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Abstract. A structured questionnaire eliciting farmers’ knowledge of Coffee Berry Moth (CBM) was
administered to 10 coffee farmers selected in the villages surrounding Kaweri. Additionally, 10 coffee
trees were assessed for CBM infestation in farmers’ gardens and at Kaweri. Half of the farmers knew
CBM and >50% of them first observed it on their coffee recently. However, 42.8% of them thought
CBM causes no effect on coffee yields. Furthermore, 57.2% of them could identify the pest by the
characteristic silk webs and the same percentage was aware that CBM causes more damage during
the dry season. Majority (71.2%) of them did not know the effect of shade on its infestation while all
of them were not aware of any alternative host for it. Lastly, only 14.2% of the farmers mentioned
that they were managing CBM. At plot level, CBM was observed in all the Kaweri sections and
farmers’ gardens assessed and the infestation was significantly (p<0.05) higher at Kaweri than in
farmers’ gardens. Infestation decreased significantly (p<0.05) with increase in pruning and
intercropping. The results showed that CBM is gaining economic importance as a pest of Robusta
coffee in Uganda. However, limited farmers’ knowledge about its management, coupled with scanty
literature, points to urgent need for research towards developing integrated management strategies
for it.

Keywords: Coffea canephora, Coffee-Berry-Moth, Intercropping, Prophantis-smaragdina, Pruning.

Introduction

The Coffee Berry Moth (CBM), Prophantis smaragdina (Butler) (Lepidoptera: Pyralidae) is a widely
distributed coffee pest and has been reported in sub-Saharan Africa, Madagascar, the Indian
Ocean islands and some parts of Asia (Waller ez 4/, 2007). This pest species has been existing
in Uganda since the 1940’s (Ghesquiére, 1942) but with low economic importance as in other
countries in the East African region (Ndungi, 1994; Lyimo et al., 2004; Magina, 2009; Magina ez
al, 2016). However, it has of recent gained importance and is currently one of the major pests
infesting coffee not only in Uganda (Liebig, 2017; Kagezi ef al., 2021), but also in the region
(Mendesi and Tesfaye, 2009; Mugo ¢t al., 1997, 2011) and elsewhere (Mahdi, 2006; Gaitan ef al.,
2015; Lavogez, 2017; Biru, 2019).
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Female moth lays scale-like eggs singly on or near green berries. They hatch into larvae after
6-7 days and they are about 1.3 c¢m long when fully grown, pink/red in color, with dark
markings. These then bore into the green berries to feed on the seed, starting near the stalk and
hollow them out. One larva usually attacks several berries in one cluster. As the larvae move
across the berry cluster, they spin a web of silk, thus joining the cluster together and this is the
distinctive characteristic of CBM. After 14 days, the larvae fall to the ground and pupate
between dry leaves for 6-42 days, depending on conditions. Adult moth is small and golden
brown, with a wingspan of about 1.3-2.0 cm and may live for about 14 days (Crowe and Tadesse
1984; Waller ez al., 2007; Gaitan ef al., 2015). Damage of the larvae may also lead to secondary
infection by the Coffee Berry Disease (CBD) fungus, Colletotrichum kabawae (Waller & Bridge).
In absence of the green berries, the larvae may also attack the tips of the green branches (Hill,
1975; Crowe and Tadesse 1984).

Damage caused by the P. smaragdina has been reported to negatively affect coffee yield
(Liebig, 2017) and therefore, has the capacity to cause high losses in coffee. For example,
Derron (1977) reported that the moth destroyed up to 80% of the coffee yields in the island of
Sao Tome’, Gulf of Guinea. Similarly, Gaitan ¢f a/. (2015) reported yield losses of more than
25% in eastern Africa whereas, in a study conducted in Karagwe District, Tanzania showed that
17% of the pests observed were CBM (Kubabigamba, 2015). More recently, the management
of Kaweri Coffee Plantation Limited, Uganda, reported that the pest had caused an estimated
more than 40% in the year 2020 (Kagezi ¢f al., 2021).

Furthermore, though, research studies showed that CBM could be present on coffee
throughout the year (Mendesi and Tesfaye, 2009), infestation has been reported to be higher
during the wet than in dry season (Biru, 2019), as it increases with humidity (Mendesil and
Tesfaye 2009). Infestation by CBM has also been observed to be higher at low altitude as
compared to high and mid altitude (Chevalier, 1947; Liebig, 2017). Infestation has also been
reported to decrease with increasing shade intensity (Biru, 2019). Additionally, apart from
coffee (both Cuffea robusta and C. Arabica), the pest has also been reported on a few close
relatives of coffee including: - Rubiaceae spp., Tricalysia sp. (Hill, 1975; Le Pelley, 1959) and
Bertiera aluzania (Kaiser et al., 2008).

Managing CBM is difficult because, once the berry clusters are webbed, insecticide sprays
will not penetrate them (Gaitan e¢# al., 2015). However, cultural methods have been used to
manage this insect pest. In case of heavy infestation, it is recommended to strip off the infested
berry clusters by hand. These materials should them be placed in holes and covered with a fine
mesh that prevents the adults from escaping but allowing adult parasitoids to go back to the
coffee fields (Gaitan ¢ a/., 2015). Other cultural practices such as smoking treatments have also
been reported to reduce the population density of CBM in comparison to the control (Mahdi
etal., 2008). In addition, a number of chemicals including: - fenitrothion, fenthion, fenvalerate,
chlorpyrifos and deltamethrine have been recommended for managing this insect pest (Crowe
and Tadesse 1984). However, some of these chemical like fenitrothion have been banned from
use in Uganda (Otut, 2017) whereas, others belong to class II chemicals that are defined as
moderately hazardous (FAO/WHO, 2001). Concoctions of extracts of Ficus salicifolia have also
been tested experimentally for managing CBM, with some success (Ba-Angood and Al-Sunaidi,
2004). On the other hand, a few natural enemies have been tested for managing CBM but with
limited success. For example, Trichogrammatoidea sp., an egg parasite (Derron, 1977), parasitoids
attacking larvae including: - four species of Braconids, an Ichneumonid, two Tachinids (Ndungi,
1994) and Elasmus sp (Eulophidae: Hymenoptera) (Mahdi ez a4/, 2008) as well as
entomopathogens such as Bacillus thuringiensis (Tapley and Materu, 1961).
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Recently, the management of Kaweri Coffee Plantation Limited, Uganda, one of the major
commercial coffee plantations in Uganda, reported that CBM had caused an estimated coffee
loss of about 40% in the year 2020 (Kagezi et al., 2021). In response, the National Coffee
Research Institute (NaCORI) and Uganda Coffee Development Authority (UCDA), conducted
a rapid assessment mini study at Kaweri and the surrounding villages to establish the damage
levels and farmers’ knowledge of CBM.

Materials and Methods

Study Site

This rapid assessment was conducted in Kaweri Coffee Plantation Limited and the surrounding
villages to respond to concerns of an outbreak of Coffee Berry Moth (CBM) on coffee by the
management of the plantation. The Plantation is located in Naluwondwa parish, Madudu sub-
county, Buwekula County, Mubende District at 0°36'59"N 31°28'28" E (Figure 1).

u.0y EERUoY

< ¢

KEY

@ Kaweri Coffee Plantation
I Mubende District

I UG_Wwater bodies

[ uganda

Figure 1. Location of Kaweri Coffee Plantation Limited

It sits on a total area of 2,512 ha of land, of which 80% is arable and can therefore be used for
cultivation of coffee (Gissat Techno Consult Ltd, 2001). The main economic activity done this
area is agriculture with the major crops grown include: - coffee, bananas, tea, beans, maize,
sweet potatoes, and groundnuts while, cattle, goats, sheep, pigs, and poultry are the main
livestock. Banana-coffee system is the commonest farming system in the area NEMA, 2001).
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The area receives an average of 1,125 mm, ranging from 875 and 1,250 mm per annum with
minimum and maximum temperatures of 15 °C and 25 °C respectively. Furthermore, the area
is made up of Pre-Cambrian and Cainozoic rocks overlain by red ferralitic soils and sandy loams
characterized by large amounts of iron oxides. The altitude of the area varies between 1,245 and
1,350 m above sea level (Kaweri Coffee Plantation Ltd, 2001). The coffee plantation site and
surrounding areas are dominated by savanna vegetation (Obua ez /., 2005).

Data Collection

A structured questionnaire eliciting farmers’ knowledge on the pest status, ecology and
management of the Coffee Berry Moth (CBM) on Robusta coffee was administered to 10
randomly selected farmers surrounding Kaweri Coffee Plantation Limited in the sub-counties
of Madudu and Kitenga.

In addition, a biological study was conducted in the coffee gardens of five of the farmers
that were interviewed as mentioned above. The assessment was also done in the four sections
of Kaweri - Kitagweta, Kyamutuma, Luwunga and Nonve. In each sampled garden, 10 coffee
trees were randomly selected along a transect. The canopy of each of the selected coffee trees
was divided into the upper and lower portions. One primary branch was selected randomly in
each of the portions and the number of all the berry clusters and those damaged by CBM was
established to compute the percentage damage. One berry cluster was then randomly selected
and the number of all berries and those damaged by CBM was established and used to compute
the percentage damage. CBM-infested coffee betties are brown/black, dry, hollow and usually
webbed together (Crowe and Gebremedhin, 1984; Gaitan ez a/., 2015).

Analysis

Data on farmers’ knowledge were entered into Microsoft Excel, cleaned and analyzed using
descriptive statistics including: - means and percentages. In addition, the coffee berry cluster
and berries damaged by CBM were compared across the four sections at Kaweri Coffee
Plantation and between the five coffee gardens in the neighboring villages using analysis of
variance (ANOVA) with the general linear model (GLM) procedure. The sections and farms
acted as blocks. Means were separated by Tukey’s test at 5%. In addition, Chi square analysis
was performed to compare the damage caused by the coffee pests and diseases on coffee berry
clusters and berries at Kaweri and the coffee gardens in the villages surrounding villages.

Simple linear regression analysis was also done to compare the level of plant management
(pruning and de-suckering) with the damage caused by the pests and diseases on coffee berries
at Kawerl. In addition, the level of field management (intercropping, weeding and shading) was
also compared with the percentage of coffee berries infested by pests and diseases using a
simple regression. All the analyses were done using Statistical Analysis System (SAS) software
(SAS Institute, 2008).

Results
Farmers’ knowledge of the Coffee Berry Moth (CBM)

Responses of farmers interviewed in villages surrounding Kaweri Coffee Plantation on their
knowledge of Coffee Berry Moth (CBM) are summarized in Table 1.
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Table 1. Farmers’ knowledge of the bio-ecology and management of the Coffee Berry Moth (%)

Parameters Respondents
Year when the pest was first observed on the _farm

Never observed on farm 28.6
2017 14.3
2018 14.3
2019 28.6
2020 14.3
Symptoms of damage of the pest

Farmer does not know 28.6
Silk webs around infested berries 57.2
Brown, black, dry and hollow berries 14.2
Estimated coffee yield losses caused by CBM

Farmer does not know 28.6
No effect 42.8
<25% 28.6
Season when the highest damage is observed

Farmer does not know 42.8
Dry season 57.2
Effect of shade on CBM damage

Does not know 71.4
Increasing 28.6
Management of CBM

Farmer does not know 71.4
Nothing 14.2
Physical removal of infested berries and burn or bury 14.2

Our results showed that half of the farmers interviewed had knowledge of CBM and, of these,
>50% of them mentioned that they first observed CBM in their coffee gardens in the last three
years. In addition, 42.8% of these farmers were of the view that the pest had no effect on coffee
vields whereas, 57.2% of them could identify the pest by the silk webs it forms around the
infested coffee berries.

The study further revealed that farmers were aware of seasonal changes in damage caused by
CBM with, 57.2% of those who knew the pest mentioning that it causes more damage on coffee
in the dry season. On the other hand, 71.4% of the farmers who knew CBM, did not know the
effect of shade on its infestation while, none of them knew alternative host plant species for
the pest. Also, 71.4% of the farmers who knew CBM, did not have knowledge of its
management, though, 14.2% of them mentioned that they were physically removing infested
berries and burning or burying them.

Damage recorded on coffee berry clusters and berries

Table 2 summarizes the percentages of the coffee berry clusters and berries damaged by the
CBM at Kaweri Coffee Plantation Limited and the surrounding villages in Mubende district,
central Uganda.
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Table 2. Percentage of coffee berry clusters and berries damaged by the Coffee Berry Moth at
Kaweri Coffee Plantation Limited and the surrounding villages

Coffee berry clusters (%) Coffee berries (%)

Section Kitagweta 48.9+31.7 a 22.5421.5a

Kyamutuma 3574322 a 10.8+12.9b

Luwunga 20.4+24.7b 7.6£11.8b

Nonve 20.1£23.9b 9.3£13.1b

Mean 31.2430.6 12.6+16.2

Ccv 90.80 120.67

F value 14.36 11.83

Pvalue <.0001 <.0001
Farmer Farmer 1 7.7£18.8 a 2.8+6.2 a

Farmer 2 1.1£6.3 b 0.3£2.4 a

Farmer 3 3.4+16.3 ab 2.0+6.7 a

Farmer 4 0.3£1.6 b 1.7£7.6 a

Farmer 5 0.9+5.4D 0.8£5.0a

Mean 2.7+11.8 1.54£5.8

CVv 431.50 384.96

F value 421 1.70

P value 0.0025 0.1504

Results showed that CBM was recorded in all the sampled sections of Kaweri as well as the
farmers’ coffee gardens. The percentage of coffee berry clusters infested by CBM varied
significantly (p<<0.05) across both the sections at Kaweri and farmers’ coffee gardens. However,
the percentage of CBM-infested berries varied significantly (p<0001) for only Kaweri but not,
in the farmers’ gardens (p=1504). On average, 31.2 and 12.6% of the coffee berry cluster and
berries respectively, were infested by CBM and for both, the highest infestation was recorded
in Kitagweta section (48.9%).

Furthermore, results of the chi squared analysis showed that the percentage of both coffee
berry clusters and berries damaged by CBM was significantly (x2=23.96023, p<0.001;
X2=8.7383, p=0.0031, respectively) higher at Kaweri Coffee Plantation compared to the
farmers’ gardens (Table 3).

Table 3. Comparison of percentage of coffee berry clusters and berries damaged by the Coffee
Berry Moth at Kaweri Coffee Plantation Limited and the surrounding villages

Site Coffee berry clusters (%) Coffee berries (%)
Kaweri Coffee Plantation Limited 31.2430.6 a 12.6+16.2 a
Farmers’ coffee gardens 2.7£11.8b 1.5¢5.8b

Chi square value 23.9602 8.7383

Pvalue <0.0001 0.0031
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Effect of plant management on the damage caused by the Coffee Berry Moth (CBM)
on Robusta coffee berries

The level of management of the coffee plants in the different sections at Kaweri Coffee

Plantation Limited is summarized in Table 4.

Table 4. Level of management of the coffee plants in the various sections at Kaweri Coffee
Plantation Limited

Level of management of the coffee plant (%)

Practice Section
Not practiced Lowly Moderately Highly

Pruning Kitagweta 10 90 0 0
Kyamutuma 0 50 20 30
Luwunga 0 50 20 30
Nonve 0 50 0 50

De-suckering Kitagweta 20 80 0 0
Kyamutuma 50 20 0 30
Luwunga 40 10 0 30
Nonve 40 10 0 50

The highest percentage of badly managed coffee crops were observed in Kitagweta section —
with all the coffee plants either not managed at all or lowly managed. This could have partly
contributed to the higher level of CBM in this section as compated to other sections.

In addition, the regression analysis results showed that the percentage of coffee berries
infested by CBM decreased with plant management (pruning and de-suckering). However, this
relationship was significant (R?=0.1087, p=0.0378) for pruning but not de-suckering
(R?=0.0403, p=0.2139) (Figure 2). This implies that pruning might be partly influencing damage
caused by CBM.
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Figure 2. Effect of pruning (a) and de-suckering (b) on the percentage of coffee berries
damaged by the Coffee Berry Moth (CBM) at Kaweri Coffee Plantation Limited

Figure 3 shows the effect of intercropping, weeding and shading of Robusta coffee plants on
the percentage of coffee berries damaged by the Coffee Berry Moth (CBM) at Kaweri Coffee
Plantation Limited, Mubende district, central Uganda. Results of the regression analysis showed
that the percentage of coffee berries infested by CBM decreased significantly (R2=0.5087;
p=0.0310) with increasing level of intercropping but not weeding (R?=0.0224; p=0.7008). On
the other hand, the percentage of coffee berries infested by CBM increased with increasing level
of shading but not significantly (R2=0.0945; p=0.4210).

22



Uganda Journal of Agricultural Sciences 21 (2)

- 25
(@)
m
tS 20 y=-72333x+11.244
o R?=0.5087
o p=0.0310
oy
e
23z
&3
g
$
5
=]
3
= o
3]
2 3
Level of intercropping (0=not practiced 1=low 2=moderate 3=high)
25
E
2 * y=-1.2389%x+8.487
2 R2=0.0224
S 20 p=0.7008
b 3
®
215
-]
35
w O
£3 .
g 10 .
5 ¢
5 s \
o
B I3
2 $
S, . g
0 1 2 3
Leve of weeding (O=not praticed 1=low 2=moderate 3=high)
25 1
E y=3.0342x+2.0395
(c) 2 . R?=0.0945
3 =0.4210
£ 207 P
0
o
2 15
B e
25
2 10 o
g .
8 ¢
E
2 5
S .
3 I ¢
¢}
0 ; $ :
0 1 2 3
Level of shading (0=not practiced 1=low 2=moderate 3=high)

Figure 3. Effect of intercropping (a), weeding (b) and shading (c) of Robusta coffee plants on
the percentage of coffee berries damaged by the Coffee Berry Moth at Kaweri Coffee Plantation
Limited
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Discussion

The success of any program for managing pests depends largely on farmers’ motivations, skills
and knowledge (Razzagh Borkhani ef 4/, 2013). This is because farmers have their own
practices, knowledge, and ideas on how a given problem can be resolved in the most feasible
way (Stuiver ez al, 2004). It is therefore important to understand the basic knowledge,
perception and skills of farmers when developing and implementing sustainable pest and
disease management strategies that can be adopted by many farmers (Matteson ¢ al., 1984;
Morse and Buhler, 1997; Morales and Perfecto 2000; Liebig e al., 2016). Our results showed
that half of the farmers interviewed had knowledge of CBM and this funding agrees with Liebig
et al. (2016) who also reported that more than half of the Arabica coffee farmers of Mt Elgon
region, eastern Uganda knew CBM. Farmers’ inability to correctly identify pests could result in
indiscriminate application of pesticides resulting in the destruction of beneficial organisms in
the ecosystem (Donald, 2004).

Furthermore, results also showed that more than half of those farmers who knew CBM,
mentioned that they first observed it on their coffee in the last three years. This implies that
this insect pest has just gained economic importance on coffee in the last few years (Liebig,
2017; Kagezi et al., 2021), though, it has been in existence on coffee in the country for some
time (Ghesquiere, 1942). Our finding is in agreement with reports by the management of
Kaweri Coffee Plantation Limited that showed that huge losses (>40%) caused by CBM were
just noticed recently — in 2020 (Kagezi ef al., 2021). This is supported by the fact that almost
half of the farmers were of the view that CBM had no effect on coffee yields. A study conducted
in Tanzania also showed that only 4% of the farmers interviewed considered CBM as one of
the most important insect pests infesting coffee (Ngowi, 2003). However, Liebig et al. (2016)
reported that farmers perceived impact of CBM as intermediate problem affecting coffee
productivity in Mt Elgon, Uganda.

Farmers’ ability to propetly identify insect pests is one of the ways that lead to their
successfully control and therefore increase production and productivity (Liebig e a/., 2016). Our
results showed that more than half of the farmers could identify the pest basing on the silk
webs it forms around the infested coffee berries. This symptom is one of the most important
distinctive features for CBM (Crowe and Gebremedhin, 1984; Waller et al., 2007). However,
none of the farmers knew the most destructive stage of the pest, though examining the life
stages as well as the most damaging and vulnerable stage of an insect pest is one of steps in
implementing an Integrated Pest Management (IPM) Plan (https://extension.psu.edu/steps-
of-integrated-pest-management-ipm). Therefore, understanding the life cycle and behavior of
insect pests is the first step to the development of better techniques for their control (Soltani ef
al., 2008; Goldy, 2012).

In addition, more than half of the farmers also mentioned that CBM causes more damage
on coffee in the dry season. However, this finding contradicts experimental results that show
that CBM causes more infestation in the wet season (Biru, 2019) due to increase in humidity
levels (Mendesil and Tesfaye 2009). Furthermore, none of the farmers knew alternative host
plant species for CBM. This could imply that the pest has few alternative plant host species.
Research studies have in fact, reported a few close relatives of coffee as alternative hosts of
CBM - including: - Rubiaceae spp., Tricalysia sp. (Hill, 1975; Le Pelley, 1959) and Bertiera zaluzania
(Kaiser, 2005). Also, majority of the farmers were not aware of the effect of shade on the CBM,
though research studies conducted in Ethiopia showed that CBM infestation decreased with
increasing shade intensity (Biru, 2019). However, there are conflicting reports on influence of
shade on coffee insect pests — some of them are negatively affected by high shade intensities
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(Pardee and Philpott, 2011) while others are increased as shade intensities increased (Kucel ez
al., 2011; Kagezi ez al., 2013; Jonsson e al., 2015).

The majority of farmers had no knowledge on how to manage CBM, agreeing with earlier
research studies conducted elsewhere on the general management of coffee pests (Aranka e al.,
2021). However, this contradicts studies by Liebig ¢# a/. (2016) that showed that >50% of the
Arabica coffee farmers interviewed in the Mt Elgon region, eastern Uganda were using
insecticides to manage CBM. Nevertheless, our results showed that a few (14.3%) of the farmers
were using cultural practices (physical removal of infested berries and burn or bury) as
compared to 3% in Mt Elgon region (Liebig e¢f @/, 2016). Limited knowledge on cultural
management of pests has been reported to result to heavy infestations within the coffee gardens
(Aranka e al, 2021) since, these methods have been recommended for managing pests,
especially in cases of heavy infestation (Gaitan e a/., 2015). The low knowledge of farmers on
the management of CBM therefore calls for more awareness campaigns (Aranka ez al., 2021).

On the other hand, the biological assessment showed that 31.2 and 12.6% of the coffee berry
clusters and berries respectively, had been infested by CBM at Kaweri Coffee Plantation
Limited. This finding is in line with other studies that have reported varying damage levels of
CBM ranging between 0.65 and 11.62% in southern Ethiopia (Abedeta ¢ af/, 2011).
Nevertheless, higher infestation levels by CMB of more than 60% have been reported in Yemen
(Ba-Angood and Al-Sunaidi, 2004) whereas, IAR (1981), observed that up to 85% of the coffee
berties had been damaged by CBM in southern Ethiopia. Similarly, Mahdi (20006) reported that
all the stored coffee grains sampled in Yemen had been infested by CBM. Our results also
support reports from the management of the plantation that the moth is becoming a major
insect pest at Kaweri and that it had caused a yield loss of about 40% in the year 2020 (Kagezi
et al., 2021). Literature shows that though this insect pest has been in existence on coffee in the
Uganda and in the region for some time (Ghesquiere, 1942), it has been all along considered to
be of minor economic importance (Magina, 2009; Lyimo et al., 2004; Magina ¢# a/, 2016).
However, it has recently gained economic importance in Uganda (Liebig, 2017) and elsewhere
(Mendesi and Tesfaye, 2009; Mugo ef al., 2011; Gaitan ez al., 2015). Attacks by the moth has
been reported to be more severe, especially in low altitude areas where it caused crop loss in
the range of 25-50% (Le Pelley, 1968; Gaitan ef al., 2015).

Our results also showed that the damage caused by CBM on coffee berry clusters and berries
was significantly (p<<0.001) higher at Kaweri Coffee Plantation as compared to the farmers’
gardens. This could in part be due to the difference in cropping system practices in the two
settings. At Kaweri, coffee is grown as a monocrop whereas, coffee in farmers’ gardens is grown
with numerous plant species including: - bananas, legumes, fruit trees, vegetables, among
others. This argument is supported by results of our study that showed that Robusta coffee
berries infested by CBM decreased significantly (p=0.0310) with increasing level of
intercropping. Intercropping increases biodiversity in the coffee agro-system and play a
significant role in reducing the impact of pests on coffee (Pumarifio ef a/., 2015; van Asten ¢z al.,
2015). For example, Coffee Leaf Miner (Androcioli ¢ a/., 2018; Consolagao Rosado ¢z a/., 2021)
and Coffee Berry Borer (Avelino ¢z al. (2011). The ecological theory relating to the benefits of
mixed versus simple cropping systems revolves around two possible explanations of how insect
pest populations attain higher levels in monoculture systems than in diverse ones (Atanu, 2018).
The two hypotheses proposed by Root (1973) and they are: - i) the ‘enemies hypothesis’, that
argues that pest numbers are reduced in more diverse systems because the activity of natural
enemies is enhanced by environmental opportunities prevalent in complex systems, and ii) the
‘resource concentration hypothesis’, which argues that the presence of a more diverse flora has
direct negative effects on the ability of insect pests to find and utilize the host plant and to
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remain in the crop habitat. However, there is a need to undertake more detailed studies on the
local and landscape scale factors causing outbreaks or resurgences of these insect pests in coffee
in Uganda (Vaidya ef 4/, 2017). Such information is vital for designing and implementing
management options for these pests (Ramirez, 2018).

Furthermore, damage caused by the moth varied significantly (p<.0001) across the sections
at Kaweri, with the highest values being recorded in Kitagwata section. This could have been
due to a number of possible reasons. First, both crop and field management in this section were
generally pootly practiced as compated to other sections. This argument is in patt supported by
the regression analysis results that showed that the level of pruning significantly (R?=0.1087;
p=0.0378) influenced the percentage of coffee berries infested by CBM. Pruning to open the
coffee canopy is one of the cultural methods recommended for managing pests infesting coffee
clusters and berries (Waller ¢f al., 2007; Aristizabal ez al., 2017; Kawabata ¢f al., 2017). Pruning
provides better microclimate that supports survival of natural enemies of most of these pests
(Crowe and Tadesse, 1984). Microclimate, particularly humidity, is known to determine largely
the development of hyper parasites such as entomopathogenic fungi (Staver ef al, 2001).
Secondly, the coffee in Kitagweta section was weedy — results in this study showed that the
percentage of coffee berries infested by CBM decreased with increasing level of level of
weeding, though not significantly (R2=0.0224; p=0.7008; Figure 3). Weeds may increase ‘bushy’
conditions in the coffee plantation that may create microclimatic conditions favoring pest
infestation (Avelino ez al., 2004; Pumarifo ef al., 2015), but also some weed species have been
reported to harbor coffee pests (Fornaciari ez al., 2020). Thirdly, Kitagweta section neighbors a
woodland that might probably be a source of alternative host plant species for this insect pest.
CBM is known to have a few alternative host plant species in Uganda, belonging to the coffee
family - woody Rubiaceae spp. and a Tricalysia sp. (Hill, 1975).

Conclusion

Our study clearly showed that the Coffee Berry Moth is gaining economic importance as a pest
infesting Robusta coffee as evidenced at Kaweri Coffee Plantation Limited. Since, it directly
attacks coffee berries (beans) and this is the final coffee product for consumption, the damage
this moth causes does not affect only yields, but also quality. It was also observed that farmers’
knowledge on the bio-ecology and management of this pest is limited. This coupled with scanty
literature on CBM in Uganda calls for urgent research to develop integrated management
strategies for this insect pest.
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