2002. Recent genetic studies in cowpea;

challenges and opportunities for enhancing

sustainable cowpea production. Ibadan: IITA, 3-13.

Singh BB. 2005. Cowpea. In: Singh, R.J. & Jauhar,
P.P. (Eds.),
Engineering, and Crop Improvement: Grain Legumes.
Florida: CRC Press 1, 117-161.

Genetic Resources, Chromosome

Tripathi K. 2012. Differential reaction of cowpea
genotypes to pulse beetle under artificial seed
infestation and biochemical basis of resistance.

Indian Agricultural Research Institute, New Delhi.

Vendramim JD, Guzzo EC. 2009. Resisténcia de
plantas Informacao Tecnolbgica; Londrina: Embrapa
Sojae a bioecologia e nutricdo dos insetos. In:
PANIZZI, A.R.; PARRA, J.R.P. (Ed.). Bioecologia e
nutricdo de insetos: base para o manejo integrado de
pragas. Brasilia: Embrapa Informacao Tecnolégica;

Londrina: Embrapa Soja.

Miesho et al.

Page 52


https://www.researchgate.net/publication/325930659

