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Introduction
The Chagga agro-ecosystem is complex, consisting of multistory 

homegardens that are heavily intercropped to make efficient use of 
vertical as well as horizontal space. The primary crops grown in the 
Chagga homegardens are banana and coffee; other crops include 
maize, mangoes, avocadoes, yams, pumpkins, peas and papaya. While 
the Chagga homegardens are vital to Tanzania’s economy, their 
ecological significance is not well understood. The coffee industry is 
an essential component of Tanzania’s economy and the future of 
African development. The Inter-Academy Council (IAC) has identified 
coffee as one of the cash crops capable of improving food security and 
alleviating poverty in Africa [1]. By 2005, coffee was responsible for over 
20% of the Tanzania’s income from foreign exchange, with over 95% of 
farming families in Tanzania depending on coffee as their main source 
of income [2]. Moreover, an additional 2,000,000 people in Tanzania 
are employed either directly or indirectly by the coffee industry [2]. 
Kilimanjaro is one of three main coffee-producing regions, the other 
two being Mbeya and Matengo. The coffee grown on Kilimanjaro is 
primarily Arabica spp., the highest-selling coffee on the international 
market [3]. Kilimanjaro coffee also has added commercial value 
because of the romantic appeal of its geographic origin [4].

Several issues are currently threatening coffee production in 
Tanzania. Farmers are losing interest in selling coffee due to both 
ecological and economic considerations. These include receiving a low 
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pattern, farm size, farm location, crop biodiversity, and shade 
tree species. Results were analyzed using descriptive statistics and 
proportional odds logistic regression. We expected aphid abundance to 
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accounted for hybrid status (p=0.861). Fifty eight percent (n=116/200) 
of the plants grown on farms that did not apply fungicide were disease-
resistant hybrids. 

Aphid occurrence 

The presence or absence of aphids on a coffee plant did not differ 
significantly among hybrid and non-hybrid coffee plants (GLM: 
Likelihood ratio=(-0.02), Test df=1, p=0.88). A binary logistic model 
in which is the estimate for the probability of aphid presence is given 
by equation.

log(𝜋/-𝜋)=β 0+β 1(Lyamungo)+β 2(Sembet i )+β 3(ants)+β 4 
(log(hectares))+β5(insecticide)

Village, farm size, application of insecticide, and approximate 
number of ants were found to be significant predictors of aphid 
presence (Table 1). A model that incorporates the above variables fits 
significantly better than an empty model with no predictors (Likelihood 
Ratio=38.88, Test df=5, p<0.001)

Insecticide use resulted in an increase in the odds of finding aphids 
on a coffee plant by a factor of 2.0. A 10% increase in farm size is 
accompanied by a 12% increase in the odds of aphid presence. Ants 
were also frequently found on plants which harbored aphids, although 
the relative number of ants did not drastically alter the odds of aphid 
presence (Table 1). 

Aphid abundance 

Proportional odds logistic regression was used to assess whether 
hybrid status influenced aphid loads on coffee plants. Aphid population 
size did not differ significantly among hybrid and non-hybrid coffee 

plants after accounting for village, ant count, farm size, and insecticide 
use (POLR: Likelihood ratio=0.136, Test df=1, p=0.712). For the 
purposes of POLR, aphid number was grouped into ordered categories of 
0, 1-10, and >10. All other variables held constant, a 10% increase in farm 
size resulted in a 12.8% increase in the odds of a one unit increase in aphid 
abundance (i.e., the odds of aphid number moving from 0 to 1-10 or from 
1-10 to >10). Likewise, the odds of an increase in aphid abundance were 2.1 
times as great in farms that used insecticide compared to farms that did 
not, all other variables held constant (Table 2). Although ant count was 
a significant term in the model, an increase in ant count had a marginal 
effect on aphid loads. Compared to Kibosho, the odds of an increase in 
aphid numbers on coffee plants were 78% higher in Sembeti. 

Survey results 

Farmers were asked to describe their methods of controlling disease 
and insect pests on coffee. They were asked to provide the name and 
amount of chemicals applied to coffee plants on their homegardens. 
Seventy seven (35/45) of the respondents used both insecticide and 
fungicide to control harmful insects and disease. Eighty two percent 
(37/45) of farms applied fungicide, while 94.6% (35/37) also applied 
insecticide. Survey results are summarized in Table 3. 

Farmers that did not apply either fungicide or insecticide to their 
crop cited the prohibitive cost of chemical remedies as their primary 
reason for doing so. Thirty nine per cent (18/45) of the farmers 
surveyed claimed to employ non-chemical measures to control insects 
on coffee in addition to applying insecticide. Of these, 61.1% (11/18) 
applied engine oil on the stems of coffee plants to reduce coffee borer 
populations. Additional non-chemical remedies to alleviate pest 
problems included application of banana beer residue to trap ants, 
farm cleanliness, and planting after fallow periods. 

Discussion 
Aphid abundance on hybrid coffee 

The results of our study indicate that there is no reason to believe 
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Figure 2: The incidence of coffee leaf rust on hybrid and non-hybrid coffee 
varieties in the Kilimanjaro region. 

Odds ratio S.E. Pr(>|z|)
β0 0.295 0.288 2.37E-14
β1 0.904 0.1733 0.560
β2 1.745 0.192 0.002
β3 0.998 0.001 0.004
β4 1.345 0.089 <0.001
β5 2.022 0.224 0.003

S.E: Standard error of the model coefficients.

Table 1: Odds ratios derived from the coefficients of a generalized linear model 
predicting the presence/ absence of aphids on coffee plants in the Kilimanjaro 
region.
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of the coffee plant [20,21]. The presence of coffee green scale was often 
accompanied by large numbers of P. megacephala, a confounding 
variable that was not accounted for in the data. From what we observed, 
T. aurantii was seldom present on a coffee plant with a major green 
scale infestation. Nevertheless, the fact that ant abundance is significant 
in predicting aphid loads suggests that a change in aphid abundance 
likely influences ant presence on coffee plants, regardless of species. 

Insecticide use 

The odds of an increase in aphid abundance were 2.0 times higher 
on farms that used insecticide than on farms that did not. As is shown 
in Figure 6, the probability of aphid presence was higher across all farm 
sizes on plants that had been treated with insecticide than on plants 
that had not been treated. Insecticide use has been shown to increase 
aphid abundance in other agriculture systems. A study of the effects 
of insecticide on potato plants found that aphid abundance was 28 
times higher on treated plants than untreated plants after insecticide 
application [22]. One explanation for this result is that insecticide 
use decreases abundance of natural aphid predators, which in turn 
increases aphid levels. Non-selective insecticides can target aphid 
predators without killing the aphids themselves [23]. 

Most importantly, however, is that insecticide use leads to an 
increase in aphid tending ant species. Application of insecticide has 
been found to lead to higher abundances of ground-nesting ants, 
which tend many species of sap-sucking hemiptera [24]. Based on our 
results, it is highly likely that the use of insecticide on coffee increases 
the population of C. acvapimensis, the ground-nesting ant species that 
tends T. aurantii. 

Limitations and Recommendations 
Several observational biases could have affected the outcome of the 

study. First, plants that have CBD and plants that have a large infestation 
of Coccus viridis (also known as coffee green scale) produce visually 
similar symptoms. Where CBD causes black lesions on the berries 
and stem of coffee plants, coffee green scale produces a black, sooty 
mold. It is difficult for a non-expert to differentiate between these two 
problems; for some plants in this study, coffee green scale infestations 
may have been mistaken for CBD, and vice versa. Because of the 
potential for inaccuracy in CBD identification, CBD measurements 
were not considered in the statistical analysis. Second, we did not 
take the species of ant present on the coffee plant into account. Thus, 
we cannot draw any conclusions about the relationship between the 
abundances of T. aurantii and that of specific ant species. Third, the 
farms that we visited were not evenly distributed geographically within 
the villages, and a number of farms that were studied share a border. 

This study was limited by three factors that were difficult to control 
for. First, the time of year is highly relevant to aphid abundance. In 
Ghana, the abundance of T. aurantii on cocoa plants has been found 
to peak five times per year in accordance with the rainy seasons 
[10]. This study was conducted in the first two weeks of November, 
before the start of the short rainy season; aphid numbers were likely 
still recovering from the dry season, which explains why aphids were 
absent from the majority of plants surveyed. Second, recent spraying 
of insecticide on farms was not considered in data analysis because the 
variation in insecticide type, amount, and spray date was too great to 
consistently account for. Finally, hybrid and non-hybrid coffee plants 
are indistinguishable by appearance alone. Hybrid and non-hybrid 
plants were differentiated based on age and location on the farm, with 
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