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Abstract

Coffee (Coffea arabica L.) is a crop of major economic significance in Tanza-
nia with annual revenue estimated at 100 Million USD. The current mean
annual production of the crop is 68,000 MT of clean coffee of which 90% is
contributed by about 450,000 smallholder farmers and while large estate
owners contribute the rest. Antestia bug (Antestiopsis orbitalis spp.), the pest
known to attack all vegetative and fruiting parts of the coffee tree with sub-
stantial yield reduction of up to 45% has been reported to occur contempo-
rary on Arabica coffee in Tanzania, particularly in Kilimanjaro Region. De-
spite the reported existence of Antestia bug and its damages that badly inflict
on the productivity and quality of coffee, the pest status of the bug in Tanza-
nia has never been established. The present study examined the incidence
damage severity of Antestia bug in the Arabica coffee fields in major produc-
ing regions of Kilimanjaro, Ruvuma and Songwe. A stratified sampling of 360
coffee farms was done on which the Antestia bug incidence and severity were
recorded. Results suggested that all regions were infested and the shade in-
tensity influenced the pest incidences with the highest severity record in Ki-
limanjaro and the least affected was Songwe Region. Dense shade had the
highest Antestia bug incidence than sparse shade canopy (p < 0.001). The
current study sheds insights into understanding the pest status of Antestia
bugs on Arabica coffee in Tanzania which could be used in designing effective
management strategies.
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1. Introduction

The vast and varying landscape of Tanzania provides appropriate altitude, cli-
mate and suitable soils for the cultivation of good-quality coffee [1]. In Tanza-
nia, coffee has been a prime mover of its economy since independence [2]. The
country is the fourth coffee producer in Africa, with an annual production of
68,000 tons of clean coffee [3]. Coffee is Tanzania’s second largest export com-
modity, accounting for 24% of the country’s total foreign exchange earnings af-
ter Tobacco [4]. Close to 90% of Tanzania’s coffee is produced by about 450,000
households operations on 265,000 hectares of land, and the rest is grown by es-
tate owners [3].

Despite its significance to economic growth, the crop suffers great yield losses
attributed to diseases and insect pests. The pests attack roots, stems, leaves,
flowers and fruits [5]. Among these, Antestia bug is the most devastating coffee
pest due to its lowest threshold of 2 bugs per tree, which can cause total yield qual-
ity loss [6]. Smallholder coffee farmers cultivate coffee farms on less than five
hectares [7]. The majority of them practice coffee farming mixed with various
shade trees. In Kilimanjaro, Chaggas practices the so-called “kihamba” (chaggas
community home garden) agroforestry system. This traditional land use system
is characterized by coffee fields intercropped with banana, fruit trees, timber
trees as well as other annual plants, which affect the amount of light that pene-
trates the ground subsequently influencing the below canopy ecological compo-
sition. Elsewhere, [8] reported that the tendency of smallholder farmers practic-
ing diversified multi-strata coffee has been a common cropping system since the
beginning of agriculture. Smallholder farmers use agroforestry to reduce coffee
production costs, diversify income and address livelihood needs. [9] reported
that Antestia bug population can increase with shade intensity. The increase in
Antestia bugs can subsequently lead to increased incidences and damage severity
on the coffee crop. Nevertheless, [6] reported on the varied response of pests to
shade intensity whereby the populations of some insect pests were depressed by
dense shades while others were positively favored.

The major insect pest of coffee in different coffee plantations in Tanzania is
mainly Antestia bugs [10]. A similar report has been made by [11] that Antestia
bug is the number one insect pest damaging coffee in East Africa. The yield
losses attributed to Antestia bug worldwide and in Africa are respectively 13%
and 96% [6]. Antestia bug infestations are ubiquitous in coffee plantations, but
occur in patchy distributions possibly due to the insects’ semio-chemical me-
diated reproductive behavior [12]. Nymphs and adults Antestia bug feed on all
vegetative and fruiting parts of the coffee tree leading to yield reduction and
poor quality of coffee beans. As they feed, they inject saliva containing the spores
of the Ashbya fungus that causes the taste defect in coffee beans [6] [13]. Ac-
cording to [14], the average coffee annual yield losses due to Antestia bug range
from 35% to 54%. In Kenya, a study by [15] showed that 2 to 4 Antestia bugs per

tree caused a crop loss between 15% and 27%, whereas in Uganda, between 36%
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and 51% yield losses were attributed to densities of 1, and 2 bugs per coffee bush
[15]. [16] established that a density of 2 to 5 bugs per tree in Burundi and Rwanda
caused a yield loss of approximately 30%. The principal damage caused by An-
testia bug is due to the bugs sucking the growing tips, and flowers, developing
berries and producing spotted and pitted beans [13]. Feeding at the growing
point of the coffee tree, results in leaves that are scarred and distorted [17]. When
Antestia bugs feed on flower buds, they become black or brown, which impairs
fruit setting [11]. [18] reported that Antestia bug causes a significant loss of
flowers when it is present in coffee plantations during the onset of rains and se-
vere infestations may prevent the tree from flowering. In the absence of berries,
Antestia bugs attack young shoots and mat of short secondary and tertiary
branches, which bear no crop. Loss of flowers of affected plants is a common
symptom, which leads to loss of yield and quality of coffee [18]. Despite the vast
knowledge of Antestia bug damage and subsequent yield losses elsewhere, the
knowledge of the pest status in Arabica coffee-growing areas of Tanzania was
scanty. Very little information existed on the geographical distribution, inci-
dences and severity of the pest in Tanzania. The present study was conducted
aiming at addressing the knowledge gaps on the pest status, specifically the dis-
tribution, abundance and inflicted damage severities caused by Antestia bugs in
major Arabica coffee-growing regions of Kilimanjaro, Ruvuma and Songwe in
Tanzania. The study findings will contribute to the advancement of concerted

efforts to manage the pest in the country.

2. Materials and Methods
2.1. Site Selection

The study targeted the Arabica coffee smallholder farms in major growing re-
gions, namely: Kilimanjaro, Ruvuma and Songwe. Purposeful sampling techniques
were used. Two Districts in each of three regions were selected for the study. The
basis for selection of farms to be studied was threefold: 1) the farm had to be
owned by smallholding coffee family, 2) the farm had to be sufficiently large to
permit presence of 64 plants/stands organized in 16 quadrats, 3) the minimum
isolation distance between sampled farms had to be at least two kilometers to mi-

nimize chances for autocorrelation among farms as guided by [19].

2.2. Description of the Study Area and Duration

The diagnostic survey was conducted on monthly basis from September 2021 to
August 2022 covering duration of 12 months (a year) in a total of 360 farmers’
fields. The study locations were Mbinga district located (10°15'0" to 11°34'0"S
and 34°24'0" to 35°28'0"E), Nyasa district located (10°15'0" to 11°34'0"S and
34°24'0" to 35°28'0"E) in Ruvuma Region, Mbozi district located (10°15'0" to
11°34'0"S and 34°24'0" to 35°28'0"E) and Ileje district located (9°14'0" to 9°37'0"S
and 32°80'0"E) in Songwe Region, Hai district located (2°50'0" to 3°29'0"S and
30°30'0"E) as well as Moshi district located (2° to 5°S and 37°0' to 38°0'E) in Ki-
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limanjaro Region. The altitude of the surveyed farms ranged from 1224 to 2051

meters above sea level (m.a.s.l).

2.3. Antestia Bug Identification and Damage Signs

During the assessment in coffee fields, a meticulous methodology was employed.
The study specifically focused on coffee fields that had not been treated with any
pesticides for an entire season (one year). This selection criterion ensured that
the obtained results were representative of the natural occurrence and impacts of
Antestia bugs in untreated coffee fields. Prior to field surveillance, colored photo
cards of Antestia bug species suspected to exist in the study areas were printed
and displayed to targeted farmers to accustom them with the pest infesting their
coffee crops. In addition, the photo cards (Figure 1) of the damage signs asso-
ciated with Antestia bugs were shown to help them distinguish from damages

caused by other causes.

2.4. Abundance of Antestia Bugs

Physical counts of Antestia bug on the coffee trees were carried out on monthly
basis on the selected coffee plants for ultimate estimates of pest populations.
Antestia bug is a relatively big insect that can be easily seen with naked eyes.
According to [20], most Antestia bugs are sized between 4.5 mm to 4.8 mm
making them morphologically distinguishable by eyes. On each farm and during
each observation round 16 Arabica coffee trees were sampled making a total of
5760 coffee trees (Table 1). Each of selected trees was stratified into three cano-
py layer and one branch from each layer was randomly chosen for data collec-
tion. The sampled branches were tagged using conspicuous label to allow re-
peated data collection. The Antestiopsis spp. (nymph to adults) were counted
and recorded irrespective of their life stages except the eggs that were not rec-
orded. The assessment was made on different coffee fruit developments and fruit-

ing phenologies.

2.5. Assessment of Antestia Bug Damage Incidences

To determine the damage incidences of Antestia bug, a comprehensive and

@ (b) ©

Figure 1. Antestia bugs damage signs: (a) Side shoot growth on coffee branches; (b) De-
siccated inflorescence; (c) Round hole on coffee berry.
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Table 1. Summary of the sampling protocol in the three regions surveyed.

. . . Number of Number of trees
Region District ~ Village name .
surveyed farms inspected per farm
Lya-Kati 20 16
Hai Lya-Sinde 20 16
Lya-Kilanya 20 16
Kilimanjaro
Nduoni 20 16
Moshi Iwa 20 16
Nganjoni 20 16
Luwaita 20 16
Mbinga  Myangayanga 20 16
Ugano 20 16
Ruvuma
Kingerikiti 20 16
Nyasa Ukuli 20 16
Lumecha 20 16
Nsenga 20 16
Mbozi Mbimba 20 16
Iyenga 20 16
Songwe
Shikunga 20 16
Ileje Kalembo 20 16
Ibaba 20 16
360 5760

robust approach of quantifying pest damage was adopted. Since Antestia bug
damage causes apparent and distinctive sign and symptoms to the infested coffee
tree (Figure 1), the pest incidence (I) was established based on the observable
signs of the Antestia bug damage [21] on shoot, flowers and fruits. So the Antes-
tia bug incidence in the coffee field was established based on the proportion of
coffee trees with damage signs out of the 16 trees sampled multiplied by 100 to es-
tablish the percentage incidences (Equation (1)).

Damage incidence for each tree sampled was calculated as follows:

Damage incidence (i) = ZN Xl 100 (1)

x:lﬁ

whereby, xi represented the number of damaged plants in a field, N represented
the total number of the sampled plants in the coffee field [10]. We excluded those
plants in the border lines during data collection [22].

2.6. Assessment of Antestia Bug Damage Severity

The pest severity rating is established as the degree of damage symptoms or in-
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festation level observed per plant part assessed [21] was determined in each field
visited. One primary branch of the selected tree was picked, from each on the
top, middle and bottom among the chosen 16 trees. Border rows plant were ex-
cluded during data collection as per [22]. The descriptive visual diagnostic scale
for Antestia bug damage proposed by [23] [24] were adopted during the survey
with minor modification whereby 0% = 1, no damage, 1% - 5% = 2 small parts
damaged 5% - 12% = 3 damage easily observable, 12% - 30% = 4 appreciable
damage and 30% - 100% = 5 very severe damage (Table 2) followed by the com-
putation as per [21] [25].

The Arabica coffee varieties considered in all surveyed fields were Bourbon
and Kent. However, it is worth mentioning that these varieties have been used
for very long time with lots of crossing such that their original identities have
been lost hence regarded as local varieties used by smallholder coffee farmers.
Thus, the inherent genetic characteristics of the varieties could not be considered
as a factor for assessment of Antestia bug damages. The age of the sampled cof-
fee trees ranged from 8 to 50 years. The location (coordinates) of a central point
for each sampled coffee field was established using a global positioning system
(GPS) and used later to generate maps.

Mean severity (S) was estimated based on the equation:

_ Area of tissue affected
Total area of the tissue

Damage severity (S) (2)

Table 2. Description of visual diagnostic Antestia bug severity scores used in the current study.

Damage Plant % damage Severity .
R Descriptions
parameter part assessed severity score
0% 1 None of the branch grow side shoots (fan branching) [4]
1% - 5% 2 Very few branches grow side shoots
Foliage 5% - 30% 3 Appreciable number of branches grow side shoots
30% - 50% 4 Half of the branches grow side shoots
50% - 100% 5 Almost all of the branches grow side shoots
0% 1 None of the flower bud/flower Blackened
. 1% - 5% 2 Very few flower buds/Flowers show faint blackened
Antestia bug L
damage ower 5% - 30% 3 Appreciable number of flowers show blackened
incid buds/flowers
mncidence 30% - 50% 4 Half of the flowers show blackened
50% - 100% 5 Almost all flowers show blackened
0% 1 None of the coffee berry shrinks
1% - 5% 2 Very few coffee berry shrinks
Fruits 5% - 12% 3 Appreciable number of coffee berry shrinks
12% - 30% 4 Half of the coffee berry shrinks and slightly rot
30% - 100% 5 Almost all coffee berry shrinks and rot

Source: [24] [25] with slight modifications.
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2.7. Influence of the Shade Canopy

The influence of shade canopy on Antestia bug incidence and severity was as-
sessed in consideration that the quantity of light penetrating the coffee field had
influence on the Antestia bug infestation. In each village two farms were identi-
fied, one under dense canopy shades and the other under sparse canopy shades.
According to [26], the light penetrating in the coffee field is subject to the types,
quantity and mixture of shade trees present in the coffee field. [26] classified
four groups of shade trees, namely fruit trees, banana trees, timber trees and
services trees. In this study, we categorized the shade canopy in two classes as
sparse shade and dense shade. The sparse shade qualified the coffee fields with
no shade trees (open sun) while simple shades (coffee trees and service trees)

and dense shades were coffee fields with various types of trees diversification.

2.8. Antenstia Bugs with Coffee Fruiting Phenology

To assess the tremendous variation of Antestia bugs population and allied inci-
dence and severity linked with the fruit phenology we collected samples in dif-
ferent months with respect to the coffee fruit setting. The samples were collected
from the time of bud formation, bud swelling, flowering, fruit initiation and fruit

ripening as guided by [27] as detailed (Figure 2).

2.9. Statistical Analysis

Collected data were summarized and subjected to normality test using Shapi-
ro-Wilk and thereafter analysis of variance (ANOVA) with subsequent mean
separation by using Duncan’s multiple range test (DMRT). Computed antestia
bugs’ incidence data were subjected to arcsine transformation to normalize their
distribution. GenStat software (16th version, VSN International) was used in
data transformation and analysis for correlation between Antestia bug popula-
tion, damage incidence and severity with shade and fruit phenology were deter-
mined. Duncan’s multiple range test (DMRT) at p < 0.05 in GenStat software
(16th version, VSN International). The least significant difference among means

was likewise established at 5%.

Figure 2. Coffee plant fruit phenology [27].
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3. Results
3.1. Antestia Bug Population Density

Antestia bugs (Antestiopsis orbitalis spp.) were found in all the coffee-growing
regions with high production of Arabica coffee in Tanzania surveyed. The pop-
ulation density of the bug was varied with location (regions), shade canopy
structure and fruiting phenology (Figure 3). The mean population density gen-
erally ranged from the lowest 0.01 per tree in Ileje (Ruvuma) to 12.4 per tree in
Hai (Kilimanjaro) with a mean density of 1.89 + 0.16 (Mean * SE) Antestia bugs
per tree in densely shaded canopy and 1.36 + 0.16 (Mean + SE) in sparsely
shaded canopy. Differences between locations with dense shades and with sparse
shade in terms of Antestia bug density was significant (p < 0.01). The higher
Antestia bugs density of 12.4, 2.65, and 0.23 was recorded in the dense shades at
the fruiting phase for Kilimanjaro, Ruvuma and Songwe respectively compared
to the densities of 7.75, 1.45, and 0.15 per tree respectively in sparsely shaded
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Figure 3. Abundance (mean number) of Antestia bug per tree in the study locations: (a)
Dense shade canopies; (b) Sparse shade canopies.
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areas. Considering the mean population density Kilimanjaro Region had the
highest mean number of Antenstia bugs (5.43 + 0.28) while Songwe had the
lowest mean of 0.01 + 0.12 bugs per tree.

3.2. Antestia Bug Damage Incidence

Antestia bugs were recorded in all 360 surveyed farms in the three regions, with
average village incidences ranging from 0.16 to about 100% (Figure 4). The
highest Antestia bug incidence data was recorded in Kilimanjaro with variation
based on the assessed plant parts (Figures 5-7). Recorded incidences in dense
shades canopies and sparse shades were respectively: 39.95% + 0.28%, 31.3% +
0.17% on foliage, 45.03% + 0.44%, 33.1% * 0.28% on flowers, and 56.78% =+
1.16%, 43.08% * 0.73% on fruits. As such, incidences increased with advance-
ment in fruiting phenology towards maturity of coffee berries. These incidence
levels recorded in Kilimanjaro were significantly higher than the rest of Ruvuma
and Songwe Regions. Incidence data for dense and sparse shaded canopies in
Ruvuma were respectively established to be 17.29% * 0.09%, 14.51% * 0.06% on
foliage, 18.04% + 0.19%, 15.17% + 0.12% on flowers and 23.07% + 0.19%,
19.80% + 0.1% on fruits. Songwe Region had the lowest Antestia bags incidences
with recorded values in dense and sparse shade canopies as 2.35% * 0.01%,
1.80% + 0.01% on foliage, 3.66% * 0.07%, 1.93% * 0.05% on flowers and 4.77%
+ 0.09%, 2.06% + 0.06% on fruits. The antestia bug incidences were significantly
(p < 0.001) different between the dense and sparse shaded canopies. Across the
sites the incidence of Antestia bugs in coffee fruiting phase was the highest com-

pared to other plant growth stages in all regions.

Legends
A. bugs incidence

® <25% ' Forest
® 25% - 50%

50% - 75%
® 75% - 100% 0 125 250 500

Figure 4. A map showing Antestia bugs incidences in major Arabica coffee-growing re-
gions of Tanzania.

DOI: 10.4236/ae.2023.114019

272 Advances in Entomology


https://doi.org/10.4236/ae.2023.114019

E. Zani, G. M. Rwegasira

120
100 - | # FOLIAGE
80 B FLOWERING

OFRUITS

Antestia bug incidence (%)

Lyamungo LyamungoLyamungo Iwa  Nganjoni Nduoni

Kati Sinde  Kilanya
Data collection location in Kilimanjaro
(a)
70
< B FOLIAGE
60 B3
8 El FLOWERING
g 20 OFRUITS
o
o 40
£
230
e}
@ 20
g
b= 10
<
0
Lyamungo Kati  Lyamungo Lyamungo lwa Nganjoni Nduoni
Sinde Kilanya
Data collection locations in Kilimanjaro
(b)

Figure 5. Antestia bug incidences (%) in study locations in Kilimanjaro Region: (a) dense
shade canopies & (b) sparse shade canopies.
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Figure 6. Antestia bug incidence (%) in study locations in Ruvuma Region: (a) Dense
shade canopies; (b) Sparse shade canopies.
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Figure 7. Antestia bug incidence (%) in study locations in Songwe Region: (a) Dense
shade canopies; (b) Sparse shade canopies.

3.3. Antestia Bug Damage Severity

The magnitude of Antenstia bugs damage (mean severity score) on foliage, flowers
and coffee berries (based on the established scale of 0 - 5) ranged from 0.02 to
5.0 (Figure 8). The damage severity data segregated on basis of canopy density
Le. dense and sparse canopy shades suggested severe damages in the former ca-
nopies than the latter. A wide variation in Antestia bugs mean damage severity
was recorded in ranges of 0.04 - 1.77, 0.012 - 2.625, and 0.153 - 5.0 for the dense
shade canopy, and 0.02 - 1.12, 0.08 - 1.65, and 0.016 - 3.15 for sparse shade ca-
nopies on foliage, flowers and fruits (berries) respectively. The highest pest dam-
age severity scores of 5.0 & 3.15 for dense and sparse canopy shades were rec-
orded at fruits/berries stage in Kilimanjaro Region in Hai District followed by
Nyasa District in Ruvuma (1.07 & 0.67) and Mbozi district in Songwe had the
least damage severity score (0.42 & 0.27). The severity of Antestia bugs signifi-
cantly increased from foliage, flowering period and reaches the peak at berry for-
mation (Table 3). Differences in damage scores between dense shades and sparse

shade canopies were highly significant (p < 0.001).
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Table 3. Relationship between canopy shade and Antestia bug damage severity score.

Dense shade (DS) location Sparse shade (SS) location

Region Village Foliage Flowering Fruit Foliage Flowering Fruit
season season season season season season

Lyamungo Kati 1.77a 2.63a 5.00a 1.12a 1.65a 3.15a

Lyamungo Sinde 1.58a 1.98a 2.26a 0.99b 1.24a 1.42a

Lyamungo Kilanya 1.29a 1.5a 1.69a 0.84bc 0.95b 1.07b

Kilimanjaro

Iwa 1.34a 1.50a 1.64a 0.81bc 0.94b 1.04b
Nganjoni 1.08b 1.38a 1.42a 0.68¢ 0.86b 0.89bc
Nduoni 0.80bc 1.09b 1.21a 0.50¢ 0.69bc 0.76bc
Ukuli 0.46¢ 0.79bc 1.10b 0.29¢ 0.49c¢ 0.67bc

Kingerikiti 0.38¢ 0.74bc 0.87bc 0.24c 0.47¢ 0.55¢

Lumecha 0.31c 0.67bc 0.78bc 0.19¢ 0.42¢ 0.49c¢

Ruvuma

Ugano 0.22¢ 0.53¢ 0.79bc 0.14c 0.34c 0.49¢

Myangayanga 0.19¢ 0.29¢ 0.55¢ 0.12¢ 0.18c 0.35¢

Luwaita 0.20c 0.24c 0.39¢ 0.12¢c 0.15¢ 0.25¢

Mbimba 0.04c 0.26¢ 0.42¢ 0.02¢ 0.17¢ 0.27¢

Nsenga 0.02¢ 0.18c 0.39¢ 0.01c 0.11c 0.24c

Iyenga 0.01c 0.08¢ 0.26¢ 0.01c 0.04c 0.17c

Songwe

Kalembo 0.01c 0.06¢ 0.23¢ 0.01c 0.04c 0.14c

Ibaba 0.01c 0.05¢ 0.19¢ 0.01c 0.03c 0.12¢

Shikunga 0.00c 0.01c 0.15¢ 0.0c 0.0c 0.0c

Grand mean 0.54 0.78 1.07 0.34 0.49 0.67

LSD 0.33 0.37 0.43 0.28 0.31 0.34
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Means bearing same letter(s) in a column are not significantly different at p < 0.05.

3.4. Correlation among Antestia Bug Damage Parameters

Outcome of the Pearson’s linear correlation analysis of Antestia bug damage in-
dices was as shown (Table 4). The correlation suggested a positive relationship
between dense shade canopy and Antestia bug damage incidences and severities
on foliage, flowers and fruits. That is, the presence of dense shade led to in-
creased incidences and severity of Antestia bugs’ damages. Nevertheless, the
correlation suggested negative relationships between pest abundance, incidences
and severities with the sparse shade. Sparse shade canopy was associated with

the decline in pest population and subsequent damages. The canopy shade in-
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tensity had positive correlation with advancement in fruiting that is, as the fruiting
phenology transformed from flowering to fruit formation likewise the pest damage
incidences and severities increased. The sparse shade canopy was negatively (-0.01)

correlated with the dense shade canopies.

Legends
A. bugs severity

B Forest

(=]

125 250 500

Figure 8. A map showing Antestia bugs mean damage severity scores in major Arabica
coffee-growing regions of Tanzania.

Table 4. Correlation matrices between Antestia bug damage population, incidences (%), severities, the shade canopy and fruit phe-
nology in sites covered during the survey.

Factor II
Factor I
A B C D E F G H I
A: Bug population 1.00
B: Dense shade 0.89 1.00
C: Sparse shade —-0.32 —-0.01 1.00
D: Foliage incid. (%) 0.73 0.65 -0.62 1.00
E: Foliage severity 0.71 0.68 -0.54 0.75 1.00
F: Flower incid. (%) 0.69 0.71 -0.45 -0.40 -0.12 1.00
G: Flower severity 0.78 0.73 -0.06 -0.1 -0.32 0.46 1.00
H: Fruit incid. (%) 0.84 0.78 -0.56 —-0.34 -0.35 —-0.25 -0.09 1.00
I: Fruit severity 0.79 0.75 -0.32 -0.03 -0.16 -0.06 -0.02 -0.37 1.00
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4. Discussion

It is apparent based on the finding from the current study that Antestia bug is
omnipresent wherever Arabica coffee is grown particularly in the major growing
areas of Kilimanjaro, Ruvuma and Songwe Regions. The pest abundance was at
alarming levels beyond the minimum of 1 - 2 which was reported to inflict sub-
stantial economic damages [6]. Available reports [10] [27] deduced that Antestia
bug induces injuries to the coffee trees which subsequently reduces yield in
terms of quantity and quality. This information has for the first time been
systematic and quantitative recorded in Tanzania in the current study. The abil-
ity to identify and gauge the damage caused by the pest is the basis for pest con-
trol [28]. [29] stated the adults and nymphs are the damaging stages of Antestia
bug and they feed mostly on immature, green berries, from which they suck the
sap, causing the fruits to shrink and fall. Also, [30] reported that adult and nymphs
of Antestia bugs can feed on shoots and leaves of coffee plants but prefer to
attack unripe coffee cherries. The attack of thus stages may not only causes
physical damage to the coffee cherries but also facilitate fungal infection of the
fruits, causing coffee bean rot and significant yield loss [5]. Several literatures
have accentuated that the attack of the Antestia bugs on different parts of the
plants does not only weaken the plant but also makes it susceptible to diseases.
Due to the damage caused by both nymphs and adults feed on the berries, can
result the young berries to drop and the production of soft or rotten beans by the
bigger berries [5].

The prevalence of Antestia bugs in Arabica coffee fields threaten coffee pro-
duction and the resultant yield quality. Antestia bug has been categorized as a
major coffee pest in Tanzania [10]. Given the perennial nature of Arabica coffee,
and the feeding habit of Antestia bugs [11], the pest is able to survive and mul-
tiply throughout the cropping season. The pest is always present on the coffee
tree, although their populations and hence their extent of damage severity on the
crop may vary with seasons of the year [10]. Observations on the population
dynamics suggested that Antestia bugs population start to build up during flo-
wering and attain peaks during the large berry formation. This is in line with the
findings by [11] that Antestiopsis populations in East Africa build up around
March and reaches peaks in May/June period. As the case in Tanzania, Arabica
coffee flowering normally begin to appear October, and November, fruit starts to
appear on January to march and fruit filling on May/June. During this period
the Antestia bugs affect the crop differently depending on weather variation.
[31] observed that climatic variables affect insect pests directly through modifi-
cation of the physiological or behavioral systems or indirectly through modifica-
tion of other factors such as the host plant and natural enemies. [11] observed
that Antestia bugs are more prone to weather variables especially during wet
season. [32] linked climatic variables such as temperature and rainfall to vary in
time and space and dynamic effects on pests’ density and associated damage.

The nature of the damage to the coffee plant is dependent on the type of pest
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involved [33]. Coffee berry infested by Antestia bug had lateral holes on the ber-
ries whereas those damaged by Coffee berry borer had galleries at the bottom of
berries where eggs were mostly deposited [12]. Thus, the diagnostic signs of An-
testia bug infestations differ according to the part of the plant affected as stated
by [6] and [17]. Several authors have reported on the significance of antestia
bugs on different coffee fruiting bodies. [6] reported Antestia bug damages to
flowers cause flowers and flower buds to turn brown or black finally dropping
off. Alternatively, the bud may completely fail to set flower. [34] indicated that
the Antestia bugs attack flowers and green berries with resultant injection of sa-
liva containing fungus spores which causes the taste defect. [35] reported feeding
punctures that allow the Stigmatomycosis fungi and Nematospora to colonize
the beans resulting in the rotting of endosperm. Despite the observed prefe-
rences, A. orbitalis feeds on green and red berries as well as shoots and flowers
suggesting the ensured availability of food throughout the year [6]. Increased in-
cidences and severity of Antestia bugs has been recent and is associated with
several factors including the global warming and type of coffee farming prac-
ticed. Coffee crop grown under shaded ecology are more prone to the pest attack
compared to those on open space or sparsely shaded areas. The contribution of
climate change to Antestia bug incidences is supported with the report by inter-
governmental panel on climate change [36] which estimated an increment in
average global temperature from 1.4°C to 5.8°C by the end of this century, whe-
reas areas around Kilimanjaro would be more affected. Temperature has been
also mentioned by [35] as the most important environmental factor that affects
insect distribution including Antestia bugs.

The incidence and severity of Antestia bugs in most of coffee fields in Tanza-
nia ranged from low to high with fields in Kilimanjaro being severely affected.
The study observed that the Arabica coffee fields with dense shades had more
number of Antestia bugs, higher incidences and damage severities than those
with sparse shades. According to [37], coffee in Tanzania is grown under shade
trees and on open sun system. However, the canopy covers of shade in dense and
sparse trees arrangements in different coffee fields vary according to regions
[13]. Shades management has been observed as part of farming operations in
coffee that contributes to pest incidences particularly the Antestia bugs. [37] re-
ported that poor agronomic practices involving intensive intercropping of coffee
with trees, other food crops like banana were among factors that reduces the
coffee productivity and quality. [13] reported that some ecological traits of Antes-
tia bug suggest that the bug prefers cool environments, populations are usual-
ly more abundant in bushy coffee trees and in dense shaded plantations, espe-
cially at medium and low elevation. Our present study revealed that areas in Ki-
limanjaro where the pest incidences and severities were high were characterized
by agro systems known as Chagga home gardens, where vegetation usually de-
velops in four layers of big trees for fruits, wood and dense shade, banana trees,
coffee trees, and maize and/or vegetables at ground level [38]. Such complex sys-
tems lead to a wide range of dense shade, which may explain the variation observed
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in the bug density and damage severity in different regions as observed by other
researchers [1]. Intensive intercropping has been linked with increased insect
and disease attack, high nutrient mining and slow soil warming [37]. [13] re-
ported that Antestia bugs’ infestation levels have been reported to be higher in
shaded coffee than in unshaded plantations, contrary to other coffee key pests such
as coffee berry borer and thrips that thrive under full sunlight exposure. Shade
tree regulation coupled with pruning of coffee trees are among the commonest
cultural practices recommended for management of coffee insect pest including
Antestia bug. The study observed that the low infestation and damage levels of
Antestia bugs in Ruvuma and Songwe could be associated with not only the li-
mited shading but also the presence of diverse natural enemies, which might keep
the population of pests at low level.

The present study also indicated that coffee fruiting phenology influenced the
Antestia bug damage incidence and severity. The combined average incidence of
Antestia bug on foliar, flowers and fruits of Arabica coffee was 17.61%, 25.32%
and 34.98%, and 0.89, 1.27 and 1.75 in dense and sparse shades respectively.
Berries were the most vulnerable stage of the all components of fruiting phenol-
ogy. The maximum number recorded for incidence was 100% during fruit phase
and the minimum recorded was 0.05% and for severity, the highest was 5 out of
5 during fruit phase and the lowest was 0.003 and was during foliar phase. The
varied pest preference of the different developmental stages of coffee was attri-
buted to changing concentration of the bioactive compounds that occur in coffee
as the crop develops to maturity. The Antestia bugs require different bioactive
compounds found in the coffee tree to complete life cycle [39]. Antestia bug has
incomplete metamorphosis development with six immature stages namely egg
and five nymphal stages [6]. Each stage of development requires certain concen-
tration of the bioactive compounds found in coffee growth to complete their life
cycle. Although highest density of Antestia bugs was recorded on trees with large
green berries the pest numbers declined as the berries ripened. On the other
hand, available data suggest that the food source for different development stag-
es of Antestia bugs could be highly varied and specialized such that different
stages obtain suitable nutrients from specific coffee fruiting bodies [39]. [35]
recorded high nymphs’ mortality of up to 100% attributed to feeding only on
coffee green berries. The mortality rate decreased when nymphs-rearing sub-
strate was added with coffee leaves. [40] reported that the pre oviposition period
(the time required by the female for ovary maturation and initiation of egg pro-
duction) is known to be influenced by several factors acting during nymph de-
velopment and sexual maturation such as food source. [39] observed that the ol-
factory system of the second instar nymphs of Antestiopsis orbitalisis adapted to
locate suitable (unripe coffee berries) and avoid unsuitable (ripe coffee berries).
It was concluded that Antestia bug populations are not only affected by the availa-
bility of food but the olfactory cues also play a key role in the host-finding. These
attract or repel the Antestia bug in coffee farms with a high proportion of unripe

berries and ripe berries. These facts by several authors concur with our findings
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that Antestia bug damage incidence and severity may rise with fruit maturity but
subsequently decrease at the fruits ripening stage.

The correlation suggested a positive relationship between dense shade canopy
and incidences and severities as well as Antestia bug damage on foliage, flowers
and fruits. That is, the presence of dense shades led to increase in incidence and
severity. Conversely, the correlation suggested negative relationship with the
sparse shade. The presence of sparse shades was associated with the decrease in
pest incidence and severity on foliage, flowers and fruits.

Antestia bugs have low economic thresholds of 1 - 2 Antestia bugs per tree
that calls for an intervention with insecticide [15]. Limited investments in coffee
pest management could have contributed to great abundance of the Antestia
bugs. The fact that almost every tree had damage signs on the flowers, immature
berries and young branches or the sight of eggs, nymphs and adult bugs as re-
ported by [15] suggested the well-established populations of the bugs in the
study areas. The study further established that most smallholder coffee farms are
damaged by the bug infestation due to limited knowledge of correct pest identi-
fication and lack of financial support to properly manage the pest. Other work-
ers [41] reported similar findings that pest and disease pressure were amplified
by susceptible coffee cultivars and low use of agricultural inputs which contri-

buted to low coffee yields in smallholding farms.

5. Conclusion

In all surveyed areas of Kilimanjaro, Ruvuma and Songwe, Antestia bugs were
widely distributed varying in abundance and extent of damage incidence and
severity levels. The variation in incidence and severity levels might be based on
the shadiness of the coffee fields and the fruit phenology. The study possibly es-
calates attentiveness to the necessity to understand the effects of shade in the
coffee field. The necessity to understand the critical time for intervention against
Antestia bugs was proven paramount. Efforts to intensify control measures against
the pest inclusive of cultural methods (pruning to minimize canopy shades), ra-
tional application of appropriate insecticides as well as integrated pest manage-
ment (IPM) should be made to minimize damages inflicted by the Antestia bugs.
Education to farmers to increase their awareness of the pests and empower them
with proven control measures is imperative. Future studies should focus on the
identification of locally existing natural enemies against Antestia bugs and the
determination of their efficacy against the pest. Knowledge of the susceptibility
or resistance of improved Arabica coffee varieties should also be of major focus

in future research.
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