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ABSTRACT

The persistent decline in Arabic coffee production annually in Buginyanya Sub-
county has necessitated smallholder farmers to adopt the use of fertilizers to
improve coffee production. This study evaluated farmers’ perception, knowledge,
and socio-economic factors that affect fertilizer use in arabica coffee production in
Buginyanya sub-county, Bulambuli district. The study adopted a mixed-methods
approach to provide a comprehensive analysis of the survey data of 240 respondents.
Chi Square statistics was used to determine the relationship between agronomic
practices and arabic coffee production (Output) while ordered logit model was used
to determine the level of fertilizer usage among smallholder Arabic coffee farmers
in Buginyanya Sub- County. The impact of perception, socioeconomic factors, and
institutional features on fertilizer use adoption was then examined using a
multivariate probit model. The finding revealed varying degrees of the influence of
recommended agronomic practices on Arabica coffee output in the study area. The
Variance Inflation Factor (VIF) values (Fertilizer use, 1.65; weed control, 1.52; Use
of improved seed, 1.38; others, <1.8) below the commonly accepted threshold of 10
confirmed reliability of the regression coefficients. Furthermore, multiple linear
regression analysis indicates that use of improved coffee seed varieties, application
of inorganic fertilizers, proper plant spacing, pruning, and weed control were
statistically significant predictors of coffee output. The study also showed that both
socio-economic characteristics and institutional factors play a significant role in
shaping fertilizer adoption behaviour among Arabica coffee farmers. Education level
(p=0.014; B =0.081), access to extension services (p = 0.001; B = 0.628), availability
of credit access (p = 0.002; B = 0.452), farm size (p = 0.023; B = 0.319) and income
from coffee (p = 0.022; B = 0.0002) with fertilizer use. Positive perception of
Fertilizer use on yield (93.52%, n = 231), very risky on microflora (89.88%, n = 222),
high risk on livestock (88.66%, n = 219), very risky on water quality (89.88%, n = 222)
and very risky on food safety (85.43%, n = 211). Agricultural extension services should
be expanded and better resourced to provide consistent and context-specific
training on best agronomic practices. Furthermore, policymakers and development
partners should promote inclusive access to financial services, such as input credit

schemes and agricultural subsidies, particularly for resource-constrained farmers
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CHAPTER ONE
INTRODUCTION

1.1 Background of the study

Global coffee production is estimated at 169.34 million bags (World Data Atlas,
2020). Brazil accounts for around one-third of global coffee production, establishing
itself as the preeminent producer, succeeded by Vietnam, Colombia, Indonesia, and
Ethiopia (Voora et al., 2019). In Africa, coffee production is estimated at 18.7 million
60kg bags (World Data Atlas, 2021). Ethiopia and Uganda lead the region in coffee
production, collectively representing 62% of Sub-Saharan Africa’s coffee volume
(Ogundeji et al., 2019). In East Africa, notable coffee-producing nations comprise
Ethiopia, Kenya, Tanzania, Uganda, Rwanda, and Burundi (Lemma and Megersa,
2021). In this East African region, smallholder farmers predominate in the coffee
sector, enabling the area to excel in coffee production compared to the rest of Africa
(FAOSTAT, 2020). In 2020, East Africa’s coffee production represented 82% of
Africa’s total output and roughly 10% of global production (Ferreira, 2019).

Although coffee is the country’s highest-earning export cash crop, Uganda is ranked
eighth in world for coffee production, second in Africa and first in East Africa
(Lemma and Megersa, 2021). It is one of the most significant cash crops, contributing
immensely to the livelihoods of numerous smallholder farmers and serving as a
significant source of foreign exchange earnings for Uganda (Nyamuhumuza, 2021).
According to the Uganda Coffee Development Authority (UCDA), the government
organization in charge of the industry, estimates that approximately 500,000
households rely on coffee production (Muratori, 2016). Apart from Robusta coffee,
Uganda also produces Arabica coffee in the East of the country (on Mount Elgon
which borders Kenya) and in the Western part of the country (on the border of the
Congo) (Jun, 2020). Arabica coffee of Uganda originates from Ethiopia and
was naturally grown on Mount Elgon’s slopes (Tembrock, 2021). Due to its superior
quality, Arabica coffee is more competitive on the global market (Morjaria, 2018).
However, Arabica coffee makes up an average production of only 15% annually as
compared to 85% Robusta in Uganda (FAOSTAT, 2020).



Uganda’s coffee production dropped by 7.02 % from 312,601 tonnes in 2019 to
290,668 tonnes in 2020 (FAOSTAT, 2021). Since the 24.27 % jump in 2017, coffee
production decreased by 3.77 % in 2020 and the arabica coffee annual production is
as low as 15% (FAOSTAT, 2020). According to the study conducted by Nyamuhumuza,
(2021) in Kenya showed that, the decline in production of coffee was attributed but
not limited to; limited extension services, lack of awareness and knowledge on
fertilizer use in the coffee gardens, farmers income level, employment status, costs
of out puts, access to information about coffee production, land size, and failure to
apply proper crop agronomic practices like fertilizer which have gone a long way to

cause the country’s pathetic arabica coffee production decline.

Good nutrition is necessary for coffee to grow vigorously with reduced susceptibility
to pests and infections (Piato, 2020). Larger, bolder beans that are of higher grade
and price are linked to an adequate supply of nitrogenous fertilizer (Mulatu, 2019).
According to Antonious (2018), the best way to boost Arabica coffee productivity
and improve the industry’s competitiveness internationally is to adopt and apply
fertilizers to Arabica coffee farms and gardens. This strategy preserves the primary
source of livelihood for the rural farming community in areas that produce a lot of
coffee, like Bulambuli district (Nyamuhumuza, 2021). Similarly, fertilizer use helps
enhance and translates high soil fertility into healthy coffee plants and higher yields
(Mulatu, 2019).

Although coffee can be produced at an average minimum annual rainfall of 1200 to
1600 mm without too long hot dry season, water and nutrient stress significantly
affect its growth and overall yield (Etefa et al., 2019). Meerburg et al., (2019)
reported that arabica coffee yield increases with an increase in nutrient availability
and with no effects of water stress. However, according to Hatfield and Prueger
(2015), and Lobell et al. (2018) noted a 1% reduction in nutrient availability to coffee
plant per day even under optimal rain-fed conditions which causes a great effect to
the yield in the long run. Studies have shown that fertilizers can increase the coffee
farm yield through improvement of soil fertility (Mayanja, 2018). Lack of water for
coffee plants can result in physiological issues and a significant drop in productivity

since coffee are not immune to water shortages. Certainly, some fertilizers



also serve as water reservoirs and could improve the physical properties of soil,
which increase coffee productivity and, consequently, production (Lemma
& Megersa, 2021).

Although fertilizers have a great impact on coffee yield due to high supply of
nutrients needed by coffee plants, it’s estimated that only 20% of smallholder
arabica coffee farmers in Elgon region especially Bulambuli district have embraced
the use of fertilizers in arabica coffee production (Mayanja, 2018). According to
Bulambuli district annual report, (2021) indicated that although coffee farmers in
the region have tried to increase coffee production by increasing its acreage, its
production has continued to decrease per year. This is attributed to the soils under
arabica coffee production continually being depleted of nutrients without
replenishment (Mutanyagwa et al., 2018). Additionally, socio-economic factors such
as; farmers’ age, education level, land size, culture and norms, employment, and
farmers’ income greatly determine the crop’s production and yield Guzman and
Javier Santos, (2018), and these factors affect the adoption of an innovation
Mutanyagwa et al., (2018) which equally may affect fertilizers’ usage in Arabica

coffee production in the Elgon region (Mayanja, 2018).

Considering the importance of fertilizers in coffee production, on the other hand,
their use by farmers ought to be growing; yet this has not worked in Bulambuli
district as expected (Mayanja, 2018). Therefore, soil fertility management is a
considerable key factor in addressing increasing soil fertility depletion in arabica
coffee-producing areas such as Bulambuli district, Buginyanya sub-county in the
Elgon region of Uganda through adoption and use of fertilizers is paramount. Thus,
the study assessed famers’ perception, knowledge and socio-economic factors that
affect fertilizer use in Arabica coffee production in the Buginyanya sub-county,

Bulambuli district.

1.2 Problem statement

Although fertilizer use in Arabica coffee production, has a great effect on the yield

(Coffee Research Institute. 2019). In Bulambuli District especially Buginyanya Sub-



County, the available literature indicates that only 20% of smallholder farmers have
embraced the fertilizer use (Musoni, 2020). In addition, the persistent decline in
Arabic coffee production in the area is attributed to the low usage of fertilizers and
changes in climatic conditions (Wanyama et al., 2017). In the past two decades,
Arabic coffee production in Buginyanya Sub- County, has persistently dropped by 5%
annually (DLG, 2020). More efforts have been deliberately beefed up to address the
problem of increasing soil fertility depletion in coffee production by farmers
adopting the use of fertilizers to improve arabica coffee production. Presently, there
is no study done in the Bulambuli district to document farmers’ knowledge,
perception, and socio-economic factors that affect the adoption and use of
fertilizers among arabica coffee farmers in the Buginyanya sub-county, Bulambuli
district. Thus, it is pertinent to assess farmers’ perception, knowledge, and socio-
economic factors that affect fertilizer use in arabica coffee production in

Buginyanya sub-county, Bulambuli district.

1.3 Objectives of the study

1.3.1 The main objective

To evaluate farmers’ perception, knowledge, and socio-economic factors that affect
fertilizer use in arabica coffee production in Buginyanya sub-county, Bulambuli
district.

1.3.2 Specific Objectives

1) To determine the relationship between agronomic practices and Arabic
coffee production among smallholder farmers in Buginyanya Sub-
County.

2) To determine socioeconomic and institutional factors that influence
the level of fertiliser usage among smallholder Arabic Coffee farmers
in Buginyanya Sub-County.

3) To determine the role of perception, socio-economic and institutional
factors on the uptake of fertiliser use among smallholder Arabic Coffee

farmers in Buginyanya Sub-County.



1.4 Research questions

1) What is the relationship between agronomic practices and Arabic
coffee production among smallholder farmers in Buginyanya Sub-
County?

2) What are the socioeconomic and institutional factors that influence the
level of fertiliser usage among smallholder Arabic Coffee farmers in
Buginyanya Sub-County?

3) What is the role of perception, socioeconomic and institutional factors
on the uptake of fertiliser use among smallholder Arabic Coffee

farmers in Buginyanya Sub-County?

1.5 Justification of the study

Contemporary agriculture is characterized by extensive overuse of inorganic
fertilizers in order to boost yields. This has created increasing campaigns by the key
stake holders in the agricultural sector (GoU/MAAIF, 2020; FAO, 2019). Coffee is one
of the most significant cash crops in Uganda, contributing significantly to the
livelihoods of many impoverished people while also being a significant source of
foreign exchange earnings (FAOSTAT, 2018). According to UCDA, (2020) estimates
that about 500,000 households depend on coffee production. Arabica coffee is more
competitive on the international market because of its superior quality (FAOSTAT,
2018).

However, its annual production is very low and estimated on average at 15% as
opposed to 85% Robusta coffee (UCDA, 2020). Although its production is very low, it
has continued to worsen, and its estimated reduction is at 3.77% per year in the
Elgon region (Mutanyagwa et al., 2018). The decline in production is attributed to
poor agronomic practices (Mulatu, 2019). Given that arabica coffee is the primary
source of income for the rural farming population in areas that produce a lot of
coffee, like Bulambuli district, using fertilizer is one way to boost the crop’s
productivity and production and improve its ability to compete internationally
(Nyamuhumuza, 2021). The use of fertilizers is known to increase crop productivity
Lemma and Megersa (2021) but equally could improve physical soil characteristics

to enhance coffee productivity (Lobell et al., 2018).
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Additionally, literature on level of fertilizer usage among smallholder Arabica coffee
farmers in this region is scanty. Due to its impact on farmers’ behavior and decision-
making process, farmers’ perception is crucial when choosing which fertilizer to use.
Consequently, this may lead to reduced crop yields due to reduced soil fertility and
climatic changes in the region. Hence, leading to increased yields, increased farm
incomes, improved livelihoods and better living standards. Moreover, findings from
this study will enable policy makers to formulate intervention and strategies that
promote appropriate fertilizer use in coffee production and conservation of the

environment.

1.6 Significance of the study

The study is of significance to the following stakeholders.

Farmers: The findings shall equip farmers with knowledge of fertilizer and its
importance in arabica coffee production to improve arabica coffee yields in the
area. This is under the pretext that local knowledge is vital for preserving
biodiversity, while at the same time practicing farming, which is considered a vital
strategy.

Agricultural Extension staff: Extension practitioners may be acquainted with
knowledge about the socio-economic factors that affect arabica coffee production
in the Bugisu sub-region and the farmers’ knowledge and perception of the use of
fertilizers.

Policymakers: The study may help policymakers such as the Ministry of Agriculture
technocrats understand the socio-economic factors that affect fertilizers’ usage in
arabica coffee production in the region and farmers’ knowledge about the use of
fertilizers in arabica coffee production in the region which would help in the
development and promotion of fertilizer’s use in arabica coffee production in the
area.

Researchers and academicians: Findings from the study may help researchers and

academicians to identify research gap for further research.



1.7 Scope and limitation of the study

The study was limited to smallholder Arabic coffee farmers of Buginyanya Sub-
County, Bulambuli District. The selected main issues in this study included
relationship between agronomic practices and Arabic coffee production among
smallholder farmers, the level of fertilizer usage and role of perception, socio-
economic and institutional factors on the uptake of fertilizers among smallholder
farmers. The findings in this study though useful were limited in that farmers
interviewed hardly keep records on fertilizer use. Consequently, most of the answers
to questions were based on the farmer’s understanding and memory. However,

thorough probing was undertaken to ensure respondents give accurate data.

1.8 Operational definition of terms

Fertilizer: As used in this study, Fertilizer refers to synthetic compounds used by
farmers in boosting crop growth and yields. Some examples of fertilizer include DAP,
UREA, CAN and TSP among others.

Agronomic Practices: Refers to activities that are associated with field crop
production, including soil-water management, land preparation, weeding, pruning
and row cropping among others.

Smallholder farmer: Refers toa farmer whose area under Arabic coffee production
is not more than five acres.

Household: Refers to an individual plus her/his dependents who have lived together
for a duration of six months or more. The members are answerable to one person as
the head and share a meal together.

Weed: As used in this study, weed refers to plant or organism that is considered to
be undesirable or destructive and compete with crops for resources such as water,

light, and nutrients in crop production.



CHAPTER TWO
LITERATURE REVIEW

2.1 Arabic Coffee Production in Uganda

Arabica coffee (Coffea arabica) is not native to Uganda, it was introduced in the
early 20th century and has since become an important cash crop for the country
(Smith, 2010). Over the past decade, Uganda’s Arabica coffee production has
witnessed substantial growth (ICO, 2021). Arabica coffee in Uganda is one of the
chief beverage crops mainly grown in high altitudes and cold areas. It is cash crop
and grown for export purposes mainly (UCDA, 2019). It is mainly grown in the
highland areas of Uganda, such as the slopes of Mount Rwenzori, Mount Elgon, and
southwestern region of the country. According to Uganda Coffee Development
Agency, output of Arabica coffee of Uganda has increased progressively from nearly
1.2 million bags in 2010 to an estimated 2.8 million bags in 2022 (UCDA, 2022). This
steadfast progression can be attributed to various factors, including augmented
investments, favorable weather conditions and improved farming practices among
others (MinAg, 2018). Arabica coffee production in Uganda provides a significant
employment opportunity to over 1.7 million smallholder farmers and foreign
exchange earnings, offsetting unfavorable balance of trade (UG Gov, 2019). Coffee
exports brings a substantial share of Uganda’s foreign earnings, with Arabica coffee

being the leading contributor (Johnson, 2021).

In recent years, coffee has remained Uganda’s top agricultural exports, maintaining
a strong significance in driving the economy (UCDA, 2019). This is due to tremendous
growth in interest and investment in Arabica coffee production (UCDA, 2019).
Accordingly, initiatives such good quality coffee, training and support to farmers,
and establishment of direct trade relationships with international buyers facilitated
the growth (Johnson, 2021). These initiatives were aimed at promoting sustainable
practices, improve processing methods, and enhance the overall value chain of
Arabica coffee in Uganda (UCDA, 2022). The trend in coffee production in Uganda is
a factor of weather conditions, market demand, and government policies. Some of

the major Arabic producing areas in Uganda as shown in (Table 1) below.



Table 1: Some of the major Arabica coffee producing areas in Uganda

Region Arabica coffee producing Areas

Western Uganda areas around the Rwenzori Mountains and in the districts of
Mbarara, Ibanda, Kasese and Bushenyi

Eastern Uganda  Bugisu around Sipi Falls on the western slopes of Mount Elgon in
the district of Manafwa, Mbale, Bududa, Bulambuli, Kapchorwa

and Sironko

(Primary Data, 2022)

2.2 Fertilizer use in Arabic Coffee Production in Uganda.

Arabica coffee, also known as Coffea arabica, is a profitable cash crop in many
coffee-producing regions around the world. Majorly, its production is undertaken by
smallholder farmers particularly in Middle East, Africa and Latin America. As a
prerequisite, smallholder farmers should correctly implement recommended Good
Agronomic Practices timely, such as soil and water conservation, pruning,
fertilization, and the control of pests and diseases among others to maximize crop

productivity and profitability.

Studies have shown a strong positive correlation between improved arabica coffee
production outcomes and the implementation of these good agronomic practices.
For instance, properly prepared land involving both appropriate cultivation and
harrowing to break soil clogs for better aeration is associated with better coffee
growth and increased yield (Nakiganda et al., 2019). According to Wekesa et al.
(2018), effective land preparation incorporates organic materials into the soil to
improve its fertility and raise yields. High-yielding and disease-resistant coffee
varieties increase productivity due to lower chances of yield losses (Alves et al.,
2018). Therefore, smallholder farmers should concentrate on using coffee varieties
designed to withstand particular agro-climatic conditions and disease resistant
(Smith, 2019).

Soil and water conservation has been shown to influence coffee production and
productivity according to Jones et al. (2020). Soil and water Conservation integrates
use of organic matter and other techniques that improves soil structure, adds

nutrients into the soil and improves water retention (DaMatta et al., 2018). Soil
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retention mechanisms like mulching not only improves soil fertility through
decomposition but helps maintain soil moisture into the soil by reducing evaporation
according to Montagnon et al. (2021). Alves et al. (2019) revealed that NPK
(nitrogen, phosphorus, and potassium) fertilizers is associated with health coffee
plats growth and better fruiting of high quality. This was confirmed by Chaparro-
Giraldo et al. (2020) in Colombia that the use of chemical pesticides like NPK has

the ripple effect of 34% increase in the yield on productivity.

Plant density significantly influence coffee plant yields. It has been shown that high
plant density is associated with high coffee yields. This is because at close spacing
weeds suppressed and more fruiting points due to higher plants (Avelino et al.,
2019). At close spacing light interception that facilitate the process of
photosynthesis is enhanced, and this enables higher fruit setting and increased

coffee production.

Canopy management practices are critical for maintaining vigorous coffee plant
growth, controlling disease spread, and facilitating penetration of light (Montagnon
et al., 2021). Practices such as pruning facilitates growth of multiple new shoots and
rejuvenates plants with increased flowering and fruit production (Zullo Jr et al.,
2020; Green et al., 2021). Regular pruning therefore helps removes infected
branches especially for fungal infections and intensifies air circulation within the
canopy (Brown, 2018). The canopy management practice like appropriate pruning
has proven to positively impact coffee production especially increasing coffee yield
and quality (Abiyu, 2020; Alves et al., 2019). Johnson (2008) further demonstrated
that proper pruning increases light penetration, facilitates air circulation, reduces
disease incidence, and enhances yield. Shade Management significantly affects plant
physiology and growth. Research by Somarriba et al. (2004) demonstrates that
appropriate shade management is associated with enhanced photosynthetic

efficiency, reduced temperature stress and improved overall coffee quality.

Effective management of pest and diseases helps to mitigate yield losses and
maintain healthy coffee plants (Abiyu, 2020). Such management practices include
use of Integrated Pest Management (IPM) strategies, which integrate chemical,

biological, and cultural control techniques. Integrated Pest management strategies
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have demonstrated positive result in lowering pest populations (Bisseleua et al.,
2022). Diseases such as coffee leaf rust and coffee berry disease can be prevented
by using disease-resistant coffee variety and good field hygiene practices, elements
of Integrated Pest Management. Abiyu, (2020) indicated that shade management and
intercropping have the potential to control pests and diseases in coffee fields and
improve coffee yields. More directly, using chemicals i.e. pesticides and fungicides
to manage pests and diseases also increase coffee yields (Chaparro et al., 2020).
However, the yields are greater when organic fertilizers are used (Abiyu, 2020). Use
of fertilizers in Arabica coffee production is crucial to realize better outcomes
(Chaparro et al., 2020). The only considerations while using fertilizer are type and
application rate. In Colombia and Brazil, Alves et al., 2019 and Chaparro-Giraldo et
al., 2020 demonstrated that using of fertilizers in coffee plantation enhances coffee

yields and quality.

2.3 Socioeconomic factors influencing the level of fertilizer usage among

smallholder Arabica Coffee farmers

Fertilizer usage in agricultural production has been associated with improved crop
yields and profitability. Fertilizer’s usage is influenced by socioeconomic factors.
Some of these socioeconomic factors and their influence on fertiliser use are as

discussed below;

Johnson et al. (2017) revealed that farm size is a major determinant of fertilizer
usage among smallholder farmers globally. For instance, large amount of fertilizers
are required in large farms and consequently better returns on investment (Smith et
al., 2018). Silva et al. (2020) affirmed that commercial farms often have higher
fertilizer application rates than those with low landholdings. In other related
studies, income of the farmers which relates to purchasing power influence the
ability to acquire fertilizers (Smith, 2018; Jones et al., 2019; Al-Wadei et al. (2017).

Education level of the farmers affect their ability to utilize and adhere to farming
principle such as application of fertilizers (Chen & Li, 2018). For instance,
knowledgeable farmers are more likely to utilize fertilizers and carefully adhere to
the application rate than the illiterate ones (Silva et al., 2020). Another study in

Uganda affirmed that farmers with greater education level are more motivated to
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apply fertilizer (Asenso-Okyere et al., 2015). These studies revealed that adherence
to agronomic practice including fertilizer use could be determined by level of
education (Johnson et al., 2016). Research affirms that knowledgeable farmers are
awareness of the advantages of using fertilizers in coffee plants (Gupta et al., 2017).
Shiferaw et al. (2014) acknowledged that adoption behavior of smallholder farmers
in Ethiopia was influenced by education. Particularly, farmers who were aware of
the importance of fertilizers and their proper application were more likely to

ignorant ones (Silva et al., 2020).

Another determinant of utilization of agricultural practices such as fertilizer is age
factor (Smith, 2018). As revealed, older farmers tend to use traditional farming
practices than the younger farmers who were more receptive to new technologies

including use of fertilizers (Brown & Jones, 2019).

Furthermore, gender of the farmers also determine use of modern agronomic
practices such as use of fertilizers. For instance, female farmers in some societies
in Zimbabwe lack access to productive resources including fertilizers due to
limitedness in decision-making power and control over agricultural inputs as opposed

to male farmers (Anderson & Johnson, 2021; Gupta et al., 2017)

Household size also affect adoption of farming technologies like fertilizer usage.
Lopez et al. (2019) demonstrated that bigger size of the household often have ready
labor and resources to support farming activities. However, larger households often
have greater financial needs and this inhibit investment in fertilizers (Wilson, 2020).
Access to financial resources has been confirmed to affect fertilizer usage according
to Huang & Wang (2020).

The experience of the farmers also affects fertilizer use, according to Thompson et
al. (2015). As noted by Roberts & Johnson (2019), greater experiences are linked to
better understanding of technical knowledge including advantages of fertilizers and

application methods and rates.
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2.4 The institutional factors influencing the level of fertilizer usage among

smallholder Arabica Coffee farmers

Several factors attributed by several institutions influence the level of fertilizer
usage among smallholder Arabica coffee farmers. One notable institution is the
cooperative organization. As learned, the strength of a cooperative organization is
purposely demonstrated in the bargaining power to access improved agricultural
inputs, such as fertilizers cheaply, since they are usually in bulk (Smith, 2019; Jones
2020). Cooperatives also provide avenue to acquire knowledge and information
exchange major farming practices including proper use of fertilizers (Brown, 2018).
Farmers organize themselves in groups and receive tailored trainings. For instance,
agricultural cooperatives in Ethiopia support farmers with credit facilities,
negotiating better prices and training and extension services (Anderson, 2022;
Johnson, 2021; Garcia, 2020). Such programs promote sustainable use of fertilizer
among smallholder farmers, which raises their income levels through improved

coffee productivity (Lee, 2017).

Regulatory frameworks and policy guidelines regarding the use of agrochemicals is
another institutional factor. In most cases, government through various initiatives
subsidize prices of agro inputs such as fertilizers, which makes fertilizers more
affordably (Smith 2018; Brown & Johnson 2020). For example, the Government of
Yemen has introduced subsidy program on fertilizers and that greatly reduced
financial burden on coffee farmers (Jones, 2022). Relatedly, some governments have
set up initiatives to educate farmers on fertilizers usage, choices and how to apply
through agricultural extension programs (Wang et al., 2019). In the extension
programs, farmers are guided on proper practice and rate of fertilizers application
and soil management practices and that significant increased investments in
agricultural extension services (Smith, 2018). These initiatives raise awareness and
understanding of the benefits of using fertilizers on the productivity of Arabic coffee
farming among smallholder farmers, consequently leading to higher adoption rates
(Wang et al., 2019).

Another institutional element that significantly affects fertilizer use is the

availability of credit facilities to farmers. The credit facilities assist farmers to
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access agro inputs such as fertilizers during the difficult period of planting, weeding,
fertilization harvesting and post-harvest handling. According to Johnson et al.
(2020), smallholder farmers are faced with financial challenges when buying
fertilizer for their coffee plants. One practical way is the use of coupons instead of
real money up to the set maximum credit level to purchase fertilizers from
cooperatives or microfinance institutions (Brown & Jones, 2019). Farmers are more
likely to adopt fertilizers and use them at recommended rates when they have better
access to credit, according to Adams & White (2021). In Colombia, coffee farmers
are certified with standardized farming practices such as sustainable smart farming
in order to receive incentives such as fertilizers either organic or inorganic, etc.
(Garcia et al., 2022). According to Robinson & Smith (2019), these certification
programs guarantee these farmers markets at premium prices for their products.
The availability of a premium market and the financial benefits associated with
certification encourage farmers to adopt fertilizers and comply with sustainable

practices (Sanchez et al., 202; Gutierrez & Martinez, 2020).

2.5 The role of perception, socio-economic and institutional factors on fertilizer

use among smallholder Arabic Coffee farmers

Smallholder farmers are the basis of sustainable agriculture globally especially in
developing nations (FAO, 2020). These smallholder farmers through various
mechanisms including adoption of fertilizers’ usage impact productivity and
livelihoods (Johnson et al., 2021). For sustainable and effective fertilizer use,
Arabica coffee farmers should understand the roles of perception, socioeconomic

factors, and institutional frameworks, as explained below:

Perception Factors: Perception reflects a subjective process where individuals
interpret and organize information about the usage of fertilizers. Therefore,
perception can be influenced by various factors including personal experiences,
cultural background and emotions. Among others. There is a direct relationship
between perception and adoption of fertilizers usage by smallholder farmers. For
example, Silva et al. (2019) found that farmers who had a favorable opinion of
fertilizers were more likely to adopt the use of fertilizers than the counterparts. The
possible advantages and cost-effectiveness of using fertilizers influenced this

opinion.
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Socioeconomic Factors: The ability of farmers to adopt fertilizer use is significantly
influenced by socioeconomic factors. Studies continuously demonstrate that the
adoption of agricultural inputs, such as fertilizers, is influenced by farmers’ income,
credit availability, and resource endowments. According to Nyanga et al. (2016), for
instance, farmers who earn more money are more likely to use fertilizers because
they can afford to buy and apply them. Likewise, Gebremedhin et al. (2018) showed

that farmers can purchase fertilizers by having access to credit facilities.

Institutional Factors: Institutional factors that influence the adoption and usage of
fertilizers among smallholder farmers include but not limited to favorable
government policies and regulations, access to extension services and market
infrastructure among others. For example, a supportive institutional framework
facilitates better access and usage of agro inputs such as fertilizer uptake among
smallholder farmers. Also, availability of extension services in an area enables
farmers to be aware of the likely methodology of improving their productivity. A
study by Rijal et al. (2017) in Nepal found that the availability of extension services
positively influenced farmers’ adoption decisions. Relatedly, Deressa et al. (2014)
reported that well-functioning input markets with reliable supply chains and

competitive prices enhance farmers’ access to fertilizers.

2.6 Conceptual Framework

The conceptual framework below illustrates how perceptions, institutional factors,
and socioeconomic factors, affect farmers’ decisions regarding the use of fertilizer.
Education level, age, gender, household size, farming experience, and perceptions
of farm size are examples of socioeconomic factors. Institutional factors such as
credit availability, extension services, training programs, social networks, and
information availability influence farm productivity and pest management technique
selection. Farmers’ decisions about pesticide use are heavily influenced by these
perception, institutional, and economic factors, which also affect their decisions to
utilize fertilizer. The expected outcomes from the adoption of fertilizer use will be
the changes in the crop yields, income and improvement livelihood. Figure 1
indicates interactions among these factors and how they influence farmer s decision

to adopt fertilizer use as well as the level of usage.
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Figure 1: Conceptual framework on determinants of fertilizer usage and uptake
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CHAPTER THREE
METHODOLOGY

3.1 Study area

The study was conducted in Buginyanya Sub-County, Bulambuli District, which is one
of the leading Arabic coffee producing areas in Uganda, situated in a close proximity
to the Border of Kenya, which is the biggest coffee market in East Africa. The Sub-
County lies within the Great MT. Elgon with volcano soils. It is located at latitude
1.21333% and 34.39306° longitude (1°12’ 48" North, 34°23’ 35" East) and at an
elevation of 1,877 meters above the sea level. Buginyanya Sub- County borders with
Bukhalu and Bulago Sub-Counties. Buginyanya Sub- County covers an area of 4,859
Km? with a population of 3700 males and 3,600 females (UboS, 2020). This Sub-
County is situated in a region that receives bimodal rainfall with long rains ranging
from March to June, with the shortest rains occurring from October to November
(Bulambuli LG, 2019). The temperature ranges from an average of 12°C to 29.3°C.
The county has three parishes namely Buginyanya, Kirwali and MT. Elgon National
Park. Agriculture is the major economic activity in this region with major crops
including Arabic coffee, bananas, maize, beans, carrots and vegetables among
others. Some of the livestock bred kept include; cattle, local poultry, sheep donkeys
as well as bees (Bulambuli DLG, 2019).

M Study Area

Figure 2: map showing study area
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Source: www.bulambuli.go.ug

3.2 Sampling Procedure

The study adopted a multi-stage sampling procedure to select respondents. First,
Buginyanya Sub- County was purposively selected. Second, the three parishes were
purposively selected since they are one of the major coffee producing areas in the
sub-county. Subsequently, random selection of villages in the three parishes was
carried out. Simple random sampling was used to select the required number of
farmers from the selected villages. A list of farmers generated by an agricultural
extension officer of the area and that acted as a sampling frame from which
respondents were drawn. The sample was proportionately allocated to smallholder
farmers growing Arabic coffee with assistance from agricultural extension officer in

the selected villages.

3.3 Sample size determination

The sample size for respondents were determined using Yamane’s formula

(1967:886) as shown in the equation 1 below:

N

Dl S e e seeeeeseessssessseseseesssnnesemeenennenee (1)

1+N(e)?

“n” is the sample size, “N” is total population, “e” is error (0.05) or level of
confidence 95% “N” (population) = 500

540 540 540
n=- ———— n= ————n= — n = 240

1+540(0.05)2 1+540(0.0025) 2.25

Therefore, the study considered 240 respondents from Buginyanya Sub-County

3.4 Data collection and Analysis

The research employed both primary and secondary sources of information.
Qualified enumerators presented semi-structured questions to respondents in order
to gather primary data through in-person interviews. Journals on fertilizer use and
government publications among others, were sources of secondary data. Data was

coded before being analyzed using STATA (version 15) software.
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3.4.1 Analytical framework

Objective one: To determine the relationship between agronomic practices and
Arabic coffee production among smallholder farmers in Buginyanya Sub- County.
Chi Square statistics was used to determine the relationship between agronomic
practices and arabic coffee production (Output) among smallholder farmers in
Buginyanya Sub- County. Agronomic practices examined include: Training/bending
coffee trees, weed control/management, managing soil fertility, Pruning and de-
suckering, Stumping, Mulching, Soil and water conservation practices. This involved

use of percentage, mean, tables and graphs.

Objective two: To determine socioeconomic and institutional factors that
influence the level of fertilizer usage among Arabic coffee farmers in Buginyanya
Sub-county.

Ordered logit model was used to determine the level of fertilizer usage among
smallholder Arabic coffee farmers in Buginyanya Sub-county. The dependent
variable (Yi) was the level of fertilizer usage measured in kilogram per acre applied
where, 0 = under dose, 1= recommended dose and 2= overdose. Fertilizer overdose
refers to the amount of fertilizer applied in excess of recommended dosage as
indicated on the manufacturer’s manual or product label. Fertilizer under dose
refers to the amount of fertilizer applied which is less than the recommended dosage
as specified on the product label. When fertilizer is administered in quantities below
the recommended dosage listed on the product label, it is referred to as fertilizer
under dose. The amount of fertilizer applied per acre is calculated by multiplying
the farmers’ reported application rate by the treated area, and is expressed in

kilogram of the fertilizer per acre (Kg/acre).

Subsequently, the sum of the amounts determined for each application during a
season was used to determine the total amount of fertilizer applied per acre.
Ordered logit model can be formulated as follows (Mellisa and Bryman, 2004);
1nQ,.,,(x)=a, ~xp

Ln M S, X[ eererererereeisesesessrsasre s sess s sssesesesssesssenes (2)
prly>m|x]
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The benefit of this model is that it eliminates the limitation of parallel regression
assumption by allowing estimated coefficient 3 to vary for each of J-1 alternatives.
Hence, that can be written as follows;

LnQ _, (x)=a, —xp For m=1..J-1

Equation 2 can be rewritten in terms of likelihoods as

LnQySm(x):exp[am —xﬁ] FOr M=T. .. J-Tiiiiiiiieiiirieieseessssssssssssssssssssssssssssssssns (3)

The predicted likelihoods can be calculated as follows

eXp(al -xp, )
1+ exp(al -xp3 )

priy=1lx]=

prly = j1x]= exp(a/ — xﬂ_l.) exp(ogF1 - X,B_H)

_ For J=2,.., J-1
1+exp(aj —x,Bj) 1+6Xp(aj_1 _Xﬂj_l)

exp(aj_l —YPa )

1+ exp(a =X )

priy=Jjlx]=1-

Consequently, a; —xf3, Zaﬂ —xp,, so that pr[y:j|x]lies between zero and one

(Mellisa and Bryman, 2004).

Description of the variables and their expected signs as used in the model are
presented in Table 2. The variables were derived from the reviews of the previous
studies (Ajayi, 2000; Alam and Wolff, 2016; Amoabeng et al., 2017; Dasgupta, 2007;
Hashemi, 2012; Jallow et al., 2017; Jin et al., 2017; Macharia et al., 2013; Murendo
et al., 2015; Schreinemachers et al., 2017; Wang et al., 2017).

Table 2: Description of variables in the Ordered Logit model

Variables Description Expected signs
Dependent

Level of fertilizer Quantity of fertilizer in (kgs) (Underdoes,

usage recommended dose and overdose)

Explanatory

Age HH Age (years) of the household head +/-
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Gender HH
Education HH
Farming experience
Farm size

Exten contact

ProductivityPerc

Off Farm Inc.
Traingfert

Information source

Creditacc

Arabica production

Distance fertilizer

Target to Market

Gender of the respondent where 1=male and
O=female

Number of years of schooling of household
head

Farming experience in years

Farm size in acres

Number of contacts with extension services
Attitude towards pesticide use on productivity
where 1=strongly agree 2= agree, 3=uncertain,
4=disagree, 5= strongly agree.

Participation in off farm activities

Number of training on fertilizer use

Dummies of main primary information source
for fertilizer use in general.

Access to credit 1= yes,0= otherwise

Nature of production system 1= recommended
spacing 0=Otherwise

Distance to the nearest fertilizer market
measured in walking minutes and Km

Dummies of different coffee markets
(Exporters, processing companies,

cooperatives, local traders/middlemen)

+/-

+/-

-+

+/-

Objective three:

institutional characteristics on the uptake of fertilizers among smallholder coffee

(Primary Data, 2022)

farmers in Buginyanya Sub- County

The study recognized that farmers use a variety of methods in crop production. They
faced with a variety of production strategies that can be used as complements,
substitutes, or supplements either concurrently or sequentially. This indicated that
the quantity of tactics used may be interconnected rather than independent. As a
result, a farmer could select a combination of tactics to optimize the anticipated

utility. As a result, the adoption decision was multivariate, and using a multivariate
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approach could leave out important details from concurrent and interdependent

adoption decisions (Kassie et al., 2013).

First, production strategies were divided into two groups: scientific methods and
conventional ways. The impact of perception, socioeconomic factors, and
institutional features on fertilizer use adoption was then examined using a
multivariate probit model. The model permitted the error term to be flexibly
correlated while simultaneously estimating the impact of a collection of
independent factors on each of the several strategies (Belderbos et al., 2004; Lin et
al., 2005). In contrast, univariate probit models disregard the association between
the adoption of various fertilizer use practices and the correlation of disturbance
terms. This might lead to bias and inefficient estimates. Kassiea et al. (2013)

formulated multivariate regression as follows;

O3 Gy ¥ S . (5)
And
in = {ll]ij > 0,00therwise } ......................................................................... (6)

Where j=1...M represents available Arabic coffee production strategies.
v,

X}i = A set of independent variables (perception, socioeconomic and institutional

= Latent variable which captures the unobserved preferences.

characteristics)
¢, =Random error term
Y;i -Observable binary discrete variable denotes whether or not a farmer adopts a

certain strategy.

Equation 6 was used for estimation due to the latent nature of the variable. Assuming
that the disturbance term has a multivariate normal distribution with a zero
conditional mean and variance normalized to unity, multiple strategies can be

adopted (Kassiea et al., 2013). That is, ¢,~ {0,X} where the covariance matrix is

given by the following:
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Variables used in the models and their expected signs are described in Table 3. They

were derived from review of previous relevant studies (Ajayi, 2000; Hashemi and
Damalas, 2011; Kassiea et al., 2013; Khan, 2008; Khan and Damalas, 2015; Mengestie
et al., 2015; Murendo et al.,2015; Rahman, 2013; Riwthong et al., 2016; Sharif et
al., 2017; Zyoud et al., 2010).

Table 3: Description of variables in the Multivariate Probit model

Variables Description Expected sign
Dependent
Adoption Decision to adopt a production strategy (Traditional
or Scientific) (dummy)
Independent
Farmexpe Farming experience in years +
Age of House Age of the household head in years +
Hold
Education House Years of schooling +
Hold
Gender House Gender of the household head 1=male, O=otherwise +/-
Hold
Extencont Number of contacts with extension services +
ProductivityPerc  Attitude towards fertilizer use on productivity where +/-
1=strongly agree, 2= agree, 3= uncertain, 4=
Disagree, 5= Strongly disagree.
Offfarminc Participation in off farm activities +
Traingfert Number of training on fertilizer use +
Arabic coffee Nature of production system where 1=use fertilizer +/-

production

O=otherwise
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Distance to Distance to the nearest fertilizer market measured +/-

fertilizer market in walking minutes and Km.

Target to Market Dummies of different coffee market, (Exporters, +/-

processing companies, cooperative, local traders)

(Primary Data, 2022)

3.5 Ethical consideration

First, because the study included farmers as participants, an ethical letter was

sought from Uganda Christian University’s research ethics committee.

Second, an introduction letter was issued in order to secure authorization from
Uganda Christian University’s course coordinator. The DPO received the letter,

which accepted and assisted the researcher in conducting the study.

Thirdly, participants’ rights were protected by granting them the appropriate liberty
to choose whether or not to take part in the study. Confidentiality and privacy were
preserved throughout the study. The subjects were guaranteed the confidentiality
of any information they provided. The researcher ensured that there was

confidentiality about the respondents and respected their views given.

Consent was obtained from the respondents at the beginning of the research, after
understanding the objectives, purpose as well as the assurance that the study is only
for academic purposes. Each of the chosen study sites’ focal persons (chairpersons)
was contacted at the start of the study to obtain consent and any additional

information.
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CHAPTER FOUR
RESULTS AND DISCUSSIONS

4.1 Descriptive Statistics

A mixed-methods approach was used in the study, and this combines qualitative and
quantitative research techniques to provide a detailed analysis of the survey data.
A semi-structured questionnaire with both closed-ended and open-ended questions
was used to gather this research data. This necessitated capturing qualitative data
to improve interpretation and further generate quantitative data for statistical

analysis.

Key socio-demographic factors included in study were age, gender, education level,
marital status, and household size, were crucial for understanding the composition

of population and spotting trends that could affect the findings.

4.1.1 Demographic Characteristics of Respondents

The demographic characteristics of the respondents are shown in the table below.

Table 4.1: Distribution of Demographic characteristics of respondents

Variable Obs Mean Std. Dev. Min Max
AGE 247 50.7 14.6 18 81
HH_Size 247 5.3 1.5 1 9
Experience in coffee 247 18.9 10.2 5 55
Land Size 247 1.9 0.9 0.5 4
Acreage under coffee 247 1.8 0.8 0.5 4
Dist. Nearest Mkt 247 1.7 1.0 0.5 5
Coffee Harvest S1 (Kgs) 247 1313.9 631.4 233 3544
Coffee Harvest S2 (Kgs) 247 1571.6 695.5 180 2944
Farmer group Size 247 10 7 3 30
(Members)

(Primary Data, 2025)

According to the findings, the average age of the respondents was 50.7 years (SD =
14.6). The combined experience of older people in coffee production, farm

management, and marketing are the likely cause of this age distribution. Although
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most coffee farming in the region is primarily carried out by older farmers, other

seasoned farmers are also represented with minimum of 18 years.

The majority of households had at least five people, as indicated by the average
household size of 5.3 members (SD = 1.5) among respondents. Given the labor-
intensive nature of coffee production, family labor availability is essential to coffee
farm management. This confirms the smallholder coffee producers’ observed

reliance on family labor as their main source of farm labor in the area.

In regard to land ownership, the average respondents owned 1.9 acres of land (SD =
0.9), and the average area of land used exclusively for coffee production was 1.8
acres (SD = 0.8). These results show that respondents frequently diversify their land
use to include the production of food crops for both market and household
subsistence, and that landholding sizes are generally modest. This consequently

reduces the amount of land that is solely used for coffee production.

In terms of production output, the farmers reported an average harvest of 1,314
kilograms (SD = 631) of coffee in the first season and 1,572 kilograms (SD = 696) in
the second season, yielding a total annual average of approximately 2,886 kilograms.
This level of productivity reflects the combined influence of experience, labour

availability, and land allocation practices.

Moreover, the findings indicate that the majority of farmers were affiliated with
farmer groups. These groups serve as platforms for knowledge sharing, capacity
building, and collective action aimed at improving production and marketing
activities. On average, each farmer group consisted of approximately 10 members
(SD = 7), indicating small, manageable group sizes conducive to effective interaction

and cooperation among members.

4.1.2 Farmers’ Socioeconomic and Institutional Characteristics

Table 4.2 presents the distribution of socioeconomic and institutional characteristics

of the sampled coffee farmers.
Education Levels of Coffee Farmers

The results indicate that the majority of the respondents had attained formal

education. Only 6 respondents (2.43%) had informal education, implying limited
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representation of this group. The highest proportion of respondents had attained
primary education, with 142 farmers (59.92%) reporting completion of this level.
Additionally, 73 respondents (29.55%) had attained secondary education, while 26
farmers (10.53%) had completed tertiary education. These findings indicate that
most coffee farmers in the study area had access to basic or formal education, which
may influence their adoption of agricultural technologies and participation in market

activities.

Table 4.2: Distribution categorical characteristics of the sampled respondents

(n=247)
Variable Attribute Freq. Percent Cum.
Gender Male 186 75.30 75.30
Female 61 24.70 100.00
Level of Education Informal level 6 2.43 2.43
Primary 142 57.49 59.92
Secondary 72 29.55 89.47
Tertiary/University 26 10.53 100.00
Primary Farming 224 90.69 90.69
Occupation Business 23 9.31 100.00
Causal 0 0.00 100.00
Main coffee buyers Cooperatives 18 7.29 7.29
Processors 159 64.37 71.66
Local dealers 69 27.94 99.60
others 1 0.40 100.00
Membership fees Yes 190 76.92 76.92
No 57 23.08 100.00
Reason for Production & Marketing 23 9.31 9.31
Association Saving & Credit 164 66.40 75.71
Welfare 3 1.21 76.92
Others 57 23.08 100.00
Access to credit Yes 108 43.72 43.72
No 139 56.28 100.00
Purposes for credit Domestic 5 2.02 2.02
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Farm workers 1 0.4 2.42
School fees 14 5.67 8.09
Farm inputs purchases 62 25.1 33.19
Acquire property 26 10.53 43.72
Not Specified 139 56.28 100.00
Sources of credit Commercial bank 6 2.43 2.43
Farmers’ group 53 21.46 23.89
Informal lenders 2 0.81 24.70
Microfinance Institutions 9 3.64 28.34
SACCOs 39 15.76 44.10
Others 138 55.9 100.00
Reasons for Not Previous loan Defaulting 2 0.81 0.81
Using Credit High interest rate 118 47.78 48.59
Lack of collateral security 46 18.64 67.23
Lack of awareness 3 1.21 68.44
Not Interested 78 31.56 100.00
Sources of Fellow farmers 118 47.78 47.78
information Local leaders 11 4.45 52.23
CBOs 93 37.65 89.88
Gov’t Ext. Officers 25 10.12 100.00

(Primary Data, 2025)

Coffee Marketing Channels

The same table also highlights the market channels through which coffee producers
sold their products. A total of 18 respondents (7.29%) reported selling their produce
to coffee cooperative societies. This indicates that cooperatives may offer better
prices and stable markets; however, membership often requires adherence to strict
rules and quality standards. The majority of respondents, 159 farmers (64.37%), sold
their coffee-to-coffee processing companies. Another 69 respondents (27.94%) sold
to private coffee dealers, while only 1 farmer (0.40%) reported selling to other

unspecified buyers.

Group Membership and Payment of Membership Fees
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Regarding group membership, 190 respondents (76.92%) reported paying
membership fees to belong to a farmers’ group, while 57 respondents (23.08%) did
not. Among those who paid fees, all 190 (76.92%) indicated that they could afford
the payments. Conversely, the 57 respondents who did not pay membership fees

cited unaffordability as the main reason for not joining a group.
Reasons for Joining or Not Joining Farmers’ Groups

When asked about the purpose of group membership, 23 respondents (9.31%) stated
that they joined for production and marketing benefits. These farmers believed that
group membership improved access to farm inputs, enhanced production
management, and provided easier access to markets. The majority (164
respondents, 66.40%) reported that they joined groups primarily for savings and
credit services, indicating that these groups act as financial support systems for their
members. A smaller proportion of respondents—3 (1.21%)—cited welfare reasons,

while 57 respondents (23.08%) indicated other unspecified reasons.

Among those who were not members of any group, the main reason cited was a lack
of trust in group members, reported by 190 respondents (76.92%). Other reasons
included high membership fees (20 respondents, 8.10%), unmet expectations from
the groups (3 respondents, 1.21%), quality standards not being met (4 respondents,
1.62%), and lack of time to attend group meetings (3 respondents, 1.21%). The

remaining 27 respondents (10.93%) reported other unspecified reasons.
Access to Credit and Its Utilization

On average, the number of groups per respondent was 9.79. Regarding credit access,
108 respondents (43.72%) reported receiving credit from their group, while 139
respondents (56.28%) had not. Among those who accessed credit, 5 respondents
(2.02%) used it for domestic expenses, 1 respondent (0.40%) used it to pay farm
workers, and 14 (5.67%) paid school fees. A larger proportion—62 respondents
(25.10%)—used the credit to purchase farm inputs, and 26 (10.53%) used it to acquire
property. The remaining 139 respondents (56.28%) did not specify how they used the

credit.

Sources of Credit
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Credit sources varied among respondents. A small proportion (6 respondents, 2.43%)
reported obtaining credit from commercial banks. Farmer groups were a significant
source of credit for 53 respondents (21.46%). Informal lenders were mentioned by 2
respondents (0.81%), while 9 respondents (3.64%) obtained credit from microfinance
institutions. Additionally, 39 respondents (15.76%) sourced credit from Savings and
Credit Cooperative Organizations (SACCOs), while 138 respondents (55.87%) did not

disclose their credit sources.
Reasons for Not Using Credit

Respondents who did not utilize credit provided several explanations. Two
respondents (0.81%) cited defaulting on previous loans. A larger portion (118
respondents, 47.77%) attributed it to high-interest rates, while 46 respondents
(18.64%) reported lack of collateral. Another 3 respondents (1.21%) were not aware
of credit facilities. The remaining 78 respondents (31.58%) did not provide specific

reasons.
Training Attendance and Providers

Training attendance among respondents was high, with 239 farmers (96.76%)
reporting participation in agricultural training sessions, while only 8 (3.24%) had not.
Regarding payment for training, 246 respondents (99.60%) reported receiving the
training for free, while only 1 respondent (0.40%) paid for the service. The sources
of training were diverse: 4 respondents (1.62%) received training from fellow
farmers, 88 (35.63%) from government extension officers, and the majority—151
respondents (61.13%)—from NGO personnel. The remaining 4 respondents (1.62%)

did not specify their training providers.
Training Topics

The main training topics reported by respondents were focused on agronomic
practices. Specifically, 208 respondents (84.24%) received training in Arabica coffee
agronomic practices, while 6 respondents (2.43%) were trained in fertilizer
application. Eight respondents (3.24%) received training in coffee marketing, and 21
were trained in post-harvest handling. Four respondents did not mention the training

topics.
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Sources of Agricultural Information

Information dissemination among coffee farmers was varied. Ninety-four
respondents (38.06%) reported receiving information from fellow farmers. In
contrast, 228 respondents (92.31%) reported receiving information from extension
officers, and 142 respondents (57.49%) received information from input suppliers.
Similarly, 228 respondents (92.31%) received information from coffee-purchasing

companies.
Relationships with Information Sources

When asked about their relationship with information providers, 118 respondents
(47.78%) identified fellow farmers as their main source. Eleven respondents (4.45%)
received information through local leaders, 93 (37.65%) through community
organizations (COs), and 25 respondents (10.12%) reported receiving information

from extension officers.

4.1.3 Descriptive Statistics of Agronomic Practices Used in Coffee Production

Table 4.3 presents the mean scores of the key agronomic practices employed by
coffee farmers in the study area, namely pruning, mulching, weeding, uprooting,
and intercropping. The results indicate that these practices were applied at varying

levels of frequency among the respondents.

Table 4.3: Distribution of agronomic practices used by sampled farmers

Variable Mean Std. Dev
Pruning 1.98 0. 30
Mulching 2.04 0.40
Weeding 2.08 0.38
Uprooting 1.31 0.50
Intercrops 1.09 0.32

(Primary Data, 2025)

Pruning had a mean score of 1.98 (SD = 0.30), indicating that it is moderately
practiced by farmers. This practice is primarily undertaken when a coffee tree is
dry, diseased, infested with pests, broken, dead, or deemed unproductive.

According to Bunn et al. (2015), pruning is essential for keeping coffee trees robust
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and fruitful because it eliminates unwanted branches, which encourages rapid
growth and slows the spread of pests and diseases. Mulching scored a mean of 2.04
(SD = 0.40). Therefore, coffee farmers frequently mulch their farmers to maintain
soil moisture, control soil temperature and enhance soil fertility. Especially after
harvest, mulching is frequently done with crop residues, cover crops, or shade trees

(Jassogne et al., 2013).

Coffee growers viewed weed control (2.08; SD = 0.38) as an essential part of farm
management. Weeding is often performed to lessen competition for nutrients,
water, and light and increase yields. Regular weeding lowers production costs and
enhances coffee produce quality (Kiyimba et al., 2021). Uprooting, on the other
hand, showed a lower mean of 1.31 (SD = 0.50). The high expense of replacing coffee
trees is probably the cause of this. As a result, most farmers pick alternative

methods of managing contaminated or unproductive trees.

Intercropping had the lowest mean score of 1.09 (SD = 0.32). The lack of awareness
of the possible advantages of intercropping, such as increased resource efficiency
and pest control, is primarily the reason for this slow adoption. Consequently, many
farmers in the region opt for monocropping systems, possibly due to traditional
practices or lack of extension support. These findings underscore the need for
enhanced extension services and farmer training programs to promote the adoption
of sustainable agronomic practices that can improve coffee productivity and

profitability.

4.2 Relationship between Agronomic practices and Arabic Coffee Production

Table 4.4 shows the distribution between agronomic practices in terms of use of
improved coffee seedlings, fertilizer usage, organic manure, mulching, pest control,
shade management, plant spacing and weed control among others and coffee
production in the study area.

Table 4.4: Distribution of agronomic practices and coffee output

Variable Obs Mean Std. Dev. Min. Max.
Coffee_Output (Kgs) 247 1,443 664 207 3244
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Use_Improved Coffee seed 247 120 98 9 238

Inorganic Fertilizer_use 163 82 73 0 163
Organic Fertilizer_use 84 42 34 0 84
Mulching 247 120 60 13 225

Pruning 247 116 88 18 242

Pest_control 247 150 66 11 236
Shade_management 247 112 72 23 240
Plant_spacing 247 110 56 66 238
Weed_control 247 76 69 54 232

(Primary Data, 2025)
Table 4.4 presents the descriptive statistics of selected coffee farming practices
among the sampled respondents. On average, the respondents reported a coffee
harvest of approximately 1,430 kilograms (M = 1,430, SD = 664). The average number
of improved coffee varieties used was 120 (SD = 98), indicating moderate variability

in adoption across respondents.

The use of Inorganic fertilizers had a mean value of 82 kilograms (SD = 73), while
the application of organic manure averaged 42 kilograms (SD = 34), indicating a
relatively lower use of organic fertilizers compared to inorganics fertilizers.
Additionally, an average of 120 respondents (SD = 60) practiced mulching, and 116
(SD = 88) engaged in pruning activities to maintain the health and productivity of

their coffee plants.

Shade management, which involves the planting of shade trees in coffee fields, was
practiced by an average of 150 respondents (SD = 66). Moreover, an average of 110
respondents (SD = 56) adhered to proper plant spacing during coffee establishment,
and 76 respondents (SD = 69) practiced periodic weeding using hoes. These findings
reflect the varying degrees of integration of recommended agronomic practices

among coffee farmers in the study area.

4.2.1 Multicollinearity Diagnostics

The results presented in Table 4.5 indicate that all the selected explanatory
variables including; Fertilizer use, Weed control, Use of improved seedlings, among

others, exhibited Variance Inflation Factor (VIF) values below the commonly
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accepted threshold of 10. This indicates the absence of multicollinearity among the

independent variables, thereby confirming the reliability of the estimated regression
coefficients (Gujarati & Porter, 2009).
Table 4.5: Multicollinearity Test

Variable VIF Tolerance
Fertilizer_use 1.65 0.606
Weed_control 1.52 0.658

Use_improved_seed 1.38 0.725
Others <1.8 >0.55

(Primary Data, 2025)

4.2.2 Econometric Analysis

The results from the multiple linear regression analysis indicate that several

agronomic practices significantly influenced Arabica coffee production at the 5%

significance level (p < .05). Specifically, the use of improved coffee seed varieties,

application of inorganic fertilizers, proper plant spacing, pruning, and weed control

were found to be statistically significant predictors of coffee output.

The model showed a strong (69.2%) power in the variation in Arabica coffee

production levels (R2 = 0.692) as confirmed by the robustness and reliability of the

diagnostic tests. The model fit the sampled coffee farmers indicating that the

chosen agronomic practices are important factors influencing their productivity.

Table 4.6: Multiple linear regression Analysis

Variable Coef. Std. t P>|t| [95% Conf.
Err. Interval]

Use_improved_seed 2.764  0.582 4.09 0.000 1.340 3.554
Inorganic_Fertilizer_use 1.788 0.516 3.42 0.001 1.040 2.496
Organic_manure 0.566 0.494 1.15 0.432 0.206 2.224
Mulching 0.349  0.313 0.86 0.422 0.148 1.789
Pruning 1.287  0.468 2.65 0.008 0.205 2.064
Pest_control 0.404 0.396 1.33  0.345 -0.054 1.532
Shade_management 0.312  0.405 0.54 0.653 0.080 1.630
Plant_spacing 1.124  0.542 2.48 0.014 0.172 1.874
Weed_control 1.378  0.470 2.82 0.002 0.426 2.192
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_Cons 2.969 1.278 2.34 0.024 0.011  5.636

Obs = 247; F(9,247) = 15.68; Prob>F = 0.000; R-squared = 0.692; Root MSE = 3.462

(Primary Data, 2025)

The econometric analysis indicate a number of statistically significant agronomic
practices that affect coffee productivity. As noted in the table 4.6 above, the use
of improved coffee seeds showed a significant effect on coffee yield (coefficient =
2.764, p-value = 0.000). This reveals that farmers who used improved coffee
varieties harvest about 2.8 kilograms more coffee per tree than their counterparts
who used traditional seed varieties, under normal conditions. This result is
consistent with findings that better seed technology boosts agricultural output (Abro
et al., 2021; Mwaura et al., 2020).

The use of inorganic fertilizer was also found to have statistically significant on yield
(coefficient of 1.800, p-value = 0.000). For instance, coffee yield increases by about
1.8 kilograms for every additional unit of inorganic fertilizer applied. This is
supported by other empirical research showing that crop yield and fertilizer
application are positively correlated in smallholder farming systems (Kassie et al.,
2018; Tambo & Wunscher, 2017).

According to the analysis, coffee production is significantly impacted by the practice
of pruning coffee shrubs (p = 0.008, coefficient = 1.287). as shown above, yield
increases by approximately 1.3 kilograms as a result of regular pruning. According
to ICO (2023), pruning improves air circulation and light penetration and this
improves growth and development of beans. Likewise, plant spacing was statistically
significant (p = 0.014) and positively associated with coffee output, with a
coefficient of 1.124. Proper spacing allows for better resource utilization, including

sunlight and nutrients, thereby improving yields (Worku et al., 2019).

Weed control also emerged as a statistically significant practice (p = 0.002), with a
coefficient of 1.378. This finding indicates that effective weed management can
lead to an increase in coffee yield by approximately 1.4 kilograms. Weeds compete
with coffee plants for nutrients, water, and light, and their management is therefore

essential for maximizing productivity (FAO, 2022).

Conversely, some agronomic practices were found to be statistically insignificant at

the 5% level of significance. These include the use of organic manure (p = 0.260),
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mulching (p = 0.402), pest control measures (p = 0.304), and shade management (p
= 0.603). Although these practices did not show significant statistical effects in this
analysis, they remain important components of sustainable coffee production
systems. Their benefits, such as improving soil health, moisture retention, and
microclimate regulation, have been widely documented in agronomic literature
(DaMatta et al., 2022; Jha et al., 2014). Thus, farmers should not disregard these
practices, but rather incorporate them alongside those with immediate yield impacts

for long-term sustainability.

4.3 Socio-economic and institutional factors influencing fertilizer usage

The descriptive statistics presented in Table 4.7 reveal key characteristics of the
sampled households engaged in coffee production. The average age of respondents
was approximately 51 years (SD = 15), indicating that the majority were older adults.
Household sizes were generally large, with a mean of five members (SD = 2),
indicating a prevalence of extended or moderately sized families among coffee

producers in the study area.

Table 4.7: Distribution of factors influencing fertilizer usage

Variable Obs Mean Std. Dev. Min Max
AGE (years) 247 50.7 14.6 18 81
HH_Size (number) 247 5.3 1.5 1 9
Experience in coffee 247 18.9 10.2 5 55
(years)
Farm_Size (acres) 247 1.9 0.9 0.5 4
Acreage under coffee 247 1.8 0.8 0.5 4
(acres)
Coffee_income 247 1.7 1.3 1.1 5.6
(million_UGX)
Categorical variables Attribute Freq. Percent Cum.
Inorganic_Fertilizer_use 1=yes 185 74.90 74.90
0=no 62 25.10 100.00
Gender 1=male 186 75.30 75.30
O=female 61 24.70 100.00
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Level of Education O=informal 6 2.43 2.43

1=primary 142 57.49 59.92

2=secondary 72 29.55 89.47
3=tertiary/university 26 10.53 100.00

Extension_access 1=yes 226 91.50 91.50
0=no 21 8.50 100.00

Credit_access 1=yes 244 98.79 98.79
0=no 3 1.21 100.00

(Primary Data, 2025)

The descriptive statistics presented in Table 4.7 reveal key characteristics of the
sampled households engaged in coffee production. The average age of respondents
was approximately 51 years (SD = 15), indicating that the majority were older adults.
Household sizes were generally large, with a mean of five members (SD = 2),
indicating a prevalence of extended or moderately sized families among coffee

producers in the study area.

In terms of gender distribution, male respondents comprised a significant majority
(75.3%), while females accounted for only 24.7%. This disparity points to a male-
dominated coffee farming landscape in the study region. Educational attainment
varied among respondents: 2.43% had no formal education, 57.49% had completed
primary education, 29.55% had secondary education, and 10.53% had attained

tertiary or university-level qualifications.

Regarding agricultural experience, respondents reported an average of 19 years (SD
=10) in coffee farming, reflecting a well-established familiarity with the enterprise.
On average, the respondents owned about 2 acres of land (SD = 1), a size mirrored
in the average area allocated specifically to coffee plantations, also estimated at 2
acres (SD = 1). In terms of income, households reported an average annual revenue
of approximately 1.7 million Ugandan Shillings from coffee production (SD = 1.3

million), indicating variability in economic returns across households.

Institutionally, the findings demonstrate that a substantial majority of farmers
(91.5%) had access to agricultural extension services, indicating strong outreach

support in the area. Conversely, only 8.5% reported lacking such access. Similarly,
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financial accessibility appeared to be widespread, with 98.79% of respondents
indicating that they received financial assistance related to coffee farming, whereas

a minimal proportion (1.21%) reported not receiving any financial support.

4.3.1 Multicollinearity Diagnostics

Table 4.8 presents the Variance Inflation Factor (VIF) values for all explanatory
variables included in the logistic regression model. VIF is a diagnostic statistic used
to assess the presence of multicollinearity among independent variables. As a
general rule, a VIF exceeding 10 may indicate problematic multicollinearity
(Gujarati, 2004).

The VIF values for all variables in the model ranged from 1.16 (age) to 1.44
(Coffee_income), with a mean VIF of 1.011. These values are well below the critical
threshold, indicating that multicollinearity is not a concern in the dataset.
Consequently, all predictor variables were retained in the final model, as they do

not distort the estimation of coefficients due to collinearity.

Table 4.8: Multicollinearity test of Socio-economic and institutional factors
influencing fertilizer usage

Predictor VIF 1/VIF
Coffee_income 1.44 0.694
Education_level 1.36 0.735
Credit_access 1.23 0.813
Extension_access 1.28 0.781
Farm_size 1.24 0.806
Household_size 1.22 0.819
Gender 1.18 0.847
Age 1.16 0.862

Mean VIF 1.011

(Primary Data, 2025)

4.3.2 Econometric Analysis

The results of the logistic regression model, as summarized in Table 4.9, reveal a

chi-square value of 7.65 with 8 degrees of freedom and an associated p-value of
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0.472. Given that the p-value is greater than the commonly accepted threshold of
0.05, the null hypothesis of good model fit cannot be rejected. This indicates that
the model is well-calibrated and appropriately reflects the observed data.

Table 4.9: Analysis of logistic regression on Socio-economic and institutional
factors influencing fertilizer usage

Fertilizer_use Coef. Std. Err. Z P>|Z] [95% Conf.
interval]
Age -0.016 0.006 -1.66  0.021 -0.032 0.002
Gender 0.314 0.205 1.42 0.231 -0.066 0.817
Education_level  0.081 0.032 2.44 0.014 0.014 0.841
Household_size  0.034 0.054 0.86 0.427 -0.055 0.541
Farm_size  0.319 0.066 2.04 0.032 0.006 0.027
Extension_access 0.628 0.253 3.12 0.001 0.276 1.918
Credit_access  0.452 0.222 2.08 0.002 0.032 0.988
Coffee_income 0.0002 0.0001 2.23  0.022 0.001 0.004
Obs=247; LR chi? (8) = 7.65; Prob>chi? = 0.000; Pseudo R? = 0.7935.
(Primary Data, 2025)

Furthermore, the classification results indicate that the model accurately predicted

the fertilizer use status of approximately 79.35% of the respondents. This level of
predictive accuracy demonstrates that the model is reasonably effective in
distinguishing between users and non-users of fertilizer among smallholder Arabica
coffee producers in Buginyanya Sub-County. Therefore, these findings affirm the
suitability of the logistic regression model in examining the influence of socio-

economic and institutional factors on fertilizer adoption.

The possibility of using inorganic fertilizer was found to negatively impact age
variable of the respondents (p = 0.021; B = -0.016). This suggests that coffee growers
in Buginyanya Sub-County are less likely to use inorganic fertilizers in their coffee
gardens as they get older. This result is consistent with findings that older farmers
are typically more risk averse and therefore mostly rely on traditional farming
methods (Ntakyo & van den Berg, 2019). Older farmers in Buginyanya may also have
limited investment horizons or physical limitations that limit their willingness or

capacity to apply labor-intensive or capital-intensive inputs like fertilizers.
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There was a statistically positive correlation between fertilizer use and education
level (p =0.014; B = 0.081). It indicates that inorganic fertilizers are more frequently
used on Arabica coffee farms by Buginyanya’s better-educated farmers. The ability
of farmers to access and understand agronomic information is improved by
education, particularly in areas like Buginyanya where training programs and
extension services frequently demand a minimum level of literacy in order to be
beneficial. In smallholder agriculture, this finding is in line with earlier research that
found that education raises the likelihood of technology adoption (Asfaw &
Admassie, 2004; Ogunniyi et al., 2021).

Fertilizer use was found to be significantly impact access to extension services (p =
0.001; B = 0.628). This demonstrates the importance of agricultural extension
services in encouraging Arabica coffee growers in Buginyanya to use modern inputs.
Government and non-governmental organizations have been more active in the
region, encouraging good agricultural practices (GAPs), particularly through
programs run by the district’s coffee cooperatives and production and marketing
department. Regular interaction with extension agents increases the likelihood that
farmers will be knowledgeable about when and how to apply fertilizer, which

improves adoption rates (Feder, Murgai, & Quizon, 2004; Mango et al., 2017).

Additionally, there was a positive correlation between the adoption of inorganic
fertilizers and the availability of credit access (p = 0.002; B = 0.452). This indicates
that having access to agricultural credit sources boosts the capacity of farmers to
spend money on pricey agricultural inputs including fertilizers. Credit availability
allows smallholder farmers to buy inputs during Arabica coffee’s busiest planting
and flowering seasons. Studies revealed the value of rural financial services in raising
agricultural productivity (Simtowe & Zeller, 2006; Sinyolo et al., 2017) and are

consistent with this finding.

The regression analysis reveals a positive relationship between farm size and
fertilizer use (p = 0.023; B8 = 0.319). For instance, larger coffee farms in Buginyanya
are likely to have more diversified revenue streams and higher expected returns
from input investments than the smaller ones. This is particularly relevant in the
sub-county where landholding sizes vary, and larger farms often have better access

to market channels and agricultural services (Abdulai & Huffman, 2014).
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Finally, income from coffee production was observed to associate positively with
fertilizer use (p = 0.022; B = 0.0002). This implies that farmers who derive higher
incomes from coffee are more likely to reinvest their earnings into buying fertilizers
for subsequent growing seasons. In Buginyanya, coffee is the main cash crop and a
critical source of livelihood. Higher coffee revenues reduce liquidity constraints and
enable timely procurement of inputs. This supports the assertion that household
income plays a central role in sustaining input adoption and intensification in

perennial crops (Alene & Hassan, 2006).

In line with this study, the econometric results from Buginyanya Sub- County showed
that both socio-economic characteristics (age, education, income) and institutional
factors (extension and credit access) play a significant role in shaping fertilizer
adoption behaviour among Arabica coffee farmers. These findings have practical
implications for policy and development programs that enhance productivity and
sustainability of Arabica coffee systems in Eastern Uganda. Efforts to strengthen
rural education, improve access to financial services, and scale up extension

coverage are key to promoting input use and increasing yields in the region.

4.4 Role of perception on the fertilizer usage

Table 4.10: Perception of Fertilizer uses on Yields

Perception Frequency Percentage (%)
Very bad 1 0.40
Slightly bad 9 3.64
Slightly good 6 2.42
Very good 231 93.52

(Primary Data, 2025)
The findings in Table 4.10, indicate that perceptions of fertilizer use on coffee yields
varied among respondents. A small proportion, 0.40% (n = 1), perceived the effect
of fertilizer on coffee yields as very bad, while 3.64% (n = 9) reported it as slightly
bad. Additionally, 2.42% (n = 6) of respondents considered the effect to be slightly
good. Notably, the majority of respondents, 93.52% (n = 231), perceived the impact

of fertilizer use on coffee yields as very good.
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Table 4. 11: Perceived fertilizer risks on Macroflora

Perception Frequency Percentage (%)
Not Risky 3 1.21
Slightly Risky 12 4.86
Moderately Risky 10 4.05
Very Risky 222 89.88

(Primary Data, 2025)
As presented in Table 4.11, respondents expressed differing perceptions regarding
the potential risks of fertilizer use on soil microflora. A small proportion of
respondents (1.21%, n = 3) indicated that fertilizer use posed no risk to microflora,
while 4.86% (n = 12) perceived the risk as slight. Another 4.05% (n = 10) regarded
fertilizers as moderately risky to microflora. Notably, the majority of respondents
(89.88%, n = 222) perceived fertilizer use as very risky to the microflora. These
findings indicate a widespread concern among farmers about the adverse effects of
fertilizer on soil microbial health, highlighting the need for awareness and promotion

of environmentally sustainable soil fertility practices.

Table 4.12: Perceived fertilizer risks on livestock

Perception Frequency Percentage (%)
Not Risky 2 0.81
Slightly Risky 14 5.67
Moderately Risky 12 4.86
Very Risky 219 88.66

(Primary Data, 2025)
Table 4.12, presents results on perceptions regarding the risks of fertilizer use on
livestock varied among respondents. A small fraction (0.81%, n = 2) believed that
fertilizers posed no risk to livestock. Additionally, 5.67% (n = 14) considered the risk
to be slight, while 4.86% (n = 12) viewed it as moderate. The overwhelming majority
of respondents (88.66%, n = 219), however, perceived fertilizer use as very risky to
livestock health. These findings reflect a general concern within the farming
community about the potential harmful effects of chemical fertilizers on animal
well-being, underscoring the importance of promoting safe handling and

environmentally conscious application practices.
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Table 4. 13: Perceived risk of fertilizer on water quality

Perception Frequency Percentage (%)
Not risky 1 0.40
Slightly risky 12 4.86
Moderately risky 12 4.86
Very risky 222 89.88

(Primary Data, 2025)
As indicated in Table 4.13, respondents held varying perceptions regarding the
potential risks of fertilizer use on water quality and, by extension, food safety. A
very small proportion (0.40%, n = 1) believed that fertilizer posed no risk to water
quality. An additional 4.86% (n = 12) of respondents perceived the risk to be slight,
while an equal proportion (4.86%, n = 12) regarded the risk as moderate. The vast
majority of respondents (89.88%, n = 222), however, perceived fertilizer use as
posing a significant risk to water quality. These perceptions indicate growing
awareness among farmers of the environmental and food safety implications
associated with fertilizer runoff, particularly it’s potential to contaminate water

sources used in agricultural production.

Table 4. 14: Perceived risks of fertilizer use on food safety

Perception Frequency Percentage (%)
Not risky 5 2.02
Slightly risky 18 7.29
Moderately risky 13 5.26
Very risky 211 85.43

(Primary Data, 2025)
Table 4.14 presents the respondents’ perceptions regarding the potential risks of
fertilizer use on food quality. A small percentage of participants (2.02%, n = 5)
indicated that fertilizer use posed no risk to food quality. Another 7.29% (n = 18)
perceived the risk as slight, while 5.26% (n = 13) considered the risk to be moderate.
The majority of respondents (85.43%, n = 211) viewed fertilizer use as highly risky
to food quality. These findings reflect a strong concern among the farming

community about the possible negative impacts of chemical fertilizers on the quality
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and safety of food products, emphasizing the need for safer and more sustainable

input use in agricultural practices.

4.5 Analysis of the level of inorganic fertilizer usage in coffee production.

In an effort to assess the determinants influencing the intensity of inorganic
fertilizer use among smallholder farmers, an ordered logit model was employed.
Fertilizer application levels were grouped into three categories; Low, Medium, and
High.

In the model, every indicator provides information about fertilizer usage trends. For
example, farm size, perceptions of soil fertility, proximity to input markets, access
to extension services, and farmer education level were quantifiable in influencing
the amount of fertilizer applied. These results are consistent with the emphasis that
institutional and socioeconomic factors as important determinants of the intensity
of input use (Martey et al., 2020; Kassie et al., 2018).

The estimated coefficients and marginal effects offer a more realistic
comprehension of variations of these variables on the fertilizer usage. For instance,
there was a significant increase in moving from low to higher usage categories when
access to extension services increased. This is in line with research by Ogada et al.
(2019), which discovered that farmers who have greater access to extension services
are more likely to embrace input-intensive technologies because they are better

informed and see the advantages.

Furthermore, a higher likelihood of medium and high fertilizer usage was linked to
proximity to agro-input dealers, as market access often lowers transaction costs and
enhances input availability (Sheahan & Barrett, 2017). Similarly, due to economies
of scale enjoyed by larger farms, fertilizer intensity tend to positively correlate with

farm size as a result of greater capital investment (Liverpool-Tasie et al., 2019).

These results contribute to existing studies on sustainable input use and this study
offers supporting perspectives that are pertinent to policy for focusing interventions
that support effective and ecologically friendly fertilizer practices. Among the

strategic recommendations to improve smallholder farmers’ balanced fertilizer use
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in the study area include boosting farmers’ education, fortifying extension systems

and enhancing market infrastructure.

Table 4. 15: Ordered Logit Analysis of inorganic fertilizer usage levels in

Arabic coffee

fert.level_usage Coef. Std. z_value p_value Marginal Marginal Marginal
(8) Err. Effect Effect Effect
(Low) (Medium) (High)
Age_ HH 0.016  0.006 1.876 0.161 0.001 -0.003 -0.002
Gen_HH -0.212 0.163  -1.274 0.404 -0.046 0.030 0.014
Educ_HH -0.034 0.016  -2.400 0.001 0.006 0.004 0.003
Farm_Exp. -0.026 0.012 -2.800 0.002 -0.024 0.016 0.008
Farm_Size -0.104 0.058 -1.823  0.004 -0.033 0.230 0.014
Ext_con -0.154 0.032 -2.422 0.012 0.027 -0.016 -0.011
RiskperHealth 0.126  0.047  -3.256  0.001 0.012 -0.007 -0.033
RiskperEnviro 0.068  0.054 2.461 0.303 0.046 -0.032 -0.015
ProductivperCoff 0.214 0.046 1.524 0.002 -0.015 0.010 0.007
Off_farm_income -0.082  0.103 2.086 0.305 0.031 -0.012 -0.022
TrainingSoil -0.145  0.033  -2.670 0.001 0.077 -0.056 -0.035
InforSource  0.341 0.075 1.943 0.204 0.004 -0.040 -0.001
Creditacc 0.028  0.091 3.587 0.004 -0.018 0.012 0.004
DistFarmSupply -0.083  0.005 2.766 0.008 0.011 -0.006 -0.003
Targetcoffmkt 0.056  0.042 2.362 0.016 0.021 -0.012 -0.027
Threshold 1 -1.542 0.448 -3.606 0.000
Threshold2 2.134  0.519 4.198 0.000

Obs = 247; Log Likelihood =-321.75; Pseudo R? = 0213; LRChi? (17) =122.45; Prob>Chi?=0.000
(Primary Data, 2025)

Table 4.15, presents the ordered logit regression model was employed to examine

the factors influencing the intensity of inorganic fertilizer use among Arabica coffee

farmers, where fertilizer usage was categorized into three ordinal levels: Low,

Medium, and High. The model was estimated using a sample of 247 observations.

The log likelihood value of -321.75 indicates the model’s fit relative to a null

(intercept-only) model. The pseudo R-squared value of 0.213 indicates that
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approximately 21.3% of the variation in the levels of fertilizer use is explained by
the explanatory variables included in the model. While pseudo R? values in limited
dependent variable models are not directly comparable to R? in linear regressions,
a value above 0.20 is generally considered acceptable in cross-sectional studies

involving behavioural responses (McFadden, 1974).

The likelihood ratio (LR) Chi-square statistic of 122.45 with 17 degrees of freedom
is statistically significant (p < .001), as indicated by the Prob > Chi? value of 0.000.
This result confirms that the model as a whole is statistically significant and provides

a better fit than a model without any predictors.

In summary, the model demonstrates good explanatory power and statistically
significant overall fit. This implies that the independent variables included in the
regression collectively contribute to explaining the variation in fertilizer usage levels

among the Arabic coffee farmers surveyed.
Education Level

Additionally, Table 4.15 indicate that the education level of the respondent is a
statistically significant determinant of inorganic fertilizer usage among Arabica
coffee farmers in the study area. The education variable yielded a p-value of 0.001,
demonstrating strong statistical significance at the 1% level, however, the estimated
coefficient was -0.034, indicating a negative relationship between education level
and the likelihood of belonging to the low fertilizer usage category. The marginal
effects further reveal that a one-unit increase in education (measured in years of
formal schooling) is associated with a 0.6% decrease in the probability of low usage,
alongside a 0.4% and 0.3% increase in the likelihood of medium and high usage,

respectively.

This inverse relationship between education and low fertilizer use implies that more
educated farmers are less likely to underutilize fertilizers and are instead more
inclined to apply them at optimal or higher levels. One plausible explanation is that
education enhances farmers’ capacity to access, interpret, and apply agronomic
information regarding input use and soil fertility management. Asfaw and Admassie

(2004) and Kassie et al. (2018), noted that farmers with higher levels of education
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were more likely to interact with extension agents and look for market information

than their counterparts.

The findings are in consistent with several studies conducted from other developing
nations, including South Asia and sub-Saharan Africa, which found education to have
positive impact on the intensity and adoption of input use, including fertilizers
(Khonje et al., 2015; Mishra et al., 2018). In Buginyanya Sub-County, where access
to agro-inputs and extension services is constrained, education becomes essential

for closing the knowledge gap and promoting better agronomic practices.
Experience in Coffee farming

Farming experience yielded a p-value of .002, indicating strong statistical
significance at the 1% level. The negative coefficient of -0.026 indicates that as the
number of years of experience in coffee farming increases, the likelihood of being
categorized under low fertilizer usage decreases. This relationship is further
clarified by the marginal effects, which reveal that an additional year of farming
experience reduces the probability of low fertilizer usage by 2.4%, while increasing

the probabilities of medium and high usage by 1.6% and 0.8%, respectively.

These findings imply that more experienced farmers are better positioned to make
informed decisions regarding fertilizer application. Through years of practice, they
acquire practical knowledge of soil nutrient demands, seasonal variations, and cost-
benefit considerations of fertilizer use. Such farmers are also more likely to have
observed long-term trends in productivity and may understand the diminishing
returns associated with under- or overuse of chemical inputs. This aligns with
previous evidence from Ethiopia, where experience in farming was found to be
positively associated with the adoption and intensity of fertilizer use (Mekonnen &
Kohlin, 2017; Tura et al., 2021).

In line with this study in Buginyanya Sub-county, experiential learning could shape
agronomic behavior of the farmers. As noted above, experienced farmers often are
considered as informal sources of knowledge within rural communities, and their
adoption of appropriate fertilizer practices greatly contribute to broader diffusion

of such practices among peers. This therefore indicates the importance of leveraging
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local farming knowledge in policy interventions aimed at enhancing sustainable

coffee production.
Farm Size

Farm size was found to have inversely significance with fertilizer use (p = .049,
Coefficient = -0.004). This indicates that a larger farm size is linked to a 3.3%
decrease in the possibility of fertilizer low usage and a 2.3% and 1.4% increase in the
probabilities of medium and high usage, respectively. This finding proposes that
greater fertilizer application intensity is encouraged by larger farm size. Coffee
growers with larger plots probably see more financial gains from increasing
production per acre and may also have better access to credit or capital for input
purchases (Holden & Lunduka, 2014). To maintain soil productivity and profitability,
larger farm management require implementing more modern and efficient farming

techniques, such as the use of fertilizers.

Kassie et al. (2015) argue that land size has a positive impact on the intensity and
adoption of agricultural inputs, such as inorganic fertilizers. According to economic
theory, farmers who own larger farms are more likely to take advantage of
economies of scale and invest in technologies that increase yields and maximize

agricultural profits than the counterparts.
Access to Extension Services

Access to agricultural extension services was found to be statistically significant with
fertilizer use (Coefficient -0.154, p =.012). Based on the coefficient, farmers who
regularly interact with extension agents are 2.7% less likely to use fertilizer in the
low category and more likely to use it in the medium (1.6%) and high (1.1%)
categories. This research emphasizes that extension services help people make well-

informed decisions about the use of agricultural inputs.

Extension services offer holistic resources for sharing information on sustainability,
input efficiency, and agronomic best practices (Anderson & Feder, 2007). Having
access to timely and appropriate advice greatly improves the ability of smallholder
coffee farmers to apply fertilizers at recommended rates in Buginyanya Sub-county.

This confirms earlier research showing that consistent interaction with extension
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