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ABSTRACT

Cashew is a significant export crop in Burkina Faso but suffers
substantial damage from the cashew wood borer Apate terebrans
Pallas. Despite its economic importance, the population dynamics
of this beetle have not previously been studied in Burkina Faso,
limiting the development of effective control strategies. This study
monitored infestation patterns on 960 cashew trees randomly
selected from 8 localities in 4 regions across two agro-ecological
zones. The trees were inspected monthly over two consecutive
years according to typical producer management practices. As A.
terebrans bores inside branches and trunks, direct observation of
adults was unfeasible. Therefore, infestation rates were estimated
by counting fresh entry holes monthly. Over the study period,
infestations began in July, peaked in November—-December, and
declined to zero by May-June. Infestation rates differed
significantly between years (p < 0.001), among regions (p < 0.001)
and localities (p < 0.02), and were influenced by cashew tree
phenology (p < 0.01), suggesting that A. terebrans preferentially
infests uncleaned orchards and trees at more vulnerable
phenological stages. These findings underscore the need for
targeted orchard sanitation practices to reduce infestations, as
well as the importance of sampling plans and population
monitoring to support higher cashew yields and economic returns.

Keywords: Cashew production, tree phenology stage, cashew
wood borer, orchards cleanings, damages distribution

INTRODUCTION

Cashew is a valuable crop for human well-being
due to its  nutritional content, industrial
byproducts, and high global market value (Nair,
2021). Beyond its economic significance,
cashew provides substantial income for local
communities (Belem, 2017) and presents a
viable opportunity for rural development and
poverty reduction (Dendena & Corsi, 2014; Sali
et al., 2020). However, cashew production faces
serious challenges from the A. terebrans insect,
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which leads to growth and vyield reductions
(Azam-Ali & Judge, 2006; Kekele, 2015;
Agboton et al., 2017).

A. terebrans is a significant pest in cashew trees,
largely due to its lignin-feeding habit, biological
development stages, and host preferences
(Oyedokun & Adeniyi, 2016). It is especially
destructive in countries such as Benin (Agboton
et al., 2014), Ghana (Dwomoh et al., 2008), and
Burkina Faso (Nébié et al., 2022). The pest
population has increased so much that cashew
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production in Nigeria, Togo, Senegal, and
Burkina Faso is projected to decline within the
next two years due to rising insect-pest and
disease infestations (Kolliesuah et al., 2020).

The impact of A. terebrans on cashew trees is
evident, as adult beetles bore into stems,
branches, and trunks to lay eggs, while larvae
develop within dead wood, producing sawdust
that accumulates at the tree base, indicating
active infestation (Agboton et al., 2017). The
beetle’s destructive activity is found across
Africa, the Arabian Peninsula, and South and
Central America. The tunnel-boring weakens
cashew trees, often leading to branch snapping
during storms and eventual death of younger
trees (Guessan et al., 2017; Borowski, 2021).

Current control measures include pruning
affected branches, inserting plugs in active
holes, and applying insecticides in Burkina Faso
(Somda, pers. obs.). However, these methods
have limited effectiveness, as infestation rates
continue to rise annually (Agboton et al., 2017,
Kra et al.,, 2017; Binyason et al., 2020). The
primary limitation of these methods is that they
lack a scientific basis grounded in the insect’s
biology, ecology, and population dynamics,
essential elements for effective pest control.

Further research is needed to understand the
population dynamics of A. terebrans, given its
cryptic lifestyle within tree stems. Collecting
guantitative data on its temporal and spatial
distribution is critical (Taylor, 1984) to develop
informed pest management strategies (Juliano,
2007). Such data would enable prediction of
infestation in unmonitored areas and support the
creation of efficient sampling plans (Madadi et
al., 2011). Currently, there is limited data on
infestation rates and pest population dynamics
for cashew orchards, not only in Burkina Faso
but also in other regions where this pest is a
concern.

This study aims to determine the infestation
rates of A. terebrans in Burkina Faso’s cashew
orchards, considering different  orchard
management practices. The results will provide
baseline data needed for effective cashew
production, pest monitoring, and sampling plans,
as well as underscore the urgent need for pest
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control to sustainable cashew

production.

ensure

METHODS
Field sites selection and description

Systematic sampling using the spatial and
sequential abundance pattern of A. terebrans
were performed in the South and West parts of
Burkina Faso with more than 95% of the national
cashew raw nuts production (Audouin & Gonin,
2014) in four regions: Cascades, Hauts basin,
Sud Ouest in the Soudanian zone and Centre
Ouest in the Soudano-sahelian zone (Belem,
2017; Wonni et al.,, 2017). In the Soudanian
zone, orchards were pruned once and cleaned
at least two times/year and in the Soudano-
sahelian zone there were not pruned but cleaned
solely oncelyear. In each of the agro-ecological
zones, four villages (localities) were randomly
selected as Banfora, Bobo, Bouroum-Bouroum
and Nako included in the Soudanian zone and
Kassou, Leo, Sapouy and Yalle included in the
Soudano-sahelian zone. Orchards in these
localities were distant to each other for at least
20 to 100 km and 2 cashew plantations were
selected in each village based on their age (20—
25 years), randomly planted with size >1 ha, no
fertilizer or chemical insecticides use looking at
the plantation age.

Study area

The study was conducted in South-soudanian
(Soudanian zone) and North-soudanian
(Soudano-sahelian zone) with rainfall ranked to
more than 900 mm and between 600-900
mm/year respectively (Ibrahim, 2013). The
production of cashew nuts in these two agro-
ecological zones represents 95% of the national
cashew raw nuts production (Audouin & Gonin,
2014) and within four regions as Cascades,
Centre Ouest, Hauts bassin and Sud Ouest
(Belem, 2017; Wonni et al., 2017). Climatic
zones of Burkina Faso showing cashew
production regions (Wonni et al., 2017).

The monitoring of A. terebrans population was
done through the galleries it dug inside the
cashew trees (Agboton et al.,, 2017; Aliko &
N'goran, 2022). Thus, in this study, a fresh
gallery was equivalent to one individual of A.
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terebrans, although sometimes two individuals
could be found in it (Aliko & N'goran, 2022). The
monitoring was done from July 2021 to June
2022 for year 1 and from July 2022 to June 2023
for year 2 in accessible cashew orchards
throughout the two years. The characteristic of
the plantation (phenology), the number of
cleanings and pruning, the number of broken
branches and Oecophylla longinoda nests were
recorded. Based on the above criteria, a total of
16 cashew orchards were selected and 960
trees were monthly monitored.
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Figure 1. Study area

Data collection and assessment of A.
terebrans population

In each cashew orchard, at least 25 trees were
randomly selected each year and labelled with a
red marking tape. Sampling was carried out on a
monthly basis. On each cashew tree, the holes
caused by the wood-boring activity of adult A.
terebrans were classified into three types
(Agboton et al.,, 2017). Lesions caused by A.
terebrans were monitored on stems, branches
and trunk on each tree at East, West, North and
South of the tree canopy. On each farm, five
non-contiguous blocks (B1, B2, B3, B4 and B5)
were delimited (20 m x 20 m), one of each at the
four ends and the fifth in the middle. At least five
cashew trees labeled were randomly selected in
each block and monthly prospected. As a result
of the cryptic lifestyle of the cashew wood borer
inside the living wood precluding direct
observations, the total number of fresh galleries
present on the sampled cashew trees
represented the population size of A. terebrans
to determine the infestation rates and the
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attack’s densities of the beetle according to
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Figure 2. Infestation assessment technique

Statistics analysis

The collected data were processed and
analyzed using R software version 4.1.3 (R
Team, 2022). As there is violation of parametric
assumption of infestation rates following
Shapiro-Wilk Normality test we resort to non-
parametric tests. We used indeed Paired t-test
to compare their medians within the two
consecutive years, Kruskal-Wallis Test and Post
Hoc test to display influenced factors and finally
Spearman's rank correlation for relationship
outputs. Graphics were also performed with the
same software and statistical differences
accepted with 95% as confidence interval.

RESULTS
Incidence of Apate terebrans infestation

Within each orchard, infestation by A. terebrans
began generally from cashew trees located at
the borders and spread to all other areas.
Cashew orchards were infested by A. terebrans
either in Soudanian and Soudano-sahelian
zones and infestation increased along the years
(Figure 3) and this according to management
practices. This infestation rate of the beetle in the
Soudanian zone and the Soudano-sahelian
zone were significantly different within year 1
and year 2 respectively (x? = 83.211; df = 11; p
< 0.001; x? =100.31; df = 11; p < 0.001).

In addition, a statistically significant difference
was also observed between the two years (p <
0.001). In year 1, there were statistically
significant differences between infestation rates
in all the four regions (p <0.04). Throughout
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localities in year 1, statistical differences were
also observed between infestation rates in (Leo,
Nako) vs (Banfora; Bobo, Bouroum-Bouroum
and Kassou), p <0.01; (Sapouy, Yalle) vs
(Banfora, Bobo, Bouroum-Bouroum and
Kassou), p <0.001. In year 2, there were
significant differences in the infestation rates
between regions as Centre Ouest vs Cascades,
p = 0.002; Hauts basin vs (Cascades and Centre
Ouest), p <0.04 and Sud-Ouest vs (Centre
Ouest and Haut basin), p <0.002.

Therefore, there was no significant difference
between Sud-Ouest vs Cascades infestation
rates, p >0.05. According to localities in year 2,
there were statistical differences in the
infestation rates between (Leo, Nako) vs Bobo,
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p <0.001; Sapouy vs (Banfora, Bobo, Bouroum-
Bouroum and Kassou), p <0.002; Yalle vs
(Banfora, Bobo, Bouroum-Bouroum, Kassou,
Leo and Nako), p <0.001. Infestation rates of A.
terebrans was also statistically different
according to the phenology stage of cashew
trees in the consecutive years respectively (x2 =
158.54; df = 3; p <0.001; x2 = 192.54; df = 3; p
<0.001). Within phenology stages in year 1,
statistical differences of infestation rates were
observed between flowering vs fruiting stages, p
=0.01 and between vegetative stage vs
(flowering stage and fruiting stage), p <0.001. In
year 2, the infestation rates were not significantly
different between flowering and fruiting stages (p
=0.13) but differ significantly between vegetative
vs (flowering and fruiting stage), p <0.001.
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Figure 3. A. terebrans infestations rates according to agro-ecological zones.

Variation of A. terebrans population tranches
within agro-ecological zones
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The population of the A. terebrans was smoothly
increasing according to years and agro-
ecological zones.
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Table 1. Relative tranches frequency of A. terebrans population within agro-ecological zones

A.terebrans Soundanian yearl

Soundanian year2

Soudano- Soudano-

population sahelian yearl sahelian yearl
[0,3] 0.50 0.42 0.73 0.60
[3,6] 0.32 0.37 0.21 0.33
[6,9] 0.17 0.17 0.05 0.04
[9,12] 0 0.04 0.01 0.02

Notes: Year 1= 2021-2022; Year 2= 2022-2023

Correlation of A. terebrans population and
branches broken across some continuous
variables

A. terebrans population was positively correlated
to O. longinoda nests in the Soudanian zones of
the two consecutive years respectively (p
<0.001, Rho= 0.41, p <0.001, Rho =0.37);
negatively correlated in the Soudano-sahelian
zone (p =0.05, Rho =-0.09) of year 1 but was not
significant and negative in year 2 (p =0.23, Rho
=-0.05). Regarding plantation age, A. terebrans
population was positively correlated in the
Soudanian zones but negatively correlated in
Soudano-sahelian zones of the consecutive
years respectively (p <0.001, Rho =0.26; p
<0.001, Rho =0.22; p =0.08, Rho =-0.08; p
=0.001, Rho =-0.14). The population was
positively correlated with broken branches in the
Soudanian zones and Soudano-sahelian zones

of the two years respectively (p =0.001, Rho
=0.70; p <0.001, Rho =0.30; p <0.001, Rho
=0.46; p <0.001, Rho =0.21). There was not
relationship between A. terebrans population
and number of orchards cleaning (p >0.05). The
relationship patterns of broken branches and
cashew plantation age were during the years
dissimilar for the two agro-ecological zones. It
was positively correlated in the two consecutive
Soudanian zones respectively (p <0.001, Rho
=0.24; p =0.0002, Rho =0.17) but was not in the
Soudano-sahelian zones (p >0.05). In addition,
broken branches were negatively correlated to
orchards cleaning number in the Soudano-
sahelian zone of year 1 (p =0.02, Rho =-0.11);
positively correlated in the Soudanian zone of
year 2 (p =0.0005, Rho =0.16); negatively
correlated in the Soudano-sahelian zone of year
2 (p <0.001, Rho =-0.19).

Table 2. Correlation of A. terebrans population according to agro-ecological zones

. Soudano-sahelian Soudanian Soudano-

Soudanian zone )

Factors  Variables zone zone sahelian zone
Year 1 (2021-2022) Year 2 (2022-2023)

P-value Rho P-value Rho P-value Rho P-value Rho

O.l nests <0.001 0.41 0.05 -0.09 <0.001 0.37 0.23 -0.05

Plant age <0.001 0.26 0.08 -0.08 <0.001 0.22 0.001 -0.14

AT pop. Branch 0.001 070 <0001  0.46 <0.001 030 <0001 021

broken

Cleanings 0.57 0.02 0.93 -0.004 0.53 0.03 0.17 0.06

Branch Plant age <0.001 0.24 0.77 -0.01 0.0002 0.17 0.46 -0.03

broken  Cleanings 0.47 0.03 0.02 -0.11 0.0005 0.16 <0.001 -0.19

Note : O. | = Oecophylla. Longinoda; A T pop. = A. terebrans population

DISCUSSION

This study presents significant insights into the
spatial and sequential infestation dynamics of
the cashew wood borer, Apate terebrans,
marking the first research of this kind since the
insect was recognized as a substantial threat to
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cashew production in Burkina Faso (Nébié et al.,
2022). The findings highlight how A. terebrans
infests cashew orchards in both agro-ecological
zones where cashews are cultivated, with a
preference for older trees (Agboton et al., 2017,
Somda et al., 2023). The study also reveals that
infestation peaks during the flowering and
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fruiting flush phases, periods when cashew trees
are particularly susceptible and appealing to the
beetle (Kra et al., 2017).

The infestation of A. terebrans begins
simultaneously each year, around July, across
both agro-ecological zones. The population
dynamics of the beetle closely follow the host’s
production cycle, a pattern previously observed
in Cote d’lvoire’s cashew orchards (Agboton et
al., 2017). Similar trends have been reported in
studies of other cashew pests, such as
Diastoscera trifasciata, with infestations rising
progressively from July and peaking between
November and December as the seasons shift
(Aliko & N’goran, 2022; N'Goran et al., 2020). In
Burkina Faso, the infestation by A. terebrans
reaches its peak in January and February,
during the flowering stage, and declines as the
trees progress to fruiting and vegetative stages,
which ultimately impacts cashew tree growth
and yields (Agboton et al., 2017). The flowering
and post-flowering stages are crucial, as the
biochemical composition of the plants is
enriched with compounds that can attract a
higher diversity of insect pests (Bouyahya et al.,
2017), often exploited for bioactive molecules in
medical applications (Mounira et al., 2022).

A notable observation during this study was that
A. terebrans causes substantial damage to the
cashew trees, with infested branches often
drying up and breaking off, especially under
strong winds, or remaining desiccated and
clinging to the trees, a phenomenon similarly
documented with D. trifasciata (Binyason et al.,
2020). Importantly, A. terebrans was the only
wood borer beetle species observed in the
cashew orchards across both zones throughout
the study. The findings suggest an ongoing and
alarming spread of this pest across West Africa,
with infestation rates gradually increasing each
year (Agboton et al., 2017; Aliko & N’goran,
2022). This trend is indicative of a broader issue,
as damage from cashew insect pests has been
reported worldwide, with particular concern in
African nations, where cashew production is
increasingly at risk (Kolliesuah et al., 2020). For
instance, infestation rates for A. terebrans were
reported as high as 54% and 90% in Benin
during 2010 and 2011, respectively (Agboton et
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al., 2017), 17% to 23% in Central Africa (Bosu et
al., 2019), and 44% in Burkina Faso (Somda et
al., 2023), with a steady increase of 1.8% in Cote
d'lvoire (Aliko & N'goran, 2022).

The damage inflicted by insect pests on cashew
trees can be attributed to several factors,
including the pests’ feeding habits, host
preferences, and biological stages, all of which
are linked to environmental conditions such as
rainfall (Oyedokun & Adeniyi, 2016; Akessé et
al., 2018). These factors vary across different
years and rainfall patterns (Asogwa et al., 2011,
Akessé et al.,, 2018; Diabate & Tano, 2020).
Notably, A. terebrans larvae tend to infest dead
or decaying wood, aligning with the common
behavior of Bostrichidae larvae, which are rarely
found on live trees (Waller et al., 2007; Agboton
et al., 2017). These larvae depend on wood with
a high starch content, commonly found in felled
or dying trees, for their development (Waller et
al.,, 2007). Traditional practices such as
removing dead or decaying branches and trunks
can effectively reduce local infestation sources,
as pruning minimizes the habitats available to
the wood borer, which aligns with the approach
used in controlling D. trifasciata larvae (Akessé
et al., 2020).

In Burkina Faso’s agro-ecological zones,
variations in beetle populations were noted, with
higher populations recorded in the Soudano-
Sahelian zone, though the beetles were more
frequently observed in the Sudanian zone. The
latter was where cashew trees were initially
introduced and where agricultural and forestry
services established pilot orchards, which
subsequently spread to other regions through
neighboring plantations and farmer practices
(Ruf, 2016). Differences in infestation levels
between regions were attributed to variations in
rainfall, orchard management practices, and tree
density. These conditions are conducive to pest
severity, a concept supported by findings on
sunflower plantations where lower plant spacing
led to higher pest infestation and subsequent
yield loss (Akinkunmi et al., 2012).

The presence of Oecophylla longinoda nests
was also associated with lower infestation rates
by A. terebrans, suggesting a potential biological
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control role for O. longinoda in cashew orchards,
especially in the Sudanian zone where pruning
and the generation of new foliage may support
nest establishment. The efficacy of O. longinoda
in pest control has been demonstrated in studies
involving cashew pests like Helopeltis spp. and
Pseudotheraptus wayi, where O. longinoda was
shown to be as effective, if not more so, than
certain insecticides (Olotu et al., 2012; Abdulla
et al., 2015; Dwomoh et al., 2009).

CONCLUSIONS

A. terebrans was attacking cashew orchards in
both  agro-ecological zones, increasing
according to years, varying within regions,
localities and was impacting its host, the cashew
trees. Phenology of cashew trees, pruning and
cashew orchards management practices were
determinant for this beetle infestation rates
density. Unpruned and cleaned solely once
cashew orchards were suitable for this insect-
pest occurrence. The infestation rates were
dependent to O. longinoda nests, the number of
broken branches and cleanings. The Soudanian
zone was the most infested than the Soudano-
sahelian although the higher population of the
beetle was found in this latest zone. This
information on the infestation rates of A.
terebrans is essential for suitable cashew
production, the development of an efficient
sampling plans and monitoring of A. terebrans
population in cashew orchards and to raise an
urgent need of A. terebrans control for
sustainable cashew production.
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