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Abstract: This study investigated the effect of applying selected banana pest control treatments on management of banana 
weevils. The data was collected on 283 banana plants picked at random; from 29 farmers selected using a snowball sampling 
technique. Treatments used were ethnomedicinal products, synthetic chemicals, cultural practices in plantation planted from 
suckers and those planted from tissue culture. Since data was spatially collected, it was analyzed using Restricted Maximum 
likelihood Estimator (REML). REML was used to estimate the PCI after a square root transformation. The statistical analysis 
indicated a significant difference between plantations where synthetic chemicals, clean planting materials (tissue culture), 
cultural practices and ethnomedicinal products were used. There was also significant variation resulting from different varieties 
grown. However, there was no significant variation resulting from the response of different varieties to the different treatments. 
Results also indicated that garden where the cleaning materials had been used had the least percentage of banana weevil infection. 
This study found out that there was no significant difference in damage caused by banana weevils in banana plantations where 
synthetic chemicals and ethnomedicinal extracts were applied. Thus given the results, the study concluded that ethnomedicinal 
products can be used by farmers to manage banana weevils. The study recommends that further studies should be carried out to 
assess efficacy of the identified potential plants with pesticidal properties under controlled experiment. 
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1. Introduction 

Banana form the main staple food in the Central, Western 
and Mt. Elgon regions of Uganda. They are also a cash crop to 
many smallholder farmers in the region. Food and 
Agricultural Organisation (FAO) [1] estimated per capita 
consumption of Matooke in Uganda at 243 kg/year. The total 
consumption is estimated by Spilsbury, Jagwe and Fernes [2] 
at 4,554,000 metric tons/year. Given the important position of 
banana in the diet of Ugandans, efforts to ensure sustainability 
and improved food production methods is priority especially 
managing soil fertility, pests and diseases [2]. Of recent, 
bananas are under threat from various pests and diseases. The 
pests include banana weevils and nematodes and the major 
diseases are Sigatoka, banana bacterial wilt (BBW) and 

panama wilt diseases (PWD). According to Bosch et al., [3] as 
cited by [2], banana weevils are one of the major pests that 
threaten the banana industry. Use of synthetic agro-chemicals 
to control banana weevils, can only offer short term remedy to 
the problem of pests but has failed to provide long term 
solution to the challenges. On the other hand, smallholder 
farmers cannot afford to pay for the high cost of imported 
agro-chemicals. In addition, prolonged use of synthetic 
agro-chemicals has resulted to resistant pests, health hazards 
to users and destruction of the non targeted natural enemies 
thus destabilizing the ecosystem [4]. Therefore, studies to 
elucidate the efficacy of the ethnomedicinal products were 
important. 
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1.1. Banana Weevils 

Banana weevils Cosmopolites sordidus belong to the 
Coleoptera species super family Curculionidae and are the 
most important pests for bananas [5]. They are nocturnal 
insects that are found mostly in banana plantations [6]. The 
most damaging stage of the pest is its larvae that tunnels 
through the stem, rhizome and pseudostem. Control of banana 
weevils varies from one farming system to another. According 
to Gold and Messien [5], commercial farmers are more likely 
to use synthetic chemicals; whereas resource poor, small scale 
farmers are more likely to use botanicals and cultural control 
methods [7].  

1.2. Use of Ethnomedicinal Products 

Over time, farmers have developed local knowledge and 
skills of controlling banana pests and diseases; but this 
knowledge has slowly been overshadowed with use of 
synthetic agro-chemicals. In the management of banana pests, 
farmers use remedial ethnomedicinal products composed of a 
number of plant species and targets several pest species in the 
field. According to [8 ; 9], majority of peasant farmers in Sub 
Saharan Africa still depend on ethnomedicinal plants and 
traditional practices for both crop and livestock production. 
Food systems especially for small scale farmers are 
increasingly being threatened by outbreak of pests and 
diseases [9]. These pests and diseases are hard to control due 
to the high cost of agricultural inputs. This is compounded by 
the health hazards posed by these chemicals. Therefore, this 
necessitates urgent need to buildup reliable food production 
systems in developing countries, in Africa, where people are 
regularly faced with harsh environmental constraints of 
drought, pest outbreaks, a constant lack of agricultural inputs 
and limited financial means [7]. Berger [9] discussed need for 
smallholder farmers to embrace the theory of sustainable 
agriculture and self-reliance. Different aid organizations have 
tried to channel their help to small farmers in the tropics in 
order to facilitate use of resources, which are locally available 
and can be cheaply maintained [9]. The possibility of making 
raw extracts from plants growing in the neighborhoods, where 
the farmer lives, assists in ensuring self sufficiency and gives 
the farmers a cheap alternative to conventional synthetic 
pesticides which are often imported using foreign exchange. 
Large-scale production of natural pesticides could also 
provide an income for people in the countryside [9].  

In Sub- Saharan Africa use of synthetics is still at its infancy. 
People have always been skeptical about using foreign 
chemicals on their farms. Smallholder farmers mostly rely on 
traditional knowledge to manage crop pests [7]. However, 
there is a knowledge gap on the effectiveness and productivity 
of many extracts used in pest and disease management. 
Therefore research in botanicals, which are effective on pests, 
is imperative. 

Using herbs is staging a comeback and herbal renaissance is 
happening all over the globe [10]. Scientists have 
experimented on use of ethnomedicinal products to find their 
efficacy on banana weevils and other banana pests. Inyang and 

Emossairue [11] explored the repellence of 13 plant species 
while Musabimaana [12] and Umeh, et al., [13] experimented 
on the use of neem leaves as mulch in banana weevil 
management with acceptable results. These studies affirmed 
the possibility of having active ingredients in plants that can 
act as an option in management of banana weevils. 

This contributes to the objective of identifying, locating and 
documentation of those important plant products that can be 
used for pests and disease control in banana production. Over 
thirty ethnomedicinal species have been identified by farmers 
and are used on various crops and livestock pests [14]. 

Use of plant derived botanicals in crops, livestock and 
human health symbolises safety in contrast to the synthetic 
chemicals that are regarded as unsafe to human and 
environment [15]. Use of biopesticides is not only 
environmentally and ecologically friendly; but also gives 
better results than the traditional synthetic chemicals. 
Biopesticides have an array of properties including toxicity, 
repellence, antifeedance and control of insect regulatory 
mechanisms [16]. Therefore, smallholder farmers’ relying on 
botanical products is not unfounded. However there is need to 
validate this knowledge. Some studies so far about traditional 
knowledge have been positive. On-farm studies in 
biopesticides indicated that they increased yields in pigeon 
peas by 20-30% [16]. A vegetable research on the use of pencil 
tree was found effective in control of cabbage pests. This is 
evidence that botanicals can effectively manage and reduce 
pest population pressure to below economic significance in 
crop production [14, 16]. 

Research is an expensive venture that takes time and 
resources. Screening the pool of traditional knowledge can 
help in reducing on the cost of planning for efficacy trials. The 
study that aimed at finding out the extent to which 
ethnomedicinal products are used in the control of banana 
weevils was carried out in Masaka and Mpigi Districts. 
Ethnomedicinal extracts used were mainly from Tephoresia, 
Tobacco, Phytolaca, mixed with animal urine and ash. The 
study also explored the mode of preparation and application of 
ethnomedicinal products and the relative effectiveness of 
ethnomedicinal products on banana weevils in banana 
plantations where various pest control treatments are used. 
The assessment was carried using the Percentage Coefficient 
of Infestation (PCI) in plantations where the different pest 
control applications are use and on variety grown. A 
Restricted Maximum Likelihood Estimator (REML) which is 
a Generalized Linear Models (GLM) used in analyzing 
spatially collected data was employed. REML was used to 
compare the percentage coefficient of infestation of weevils in 
plantations where different treatments were applied i.e. where 
ethnomedicinal products were applied and where they are not. 

2. The Model Used 

2.1. Residual Maximum Likelihood Estimator 

Residual Maximum Likelihood Estimator (REML) is used 
where Analysis of Variance (ANOVA) would have been used 
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and has not; when the data is unbalanced, uncorrelated and has 
two or more sources of variation. The method was introduced 
by Patterson and Thompson [17] as cited by Welham [18]. 
REML is important in estimation of biased variance 
components produced by the ordinary Maximum likelihood 
estimators (MLE’s). Since estimation of unbalanced designs is 
not possible, it therefore requires a robust maximum 
likelihood estimation model [18]. The model enables one to 
estimate the fixed and random effects. In this study, the banana 
pest control treatments were not randomized. They were 
purposively selected by the experimenter. If the experiment is 
repeated, the four pest control treatments must be used again 
and only the random errors are changed [19]. On the other 
hand, the varieties as treatment were randomly selected and 
the variance in the population of banana verities as treatments 
contributes to the total sum of squares [19]. In this study, the 
banana varieties most likely changed from farm to farm. Thus 
not only the errors were changeable, but also the banana 
variety random effects were changeable. Use of REML, which 
include an adjustment for the degrees of freedom, therefore, is 
employed in estimation of the fixed and random effects [17, 
18].  

2.2.1. Equations of the Model 

The equation for model is as follows 

� = �’�	 + �’		 + 
                  (1) 

Where 		 and 
 are independent of each other. 
• y = vector of data (damage resulting from infestation of 

weevils) 
• �  = unknown treatment effects of ethnomedicinal 

extracts with design (n x p) matrix � 
• 	 represent q random block effects with (n x q) design 

matrix �  and 	  ~ N (0 , б

�  I) - Independent effects 

with equal variance  
• e= is vector of residual errors(noise ) with e= N(0,б�	�) 
According to Smith and Verbyla [20] REML partition the 

likelihood into two independent parts:- 
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This can be solved using equation  
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The conditional distribution of 		�� / ��	 has expected 
variance of:  
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The fixed effects are solved using the equation: 
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Given that  
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⇒ τ̂ = (X′!(��)(�� ′!(�y 

Where τ2  depends on estimated variance of parameter 
through H. That is to say:  

)*�(τ̂ ) =σ
�(X′!(��)(��           (10) 

And then the random effects are derived by 

						"� = " ��σ�; 	y��	              (11) 

Since ��and τ are with same length, Smith and Verbyla [19]. 

3. Materials and Methods 

3.1. Area of Study 

The area under study, Masaka and Mpigi Districts, lies 
between N 000.0034, E 0320.0080 and S 000 1891, E 
0310 .4447 elevation is 1229 Above Sea Level(ASL). The 
mean annual rainfall is 1000mm to 2200mm. The rains are 
spread in two seasons between March to May and August to 
November. The average annual temperatures range between 
22.50C to 27 0C. The relative humidity is 80% to 95%. The 
average rain days per year are 127 with an average 10.6 rain 
days/months. The climate is very favourable for the perennial 
crops especially banana and coffee. It is favourable for the 
multiplication of crop and animal pests and diseases. 

3.2. Methodology 

The relative effectiveness of the products was assessed 
using the Percentage Coefficient of Infestation (PCI) using 
data from 29 farmers who use either synthetic chemicals, 
ethnomedicinal extracts or rely on cultural practices only. The 
ethnomedicinal extracts used were mainly extracted from 
pepper (Capsicum frutencesis), tobacco (Nicotiana tabacum) 
and Mexican marigold (Tagetes erecta), Phyotolaca 

dodecandra, Tithonia diversifolia, Tephorosia vogelii, and 

Crassocephalum crepidioides. The most commonly used 
synthetic chemicals were Dusband and Carbofuran. Among 
the farmers who applied chemicals, 3 farmers applied 
chemicals on traps and among a group of farmers, who 
practiced cultural practices, 7 farmers used tissues culture 
planting materials. These were coded separately for analysis. 
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Therefore, the numbers of farmers using different treatments 
were not equal and also the number of varieties from which 
the PCI was estimated was not the same. Data was collected 
on the percent of damage score on banana corms on at least 9 
banana plants per plantation selected at random. Data was 
collected from a total of 283 banana plants, a number that was 
plausible to estimate variability using a multi stage sampling 
technique adapted from Ross [21]. Variety from which PCI 
was picked was also recorded. Percent coefficient of 
infestation (PCI) formula was based on Oginga and Bakyallire, 
[22] and Gold, Speijer and Rukazambaga [23]. The suggested 
model	#� = �’�	 + �’		 + 
) was interested in estimating the 

mean percentage coefficient of infestation , μ , from of the 
entire population of banana in the study area. The study also 
estimated the variation in percent coefficients of infestation 

expressed as	б�. 
Equation 1: REML Model 1 
Assuming that the PCI, Y, is normally distributed 

	#5~�	#0	, б�))                   (12) 

The model can be expressed as: 
Equation 2: REML model 2  

5	 = 	�� + �	 + 
��6�7                (13) 

Where: 5 = Response variable with vector (�� to	�8) 
�= fixed unknown treatment effects with design matrix#9 ∗

;)	� 

	 = random effects with design matrix ( 9<= ) 	�  and 
		~�	#>,?


��); independent effects with equal variance 


= residual errors 
~�#0,?�I) Knight [24] 

4. Results 

4.1. Measure of Banana Damage Using Percentage 

Coefficient of Infestation 

Results indicated that farmers who used tissue culture 
planting materials if applying good husbandry practices had a 
mean PCI of 2.28%±1.13. Those who used ethnomedicinal 
products had a back transformed mean of 3.88%±0.96, which 
was lower than that for farmers who used synthetic chemicals. 
Farmers who used chemicals directly on the mat had an 
average PCI of 5.02% ±0.92; those who applied chemicals on 
trap had highest PCI of 10.76%±1.35. This was higher than 
farmers who managed banana with good cultural practices 
only whose mean PCI stood at 6.71%±1.15 (Table 1). 

The graph in Figure 1 indicated that farmers who used 
ethnomedicinal products, had a mean damage score that was 
less than for farmers who used synthetic chemicals on the mat 
or on traps. Farmers who used synthetic chemicals on trap had 
the highest score of weevil damage in their plantations. The 
score was higher than farmers who practiced good cultural 
practices. This may imply possibilities of resistance to 
synthetic chemicals by the banana weevils and/or poor 
methods of applying the chemicals as evidenced by the high 

PCI of 10.76% by farmers who applied synthetic chemicals on 
traps. Development of resistance to synthetic chemicals may 
be attributed to the weak policy of importing agricultural 
drugs characterized by lack of surveillance to check quality of 
imports to the country and in drug stores. More in addition, 
according to Mcguigan et al., [25], there have been reports of 
adulteration of synthetic chemicals on Ugandan `market.  

 

Figure 1. Banana weevil control treatments n= 

The results also demonstrated that farmers, who used clean 
plating materials (tissue culture) with good cultural husbandry 
practices, may not require any other intervention to control 
banana weevils as they had the list damage score of 
2.28%±1.13 in their banana plantations. Use of tissue culture 
as a source of clean planting material has been recommended 
by Uganda National Council for Science and Technology 
(UNCST) [26]. However, the outliers of (+1.13) may signify 
that if routine management practices are not in place, weevils 
may as well multiply and equally damage the plants.  

Fields where cultural practices were used properly, had a 
relatively low PCI though it was higher than where synthetic 
chemicals were used on mat but not statistically significantly 
different (p=0.418). The finding was in agreement with 
Tinzaara et al., [27] research work in Lwengo, which 
established that cultural practices significantly reduced 
banana weevils below economic injury levels especially 
among smallholdings. According to Treverrow, Persley and 
Ireland, [28] weevil numbers may be kept low by digging out 
and removing old corms, trash and other materials in which 
weevils may breeds. De Graaf ,Govender, Schoeman and 
Viljoen [29] had similar finding in South Africa.  

The spread of damage among farmers who used 
ethnomedicinal products was slightly lower than where 
chemicals are used on mat. The farmers’ fields where 
synthetic chemical were used had a high average percentage 
coefficient of infestation (5.02±0.92 %) in their gardens than 
farmers who used ethnomedicinal extracts with PCI of (3.88%. 
± 096). This probably signifies that if ethnomedicinal products 
are used correctly they can help in management of banana 
pests especially among smallholder farmers.  

4.2. Statistical Analysis 
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Table 1. Descriptive statistics on PIC in banana under different pest control treatments  

Treatment N Transformed Mean Back-transformed mean Std. Dev Range 

Synthetic Chemicals on mat 46 2.24 5.02 ±0.92 3.88 
Synthetic Chemicals on trap 31 3.28 10.76 ±1.35 5.39 
Cultural 77 2.59 6.71 ±1.15 5.04 
Ethnomedicinal extracts 69 1.97 3.88 ±0.96 3.98 
Tissue culture (<3years) 59 1.51 2.28 ±1.13 5.06 

Table 2. Statistical analysis of Percentage Coefficient of Infestation (PCI) using REML 

Fixed term Wald statistics n.d.f F statistics d.d.f F pr 

Treatment 61.7 4 5.63 222 <0.001 
Variety (CI) 88.32 26 6.10 222 <0.001 
Treatment.CI 30.6 29 1.30 222 0.146 
Dropping Terms from model 
Treatment.CI 30.6 29 1.30 222 0.146 
AIC 268.12  BIC 271.52  

 

Figure 1. Graph showing the Average Percentage Coefficient of Infestation of Banana under Different Pest Control Treatments (284) 

To assess the statistical significance further analysis using 
REML was carried out. The data was tested for normality, 
linearity and homogeneity of variance. The data was found not 
be normal. According to Tinzaara et al., [27] before analysis 
data was transformed through a square root transformation to 
normalize it after adding a 0.5 ((x+0.5)*1/2.).  

However because data was spatially collected the treatment 
and varieties from which data was corrected were unbalanced. 
Therefore, use of ANOVA was not suitable and thus REML 
was applied. The various treatments (i.e. Ethnomedicinal 
extracts, synthetic chemicals cultural practice and use tissue 
culture) in factor “Treatment” and the different varieties in 
factor “Variety” were found to be statistically significant 
(p=0.001). The interaction between variety and treatment with 
(p= 0.146) was not significant (Table 2). 

Further analysis in REML was carried out to establish 
which of the varieties had the least damage and thus identify 
varieties that may be resistant to weevils. These could be 
tested further for their suitability for organic banana 
production. Results shows that (AAB) varieties “Nndizi” 
(Sweet banana), is the least affected by weevils and had the 
least percentage coefficient of infestation with the mean 
damage score of 0.89 % (Figure 3). Among the cooking 
banana type, (AAA) varieties with the least mean (PCI) were: 
- “Ntike” (2.97%), “Nsakala” (3.84%), “Mpologoma” 

(4.11%), “Nakitembe” (4.12%), “Nakawere” (4.47%) and 
“Mbwazilume” (5.01%). These were fairly resistant. The most 
affected in (AAA) varieties and in (AAB) varieties were 
“Gonja” with a PCI score of (18.58%); “Kisansa” (40.60%), 
and “Kafuba” (23.98%) but this need to be verified further. 
Results indicated that they are some varieties that express host 
resistance to banana weevils given the low PCI obtained from 
the selected sampled varieties. Improved varieties had a high 
host resistance as compared to the landrace varieties. This is in 
agreement with Reddy et al., [30]; Kiggundu [31] who 
reported that improved varieties expressed higher host 
resistance to banana weevils than the “Matooke” (AAA) type. 
The results of study were also in agreement with findings by 
Speijer et al., [32 but contradicted another study by Bagamba, 
Burger and Tushemereirwe [33] in which, “Gonja” was found 
to have higher survival rate than “Ndizi”. Even when 
improved varieties had a high resistance to banana weevils, 
very few farmers planted them. 

5. Conclusions and Recommendations 

5.1. Conclusion 

This study investigated the effectiveness of ethnomedicinal 
products used in control of banana weevils. It was intended to 
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compare the percentage coefficient of infestation in plantation 
where ethnomedicinal products are used with plantations where 
they are not. This was in relation to the high loss of banana 
yields resulting from high infestation of banana weevils. The 
study specifically thought to compare the effectiveness of 
ethnomedicinal products with synthetic chemicals, cultural 
practices and banana planted from tissue culture. Based on the 
results of the PCI collected from various plantations, where 
different pest control products were used (ethnomedicinal 
products, cultural practices, synthetic chemicals and banana 
planted from tissue culture materials) and from earlier findings, 
it was established that there was no significant difference in 
damage caused by banana weevils between banana in fields 
where synthetic chemicals were applied and those banana in 
fields where ethnomedicinal extracts were applied 
(P-value=0.678). Yet the mean difference of weevil damage in 
plantations where ethnomedicinal products were used was 
lower (3.88%) than where chemicals were used (5.02%). Since 
there was no significant difference in PCI where synthetic 
chemicals and ethnomedicinal were used (P-value=0.678). It 
can therefore, be concluded that ethnomedicinal products may 
equally be effective in management of banana weevils and can 
be recommended to be used by farmers to control banana 
weevils together with cultural control methods. 

5.2. Recommendation 

The study objective was about assessing the effectiveness 
of ethnomedicinal products in control of banana weevils. 
Owing to the fact that results of the study indicated positive 
signs of ethnomedicinal products being effective as compared 
to synthetic chemicals, further studies should be carried out to 
assess efficacy of the identified potential plants with pesticidal 
properties under controlled experiment. Also opportunities to 
explore these products on a commercial scale should be 
explored. 
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