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Profitability Analysis of Animal Traction for Smallholder Farmers in Eastern Uganda: A Case of Busoga Sub-region


ABSTRACT

	Animal Traction (AT) remains a critical intermediate mechanization pathway for smallholder farmers in Eastern Uganda, yet empirical evidence on its economic performance remains limited. This study evaluated the profitability and investment viability of two enterprise models, namely Basic Animal Traction (BAT) and Advanced Animal Traction (AAT), among smallholder farmers in the Busoga sub-region. A mixed-methods research design was used, comprising a household survey of 664 households, 23 Focus Group Discussions (FGDs), and 68 key informant interviews across five districts. Financial viability was evaluated over a six-year investment period using Net Present Value (NPV), Internal Rate of Return (IRR), Gross Margin (GM), and Payback Period metrics, along with sensitivity analysis. The results indicated that AT systems are integrated within smallholder production systems characterized by small landholdings (average 1.66 ha), mixed crop-livestock enterprises, and dependence on family labour. Cost structure analysis showed significant initial capital requirements, with fixed costs accounting for about 55% of total investment for both BAT (UGX 5.88 million) and AAT (UGX 9.50 million), posing a major adoption barrier. Despite this, both models performed strongly financially under baseline conditions. For maize and bean production, BAT achieved IRRs of 57-76%, NPVs of UGX 22.2-29.8 million, and payback periods of less than 1.1 years. AAT reached higher IRRs (73-82%), NPVs (UGX 41.6-47.0 million), and gross margins (36.4-38.6%), due to additional income from planting and weeding hire services. Sensitivity analysis indicated that profitability is sensitive to 15-25% reductions in output and to excessive reinvestment of hire-service revenues, underscoring the need for risk management and careful capital planning. While AAT offers greater income-growth potential, BAT offers a lower-capital, lower-risk entry pathway. Overall, AT offers a profitable, suitable, and expandable mechanization option. Policy support should focus on affordable financing, technical skills development, service diversification, and gender-sensitive approaches to encourage inclusive mechanization.
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1. INTRODUCTION

Globally, animal traction is widely recognized as an appropriate mechanization option for smallholder farming systems. It is commonly practiced in many parts of Asia and sub-Saharan Africa, where small-scale farmers rely on draught animals to support agricultural operations and improve farm productivity. Animal traction provides an intermediate mechanization pathway between manual labour and tractor-based mechanization, offering a relatively affordable technology suited to the resource constraints of smallholder farmers[1]. Within sub-Saharan Africa, several countries, including Uganda, have adopted animal traction for activities such as land preparation, planting, weeding, and transportation of farm produce.

In Uganda, agriculture is predominantly smallholder-based, with small-scale farmers constituting approximately 80-85% of the agricultural workforce [2]. These farmers typically cultivate small family-owned gardens and produce mainly for subsistence and local markets. Limited access to capital, modern farm machinery, and improved technologies continues to constrain productivity growth in many smallholder systems, a pattern that is also observed across much of sub-Saharan Africa, Asia, and parts of Latin America, where limited access to capital, technology, and markets constrains productivity growth [3]. In response to these constraints, animal traction has emerged as a practical mechanization option that can improve farm efficiency while remaining accessible to small-scale producers.

Animal traction is particularly common in Uganda's northern and eastern regions, including the Busoga sub-region. It is used for a range of agricultural operations, including land preparation, transport, and value-adding activities such as sugarcane jaggery milling [4]. Its use addresses labour shortages and enhances the timeliness of key farm operations. The Busoga sub-region has increasingly adopted animal traction to improve the agricultural productivity of staples such as maize and beans and to facilitate farm transport services. The technology enables farmers to cultivate larger areas of land within optimal planting windows and reduce dependence on manual labour, which is often limited during peak agricultural seasons. Timely land preparation and planting have been shown to significantly influence crop yields and farm profitability [5].

One of the drivers for the adoption and expansion of animal traction systems is the economic feasibility, including profitability. The profitability of animal traction for smallholder farmers is influenced by its cost structure, revenue potential, and overall economic efficiency [6]. One of the major determinants of adoption is the high initial capital requirement associated with acquiring draught animals and related implements. The purchase of a pair of oxen, together with essential equipment such as a plough, cart, planter, and weeder, represents a substantial upfront investment. For many smallholder farmers, these fixed capital costs present a significant barrier to entry and often necessitate access to credit, collective ownership arrangements, or subsidy support. High capital intensity relative to household incomes has been widely cited as a constraint on mechanization adoption in sub-Saharan Africa [1, 7]. Understanding the cost composition and investment implications of animal traction is therefore critical for assessing its financial feasibility.

Despite its widespread use and perceived benefits, animal traction has received limited empirical attention regarding its economic performance relative to alternative production systems, including manual labour and motorized mechanization. Rigorous investment and profitability analyses remain scarce, particularly at sub-regional levels such as Busoga. Consequently, evidence-based assessments are needed to support farmers, development practitioners, and policymakers in making informed decisions about appropriate mechanization options.

This study, therefore, aimed to assess the profitability and investment viability of animal traction technology for smallholder farmers in the Busoga sub-region of Eastern Uganda. The specific objectives were to i) examine the socio-demographic, socio-economic, and production characteristics of Animal Traction (AT) users; ii) analyze the cost structure of alternative AT enterprise models; and iii) evaluate the profitability of AT in maize and bean production systems. The study was guided by the following research question: What are the economic performance indices for two animal traction investment options that can support technology selection and adoption decisions among smallholder farmers? This was achieved through mixed-methods research design involving a household survey of 664 households, 23 Focus Group Discussions (FGDs), and 68 key informant interviews across five districts, as well as financial viability analysis including NPV, IRR, GM, Payback Period, and sensitivity analysis. Generating this information provides reliable economic performance indicators to guide technology selection, enterprise planning, and policy support mechanisms that promote agricultural transformation.

2. Materials and Methods

2.1 Study Approaches and Tools

2.1.1 Study Area

The study was conducted between mid-March and early June 2024 across five districts of the Busoga sub-region (Figure 1): Buyende, Jinja, Kaliro, Kamuli, and Luuka. The study map (Figure 1) was generated using ArcGIS 10.8. Busoga, composed of 11 districts, is located in Eastern Uganda and bordered by Lake Kyoga (north), the Victoria Nile (west), Lake Victoria (south), and the Mpologoma River (east). These water bodies shape its unique geography and cultural landscape, often referred to by scholars as an “island” [8-11] due to its natural boundaries. 

Busoga’s strategic location has historically influenced trade, migration, and inter-ethnic relations. While the Basoga are the dominant ethnic group and Lusoga is the main language, the region is ethnically diverse due to in-migration and intermarriage. The sub-region’s population exceeds 4.3 million [12], with most residents engaged in smallholder farming in rural areas. Agriculture is the mainstay, combining subsistence and commercial farming. Staple crops include maize, cassava, rice, banana, sweet potatoes, and beans, while key cash crops vary by district, such as coffee, sugarcane, and cotton. Farmers also practice agroforestry, mixed cropping, and integrated livestock farming. Fishing is prominent in low-lying and riparian areas. 
[image: ]
Figure 1. Map of Uganda showing the Busoga sub-region and study districts

The region experiences a tropical savanna climate, with two rainy seasons (March-May and September-November) and annual rainfall ranging from 1,200 to 1,800 mm. Temperatures typically range from 20 °C to 30 °C. Environmental issues such as flooding, wetland degradation, and periodic droughts are common and are influenced by population growth and climate change. Socio-economically, Busoga is diverse, with uneven access to education, healthcare, and infrastructure. This heterogeneity affects farming systems and household decision-making. Urban centers such as Jinja and Kamuli act as commercial and service hubs, while rural areas remain agriculturally intensive. Most households are multi-generational, and youth contribute significantly to farming and labour. Rural-urban migration, especially among young adults, is evident.

2.1.2 Study Design and Sample

The study employed a mixed-methods research design targeting smallholder farmers (both users and non-users of animal traction technologies) and key stakeholders, including technical staff, community leaders, equipment dealers, and makers of animal traction equipment parts and spares. The sample was guided by information on the proportion of the cattle herd in each district of the Busoga sub-region, derived from data extracted from the National Livestock Census 2021 by UBOS [13]. Five districts in the Busoga sub-region were purposively selected because they collectively account for approximately 55% of the regional cattle herd. Within these districts, 60% of the sub-counties were purposively sampled based on topography, animal traction prevalence, dominant soil types, and major cropping systems, yielding a total of 23 sub-counties. The quantitative sample size for the household farmer survey was determined using a modified Kish-Leslie formula at 96% confidence level and a 4% margin of error.

2.1.3 Data Collection and Analysis

Data were collected using structured household survey questionnaires, focus group discussions (FGDs), and key informant interviews (KIIs). A total of 664 farmers participated in the household survey, and 230 participated in 23 FGDs. In addition, 68 key informants were purposively selected based on their roles and expertise in animal traction technologies. Overall, the study involved 962 participants distributed across the districts of Buyende (181), Jinja (142), Kaliro (130), Kamuli (346), and Luuka (163). Of the total participants, 15.1% were women. 

The collected data were validated using a dropdown list to ensure consistency and identify errors. The collected data were analyzed using descriptive statistics, cash flow projection, and discounting functions. At the time of the study, the exchange rate stood at 3,500 Uganda shillings per $ 1 US [12, 13]. The profitability estimate was based on the quantity of crop produced in kilograms per production area of 1.21 hectares, as stated below as the profitability indicators.

[bookmark: _Hlk218845295]2.2 Profitability Analysis of Animal Traction (AT)

[bookmark: _Hlk216708310]2.2.1 Analytical Approach

The profitability of Animal Traction (AT) technologies in the Busoga sub-region was assessed using standard farm-level financial and investment appraisal methods. The analysis compared the economic performance of two AT investment options, Basic and Advanced AT models, under typical smallholder farming conditions. 

Table 1 presents the key assumptions and cost components underlying the AT-based investment options. The assessment was based on a representative smallholder household operating a single pair of draught bulls under improved feeding, health care, and management practices.

The representative household was assumed to have an average landholding of 2.02 hectares (ha), consistent with survey findings. Of this total land area, 1.21 ha was allocated to cash crop production using AT, while 0.81 ha was reserved for subsistence crops. Maize and beans were selected as representative cash crops due to their dominance in the farming systems of the Busoga sub-region and their suitability for animal traction-based land preparation.

[bookmark: _Hlk216710300]2.2.2 AT Investment Models

Two AT investment models were evaluated: the Basic AT Model and the Advanced AT Model. Basic AT Model comprised one pair of oxen, a mouldboard plough, and an ox-cart. It represents the prevailing use of animal traction in the Busoga sub-region, mainly for land preparation and transport services. The advanced AT Model included one pair of oxen, a mouldboard plough, an ox-cart, a planter, and a weeder. It represents a more intensive and diversified use of AT, where ploughing is complemented by animal-drawn planting and weeding operations. The inclusion of weeding equipment addresses labour bottlenecks during peak periods and has the potential to reduce the labour burden, particularly for women.

2.2.3 Income and Cost Components

Income Sources: Annual farm income was derived from the sale of maize and beans produced using AT, revenue from AT hire services, and the sale of culled or aged draught animals.
Cost Components: Costs included in the analysis were initial investment costs for draught animals and equipment, animal healthcare and feeding costs, equipment repairs and maintenance costs, crop production costs (inputs and operations), and labour costs (AT operators, herdsmen, and imputed family. Income and cost data were generated from focus group discussions and cross-validated using household survey data.

Table 1.	Assumptions and cost structure used in the AT profitability models

	[bookmark: _Hlk219717926]Core model assumptions
	Unit/description
	Value for BAT model
	Value for AAT model

	Hire service days per month
	Days
	16
	22

	Feeding system
	Improved feeding
	Assumed
	Assumed

	Draught animals
	Number of bulls
	2 bulls
	2 bulls

	Implements used
	Piece (1 each)
	Plough, Ox-cart (500kg capacity)
	Plough, Ox-cart, Planter, Weeder

	Economic life of bulls
	Years
	6
	6

	Economic life of equipment
	Years
	10
	10

	Interest rate
	%
	0
	0

	Inflation rate
	%
	3.3
	3.3

	Initial investment costs
	
	
	

	Young bulls (2 years)
	2 bulls
	3,000,000
	3,000,000

	Plough + chains & spanners
	Set
	350,000
	350,000

	Ox-cart
	Piece
	2,000,000
	2,000,000

	Ox-planter
	Piece
	0
	3,000,000

	Ox-weeder
	Piece
	0
	550,000

	Spray pump
	Piece
	150,000
	150,000

	Yokes, ropes, training and vet inspection and certification
	Lump sum
	380,000
	450,000

	Total initial investment cost
	
	5,880,000
	9,500,000

	Operating and maintenance costs
	
	
	

	Animal health and treatment
	Annual
	185,000
	185,000

	AT equipment repair & spares
	Annual
	229,000
	359,000

	Herdsman wage
	Annual
	720,000
	720,000

	Owner wage
	Annual
	360,000
	360,000

	AT hire service cost
	
	
	

	Operators
	Persons
	2
	2

	Operator ploughing cost
	26.88 / 19.2 ha @ 25,000 UGX/ha
	1,344,000
	960,000

	Operator transport cost
	192 trips @ 5,000 UGX/trip
	1,920,000
	1,920,000

	Operator planting cost
	30 ha @ 12,500
	
	750,000

	Operator weeding cost
	48 ha @ 25,000
	
	2,400,000

	Total operator hire cost
	
	3,264,000
	6,030,000

	Crop production assumptions
	
	
	

	Land cultivated
	Hectares (ha)
	1.21
	1.21

	Crops grown
	
	Maize, Beans
	Maize, Beans

	Maize yield
	Kg/ha
	1,750
	1,750

	Beans yield
	Kg/ha
	625
	625



2.2.4 Cash Flow Projection and Discounting

Annual income and cost streams were projected over a six-year investment horizon, reflecting the expected productive life of draught animals and implements. Future values were estimated using: 

Future Value (FV) at year n = PV(1+r) n							(1)

Where: (PV) is the base-year value, (n=1, 2, 3, 4, 5, 6 years), and (r) is the discount rate. In the absence of external financing, the discount rate was proxied by the annual inflation rate of 3.3% reported by the Uganda Bureau of Statistics [14].

Annual net cash flow for each year was calculated as:

Net Cash Flow (NCF) for nth year = (Bn-Cn)						(2)

Where (Bn) and (Cn) represent total income and total costs in year (n), respectively

2.2.5 Profitability Indicators

The profitability of the Basic and Advanced AT models was evaluated using the following investment performance indicators:

Net Present Value (NPV) = C0			(3)

Where (C0) is the initial investment cost.
A positive NPV indicates a financially viable investment.

The Internal Rate of Return (IRR) was calculated as the discount rate that equates the NPV to zero. Higher IRR values indicate greater investment profitability.

Gross Margin (GM) is the difference between revenue and cost of goods sold, expressed as a percentage of revenue. It was computed using:

GM = 							(4)

Gross margin was used to assess operational profitability.

Payback Period (T) = 						(5)

The payback period measures the time required to recover the initial investment, with shorter periods indicating lower investment risk.

These indicators were used to compare the economic performance of the two AT models.

2.2.6 Sensitivity Analysis

A sensitivity analysis was conducted to examine the robustness of profitability results under two alternative scenarios: the Income Reduction Scenario and the Reinvestment Scenario. Under the income-reduction scenarios, total annual income was reduced by 15%, 20%, and 25%, and the effects on NPV, IRR, gross margin, and payback period were assessed. For the reinvestment scenario, a proportion of revenue from hire services (x = 10%, 15%, 20%,… 40%) was assumed to be reinvested in production activities, such as weeding and harvesting. Changes in profitability under these assumptions were evaluated.

This profitability analysis provides a transparent and replicable framework for assessing the economic viability of alternative AT investment pathways in smallholder farming systems. By combining farm-level cash flow analysis with sensitivity testing, the approach captures both expected returns and potential risks associated with AT adoption under variable economic conditions.

3. results and discussion

[bookmark: _Hlk219036453]3.1 Socio-demographic, Socio-economic, and Production Characteristics of AT

3.1.1 Socio-demographic characteristics of respondents

The demographic characteristics of respondents considered in this study included gender, marital status, age, education level, and household size (Table 2). Results showed marked variation in respondent distribution across districts, with Kamuli recording the highest proportion of respondents (37.0%) and Jinja the lowest (16.6%). Male respondents (84.9%) predominated over their female counterparts. A majority of the respondents were middle-aged (38-57 years), accounting for 43.8% of the sample, followed by youth aged 18-37 years (37.0%), while elderly respondents aged 58-77 years constituted the smallest proportion (19.2%). These findings indicate that both youth and middle-aged persons were actively engaged in farming in the study area.

The relatively high participation of youth in farming may partly be attributed to the use of animal traction, which reduces the physical demands of land preparation compared with manual cultivation. The substantial proportion of young farmers (37.0%) underscores the need for interventions specifically targeting this demographic. Compared with older farmers, youth often face distinct challenges, including limited access to land, lower purchasing power, and reduced influence in community decision-making processes. At the same time, younger farmers may be less bound by tradition, more receptive to innovation, and more inclined to adopt modern technologies, including digital and climate-smart solutions. Their outlook may also be more business-oriented, positioning them as a key target group for agricultural mechanization initiatives.

The study further noted limited engagement of persons below 18 years in farming activities, attributed to school attendance. Regarding marital status, the majority of respondents were married (91.3%), while divorced individuals represented the smallest category (1.8%). This high prevalence of marriage supports the adoption of gender-transformative approaches that work with both men and women, such as the Gender Action Learning System, rather than approaches focused solely on female-headed households. In smallholder farming systems, households headed by couples are often better positioned to manage farm operations due to shared responsibilities and access to family labour. Nevertheless, single, widowed, and divorced individuals are equally motivated to improve household food security and should not be excluded from interventions. Consequently, household heads and their spouses play complementary roles, contributing both labour and financial resources to farming activities.

In this study, the average household size was 8 members, suggesting the availability of family labour to support farming operations. Larger families can provide sufficient labour from youth, middle-aged, and elderly members, thereby reducing the cost of hired labour during the production of crops such as maize and sorghum.

Regarding education, the majority of respondents (93.3%) had attained at least primary education, including early school leavers. This relatively high level of educational attainment is advantageous, as education is widely associated with increased capacity to acquire, process, and utilize information, thereby enhancing the likelihood of technology adoption. Previous studies have demonstrated that educational attainment positively influences farmers’ adoption of innovations [15, 16], as education enhances the ability to access and interpret relevant information [17]. Consequently, the observed educational levels are likely to positively affect the uptake and success of animal traction interventions in the study area.

Table 2.	Socio-demographic characteristics of households

	[bookmark: _Hlk218924271]Districts
	Percentages
	Educational level
	Percentages

	Buyende
	18.8
	Primary
	55.9

	Jinja
	13.6
	O-level
	27.6

	Kaliro
	14.0
	A-level
	1.8

	Kamuli
	37.0
	Adult Literacy
	2.6

	Luuka
	16.6
	Tertiary
	5.4

	
	
	None
	6.7

	Gender
	
	Marital status
	

	Male
	84.9
	Married
	91.3

	Female
	15.1
	Single
	4.7

	
	
	Widowed
	2.2

	
	
	Divorced
	1.8

	Age
	
	Household size
	

	18-37
	37.0
	1-5
	27.5

	38-57
	43.8
	6-10
	48.3

	58-77
	19.2
	11-15
	15.5

	
	
	>15
	7.5

	
	
	Not Applicable
	1.2


Source: Field survey 2024

3.1.2 Socio-economic characteristics of households

Table 3 presents the socio-economic characteristics of households in the study area. The results confirmed that animal traction is a long-established and widely practiced farm power option in the Busoga sub-region. A substantial proportion of respondents (86.3%) had used animal traction for more than five years, reflecting extensive experience and continuity in the application of draught animal power. Nearly half of the respondents (48.6%) reported 5-10 years of AT use, while 15.5% had between 11-14 years and another 15.5% had 15-20 years of experience, respectively. Only 13.7 % of respondents were relatively new to AT, having practiced it for less than 5 years. 

The long duration of engagement indicated that AT is a mature, culturally embedded, and technically accepted farming practice in the sub-region. High user experience was associated with respondents’ strong familiarity with ploughing operations, selection and handling of draught animals, and basic management practices. This maturity explains the continued reliance on AT despite the gradual introduction of motorized mechanization options.

Household landholding sizes further illustrated the suitability of AT within the prevailing smallholder farming systems. The majority of respondents (79.8%) owned between 0.40 and 2.02 hectares of land, while only 2.7% cultivated less than 0.40 hectares using animal traction. The mean landholding size was 1.66 hectares, with a median of 1.21 hectares, a standard deviation of 2.04 hectares, a variance of 10.32, and a range of 20.23 hectares. These findings suggest that AT remains an appropriate and affordable mechanization option for small and fragmented landholdings where the scale of operation does not economically justify tractor ownership or hiring.

Ownership of work animals varied considerably across households and districts. Overall, 66.3% of respondents owned work animals, of whom only 5.4% were female, highlighting a strong gender imbalance in ownership. In contrast, 33.7% respondents did not own work animals, with females constituting a disproportionately high share (26.3%) of non-owners. Households without work animals relied on hiring, borrowing from relatives, or sharing arrangements, often using their own ploughs. Such arrangements frequently resulted in delayed land preparation, reduced cultivated area, increased production costs, and ultimately lower agricultural productivity.

Spatial differences in ownership were also evident. Kamuli district had the highest proportion of work animal owners (40%), followed by Buyende (24%), Kaliro (17%), and Luuka (15%), while Jinja district recorded the lowest ownership (4%). The low prevalence of work animals among farmers in Jinja may result from increased urbanization and changing socio-cultural views, where owning draught animals is seen as incompatible with urban lifestyles and social status. As a result, Jinja district seems less suitable for future AT-focused interventions.

Regarding AT equipment, respondents owned mouldboard ploughs, oxcarts, and cane jaggery mills. Mouldboard ploughs were the most common, with 91.9% of households reporting ownership, compared to 17.8% owning oxcarts and only 5.1% possessing cane jaggery mills. The dominance of plough ownership highlights the crucial role of timely land preparation in rain-fed farming systems. Ploughing is labor-intensive, time-sensitive, and often the first task for farmers at the start of the planting season. Additionally, mouldboard ploughs are quite versatile, used for ploughing, furrow-making, and weeding.

Gender dynamics also influenced equipment ownership, as investment decisions were predominantly made by men, who are more directly involved in ploughing operations. This partly explains the higher priority given to plough acquisition relative to other AT implements.

Although less widely owned, ox-carts were identified as highly versatile and economically valuable assets. They significantly reduce drudgery and labour time throughout the year and generate income through multiple on-farm and off-farm uses, including transport of produce, water, firewood, and construction materials. In contrast, cane jaggery mills appear to be declining in relevance, as only a small proportion of farmers own them, and more advanced sugarcane milling factories have been established in the sub-region. Technology may not be considered in future interventions at all, as only a few farmers possessed and used it, and also, more advanced cane milling factories have been set in the sub-region. This suggests limited potential for future interventions targeting this technology.

Regarding livelihoods, the vast majority of respondents (95.0%) mainly earned their income from farming activities, including crop farming, livestock rearing, and fishing in Lake Kyoga and the River Nile. Business ventures and other income-generating activities each made up 2% of respondents, while only 1% reported formal employment in government service. These findings highlight the strong reliance on agriculture-based livelihoods and the important role of suitable farm power technologies in maintaining household incomes.

Analysis of farm enterprises showed that most households (84%) engaged in mixed crop and livestock farming, reflecting integrated production systems that benefit from animal traction. 14% of respondents were involved solely in crop production, while 1.4% relied exclusively on fishing. Livestock-only enterprises were uncommon (0.5%) and primarily observed in Jinja and Luuka districts. The dominance of mixed farming systems further emphasizes the importance of AT as a multifunctional technology supporting both crop and livestock production in the Busoga sub-region.

[bookmark: _Hlk218924330]Table 3.	Socio-economic characteristics of households

	[bookmark: _Hlk219642495]Experience in AT use (yr)
	Percentages
	Landholding (ha)
	Percentages

	< 1
	1.4
	>0.40
	2.7

	1-4
	12.3
	0.40-2.02
	79.8

	5-10
	48.6
	2.43-4.05
	13.0

	11-14
	15.5
	4.45-8.09
	3.0

	15-20
	10.3
	8.50-12.14
	0.9

	21-24
	5.2
	12.55-16.19
	0.2

	25-30
	3.4
	16.60-20.23
	0.4

	> 30
	3.3
	
	

	Work Animal ownership
	
	Equipment ownership
	

	One
	6.8
	Ox-plough
	91.9

	Two
	46.2
	Ox-cart
	17.8

	Three
	2.9
	Cane Jaggery mill
	5.1

	Four
	8.3
	
	

	More than four
	2.1
	
	

	Zero
	33.7
	
	

	Income sources
	
	Farm enterprises
	

	Farming
	95
	Crop Farming
	14.2

	Business
	2
	Livestock Farming
	0.5

	Civil Service
	1
	Crop & Livestock farming
	84.0

	Other income activities
	2
	Fishing
	1.4


Source: Field survey 2024

[bookmark: _Hlk219036766]3.1.3 Production characteristics of animal traction enterprises

Table 4 shows the production features of animal traction enterprises in the study area. Local cattle markets within the Busoga sub-region made up 68.1% of draught animal acquisitions. This emphasizes the significance of local livestock markets in supporting AT enterprises and indicates relatively low transaction and transportation costs for farmers. An additional 25.7% of draught animals were obtained from nearby communities, highlighting the importance of social networks and community-based exchanges in acquiring draught animals. Very few respondents obtained draught animals from outside Busoga (1.1%) or from both internal and external markets (0.9%), pointing to limited long-distance livestock trade for traction purposes.

AT practices mainly involved using one pair of draft animals (80.2%), reflecting the smallholder nature of farming systems in the sub-region and limited capital investment capacity. Only 14.0% used two pairs, while the use of three pairs (0.8%) occurred in some areas of Luuka, Kamuli, and Buyende for ploughing fields previously planted with sugarcane. Sugarcane sets have fibrous roots that require more energy to plough, explaining the need for three pairs. The use of a single animal (5.0%) was minimal and mostly limited to cane jaggery milling. The dominance of a single pair indicates moderate traction demand, primarily for seasonal land preparation rather than continuous or large-scale commercial farming.

The primary AT operation carried out was ploughing, reported by 78.0% of respondents, emphasizing its key role in timely land preparation and crop establishment. Other secondary activities included transport (10.0%) and furrow opening and closing (10.0%), while cane jaggery milling (2.0%) was minimal. This operational profile suggests that AT enterprises mostly focus on crop production rather than value addition or diversified power use, restricting income diversification opportunities from traction animals.

Bulls were the most commonly used draft animals (59.4%), followed by oxen (40.1%). The use of cows (0.3%) and donkeys (0.2%) was minimal. The preference for bulls and oxen reflects their greater strength, endurance, and cultural acceptance for traction work. The low use of cows was probably due to their roles in reproduction and milk production, while the near absence of donkeys might be linked to limited availability and a weaker tradition of donkey traction in Busoga.

Animal feeding practices mainly involved combined free-range grazing and tethering (62.6%), showing adaptive strategies to balance feed availability, land limitations, and labor needs. Exclusive tethering and zero grazing made up 23.1%, while only 10.2% of respondents practiced pure free-range grazing. The low occurrence of zero grazing (0.6%) indicates constraints such as small land for fodder production, housing, and labor intensity.

Boreholes were the primary water source (58.0%) for draft animals, followed by rivers (16.0%). The use of multiple sources, including borehole and river (8.0%) and borehole and valley tanks (2.0%), reflects adaptive coping strategies during dry periods. However, reliance on natural water bodies such as rivers, lakesides (4.0%), and valley tanks (6.0%) may expose draft animals to seasonal water stress and health risks.

Most respondents (60.2%) reported providing supplementary feeds to draught animals, showing awareness of the nutritional needs for traction work. However, 20.7% did not offer supplementary feeding, indicating variation in management practices and possible limited access to feed. Additionally, 19.1% did not respond, as they were users rather than owners of the draught animals.

Animal traction hire services were mostly operated by men (94.6%), with women accounting for only 5.4%. This significant gender disparity highlights deep-rooted social and cultural norms related to livestock ownership, animal handling, and income control from traction services. The minimal involvement of women indicates missed opportunities for inclusive business development and underscores the need for gender-sensitive mechanization programs.

Overall, the findings describe animal traction enterprises in Busoga as small-scale, male-dominated, crop-focused systems that heavily depend on local livestock markets and basic management practices. While ploughing remains the primary activity, limited diversification of AT uses and inconsistent feeding and watering practices may restrict productivity and income opportunities. Improving market connections, encouraging diversified AT activities (such as harrowing, ridging, planting, weeding, harvesting, and post-harvest uses), enhancing feed and water management, and addressing gender barriers would improve the technical and socio-economic performance of animal traction enterprises in the region.

[bookmark: _Hlk219738548]Table 4.	Production characteristics of animal traction enterprises

	[bookmark: _Hlk219473094]Animal sources
	Percentages
	AT practices
	Percentages

	Nearby community
	25.7
	One pair
	80.2

	Cattle market in Busoga
	68.1
	Two pairs
	14.0

	Cattle market outside Busoga
	1.1
	Three pairs
	0.8

	Community & markets in Busoga
	4.2
	One animal
	5.0

	Cattle market in & outside Busoga
	0.9
	
	

	Main AT operations performed
	
	Draft animal types
	

	Ploughing
	78.0
	Bull
	59.4

	Transport
	10.0
	Oxen
	40.1

	Cane Jaggery milling
	2.0
	Cow
	0.3

	Furrow opening & closing
	10.0
	Donkey
	0.2

	Animal feeding practices
	
	Water sources
	

	Free range grazing
	10.2
	Borehole
	58.0

	Tethering and zero grazing
	23.1
	River
	16.0

	Free range grazing and tethering
	62.6
	Borehole and river
	8.0

	Zero grazing
	0.6
	Spring well
	6.0

	Tethering
	1.6
	Valley tank
	6.0

	Free range and zero grazing
	1.9
	Lake side
	4.0

	
	
	Borehole & valley tank
	2.0

	Supplementary feeds
	
	Hire out AT services
	

	Supplementary feed provided
	60.2
	Male
	94.6

	No supplementary feed
	20.7
	Female
	5.4

	No responses*
	19.1
	
	


*Draught animal users and not owners
Source: Field survey 2024

3.2 Cost Structure Analysis of Animal Traction Enterprise Models

The cost structure analysis emphasizes the dominance of fixed capital investment over variable operating expenses in both animal traction enterprise models, with significant implications for economic feasibility and adoption (Table 5). Fixed costs in the first year of operation totaled UGX 5.88 million for the Basic Animal Traction (BAT) model and UGX 9.50 million for the Advanced Animal Traction (AAT) model, representing 55.27% and 55.38% of total costs, respectively. This large initial investment is mainly driven by the purchase of draught animals and essential implements. For the BAT model, bulls (28.20%) and the ox-cart (18.80%) formed the main capital expenditures, while in the AAT model, bulls (17.49%), the animal traction planter (17.49%), and the ox-cart (11.66%) were the largest fixed cost components. Such substantial upfront capital requirements may thus create a significant entry barrier for resource-limited smallholder farmers.

Variable operating costs were relatively moderate, totaling UGX 4.76 million annually for the BAT model and UGX 7.65 million annually for the AAT model. Labor and operator-related expenses made up the majority of these recurring costs, together accounting for over 40% of total costs in both models. In contrast, expenses on animal health and equipment maintenance and repair were relatively low, contributing less than 4% of the total costs. Overall, the findings suggest that although animal traction systems may be economically viable in the medium to long term due to manageable recurring costs, their adoption is probably limited by high initial capital investment, highlighting the need for targeted financing, asset-sharing arrangements, or subsidy programs to improve access for smallholder farmers. 

Table 5.	Production characteristics of animal traction enterprises

	Fixed Capital Costs
	BAT model (UGX)
	Share of Total (%)
	AAT model (UGX)
	Share of Total (%)

	Draught animals (2 bulls)
	3,000,000
	28.20
	3,000,000
	17.49

	Ox-cart (500 kg capacity)
	2,000,000
	18.80
	2,000,000
	11.66

	Plough + chain + spanner
	350,000
	3.29
	350,000
	2.04

	AT Planter
	0
	0.00
	3,000,000
	17.49

	AT Weeder
	0
	0.00
	550,000
	3.21

	Spray pump
	150,000
	1.41
	150,000
	0.87

	Yokes
	60,000
	0.56
	130,000
	0.76

	Ropes and fittings
	10,000
	0.09
	10,000
	0.06

	Training of bulls and operators
	300,000
	2.82
	300,000
	1.75

	Vet inspection and certification
	10,000
	0.09
	10,000
	0.06

	Sub-total: Fixed Costs
	5,880,000
	55.27
	9,500,000
	55.38

	Variable Costs
	
	
	
	

	Animal health and treatment
	185,000
	1.74
	185,000
	1.08

	Repair and maintenance
	229,000
	2.15
	359,000
	2.09

	Ploughing operators
	1,344,000
	12.63
	960,000
	5.60

	Transport operators
	1,920,000
	18.05
	1,920,000
	11.19

	Planting operators
	0
	0.00
	750,000
	4.37

	Weeding operators
	0
	0.00
	2,400,000
	13.99

	Herdsman wage
	720,000
	6.77
	720,000
	4.20

	Owner/operators wage
	360,000
	3.38
	360,000
	2.10

	Sub-total Variable Costs
	4,758,000
	44.73
	7,654,000
	44.70

	Total Cost Base (Year 1)
	10,638,000
	100.00
	17,154,000
	100.0



3.3 Profitability Analysis of Animal Traction Use for Maize and Bean Production

[bookmark: _Hlk219037066]3.3.1 Profitability and income diversification from animal traction use

Results shown in Table 6 reveal that both Basic Animal Traction (BAT) and Advanced Animal Traction (AAT) systems generate significant income through a mix of hire services, crop production, and asset liquidation, highlighting the role of animal traction as a diverse livelihood strategy for smallholder farmers.

Income from AT hire services made up the largest part of the total yearly income for both models. The BAT model earned UGX 10.56 million annually from hire services, mainly from ploughing (UGX 6.72 million) and transport services (UGX 3.84 million). Conversely, the AAT model achieved a notably higher hire service income of UGX 16.52 million each year. Although ploughing income under AAT was lower (UGX 4.8 million) due to covering less area, this was more than offset by additional services made possible by better implements and skills.

Specifically, the AAT model diversified service offerings to include planting (UGX 1.88 million) and weeding services (UGX 6.0 million), which were not provided under the BAT model. Transport service income remained consistent across both models, indicating that diversification gains under AAT were mainly due to the expansion of mechanized field operations rather than transport services. These findings emphasize the importance of technological upgrades in expanding income sources and reducing reliance on a single service like ploughing. Similar patterns have been observed in studies of animal traction systems across sub-Saharan Africa, where ownership of improved implements allows farmers to offer a wider range of services to neighboring farms, thereby increasing farm income and boosting labor productivity [18-20].

Crop production provided a stable and comparable income under both BAT and AAT systems. Annual maize sales brought in UGX 2.75 million, while beans sales added UGX 3.96 million, reflecting similar cultivated areas and yields across the two models. Although crop income made up a smaller share of total annual earnings compared to hire services, it remained an essential part of household food security and cash flow.

Both models recognized additional income from selling old bulls at the end of their useful life, with a residual value of UGX 4.0 million for two animals. This residual value acts as an important capital recovery method, enhancing overall system profitability and decreasing long-term investment risk linked to animal traction. Previous studies have similarly observed that draught animals offer multiple economic benefits beyond traction, including meat production, asset building, and resale value, which significantly contribute to household income and livelihood resilience [21]

Total annual income under the BAT model ranged from UGX 17.31 million for the maize-based system to UGX 18.52 million for the beans-based system. In comparison, the AAT model generated substantially higher total income, amounting to UGX 23.27 million and UGX 24.47 million for maize and beans systems, respectively. However, these higher incomes were accompanied by increased annual costs, reflecting greater investment in equipment, animal management, and operational inputs. Total annual costs under BAT averaged about UGX 14.5 million, compared to over UGX 20.3 million under AAT.

Despite higher operating costs, both AT systems yielded positive net annual benefits. Under the maize system, net benefits were UGX 2.77 million for BAT and UGX 2.98 million for AAT. For the beans system, net benefits were higher overall, amounting to UGX 4.04 million under BAT and UGX 3.90 million under AAT. These results indicate that while AAT enhances income diversification and total earnings, profitability gains relative to BAT are modest due to higher associated costs.

These findings are consistent with previous economic evaluations of animal traction systems in sub-Saharan Africa, which show that draught animal technologies can significantly increase farm income, particularly when farmers use animals for both farm operations and hire services to neighbouring households [22]. However, the profitability of animal traction investments is strongly influenced by factors such as access to land, capital, animal health, and the availability of complementary implements such as planters and weeders [23]. Where these enabling conditions exist, animal traction remains one of the most accessible options for smallholder farmers and plays an important role in reducing labour constraints and improving farm productivity where tractor mechanization access is limited [20].

Overall, the results suggest that animal traction systems offer profitable, diversified income opportunities, with the AAT model providing superior income diversification through expanded service portfolios. However, the BAT model remains competitive in terms of net profitability, particularly for resource-constrained farmers. These findings highlight the importance of aligning animal traction promotion strategies with farmers’ investment capacity, access to improved implements, and local demand for mechanization hire services.

Table 6.	Annual income and profitability of AT-based farming and hire services

	Income from AT hire services
	Unit/description
	Value for BAT model
	Value for AAT model

	Ploughing services x 2 seasons
	13.44 / 9.6 ha @ 250,000 UGX/ha
	6,720,000
	4,800,000

	Transport services x 2 seasons
	192 trips @ 20,000 UGX/trip
	3,840,000
	3,840,000

	Planting services x 2 seasons
	15 ha @ 62,500 UGX/ha
	0
	1,875,000

	Weeding services x 2 seasons
	24 ha @ 125,000 UGX/ha
	0
	6,000,000

	Total AT hire services income
	
	10,560,000
	16,515,000

	Crop production income
	
	
	

	Maize sales (1.21 ha x 2 seasons)
	
	2,754,500
	2,754,500

	Beans sales (1.21 ha x 2 seasons)
	
	3,956,400
	3,956,400

	Other income
	
	
	

	Sale of old bulls (residual value)
	2 bulls
	4,000,000
	4,000,000

	Total Annual income
	
	
	

	Maize system
	Annual
	17,314,500
	23,269,500

	Beans system
	Annual
	18,516,400
	24,471,400

	Total Annual Costs
	
	
	

	Maize system
	Annual
	14,548,250
	20,287,750

	Beans system
	Annual
	14,475,875
	20,568,375

	Net Annual Benefit
	
	
	

	Net benefit – maize system
	
	2,766,250
	2,981,750

	Net benefit – beans system
	
	4,040,525
	3,903,025


Source: Field survey 2024

[bookmark: _Hlk224124570]3.3.2 Net Present Value, Internal Rate of Return and Payback Period Analysis of AT-based maize and beans production

Results for Net Present Value (NPV), Internal Rate of Return (IRR), and Payback Period analysis are presented in Table 7. The results indicated that both BAT and AAT-based maize and beans enterprises are financially profitable over the six-year analysis period. 

[bookmark: _Hlk224123594]For the BAT-based enterprises, total projected incomes amount to Uganda shillings 93.2 million for maize and 101.25 million for beans. Revenues were primarily derived from animal traction (AT) ploughing hire services, grain sales, and animal transport services. The initial capital investment was Uganda shillings 5.88 million, while cumulative operating and replacement costs totaled Uganda shillings 66.95 million for maize and 66.47 million for beans. Both enterprises generate positive net cash flows from the first year of operation, resulting in cumulative net benefits of Uganda shillings 32.1 and 40.7 million, respectively. The Net Present Values (NPVs) are positive, estimated at Uganda shillings 22.24 million for maize and 29.84 million for beans, while the Internal Rates of Return (IRRs) are 57% and 76%, respectively. These returns substantially exceed prevailing opportunity costs of capital in smallholder farming systems, indicating strong financial viability. The payback periods are relatively short, at approximately 1.1 years for maize and 0.9 years for beans, reflecting the rapid recovery of the initial investment. Correspondingly, Gross Margins are estimated at 28.2% and 34.4%, respectively, indicating reasonable profitability under BAT systems. 

The results for AAT-based maize and bean enterprises demonstrate even stronger financial performance over the six-year period. Total projected incomes amount to Uganda shillings 133.1 million for maize and 141.1 million for beans, driven mainly by AT ploughing, planting, and weeding hire services, grain sales, and animal transport services. The initial capital investment for AAT systems was higher at Uganda shillings 9.50 million, while cumulative operating and replacement costs totaled Uganda shillings 84.70 million for maize and Uganda shillings 86.65 million for beans.

[bookmark: _Hlk224123904][bookmark: _Hlk224304167]Despite the higher investment costs, positive net cash flows are realized from the first year, generating cumulative net benefits of Uganda shillings 57.89 million for maize and 63.99 million for beans. The NPVs are correspondingly higher, estimated at Uganda shillings 41.57 million for maize and 47.01 million for beans, while IRRs reached 73% and 82% respectively. Payback periods remained short at approximately 1.0 years for maize and 0.9 years for beans, indicating rapid capital recovery even with the higher initial investment. Furthermore, the gross margins were higher under AAT-based enterprises, estimated at 36.4% and 38.6%, reflecting improved operational efficiency and higher revenue generation.

The superior performance of AAT systems reflects the expanded functionality of advanced animal traction technologies, enabling farmers to perform additional operations, such as planting and weeding, in addition to ploughing and transport. Recent studies indicate that improved draught animal technologies significantly enhance labour efficiency and farm productivity by improving the timeliness of land preparation and reducing labour constraints in smallholder farming systems. This, in turn, increases farm profitability and enables farmers to generate additional income through mechanization hire services and transport activities [24].

The IRRs for the current study (57% and 76% for BAT and 73% and 82% for AAT) are comparable, though higher than 46% to 54% reported by Panin [25] for a study conducted in northeastern Ghana. The relatively higher IRRs in the present study may reflect the additional revenue streams generated from ploughing, planting, weeding, and transport services, which diversify income sources beyond crop production.

The results of the current study, which showed that AT is a profitable enterprise, are similar to empirical studies from Nigeria that found that animal traction investments improve the overall profitability of crop production systems [26]. This is also in line with studies conducted in southern Africa, which demonstrated that improved utilization of draught animal power can significantly enhance productivity and efficiency in maize-based farming systems when combined with appropriate extension support and improved implements [27]. Similarly, studies conducted in Uganda highlight that animal traction improves farm profitability among smallholder farmers [28]. The improvement in profitability is attributed to the increased use of AT across multiple agricultural operations, including tillage, planting, weeding, transport, and hired mechanization services.

Compared with tractor-based mechanization, studies have reported that, in several African contexts, animal traction remains economically competitive under smallholder conditions [1, 20]. AT remains an important intermediate mechanization pathway between manual cultivation and tractor mechanization, particularly for smallholder farmers operating on small landholdings with limited capital resources [29].


However, previous studies also highlight that the profitability of animal traction investments can vary depending on agro-ecological conditions, farm size, and access to complementary resources, including animal health services, feed availability, and appropriate implements. For instance, recent assessments of animal traction systems in East Africa highlight that the effective utilization of animal traction technologies depends on farmer skills, access to equipment, and adequate animal management practices [4].

Overall, the findings of this study demonstrate the strong financial viability of both BAT- and AAT-supported maize and beans production systems under smallholder conditions, with AAT showing relatively higher returns, margins, and income-generation potential due to its broader service provision and higher revenue base. The positive NPVs, high IRRs, and short payback periods indicate that investments in animal traction technologies can generate substantial economic returns for smallholder farmers. These findings align with recent empirical studies across sub-Saharan Africa showing that draught animal power continues to play a critical role in improving agricultural productivity, reducing labour constraints, and supporting rural mechanization in smallholder farming systems [24].

Table 7.	Financial indicators of BAT and AAT use (6-year period)

	Indicators of BAT
	Maize production
	Beans production

	Initial investment (UGX)
	5,880,000
	5,880,000

	Total projected income (UGX)
	93,199,134
	101,251,141

	Total projected costs (UGX)
	66,952,056
	66,467,188

	Cumulative Net cash flows (UGX)
	32,127,078
	40,663,953

	Net Present Value (UGX)
	22,236,896
	29,841,838

	Internal Rate of Return (%)
	57
	76

	Payback period (years)
	1.1
	0.9

	Gross Margin (%)
	28.2
	34.4

	Indicators of AAT
	Maize production
	Beans production

	Initial investment (UGX)
	9,500,000
	9,500,000

	Total projected income (UGX)
	133,094,049
	141,146,056

	Total projected costs (UGX)
	84,704,437
	86,651,449

	Cumulative Net cash flows (UGX)
	57,889,613
	63,994,607

	Net Present Value (UGX)
	41,567,048
	47,005,587

	Internal Rate of Return (%)
	73
	82

	Payback period (years)
	1.0
	0.9

	Gross Margin (%)
	36.4
	38.6


Source: Field survey 2024

3.3.3 Sensitivity analysis of BAT and AAT models

The two AT models were further subjected to alternative scenarios to test their economic and financial robustness under adverse conditions. 

Scenario one: Reduction in output or income by 15%, 20% and 25% 

The sensitivity analysis indicated that both basic animal traction (BAT) and advanced animal traction (AAT) models were highly vulnerable to variations in production output. When production was reduced by 15%, the Internal Rate of Return (IRR) for the BAT model declined sharply from 57% to 26%, while the gross margin (GM) value decreased from 28.2% to 15.5%. Over the same scenario, the payback period increased from 1.1 years to 1.9 years, and the net present value (NPV) fell substantially from 22,236,896 to 9,823,849.

Similarly, under a 15% reduction in output, the IRR and GM for the AAT model declined to 44% and 25.1%, respectively, while the NPV decreased from Uganda shillings 41,567,048 to 23,823,037. These results demonstrate that even moderate reductions in output significantly affect key profitability indicators, thereby reducing the financial attractiveness of both AT models (Table 8).

As the magnitude of output reduction increased to 20% and 25%, the IRR and GM values declined further, rendering AT investment progressively less profitable. Overall, the analysis confirms that AT investments are highly sensitive to fluctuations in crop yields and output prices.

Given this level of sensitivity, credit conditions for AT investments should be sufficiently flexible to accommodate potential repayment defaults arising from production shocks. Risk mitigation mechanisms such as agricultural insurance and credit guarantee schemes could help buffer financial institutions and farmers against such uncertainties. In addition, beneficiary farmers may be required to participate in out grower schemes or commercially oriented cooperatives to reduce production and marketing risks and lower transaction costs.

Furthermore, beneficiaries must possess adequate technical skills animal traction (AT) technologies to ensure profitability and timely loan servicing. As such access to credit could be conditional upon successful completion of mandatory training programs. Continuous backstopping support, including animal health services and equipment maintenance and repair, should also be guaranteed to enhance the sustainability and resilience of AT investments.

Table 8.	Sensitivity analysis of BAT and AAT use in maize production

	Assumptions
	Basic AT model
	Advanced AT model

	
	IRR (%)
	GM (%)
	Payback (yrs)
	NPV
(UGX)
	IRR (%)
	GM (%)
	Payback (yrs)
	NPV
(UGX)

	Base values
	57
	28.2
	1.1
	22,236,896
	73
	36.4
	1.0
	41,567,048

	15% decrease in output
	26
	15.5
	1.9
	9,823,849
	44
	25.1
	1.5
	23,823,037

	20% decrease in output
	16
	10.2
	2.6
	5,686,167
	34
	20.4
	1.8
	17,908,367

	25% decrease in output
	4
	4.2
	4.0
	1,548,485
	23
	15.1
	2.3
	11,993,697


Source: Field survey 2024

Scenario two: Reinvestment of 10-40% of AT ploughing and transport hire service revenue to finance production

Results presented in Table 9 indicate that AT profitability was sensitive to the proportion of generated revenue reinvested to finance production operations. For the BAT model, increasing the reinvestment share led to a substantial decline in key profitability indicators. Specifically, the internal rate of return (IRR) declined from 57% to 9%, while the gross margin (GM) decreased from 28.2% to 6.1% as the reinvestment rate increased. The results suggest that reinvestment under the BAT model should be limited to 15% or less, beyond which the investment becomes economically unattractive. 

A similar trend was observed for the AAT model. As the proportion of revenue reinvested increased, the IRR declined from 73% to 16%, while the GM fell 36.4% to 8.6%, indicating a marked reduction in profitability. Under this model, reinvestment levels above 30% significantly eroded financial performance, suggesting that reinvestment in AAT should be capped at approximately 30% to maintain viability. 

These findings indicate that while reinvestment of AT-generated revenue can support production financing, excessive reinvestment imposes cost pressures that outweigh the associated productivity gains. Consequently, reinvestment should be carefully calibrated to levels that sustain business growth without undermining overall profitability.

In conclusion, investments in both BAT and AAT systems in the Busoga sub-region remain profitable under baseline conditions. However, profitability is highly sensitive to variations in production levels, cost structures, outprices, and reinvestment rates. While reinvestment is desirable for sustaining production and growth, it should be limited to economically optimal thresholds to ensure the long-term financial sustainability of AT enterprises.

Table 9.	Sensitivity analyses of BAT and AAT by reinvesting revenue

	Assumptions
	Basic AT model
	Advanced AT model

	
	IRR (%)
	GM (%)
	Payback (yrs)
	NPV 
(UGX)
	IRR (%)
	GM (%)
	Payback (yrs)
	NPV 
(UGX)

	Base value
	57
	28.2
	1.1
	22,236,896
	73
	36.4
	1.0
	41,567,048

	10% reinvest
	25
	14.0
	2.0
	9,632,365
	54
	26.6
	1.3
	27,962,264

	15% reinvest
	9
	6.1
	3.2
	3,330,100
	45
	22.4
	1.6
	22,805,865

	20% reinvest
	(8)
	2.6
	9.2
	(2,972,165)
	36
	18.1
	1.9
	17,649,466

	25% reinvest 
	(28)
	12.1
	10.9
	(9,274,430)
	26
	13.5
	2.3
	12,493,068

	30% reinvest
	
	
	
	
	16
	8.6
	3.0
	7,336,669

	35% reinvest
	
	
	
	
	5
	3.6
	4.3
	2,180,270

	40% reinvest
	
	
	
	
	(8)
	(1.8)
	7.5
	(2,976,129)


Source: Field survey 2024

4. Conclusion

The study assessed the profitability and investment viability of animal traction technology for smallholder farmers in the Busoga sub-region of Eastern Uganda. This was conducted through examining the socio-demographic, socio-economic, and production characteristics of Animal Traction (AT) users; analyzing the cost structure of alternative AT enterprise models; and evaluating the profitability of AT in maize and bean production systems. The following conclusions were drawn from the study:

The socio-demographic results show that AT is predominantly practiced by males, married, young, and middle-aged farmers who farm for income. These farmers are supported by relatively large household sizes and basic levels of formal education, which provide favourable conditions for labour availability, skills acquisition, and technology adoption. 

Socio-economic and production findings show that AT is mainly used for ploughing (78.0%) and transport (10.0%), with most users having more than five years of experience. The technology is largely practiced by farmers with relatively small landholdings. Management of draught animals was primarily through free-range grazing and tethering (62.6%), while boreholes constitute the main water source (58.0%). AT services were predominantly provided through male-operated hire-service providers (94.6%).

The profitability analysis demonstrates that the Advanced Animal Traction (AAT) performed better than the Basic Animal Traction (BAT) model for both maize and beans production systems. Over a six-year period, cumulative net benefits under AAT were Uganda shillings 57.89 and 63.99 million, compared to Uganda shillings 32.1 and 40.7 million under BAT for maize and beans, respectively. Similarly, the NPV for AAT was Uganda shillings 41.57 and 47.01 million, higher than BAT values of Uganda shillings 22.24 and 29.84 million for maize and beans, respectively. The IRR was also higher for AAT at 73% and 82%, compared to 57% and 76% for BAT in maize and beans, respectively. The payback periods were relatively short for both models, ranging from 0.9 to 1.1 years.

Overall, the results confirm that animal traction is a profitable and financially viable enterprise for smallholder farmers under both models. However, the superior performance of the AAT model underscores its greater potential to enhance farm productivity and incomes. Consequently, the promotion of animal traction should be strengthened through supportive policies that enhance access to finance, promote diversification of AT use, and provide complementary services such as training, veterinary support, and equipment supply.
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