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Abstract: Coffee is the major commodity legally traded in the world from agricultural productions. Even though, it’s
economically important, its production and productivity is challenged by many factors, of which insect pests are the major.
Among insect pests, coffee berry borer is the most challenging insect pest of coffee throughout the globe. It is the most important
biotic constraints for commercial coffee production worldwide and major concern in eastern Africa. The infestations start when
the adult females bore the berry and deposit eggs inside it. Hatched larvae start to feed on the inside the berry, which leads the
reduction of yield and quality of the marketable product. On the other hand, almost all the lifecycle of the insect carried out inside
the coffee berry and its cryptic nature, making it diffcult to control. Additionally, global warming is particularly important for
coffee because of its influence on occurrence of pests which often diminish production and quality of coffee. Increasing
infestation of coffee berry borer and their management have significantly constrained economical production of coffee. The
infestation of the pest is highly influenced by altitude, coffee production system, agroforestry practices, shade intensity levels
and the natural enemies’ diversity and populations. Many management options like cultural, insecticides, microbial and traps
showed promising results under field conditions. But, using these options solely is unsustainable and ineffective for long term
solutions. Then development of integrated management option for coffee berry borer is an issue in the future. And the
compatibility of the promised options along with their application sequence also needs focus. The paper reviewed and identifies
the research efforts should focus to increase the successfully developing an effective coffee berry borer management methods.
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share to the Ethiopian economy in which it was a primary
export commodity.

Jaramillo et al. [5] reported that the price of coffee highly
increased between 2009 and 2011 years. This may be related
with coffee productivity reduction in Eastern Africa and Latin
America, the main coffee productions area. Even though, it’s
economic important, it affected by many production factors,
of which insect pests influences both the yield and quality of
the crop [4]. Major challenges that face production of C.
arabica worldwide include: susceptibility to insect pests and
diseases, low soil fertility and variability in climate and poor
management practices [6]. Global warming is particularly
important for coffee because of its influence on occurrence of

1. Introduction

Coffee is one of the major commodities which played
significant source of income for more than 80 countries in the
international agricultural trade [1]. The dominant coffee
species are Coffea arabica L. and Coffea canephora Pierre ex
A. Froehner which took the highest share in the coffee trade.
But, more than 70% coffee production is covered by C.
arabica. Many authors’ reports agreed that C. arabica is
originated in Ethiopia and where it’s wild variety dominantly
grown [2]. The economies of many countries depend upon
coffee productions and businesses [3]. In Eastern Africa

region coffee is a major cash and export crop. As an example, A e -
Fekadu et al. [4] reported that coffee contributed a higher ~ droughts, and pests which often diminish production and
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quality of coffee [7]. Mugo et al. [8] reported that the
increasing infestation of coffee pests and their consequent
management have significantly limited in coffee production.

Over 900 insect species have been reported on coffee in the
world [9]. However, fewer than 20 of the arthropod insect
pests constitute major constraints to coffee production [10]. In
terms of economic importance, there are five coffee insect
pests that are particularly important on Arabica coffee in East
Africa. These include antestia bugs, coffee berry borer, green
scales (Coccus spp. De Lotto), Kenyan mealy bugs
(Planococus kenyae Le Pelley) and coffee leaf miners
(Leucoptera meyricki Ghesquiere and Leucoptera caffeine
Washbourn) and other coffee pests have low economic
damage [11]. But, in Ethiopia over 49 species of insect pests
were reported [12]. Among which antestia bugs and coffee
blotch miner are the major insect pests caused higher damage
[13]. However, coffee berry borer, coffee thrips, green scale
and coffee cushion scale are considered as potentially
important insect pests in Ethiopia.

Even though coffee berry borer is the major insect pest
affecting worldwide commercial coffee productions; it is a
major concern in eastern Africa region [14-16]. The higher
infestation of the pest was 96% in the region [17]. Previously,
there were no information’s of coffee berry borer infestations
on coffee plantations at higher altitudes [18]. But, Jaramillo e?
al. [16] suggested that the probably C. canephora was the
original host of the coffee berry borer. This coffee species is
primarily produced at lower altitudes areas. Consequently,
due to temperatures increment of coffee growing regions, the
infestation of the pest now recorded at higher altitudes, where
it C. arabica is dominant [16]. The objective of this paper is to
identify the major achievements, the research gaps and put the
future work on which the research should focus for the
successful and effective coffee berry borer management
options.

2. General Description and Biology of
Coffee Berry Borer

2.1. The Taxonomic Classification and Biology Coffee Berry
Borer

Coffee berry borers are categories of order Coleoptera,
Scolytidae family and Hypothenemus genus. It has many
synonyms name such as Cryphalus hampei, Stephanoderes
hampei, Stephanoderes coffeae and Hypothenemus coffeae
(Hagedorn) [19]. The most commonly used and accepted is
Hypothenemus hampei (Ferrari, 1867) [19, 20].

The genus Hypothenemus has 181 species, of which only
Hypothenemus hampei is known as an important pest [20].
The insect penetrates the coffee berry and reaches the
endosperm where it builds galleries for its reproduction and
then it commences egg laying. Barrera [21] reported that the
female insect start oviposition after 2 days of her infestation.
And the majority life cycle of the pest is spending inside the
coffee berry [22].

2.2. Host Range of Coffee Berry Borer

Johnson et al. [23] reported that the majority of
Hypothenemus genus feed on dead plant materials and not a
significant crop pest. However, an economically important
Hypothenemus species are the tropical nut borer (TNB), H.
obscures and H. hampei [23]. And coffee is main host for the
coffee berry borer. Additionally, Coffee berry borer adults
have been recorded on plants other than the coffee [14]. In
Haweii, Messing [24] evaluated different plant families and
recorded the pest on Leucanea leucocephala (Lam.) from
Fabaceae family. But, the pest was unable to use this plant as a
host. Le pelley [25] reported that some of the plants on which
the pests occurred include Tephrosia sp, Phaseolus lunatis,
Hibiscus sp, and Oxycanthus sp. However, Sponagel [26]
reported that the insects’ life cycle is only known to be
completed on coffee species. Additionally, its primary host is
coffee plant and its reproduction didn’t carry out on any other
plants species [27, 23].

3. The Status and Distribution of Coffee
Berry Borer

Coffee berry borer was first reported in exported coffee
beans (Ferrari, 1867). It was collected from field in Mount
Coffee, Liberia [28, 19]. In 1901 it recorded as a pest of C.
canephora in the Republic of Congo and Gabon [29]. The pest
was first detected in Brazil in 1913 [30]. The coffee berry
borer expanded into Kenya in 1928, Ethiopia in 1968 and
Colombia in 1988 [31, 32, 16]. Later coffee berry borer is
recorded in almost all eastern and southern African countries.
The pest becomes the most devastating insect pest on C.
arabica and C. canephora. Coffee berry borer has spread to
more than 80 coffee producing countries in the world [33, 20,
34]. Except China, Nepal and Papua New Guinea coffee berry
borer is a serious pest of coffee worldwide [34, 11, 22]. But
recently it reported that Papua New Guinea's coffee industry is
infested [35].

Previously, coffee berry borer primarily attacks C.
canephora which dominantly grown at lower altitudes while,
C. arabica and forest coffee were less affected which
commonly grown at higher altitude [36]. Eyasu et al. [37]
study showed that the coffee berry borer is dominated at lower
altitude coffee production areas and coffee produced by
intensive cares. But with increasing temperatures, the coffee
berry borer could be forced to migrate to higher altitudes
where C. arabica dominantly grows. Study conducted in some
coffee growing areas of Ethiopia showed infestation of coffee
berries and populations of the pest have increased throughout
southwestern Ethiopia [38]. As Esayas et al. [39] elucidated
coffee berry borer covered a wide range of altitudes ranging
from 1200 to 1770 m.a.s.l. Chemeda et al. [40] reported that
average incidence of 4.83+0.44, 7.15+2.26 and 2.96+0.55% of
H. hampei at Berhane-Kontir, Yayu and Bonga, respectively.
Fekadu et al. [14] also indicated that coffee berry borer is top
prevalent coffee pests in Gedeo zone of southern Ethiopia.

Vega et al. [41] estimated that infestation levels of the
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coffee berry borer were 60% in México and 50 — 90% in many
countries. And the more severe infestation of the pest recorded
in Puerto Rico in 2014. It caused severe damage especially at
intermediate to high elevations [42]. The pest was considered
as a serious threat for the survival of the coffee industry in the
Island [42]. Marino et al. [42] used data for both C. arabica
and C. canephora together and observed that infestation
ranged from 0 to 95%. In 66% of sites sampled, the maximum
number of individuals per fruit was greater than 10. Marino et

al. [42] found that almost double the number of individuals in
sites above 201 m.a.s.| than at sites below 200 m.a.s.l. (Figure
1 (a)). These authors estimated that the infestation and coffee
berry borer population per fruit were significantly higher in
Arabica than Robusta coffee (Figure 1b). This indicates the
pest likely more to infest and reproduce in coffee arabica than
coffee canephora and will cause a major production and
productivity reduction on coffee arabica dominant countries.

Source: Marino et al. [42].

Figure 1. Infestation and number of H. hampei per fruit on C. arabica and C. canephora (mean + S. E.) across altitude.

4. Coffee Production and Quality
Damage

Coffee damage begins after the female insect colonizes and
enters the coffee berry for feeding and reproduction (Figure 2a)
[43]. The insect damage coffee beans before the farmers can
harvest, and it is causing losses exceeding US $500 million
annually [33]. In India the main pest which reduces the
production of coffee is caused by coffee berry borer [22].
Annually $215-358 million losses were estimated by the pest
in Brazil [44, 45]. The coffee industries in Puerto Rico, 1,200
coffee farms were destroyed and the total value of Puerto
Rican coffee fell by 33% [46]. Additionally, 30% of the total
cost of production is spent for the pest management [46]. And
areas untreated intensively, the insect can destroy up to 80% of
coffee production [5]. D/r Kenny said that if there is no control
over pest, then Papua New Guinea stand to lose up to 80
percent of the crop. And it’s going to cost the Papua New
Guinea government at least K50-70 million to carry out the
quarantine in the affected area [35]. These evidences clearly
showed the importance of the pest and damage it caused is
highly significant.

Therefore, coffee berry borer caused major economic losses
and still a major challenge for coffee productions [30]. It
caused severe losses in coffee production and quality by
affecting developing berries, which provide a suitable habitat
for the pest’s reproduction and protection from predators and

adverse weather conditions [45]. The problem is facilitated by
the female insect which attacks the immature and mature
stages of coffee berries [43]. Females insect bore a hole into
the coffee berry and then construct galleries in the seeds
(beans) [47]. Upon hatching, larvae feed on the seeds, thus
reducing and affects the yields and quality of the marketable
beans (Figure 2b) [45].

a)

Figure 2. Damaged coffee berries.

a) Damaged coffee beans b) Coffee berry borer reared in the beans; eggs (left),
and eggs and larvae (right).
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The coffee berry borer primarily causes three types of
damages: first the pest causes premature fall of young berries,
secondly it increased susceptibility of infested ripe berries to
fungus or bacterial infection, and third it reduces yield and
quality of the crop [48, 14, 15]. And finally, the attack by
coffee berry borer leads total yield loss [36, 49].
Velmourougane et al. [50] reported that higher microbial
contaminations recorded in coffee berry borer infested beans
in both common coffee varieties. Similarly, Infonet Biovision
[51] indicated that the pest facilitates the coffee bean to fungal
infection and hence contamination with mycotoxins. And
Vega et al. [20] found 14 bacterial species that degraded and
detoxified caffeine.

Coffee berry borer caused 20 percent of losses and
reduced the price by 30 to 40 percent [52]. And yield losses
by pest can be high up to 80% — 96% [53] Also Infonet
Biovision [51] reported that 50 to 100% coffee losses
recorded by this pest if the pest is not controlled. In
Colombia, coffee berry borer infested 650,000 hectares and
reduced national coffee production by 1.5 million bags
which estimated US$ 100 million [36]. In eastern Africa
countries, due to the pest of up to 96% losses have been
reported [54]. The pest is reported as factors to an on-going
coffee productions decline [46]. In Ethiopia, Esayas et al. [39]
reported that the borer inflicted up to 60% damage on dry left
over coffee berries in the surveys conducted at different
coffee growing areas of the country.

The nature of coffee berry borer is cryptic which it live and
reproduce inside the berry and it leads to the pest difficult to
control [33]. Additionally, the infestations or populations of
berry borers are carried over from one coffee crop to the next
by breeding in over-ripe berries and Buni that are left on the
trees or have fallen to the ground [53]. These conditions
enhance the reproduction of the pest and simultaneously
hinder the development of suitable and effective management
options.

5. Management Options of Coffee Berry
Borer

To manage coffee berry borer in coffee producers in Brazil,
it costs up to $315 million each year and its costs of control is
about 10% of production’s costs [43, 55]. And Iscaro [3]
indicated that if no action is taken against the pest, coffee

productions in the worldwide will encounter enormous harm
and the economies of both nations would greatly suffer. So,
the development of suitable and economically friend
management strategies for coffee berry borer is therefore
vital in order to empower small holder farmers, enhance the
production and quality of the crop and protect the
environment [49].

Even though a cultural practice increases the cost of
productions, 80% of the infestation of the coffee berry borer
reduced in Colombia [56, 57]. Ricardo Cure et al. [58] and
Bagny Beilhe et al. [59] reported that the infestation of
coffee berry borer in Colombia and Brazil was significantly
reduced by 15-days intervals harvesting and sanitary
practices. Similarly, these practices enhance the quality of
coffee which fetches higher economic value. Furthermore,
harvesting the fruit at its red ripe stage reduces the
infestation on the pest as a result it enhances the quality of
the product [37]. Bagny Beilhe et al. [59] study indicated that
shade intensity, predator and tree diversity have impact on
the infestation and damage level of the coffee berry borer. As
they suggested, the pest will be regulated by maintaining
optimum tree diversity and shade intensity levels which
enhance the natural enemies’ populations and diversity.
Similarly, different insecticides were evaluated to manage
pest which resulted different efficacy levels. As an example,
an organochlorine group (endosulfan) 88% of the
infestations reduced, while organophosphate group
(pirimiphos-methyl, fenitrothion, chlorpyrifos and fenthion)
98% of the pest decreased (Figure 3).

Additionally, many microbial were tested under laboratory
and field conditions. From these, Beauveria bassiana showed
promising options under field condition. Furthermore many
traps developed and the BROCAPR trap captured more than
10,000 adults per day (Table 1). On the other hand,
parasitoids like Prorops nasuta, Cephalonomia stephanoderi
and Phymastichus coffea were introduced many countries as
classical biological control options. But this strategy was
resulted ineffective and unsatisfactory [30, 60]. Rodriguez et
al. [60] reported that the P. coffea was incompatible to the
others management methods like Beauveria bassiana and
insecticide. This may be confirming with using the single
management options unable to control the pest below its
economic threshold levels and looking the integrated of
options.

Table 1. Capturing capacity of different coffee berry borer traps

No. Types of trap Capturing capacity Average capturing/ day
1 BROCAPR trap More than 10,000 adults per day 10,000

2 Artisanal traps (in Mexico) Ranged from 83 to 1484 adults per week 112

3 Artisanal traps (in Brazil) Ranged from 77 to 609 adults per week 49

Source: [56, 57, 61-67]
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Figure 3. Effectiveness of different coffee berry borer management options.

6. Summary and Conclusion

Coffee is important cash crop in the international trade and
a significant source of income for many tropical and
sub-tropical countries. More than 70 percent share is from C.
arabica which is originated in Ethiopia. Even though coffee is
high valued commodity its productivity is very low. Insect
pest is one of the major challenges that face production of
coffee worldwide. Coffee losses due to pests estimated to be
13% but in Africa the yield losses can be higher up to 96% and
at severe, up to 100% of berries attacked if the pest is not
managed.

Coffee berry borer is the important pest for commercial
coffee productions worldwide and major concern in eastern
Africa region. Previously it is known lower altitudes coffee
insect pests at where C. canephora is grown but recently it
found at higher altitudes, where it infest C. arabica. The
population growth of coffee berry borer is directly and
exponentially related with temperatures ranged between 15
and 30°C. By two degrees celsius temperature increases
would force the coffee berry borer to migrate to the higher
altitudes. This indicates the bugs’ can shift from lower
elevation where C. canephora dominantly grows to the higher
altitudes of the C. arabica. In the current time coffee berry
borer is devastating almost all coffee growing countries. Due
to cryptic nature and infestations of berry borers are carried
over from one coffee crop to the next by breeding in over-ripe
berries and Buni, it difficult to control it if ones it infest the
coffee. But coffee will encounter dangerous harm and the
economies of producing country would greatly suffer if the
pest is not managed well.

However coffee berry borer is invading coffee productions
in the world, it has minimum attention in Ethiopia. So future
research focus on: the current status and distribution of the
pest should considered in major coffee growing areas of
Ethiopia and their natural enemies under different ecology and
production systems, proper studies on biology, rearing and
ecological requirements of coffee berry borer and identify

potential natural enemies so that they can be used in biological
control, awareness creation for the importance of the pest is
crucial for farmers, government and all persons involved in
coffee productions and process, farmers need to monitor their
crops regularly, as Ethiopia is the center of origin and
diversity of Arabica coffee, there is a potential to find tolerant
varieties against insect pests of coffee in Ethiopia, bio
pesticides based on botanicals and microbial control agents
are one of the potential options for coffee pest management
and development of effective management strategies for
coffee berry borer is therefore vital in order to enhance the
production and quality of the crop. Different management
options like cultural, insecticides, microbial and traps showed
promising results under field conditions. But, using these
options solely their drawbacks overweighed their positive part.
Then development of integrated management option for
coffee berry borer is an issue in the future. And the
compatibility of the promised options along with their
application sequence also needs focus.
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