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ABSTRACT 
 
The main objective of the study was to assess levels of resistance of some selected bean 
(Phaseolus vulgaris L.) varieties to storage bruchids (Common bean weevil Acanthoscelides 
obtectus (Say) and Mexican weevil Zabrotes subfasciatus). Specifically it aimed at determining 
bruchids emergence and median development period, finding out the extent of damage caused by 
the bruchids on each variety and determining the weight loss incurred by each variety due to 
bruchids infestation. The experiment was laid out in a Complete Randomized Design (CRD) with 
four replicates. The study was conducted at Bunda college of Agriculture-Department of Crop and 
Soil Sciences-Entomology Laboratory. It was conducted from September 2012 to January 2013. 
Seven bean varieties, Kalima, Nasaka, BCB3, Sapelekedwa, BCB1, Bwenzilaana, and BCB2 were 
used as test materials. 100 g of bean seeds sample from each variety were put in kilner jars and 
were infested with 16 bruchids of common weevil and Mexican weevil, and it  was carried in two 
phase; the first phase was used collect data for emerging insects and median development period; 
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and Second phase was used to collect other data parameters. The results at P=.05 only BCB2 was 
found to be significantly resistant to storage bruchids, Sapelekedwa was the only moderate 
resistant, Nasaka, BCB3 and Kalima were susceptible and finally Bwenzilaana and BCB1 were 
highly susceptible. The results also showed that the damage caused by the storage bruchids 
ranged from 20% in resistant varieties to 88% in high susceptible varieties while the weight loss 
ranged from 3% to 29%. It was concluded that the level of resistance among the seven varieties 
evaluated to two common bean weevils (Acanthoscelides obtectus and Zabrotes subfasciatus) 
differed significantly during the four and half month’s storage period. 
 

 
Keywords: Storage bruchids; DSI; percent damage and weight loss. 
 

1. INTRODUCTION 
  
Beans in Africa are regarded as the second most 
important source of human dietary protein and 
the third most important source of calories after 
maize and cassava [1]. The common bean 
Phaseolus vulgaris is one of the most important 
legumes grown by smallholder and large scale 
farmers in Malawi. Beans provide proteins to 
both poor and rich households.  
 
Most farmers fail to realize the potential yield and 
full utilization of the produce due to many 
production constraints [2]. These are: inadequate 
production technologies; lack of information on 
suitable varieties to grow; poor rain distribution; 
diseases; and pest damage [3]. The latter factor 
is the most challenging when it comes to 
production and utilization of beans. Many farmers 
fail to utilize the harvest due to the damage 
caused by the storage insect pest [1]. In storage 
beans are mainly attacked by two types of 
bruchids; Common bean weevil, Acanthoscelides 
obtectus (Say) and Mexican weevil Zabrotes 
subfasciatus. These bruchids are reported to 
cause damage or losses of   40–100%, if the 
stored beans are not treated with chemicals like 
actellic dusts that control the storage pests [4].  
 
Post-harvest losses of beans mostly occur during 
storage stage rather than during other stages like 
threshing or cleaning. There are several possible 
causes of these losses during storage: rotting 
due to exposure to moisture; theft; and storage 
pest attacks [5,6]. Pests which attack beans 
during storage are rodents and bruchids            
(A. obtectus and Z. subfasciatus). Bruchids 
attack is considered as the major cause of the 
losses and their levels of damage or loss 
depends on whether the stored beans are 
treated with chemicals or not.  
 

Another factor that contributes to the level of 
damage or loss due to bruchids is the type of 
variety. The level of damage is different among 
varieties; this is due to physical characteristics 
such as seed size and seed coat and seed color,  
which different varieties possess [7,8]. The 
above physical characteristic of the seed are 
responsible for differences in susceptibility to 
bruchids among different bean varieties. Since 
the resistance or susceptibility depend on the 
type of variety, therefore it was necessary to 
carry out an experiment or a trial to assess the 
levels of resistance of some selected bean 
varieties under storage bruchids infestation. 
 

2. MATERIALS AND METHODS  
 
2.1 Area of Study 
  
The experiment was conducted from September, 
2012 to January, 2013 at the Department of Crop 
and Soil Sciences Entomology Laboratory of 
Bunda college of Agriculture, Lilongwe.  
 

2.2 Experimental Materials 
 
2.2.1 Bean samples 
 
Bean seeds of seven released bean varieties 
commonly grown by farmers in Malawi were 
used. These varieties were: Kalima (an 
introduced line from CIAT), Nasaka, BCB3, 
Sapelekedwa, BCB1, Bwenzilaana, and BCB2 
were used as test materials. These varieties 
were collected from Bean/Cowpea Collaborative 
Research Support Programme (B/C CRSP) of 
Bunda college of Agriculture. The seeds were 
dried up to 11-12% moisture content and were 
not previously treated with chemicals. The 
characteristics of the varieties are described in 
Table 1.  
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Table 1. Characteristics of the dry bean varieties tested in experiment for resistance to  
(Z. subfasciatus and A. obtectus) 

 
Variety Characteristics 

Seed size Colour and shape Growth habit Maturity 

Kalima Large seeded Speckled red kidney Dwarf 100-110 days 
Nasaka Large seeded Tan seed coat kidney Dwarf 100-110 days 
Bwenzilaana Medium Roundish yellow seed coat Dwarf 90-100 days 
Sapelekedwa Large seeded Blue Dwarf 77-100 days 
BCB1 Medium seeded  Speckled  Dwarf 80-90 days 
BCB2 Small seeded Blown Climber  90-100 days 
BCB3 Medium  seeded Speckled  Climber  90-100 days 

Source: Bean/Cowpea Collaborative Research Support Programme (B/C CRSP) (2010), Bunda College 

 
2.2.2 Bean bruchids 
 
Adult insects of A. obtectus and Z. subfasciatus 
species were collected from Chitedze Research 
Station (CRS) and students’ research farm store 
room with naturally infested beans. A laboratory 
culture was then established at Entomology 
laboratory by allowing the collected samples of 
insects to lay eggs (oviposit) on Nasaka variety. 
The two bruchids species were maintained 
separately in the laboratory after collection. 
About 900 insects were reared in 0.5kg of 
Nasaka seed using 2L Kilner glass bottle jars. 
The jars were covered with muslin cloth.  
 

2.3 Experimental Design 
  
The trial had 7 treatments laid out in complete 
randomized design (CRD) and each treatment 
was replicated 4 times. The treatments were 
Kalima, Nasaka, BCB3, BCB2, BCB1, 
Bwenzilaana and Sapele kedwa. Seed samples 
were disinfested by freezing at temperature of -3 
to 1°C for one week. This was done to ensure 
that any eggs or adult insects from the field were 
killed, as they might affect the results of the 
experiment. Seed samples were then removed 
from the deep freezer and placed in the room for 
conditioning for two weeks. No insect emerged 
from the disinfested seed at the end of the two 
weeks.  
 
2.3.1 First phase of the experiment 
 
Seed samples weighing 100g were placed in 
transparent plastic kilner jars. The bean samples 
in each bottle were infested with 16 randomly 
selected adult insects, but without sex 
determination. Out of 16 bruchids 8 were 
Mexican weevils and other 8 were common bean 
weevils. Weevils were allowed to lay eggs for ten 
days, then after they were removed. To prevent 
the bruchids from escaping, a muslin cloth was 

used to cover the mouth of each bottle and held 
in place by a rubber band. 
 

2.3.2 Second phase of the experiment 
 

The bean samples were re-infested in the same 
way as first phase and were not remove from the 
kilner jars. This was done to collect data for other 
parameters apart from those mentioned above.  
  

2.4 Data Collection 
 

The infested seed were kept for 12 days to allow 
for oviposition to take place. The following data 
was collected: Number of emerging insects, 
median development period and number of 
damaged and undamaged seed, number holes 
per seed, weight of damaged and undamaged 
seeds and weight of whole sample.  
 

2.5 Resistance Classification 
 
Resistance was measured by the number of 
holes, number of holes per seed, seed weight 
loss incurred due to damage caused by bruchids, 
the number of adult bruchids that emerged, and 
the period required for the insects to develop 
within the bean seeds. 
 

Seed weight loss, was calculated as follows: 
 

               
         

             
      

 
Where:  
 

IGW = initial seed weight for the sample 
FGW = final seed weight  

 
The number of holes per seed (NHPS), was 
calculated as follows: 
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Where,  
 

NHP = Number of Holes per Seed. 
NH = Number of holes 
Nd = Number of damaged seeds 

 

The number of adult bruchid that emerged and 
the median development period were combined 
to calculate the susceptibility index (Dobie, 1974) 
for each variety using the equation: 
 

     
        

 
      

Where;  
   

Y = total number of adult bruchid emerged 
t = median development period 

 

Based on Dobie susceptibility Index, bean 
varieties were grouped into four resistance 
Classes (Table 2). 
 

2.6 Data Analysis 
  
Data was entered in Genstat and Microsoft excel 
and subjected to analysis of variance (ANOVA) 
procedure for calculating F probabilities and 
coefficient of variation for investigated variables. 
Least Significance difference (LSD) test was 
used to separate means. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Dobie Index, Development Period and 
Bruchid Emergence 

 

The seven varieties assessed under laboratory 
conditions showed significant variations in 
expression of resistance to bruchids. Significant 
differences (P = .05) were observed in DSI, 
bruchids emergence and development period 
(Table 3). The variety BCB2 performed better 
than the rest of the varieties (DSI 4.9). 
Sapelekedwa scored second with DSI of 9.4 and 
BCB1 performed poorly as it had DSI of 17.4. 
Bruchids in BCB2 had significant (P = .05) longer 
development period (45 days). On BCB1, 
bruchids had shorter period (27 days), but their 
differences were not significant with Kalima at P 
= .05. There were also significant differences on 
development period on Sapelekedwa, Nasaka, 
BCB3, and Bwenzilana at probability level of 5 
%. There was high emergence of bruchids on 
BCB1 (110 bruchids) and low emergence on 
BCB2 (only 9 bruchids emerged in a period of 45 
days). The results statistically showed significant 
differences. 

A frequency distribution of the 7 varieties, based 
on the DSI, showed that 14% of the varieties 
tested were resistant, 14% moderate resistant, 
43% susceptible and 29 % highly susceptible to 
bruchids (Fig. 1). Only BCB2 was in resistant 
category, Sapelekedwa in moderate resistant, 
Nasaka, BCB3 and Bwenzilana were susceptible 
and finally Kalima and BCB1 were in last 
category, highly susceptible. 
 

3.2 Seed Damage Due to Insect Pest 
Infestation after 3.5 Month 

 

In terms of numbers of holes, BCB1 had the 
highest number of holes (316 holes) caused by 
the bruchids as compared to the rest of the 
varieties (Table 4). In BCB2 there was low 
number of holes appeared (20 holes) and the 
other remaining varieties were between the two 
mentioned varieties and statistically similar. The 
number of holes per one seed ranged from 1-3 
(Table 4). It was highly observed in Nasaka and 
Sapele kedwa (3 holes per seed), moderately 
observed in BCB3, Bwenzilana, Kalima and 
BCB1 (2 holes per seed) and finally in BCB2, 
there was low number of hole per seed (1 hole 
per seed). These differences were not significant. 
BCB1 suffered the highest seed damage, Table 
4. Kalima (37%) was second from BCB1, while 
BCB2 suffered the least damage. 
  
Table 2. Classification of resistance based on 

to DSI\ 
 

Dobie Susceptibility  
Index (DSI) 

Resistance class 

0-5 Resistant 
6-10 moderate resistant 
11-15 Susceptible 
16 and above More Susceptible 

 

3.3 Seed Damage Due to Insect Pest 
Infestation (after 4.5 Months) 

 

3.3.1 Seed damage 
 

BCB1 recorded the highest number of holes 
caused by bruchids (2397 holes) as compared to 
the rest of the varieties (Table 5). Holes per seed 
ranged from 1 to 7 (Table 5). Significant 
differences (P = .05) were observed in BCB2, 
while in other varieties; Nasaka and BCB1, 
Sapelekedwa and Bwenzilaana, BCB3 and 
Kalima. Percent seed damage ranged from 20% 
to 88 % (Table 5). BCB1 (86%) was second from 
Kalima; while in BCB2 (20%) there was low 
percent damage. 
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Table 3. The DSI, development period and number of bruchids emerged on each variety 
 

Variety Development period Bruchid emerged DSI 

BCB2 45
a 

9
f 

4.9
 

Sapelekedwa 38
b 

36
e 

9.4
 

Nasaka 36
bc 

51
d 

11.0
 

BCB3 33
cd 

64
c 

12.7
 

Bwenzilaana 32
cd 

60
c 

12.8
 

Kalima 28
e 

91
b 

16.3
 

BCB1 27
e 

110
a 

17.4 
Grand mean 34 63 12.3 
F(SIG) .001 .001 .001 
LSD 4 14 0.8 
CV (%) 7.6 15.7 4.6% 

Note: Means annotated by the same letter (s) are significantly the same 
 

 
 

Fig. 1. Frequency distribution of 7 bean varieties for resistance to bruchids under laboratory 
infestation 

 

Table 4. Extent of damages caused by bruchids after 3.5 months 
 

Variety Number of 
undamaged seed 

Number of 
damaged seed 

Number 
of holes 

Holes per 
seed 

Percent 
damage 

BCB2 607 15 20
c 

1
 

2
b 

Sapele kedwa 164 95 247
ab 

3
 

37
a 

Nasaka 137 91 256
ab 

3
 

40
a 

BCB3 168 92 201
ab 

2
 

36
a 

Bwenzilaana 203 96 177
bc 

2
 

32
a 

Kalima 137 78 207
ab 

2
 

37
a 

BCB1 236 171 316
a 

2
 

42
a 

Grand mean 236 91 204 2 32 
F(SIG) .001 .001 .013 .424 .024 
LSD 53 51 191 1 23 
CV (%) 15 38 56 39 47 

Note: Means annotated by the same letter (s) are significantly the same 
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Table 5. Extent of damages caused by bruchids after 4.5 months 
 

Variety Number of 
undamaged seed 

Number of 
damaged seed 

Number of 
holes 

Holes per 
seed 

Percent 
damage 

BCB2 499 124 151
c 

1
c 

20
b 

Sapele kedwa 68 191 924
b 

5
b 

73
a 

Nasaka 43 186 1346
b 

7
a 

82
a 

BCB3 64 196 1196
b 

6
ab 

76
a 

Bwenzilaana 80 220 1018
b 

5
b 

73
a 

Kalima 26 189 1203
b 

6
ab 

88
a 

BCB1 56 351 2397
a 

7
a 

86
a 

Grand mean 119 208 1196 5 71 
F(SIG) .001 .001 .001 .001 .001 
LSD 59 60 685 1.5 21 
CV (%) 34 20 39 19.8 20 

Note: Means annotated by the same letter (s) are significantly the same 
  

4.4 Seed Weight Loss 
 
Seeds weight loss ranged from 3% to 29 % 
(Table 6). BCB1 (29 %) and 26 % Kalima 
suffered the greatest weight loss.  
 
Overall, only BCB2 was resistant to the bean 
weevils, several factors may account for the 
observed resistance in this variety. First, physical 
characteristics such as grain size and weight 
have been reported confer resistance in certain 
crops. According to Bean/Cowpea Collaborative 
Research Support Programme (CRSP), BCB2 is 
regarded as a small seeded variety as it has a 
seed weight of less than 25g. Small seeded 
varieties are more resistant as compared to 
medium seeded and large seeded varieties [9]. 
The small seeded varieties have seed coat which 
is rough and hard, this increase the resistance to 
pest [10]. Hence, few insects are able to 
penetrate the seed coat. This is evidenced by 
few reported holes per grain as large          
seeded varieties have been reported to be more 
prone to insect burrowing than in small seeded 
varieties [11].  
 
White colored Chickpeas (Cicer arietinum) were 
found to be vulnerable to storage pest [8]. In 
Nigeria, black coloured Bambara (Vigna 
subterranean) nuts supported more bruchids 
than other seed coat colours [12]. This however, 
whether this was at work in the present 
experiment was could not be ascertained for the 
bean varieties used in this experiment. 
 

Insect developmental period is longer in resistant 
varieties [11,13]. These results are in agreement 
with previous findings in Malawi [7]. Varieties 
with short development period of bruchids have 
implications to growers or anyone associated 
with beans, they shorten the storage period by 
increases post-harvest losses. As such they 
require immediate treatment with an effective 
insecticide. In the absence of any control 
strategy, A. obtectus and Z. subfasciatus are 
capable of causing up to 100% damage on 
stored bean seeds [14]. This increases cost of 
production. 
 
Biochemical characteristics play a great role in 
host plant resistance. The crop may exude 
chemicals which repel the insects. Some 
secondary plant metabolites deter insects from 
feeding, mating and/or oviposition, Studies by 
Ishimoto et al. [15] found that transgenic Azuki 
beans (Vigna angularis) expressing αAI gene 
completely blocked bruchid development [16]. A 
protein called arcelin in the bean cotyledons was 
reported to be the source of resistance 
responsible for the resistance of wild common 
beans in Mexico [17]. On the contrary, an 
arcelin‐5 variant P. vulgaris accession G02771A 
was found not to be the source of resistance [18]. 
However, for beans mechanisms of bruchid 
resistance in the field may be different from that 
in the laboratory [7]. Detailed studies on 
biochemical and physical characteristics of the 
seeds underlining the resistance need to be 
carried out. 
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Table 6. Response of different bean varieties to bean weevil infestation 
 

Variety Weight of 
undamaged 

Weight of 
damaged 

Initial weight 
of seeds 

Final weight 
of  seeds 

Actual weight 
loss % 

BCB2 84
b 

13 100 97 3
c 

Sapelekedwa 27
a 

56 100 84 16
ab 

Nasaka 19
a 

62 100 81 19
ab 

BCB3 24
a 

54 100 77 23
ab 

Bwenzilaana 25
a 

50 100 75 25
ab 

Kalima 24
a 

50 100 74 26
ab 

BCB1 18
a 

53 100 71 29
a 

Grand mean 30 50 100 80 20 
F(SIG) .001 .001  .01 .01 
LSD 20 16  13 13 
CV (%) 47 22  11 45 

Note: Means annotated by the same letter (s) are significantly the same 

 

4. CONCLUSION 
 
The level of resistance among the seven 
varieties evaluated to two common bean weevils 
(Acanthoscelides obtectus and Zabrotes 
subfasciatus) differed significantly during the four 
and half month’s storage period. Only BCB2 was 
resistant to the two weevils. Sapele kedwa was 
also the only moderate resistant, Nasaka, BCB3 
and Bwenzilaana were susceptible and Kalima 
and BCB1 were highly susceptible. 
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