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The banana weevil (Cosmopolites sordidus Germar) is a serious pest in most banana-growing areas of 
the world. Host-plant resistance is considered to be the most feasible and sustainable method for its 
control. However, a quick and effective method for screening banana genotypes for resistance against 
the banana weevil to facilitate selection and/or development of resistant genotypes is lacking. The 
objective of the study was to develop an early screening method for weevil resistance by using a set of 
reference genotypes. Three susceptible genotypes (‘Atwalira’, ‘Namwezi’ and ‘Kibuzi’) and three 
resistant genotypes (‘Calcutta 4’, ‘Yangambi Km5’ and ‘TMB3x1968-2’) were used in screen-house 
experiments to assess weevil resistance/susceptibility. Healthy plantlets of the above genotypes were 
established in buckets in a screen house. Ten adult weevils (5 females and 5 males) were introduced at 
the base of each plant and the bucket was covered with a weevil-proof mesh. Weevil damage of the 
corms was estimated as a percentage at 35 and 60 days after the weevil introduction by estimating the 
peripheral and cross-section corm damage. The resistant genotypes had significantly lower (p < 0.05) 
peripheral and total cross-section corm damage, and less larvae than the susceptible genotypes. These 
results indicated that these genotypes can be used as reference genotypes in evaluating resistance or 
susceptibility against the banana weevil. These experiments were completed in five to seven months, 
depending on the source of planting material, as compared to field-screening experiments for the 
banana weevil that can take up to three or more years. 
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INTRODUCTION 
 
The banana weevil Cosmopolites sordidus Germar 
(Coleoptera: Curculionidae) is one of the most important 
pests of banana worldwide (Waterhouse and Norris, 
1987). The larvae are the most destructive stage of the 
weevil when they develop from the eggs and bore their 
way into the corm and occasionally the pseudostem, making 
numerous tunnels. Corm damage of the plant interferes 
with root initiation and development, disruption of water 
and nutrient uptake, weakening of the plant and reduction 
in bunch weight (Gold et al., 1999). In extreme cases, weevil  
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Abbreviations: AAA, East African highland banana; AAB,  
plantains; PD, peripheral damage; XT, total cross-section 
damage estimate. 

damage causes toppling and snapping of the pseudostem 
at the base, especially during windstorms (Rukazambuga 
et al., 1998) and consequently shortens the plantation 
life. The banana weevil can cause up to 100% yield loss 
in severe infestations (Sengooba, 1986). It can attain 
pest status in both stressed and well-managed banana 
plantations undermining most of the control strategies. 
Most edible bananas, including the East African highland 
banana (AAA) and plantains (AAB), have been reported to 
be highly susceptible to the banana weevil (Gold et al., 
1994; Fogain and Price, 1994).  

Attempts to control the weevil using cultural, chemical 
and biological methods have not been very successful 
(Gold et al., 1993). Although cultural control practices are 
readily available for small-scale farmers, they are ineffective 
because they are labour-intensive (Gold et al., 1993). 
Chemical control methods are effective but are expensive 
and dangerous  to  humans,  domestic  animals  and  the 
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Plate 1. Plants of susceptible and resistant banana genotypes wrapped in buckets after introducing adult weevils. 

 
 
 
environment. Although there are prospects for biological 
control methods, no biological agent has yet been 
successfully and widely deployed against the weevil 
(Gold et al., 2001).  

Host-plant resistance has been suggested as the most 
feasible and sustainable method for the control of the 
banana weevil, especially in developing countries where 
farmers lack the resources for other control measures 
(Frison, 1999). Several field-screening trials have been 
conducted to identify resistance to the weevil (Fogain and 
Price, 1994; Ortiz et al., 1995; Rajamony et al., 1995; 
Anitha et al., 1996; Kiggundu et al., 1999, 2003). Field 
screening for weevil resistance generally takes several 
years, and are labour-intensive and require large space 
as each banana plant occupies 4 to 9 m2 depending on 
the planting density.  

For breeding purposes, there is a need to develop a 
quick, reliable and effective screening method for resistance 
to the banana weevil. This will facilitate selection and/or 
development of resistant banana genotypes. The objective 
of the study was to develop an early screening for weevil 
resistance using a set of reference genotypes. 
 
 
MATERIALS AND METHODS 
 
This study was conducted at the IITA research station in Namulonge, 
30 km North of Kampala in Uganda. Namulonge is located at 32° 
27’ E longitude and 0° 32’ N latitude. Three susceptible AAA 
varieties, ‘Atwalira’, ‘Namwezi’ and ‘Kibuzi’ and three resistant 
accessions, ‘Musa acuminata  ‘Calcutta 4’, ‘Yangambi Km5’ (Fogain 
and Price, 1994; Kiggundu et al., 2003) and ‘TMB3x1968-2’ (a 
hybrid derived from the cross ‘Who-o-gu’ x ‘Calcutta 4’), were used 
in the screening experiments. The detached corm technique (Pillay 
and Tripathi, 2007) was used to produce the planting material from 
each cultivar.  

Each plantlet was established in a 20-litre plastic bucket containing a  

mixture of sterilised topsoil and farm manure. Fifteen plants of each 
cultivar were arranged in a completely randomised design in an 
enclosed weevil-proof screen house. The plantlets were allowed to 
establish themselves for two months to attain a suitable corm size 
before the introduction of weevils. Weevils were obtained from old 
banana plantations by using the split pseudostem trapping method 
(Mitchell, 1978). The sex of the weevils was determined according 
to methods described by Longoria (1968). Ten adult weevils (5 
females and 5 males) were placed at the base of each plant in the 
bucket. Each bucket was sealed off with a weevil-proof mesh to 
prevent the weevils from escaping or new weevils from entering the 
bucket (Plate 1). The experiment was replicated twice. 

Weevil damage was estimated by using the peripheral damage 
and cross-section method (Gold et al., 1994) at 35 and 60 days 
after weevil introduction. The plants were uprooted and the corms 
pared to expose the weevil damage. Peripheral damage (PD) was 
determined by estimating the percentage of the pared corm area 
consumed by weevil larvae. The corms were then sectioned cross-
wise at 3 and 6 cm {adjusted from 5 and 10 cm as described in 
Gold et al. (1994) to suit the corm sizes} below the collar (upper 
and lower positions, respectively). For each cross-section, weevil 
damage was assessed independently for the central cylinder and 
the cortex by estimating the percentage of corm tissue damaged by 
the weevil in each area. The mean of the four scores (upper cross-
section inner, upper cross-section outer, lower cross-section inner 
and lower cross-section outer) was calculated to generate a total 
cross-section damage estimate (XT). The corm was then dissected 
and the number of eggs, larvae and pupae were recorded. The 
number of the adult weevils recovered from each bucket was also 
recorded. The data on PD and XT was transformed using arc sine 
transformation formula:  
 
X* = 100*arcsin ((sqrt (X+0.5))/100*22/28 
 
Where, X is the PD or XT and X* is the transformed data.   
Similarly, the data on number of weevils, eggs, larvae and pupae 
recovered was transformed into logarithmic scale formula:  
 
N* = Log (N+1) 
 
Where, N is the number of weevils, eggs, larvae or pupae and  N* is  
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Table 1. Mean percent peripheral and cross-section corm damage observed after 35 days of weevil 
inoculation. 
 

Peripheral damage Cross-section damage 
Genotype 

% PD (PD*) % XT (XT*) 

Atwalira 26.67 (39.09ab) 19.10 (37.09a) 
Namwezi 27.50 (39.49a) 13.04 (35.66ab) 
Kibuzi 19.93 (37.47ab) 12.48 (35.43ab) 
1968-2 12.50 (35.43bc) 4.30 (33.11bc) 
Yangambi Km5 5.36 (33.39c) 3.09 (32.71c) 
Calcutta 4 0.17 (31.89c) 0.04 (31.85c) 

 

*Data in brackets was derived from arc sine transformation. Means with the same letter are not significantly 
different (p > 0.05). 

 
 
 

Table 2. Mean number of adult weevils, eggs, larvae and pupae recovered from corms 35 days after inoculation. 
 

Genotype Weevil (Weevil*) Eggs (Eggs*) Larvae (Larvae*) Pupae (Pupae*) 

Atwalira 6.75 (0.81ab) 7.64 (0.74a) 6.08 (0.78a) 0.46 (0.11a) 
Namwezi 6.58 (0.85a) 7.75 (0.77a) 4.58 (0.68a) 0.33 (0.06a) 
Kibuzi 7.20 (0.87a) 8.67 (0.79a) 4.87 (0.68a) 0.20 (0.04a) 
1968-2 5.43 (0.72ab) 3.36 (0.51ab) 4.07 (0.57ab) 0.14 (0.03a) 
Yangambi Km5 5.87 (0.79ab) 3.93 (0.44ab) 1.47 (0.29bc) 0.00 (0.00a) 
Calcutta 4 3.58 (0.49b) 0.05 (0.14b) 0.17 (0.05c) 0.00 (0.00a) 

 

*Data in brackets was derived from arc sine transformation. Means with the same letter are not significantly different (p > 0.05). 
 
 
 
 
the transformed data.  

The transformed data was then subjected to analysis of variance 
using the PROC general linear model (GLM) procedure in statistical 
analysis system (SAS) software (SAS, 1991). Means were separated 
using the lines Tukey comparison test (SAS, 1991). 
 
 
RESULTS  
 
The results of the PD and XT damage by banana weevils 
35 days after introduction are shown in Table 1. The 
mean PD ranged from 19.93 to 27.50% for the susceptible 
genotypes, and from 0.17 to 12.50% for the resistant 
genotypes. The mean XT damage ranged from 12.48 to 
19.10% for the susceptible genotypes and from 0.04 to 
4.30% for the resistant ones. With the exception of 
TMB3x1968-2, which showed an intermediate behaviour, 
significant differences (p < 0.05) were observed in weevil 
damage between susceptible and resistant genotypes. In 
the resistant group, TMB3x1968-2 had the highest PD 
and XT followed by ‘Yangambi Km5’ and ‘Calcutta 4’. 

Similarly, besides TMB3x1968-2 which did not differ 
from the susceptible group, the number of larvae recovered 
from the susceptible and resistant genotypes after 35 
days (Table 2) were significantly different (p < 0.05). 
TMB3x1968-2 had the most larvae compared to ‘Yangambi 
Km5’ and ‘Calcutta 4’. There were no significant (p < 

0.05) differences in the number of adults, eggs and 
pupae recovered from both the susceptible and resistant  
genotypes.  

Weevil damage 60 days after inoculation is presented 
in Table 3. PD ranged from 32.11 to 36.96% and from 
3.87 to 13.43% for the susceptible and resistant genotypes, 
respectively. The XT ranged from 20.93 to 26.00% for the 
susceptible genotypes and from 1.46 to 6.44% for the 
resistant group. The PD and XT for ‘Atwalira’, ‘Namwezi’ 
and ‘Kibuzi’ were significantly (p < 0.05) larger than those 
for ‘Yangambi Km5’, ‘Calcutta 4’ and TMB3x1968-2 
(Table 3). The level of damage was far larger among the 
susceptible genotypes when the assessment was done 
after 60 days rather than after 35 days (Plate 2). The 
number of adults, larvae and pupae recovered after 60 
days of weevil introduction was similar to those recovered 
after 35 days. The number of larvae recovered from the 
corms was significantly (p < 0.05) higher among the 
susceptible genotypes than among the resistant ones, 
except in TMB3x1968-2 which had the highest number of 
larvae in the resistant group (Table 4). There were no 
significant (p < 0.05) differences in number of adults and 
pupae recovered between the susceptible and resistant 
genotypes. However, the number of adults and pupae 
recovered in both susceptible and resistant genotypes 
was generally lower when the assessment  was  done  35  
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Table 3. Mean percent peripheral and cross-section damage by weevils 60 days after inoculation. 
 

Peripheral damage Cross-section damage 
Genotype 

% PD ( PD*) % XT (XT*) 
Atwalira 36.96 (41.52a) 26.00 (38.93a) 
Namwezi 35.77 (41.41a) 20.93 (37.67a) 
Kibuzi 32.11 (40.35a) 22.37 (37.87a) 
1968-2 13.43 (35.67b) 6.44 (33.74b) 
Yangambi Km5 3.87 (33.68b) 1.46 (32.27b) 
Calcutta 4 6.36 (32.98b) 3.44 (32.84b) 

 

*Data in brackets was derived from arc sine transformation. Means with the same letter are not 
significantly different (p > 0.05). 

 
 
 

 
 
Plate 2. Cross-sections of corms of A, ‘Atwalira’ (susceptible) and B, Musa acuminata ‘Calcutta 4’ 
(resistant) genotypes showing presence and absence of weevil damage 60 days after inoculation. 

 
 
 

Table 4. Mean number of adult weevils, larvae and pupae recovered from corms 60 days after 
inoculation. 
 

Genotype Weevil (Weevil*) Larvae (Larvae* ) Pupae (Pupae*) 
Atwalira 5.67 (0.78a) 3.04 (0.47a) 0.56 (0.11ab) 
Namwezi 4.61 (0.72ab) 2.18 (0.37ab) 0.18 (0.05ab) 
Kibuzi 4.75 (0.71ab) 2.67 (0.44a) 0.67 (0.14a) 
1968-2 3.30 (0.53bc) 1.00 (0.16bc) 0.07 (0.02b) 
Yangambi Km5 2.93 (0.52bc) 0.47 (0.10c) 0.03 (0.01b) 
Calcutta 4 2.50 (0.46c) 0.43 (0.10c) 0.07 (0.02b) 

 

*Data in brackets was derived from arc sine transformation. Means with the same letter are not significantly 
different (p > 0.05). 

 
 
 
days after weevil introduction. The number of eggs in 
both susceptible and resistant genotypes was also 
negligible and thus not included. 

DISCUSSION 
 
The results of the study revealed a wide range  of genotypic  



 

 
 
 
 
responses to the banana weevil between the susceptible 
and resistant genotypes. The resistant genotypes show-
ed lower PD and XT and were clearly distinguishable 
from the susceptible group. The large difference in total 
cross-section damage between the two groups of geno-
types is of particular interest for evaluating weevil 
resistance since it measures the extent to which the 
larvae could penetrate deep into the corm. Internal corm 
damage directly affects the yield and survival of the 
banana plant (Rukazambuga et al., 1998). Although 
external damage is not as important as internal damage, 
the difference in peripheral damage between the two sets 
of genotypes is useful for screening experiments. 
External damage of the corm is likely to affect root 
initiation, water and nutrient up take and stability of the 
plant (Kiggundu et al., 2003).  

The trend in external and internal damage between the 
susceptible and resistant genotypes was similar both 
after 35 and 60 days of weevil introduction. However, as 
expected, the extent of PD and XT was greater after 60 
days, especially among the susceptible genotypes. The 
increased corm damage with time was attributed to the 
increase in the number of larvae. On the basis of these 
results, it is recommended that screening for weevil 
resistance in bucket trials should be assessed 60 days 
after weevil infestation. At 35 days after weevil infes-
tation, it was possible only to separate the susceptible 
genotypes from highly resistant genotypes such as 
‘Yangambi Km5’ and ‘Calcutta 4’.  

There were differences in weevil survival rate and larval 
development among the genotypes. The number of adult 
weevils recovered from each bucket was generally less 
than ten, the number introduced per plant. Nevertheless, 
the numbers recovered from the susceptible genotypes 
were relatively higher compared to those recovered from 
the resistant ones. This may be attributed to differences 
in preference by weevils for the susceptible and resistant 
genotypes. The weevils possibly did not feed on the 
resistant genotypes and thus starved to death. This could 
also explain why the number of eggs recovered from the 
resistant genotypes was lower than those obtained from 
the susceptible ones. Mesquita et al. (1984) reported that 
the banana weevil preferred particular cultivars for 
feeding and oviposition. Classical resistance mechanisms 
have been investigated in Musa germplasm, and anti-
biosis (factors affecting larval performance), rather than 
anti-xenosis (attraction), appears to be the most 
important resistance mechanism in banana (Abera et al., 
1999). 

Differences were observed between the number of 
larvae recovered from the susceptible and those from 
resistant genotypes, in particular ‘Yangambi Km5’ and 
‘Calcutta 4’, at both 35 and 60 days after weevil infes-
tation. Besides lower egg density, the fewer larvae 
recovered among the resistant genotypes was attributed 
to low levels of penetration by the developing larvae due 
to the hard nature of their corms  and other mechanisms 
of   resistance   such  as  antibiosis.  Hardness  of  the  corm  
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has been suggested to be an important component of 
weevil resistance in some banana and plantain cultivars 
(Kiggundu et al., 1999). Furthermore, Lemaire (1996) 
showed that ‘Yangambi Km5’ has an antibiotic effect on 
developing larvae, causing substantial mortality and 
lengthening of the developmental stages. At 60 days after 
infestation, the actual numbers of larvae were relatively 
low in all the genotypes. This general reduction in the 
number of larvae with time may be due to their 
metamorphosis into pupae since the total developmental 
period of the larva is about 23 - 33 days (Gold et al., 
1999).   

There was no clear difference in the number of pupae 
recovered from the genotypes and the actual numbers 
were generally low at both 35 and 60 days after weevil 
introduction. The recovery of pupae from corms is 
normally difficult due to the short period they take to 
change into adults. Therefore the number of pupae 
recovered from corms cannot be used to separate 
susceptible and resistant genotypes. Similarly, differen-
ces in the number of eggs recovered may not be a good 
indicator of susceptibility or resistance since eggs also 
develop into larvae within a short time. It is worth noting 
that, although differences in the number of adults, eggs 
and pupae recovered from corms may reveal differences 
in host-plant response to the banana weevil, such 
differences may not be good indicators for screening 
banana genotypes because they do not directly cause 
damage to the plant. 

In conclusion, the differences in cross-section and 
peripheral damage and larvae density clearly separated 
the susceptible (‘Atwalira’, ‘Namwezi’ and ‘Kibuzi’) from 
the resistant (‘Calcutta 4’, ‘Yangambi Km5’ and 
‘TMB3x1968-2), genotypes. This implies that ‘Calcutta 4’, 
‘Yangambi Km5’ and ‘TMB3x1968-2’ can be used as 
reference genotypes in evaluating banana genotypes for 
weevil resistance and susceptibility. Internal and external 
damage and larvae density was almost uniform among 
‘Atwalira’, ‘Namwezi’ and ‘Kibuzi’. These genotypes were 
all reported to be highly susceptible to weevil damage 
(Kiggundu et al., 2003), and therefore any of them can be 
used as a reference genotype for susceptibility. Among 
the resistant group, ‘TMB3x1968-2’ had relatively higher 
external and internal damage and the number of larvae 
recovered compared to ‘Yangambi Km5’ and ‘Calcutta 4’. 
‘TMB3x1968-2’ is a triploid hybrid derived from the cross 
‘Who-o-gu’ (susceptible) x ‘Calcutta 4’ (resistant). 
‘TMB3x1968-2’ was selected for this study because of its 
long field resistance to weevils. However, its level of 
resistance in the screen house appeared to be lower than 
its male parent ‘Calcutta 4’. This shows that this screen 
house technique of screening can reveal minor details 
and therefore it can be used for evaluating banana 
genotypes with different levels of resistance. The results 
further suggest that screening genotypes on the basis of 
external and internal damage can best be done 60 days 
after weevil infestation. If the assessment of resistance/ 
susceptibility  is  based  on  the  number  of larvae recovered  
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from the corms, then it can be done at 35 days after 
weevil introduction. Screening for weevil resistance in 
bucket experiments can be accomplished in 5 to 7 
months, depending on the source of planting material as 
compared to the field-screening experiments that take 
more than three years.  

This study provided an early screening method for 
weevil resistance using a set of reference genotypes. 
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