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ABSTRACT

Host-plants and insect-pests’ compensational relationships are known to enable plants and insects to
survive and adopt to changing environmental conditions. In the mount Elgon region of Uganda,
exists a mosaical pattern of different coffee farming systems with increasing altitudes, and their
combinations create differing microclimates, which influence host-plant and pest behaviors. The
objective of this study was to determine the host-plant and Toxoptera aurantii compensations in
Arabica coffee cropping systems of mount Elgon region in Uganda. A two-year study on the coffee
leaf biomass, 7. aurantii numbers on the leaf surface, and damage intensity of T. aurantii, was
conducted using 72 Arabica coffee farms with mixed coffee polycultures (farming systems). Two
independent factors were considered; altitude as a major factor and the farming system as the second
factor. There was evidence of significant host-plant and insect-pest compensations; host-plant/
microclimates, and insect-pest /microclimates. Linear regression analysis revealed a - relationship
(number of leaves /branch / T aurantii numbers). A + relationship (number of leaves / branch infested
by T. aurantii / T. aurantii abundance). Also T. aurantii abundance had a + relationship / RH or/
ambient temperature). The Arabica coffee leaves/ branch had a — relationship (ambient temperature
or/ RH). While the T. aurantii infested leaves /branch only had a + relationship with RH. Regarding
the soil variables it was only soil temperature which had a + relationship with the number of leaves /
branch. The T. aurantii infested leaves /branch had a + relationship (soil temperature or/soil moisture).

Key Words: Leaf-biomass, microclimate, relative-humidity, temperature
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RESUME

Les relations de compensation entre les plantes hotes et les insectes ravageurs sont connues pour
permettre aux plantes et aux insectes de survivre et de s’adapter aux conditions environnementales
changeantes. Dans la région du mont Elgon en Ouganda, il existe un modele mosaique de différents
systemes de culture du café avec des altitudes croissantes, et leurs combinaisons créent des
microclimats différents, qui influencent les comportements des plantes hotes et des ravageurs. L objectif
de cette étude était de déterminer les compensations de la plante hote et de Toxoptera aurantii avec
le microclimat dans le café Arabica dans des conditions d’altitudes et de systeémes de culture différents.
Une étude de deux ans sur la biomasse des feuilles de caféier, le nombre de 7. aurantii a la surface des
feuilles et I’intensité des dégats de T. aurantii a ét€ menée dans 72 plantations de café Arabica avec
polycultures de café mélangé (systeémes agricoles). Deux facteurs indépendants ont été considérés;
I’altitude comme facteur majeur et le systeme agricole comme deuxieme facteur. Il y avait des preuves
de compensations importantes pour les plantes hotes et les insectes nuisibles; plante hte / microclimats;
et insectes nuisibles / microclimats. Une analyse de régression linéaire a révélé une relation - (nombre
de feuilles / branches / nombres de 7. aurantii). Relation A + (nombre de feuilles / branches infestées
par T. aurantii / T. aurantii abondance). L’abondance de T. aurantii avait également une relation + /
RH ou/température ambiante). Les feuilles / branches de café Arabica avaient une relation - (température
ambiante ou/RH). Alors que les feuilles / branches infestées par 7. aurantii n’avaient qu’une relation
+ avec le RH. En ce qui concerne les variables du sol, seule la température du sol a une relation + avec
le nombre de feuilles / branche. Les feuilles / branches infestées par T. aurantii avaient une relation +

(température du sol ou / humidité du sol).

Mots Clés: Biomasse foliaire, microclimat, humidité relative, température

INTRODUCTION

Host- plants and insect-pest compensations
with microclimate are very important enablers
of plants and insect’s survival; and
acclimatising to changing environments (Hulle
et al., 2010; Pincebourde et al., 2017;
Dosta’lek et al., 2018). These compensations
impact on the host plants and insect- pests in
different pathways, which may include
changes in plant shoot biomass, and insect
numbers and their damage intensities (Hulle ez
al., 2010; Pincebourde et al., 2017; Dosta’lek
et al., 2018). Factors at the cropping
environment notably; soil moisture, frost,
relative humidity, temperature, sunshine and
tree shade inclusions, can trigger off physical
and biochemical responses in plants (Tomar,
2010; Hameed et al., 2018; Piron et al., 2019).
Low and high extreme temperatures on the
coffee plant physiology, causes desperate
situations, depressed growth, yellowing of
leaves and growth of tumors; and these

predispose the plant to biotic stress (Da Matta
and Ramalho, 2006). Additionally, the relative
humidity impacts on the vegetative growth of
the coffee trees variably (Coste, 1992;
Dosta’lek et al. (2018).

Different coffee genotypes are known to
response with different survival mechanism
against abiotic and biotic stresses; notably
higher or lower leaf mass area, greater leaf
thickness, increased depth and changed
composition of the waxy cuticle, altered size
of resin ducts and reduced intercellular airspace
in the leaf mesophyll (Hulle ef al., 2010;
Chemura et al., 2014; Pincebourde et al.,
2017; Dosta’lek et al., 2018). Under moderate
humid conditions, coffee trees flourish
continuously by activating their dormant buds,
which causes overlaps in the minor and major
coffee production cycles. These may lead to
the continuous appearance of fresh leaves, and
flowers (Waller et al., 2007; Jassogne et al.,
2013; Coltri et al., 2019).
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The insects may compensate with rapid
rates of development, use of local micro-
environment, and adjustments to body
temperature (Willmer, 1982; Clissold! et al.,
2013). The probability of a leaf being eaten by
an insect depends on a complex suite of plant
and herbivore traits (Agrawal, 2011; Carmona
et al., 2011; Pincebourde et al., 2017).

Aphids have showed high preference for
warmer conditions and their continued
presence on crops contributes to high crop
losses (Rathore, 1995; Ogunrinde and
Adebanjo, 2007). They live in association with
ants, which interfere with the efficacy of
biological control, especially by their natural
enemies, the parasitoids; hence exacerbating
other pest situations (Ogunrinde and Adebanjo,
2007; Abedeta et al., 2011).

Moreover, T. aurantii is an important pest
of coffee in the tropics and subtropics (Deng
et al., 2019) as it sucks sap from leaves,
stems, flowers and fruits of coffee; and
eventual fall of leaves and flowers (Ogunrinde
and Adebanjo, 2007). Besides sap feeding, it
injects toxic saliva into the plant tissue, causing
phytotoxicity and stunting in seedlings
(Guidolin and Consoli, 2018). The pest also
secretes honeydew when sap-feeding, and
sooty molds frequently grow on the
honeydew, which hinders photosynthetic
activity (Sevim et al., 2012). Toxoptera
aurantii existence in the mount Elgon Arabica
coffee was reported by Karungi et al. (2015).
Itis also known to thrive on various alternative
crops in the absence of favourable coffee
conditions; notably Rutaceae, Proteaceae,
Theaceae, Anacardiaceae, and Lythraceae,
Ficeae and Asteracea (Carver, 1978; Deng et
al., 2019).

Mount Elgon regions hosts mosaical
patterns of Arabica coffee farming systems in
Uganda. Arabica coffee (Coffea arabica) in
the mount Elgon region harbours a greater
number of herbivores, claiming over 13% of
its yields as losses (Karungi et al., 2015; Liebig
et al.,2016; Tjala et al., 2019). Understanding
host-plant choice by herbivores in Arabica
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coffee, and interpreting the effects of changing
environmental conditions on insect-plant
interactions, require a wider knowledge of
various pathways acting in a unit area. Looking
at host-plant insect-pest and microclimate
compensational context may capture the depth
of understanding of pest and host behaviors
at altitudinal level. The objective of this study
was to determine the host- plant and T.
aurantii compensations with microclimate in
Arabica coffee under conditions of different
altitudes and farming system of mount Elgon
region in Eastern Uganda.

MATERIALS AND METHODS

Study site description. The study was
conducted in the districts of Kapchorwa and
Sironko, the major mount Elgon coffee
growing zone of Eastern Uganda. These are
naturally fertile and highly productive areas,
with high human occupation, and blotches of
semi-natural vegetation (Kachorwa District
local Government, 2011). The Arabica coffee
production farms exist in the altitudinal range
of 1,300 - 2,500 m.a.s.] (Kachorwa District
local Government, 2011), and within
1°8°43°’N-1°23°04’N and 34°22°26"E-
34°26°29”E. The area receives two rainfall
seasons annually, achieving precipitation
ranges of 1200 - 2200 mm (NEMA, 2010).
The mean annual temperature ranges stand at
13.2° C (minimum) to 23.2° C (maximum),
as at Buginyanya local weather station. The
soils were classified as Nitisols (IUSS Working
Group, 2007), developed on basaltic outflows
(De Bauw et al., 2016).

The farming system is mixed coffee
polycultures, with tree inclusions in the coffee
(Arabica) and banana (Plantain); and followed
by the annual crops (Zea mays, Solanum
tuberosum, Phaseolus vulgaris, Arachis
hypogaea) (Liebig et al., 2016; Sudiono et al.,
2017; Karungi et al., 2018).

Treatments and design. Treatments included
altitude and farming system. Altitude was a
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major factor categorised in three altitude levels;
namely lower (1400-1499 m.a.s.1), mid (1500-
1679) and high (1680-2100). The farming
system was categorised into four, namely
coffee polycultures, that is, coffee monocrop
(O), coffee+annual crop (C+A), coffee+banana
(C+B), and coffee+banana+ shade trees
(C+B+T); following the procedures of Liebig
et al. (2016) and Karungi er al. (2018). A total
of 72 sites, each with a land area of about
4000 M2, estimated with a help of GIS 3.2/
GPS, were used following the procedures by
Diekotter et al. (2010). We allocated 36 study
sites for each district; 12 to each altitude level,
and 4 to each farming systems (coffee
polycultures), and including 3 replicates for
each coffee polyculture (making 72 study
sites).

Data on host-plant (Arabica coffee leaf
biomass) and Toxoptera aurantii. Five
coffee trees, spaced 10 m away from each
other, were randomly selected for this purpose.
For each selected tree, 3 coffee branches
positioned at low, middle and top were
randomly selected for leaf count and
examination for 7. aurantii occurrence. The
study trees and branches were tagged using
ribbons. The total number of leaves on each
branch aphid-infested leaves (discoloured and
with aphids) were counted. The number of
aphids on each of the infested leaf were
recorded with an aid of a magnifying lens,
following the procedures of Sudiono et al.
(2017).

Data were collected in 12 rounds, in two
years, covering the major and minor coffee
production cycles (5 trees x 3 branches x 4
coffee farming systems x 3 altitude levels x
12 rounds= 2160). Proportions for pest
infestation intensity were calculated in each
data collection round, following Sudiono et al.
(2017).

Microclimate variables. Data on
microclimatic variables at farm level were
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recorded at midday on every sampling day,
along the diagonal and three readings were
obtained for each. For the percentage relative
humidity (readings+3%) and ambient
temperature (reading +0.6°C); a thermo-
hygrometer pen (Model 3402) was used,
following the techniques of Spectrum
Technologies, Inc. (2009). For soil parameters,
measurements were taken from a soil depth
of 0 - 15 cm. Data on soil temperature (£
1°C), and soil moisture (x 3% VWC), were
taken using Procheck sensor (GS3 model)
following the technology of Wadsworth
(2015). The microclimate data was later used
in linear regressions as predictors.

Data analysis. The data collected were
analysed in the Generalised Linear Mixed
Models (GLMM) of GenStat 13, with a farm
as a random factor and dispersion of 1 for
fixed factors. We used the logarithmic link
because the data were non normal. For the
data on leaf damage intensity, we used binomial
distribution, and logit link since the data were
on proportions.

The means and Wald test were generated
for all data illustrations (figures and tables) and
the means were separated using Fischer’s
protected LSD at 5%.

The data on compensational relationship of
host-plant and Toxoptera aurantii; host- plant
and microclimate; and Toxoptera aurantii with
microclimate were analysed using linear
regression. The data were first tested for
linearity and the collinearity. In the relationship
of host plant and T. aurantii, the host plant
variables were used as predictors and T.
aurantii numbers as a dependent variable. For
the relationship of host-plant/T. aurantii and
microclimate, the host-plant/T. aurantii were
used as dependent variables and the
microclimate variables as predictors. The
microclimate variables, which had an
autocorrelation, were dropped off the model
with stepwise generalised linear regression
model.
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RESULTS

Host-plant and 7. aurantii compensation.
Linear regression analysis revealed a
significant negative relationship for the number
of leaves per branch and 7. aurantii numbers
(Table 1). A significant positive relationship
was realised when the number of leaves per
branch infested by T. aurantii were used
against 7. aurantii numbers as the dependent
variable (Table 1).

Host-plant and 7. aurantii microclimate
compensations. Toxoptera aurantii
population density had a significant positive
relationship with relative humidity and ambient
temperature (Table 2). The leaves per branch
had a negatively significant relationship the
ambient temperature and relative humidity.
The Toxoptera aurantii infested leaves per
branch only had a significant positive
relationship with relative humidity (Table 2).

Regarding the soil variables relationships
with the host-plant, it was only soil
temperature which had a significant and
positive relationship with the number of leaves
per branch (Table 2). The T. aurantii infested
leaves per branch had a significant positive
relationship with the soil temperature and
moisture.

Arabica coffee leaf biomass and number
of T. aurantii. The Generalised Linear Mixed
Model analysis (GLMM) indicated highly
significant effects of altitude and farming
system, and their interaction on the numbers
of T. aurantii, leaves per branch and leaves
infested by T. aurantii (Table 3). The leaf
damage intensity was highly significant with
the altitude and farming system, but not for
their interaction (Table 3).

Toxoptera aurantii numbers were highest
in the mid altitude across the farming systems,
except in the coffee+banana. The highest
number of 7. aurantii was recorded in the
coffee+banana+shade tree coffee farming
system (Fig. 1).

T statistic, T significance value, its coefficients for the compensational relationship of dependent variables and the predictors in the mount

TABLE 1.

Elgon coffee-banana farms in Uganda

T statistic ~ Significance

Standardised

Unstandardised coefficients

Predictors

coefficients

Beta

Std. Error

5211
-2.946
49.019

132
039
057

686
-116

2.799

(Constant)

003

Number of coffee leaves/ branch

726

Number of Toxoptera aurantii infested Arabica coffee leaves /branch
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**%* Sig. at <0.001, ** Sig. at <0.01, * Sig. at <0.05



TABLE 2. T statistic, T significance value, and its coefficients for the compensational relationship of dependent variables and the predictors in the

mount Elgon coffee- banana farms in Uganda

Dependent variable Predictors Unstandardised coefficients  Standardised T statistic Significance
coefficients
B Std. Error Beta

Toxoptera aurantii (Constant) -130.49 54.926 -2.376 0.02
Temperature 2676 1.317 033 2032 0.046
Relative humidity 1.271 043 048 2954 0.004

Arabica coffee leaves/branch (Constant) 96.006 16.856 5.696 000
Ambient temperature -1.750 A04 -630 -4.331 000
Relative humidity -.686 132 -756 -5.192 000

Toxoptera aurantii infested leaves/branch  (Constant) -406 532 -763 448
RH 022 009 294 2.570 012

Arabica coffee leaves/branch (Constant) 7.362 1.092 6.740 000
Soil moisture -206 1.505 -017 -137 892
Soil temperature -165 033 -551 -4.981 000

Toxoptera aurantii infested leaves/branch  (Constant) -2.600 1.248 -2.083 M1
Soil moisture 4.764 1.720 354 2.770 007
Soil temperature 095 038 292 2512 014

*##% Sig. at <0.001, ** Sig. at <0.01, * Sig. at <0.05

N
(0]
\V]

‘12 VIVII 4V
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TABLE 3. F statistics and Wald statistic with F probability by altitude and different farming system
on the pest abundance of Toxoptera aurantii, coffee leaves per branch, Toxoptera aurantii affected
coffee leaves on Arabica coffee farms in the mount Elgon region in Uganda

Fixed term Waldn. d.f.  Fstatistic d.d.f. Fpr
statistic

Coffee leaves/ branch

Altitude 3663.64 2 1831.82 2146 <0.001

Farming system 63.64 3 2121 2146 <0.001

Altitude. Farming system 469.6 6 7827 2146 <0.001

Toxoptera aurantii abundance on coffee tree leaves

Altitude 9313.98 2 4656.99 2146 <0.001

Farming system 4024.8 3 1341.6 2146 <0.001

Altitude. Farming system 2074.54 6 345.76 2146 <0.001

Toxoptera aurantii infested coffee leaves

Altitude 156.22 2 78.11 2146 <0.001

Farming system 296.89 3 98.96 2146 <0.001

Altitude. Farming system 66.56 6 11.09 2146 <0.001

Proportional leaf damage

Altitude 68.7 2 34.35 2118 <0.001

Farming system 47.55 3 15.85 2118 <0.001

Altitude. Farming system 7.66 6 1.28 2118 0264

4+ Sig_at<0.001, ** Sig. at <0.01, * Sig. at <0.05

The number of leaves per branch was
higher across the high altitudes, with the most
recorded in the coffee+ annual crop farming
(Fig. 2). Also, the number of T. aurantii
infested leaves per branch was higher in the
mid altitude across three farming system,
except the monocropping where they were
more in the high altitude areas (Fig. 3).

The proportional leaf damage intensity of
Arabica coffee, by T. aurantii, was lowest in
the coffee monocrop faming system (Fig 4a).
It was also recorded lowest in the high altitude
areas (Fig. 4b).

The microclimate variables. The
microclimate variables recorded generally
higher relative humidity in the coffee+
banana+shade tree, farming systems across
all the altitudes (Fig. 5a). Lower temperatures

were recorded in the coffee+banana+shade tree
farming systems across all the altitudes (Fig.
5b). Soil moisture was greatest at high altitude
(0.43%) and coffee monocropping (0.44%).
Soil temperature was highest at mid altitude
(26 °C) and (24.4 °C) coffee+banana+ shade
tree (Table 4).

DISCUSSION

Host- plant and 7. aurantii compensation.
The positive relationship of 7. aurantii with
the number of T. aurantii infested coffee leaves
per branch, could mean that in cases where
the number of infested leaves per branch
increased by 1 unit, the number of 7. aurantii
could have increased by 0.726. Here, T.
aurantii compensated positively and boosted
up its numbers which infested more leaves per
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Figure . Number of Toxoptera aurantii at different altitude and Arabica coffee farming system of
mount Elgon coffee- banana farms of Uganda.
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Figure 2. Number of Arabica coffee leaves/ branch at different altitude levels and different farming
systems of the mount Elgon coffee- banana farms of Uganda.
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Figure 3. Number of Toxoptera aurantii infested Arabica coffee leaves/ branch at different altitude
levels and different farming systems of the mount Elgon coffee- banana farms of Uganda.

branch. This was in line with the results at
mid altitude, where higher numbers of T.
aurantii (mean=18.6) and (mean =17.67, in
the coffee+banana+shade tree, farming
system) were highest. Also, T. aurantii
infested leaves at the same altitude level were
higher (mean=1.2) and in the same farming
system (mean =1.5). The highest leaf damage
intensity (mean =21.7 %) in the same altitude
and same farming system (mean=19%) were
also recorded in this study. These results could
be perceived as a failure of the host plant
resistance to counter the pest compensations.

Conversely, the negative relationship of T.
aurantii population density with the coffee
leaves per branch (host plant), a 1 unit increase
in the number of coffee leaves per branch
could compensate for the numbers of T.
aurantii (pest) by a factor of -0.044. Here,
the host-plant was able to maintain the highest

number of leaves per branch and a minimum
number of 7. aurantii with minimum leaf
damage intensity. This was in line with the
greater number of coffee leaves per branch in
the high altitude (mean = 16.3) and (mean=
2.0 in the coffee+ annual cropping) compared
to the lower number of T. aurantii at the same
altitude level (mean = 13.8) and same farming
system (mean = 13.81). At the same altitude,
a lower damage intensity was recorded (mean
=6%) and mean for the farming system (mean=
17%). The coffee trees without tree shade,
especially at high altitude may have been
triggered under such abiotic conditions to
produce a complex set of compounds which
could have enhanced the plant defensive
mechanism to repel the infestations by T.
aurantii. Carver (2007) reported the possibility
of enormous chemical and physiological
differences existing between the young and
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Figure 5a. Changes in relative humidity by increasing altitudes and different farming system, coffee
monocrop (C+M), coffee+annual crop (C+A), coffee+banana (C+B), and coffee+banana+shade trees

(C+B+T).
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Figure 5b. Changes in temperature by increasing altitudes and different farming system, coffee monocrop
(C+M), coffee+annual crop (C+A), coffee+banana (C+B), and coffee+banana+shade trees (C+B+T).
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TABLE 4. Autos elected soil variables in the mount Elgon coffee- banana farms in Uganda by altitude

and farming system

Fixed factor Dependent variables

Altitude Soil moisture (%) Soil temperature (°C)
Lower 0.39 2451

Mid 041 2573

High 045 21.87
Farming system

Coffee monocrop 044 23.85
Coffee+annual crop 041 23.67
Coffee+banana 044 24.29
Coffee+banana+ shade tree 0.39 2434

mature foliage that could impact on a two- altitude farming system with the

way front: either by an intense sink of amino-
acids, proteins and sugars, or a carbohydrate
store and a complex of secondary repellent
compounds.

The studies of Hodkinson (2005) and
Stenseth and Mysterud, (2002) reported
mismatches due to the influence of altitude on
biotic forms to enable compensations by
nature at altitudinal level. Such mismatches are
capable of causing negative synchronies,
leading to low numbers of T. aurantii and
possibly lower damage intensities. The
interventions on possible control of 7. aurantii
can make use of studies that explore the
possibility of harnessing such repellants to
induce mismatches for host plant resistance
against T. aurantii. Studies of Sase et al.
(1998), Suzuki (1998) and Hengxiao et al.
(1999) highlighted the changes and
composition of the plant phenology to have
pronounced effects on the herbivore at
altitudinal level.

Host-plant and 7. aurantii microclimate
compensations. With the significant positive
relationship of relative humidity with number
of Toxoptera aurantii, a lunit increase in
relative humidity caused an increase in T.
aurantii by a factor of 0.480. The highest
number of 7. aurantii existed in the mid

coffee+banana+shade, a system and level
which recorded the highest relative humidity
(Mean = 69.98% compared to the altitude
average of 66.64 % within the same altitude).
Here, the pest possibly compensate for high
relative humidity. This is in agreement with
the fact that the number of leaves infested by
T. aurantii was positively related to the relative
humidity. In this study, 1 unit increase in
relative humidity caused an increase in the
number of leaves infested by a factor of 0.294.
Tomar (2010) suggested that microclimate
elements such as relative humidity play a key
role in aphids’ physiological development.

In contrast, a negative relationship of
relative humidity with the number of leaves
could mean reduction of leaves by a factor of
-756, with one percentage increase in relative
humidity. This study has highlighted that the
number of Arabica coffee leaves per branch
in the mid altitude were lowest (mean = 7); a
level which recorded the highest average
relative humidity. Increasing relative humidity
could be delaying the opening of leaf buds to
warrant tolerance (Waller et al., 2007; Coltri
et al., 2019). Arabica coffee sensitivity to
relative humidity was earlier on highlighted by
the work of Coste (1992), and attributed it to
changes in altitude. In the present case,
moderate relative humidity could maintain high
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leaf biomass, implying that extreme levels of
relative humidity can affect the growth of
Arabica coffee leaves.

With respect to temperature, the significant
positive relationship of T. aurantii population
density against ambient temperature, could
mean that 1 unit increase in temperature results
in an increase of T. aurantii population by a
factor of 0.330. This could hold in line with
the situations in the lower altitudes, where the
higher ambient temperatures of up to 27.3 °C
were recorded compared to the average within
the same altitude of 26.4°C at the same level.
The altitude which recorded the second best
with more numbers of T. aurantii (mean
=14.1) and (mean =13.8, in coffee+ annual
cropping farming system) could have had an
influence of higher temperatures on the aphid
multiplication. At this altitude, T. aurantii was
able to compensate for advances in ambient
temperature by enabling multiplication of its
numbers by a factor of 0.330 per degree
change in temperature. Studies of Piron et al.
(2019) indicated that the rising temperatures
in Europe and other temperate areas enabled
T. aurantii to rather easily adapt to such
regions, thus warmer conditions could promote
aphid accumulation.

The negative relationship between the
number of Arabica coffee leaves with ambient
temperature could mean that a 1 unit increase
in the ambient temperature could cause a
reduction in leaves by a factor of -630. This
could hold on for situations at the lower
altitude, especially in the coffee+annual
farming system where temperatures were
highest (27.3 °C). The number of leaves per
branch was lower (mean =6.7) than
(mean=19.1) in high altitude areas with a
similar farming system. Also, the number of
Arabica coffee leaves per branch was
negatively related with soil temperature (-5.51).
The increasing soil temperatures which could
have resulted from increasing ambient
temperatures, may affect the available soil
moisture, and this could impact negatively on
the plant physiological systems. Under low
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host-plant compensations, the host-plant may
hold on to a maximum limit, beyond which,
stress sets in and with the accumulation of
biotic stress, the host-plant may succumb to
leaf desiccation. The number of infested leaves
increased with increasing soil temperature by
a factor of 0.292. The increasing soil
temperatures could have exacerbated the
effects of biotic factors on the Arabica coffee
plant. The studies of Da Matta and Ramalho
(2006) indicated seriously high consequences
of low and extreme temperatures on the
coffee physiology, including causing desperate
situations predisposing the plant to biotic stress.

The significant positive relationship of the
number of 7. aurantii infested Arabica coffee
leaves with soil moisture by a factor of 0.354,
could mean that higher levels of soil moisture
could also worsen the biotic stress due to
aphids on the Arabica coffee plant. Chemura
et al. (2014) indicated a variable response of
Arabica coffee to soil moisture levels.

Regarding the host-plant and 7. aurantii
compensations with microclimate in the mount
Elgon Arabica coffee-banana farming system
of Uganda, the study indicates variable results
at different altitude and farming systems.

CONCLUSION

The study recorded hosts-plant and insect pest
compensations; and insect-pest/host-plant
compensations with microclimate which were
variable by altitude and farming system on
mount Elgon in Uganda. In the hosts-plant and
insect-pest compensations, the increase in the
number of infested leaves by one, the number
of T. aurantii increased by a factor of 0.726,
and these were clear situations in the mid
altitude with coffee+banana+shade tree
farming systems. In the negative relationship,
increase in the number of coffee leaves by one,
T. aurantii numbers reduced by -0.044, a
situation much favored by high-altitude
coffee+ annual cropping system.

As regards the insect-pest/host-plant
compensations with microclimate, a one
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percent increase in relative humidity, 7.
aurantii increased by the factor of 0 .480. A
situation which was common to mid altitude
coffee+banana+shade trees. While for leaf
biomass, a one percent increase in relative
humidity, the number of leaves reduced by -
756 and this was much pronounced in the mid-
altitude situations.

A one degree increase in temperature, 7.
aurantii numbers increased by 0.330, a
situation which was much created by the lower
altitudes combinations with coffee+annual
farming system. In the negative relationship,
a one degree increase in the ambient
temperature caused a reduction in leaf biomass
by -630 especially in the farming systems with
combination of coffee+annual farming with
low altitudes. The situations of low soil
moistures and high soil temperatures could only
exacerbate the host plant stress due to T.
aurantii feeding. The recommendations on
aphid control could make use of repelling
environments on the leaf surface to induce
mismatches for host plant resistance against
T. aurantii.

ACKNOWLEDGMENT

This study was funded by the Volkswagen
Foundation through the African Initiative
Project (#89 365). We thank the farmers,
extension staff, technical advisors, field
assistants and technicians who participated in
this study.

REFERENCES

Abedeta, C., Getu, E., Seyoum, E. and
Hindorf, H. 2011. Coffee berry insect pests
and their parasitoids in the afromontane
rainforests of Southwestern Ethiopia. East
African Journal of Sciences 5(1):41-50.

Agrawal, A.A. 2011. Current trends in the
evolutionary ecology of plant defence.
Functional Ecology 25:420-432.

Carmona, D., Lajeunesse, M.J. and Johnson,
M.T.J. 2011. Plant traits that predict

A.R. IJALA etal.

resistance to herbivores. Functional
Ecology 25:358-367.

Carver, M. 2007. The black citrus aphids,
Toxoptera citricidus (Kirkaldy) and T.
aurantii  (Boyer de Fonscolombe)
(Homoptera: Aphididae). Australian Journal
of Entomology 17:263-270. 10.1111/
j-1440-6055. 1978.tb00156.

Chemura, A., Mahoya, C., Chidoko, P. and
Kutywayo, D. 2014. Effect of soil moisture
deficit stress on biomass accumulation of
four coffee (Coffea arabica) varieties in
Zimbabwe. [International Scholarly
Research Notices https://doi.org/10.1155/
2014/767312.

Coltri, P.P.,, Pinto, H.S., doValle, GR.R., Zullo.
J.J. and Dubreuil. V. 2019. Low levels of
shade and climate change adaptation of
Arabica coffee in southeastern Brazil.
Heliyon. doi: 10.1016/j.heliyon.2019.
e01263.

Clissold, F.J., Brown, Z.P. and Simpson, S.J.
2013. Protein-induced mass increase of the
gastrointestinal tract of locusts improves
net nutrient uptake via larger meals rather
than more efficient nutrient absorption.
Journal of Experimental Biology 2:329-
337.

Coste, R. 1992. Coffee - The plant and the
product. MacMillan Press, London. 328pp.

Da Matta, FM. and Ramalho, J.D.C. 2006.
Impacts of drought and temperature stress
on coffee physiology and production: A
review. Brazilian Journal of Plant
Physiology 18(1):55-81. https://dx.doi.org/
10.1590/51677-04202006000100006.

De Bauw, P., Van Asten, P., Jassogne, L. and
Merckx, R. 2016. Soil fertility gradients and
production constraints for coffee and
banana on volcanic mountain slopes in the
East African rift: A case study of Mt. Elgon,
agriculture. Ecosystem Environment
231:166-175.

Deng, J., Liu, Q., Yu, Y.H., Li, J.J. and Huang,
X.L. 2019. The detection and midgut
intracellular location of Rickettsia symbiont
in the camellia aphid (Aphis Aurantii).



The drivers of intensity of 7. aurantii in Arabica coffee

Applied Ecology and Environmental
Research 17:12203-12212. 10.15666/aeer/
1705_1220312212

Diekotter, T., Wamser, S., Wolters, V. and
Birkhofer, K. 2010. Landscape and
management effects on structure and
function of soil arthropod communities in
winter wheat. Agriculture, Ecosystems and
Environment 137:108-112.

Dosta’lek, T., Rokaya, M.B. and
Mu nzbergova, Z. 2018. Altitude, habitat
type and herbivore damage interact in their
effects on plant population dynamics.
PLoS ONE 13(12): €0209149. https://
doi.org/10.1371/journal.pone.0209149.

Guidolin, A.S. and Consoli, F.L.
2018. Diversity of the most commonly
reported facultative symbionts in two
closely-related aphids with different host
ranges. Neotropical Entomology 47:440—
446. 10.1007/s13744-017-0532-0

Hameed, A., Hussain, S.A. and Suleria, H.A.R.
2018. Coffee bean-related agroecological
factors affecting the coffee. In: Merillon,
J.M. and Ramawat, K. (Eds.). Co-evolution
of secondary metabolites. https://doi.org/
10.1007/978-3-319-76887-8_21-1.

Hengxiao, G, Mcmillin, J.D., Wagner, M.R.,
Zhou, J., Zhou, Z. and Xu, X. 1999.
Altitudinal variation in foliar chemistry and
anatomy of yunnan pine, Pinus
yunnanensis, and pine sawfly
(Hymenoptera, Diprionidae) performance.
Journal of Applied Entomology 123:465-
471.

Hodkinson, I.D. 2005. Terrestrial insects
along elevation gradients: Species and
community responses to altitude.
Biological Reviews 80: doi: 10.1017/
S1464793105006767.

Hullé, M., Coeur d’Acier, A., Bankhead-
Dronnet, S. and Harrington, R. 2010.
Aphids in the face of global changes.
Comptes Rendus Biologie https://doi.org/
10.1016/j.crvi.2010.03.005.

[jala, A.R., Kyamanywa, S., Cherukut, S.,
Sebatta, C. and Karungi, J. 2019. Parasitism

291

of Hypothenemus hampei (Coleoptera:
Scolytidae) in different farming systems
and altitudes of Mount Elgon, Uganda.
Journal of Applied Entomology doi:10.
1111/jen.12689.

International Union of Soil Science (IUSS).
2007. World Reference Base for Soil
Resources, First. FAO, Rome, Italy. http:/
/www.fao.org/ag/agl/agll/wrb/doc/
wrb2007_corr.pdf. Accessed 31 January,
2021.

Jassogne, L., Leaderach, P. and van Asten, P.
2013. The impact of climate change on
coffee in Uganda: Lessons from a case
study in the Rwenzori mountains. Oxfam
Research Reports. ISBN 978-1-78077-
262-2. 16pp.

Kapchorwa District Local Government. 2011.
Approved five year district development
plan 2011/2012 - 2015/2015. Kampala:
Republic of Uganda. 41pp.

Karungi, J., Nambi, N., [jala, A.R., Jonsson,
M., Kyamanywa, S. and Ekbom, B. 2015.
Relating shading levels and distance from
natural vegetation with hemipteran pests
and predators occurrence on coffee.
Journal of Applied Entomology 139(9):
669-678. https://doi. org/10.1111/jen.
12203.

Karungi, J., Cherukut, S., Ijala, A.R.,
Tumuhairwe, J.B., Bonabana Wabbi, J.,
Nuppenau, E.A. and Otte, A. 2018.
Elevation and cropping system as drivers
of microclimate and abundance of soil
macrofauna in coffee farmlands in
mountainous ecologies. Applied Soil
Ecology 132:126-134. https://doi.org/
10.1016/j.aps0il.2018.08.003.

Liebig, T., Jassogne, L., Rahn, E., Liderach,
P., Poehling, H-M. and Kucel, P. 2016.
Towards a collaborative research: A case
study on linking science to farmers’
perceptions and knowledge on Arabica
Coffee pests and diseases and its
management, PLoS ONE 11(8).

Ogunrinde, S. and Adebanjo, A. 2007.
Permanent crops production, ACP303.



292

Pincebourde, S., van Baaren, J., Rasmann, S.,
Rasmont, P., Rodet, G., Martinet, B. and
Calatayud, P.A. 2017. Plant-insect
interactions in a changing world. In:
Sauvion, N., Thiéry, D. and Calatayud,
P.-A. (Eds.). Insect-plant interactions in a
crop protection perspective ISBN:
9780128033180. pp. 289-332.

Piron, P.GM., de Haas, M. and Sonnemans,
M.A.H.M. 2019. The presence of Aphis
(Toxoptera) aurantii (Homoptera:
Aphididae) in the Netherlands.
Entomologische Berichten 79:162-164.

Sase, H., Takamatsu, T. and Yoshida, T. 1998.
Variation in amount and elemental
composition of epicuticular wax in
Japanese cedar (Cryptomeria japonica)
leaves associated with natural
environmental factors. Canadian Journal
of Forest Research 28:87-97.

Sevim E., Celebi O. and Sevim A.
2012. Determination of the bacterial flora
as a microbial control agent of Toxoptera
aurantii (Homoptera: Aphididae).
Biologia 67:397-404. 10.2478/s11756-012-
0022-0.

Stenseth, N. and Atle M.A. 2002. Climate,
changing phenology, and other life history
traits: Nonlinearity and match-mismatch to

A.R. IJALA etal.

the environment. Proceedings of the
National Academy of Sciences
99(21):13379-13381. doi:10.1073/
pnas.212519399.

Sudiono, Surjono, H.S., Nurheni, W.,
Purnama, H. and Rachman, K. 2017.
Vegetation diversity and intensity of plant
pests and diseases in two polyculture
systems in Tanggamus district. Jurnal
Hama dan Penyakit Tumbuhan Tropika
17(2):137-146.

Suzuki, S. 1998. Leaf phenology, seasonal
changes in leaf quality and herbivory
pattern of Sanguisorba tenuifolia at
different altitudes. Oecologia 117:169-176.

Tomar, S.P.S. 2010. Impact of weather
parameters on aphid population in cotton.

Agricultural Indian Journal of Agricultural
Resources 44(2):125-130.

Wadsworth, M. 2015. Decagon Devices, Inc.,
(2015). Procheck operation manual. 2365
NE Hopkins Court Pullman WA 99163.

Waller, .M., Bigger, M. and Hillocks, R.J.
2007. Coffee pests, diseases and their
management. Printed and bound by the UK
by Biddles. pp. VIII + 434pp.

Willmer, P.G. 1982. Microclimate and the
environmental physiology of insects.
Advances of Insect Physiology 16:1-57.



