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ABSTRACT

Agroforestry farming system comprises considerable cultivated land area in the tropics.
Despite the economic and social benefits of the system for farmers, it is also known to have
an important role in the conservation of tree species. This study aims to evaluate the
composition and distribution of tree species in coffee based agroforestry system to determine
the potential for biodiversity conservation. To address the objective of this study, 57 sample
plots in farmers’ coffee field and 12 sample plots in forest reserve were surveyed in Eastern
Uganda. The result shows that the number of indigenous tree species in coffee farms was
lower than that of forest reserve. Similarly, tree species richness per plot, Shannon and
Simpson diversity indexes of forest reserve were significantly (p<0.05) higher than that of
coffee farms. However, with the inclusion of exotic tree species, coffee farms were found to
be significantly higher than that of forest reserve for the above diversity indexes. On the other
hand, the distribution of tree species in the coffee farms were mainly dominated by few tree
species indicating the need for measures that ensure the sustainability of those less
represented tree species.

Keywords: biodiversity conservation; coffee agroforestry; coffee farming; agroforestry
systems; tree species diversity

INTRODUCTION

The increasing loss of global biodiversity and ecosystem services has fuelled much
exploration into the effectiveness of approaches that prevent species extinctions and
ecosystem degradation while allowing for sustainable resource use (Adams & Hulme, 2001;
Berkes, 2009; Terborgh & van Schaik, 2002). Although the extinction of species is natural
process, current rates of extinction caused by human activities in the tropical rainforest alone
is estimated at 1,000 to 10,000 times higher than the natural rate. This is an irreversible
change and of unknown secondary consequences (Wilson, 1988).

As much as 90 % of the terrestrial surface of the earth is outside of reserves and the
majority of these are estimated to be maintained in some sort of managed state, usually
forestry or agriculture (Western & Pearl, 1989). Consequently, most of the biodiversity loss
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in the world today is occurring within managed land use systems largely due to the
transformation of those systems from one form to another (Vandermeer et al., 2002).

Among major land use systems in the tropics, agroforestry technique is an important land
use types by smallholder producers (Acharya, 2006; DeClerck et al., 2010; Schroth et al.,
2004). In addition to enhancing the productivity of agricultural land, agroforestry systems
have significant role in biological diversity conservation. Studies show that in humid tropical
landscapes, coffee agroforestry system has a comparable conservation value to natural
forests (Bhagwat et al., 2008; Perfecto et al., 1996; Donald, 2004; Klein et al., 2008). For
example, varies studies on coffee agroforestry technique reported multiple functions of the
system in conserving regional native tree species, provision of habitat for other species, as
biological corridor between protected areas and alleviating resource-use pressure on
conservation areas (McNeely & Schroth, 2006; Bhagwat et al., 2008; Schroth et al., 2004).
The role of coffee agroforestry system in delivering the above functions depends largely on
the tree component of the farm.

In the highlands of eastern Uganda, smallholder farmers have been increasingly growing
coffee on their farm lands since the introduction of Coffee arabica in the area as of early
1950s. Coffee plants are mostly grown under the shade of trees and banana plants in the area.
The tree component of the farms usually comprises a variety of tree species that were either
planted by farmers or established through natural regeneration. It seems that the coffee
agroforestry systems of this area have also a considerable contribution towards tree diversity
conservation similar to other coffee producing regions of the world. To realize the
conservation role of this farming system and ensure its sustainability, however, deeper
knowledge on the level of tree diversity that exists in the coffee farms has significant
importance. This study was therefore conducted to explore the composition and species
diversity of shade trees in coffee farms.

MATERIALS AND METHODS

Description of the study area

The study site is located in Eastern Uganda in the districts of Sironko and Mbale. The
geographic coordinate of the study area lies at 1°6°N and 34°17’E at a distance of 220 km
from Kampala. The area is mainly inhabited by smallholder farming communities.
Coffee-banana mixed agroforestry system is the major type of crop grown in this area. The
production of coffee was started in the early 1950s according to local farmers.

Apart from settlement and farm lands, there is also a forest reserve on the boarder of the
two districts and this reserve is called Namatale National Forest Reserve. The forest reserve
is surrounded by small holder coffee farms except on the north side where it borders with
Mount Elgon National park. According to National Forestry Authority of Uganda (NFA), the
area of this forest reserve is estimated at 746 ha.

The study area has a mean annual rainfall of 1500 mm and mean temperature of 28°C. The
main rainy season extends from March to July with August and September receiving lower
amount of rainfall (Mbale District Local Government, 2010). The topography of the study
area comprises undulating landscapes. The altitude ranges from 1350m to 1500m above sea
level. The soil is predominantly sandy clay loam soil based on USDA soil classification
system (Sironko District Local Government, 2010).
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Sampling Design

To establish sample plots in the coffee farms, major coffee growing villages were first
identified on the boundaries of the forest reserve. In order to identify these villages, two focus
group discussions consisting of 7 and 9 individuals from the local farmers and village chiefs
were conducted in both districts. Following the group discussion, nine coffee growing
villages that boarder with the forest reserve were selected for the study. Among these
villages, six of them were in Sironko district and the remaining three villages were in Mbale
district (Table 1).

Table 1: Name of villages involved in the study and number of sampled plots

Village names District Number of plots
Bujibedi Sironko

Kibo Sironko 6
Majenga Sironko 3
Bumalunda Sironko 15
Bumungaswe Sironko 4
Bubalinganga Sironko 5
Bumudoma Mbale 6
Bumoteka Mbale 8
Mayenze Mbale 6
Total 2 57

To establish sampling plots in coffee farms, transect lines were laid at a distance of 100m
from each other across the villages and coffee farms. A number of transects were then
randomly selected from these transects. On the randomly selected transect lines points were
systematically marked at 50 m interval (Fig. 1). From the marked points, 57 points were
randomly selected for all the villages combined. Sampling plots of 20m x 25m were
established at each selected points for tree parameter measurements. On the other hand,
sample plots for the forest reserve were randomly selected using GPS points marked on the
map of the forest reserve. The sampling plot size for the forest reserve was similar to that of
coffee farms. But the number of the sample plot for the forest reserve was 12. The reason for
the lesser sampling plots in the forest reserve was due to the area of the forest reserve which
is much smaller as compared to the area of coffee farms studied.
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Fig. 1: A sample design showing the sampling method and design used for coffee farm
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Data collection

A total of 69 sample plots, 57 in coffee farms and 12 in forest reserve, were surveyed for
tree parameters. Trees with height greater than 2 m were measured for diameter at breast
height (DBH) and crown width. These trees represent the majority of trees that provide shade
for coffee. The crown measurement of individual trees was done two times perpendicular to
each other and the average of these was taken for further analysis. The number and names of
tree species with height greater than 0.5m in each plot were also recorded for species

diversity analysis.

For all the recorded trees, a specimen was collected and its local name was identified on the
field with the help of farmers and Namatale Forest Reserve rangers. The specimens were
identified following the botanical book of Katende et al. (1995) and also by the support of
botanists at the NFA and National Forestry Resources Research Institute of Uganda

(NaFORRI).

Data Analysis

The structure of shade trees were analysed based on tree density, crown area and
importance value index (IVI). The means of tree density and crown area were calculated per
unit hectare of farm land. Whereas, IVI was calculated as the sum average of relative
dominance (RD), relative abundance (RA) and relative frequency (RF) of each tree species.

IVI (%) = (RD + RA + RF)/3
According to Curtis and Mclintosh (1950) the above terms are defined as follows:
Relative dominance for a given species is the ratio of the total basal area of a given species

to the total basal areas of all species together in per cent. Whereas, relative abundance
(density) is the ratio of the number of stems of individual species to the total number of stems
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of all species (in percent). And finally, relative frequency is the frequency of a given species
as compared to the total frequencies of all the species combined (in per cent).

For the quantitative analysis of tree species in the two land use types, a number of diversity
indexes were employed. Species diversity indexes commonly applied for species distribution
analyses include Shannon, Simpson, species richness and Sorenson indexes. Shannon (using
natural logarithms) and Simpson indexes (the reciprocal form) were computed using
EstimateS 8.2 (Colwell, 2006). The result of EstimateS 8.2 for the two indexes were then run
in SPSS 16.0 by using independent samples t-test to check if the mean indexes of the two
land use types were significantly different from each other. Similarly, species richness (R)
per plot of coffee farms and forest reserve was run in SPSS 16.0 using independent samples
t-test to see if the means of species per plot for the sites were significantly different from each
other.

On the other hand, the index of similarity among tree species of coffee farms and forest
reserve was calculated using Sorensen index (S) as follows:

S= 2C/(Sl+82)

Where, S;and S, are the number of species in each land use type; C is the total number of
species shared by the coffee farms and the forest (Sorensen, 1948).

Shannon and Simpson indexes take the evenness of individuals into account in an area.
However, species richness (R) does not take the distribution of species in to consideration.
Species richness is the most sensitive to rare species whereas Simpson diversity is the least
with Shannon diversity with an intermediate sensitivity (Colwell, 2006).

The total number of tree species observed (S, Mao Tau) with 95 % lower and upper
bound confidence intervals were computed from the species data of coffee farms and forest
reserve by the use of EstimateS 8.2 (Colwell, 2006). Mao Tau is a mathematical equation
(estimator) that provides the species frequency counts (Colwell et al 2012). Following this,
individual-based rarefaction curves were plotted to see if the confidence intervals overlap or
not so as to get a conservative statistical difference in species richness between the two land
use types. Furthermore, sample plot-based rarefaction curves were also drawn to know
whether the species accumulation curves reach an asymptote. It can be assumed that the total
number of species in an area is basically observed when the species accumulation curve
reaches asymptote. Sample plot-based rarefaction curves also provide information on the
density of species observed (Colwell et al., 2012; Gotelli & Colwell, 2001).

RESULT

Overview of Coffee Production System

Coffee agroforestry system is the main agricultural practice system in the study area.
According to local farmers, coffee production was introduced into the area in the early 1950s.
Prior to the start of coffee production, most current coffee farms (ca. 74 % by the number of
farm plots) were under banana plantation (Musa spp.). Even in the present time, banana is the
most common grown crop with coffee plants. On average, the density of banana plant in
coffee farm plot is about 395 plants per hectare and that of coffee is about 2,000 plants per
hectare. In addition to banana, farmers also grow various tree species and crops intercropped
with coffee. Tree species such as Cordia africana, Albizia gummifera, Artocarpus
heterophyllus and crops like maize and beans are usually grown with coffee (Fig. 2).
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Fig. 2: Typical coffee agroforestry system of the study area (Bubalinganga village)
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STRUCTURE OF SHADE TREES

Density of Shade Trees

The average tree density (height > 2m) of studied coffee farms were 116 individuals per
hectare. In total 50 species of trees and shrubs were observed to be managed by farmers in
coffee farms. From these, 42 tree species were higher than 2 m in height. The most abundant
species among all shade tree species was Cordia africana (26 trees per ha) followed by
Markhamia lutea and Cordia millenii with 12 and 9 trees per hectare, respectively (Fig. 3).

Fig. 3: Average density of most abundant shade tree species in coffee farms

30

25 -

20 ~

15

illl il e m

Cordia africana Markhamia Cordia millenii ~ Artocarpus Persea Albizia Mangifera Croton
lutea heterophyllus ~ americana gummifera indica macrostachyus

Nuber of tree ha*

Tree species

10



Journal of Landscape Ecology (2017), Vol: 10 / No. 2

Shade Tree Crown Area

The crown area of tree species (with height > 2 m) was about 21 % of the total coffee farm
area. From the total of 42 canopy tree and shrub species, the major proportion of crown cover
was contributed by only three species. C. africana, C. millenii and A. gummifera were the
dominant crown species with about 68 % of the total tree species crown cover area (Fig. 4).
These species were also dominant species for basal area. In general, 89 % of shade cover was

provided by only 9 tree species despite the large number of tree species grown in coffee
farms.

Fig. 4: Dominant crown tree species
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IMPORTANCE VALUE INDEX

Importance value index (IV1) of a species is a parameter to measure species overall relative
dominance in an area. The most dominant species in the coffee farming system of the study
area was C. africana with an 1VI of 20% followed by M. lutea, C. millenii, A. heterophyllus
and A. Gummifera (Fig. 5). About 77 % of VI of tree and shrub species in coffee farms was
contributed by 12 species out of a total 50.

Fig. 5: Dominant tree species according to Importance Value Index (IVI) in coffee
farms
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Tree Species Composition of the Forest Reserve

The forest stand of Namatale National Forest Reserve comprises a mix of different tree
species with scattered mature trees. The forest stand shows an evidence of degradation such
as incidences of forest fire and illegal logging as it was observed during the data collection.
The most abundant tree species include Vernonia auriculifera (relative density of 28 %),
Maesa lanceolate (9 %) and Blighia unijugata (8 %). Similarly, V. auriculifera and
M. Lanceolate are the most frequent tree species with 7 % relative frequency (Fig. 6). These
two tree species are mostly abundant in degraded areas and on the edges of the forest. In
general, 10 tree species from the total of 39 tree species made up 75 % of the total stem
number (relative density).

Fig. 6: Relative density and relative frequency of the top 10 tree species
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Comparison of Tree Species Composition in the Two Land Uses

A total of 63 tree and shrub species were recorded in the coffee farms and Namatale forest
reserve. Among these species 7 were shrubs. Fifty (50) tree and shrub species were recorded
in coffee farms alone. On the other hand, the number of species observed in the forest reserve
was 39. A total of 1,433 individuals including seedlings, saplings, mature trees/shrubs and
stumps were recorded in the coffee farms and forest reserve sampling plots.

From the total tree and shrub species encountered in both land use types, 46 species were
indigenous to Uganda and 16 of them were exotic with one unidentified. All the 16 exotic
species were recorded in coffee farms. This makes about one third of the total tree species in
coffee farms. However, three of these species were also observed in the forest reserve.
Sorenson index of similarity indicates that the two land use types were similar by about 56 %
of their species composition.

Moraceae and euphorbiaceae families were the most common species in the two land use
types. The most frequent tree species in coffee farms include C. Africana, M. lutea,
A. heterophyllus, P. Americana, M. indica, C. millenii and A. gummifera. These seven (7)
tree species were encountered in at least one third of the coffee farms surveyed. Whereas, in

12
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the forest reserve 22 tree and shrub species were observed in at least one third of the sample
plots. M. lanceolata and V. auriculifera were found in all plots of the forest reserve with
exceptionally higher density.

The tree species richness (R) per plot of the forest reserve (R=14.6) was significantly
higher (p<0.05) than that of coffee farms (R=5.7) implying the greater tree species richness
of the forest reserve (Table 2).

Similarly, Simpson and Shannon indexes of diversity also show significant differences
(p<0.05) in tree species composition. Coffee farms revealed higher tree species diversity than
the forest reserve based on these indexes (Table 2). On the other hand, these diversity indexes
were also analysed for both sites without exotic tree species. In this case, the reverse of the
above condition was observed. Both Shannon and Simpson diversity indexes of the forest
reserve were found to be significantly higher than that of coffee farms. These exotic trees
were planted by farmers mainly for their fruits.

Table 2: Characteristics of tree species in coffee farms and forest reserve

Parameters Coffee farm Forest Reserve
Number of sample plots 57 12
Surveyed area (ha) 2.85 0.6
Total number of species recorded 50 39
Average tree species richness (R) 5.7 14.6
Inverse Simpson index 11.87¢ 8.91°
Inve_rse Simpson index without exotic 6.99° 8.7
species
Shannon diversity index 2.83* 2.59"
Shaqnon d|_verS|ty index without 2 36 2530
exotic species
Sorenson similarity index 0.56

Mean indexes followed by different letters across rows were significantly different according to
independent-samples t-test (p<0.05).

The individual-based rarefaction curves show that tree species richness in coffee farms
does not significantly exceed the richness of forest reserve for sample sizes between 1 and
300 individuals conservatively based on overlapping confidence intervals of 95 %. However,
it is clearly evident that the species richness of coffee farms was higher than that of forest
reserve as the curve for coffee farms situated above that of forest reserve (Fig. 7, a).

On the other hand, sample-based rarefaction curves showed faster accumulation of species
in the forest reserve than that of coffee farms (Fig. 7, b). This indicates that the density of
species per sample plot for the forest reserve was higher than that of coffee farms.

13
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Fig. 7: Rarefaction curves for coffee farms and forest reserve:
a) Individual-based
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Tree composition of coffee farms

The result shows that the shade trees in coffee agroforestry system of the study area were
an important feature of coffee production system and have continuous distribution across
coffee farms. However, the characteristics of the shade trees differ in a number of ways in
terms of tree density, stem diameter and crown width among the tree species.

The average density of 116 trees per ha in the coffee farms of the study area appears to be
lower than the values reported for other coffee growing regions (Correia et al., 2010;
Lopez-Gomez et al., 2008; Peeters et al., 2003). However, a comparable shade tree density of
100 to 150 trees per hectare was also reported in the Andean mountain of Venezuela
(Escalante, 1985). A likely reason for the lower number of trees in the present study could be
due to the high density of banana plant in the coffee farms. Moreover, intercropping of
multiple annual crops with coffee could also be another reason for the lower density of shade
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trees. The lower density of trees creates free space for other crops growing under coffee
plants.

The tree crown cover of 21 % in the coffee farms also found to be lower than the
recommended optimal shade cover range for coffee plants in other tropical regions. In
Mexico, Soto-Pinto et al. (2000) observed that shade cover of 23 to 38 % had a positive effect
on coffee yields. Similarly, in Costa Rica the best yield was recorded under shade cover of
40 % (Muschler, 1997). It appears that the low tree density in coffee farms is the major
contributor for the low shade cover.

The importance value index shows the dominance of only few shade tree species in the
coffee farms. The high IVI value of these tree species seems to relate to the farmers’
conscious management of shade trees for its various benefits. This has an implication on the
conservation efforts need to be made for the less beneficial and rare species.

Tree diversity in the coffee farms and forest reserve

This study revealed that considerable number of tree species are being managed and
conserved in coffee farms. However, as compared to coffee farms in other regions the
number of tree species observed in the study area appears to be lower. For example, in
Veracruz, Mexico, the species richness of studied coffee farms reach up to 107
(Lopez-Gomez et al., 2008). Similarly, ninety four (94) mature tree species (DBH>10cm)
were recorded in Geuinean coffee farms (Correia et al., 2010). On the other hand, Bandeira
et al. (2005) reported 45 tree species which is comparable to the result of the present study.
The difference in species richness could probably emanate from the differences in farm
management and regional plant species pool variation (Williams-Linera, 2002).

Notably, in this study the number of tree and shrub species in coffee farms was higher than
that of the forest reserve. Likewise, a study by Lopez-Gomez et al. (2008) found similar
result where they recorded 107 tree species in coffee farms against only 62 tree species in
forests. On the other hand, tree species diversity was found to be higher in forests than in
coffee farms in other studies (Correia et al., 2010; Williams-Linera et al., 2005 cited in
Lopez-Gomez et al., 2008). A likely reason for the fewer number of tree species in the forest
reserve in the present study could be attributed to the fewer sample areas surveyed in the
forest reserve relative to coffee farms. Moreover, the high number of exotic species observed
in coffee farms could also be another contributing factor for the result as the possibility of
those species to grow in forest is too low.

The forest reserve shows significantly higher species richness (p<0.05) than coffee farms.
Whereas, Simpson and Shannon indexes of diversity for coffee farms were significantly
(p<0.05) higher than that of forest reserve. However, similar analysis of species diversity
without exotic species revealed the opposite of this result (Table 2). By excluding exotic
trees, Shannon and Simpson diversity indexes of coffee farms were significantly lower
(p<0.05) than that of forest reserve.

From the individual-based rarefaction curves it appears that coffee farms have relatively
higher species richness than forest reserve. On the other hand, sample plot-based rarefaction
curves indicate higher species density in the forest reserve. The species rarefaction curves of
both sites show that the curves are far from reaching asymptote indicating more sample plots
needs to be observed to estimate the total number of species in both land uses.
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CONCLUSION

Coffee farms of the study area comprise various tree species as integral part of the farming
system. An analysis of the composition of tree species shows the dominance of few tree
species in the farms.

The diversity of tree species in coffee farms was reasonably comparable to that of the forest
reserve. Species richness per plot was significantly higher (p<0.05) for the forest reserve than
the coffee farms. However, Shannon and Simpson diversity indexes showed that species
diversity of the forest reserve was significantly lower (p<0.05) than that of coffee farms when
exotic trees included. But the diversity indexes of forest reserve significantly exceeded that
of coffee farms without exotic species. On the other hand, individual-based and
sample-based rarefaction curves did not show consistent differences in species richness and
density between the two sites showing a comparable species richness of the two sites. In
general, the diversity of tree species observed in this study reinforces the findings of other
researchers which acknowledge the comparable conservation potential of coffee agroforestry
system with natural forests.
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