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ABSTRACT

Coffee and bananas are major cash and food crops respectively for many smallholder farmers in
Uganda. These two crops can be grown as a sole crop although there is a tendency to intercrop
the two. Production of both crops is declining tremendously and yields are still below their
potential. This is attributed to a number of constraints of which abiotic and agronomic
constraints are pertinent. However, there is no information on the effect of these agronomic
constraints on vyield performance of both crops. Modern science has therefore envisaged
agroforestry systems as an entry point to better manage these constraints. The study aimed at
determining farmers’ knowledge on the agronomic and abiotic constraints hindering coffee and
banana production and their coping strategies in regard to the constraints. Furthermore, to
identify the agronomic constraints in coffee-banana agroforestry systems at plant and plot level
and to identify the agronomic constraints most related to coffee and banana yield loss in coffee-
banana-agroforestry systems. Hence, this study purposively assessed the abiotic and agronomic
constraints limiting yield of coffee and bananas in coffee-banana-agroforestry systems. The
study was carried out in 9 districts of south-western Uganda taking 10 farmers per district with
existing coffee-banana-agro-forestry systems. Data was collected through structured farmer
interviews and use of biological assessment tools. More than 70% of farmers acknowledged
importance of all constraints in limiting production. However, 96% reported on broad-leaved
weeds (p=0.3153) as major agronomic constraints. These were not significantly different from
those who reported on other agronomic constraints like grassy weeds and abiotic constraints like
declining soil fertility, soil erosion and drought. As a way of coping with broadleaved and
grassy weeds 78% and 71% of farmers respectively used hoes, 63% for declining soil fertility
used organic fertilizers, 49% for soil erosion used trenches and 39% for drought used mulching.
Using simple logistic regression, the knowledge on constraints and number of coping options
was neither dependent on sex, age and education. Plot level management practices showed that
most farms (48%) were moderately weeded, mulching was low on 43% of farms and >60% of
farms had no manure, cover crops, trenches and terraces. Coffee plant level agronomic practices
showed that farmers who were not de-suckering and pruning and those who had moderately
desuckered and pruned their coffee was almost equal (30-40%). However, majority (70%) of
them had not changed cycle of their coffee. Banana plant level management practices showed
that generally farmers were practising de-suckering, deleafing and debudding (>50%) and atleast
30% were practising corm removal and propping. Most limiting factors for coffee yield were
number of stems (R?=0.76), de-suckering (R?=0.99) and density of trees (R?=0.91). For bananas
they were de-leafing (R?=0.89), corm removal (R?=0.89) and density of trees (R?=0.77). All in
all, farmers had knowledge of the abiotic and agronomic constraints limiting coffee and banana
production in the region and how they manage them. They reported on broad-leaved and grassy
weeds as agronomic constraints and soil fertility, soil erosion and drought as abiotic constraints.
Most of the fields were moderately weeded as well as mulched. However, manuring, trenches,
cover crops and terraces were rarely done. On the other hand, most coffee plants were
moderately desuckered as well as prunned but there was no evidence of change of cycle. Also
most banana plants had been desuckered, deleafed and debudded; however, corm removal and
propping were practiced at a low level. Scatter plots identified desuckering, density of shade
trees/shubs and number of coffee stems as agronomic constraints most related to coffee yields,
whereas; corm removal, de-leafing and density of shade trees/shrubs were for bananas.
Therefore, yield gap of coffee and banana caused by the agronomic constraints identified in this
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study should be estimated. This forms the basis for developing an effective and site-specific
management strategy for these constraints in the coffee-banana agro-forestry systems of
southwestern Uganda. Further studies should focus on optimizing coffee-banana agro-forestry

systems to design the best-bet combinations for managing the agronomic and abiotic stresses of
coffee and bananas.

Key words: Abiotic constraints, coffee-banana-agroforestry systems, agronomic constraints.
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CHAPTER ONE
GENERAL INTRODUCTION

1.0 Introduction

This chapter presents the background, statement of the problem, specific objectives, research
questions and hypotheses. The scope, justification of the study and the conceptual framework

are also presented in this chapter.

1.1 Background of the study

Uganda is the 10" top coffee producer in the world (Vieira, 2008). With a total planted area of
272,000 ha, coffee is Uganda’s primary cash crop and it accounts for approximately 20% - 30%
of the annual export revenue which was valued at US$446 million in the coffee year 2012/11
(UCDA, 2012). More than 3.5 million households are engaged in coffee industry and
approximately three quarters of Ugandans rely on coffee-related activities for household earning
(UCDA, 2012). Small-scale farmers holding less than 2.5 ha land size are dominant in the coffee
industry and contribute as much as 90% of Uganda’s coffee production (Musoli et al., 2001,
UCDA, 2012). For smallholder farmers, coffee is of great importance as it is the major source of
income for the households and it provides a cash boom once or twice a year (Jassogne, 2011).
Arabica (Coffea arabica) and Robusta (Coffea canephora) are the two major coffee species
grown in Uganda. These represent 30% and 70% of the total coffee export respectively (Musoli
et al., 2001; UCDA, 2012). Amidst all this, coffee production is still far below the attainable
yields. For example, the actual clean (green) Robusta coffee yields average 550 Kg ha™ is almost
four times less than the attainable yields of 2.2 t ha (Café Africa, 2008). The main constraint
has been the outbreak of Coffee Wilt Disease (CWD) in the early 1990°s which wiped out more
than half of the Robusta coffee (Adipala-Ekwamu et al., 2001). Thus, research has been focusing
mainly on this disease through development of resistant genotypes (Musoli et al.,2001) and
paying limited attention to other constraints (CIALCA, 2008). However, coffee production is
equally threatened by both abiotic (declining soil fertility, moisture stress, erratic rainfall, poor
soil and moisture management) and poor agronomic practices (pruning, de-suckering, change of

cycle etc), (Shively and Hao, 2012; Jassogne et al., 2013).



These constraints have resulted into low yields that pose large challenges to small-scale farmers’
livelihoods (Mureithi, 2008).

Bananas on the other hand are one of the most important food crops in the world (Samson,
1992). Uganda is the second largest producer of the crop in the world, and the most important in
Africa in 2007 (FAO, 2009). Although East African highland bananas (Musa spp., AAA-EAHB
genomes) are a primary food and cash crop in Uganda, actual production is poor (<30tha ‘year™?)
compared to the attainable yield of >70tha lyear ! (Bagamba, 2007). As with coffee, research
has been mostly focused on pests (Gold, 2000; Gold et al., 2001) and diseases (Tushemereirwe et
al., 1993, 1996, 2001; Rutherford and Kangire, 1998; Tushemereirwe and Opolot, 2005).
However, numerous studies in Uganda have reported on biophysical production constraints such
as declining soil fertility (Bekunda and Woomer, 1996) and moisture stress (Okech et al., 2004),
causing Yyield reductions in bananas. In addition, production constraints are ascertained to
agronomic practices such as poor crop management (Okech et al., 2004).

The agronomic factors required for growth of both bananas and coffee include both crops being
able to grow on well drained loam soils with high humus content (Zake et al., 2000). Mulching is
a very good agronomic practice in controlling soil erosion, retaining the level of organic matter
in the soil (Defra, 2005) and conserving soil moisture (Bekunda, 1999). On the other hand, an
abiotic factor such as soil temperature is necessary for growth of soil microorganisms, organic
matter decay and nutrient absorption by roots (Scowcroft et al., 2000). Water is also an essential
element for growth of both crops because if moisture requirements are not met during growth

periods, plant quality and yield is reduced (Moutonett, 2000).

Bananas and Coffee can predominantly be grown as monocultures on the same piece
of land although there is an increased tendency to intercrop them, particularly in densely
populated areas (Ssennyonga et al., 1999). Both crops complement each other in terms of
income and other benefits to farmers. Coffee provides revenues twice a year whereas bananas
provide a small proportion but at least throughout the year (van Asten et al., 2011). In addition,
bananas offer a continuous ground cover in order to keep erosion rates low (Lufafa et al., 2003)
and improve soil quality and fertility. The crops are also often grown together with shade trees

such as Albizia cinensis, Ficus natalensis among others to form an agro-forestry system that may
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result into sustainable production of both crops (Albertin et al., 2004). This shade in some
instances can stabilize or increase coffee yield quantity, but also quality (Beer, 1987) and also
reduce stress in coffee. The advantages of such an agroforestry system outweigh the mono-
crop system whereby in agroforestry, higher returns per unit land is achieved compared to coffee
that is mono-cropped, even if coffee yields decrease (Chipungahelo et al., 2004; van Asten et al.,
2011).

In South-western Uganda, few studies have been carried out to explain the cause of the decline in
productivity of both crops being grown as an intercrop system. In other studies for instance, the
one by Gold et al.,, (1999a) have pointed out that during the last few decades, banana
management has deteriorated in south- western Uganda and is most likely the root of banana
productivity problems. This controversy among research findings compels area specific studies
that target agronomic constraints. Although it is generally agreed that coffee and banana
productivity challenges in Uganda are induced by a combination of pests, diseases, poor soil
fertility and drought stress, it is very important to isolate area specific agronomic constraints that

are most related to yield loss to be able to find the best site-specific management strategies.

1.2 Statement of the Problem

Coffee and bananas are among the major cash and food crops respectively that have for over the
years supported livelihoods for the rural and urban population in Uganda. They are therefore
important food security crops and contributing to the income in the country (Karamura et al.,
1998; Musoli et al., 2001; UCDA, 2008). These crops have predominantly been grown as
monocrops although in densely populated areas there is a tendency to intercrop the two.
However, yield trends over the years suggest a decline in production systems and hence a threat
to food security and rural economy. For example, banana yields in central Uganda have declined
resulting into a shift in major production to South-western Uganda (Gold et al., 1999). During
last few decades, banana management has deteriorated in south- western Uganda and is most
likely the root of banana productivity problems. This controversy among research findings
compels area specific studies on constraints associated to the decline such as abiotic and
agronomic constraints- soil fertility, moisture stress and poor management among others
resulting from poor ecological farming practices (Wairegi et al., 2010). Modern science has

therefore envisaged the integration of shade trees amongst these crops to manage these
3



constraints better given the numerous advantages associated with the agroforestry system
compared to monocrop systems. Given the knowledge on these constraints, no information exists
on which specific agronomic constraints actually affect yield performance of coffee and bananas
in coffee-banana agroforestry systems of south-western Uganda hence the study.

1.3 Objectives of the Study

1.3.1 Major Objective
To determine the effect of agronomic constraints on performance of coffee and bananas in

coffee-banana agro-forestry systems of south-western Uganda.

1.3.2 Specific Objectives
e To identify farmers’ knowledge on the agronomic and abiotic constraints hindering
coffee and banana production and their coping strategies in regard to the constraints.
e To identify the agronomic constraints in coffee-banana agroforestry systems at plant and
plot level.
e To identify the agronomic constraints most related to coffee and banana yield loss in

coffee-banana-agroforestry systems.

1.4 Research questions

e Which knowledge do farmers possess on the abiotic and agronomic constraints as well as
coping strategies in coffee-banana-agroforestry systems?

e What are the agronomic constraints in coffee-banana agroforestry systems at plant and
plot level?

e What are the agronomic constraints most related to coffee and banana yield loss in

coffee-banana-agroforestry systems?

1.5 Scope of the Study

The study was conducted on farmers’ fields who maintain coffee-banana-agroforestry systems in
south-western Uganda. Districts assessed included; Mitooma, Bundibugyo, Kabarole, Kibaale,

Rubirizi, Kanungu, Isingiro, Ntungamo and Ibanda



1.6 Significance of the study

Recent research reveals agroforestry systems as a “win-win” strategy for managing abiotic as
well as agronomic constraints in coffee-banana systems (van Asten et al., 2011). Results from
this study have important implications more so to the smallholder farmers who are already
vulnerable to abiotic and agronomic constraints. If the agronomic constraints most related to
yield loss of coffee and banana production are determined, this will help to inform the
management of these constraints and hence an increase in production of both crops. In addition,
the agroforestry system will serve as a better ecological approach of management with a minimal
use of agro-chemicals that are harmful to humans, animals and the environment if they are
constantly used (SAFE, 2004). Increase in production will result into increased household

income which will lead to improved livelihoods in the long run.

1.7 Justification of the Study

Coffee-banana-agroforestry systems are dominantly practiced in various parts of Uganda
(Ssennyonga et al., 1999). However, most of the research activities have often looked at these
crops independently and not a system under which they are grown and the constraints associated
with it, hence limited information on how to intervene and reverse the decline in the system.
These systems have many advantages for example producing higher returns per unit land
compared to coffee or bananas that are mono-cropped, even if coffee or banana yields decrease
(Chipungahelo et al., 2004; van Asten et al., 2011). Bananas offer a continuous ground cover in
order to keep erosion rates low (Lufafa et al., 2003) and improve soil quality and fertility when
the leaves rot (Rishirumuhirwa and Roose, 1998). In coffee fields, bananas can also provide
shade for coffee and shade has been shown to be advantageous for coffee production, especially
in suboptimal growth conditions (DaMatta, 2004). Shade in some instances can stabilize or
increase coffee yield quantity, but also quality (Beer, 1987). It helps in landscape level
interactions such as nutrient flows, community reliance on fuel, timber, biomass (Zomer et al.,
2009). It also reduces stress in coffee and also creates a balance in the climate in order to
avoid climatic extremes in temperatures. In addition, using agro-forestry shade systems will
reduce the use of external inputs like chemicals and synthetic fertilizers which are costly,
sometime unavailable and dangerous to the environment, human and animals (Garrett and

McGraw, 2000; SAFE, 2004). Amidst all this, agronomic constraints continue to cause havoc to
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a small-holder farmer and therefore understanding the most related agronomic

constraints to coffee and banana yield loss will help to manage them better.

1.8 Definition of key terms

Abiotic constraints: the negative impacts of non-living factors on the living organisms in a

specific environment (Mittler, 2006).

Agroforestry system: an intensive land management system that optimizes the benefits from the
biological interactions created when trees and/or shrubs are deliberately combined with crops
(Garrett et al., 1994).

Agronomic constraints: are negative impacts that arise when farmers fail to manage their crops
well by not improving soil quality, enhancing water use, managing crop residue and improving

the environment through better fertilizer management (Fabian et al., 2008).



1.9 Conceptual Framework
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Figure 1: An illustration of abiotic and agronomic constraints limiting yield performance of

coffee and bananas in coffee-banana agroforestry systems at plant and plot level.



Fig. 1 conceptualizes and gives a detailed picture about the abiotic and agronomic constraints
that exist in coffee and banana production and how farmers are managing them. A new
agronomic strategy of agroforestry systems is currently being advocated by research in order to
increase production and best manage these constraints. However, production of these crops is
also indirectly influenced by climatic factors and biotic factors such as pests and diseases. All
these in association directly affect the yield performance of coffee and bananas. On the other
hand, to manage well these constraints, the agronomic constraints most related to yield loss of
each crop must be identified. This will help inform the management of these constraints thus an
increase in production of both crops. This study only dealt with constraints at plant and plot

level.



CHAPTER TWO
LITERATURE REVIEW

2.0 Introduction

This chapter focuses on reviewing the relevant literature about the research topic guided by three
study objectives. It includes coffee and banana production and systems as well as the
agroforestry strategy. In addition are some of the agronomic and abiotic constraints to banana
and coffee production, farmer’s coping strategies and the different coffee and banana agronomic

management practices.

2.1 Coffee and Banana production

Coffee is one of the most important export crops in Uganda, contributing to 20% of total export
revenue (UCDA, 2012). Uganda primarily cultivates two species; Robusta coffee in the central
and northern part of the country and Arabica coffee in eastern, south-western and north-western
part. The two species contribute 20% and 70% to the country’s total coffee export respectively
(UCDA, 2012). Smallholder farmers produce 90% of the total coffee on land holding less than
2.5 hectares (Musoli et al., 2001; UCDA, 2012). However, amidst all this, Uganda’s coffee
industry is experiencing challenges among which low production is paramount. This is
encountered directly by smallholder farmers (Bazaara et al., 2000). The primary constraints at
farm level include abiotic limitations and poor management practices that have posed challenges
to the coffee industry (Mureithi, 2008).

On the other hand, Uganda ranks second after India in banana production in the world with an
annual output of 9.84 million tonnes accounting for 11.18% of the world’s total production
(UNCST and PBS, 2007). Banana (Musa spp.) is the country’s primary staple crop (Edmeades,
2006) estimated to meet 10% of the dietary energy requirements (FAOSTAT, 2010). The area
under banana production is 1.3 million hectares and this constitutes 75% of arable land (NARO,
2000). The all year round fruiting habit of bananas puts the crop in a superior position in
bridging the ‘hunger gap’ between crop harvests. However, production of the crop is still far
below the potential yield. The actual yields on smallholder farms of 520 Mg ha—1 yr—1 FW are
far from the estimated potential yield of 100 Mg ha—1 yr—1 FW (Nyombi, 2010). Research



attributes this to abiotic constraints such as low soil fertility (Bekunda and Woomer, 1996) and

inadequate moisture (Okech et al., 2004).

2.2 Coffee and Banana production systems

In the East African Great Lakes region, there are two coffee production systems that smallholder
farmers practice (Jassogne et al., 2011). These include the mono-cropped coffee and the
intercropped coffee. These production systems have different results in terms of food
availability, income and sustainability. In Uganda, intercropped coffee is more prominent with an
integration of trees and annuals and has shown more positive results (Jassogne et al., 2011).
Coffee intercropping systems offer more agronomic benefits to smallholder farmers than coffee
mono-cropping systems. These include: increase in organic matter/nutrient recycling,
productivity life cycle of coffee plants, higher biodiversity values and soil conservation (Moguel
& Toledo, 1999; Diaz, 2012). These advantages make the production system to require less need
for external inputs like agro-chemicals. More specifically, incorporating banana in the coffee
fields adds an advantage of improving food availability and household income. According to van
Asten et al., (2011), coffee yields per hectare per year are not significantly affected by
intercropping coffee and banana. Infact, the total annual revenues per hectare increase

tremendously when coffee and banana are mixed in a plot.

2.3 Abiotic and agronomic constraints to banana production

Low banana production and decline in yields in Uganda are to a greater extent due to abiotic and
agronomic (biophysical) constraints including low soil fertility and moisture stress (Bekunda and
Woomer, 1996; Okech et al., 2004; Wairegi et al., 2010). Soils under which bananas are grown
in Uganda are often Ferralsols and Acrisols, which are reported to also have low inherent fertility
resulting into low yields in banana production (Sanchez et al., 1989). Previous studies have
shown that yields are limited by low soil fertility. For example, banana production is limited by
Nitrogen (Wairegi et al., 2010) and Potassium (Smithson et al., 2004; Okech et al., 2004) in the
Robusta growing region and by Magnesium in the Arabica region (Wairegi and van Asten,
2010). Temperature is another important factor in successful commercial banana production,
with the optimum temperature being approximately 27° C. However, poor fruit production has

been observed to occur if the temperature drops below 15°C (Espino et al., 1992). Despite the

10



fact that most of the banana growing areas in southwestern Uganda receive sub-optimal rainfall,
increase in temperature has led to drought and therefore moisture stress. Moisture stress
continues to be a limiting factor to banana plant growth and yields (Taulya et al., 2006). For
example low annual rainfall (678 mm) reduced yields by about 50% in Mbarara, south west
Uganda (Okech et al., 2004). The banana plants sensitivity to soil moisture stress causes reduced
growth through reduced stomatal conductance and leaf size. This then leads to reduction in

photosynthetic pigments that manufacture food thus low yields (Kallarackal et al., 1990).

2.4 Abiotic and agronomic constraints to coffee production

Amongst the primary constraints to coffee production at farm level are abiotic limitations which
include declining soil fertility, drought and erratic rainfall patterns (Sserunkuuma, 2001). These
are coupled with poor agronomic practices such as: inappropriate mulching, pruning and
weeding among others (Sserunkuuma, 2001; Shively and Hao, 2012; Jassogne et al., 2013).
These constraints cause low yields that pose large challenges to small-scale farmers’ livelihoods
(Sserunkuuma, 2001). Coffee production relies highly on existing soil fertility and natural
climatic conditions which may not be able to increase production. In addition to that, continued
crop harvest throughout the years has led to nutrient mining which has caused degradation of soil
fertility in Uganda’s coffee growing areas (Tenywa et al., 1999). Soil moisture stress due to
drought inhibits growth, causes plant wilting and dieback. These in turn limit production by

causing low vyields (Gay et al., 2006).

2.5 Agroforestry strategy

Modern science has envisaged agroforestry as an entry strategy to manage abiotic and agronomic
constraints (Ma et al., 2009; Nair et al., 2010; Van Asten et al., 2011). These tree-based systems
(agro-forestry systems) have been identified to have some obvious advantages for maintaining
production. These systems encompass woody perennials (e.g. trees, shrubs) which are integrated
with crops or/and with livestock on the same land for increased social, economic, and
environmental benefits (World Agroforestry Center, 2003). According to Verchot et al., (2007),
agroforestry systems are better positioned to withstand dry periods much better given their deep
root systems that are able to explore a larger soil volume for water and nutrients. This will help

to increase soil porosity, reduce runoff and increase soil cover. This thus leads to increased water
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infiltration and retention in the soil profile which reduces moisture stress during periods of
drought. Additional advantages of agroforestry systems include: provision of fodder (FAO,
2005), they also provide shade which leads to lower solar radiation as the large canopy intercepts
the sun’s rays (Wilson et al., 1995). Plant residues from trees and crops which are left on the
ground form ‘surface mulch’ that decomposes over time. These in turn improve the organic
matter content in the soil thus producing higher yields than soils depleted of nutrients (Magdoff
and Van Es, 2009; Jones, 2012).

2.6 Tree species in coffee-banana agroforestry systems in Uganda

A wide range of shade tree species are commonly found intercropped on farms in Uganda
(Katende et al., 2000; Oluka-Akileng et al., 2000). Farmers deliberately grow different tree
species according to the benefits they require from them (Isabirye et al., 2001). Different trees
have different characteristics and benefits that they give to coffee and bananas. Benefits include;
providing shade, nutrient cycling, soil moisture conservation among others (Oluka-Akileng et
al., 2000). Characteristics incorporate; fast growth, deep rooting, light canopy, suitable for
compatibility with crops (Rusoke et al., 2000). Some of the commonest tree species in coffee-

banana-agro systems in Uganda include;

Avocado (Persea americana) is a densely leafy nature of the tree and the fact that it is able to
grow up to 10 m or sometimes more makes it able to provide good shade to crops. However, it’s
root system is very dense and close to the surface, meaning that it competes with most crops for

nutrients and water (Katende et al., 2000).

Mango (Mangifera indica) is also a densely leafy tree with a rounded canopy. The tree is used as
a shade tree, windbreak and aids in soil moisture conservation The tree also has a dense surface
root system, which makes it very suitable for intercropping with other annual crops such as beans
(Katende et al., 2000). It’s leaves can be used as fodder, green leaf manure and mulch (Dharani,
2011). However, the dense canopy provides much shade that reduces yield of food crops (Oluka-
Akileng et al., 2000).
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Jackfruit (Artocarpus heterophyllus) is a very common tree that grows naturally in Uganda. The
tree can grow from 5 m up to 20 m high giving a good shade because of its great size although

the dense shade reduces yield of food crops (Oluka-Akileng et al., 2000).

Markhamia (Markhamia lutea) is a tree commonly grown in the Lake basin regions. The tree is
useful for use in soil conservation where erosion rates are high, it provides shade and acts as a
wind breaker. In addition, it’s leaves provide mulch which enhances soil moisture retention and
increases organic matter (Orwa et al., 2009). The tree however, has a negative effect to crops
such as bananas when they are planted nearest to it. This is mainly due to root competition which
rapidly reduces subsoil nitrate levels (Okorio et al., 1994).

Bark-cloth fig (Ficus natalensis) is a common tree grown by most farmers that grows very large
reaching up to 20m. The wide canopy helps to give good shade thus good to intercrop with
banana and coffee as it increases produce quality (Katende et al., 2000). The bark-cloth fig is
able to grow well on both dry and wet areas thus being able to improve soil fertility and conserve
soil moisture (Oluka-Akileng et al., 2000).

Acaccia spp commonly known as wattle tree is an important multipurpose tree species
(Cossalter, 1991) that fixes atmospheric nitrogen. It is also a source of fence posts, firewood and
fodder (Katende et al., 2000). The species extends over a wide ecological range that differs in
rainfall, soil and altitude (Cossalter, 1991), a reason why it is common in most regions of

Uganda.
2.7 Field management practices for coffee and bananas

2.7.1 Weeding
Regular integrated weed management is necessary for bananas as it contributes to increased

production. Such practices include; planting cover crops, judicious use of herbicides,
intercropping and hand weeding wherever necessary. Weeds associated with coffee range from
annual grasses such as Oxalis spp. and Parthenium spp to persistent perennials like star grasses,
Paspalum and Laporlea spp (Kimani et al., 2002). They are more prominent in the cooler
seasons as these favor their growth and if not managed well result into poorer soil aggregation.

They are a nuisance to crops through competition for moisture, light, nutrients and water.
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Competition is prominent when the demands of the weeds for these resources exceed the
available supply more so in periods of drought (Sheley et al., 1999). A number of small holder
farmers hand-pull weeds to remove as much of the root as possible with minimal soil disturbance
(Sheley et al., 1998; Tushemereirwe et al., 2001). They may also use tools to slash and dig
(Young et al., 1998) or chemicals such as herbicides to control the weeds (Bussan and Dyer,
1999). Mulching and burning can also be an effective method to suppress weed growth (Sheley
etal., 1999).

2.7.2 Integrating with shade trees
Naturally, coffee is a forest crop and traditionally it is grown in shaded agro-forestry systems

where temperature and rainfall are not favorable (DaMatta et al., 2007). In Uganda, a majority of
coffee fields are covered by shade trees with diverse shading intensity (Van Asten et al., 2012).
Shade trees provide litter, which can act as natural mulch, reducing the need for fertilizers and
herbicides and also help prevent soil erosion. Coffee can benefit from shade trees in diversified
aspects in a way that shade trees help to modify the microclimate around coffee so that the
extreme climatic conditions in form of temperatures are reduced (DaMatta et al., 2007; Jassogne,
2011). Shade trees also serve as a buffer to mitigate the negative influence generated by
prolonged dry season, heavy rainfall and frost (DaMatta et al., 2007). It is recommended to plant
shade trees in young coffee plantation to protect coffee from sunburn (UCDA, 2012). Moderate
shading can lead to slow ripening of coffee beans and this promotes coffee beans’ quality
(Laderach et al., 2011). However, excessive shading level due to sufficient rainfall can be
harmful to coffee growth and production (DaMatta, 2004) as it affects light interception to coffee
trees (DaMatta et al., 2007). There might be competition between the shade trees and coffee for
water under low rainfall conditions. In this case, the shade trees bring about favorable changes in
the microclimatic conditions by influencing radiation flux, air temperature and wind speed
(Monteith et al., 1991). In addition, Shade systems have also been reported to promote some

pests and diseases for example the Black coffee twig borer (Kagezi et al., 2013).

2.7.3 Mulching
Mulching is an important agricultural technique that helps to control weeds and prevent loss of

soil moisture (Bai and Blumfield, 2013). Mulch also helps to regulate soil temperature thereby

increasing the survival coffee plant under extreme conditions (Murungu et al., 2011). In addition,
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it also improves organic matter content and soil fertility, soil water storage capacity, and
infiltration rate thus increasing crop growth and yield (Ogban et al., 2001).

The low productivity of bananas evidenced by the declining soil fertility (Gold et al., 1999) can
be managed by crop residues which have been reported to increase their productivity (Bananuka
et al., 2000). Forge et al., (2003); Tushemereirwe et al., (2001) indicated that a large variety of
organic materials can be used as mulches to improve crop performance in various ways. These
include grasses such as elephant grass (Pennistum purpureum .L), banana plant residues and
annual crop residues which can be recycled on the farm (Bekunda, 1999). The practice can also
improve soil fertility as the material decomposes (RELMA, 2003) as well as suppressing weeds
(Ramakrishna et al., 2006).

2.7.4 Intercropping
Intercropping is commonly practiced in densely populated areas where land is limited and food

security is threatening in order to obtain maximum production. In Uganda, coffee is usually
intercropped with bananas (Oduol and Aluma 1990). However, it is also grown together with
other annual crops such as beans, maize, yams, ground nuts among others. Coffee intercropping
systems have proved to offer more agronomic benefits to smallholder farmers than monocropped
coffee (van Asten et al., 2011). These intercrops help to increase organic matter and aid in
nutrient recycling, soil conservation, productivity life cycle of coffee plants and higher
biodiversity values (Diaz, 2012) Legume cover crops such as lablab (Lablab purpureus) and

beans can also be used for weed control and soil fertility improvement. (Mureithi et al., 2003).

In Uganda, banana is commonly cultivated together with coffee and a number of annual and
perennial crops by small-scale farmers with the motivation of enhancing land use sufficiency,
providing shade to coffee, supplying mulch materials and reducing soil erosion (van Asten et al.,
2010 ; Jassogne et al., 2013). In addition, intercropping coffee with banana also contributes to
enhancing food security at household level since bananas can be harvested throughout the season

while the coffee is still growing (van Asten et al., 2011).
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2.7.5 Soil fertility management
Among several factors that affect coffee productivity is declining soil infertility and low use of

organic matter (Bucagu et al., 2013). Fertility management is critical to the general health of the
plant, particularly where coffee is grown on poor soils with low nutrient levels (Kimani et al.,
2002). With constant cultivation of coffee fields, it is evident that soils become exhausted and
deficient of major mineral elements that enhance productivity. It is at such points that organically
based mineral sources from livestock manure, compost, inter crops are applied to improve soil
fertility. (Place et al., 2003). Soil fertility management using commercial fertilizers has
significant problems such as depletion of soil organic matter, deterioration of soil structure and
the acidification of the soil (Kimani et al., 2002). In the study, on banana production in the
similar smallholder farming systems as coffee, Wairegi et al., (2010) indicated that low soil
fertility is the principal constraint to banana production in Uganda and significant yield
improvement was observed on fertilizer application. Therefore use of organic fertilizers is
recommended as they help to improve the soil by increasing nutrients, and improving yields and
the quality of the produce (Haggar et al., 2011). Composting is a natural amendment practice
which utilizes microorganisms naturally present in organic matter and soil to decompose organic
material. It is very effective in improving the fertility of the soil as it increases the organic matter
content, improve the soil structure and improve the water holding capacity which helps maintain
the soils moist during dry periods (Wintgens, 2009). The soil organic matter plays an important
role in moisture retention and is therefore considered as a climate change adaptation strategy (A
El-Kader et al., 2010).

2.7.6 Soil and water management
Construction of bands and trenches is a practice commonly done in hilly regions that have

challenges of the surface runoff water that removes the top soil. Micro catchments like contour
bands, infiltration trenches are constructed therefore to trap the rainwater thus supplying the run-
off to crops (Ngigi, 2003). This technique contributed to higher crop yields than normal
conventional tillage because it stops runoff and minimizes soil evaporation losses (Botha et al.,
2005). Grass bands like hedges are also constructed to control soil erosion thus ensuring that the

most productive part of the soil is conserved to ensure sustainable production (Bekunda, 1999).
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2.8 Agronomic practices
2.8.1 Coffee agronomic practices

2.8.1.1 Pruning
Coffee production and quality has for long been declining due to several improper pre and post

harvest management practices of which lack of pruning is key (Tena, 2011). To boost production
however, proper pruning needs to be done to rejuvenate old coffee trees as they tend to become
less productive as they age (Ren’e Coste, 1992). There are two methods of doing this practice; by
single and multi-stemmed pruning (Snoeck and Lambot, 2009). When unwanted branches and
stems are removed, it gives chance for new stems to build up resulting into bigger berries of
higher quality than small berries that would result from overbearing (Kimani et al., 2002).
Excessive pruning however creates hormonal imbalance between auxins that stimulate root
growth and gibberellins which stimulates canopy growth. This imbalance results into a multi-
year decline in canopy growth hence low yields (David et al., 2014). Pruning involves a number

of practices that include;

2.8.1.2 Change of cycle/ Stumping
The practice is done after 5-7years used for high density plantations and for old, long and

unproductive stems to allow uniform vegetative growth. It involves completely cutting down a
coffee stem down to 30-40cm. The incision is done by a chain saw at an angle to prevent water
accumulation. Stumping helps to renew stem cycle and improve productivity of the crop by

preventing it from pests such as stem borers (Ren’e Coste, 1992).

2.8.1.3 Training
This is a practice of bending a 6-month old coffee plant up to 45° to stimulate additional

branching and growth of suckers for maximum production. Only 2-3 healthy looking suckers that
originate from the base of the trained plant are allowed to grow (Uganda Training Materials for
Coffee Production, 2014). However, due to improper structural training while the tree is young,
the tree may become prone to wind and snow damage as it matures and gets destroyed (David et
al., 2014).
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2.8.1.4 Desuckering
When young verticals growing on a coffee stem reach 3-6inches in length, and are not wished to

develop into bearing verticals, they are removed by this practice. In this case, even unwanted
stems and suckers, dead, weak and unproductive branches are removed using secateurs to

encourage new growth and improve productivity (Ren’e Coste, 1992).

2.8.2 Banana agronomic practices

2.8.2.1 Desuckering
A few months after planting, banana plants produce suckers which compete with the main plant

for water and nutrients hence reducing productivity (Oluwafemi, 2013). Therefore, sucker
management is important to ensure that good plant population is maintained resulting into
healthy plants (Karamura et al., 2004). The yield potential of the banana plantation is maximized
by choosing the correct number of suckers per mat since higher densities reduces fruit size
(Robinson, 1995; Oluwafemi, 2013). According to (Oluwafemi, 2013), a good plant population
of 2 suckers per a banana mat should be maintained since the more the number of suckers per

plant, the lower the yield.

2.8.2.2 Deleafing
This practice of removing dead, non-functional leaves from a banana mat enables light

penetration. If these leaves are left on the mat, air movement around the plant is reduced thus

causing build up of humidity (Tushemereirwe et al., 2001).

2.8.2.3 Debudding
Also called bud removal involves the removal of a male bud more so when fingers on the cluster

start turning upwards. The practice helps to reduce diseases like xanthomonas wilt that are
transmitted by insects that visit the bud bracts (Blomme et al., 2008).

2.8.2.4 Corm removal
A corm is a rhizome found at the end of a banana mat that has a number of growing points that

later turn into suckers. To achieve maximum production, it is therefore necessary to remove
corms inorder to prevent pests from attacking the crop since a number of pests find it conducive

to gain nourishment from the corms (Tushemereirwe et al., 2001).
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2.8.2.5 Propping
This is a common practice carried out by farmers in order to prevent the plants with maturing

bunches from falling down and to also enable uniform development of the bunch. Due to heavy
weight of the bunch and other conditions like dry seasons, strong winds, nematodes and weevils
weaken the plant. These cause the bearing plant to go out of balance and may lodge thus
affecting production and quality. In this regard, the plant is propped with the help of wooden
forked poles by placing them against the stems on the leaning side to give support

(Tushemereirwe et al., 2001).

2.9 Existing gap

In South-western Uganda, few studies have been carried out to explain the cause of the decline in
productivity of coffee and bananas being grown as an intercrop system. In other studies for
instance, the one by Gold et al., (1999a) have pointed out that during the last few decades,
banana management has deteriorated in south- western Uganda and is most likely the root of
banana productivity problems. This controversy among research findings compels area specific
studies that target agronomic constraints. Although it is generally agreed that coffee and banana
productivity challenges in Uganda are induced by a combination of pests, diseases, poor soil
fertility and drought stress, it is very important to isolate area specific agronomic constraints that
are most related to yield loss to be able to find the best site-specific management strategies.
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CHAPTER THREE
RESEARCH METHODOLOGY

3.0 Introduction

The chapter focuses on the methods that were used to implement the study. It includes the
research design, area of study, study population and sampling procedures which encompass
sample size and sampling techniques. Also, the data collection methods and instruments that
were used, quality control methods, data management and processing, data analysis, ethical

considerations to be followed as well as limitations to the study.

3.1 Research design

A descriptive research design in form of a cross-sectional survey was used to obtain farmers’
knowledge on the abiotic and agronomic constraints existing in coffee-banana agroforestry
systems as well as their coping strategies. This design was used because descriptive studies could
yield rich data that leads to a detailed analysis. The survey adopted quantitative approaches of
data collection and analysis. Quantitative data was collected using questionnaires and biological
assessment tools on house-holds with coffee-banana-agroforestry systems. The questionnaire
elicited socio-demographic information, farm size, coffee and banana clones grown, intercrops,
tree species grown and management practices. The biological tool assessed for the plot and plant
level management, intensity of the practices, intercropping as well as integration with tree
species. The independent variables in this study were the abiotic and agronomic constraints,
whereas the dependent variable was performance of coffee and bananas in terms of yield

parameters.

3.2 Area of Study

The study was conducted in 9 randomly selected districts from the southwestern region of
Uganda. This region is characterized by tropical rain forest vegetation and bimodal rainfall with
annual rainfall ranges of 900mm to more than 1350mm in the highlands. Rainfall is generally
spread throughout the year with two rainy seasons, from March to May for the first rains, and the
second rains from September to November. Mean annual temperature is about 26°C (Mwebaze,

2002). The terrain ranges from rolling savannah to high mountains characterized by fertile soils
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that enable agriculture to be the most important economic activity practiced. Mixed farming
predominates in the area and the main food crop is bananas, and coffee being an important cash
crop. The two crops are grown solely or in densely populated areas as intercrops together with
annual crops like; cassava, maize, groundnuts, sweet potatoes among others. In the lower areas,
where rainfall is least, the soils are quite poor and such areas are mostly used for extensive
grazing of cattle, sheep and goats, with very small household plots of food crops (Mwebaze,
2002). Dominant tree species that are found within coffee and banana fields include; Markhamia
lutea, Ficus natalensis, Mangifera indica, Persea amiricana, Artocarpus heterophyllus, Accacia
spp among others (Katende et al., 2000; Oluka-Akileng et al., 2000).

3.3 Study population

The survey targeted only farmers with existing coffee-banana-agroforestry systems.
3.4 Sampling Procedures

3.4.1 Sample size

In the south-western region, a total of 9 districts were randomly selected and 10 households with
coffee-banana-agroforestry systems purposively selected in each district giving a total of 90
households.

3.4.2 Sampling techniques

Random sampling was used to select the districts whereas households having coffee-banana-
agroforestry systems were purposively selected. The sampling techniques employed enabled a

choice of districts and households that best meet the research objectives.
3.5 Data collection methods and instruments

3.5.1 Questionnaire

The survey was conducted with the aid of the questionnaire to obtain farmers’ knowledge on the
agronomic and abiotic constraints of coffee and bananas. A structured questionnaire with both
closed-and open-ended questions (Appendix 1) was pretested before being administered to the

sampled households. This was to ensure that there were no errors in wording of questions that
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could lead to ambiguity of words and misinterpretation of questions. This helped to reduce errors
which would have been associated with the study. Pretesting was also necessary to provide an
opportunity to give a feedback to ensure that a proper protocol of data collection procedures was
followed to aid objectivity in the exercise. The questionnaire elicited socio-demographic
information, farm size, status of coffee and banana plantations, yield data, farmers’ knowledge

on field (abiotic) and crop (agronomic) constraints as well as farmer’s coping strategies.

3.5.2 Biological assessment

To put the socioeconomic information into a biological context, an assessment tool was designed
to capture field-diagnostic biological information (Appendix 1). It was pretested first and
administered in a 25 x 25 m transect in the sampled fields. The tool captured the level of plot and
crop management and intensity of inter-planting. Ten (10) coffee plants and banana mats were
randomly selected along a transect and scored for the agronomic constraints. This included the
variety of coffee and banana, number of stems and suckers for coffee, number of plants per mat
for bananas and level of agronomic practices determined on each coffee and banana plant/mat.
Information from the biological studies was used to identify the agronomic constraints most

related to coffee and banana yield loss in coffee-banana-agroforestry systems.

3.6 Quality Control Methods

To reduce on errors in data collection, the questionnaire was pre-tested before actual data
collection to identify any ambiguous and out of context questions. Questions were open-ended in
a local and farmer-friendly language to allow the farmer to express him/her self as he/she wishes.
Also, closed-ended questions that have exhaustive alternatives were used in order to cover a

range of possible answers.

3.6.1 Validity
Pre-testing of the questionnaire was conducted by visiting and interviewing one model farmer

with an existing coffee-banana agro-forestry system. Adjustments were then made to the survey
instrument following the pre-testing. Several questions were dropped and others added to ensure
the correct format for data collection and that the final survey questions were appropriate. To
avoid respondent bias, and by way of introduction of the research, a one -page statement of intent

preceded the survey questions.
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3.6.2 Reliability
Upon completion of the draft collection tools, the questionnaire and interview guide, these were

piloted to ascertain their reliability of building confidence and capacity of the field data collector
in getting reliable data. The questionnaire was given to people of expertise to see whether the
questions were rightly stated and then tested using Croncbach Alpha method provided by SPSS
(Foster, 1998).

3.7 Data management and processing

Data obtained was coded and entered in MS Excel program. Before analysis, the data was

cleaned by validating, sorting and filtering in order to reduce on the errors.
3.8 Data Analysis

3.8.1 Farmers’ knowledge on the agronomic and abiotic constraints and their coping
methods

Descriptive statistical analysis using Excel program was employed to obtain means, ranges,
standard deviations and frequencies. The results were summarized in form of tables and graphs.
In addition, the relationships of farmers’ knowledge with socio-demographics (sex, education

and age) were determined using simple logistic regression analysis of the SAS program.

3.8.2 Agronomic constraints at plant and plot level.

To determine agronomic constraints at plant and plot level, percentages of the management

options were obtained using excel program to generate graphs.

3.8.3 Agronomic constraints most related to coffee and banana yield loss.

These were obtained using boundary line analysis (Wairegi et al., 2010; Wang et al., 2015). This
analysis has been widely applied to understand yield reduction factors or to evaluate the
relationship of an individual production factor to yield reduction. Boundary lines were developed
by grouping of data points (yield and abiotic/agronomic constraints), then identification and
removal of outliers based on empirical knowledge (coffee yields exceeding 2500kg/ha/yr and
banana yield exceeding 1111 bunches/ha/yr). This was followed by identification of attainable
yield and boundary points and thereafter fitting of a boundary curve to identify the boundary

points. Trend lines of the boundary points were fitted and an equation and R? value obtained.
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Three graphs per crop observed to have the highest coefficient of determination, R were taken to
be the agronomic constraints that are most related to coffee and banana yield loss in coffee-

banana agroforestry systems.

3.9 Ethical Considerations

Prior to administering the questionnaire, respondents were clearly explained the purpose of the
study and their consent sought for participation. Emphasis was made to the participants that the
information collected from them would be treated with due confidentiality. This was to allow the
respondents to gain confidence while answering the study questions. Open, generative questions
were asked first at the start of a new section; supplementary questions used to probe for more
detail and closed questions asked last to avoid a pattern of short responses. The approach was an
informal one involving mixing questions with a discussion such that the respondents are allowed
to explain their points fully. The study made all efforts possible to avoid any sort of
psychological and physical harm to the respondents and their fields. Making any careless
reference, assumptions and other statements considered cruel to the respondents was avoided as
much as possible. In the same view, due respect to the culture of the respondents was paid to

avoid approaching them judgmentally (Piper & Simons, 2005).

3.10 Limitations of the Study

The study had a limitation of gaining entry into farmer’s fields since the researcher was a visitor
to the village and consequently it took time to establish rapport with the farmers. Some farmers
that the researcher wanted to elicit information from had left the home or died. Therefore, a

considerable amount of time was spent to get the right person who had the information needed.

Secondly, the information that some farmers provided were based on their memory of
agricultural practices. In this case, the researcher had to spend some time waiting for them to

recall some of the information and this required a lot of perseverance.

The study was conducted at a time when farmers were constantly occupied in their fields and
with household chores which made it difficult for them to sit down and answer questions. This
meant that rapport needed to be established in order to convince them and show the need for the

study and how they themselves would benefit from it.
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In addition, some of the sampled farmers were aged and illiterate thus reluctant to answer
questions. Being that the researcher was educated would intimidate many of them and make

them uncomfortable. Therefore, the farmers were reminded that the study is for academic

purposes hence putting them at ease to answer questions more openly.
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CHAPTER FOUR
PRESENTATION, ANALYSIS AND DISCUSSION OF FINDINGS

4.0 Introduction

This chapter summarizes results on farmers’ knowledge on abiotic and agronomic constraints
limiting coffee and banana production, their coping strategies. In addition to these are agronomic
constraints at plant and plot level and lastly the agronomic constraints most related to yield loss
of both coffee and banana. Also included here is the interpretation of the results and discussion

as per objective.

4.1 Objective 1: Farmers’ knowledge on the abiotic and agronomic constraints limiting
coffee and banana production, their coping strategies.

4.1.1 Socio-demographic characteristics of the respondents in southwestern coffee-

banana ago-forestry systems of Uganda

Table 1 summarizes the socio-demographic characteristics of the study area. The interviewed
females were significantly (P=0.0008) more than the males. The mean age of the respondents
was 48 years. The number of respondents in the various age ranges varied significantly
(P<.0001); with the majority (42%) being observed in age range 36-55 years. The education level
in the study area was generally low, with the majority (59%) of the respondents having not
studied beyond primary level of education. There was significant (P=0.0005) variation in the
number of respondents in the various education levels, with most (40%) of them having attained
primary level of education. On average, farmers owned 2.4 ha of land. However, most of them
(43%) owned less than 1ha of land, though the number of respondents in this category was not
significantly (P=0.0853) different from other categories.
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Table 1: Socio-demographic characteristics of respondents of southwestern coffee-banana

agro-forestry systems of Uganda

Parameter Respondents (%0) Chi-square (X?) P value Df
Sex

Females 66.7 11.155 0.0008 1
Males 33.3

Age (years)

<18 2.2 35.7320 <.0001 3
19-36 22.2

37-55 42.2

<55 33.3

Mean+SD 48.4 (Range =10-82)

Education level

None 18.9 17.6504 0.0005 3
Primary 40.0

Secondary 28.9

Tertiary 12.2

Farm size (Hectares)

<1.0 43.3 4.9238 0.0853 2
1.0-2.0 25.6

>2.0 31.1

MeanzSD 2.5+3.8 (Range=0.2-24)

Source: Field data, 2016

412 Farmers’ knowledge of agronomic and abiotic constraints in the southwestern

coffee-banana agro-forestry systems of Uganda

Farmers reported five (5) major agronomic and abiotic constraints limiting coffee and banana
production in their fields (Fig. 2). Most (>70%) of the respondents acknowledged the importance
of agronomic and abiotic constraints in limiting production of coffee and bananas. Broad-leaved

weeds were the most reported on agronomic constraints, by 96% of the respondents. However,
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these were not significantly (P=0.3153) different from the number of respondents who reported
other agronomic constraints like grassy weeds and abiotic constraints like declining soil fertility,

soil erosion and drought (moisture stress).
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Figure 2: Agronomic and abiotic constraints hindering coffee and banana production as
reported by respondents in southwestern coffee-banana ago-forestry systems of Uganda
Source: Field data, 2016

A simple logistic regression analysis showed that knowledge of the constraints limiting coffee

and banana production was neither dependant on sex, age nor education level of respondents
(Table 2).
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Table 2: Sex, age and education level as determinants of respondent’s knowledge of the

constraints limiting coffee and banana production

Constraint Parameter DF Estimate Standard Wald Chi- P
Error Square value
Broad-leaved
weeds
Intercept 1 11.7196  185.7 0.0040 0.9497
Sex 1 -11.9419 185.7 0.0041 0.9487
Age 1 -0.0181  0.0372 0.2380 0.6257
Education 1 -1.3116  0.8092 2.6274 0.1050
Grassy weeds
Intercept 1 -1.3148  2.0618 0.4067 0.5237
Sex 1 -0.7770  0.8756 0.7874 0.3749
Age 1 0.00739  0.0225 0.1084 0.7420
Education 1 -0.1095 0.4071 0.0723 0.7880
Declining soil
fertility
Intercept 1 -1.3678  1.6570 0.6814 0.4091
Sex 1 -0.5113  0.6657 0.5901 0.4424
Age 1 0.0113 0.0181 0.3853 0.5348
Education 1 0.0105 0.3253 0.0010 0.974
Soil erosion
Intercept 1 -2.5843  1.5790 2.6788 0.1017
Sex 1 0.6161 0.5852 1.1085 0.2924
Age 1 0.00364 0.0172 0.0445 0.8330
Education 1 0.4646 0.3151 2.1743 0.1403
Drought
Intercept 1 -0.8706  1.3870 0.3940 0.5302
Sex 1 -0.00151 0.5276 0.0000 0.9977
Age 1 0.000911 0.0153 0.0035 0.9526
Education 1 -0.0140  0.2790 0.0025 0.9600

Source: Field data, 2016
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4.1.3 Farmers’ coping options of abiotic and agronomic constraints in the southwestern
coffee-banana agro-forestry systems of Uganda

4.1.3.1 Broad-leaved weeds
Farmers reported six (6) options for managing broad-leaved weeds (Fig. 3). The percentage of
the respondents varied significantly (X?=170.202, df=5, P<.0001) across the options; with most

of respondents (78%) reporting using hoe weeding for managing the broad-leaved weeds.
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Figure 3: Farmers’ options for managing broad-leaved weeds in the southwestern coffee-
banana agro-forestry systems of Uganda
Source: Field data, 2016

4.1.3.2 Grassy weeds

Farmers reported five (5) options for managing grassy weeds (Fig. 4). The percentage of the
respondents varied significantly (X?=99.0870, df=4, P<.0001) across the options; with most of

respondents (71%) reporting using hoe weeding for managing the grassy weeds.
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Figure 4: Farmers’ options for managing grassy weeds in the southwestern coffee-banana agro-
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forestry systems of Uganda
Source: Field data, 2016

4.1.3.3 Declining soil fertility

Respondents reported four (4) options for managing the declining soil fertility (Fig. 5). The
percentage of the respondents using the different option for managing declined fertility varied
significantly (X?=151.9829, df=3, P<.0001) with the majority (63%) reporting using organic

fertilizers.
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Figure 5: Farmers’ options for managing declining soil fertility in the southwestern coffee-
banana agro-forestry systems of Uganda
Source: Field data, 2016

4.1.3.4 Soil erosion
Respondents reported four (4) options for managing soil erosion in their fields (Fig. 6). The
percentage of the respondents using the different options for managing soil erosion varied

significantly (X?=57.0, df=3, P<.0001). Most of the respondents (49%) reported that they use
trenches for managing soil erosion.
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Figure 6: Farmers’ options for managing soil erosion in the southwestern coffee-banana
agro-forestry systems of Uganda
Source: Field data, 2016

4.1.3.5 Drought
The number of respondents (39%) who reported that they use mulches to manage drought

(moisture stress) was significantly (X?=20.7407, df=1, P<.0001) more than those of shade trees
(Fig. 7).
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Figure 7: Farmers’ options for managing drought in the southwestern coffee-banana agro-
forestry systems of Uganda
Source: Field data, 2016
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4.1.4 Relationship between sex, age and education level of respondent and the number of
coping options reported

A simple logistic regression analysis showed that the number of coping options for all the
agronomic and abiotic constraints as reported by a respondent was neither dependant on sex, age

nor education level of respondents (Table 3).

Table 3: Sex, age and education level as determinants of respondent’s knowledge of
the number of coping options for the abiotic and agronomic constraints in coffee-banana

agro-forestry systems

Parameter Df Parameter Estimate Standard Error  t Value Pr > |t|
Broad-leaved weeds

Intercept 1 1.21883 0.43988 2.77 0.0069
Sex 1 0.09451 0.16745 0.56 0.5739
Age 1 0.00424 0.00487 0.87 0.3860
Education level 1 -0.06205 0.08851 -0.70 0.4851
Grassy weeds

Intercept 1 0.85505 0.46769 1.83 0.0710
Sex 1 0.23526 0.17803 1.32 0.1899
Age 1 0.00538 0.00517 1.04 0.3009
Education level 1 0.00295 0.09410 0.03 0.9751
Declining soil fertility

Intercept 1 1.08244 0.36925 2.93 0.0043
Sex 1 -0.02701 0.14056 -0.19 0.8481
Age 1 -0.00656 0.00408 -1.61 0.1120
Education level 1 -0.00500 0.07430 -0.07 0.9465
Soil erosion

Intercept 1 1.34983 0.50458 2.68 0.0089
Sex 1 -0.13311 0.19208 -0.69 0.4902
Age 1 -0.00479 0.00558 -0.86 0.3927
Education level 1 -0.03819 0.10153 -0.38 0.7077
Drought

Intercept 1 0.58134 0.36239 1.60 0.1123
Sex 1 0.00850 0.13795 0.06 0.9510
Age 1 -0.00056109 0.00401 -0.14 0.8890
Education level 1 -0.07352 0.07292 -1.01 0.3162

Source: Field data, 2016
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4.1.5 Discussion

This study was carried out to determine farmers’ knowledge of the abiotic and agronomic factors
that limit coffee and banana production as well as their coping strategies in southwestern
Uganda. Significantly more females were interviewed than males; supporting the fact that most
coffee and banana field activities in rural settings are performed by the women (Edmeades et al.,
2006). The education level in the study area was generally low, with most of the respondents
having attained only primary education. This implies that agriculture in Uganda is mainly
practiced by resource poor and poorly educated people who drop out of school at an early level.
These can hardly get employment in other sectors of economy (Edmeades et al., 2006). Most
farmers belonged to the age range of 36-55years. This range represents the most economically
active section of the community (Kagezi et al., 2010). Most farmers generally owned small
pieces of land (<1 ha) and this could be attributed to land pressure issues common in the region
(Edmeades et al., 2006).

Respondents reported two (2) agronomic and three (3) abiotic factors limiting coffee and
banana production. There was no significant (P=0.3153) difference in the percentage of
respondents who reported these constraints; implying that according to them, these factors limit
coffee and banana production equally. Among these, broad-leaved and grassy weeds were the
most reported agronomic constraints. This agrees with experimental results where weed pressure
in southwestern Uganda led to yield reductions (Wairegi et al., 2010). Weeds compete with
crops for water, nutrients and direct sunlight (De Graaff, 1986). The more this competition can
be reduced by minimizing or eliminating weeds, the less yield loss the farmer will experience
(Maro et al., 2013). A range of weeds are associated with coffee-banana systems, ranging from
annual grasses (Peperomica and Synedrella spp.) and broad leaved weeds (Oxalis spp. and
Parthenium spp.), which are relatively easy to control, to persistent perennials (e.g. Paspalm and
Laporlea spp.) that are more difficult to manage (Kimani et al., 2002).

Soil fertility degradation was also another major abiotic constraint of coffee and bananas
reported by respondents; agreeing with Bekunda (1999), Muzoora et al., (2011) and Woniala and
Nyombi (2014). Similarly, studies by Womer et al., (1998) show that banana fields with low soil
fertility tend to have low vyields being attributed to soil nutrient depletion. The declining soil

fertility is due to limited on-farm use of inorganic fertilizers by farmers due to poverty and

35



limited subsidies (Muzoora et al., 2011) as well as farmers’ reluctance to invest in fertilizers
(Condliffe et al., 2008). This translates to poor soil fertility. Soil erosion which is closely related
to decline in soil fertility was also prominently reported by the respondents as a major abiotic
factor hindering coffee and banana production. This is in line with studies conducted in Uganda
(Muzira et al., 2007; Barungi et al., 2013) and elsewhere (Corbeels et al., 2000; Okoba and De
Graaff, 2005; Amsalu and de Graaff, 2006). These studies recognize erosion and run-off as a
major avenue of depleting the existing soil nutrient reserves and the therefore lead to yield losses
(Ataroff and Monasterio, 1996a).

Results of this study further showed that drought (moisture stress) was recognized by
farmers as a major abiotic constraint to coffee and banana production. Similarly, Jassogne et al.,
(2013) reported that farmers in western district of Kasese, perceived that droughts were
becoming longer, rainfall during the rainy season was becoming more erratic, and that the rains
were shorter. This impacted the coffee at flowering stage (i.e. abortion of flowers); at the filling
of the berries stage (i.e., poor filling); and therefore negatively impacted coffee yield in general.
Similarly, farmers in Rwanda, Burundi and Eastern DRC identified drought stress as the second
most important constraint to production, following declining soil fertility (Murekezi and van
Asten, 2008; Bouwmeester et al., 2009). These results are in line with experimental studies by
Wairegi et al., (2010) who found that drought stress was the primary yield constraint in a quarter
of studied farmer fields in Southwest Uganda.

Farmers reported several strategies they utilize to manage the abiotic and biotic
constraints they encounter in the coffee-banana agro-forestry systems of southwestern Uganda.
The majority of respondents reported they manage weeds in their coffee-banana agro-forestry
systems by using hoes. This in line with the fact that hoes have for long been the traditional
method of weeding and have proved to be economical for resource-limited farmers operating on
small farms (Hahn et al., 1979; Araujo-Junior et al., 2012). On the other hand, most farmers
were using organic manures in regard to declining soil fertility. Organic manures are the most
important fertility amendments that farmers apply in their coffee-banana systems. Farmers
usually utilize crop residues, livestock manure and household waste (Bekunda, 1999; Mora et al.,

2013; Woniala and Nyombi, 2014). Further, most of the respondents reported that they were
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using trenches to manage soil erosion. This is in line of what the Government of Uganda and
other stakeholders are promoting particularly in hilly areas such as the study area (Mowo et al.,
2002; Aklilu, 2006; Barungi et al., 2013). However, construction of trenches required intensive
labor consuming large percentage of useful time that would be used in the conventional work
(Muzira et al., 2007). In order to adapt to drought or moisture stress, most of the farmers
reported that they mulch their coffee-banana fields (Jassogne et al., 2013). Mulching is a
common management strategy to increase water availability to the plant by promoting infiltration
of rainwater and reducing evaporation (Mcintyre et al., 2000).

4.2 Objective 2: Agronomic constraints at plant and plot level

4.2.1 Management practices in the coffee-banana agro-forestry systems of southwestern

Uganda

4.2.1.1 General plot level management practices

Figure 8 shows the level of field management practices in the coffee-banana agro-forestry
systems of south-western Uganda. Most (48%) farms were moderately weeded whereas; the
level of mulching on 43% of the farms was low. Most (>60%) of the farms had no manure,

trenches nor terraces.
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Figure 8: Levels of weeding (a), mulching (b), manuring (c), trenches (d), covercrops (e)
and terraces (f) as observed in the coffee-banana agro-forestry systems of southwestern
Uganda

Source: Field data, 2016

4.2.1.2 Coffee plant level agronomic practices

The levels (intensity) of coffee agronomic practices (i.e. desuckering, pruning and change of
cycle) as observed in the coffee-banana agro-foresty systems of southwestern Uganda are shown
in fig 9. The percentage of farmers who were not de-suckering and those who had moderately
de-suckered their coffee was almost equal (30-40%). On the other hand, the majority (70%) of
the farmers had not changed cycle of their coffee.
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Figure 9: Level of coffee agronomic practices in the coffee-banana agro-forestry systems of
southwestern Uganda. (a) de-suckering (b) pruning (c) change of cycle
Source: Field data, 2016

4.2.1.3 Banana plant level agronomic practices

The levels (intensity) of banana agronomic practices (i.e. desuckering, deleafing, debudding,
corm removal and propping) as observed in the coffee-banana agro-foresty systems of
southwestern Uganda are shown in fig 10. Generally, farmers were practicing desuckering,
deleafing and debudding; >50% of the them had at least moderately done these practices.
Further, at least 30% of the farmers were practicing corm removal as well as propping their

bananas.
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Figure 10: Level of banana agronomic practices in the coffee-banana agro-forestry systems
of southwestern Uganda. (a) de-suckering (b) deleafing (c) de-budding (d) corm removal (e)
propping

Source: Field data, 2016
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4.2.1.5 Discussion

This study aimed at identifying the agronomic constraints at plot and plant level. Results showed
that most of the farms were moderately weeded; implying that farmers are aware of the dangers
the weeds cause to their coffee and bananas. Weeds compete with crops for water, nutrients and
direct sunlight (De Graaff, 1986; Sheley et al., 1999) and thus lead to yield loss in both bananas
and coffee (Wairegi et al., 2010). A number of weeds are usually associated with the coffee-
banana agro-forestry systems (Concengo et al., 2014). These include: - broad leaved weeds such
as Oxalis spp. and Parthenium spp. as well as annual grasses such as Peperomica and Synedrella
spp. and perennials grasses such as Paspalm and Laporlea spp. (Kimani et al., 2002).

The majority of the farms (>70%) were mulched, implying that farmers appreciate the
advantages associated with mulching. Through experience, farmers know the direct relationship
between mulching and better yields (Cannell, 1973), although they might not be fully aware of
all the beneficial effects that lead to this relationship (Tibanyenda et al., 1989). Mulch controls
soil erosion, reduces weed pressure, preserves soil water, and contributes organic matter and
nutrients to the soil (Mitchell, 1988; Sheley et al., 1999; CIALCA, 2008). The use of mulch can
contribute towards the sustainability of the system, but availability is often limited in densely
populated areas (van Asten et al., 2011). Though most (>60%) of the farms had no manure,
trenches nor terraces, the benefits from these practices in relationship to enhancing soil fertility
(Bekunda, 1999; Sseguya et al., 1999) and contributing to soil and water management (Nyombi,
2013) in coffee-banana agro-forestry systems respectively cannot be overlooked.

More than 60% of the farms had de-suckered as well as prunned coffee although the
intensity varied; with atleast 30% of the fields moderately desuckered and prunned. Similarly,
van Asten et al., (2011) reported moderate desuckering and pruning of coffee in this region.
Banana and coffee are perennial crops and therefore need to be carefully managed by pruning the
coffee trees and desuckering the banana plants to maintain an optimal crop leaf canopy of both
coffee and banana plants (Ren’e Coste, 1992; Wairegi et al., 2014). These two practices also
reduce incidences of pests and diseases, for example the coffee berry borer (Kucel et al., 2009)
and the black coffee twig borer (Kagezi et al., 2015). Contrary, the majority (70%) of the farmers
had not changed cycle (stumped) of their coffee. However, stumping is a coffee tree rejuvenation
technique done after 5-7 years (Ren’e Coste, 1992) for increasing yield of coffee (Netsere et al.,

2015).
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For bananas, most (>50%) of the farmers in the study area had desuckered, deleafed and
debudded their bananas. This implies that farmers are aware of the benefits associated with these
agronomic practices. De-suckering is an important practice that ensures maintaining the
recommended spacing of bananas; thus, reducing competition by plants for the resources
(Oluwafemi, 2013; Karamura et al., 2004). This leads to increase in yield (Robinson, 1995;
Oluwafemi, 2013). Deleafing on the other hand, is a practice of removing dead, non-functional
leaves from a banana plant (Tushemereirwe et al., 2001). This practice has been reported to
reduce incidence of diseases, for example, black sigatoka disease (Vargas et al., 2009; Engwali et
al., 2013). De-budding on the other hand is the removal of the male bud (Tushemereirwe et al.,
2001). The practice helps to reduce diseases like the banana bacterial wilt (BBW) that are
transmitted by insects that visit the bud bracts (Blomme et al., 2008). Results further show that at
least 30% of the farmers were practicing corm removal as well as propping their bananas. Corm
removal helps in eliminating weevil refuges from breeding sites and to reduce weevil numbers
(Gold et al., 2001). Propping on the other hand, is done to prevent the plants with maturing
bunches from falling down and to also enable uniform development of the bunch
(Tushemereirwe et al., 2001).

4.3 Objective 3: Agronomic constraints most related to coffee and banana yield loss in
coffee-banana agroforestry systems

4.3.1 Coffee

Scatter plots of the relationship between level of application of agronomic practices and yield of
coffee are shown in fig. 11. Desuckering, density of shade trees/shubs and number of coffee
stems were identified as the factors with the largest regression coefficient (R?) of 0.972, 0.914

and 0.758 respectively.
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Density of intercrops

Figure 11: Relationship between level of application of agronomic practices and yield of

coffee in the coffee-banana agro-forestry systems of southwestern Uganda.
Source: Field data 2016
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4.3.2 Bananas

Scatter plots in fig. 12 show the relationship between level of application of agronomic practices
and yield of banana in the coffee-banana agroforestry systems of southern Uganda. The three (3)
factors that had the largest coefficent of regression (R?) were: - corm removal (R?=0.899), de-

leafing (R?=0.870) and density of shade trees/shrubs (R?=0.768).
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Figure 12: Relationship between level of application of agronomic practices and yield of

bananas in the coffee-banana agro-forestry systems of southwestern Uganda.

Source: Field data 2016
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4.3.3 Discussion

This study aimed at establishing the relationship between the level of agronomic practices of
coffee as well as bananas to their performance in terms of yield loss in the coffee-banana agro-
forestry systems of south-western Uganda. From the scatter plot, de-suckering, density of shade
trees/shrubs and number of coffee stems were found to be most correlated with yields, indicated
by the coefficient of regression (R?). Yield of coffee increased exponetially with increasing level
of de-suckering. These results support earlier studies which showed that if unwanted suckers are
removed, it encourages new growth and improve productivity (Ren’e Coste, 1992). De-suckering
coffee reduces competition of suckers and the bearing stems for resources. In contrast however,
van Asten et al., (2011) reported no significant relationship between level of de-suckering and
coffee yields in a coffee-banana intercrop. Coffee yields also increased polynomially with
increasing number of shade/shrub trees and then declined. This implies that yields increase with
increasing shading till optimum amount beyond which the yields begin decreasing.

Shade trees have been associated with increased yields in coffee yields (Alemu, 2015)
due to reduced stress on the coffee plant (Beer et al., 1998). Shading is known to trigger
differences in physiological behavior of the coffee plants in terms of improved photosynthesis,
resulting in better performance (Bote and Struik, 2011). Increase in coffee yields in shade
systems can be partially attributed to heavier and arger chierries due to reduction in overbearing,
suppression of weeds, reduction of evapotranspiration of the shaded crop, and reduction of soil
erosion on slopes (Beer, 1987). However, high shade tree densities have been observed to lead to
reduction in coffee yields (Nzeyimana et al., 2013) due to increased shade intensities
(Akyeampong et al., 1999). This is partly due to inter-specific competition for water and soil
nutrients (DaMatta, 2004). Results further showed that coffee yields decreased exponentially
with increase in the number of stems on the coffee plant. The number of stems of a coffee plant
has been reported to be one of the most important characteristics determining yield in Robusta
coffee (Panyatona and Nopchinwong, 2008). These results are in line with studies by Amoah et
al., (1997) who reported that cumulative yield of coffee at 2 stems per stool was superior to the
other treatments over the experimental period. Traditionally, farmers maintain 3 or 4 trees on
their Robusta coffee and after a 4-year production cycle, the trees were cut back to rejuvenate
their coffee (Kimani et al., 2002).

On the other hand, results show that banana yields increased with increasing level of
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corm removal. This is in part due to the fact that this process removes possible surplus suckers
that would otherwise compete with the mother plant (Oluwafemi, 2013). Also, de-leafing
increases yield in bananas (Ayodele & lkotun, 2007) because it reduces competition for light
(Tushemereirwe et al. 2001) as well as leaf diseases such as black Sigatoka disease (Engwali et
al., 2013; Erima et al., 2016). In fact, to guarantee good development of the bunch and high
quality fruits, a plant must have not more than 8 functional leaves during its whole growth period
(Ortiz and Vuylsteke 1994; Orjeda 1998; Tushemereirwe et al., 2003). Banana yield also
increased with increasing number of shade trees/shrubs upto some optimal level (3 trees/shrubs)
and then decreased. This implies that bananas require some amount of shade for better yields
(Torquebiau and Akyeampong, 1994). However, when the shade levels become too much, yields

start to decrease (Israel et al., 1995).
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CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS

5.0 Introduction
This chapter presents summary of findings, conclusions and recommendations about the study

and suggestions for further research.

5.1 Summary of findings
Most farmers (>70%) acknowledged the importance of all constraints in limiting production and

thus reported on 2 agronomic and 3 abiotic constraints. Broad-leaved and grassy weeds were the
most reported on agronomic constraints although farmers who reported on these were not
significantly different from those who reported on other abiotic constraints like declining soil
fertility, soil erosion and drought. This implied that all the constraints equally limited production.
As a way of coping with these constraints, most farmers used hoes to manage broadleaved and
grassy weeds, organic manure for declining soil fertility, trenches for soil erosion and mulches
for drought/moisture stress. Plot level management practices showed that most farms (48%) were
moderately weeded, mulching was low on 43% of farms and >60% of farms had no manure,
cover crops, trenches and terraces. Coffee plant level agronomic practices showed that farmers
who were not de-suckering and pruning and those who had moderately desuckered and pruned
their coffee was almost equal (30-40%). However, majority (70%) of them had not changed
cycle of their coffee. Banana plant level management practices showed that generally farmers
were practising de-suckering, deleafing and debudding (>50%) and atleast 30% were practising
corm removal and propping. Basing on the highest coefficient of regression (R?), the agronomic
constraints most related to coffee and banana yield loss were number of stems (R?=0.76), de-
suckering (R?=0.97) and density of trees (R?=0.91). For bananas they were de-leafing (R?>=0.87),
corm removal (R?=0.89) and density of trees (R?-0.77).

5.2 Conclusions

This study
e Farmers had knowledge of the abiotic and agronomic constraints limiting coffee and
banana production in the region and how they manage them. They reported broad-leaved

and grassy weeds as agronomic constraints and soil fertility, soil erosion and drought as
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abiotic constraints.

Most of the fields were moderately weeded as well as mulched. However, manuring,
trenches, cover crops and terraces were rarely done. On the other hand, most coffee
plants were moderately desuckered as well as prunned but not no evidence of change of
cycle. Also most banana plants had been desuckered, deleafed and debudded; however,
corm removal and propping were practiced at a low level.

Scatter plots identified desuckering, density of shade trees/shubs and number of coffee
stems as agronomic constraints most related to coffee yields, whereas; corm removal, de-

leafing and density of shade trees/shrubs were for bananas.

5.3 Recommendations

Therefore, yield gap of coffee and banana caused by the agronomic constraints identified in this

study should be estimated. This forms the basis for developing an effective and site-specific

management strategy for these constraints in the coffee-banana agro-forestry systems of

southwestern Uganda.

5.4 Suggestions for further research

The coffee-banana agro-forestry systems should be optimized to design the best-bet
combinations for managing the agronomic and abiotic constraints of coffee and bananas.
The intercropping design should be determined that is most suitable to describe

competition effects in coffee-banana agroforestry systems.
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Appendices

Appendix 1: QUESTIONNAIRE GUIDE FOR FARMERS WITH EXISTING COFFEE-
BANANA AGROFORESTRY SYSTEMS.

Dear Sir/Madam,

My name is NAKIBUULE LILIAN. I am a student at Uganda Martyrs University carrying out
research on management of abiotic and agronomic constraints through optimization of coffee-
banana agroforestry systems in south-western Uganda. | would like to assess your knowledge on
the major agronomic and abiotic constraints hindering coffee and banana production and the
strategies you are using to manage them. The information that you will provide will help in
identifying which abiotic and agronomic constraints in coffee and bananas contribute to the
yield-gap in coffee-banana-agroforestry systems inorder to best manage them.

| believe you have crucial information on the above subject matter and thus request you to give
me feedback on the questions below. | request you to be as truthful as you can in providing me
with this information. Your information will receive the utmost confidentiality it deserves, and
will be analyzed for the purpose herewith stated. Finally, 1 would like to sincerely thank you for

accepting to participate in this study.

SUSTAINABLE COFFEE-BANANA AGROFORESTRY SYSTEMS
(SOCIOECONOMICS)

1. FARM LOCATION

) 21 (P Village:

District: c.oooviiiiiiiiiiiiiiiiinnne Location (GPS) reading: ........cccccvviniiinnnnnen.
Sub county: .....ceeieiiiiiiiinann. Altitude: covvvevineiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeiaeae.
Parish: ...ccooviiiiiiiiiiiinniiinnnns Interviewer: ...ccceevveiiiiiiiiiiiiiiiieiiiiiiieeennn
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2. HOUSEHOLD DETAILS

Name Sex 1=male Age Education
2=female (years | level 0=none
) 1=primary
2=secondary
3=tertiary
Respondent
Household head
3. FARM DATA
Total farm size Proportion
(Acres)

0=0% 1=1-25% 2=26-50% 3=51-75% 4=>75%

Annual crops | Coffee Bananas Trees and shrubs

4. STATUS OF COFFEE AND BANANA PLANTATIONS

Crop Coffee | Banana

i) Field status (1=still in use 2=cut down 3=uprooted4=semi abandoned
5= abandoned)

If abandoned, why?

1=black coffee twig borer (BCTB) 2=coffee berry borer (CBB) 3=coffee
wilt disease (CWD) 4=coffee leaf rust 5=banana weevils 6=nematodes
7=banana bacterial wilt (BBW) 8=Sigatoka 9=Fusarium wilt 10=other
pests (specify) 11=other diseases (specify) 12=soil fertility 13=moisture
stress 14=others (specify) NA=not applicable
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i) Clones grown

Coffee Proportion Bananas Proportion
0=0% 1<25 0=0% 1<25
2=26-50% 2=26-50%
3=51-75% 3=51-75%
4=>75% 4=>75%

Indigenous Robusta EAH bananas (matooke &

mbidde)

Robusta elite Ndiizi

Robusta clonal Bogoya

Nyasaland Gonja

Improved Arabica Kayinja

Lowland Arabica Kisubi

(catmors)

Others (specify) Kivuvu

FHIA17

Km5

FHIA 25

FHIA 23
Others (specify)
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i) EAHB (matooke and mbidde) cultivars grown

iii) Source of planting materials

Source Coffee Bananas

1=own 2=other farmers 3=forest 4=nursery
5=government/extension 6=NGQO’s (specify)
7=researchers 8=politician 9=others (specify)

iv) Crop yields in the last year

Coffee Quantity (specify Amount (UgShs)
units)

Number of units (specify) per season
(main crop)

Number of units (specify) per season (fly
crop)

Bananas

Number of bunches of cooking bananas
per month

Number of bunches of beer bananas per
month

Number of bunches of dessert bananas per
month
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5. PRODUCTION CONSTRAINTS AND COPING STRATEGIES (probe!)

Soil and water constraints

Constraints

0=no
1=yes

Coping mechanisms

Coffee

Banana

Declining soil
fertility

0= nothing 1=organic
fertilizers 3=inorganic
fertilizers (specify) 4=others
(specify) NA=not applicable

Soil conservation
(erosion)

0= nothing 1=grass bands
3=terraces 4=mulching
5=trenches 6=others (specify)
NA=not applicable

Drought/moisture
stress

0= nothing 1=mulching
2=irrigation 3=shade trees
4=others (specify) NA=not
applicable

6. COFFEE-BANANA-AGROFORESTRY SYSTEMS

6.1 Intercropping

i) Crop species grown in coffee/banana systems (excluding trees and shrubs)

Crop 0=no | If yes, specify (NA=not applicable), if both crops are grown together, fill
1=yes | one row only

Coffee

Banana

73




i) Advantages and disadvantages of intercropping (circle applicable)

Advantages

1=none 2=diversify food production 3=diversify
income 4=shade 5=better utilization of space
6=moisture retention 7=pest and disease
management 8=mulching material 9=manure
10=suppression of weeds 11=reduce impact of
climate change 12=improve quality of coffee
13=conservation of biodiversity 14=promotion of
ecological processes e.g. decomposition and
pollination 15=others (specify)

Disadvantages

1=none 2=competition for nutrients,
moisture and light 3=soil exhaustion
4=harbor pests (specify) 5=harbor

diseases (specify) 6=others (specify)

6.2 Trees and shrubs
1) Presence of trees and shrubs

Crop | 0=no | Ifyes, specify (NA=not applicable), if both crops are grown together,

1=yes | fill one row only

Coffee

Banana
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il) Advantages and disadvantages of trees and shrubs (circle applicable)

Advantages

1=none 2=shade 3=food (fruits) 4=income 5=
timber 6= firewood 7= herbal medicine 8=
making backcloth 9= fodder (animal
feed)10=mulching materials

11= manure 12=Dbetter utilization of space
13=moisture retention 14=pest and disease
management 15=suppression of weeds 16=reduce
impact of climate change 17=improve quality of
coffee 18= improve quality of bananas
19=conservation of biodiversity 20=promotion of
ecological processes e.g. decomposition and
pollination 21=others (specify)

Disadvantages

1=none 2=competition for nutrients,
moisture and light 3=soil exhaustion
4=harbor pests (specify) 5=harbor
diseases (specify) 6=falling
trees/branches damage coffee
7=compact soils 8=others specify

SUSTAINABLE COFFEE-BANANA AGROFORESTRY SYSTEMS (BIOLOGY)

1. FARM LOCATION

Date: ..o Interviewer:

DIStriCt: s Village:

Sub-couNty: ..o Location (GPS) reading: .........cccccecvevvevivevnennnn.
Parish: c.cooviiniiiiiiiiiiiiiiiiiiiinn Altitude: c..oovnviiniiiniiiiiiiiiiiiiiiiiiiiiiiinnne,

2. FARM LEVEL

i) Slope of the farm (1=flat 2=gentle
3=steep):
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i) Farm management

Practice | Intensity Method Coffee | Bananas
0=not
practicing
1=low
2=medium
3=high
Weed 1=hoe 2=mulching 3=slashing 4=burning
control 5=herbicide (specify) 6=others (specify)
NA=not applicable
Mulching 1=self 2=annual crop residues 3=grasses
(specify) 4=maize stover 5=others (specify)
NA=not applicable
Manuring 1=cow dung 2=poultry manure 3=composit
manure 4=others (specify) NA=not applicable
Cover 1=grass (specify) 2=leguminous plants
crops (specify) 3=other annual crops (specify)
4=others (specify) NA=not applicable
Trenches
Terraces
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iil)Crop management

Crop Intensity 0= not practicing 1=low 2=medium 3=high

Coffee | Desuckering | Pruning | Change | Deleafing | Debudding | Corm Propping
of cycle removal

Banana

iv) Intercropping

Crop Intensity If yes, mention all the crop species present (NA=not
. applicable)
0=no intercrops 1=low
2=medium 3=high
Coffee
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Bananas

iv) Trees and shrubs

Crop Intensity If yes, mention all the tree species present (NA=not
0=no intercrops 1=low | applicable)
2=medium 3=high
Coffee
Bananas
2. PLANT LEVEL
2.1. COFFEE
Plant | Clone No. of Desuckered Change of cycle
no. type* stems
0=no 1=yes 0=no 1=yes
1
2
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*1=Robusta elite 2=Robusta clonal 3=Nyasaland 4=Improved Arabica 5=Lowland Arabica

(catmors) 6=O0thers (specify)

2.2. BANANAS
Mat | Clone | No. of banana | Deleafed | Debudded | Corm Propping
no. | type* plants removal | 0=no
0=no 0=no 0=no | 1=yes
F PF | Sck | 1=yes 1=yes 1=yes
1 -
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*1=EAH bananas (matooke) 2=Ndiizi (kabalagala) 3=Bogoya 4=Gonja 5=Kayinja (musa)
6=Kisubi 7=Kivuvu (Kidozi, Bokora) 8=FHIA17 9=Km5 10=FHIA25 11=FHIA23

Fl=Flowered PF=Pre-flowered Sck=Suckers
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Appendix 11: FIELD PICTURES

Source; field data: Interviewing a farmer to obtain knowledge on the abiotic and agronomic

constraints and coping strategies in coffee and bananas

~ ST

Source; field data: Coffee-banana intercrop system
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Source; field data: Coffee-banana-agro-forestry systems
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