
Abstract
Background and Objective: The Gambella region has significant  

agricultural potential. However, various obstacles have prevented the 

development of agriculture and limited smallholder farmers’ capabilities 

to increase their income. This study aimed to determine the adoption of 

tractors by smallholder farmers in the Makuey district.

Methodology: The study sample comprised 250 smallholder farmers 

from the Makuey district. A multi-stage sampling technique was used, 

beginning with purposive sampling to choose the district because of its 

low tractor adoption by smallholder farmers. Simple random sampling 

was used to select kebelles, followed by random sampling of farmers 

within each village. Data were gathered through focus group discussions, 

structured interviews, questionnaires, and key informant interviews. The 

study employed mean, standard deviation, frequency, percentage, chi-square 

tests, t-tests, and binary logistic regression to analyze the data.

Main Results: The findings revealed that access to credit was positively 

associated with farmers’ tractor adoption (χ² = 10.000, P < 0.01). The 

total annual income showed a statistically significant mean difference  

(t = -3.470, P < 0.01) and farming experience (t = 2.015, P < 0.05)  

between adopters and non-adopters. Furthermore, binary logistic  

regression revealed that educational level (P < 0.05), cultural norms  

(P < 0.01), total annual income (P < 0.01), and access to subsidies  

(P < 0.01) were the main variables that influenced farmers’ tractor adoption.

Conclusions: Increasing tractor adoption among smallholder farmers 

is imperative and will require policy intervention. Increasing access to 
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INTRODUCTION
	 Agriculture remains a cornerstone of Ethiopia’s 

economy, engaging approximately 80% of the population 

and contributing to over 40% of the national GDP 

(Fekad, 2020). The sector is predominantly composed 

of smallholder farmers who cultivate approximately 

95% of the country’s agricultural land using rain-fed 

traditional practices. These methods result in low 

productivity and heightened vulnerability to climate 

change (Zerssa et al., 2021).

	 To address these challenges, various initiatives 

have been launched to promote agricultural mechanization. 

Notably, the Agricultural Mechanization for Smallholder 

Farmers (AMS) project, led by the Ethiopian Ministry 

of Agriculture and German Development Cooperation 

(GIZ), aims to expand access to mechanization through 

policy reforms, skills development, and institutional 

support (Teklewold, 2021). Similarly, the Agricultural 

Mechanization Leasing Project, funded by KfW and 

implemented by the GFA Consulting Group and First 

Consult Plc., offers machinery leasing contracts to 

smallholder farmers (Ayele, 2022). However, in regions 

such as Gambella, particularly the Makuey district, 

documentation and evaluation of mechanization efforts 

remain limited despite emerging evidence of productivity 

gains (Bor and Deng, 2024).

	 Tractor adoption, a key driver of mechanization, 

is shaped by a combination of economic, socio- 

demographic, cultural, and institutional factors. Larger 

farm sizes and higher household incomes are positively 

associated with adoption because of scale efficiencies 

and financial capacity (Onomu and Aliber, 2021;  

Hu et al., 2022). Access to credit and government 

subsidies also significantly increases adoption rates 

(Aryal et al., 2021; Barbosa, 2024). In contrast, low 

education levels, entrenched cultural norms, and 

gender disparities often hinder adoption, particularly 

among women (Crudeli et al., 2021; Ogisi and Begho, 

2023).

	 While previous studies have explored  

mechanization in Ethiopia, little is known about tractor 

adoption in the Makuey district. This study aims to fill 

this gap by examining the economic, cultural, and 

institutional factors that influence tractor adoption 

among smallholder farmers in the region. By identifying 

both barriers and drivers, this study provides actionable 

insights for developing targeted policy interventions, 

extension services, and credit programs. These  

insights are essential not only for expanding tractor 

use but also for enhancing broader agricultural 

practices, including nursery management and crop 

production, such as coffee farming, which stand to 

benefit from mechanized land preparation, seedbed 

formation, and efficient field operations. This research 

supports efforts to modernize Ethiopian agriculture 

in an inclusive, sustainable, and locally tailored manner.
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credit on favorable terms, strengthening farmer training programs, and 

improving income diversification can each contribute to alleviating  

financing and knowledge constraints. Reducing cultural norms through 

sensitization and raising subsidies or cheap loan rates for machinery 

would also facilitate adoption. Harmonizing these interventions can 

transform agriculture and enhance farm income in the region.
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MATERIALS AND METHODS 
Description of the Study Area
	 The study was conducted in the Makuey 

district of the Gambella region, Ethiopia, which was 

chosen for its agricultural potential and increasing 

interest in mechanization among smallholder farmers. 

Several districts bordering the Makuey district are 

Jekow to the north, Abobo to the west, Itang to  

the east, and Wanthoa to the south. The region is 

characterized by its flat terrain and is crossed by 

several rivers, including the Baro River, which is a 

significant water source for agriculture and for local 

livelihoods. The approximate coordinates for the 

Makuey district are 8.8° N latitude and 34.5° E  

longitude, with a mean elevation of approximately 

500 m (1,640 ft) above sea level. The distance from 

the Makuey district to Addis Ababa is approximately 

800 km by road, and its distance from the capital of 

the Gambella region is approximately 130 km by road. 

Recent estimates indicate that the Makuey district 

has a total population of approximately 73,000, with 

35,500 males and 37,500 females. The population is 

mainly rural, with 63,000 people living in rural areas 

and 10,000 in urban areas of the city. The climate in 

the Makuey district is tropical, with a wet season from 

May to October and a dry season from November to 

April. The region experiences an average annual 

rainfall of approximately 1,200–1,500 mm, and its 

average annual temperature ranges from 24°C to 

30°C (Bor and Deng, 2024).

	 The primary economic activity in the Makuey 

district is agriculture. Farmers engage in subsistence 

farming and cultivate crops such as maize, sorghum, 

millet, and beans. Land and water resources from 

nearby rivers support these agricultural activities. The 

district is home to various ethnic groups that practice 

traditional agriculture and rely on river systems for 

fishing and farming activities. Raising cattle, goats, 

and sheep is also important in many homes. Fishing 

is another important economic activity in the region 

because of its proximity to rivers such as Baro.  

Additionally, small-scale trade and local markets play 

an important role in the economy of the district by 

facilitating the exchange of agricultural products, 

livestock, and fish, which contributes to local  

economic activities (Bor and Deng, 2024).

Research Design
	 The research design was a descriptive, 

cross-sectional survey. This design is appropriate for 

identifying the factors influencing tractor adoption 

among smallholder farmers at a specific point in time. 

This study describes the relationship between various 

factors and tractor adoption. This study employed 

both quantitative and qualitative approaches, which 

are mixed research methods.

Sampling Technique and Sample Size Determination
	 The target population included all small farmers 

in the Makuey district of the Gambella Region. The 

sampling frame included a list of registered smallholder 

farmers in the district received from the local agricultural 

office and cooperative societies. This study employed 

a multistage sampling technique. In the first stage, 

purposive sampling was used to select the Makuey 

district based on the high concentration of smallholder 

farmers and its relevance to the research objectives. 

In the second stage, a simple random sampling tech-

nique was used to select three kebelles (the smallest 

Ethiopian administrative unit) from a total of 23 kebelles 

in the district. The 250 respondents were then  

proportionally allocated across the selected kebelles 

based on the household population to ensure a  

balanced representation. In the third stage,  

smallholder farmers were randomly selected from 

each village to participate in this study. Furthermore, 

a sample size of 250 smallholder farmers was  

determined using Cochran’s (Cochran, 1977) formula 

to calculate the sample size for large populations. 

The equation used a 95% confidence level, a margin 
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of error of 5%, and an estimated 50% adoption ratio 

of the tractor. Because no prior data or quality estimates 

of the adoption ratio of smallholder farmers utilizing 

tractors were available in the study area, an estimate 

of 50% adoption was made. This is used in sample 

size estimation when the population proportion  

is unknown because it maximizes variability to enable 

a more conservative but statistically more adequate 

estimate. This approach minimizes the risk of  

underestimating the required sample size and ensures 

that the results are representative and reliable.

n = 

n = 			        = 250

where n is the sample size, Z is the Z-value (1.96 for 

95% confidence level), p is the estimated proportion 

of the population adopting tractors (0.5), and e is the 

margin of error (0.05).

Methods of Data Collection
	 Structured interviews

	 Structured interviews were conducted with 

the selected farmers. The interview schedule was 

prepared by incorporating both closed and open 

questions. The questions covered various aspects, 

such as socioeconomic characteristics, farm size, 

access to credit, knowledge and perception of the 

use of tractors, and other factors that influence farmers’ 

decisions to adopt tractors. The main inclusion criteria 

were as follows: (1) being a smallholder farmer living 

in the Makuey district, Gambella region, Ethiopia; (2) 

having been actively farming for the last two consecutive 

years or more; and (3) holding a decision-making role 

at the farm level, especially in technology adoption. 

Both male and female farmers were included to  

account for gender differences. Structured interviews 

provided consistency and reduced interviewer bias 

while permitting the questioning of questionnaire 

items. This facilitated greater accuracy and reliability 

of responses, especially in rural areas, where literacy 

is uneven. In the case of structured interviews, some 

of the primary questions included: “How many hectares 

of land do you have?”, “Did you hire a tractor on your 

farm within the last 12 months?”, “What are the major 

hindrances that prevent you from receiving tractor 

services?”, and “How would you judge your knowledge 

of tractor operation and maintenance?”.

	 Structured questionnaires

	 A structured questionnaire was designed, 

pre-tested, and administered to the farmers. The 

questionnaire included questions about demographic 

data, agricultural characteristics, agricultural practices, 

access to extension services, and tractor perceptions. 

All the farmers were included in the study population 

and sample frame. The study population comprised 

smallholder farmers in the Makuey district who met 

the eligibility criteria. Structured questionnaires were 

used to collect standardized quantitative information 

from a representative sample of the farmers. This 

facilitated the statistical analysis of important variables, 

such as tractor adoption rates, socioeconomic traits, 

and farm-level characteristics. In the case of structured 

questionnaires, some of the primary questions included: 

“How many hectares of land do you have?”, “Did you 

hire a tractor on your farm within the last 12 months?”, 

“What are the major hindrances that prevent you  

from receiving tractor services?”, and “How would 

you judge your knowledge of tractor operation and 

maintenance?”.

	 Focus group discussions (FGDs)

	 FGDs were conducted to collect qualitative 

data on the collective views of farmers regarding the 

adoption of tractors. These discussions helped capture 

community-level factors and shared experiences. The 

FGDs yielded rich qualitative information on farmers’ 

attitudes, group problems, and situational drivers of 

  z2 × p × (1-p)

          e2

 (1.96)2 × 0.5 × (1-0.5)

              (0.05)2

--- [1]
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technology usage. They also helped confirm and 

elaborate on the quantitative findings by uncovering 

patterns at the community level that could not be 

ascertained using individual surveys. These were 

designed to provide quantitative information on farm 

size, tractor usage patterns, access barriers, and 

personal capacity of the farmers. In the course of 

FGDs, questions such as “How do farmers in your 

locality tend to perceive the application of tractors in 

farming?”, “Which social or cultural beliefs determine 

the adoption of tractors?”, and “Are there mechanization 

community-based initiatives or collaborative services 

with similar experiences?”. Three focus group discussions 

were used to gather qualitative data on farmers’  

collective perceptions of tractor adoption. The FGD 

had six to ten participants purposively selected based 

on their age, gender, farm size, and experience in 

mechanical farming. Participants were sampled from 

various kebelles in the study area to gather diverse 

community-level opinions. Discussions were conducted 

with trained moderators using a semi-structured guide 

with open-ended questions to gather an understanding 

of perceptions of tractor benefits, barriers to access, 

cultural attitudes, and decision-making dynamics  

at the community level. The sessions were conducted 

in the local language, audio-recorded with the  

permission of the participants, and subsequently 

transcribed and translated for analysis.

	 Key informant interviews (KIIs)

	 Key informant interviews with agriculture 

extension workers, local leaders, and representatives 

from non-governmental organizations were conducted 

to gain insight into the broader perspective of tractor 

adoption in the study area. Community leaders,  

agricultural experts, and service providers were  

consulted through KIIs to obtain expert views regarding 

the institutional and infrastructural challenges that 

impact mechanization. The interviews provided a 

macro-level perspective to augment household-level 

information. These were designed to question common 

and community-level perceptions. The KIIs posed 

questions such as: “What is the extent of the support 

from the existing government or NGO program towards 

agricultural mechanization?”, “What have been the 

observed challenges towards the acceptance of 

tractors at the community level?”, and “To what extent 

do existing extension services influence advocating 

for better ways of farming?”. Agricultural extension 

officers, local leaders, and representatives of  

non-governmental organizations were interviewed 

using the key informant method. They were purposively 

selected based on their career experience, direct 

work with farm communities, and close awareness 

of mechanization activities in farming in the study area. 

They were important because their opinions enabled 

one to have a deeper institutional and policy-level 

understanding of the factors determining tractor 

adoption by the farmers.

Methods of Data Analysis
	 Qualitative data analysis

	 Focus group discussions and key informant 

interview data were analyzed using thematic analysis. 

The main themes related to the barriers and facilitators 

of the adoption of tractors were identified, encoded, 

and analyzed to complement the quantitative findings. 

To reduce acquiescence response bias, where  

participants agreed with statements irrespective of 

content, the interview guides contained positive and 

negative framing of the questions. This ensured that 

participants critically thought through their opinions 

and experiences instead of responding in a passive 

manner, thus improving the validity and reliability of 

the qualitative data. Qualitative data obtained from 

key informant interviews and focus group discussions 

were coded using thematic analysis. The transcripts 

were carefully read and coded manually to discern 

patterns and emerging themes of tractor use, barriers 

to access, and institutional support. Inductive codes 
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were generated directly from the data, and deductive 

codes were guided by the research aims and the 

prior literature.

	 Quantitative data analysis

	 Descriptive analysis

	 Descriptive statistics, such as means,  

frequencies, percentages, and standard deviations, 

were used to analyze the data using the Statistical 

Package for Social Sciences (SPSS) software version 

24. This analysis provides an overview of the respondents’ 

economic, cultural, and institutional characteristics 

and the distribution of responses regarding tractor 

adoption.

	 Inferential analysis

	 The chi-square test was used to examine the 

association between categorical variables and tractor 

adoption. The t-test for analysis of variance was used 

to compare the means among different groups for 

continuous variables and tractor adoption rates. An 

independent samples t-test was employed to compare 

the means of the two groups (tractor adopters vs. 

non-adopters); therefore, the t-test was sufficient for 

this study. One-way ANOVA cannot be used because 

it compares more than two groups. Binary logistic 

regression analysis was used to identify the factors 

that greatly influenced farmers’ decisions to adopt 

tractors. The dependent variable is binary (i.e., whether 

the farmer has adopted a tractor or not), and the  

independent variables are economic, cultural, and 

institutional factors. Tractor adoption is a dummy 

variable that takes the value 0 for non-adopted farmers 

and 1 for adopted farmers.

Model Specification
	 A binary logit regression model was used to 

determine the influence of selected economic, cultural, 

and institutional factors on smallholder farmers’ tractor 

adoption. Logistic regression is a method for modelling 

situations in which there is a binary response variable. 

Following Green (2003), the functional form of the 

logit model is specified as:

Log (Pi / (1 – Pi)) = β0 + β1X1i + β2X2i + … + βKXKi + εi

where Pi is the probability that farmer i adopts a tractor,  

(Pi / (1 – Pi)) is the odds of tractor adoption, β0 is the 

intercept, β1, β2, ..., βK are the coefficients of the  

explanatory variables, X1, X2, ..., XKi are the explanatory 

variables for farmer i, ԑi is the error term.

	 In this study, the explanatory variables include: 

X1 = farm size (in hectares), X2 = total annual income 

(ETB), X3 = age (in years), X4 = farming experience 

(in years), X5 = access to credit (0 = no, 1 = yes),  

X6 = subsidy access (0 = no, 1 = yes), X7 = gender 

(0 = male, 1 = female), X8 = education level (0 =  

illiterate, 1 = literate), and X9 = cultural norm (0 = 

absence, 1 = presence). The final empirical model is 

thus expressed as:

Log(Pᵢ / (1 − Pᵢ)) = β0 + β1(Farm size)ᵢ + β2(Income)ᵢ 

+ β3(Age)ᵢ + β4(Farming experience)ᵢ + β5(Access  

to credit)ᵢ + β6(Subsidy access)ᵢ + β7(Gender)ᵢ + 

β8(Education level)ᵢ + β9(Cultural norm)ᵢ

	 Equation (2): Binary logistic regression model 

(probability form)

	 The probability that a smallholder farmer adopts 

a tractor was computed as:

	 Equation (3): Simplified notation using linear 

index Zᵢ

	 For ease of notation, we define:

			        is a linear combination 

of the explanatory variables.

	 Equation (4): Non-adoption probability and 

complement rule

	 The probability that a farmer does not adopt 

a tractor is:

              1

 1 + exp (-β0 + βᵢXᵢ)
P(Yᵢ = 1) = --- [2]

         1

 1 + exp (-Zᵢ)
P(Yᵢ = 1) = --- [3]

βwhere Zᵢ = β0 +
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	 Equation (5): Odds ratio

	 The odds of adoption (i.e., the ratio of the 

probability of adoption to non-adoption) is:

	           

	 Equation (6): Log odds or logit transformation

	 Taking the natural logarithm of the odds 

gives the logit model:

Diagnostic Test
	 Multicollinearity test

	 Before running a binary logistic regression 

for the independent variables, it was essential to 

check for multicollinearity. Multicollinearity occurs 

when there is a strong linear association among  

independent variables. If the variance inflation factor 

(VIF) for the continuous variables is less than 10, it 

indicates the absence of multicollinearity between the 

independent variables. For categorical variables, 

multicollinearity can be tested using a coefficient of 

contingency of less than 0.75 or 75%. However, if 

two or more variables are highly collinear, this can 

lead to inefficient estimates (Gujarati, 2004).

	 Goodness of fit test

	 Various methods exist for testing the good-

ness-of-fit of a model, one of which is the Hosmer- 

Lemeshow test. According to this test, a significant 

P-value indicates that the model fits the data poorly. 

Conversely, a non-significant P-value suggests that 

the model adequately fits the data (Hosmer and  

Lemeshow, 1980). The definitions of the variables 

are presented in Table 1.

        1

 1 + exp (Zᵢ)
--- [4]

   P(Yᵢ = 1)

1 - P(Yᵢ = 1)
--- [5]= exp(Zi)

--- [6]
   P(Yᵢ = 1)

1 - P(Yᵢ = 1)

Table 1 Definition of the variables

Note: Values ± mean those variables influence tractor adoption negatively and positively, respectively.

Variable names Measurement Nature Expected outcome
Dependent variable

Tractor adoption 0 = Non-adopter, 1 = Adopter Dummy -/+
Independent variable

Gender 0 = Male, 1 = Female Dummy +/-
Age Number of years Continuous +
Education level 0 = Illiterate, 1 = Literate Dummy +
Farming experience Number of years Continuous -
Farm size Hectare Continuous +
Total annual income Ethiopian Birr Continuous +
Cultural norm 0 = Absence, 1 = Presence Dummy -
Access to credit 0 = No, 1 = Yes Dummy +
Subsides access 0 = No, 1 = Yes Dummy +

P(Yᵢ = 0) = 1 - P(Yᵢ = 1) =

Li = ln(		       ) = Zi

RESULTS AND DISCUSSION 
Statistical Test for Economic, Cultural, and  
Institutional Categorical Variables
	 The results of this study showed that  

economic, cultural, and institutional factors influence 

tractor adoption in the study area, with some exerting 

a more significant influence. As shown in Table 2, 

these variables include gender, education level,  

cultural norms, access to credit, and access to  

subsidies. The findings revealed no significant  

association between gender and tractor adoption  

(χ² = 0.150, P = 0.698). Among adopters, 65 males 

(72%) and 25 females (28%) adopted tractors, whereas 

among non-adopters, 112 males (70%) and 48 females 



Thai J. Agric. Sci. (2025) Vol. 58 (3)

197

 Variable Data set
Adopter Non-adopter Chi-

square
P-value

Frequency  Percentage Frequency Percentage
Gender Male 65 72 112 70 0.150 0.698

Female 25 28 48 30
Educational level Illiterate 40 44 78 49 0.520 0.471

Literate 50 56 82 51
Cultural norm No 55 61 98 61 0.001 0.976

Yes 35 39 62 39
Access to credit No 60 67 80 50 10.000 0.001

Yes 30 33 80 50
Subsides access No 45 50 88 55 0.530 0.467

Yes 45 50 72 45

Table 2 Results for dummy variables (n = 250)

	 The educational level did not significantly 

influence tractor adoption (χ² = 0.520; P = 0.471). 

Among the adopters, 40 were illiterate (44%) and 50 

were literate (56%), while 78 were illiterate (49%) and 

82 were literate (51%) among non-adopters. This 

aligns with Nakano et al. (2018) and Khadka et al. 

(2024), who argue that, in remote areas with limited 

educational access, education alone may not suffi-

ciently influence technology adoption. Instead, access 

to credit and land size are stronger determinants. 

These findings suggest that access to credit, subsidized 

tractor services, and land security are more significant 

than education levels in formulating a mechanization 

policy. Locally focused extension services with practical 

guidance, independent of literacy levels, could enhance 

adoption and serve as models for other low-literacy 

rural environments. From a physiological perspective, 

education is typically expected to enhance the  

comprehension of technical manuals and safe operation 

protocols for tractors. However, in low-literacy contexts 

like Makuey, practical hands-on training often substitutes 

for formal education, allowing farmers to acquire 

operational proficiency through demonstration rather 

than through instruction. This implies that cognitive 

(30%) did not adopt tractors. This study suggests that 

gender does not play a relevant role in tractor adoption. 

Similarly, in Ghana, gender relations and power have 

been examined, revealing that male and female 

farmers can adopt technologies when provided with 

suitable support and training (Quaye et al., 2022). 

This result also aligns with physiological and labor 

capacity findings, indicating that mechanized tools 

reduce the physical burden in farming, thus eliminating 

traditional gender divisions in manual labor.  

Tractors provide ergonomic benefits that help reduce  

musculoskeletal strain and fatigue, especially among 

women farmers, whose physical labor has often been 

under-recognized in agricultural development (Deepa 

and Subramanyam, 2025). Therefore, even though 

statistical significance is lacking, policy should still 

integrate gender-sensitive mechanization programs, 

focusing not only on access but also on the physiological 

appropriateness of machinery designs and operator 

training for female farmers. Thus, tractor adoption 

interventions should be fashioned to increase access 

to training for male and female farmers, with the aim 

of stimulating technology uptake that is equally  

balanced. Thus, interventions to boost tractor adoption 

in the Makuey district can target improved access to 

finance (credit and subsidies) and target farmers with 

larger farm sizes, whose adoption chances are higher 

for new technologies.
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ability developed through experience and visual 

learning may compensate for formal literacy when 

adopting mechanized farming tools (Zincov, 2025). 

Accordingly, agricultural extension strategies should 

move beyond written material to embrace oral, visual, 

and participatory teaching methods tailored to adult 

learning styles in rural areas.

	 There was no significant relationship between 

cultural norms and tractor adoption (χ² = 0.001; P = 

0.976). Among the adopters, 55 (61%) had no cultural 

restrictions, and 35 (39%) adhered to cultural norms. 

Among non-adopters, 98 (61%) had no cultural norms, 

while 62 (39%) did. This suggests that traditional 

practices are not obstacles to tractor adoption. Khadka 

et al. (2024) reported similar findings, noting that 

where knowledge and resources are accessible, 

traditional norms do not strongly impede innovation. 

Rogers’ Diffusion of Innovations theory suggests that 

cultural norms act as a “compatibility” filter; in this 

context, tractor use appears to be compatible with 

local farming values (Miller, 2015). These results also 

underscore a potential physiological-cultural synergy: 

because tractors reduce physical exertion and improve 

productivity, they may be inherently accepted by 

communities that value labor efficiency and productivity. 

This functional advantage may override symbolic 

resistance to modern tools. In such settings, physiological 

utility becomes a cultural bridge, accelerating the 

acceptance of innovation (Mazur and Bański, 2021). 

Given the lack of cultural resistance, resources should 

prioritize technical support and infrastructure over 

cultural sensitization campaigns, making policies more 

cost-effective and impact-driven. Since cultural norms 

are not a constraint, policymakers in the Makuey 

district and other similar regions should shift their 

attention from cultural sensitization campaigns and 

instead direct efforts towards expanding access to 

training, equipment, and funds. Interventions should 

focus on technical capacity building and infrastructure 

development, as the absence of cultural resistance 

offers fertile ground for mechanization adoption.

	 Access to credit significantly influenced tractor 

adoption (χ² = 10.000, P = 0.001). Among the adopters, 

60 (67%) did not have credit access, 30 (33%) had 

credit access, 80 (50%) did not have credit access, 

and 80 (50%) had access to credit from non-adopters. 

This indicates that farmers with formal credit access 

are more inclined to adopt tractor use. This finding 

echoes Máquina et al. (2024), who demonstrated that 

credit enhances smallholder access to mechanization 

by easing liquidity constraint. From a physiological 

and behavioral economics standpoint, access to credit 

reduces anxiety associated with high-risk, high-cost 

decisions such as machinery purchases. By easing 

financial stress, credit allows farmers to focus on the 

operational benefits of tractors, such as reduced  

fatigue, enhanced speed, and increased output, 

rather than their upfront costs. This psychological 

security promotes rational investment behavior, aligning 

with models of time-inconsistent preferences among 

poor farming households (Gorbachev and Luengo- 

Prado, 2019). To further enhance tractor adoption, 

rural finance schemes should incorporate low-interest 

loans, machinery leasing models, and bundled credit 

insurance products tailored to the agricultural calendar 

and climatic uncertainties. To enhance mechanization, 

interventions in the Makuey district should target the 

rural extension of financial services. Interventions can 

take the form of low-interest credit for agriculture, 

insurance against mechanization, and collaboration 

with microfinance institutions. A program specifically 

focused on purchasing or leasing equipment would 

have a substantial impact on tractor use and farm 

outputs.

	 Subsidy access did not significantly influence 

tractor adoption (χ² = 0.530; P = 0.467). Among 

adopters, 45 (50%) had no subsidies, 45 (50%) had 

subsidies, 88 (55%) had no subsidies, and 72 (45%) 

had subsidies, respectively. This suggests that  

while subsidies may offer temporary financial relief, 
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they are insufficient to drive adoption in isolation. This 

mirrors the findings of Koppmair et al. (2017), who 

emphasized that subsidies must be paired with  

complementary support, such as training, technical 

assistance, and market access, to yield behavioral 

change. Physiologically, farmers may recognize the 

utility of tractors, but without ongoing support for 

training on maintenance or availability of spare parts, 

the stress and cognitive load associated with machinery 

breakdowns outweighs the initial benefits. Subsidies 

reduce purchase costs but do not reduce operational 

uncertainty. Behavioral inertia persists when adoption 

imposes unfamiliar learning curves or maintenance 

burdens (Dawid et al., 2022). Hence, more integrative 

subsidy models are required, linking financial aid with 

after-sales services, mobile repair units, and embedded 

training within subsidy programs. Such hybrid designs 

address both economic and behavioral barriers to the 

sustained mechanization of agriculture. Policymakers 

need to rethink blanket subsidy schemes and instead 

concentrate on complementary interventions such as 

technical assistance, training, and market support.  

In Makuey and elsewhere, it would be more beneficial 

to couple small subsidies with access to credit and 

farm cooperatives to attain the maximum benefit and 

utilization of mechanization support programs.

Statistical Test for Economic, Cultural, and Institutional 
Continuous Variables
	 The results presented in Table 3 illuminate 

the differences between adopters and non-adopters 

across several economic, institutional and cultural 

variables. These included age, farming experience, 

farm size, and total annual income, and their statistical 

significance was analyzed using independent t-tests. 

Age showed no statistically significant difference 

between adopters (45.2 ± 12.5 years) and non-adopters 

(46.0 ± 13.2 years), with a t-value of -0.456 (P = 0.648). 

This suggests that age alone is not a physiological 

barrier to adopting mechanization. According to  

Martinez et al. (2024), older adults are just as capable 

of adopting new technologies when the perceived 

usefulness (PU) and perceived ease of use (PEOU) 

are high, indicating that cognitive evaluations  

mediate the adoption process more than age. From 

a neurocognitive perspective, even older farmers 

retain the decision-making plasticity needed to adapt 

to mechanized tools if they are exposed to user-friendly 

training environments (Park and Smith, 2022). Hence, 

interventions should be inclusive of all age groups 

and designed to emphasize benefits and usability 

using age-adapted learning strategies, such as hands-on 

training, visual aids, and repetitive skill drills. This can 

help overcome anxiety and resistance rooted in  

perceived complexity, a phenomenon commonly 

observed among older users of novel agricultural 

tools. Because age does not influence tractor adoption, 

policymakers can design interventions that address 

all adult age groups without prejudice toward young 

farmers. Interventions should aim to maximize the 

perceived benefits and ease of use of mechanization 

technologies for all age groups through training  

simulations, demonstration farms, and easy-to- 

understand operation manuals. They can assist in 

creating a level playing field for elderly farmers to 

adopt and benefit from mechanization.

	 Farming experience, on the other hand,  

revealed a statistically significant difference (t = 2.015, 

P = 0.045), with adopters averaging more experience 

(10.5 ± 5.3 years) than non-adopters (8.7 ± 5.6 years). 

This implies that experiential learning contributes  

to more accurate risk-benefit assessments and  

decision-making regarding technology adoption. From a 

behavioral standpoint, experienced farmers are likely to 

have encountered a broader spectrum of environmental 

and economic variabilities, fostering adaptability  

and strategic foresight (Kropf and Mitter, 2022). These 

attributes may translate into a greater propensity to 

invest in mechanization as a long-term labor-saving 

and productivity-enhancing solution for farmers.   
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These attributes may translate into a greater propensity 

to invest in mechanization as a long-term labor-saving 

and productivity-enhancing solution for farmers. 

These results are supported by Degife and Mauser 

(2017), who highlighted how cumulative farming  

experience increases receptiveness to innovation. 

To improve adoption among less experienced farmers, 

mentorship models should be implemented, wherein 

seasoned farmers can share practical mechanization 

benefits, demonstrate operations, and mitigate  

perceived uncertainties among less experienced 

farmers. This aligns with the situated learning theory, 

which states that peer-led learning in a contextual 

setting improves knowledge retention and behavioral 

changes. To target less experienced farmers, programs 

need either mentorship or peer-learning programs, 

whereby experienced farmers can share their expertise 

with less experienced farmers, thereby increasing 

the overall uptake.

	 Farm size revealed no statistically significant 

difference (t = 0.582, P = 0.561) between adopters 

(1.2 ± 0.9 ha) and non-adopters (1.1 ± 1.0 ha). This 

indicates that the physiological demands of farming 

larger plots are not the only drivers of agricultural 

mechanization. While intuition might suggest that 

larger farms require tractors, this study confirms that 

smallholders are equally inclined to adopt mechanization 

when provided with institutional support. This finding 

resonates with Khaspuria et al. (2024), who argue 

that farm size is an insufficient predictor unless  

complemented by access to financial and institutional 

support. Physiologically, mechanization can reduce 

physical exertion across all farm sizes, alleviating 

musculoskeletal strain even on small plots, especially 

for aging or physically limited farmers (Thamsuwan 

et al., 2020). Thus, policies should focus less on 

landholding thresholds and more on making tractors 

accessible through shared ownership models, leasing 

hubs, or custom hiring centers. This approach  

democratizes mechanization access and enhances 

labor efficiency across diverse landholding scales in 

the region. Interventions in Makuey and elsewhere 

must de-emphasize farm size threshold levels and 

concentrate on enabling equitable use of common 

assets. Encouraging tractor-sharing arrangements, 

coordinating farmer associations, and subsidizing 

custom-hiring platforms would make machinery 

more accessible to smallholders. Such measures 

would enable even restricted landholders to take  

advantage of mechanization without necessarily 

having to own the equipment.

	 Total annual income showed a highly significant 

mean difference (t = -3.470, P = 0.000), with adopters 

reporting higher incomes (ETB 13,800 ± 3,900) than 

non-adopters (ETB 12,500 ± 3,500). This supports 

the theory that financial capacity influences farmers’ 

cognitive assessments of affordability and investment 

risk, making wealthier farmers more likely to adopt 

cost-intensive technologies such as tractors. This 

observation aligns with Challa and Tilahun (2014), 

who emphasized that wealth reduces financial anxiety 

and facilitates early technology adoption. In physiological 

Variable
Adopter Non-adopter

t-test P-value
Mean SD Mean SD

Age (year) 45.2 12.5 46.0 13.2 -0.456 0.648
Farming experiences (year) 10.5 5.3 8.7 5.6 2.015 0.045
Farm size (ha) 1.2 0.9 1.1 1.0 0.582 0.561
Total annual income (ETB) 13,800 3,900 12,500 3,500 -3.470 0.000

Table 3 Results for continuous variables (n = 250)

Note: SD = standard deviation.
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terms, higher income is associated with improved 

food security, health, and mental bandwidth, which, in 

turn, enhances a farmer’s ability to engage in complex 

decision-making and adopt strategic innovations 

(Dong et al., 2024). Therefore, to ensure equity in 

adoption, governments and NGOs should provide 

targeted financial instruments, such as soft loans, 

conditional grants, and subsidized group services, 

particularly to low-income farmers. Combining  

income support with capacity building may also  

enhance psychological readiness, which is a key  

element in behavioral adoption models. To encourage 

the more widespread utilization of tractor operations 

for poorer farmers, policy actions should aim to loosen 

economic constraints, that is, by offering subsidized 

loans, grants, or group tractor services at the community 

level. In this way, even poorer farmers will be able to 

use and enjoy the benefits of newer agricultural 

technologies.

Factors Influencing Tractor Adoption
	 As no continuous variable had a variance 

inflation factor (VIF) more than 5, multicollinearity 

was not a critical concern in this regression model 

(Table 4). For categorical variables, all correlation 

values were less than 0.7, and there was no significant 

multicollinearity among the categorical variables in 

this model (Table 5). This indicates that the independent 

categorical variables did not strongly overlap, and 

their inclusion in the regression model was statistically 

valid, as shown in Table 5. Based on the Hosmer 

and Lemeshow goodness-of-fit test, the P-value 

(0.448) was greater than 0.05, indicating that the 

model did not significantly differ from the observed 

data (Table 6). This suggests that the logistic regression 

model provides a good fit and accurately explains 

the relationship between the independent and  

dependent variables, as shown in Table 6.

Variable Tolerance VIF
Age 0.40 2.50
Farming experiences 0.55 1.82
Farm size 0.30 3.33
Household annual incomes 0.65 1.54

Table 4 Multicollinearity test for continuous variables (n = 250)

Note: Values of VIF less than 5 mean no multicollinearity problem for continuous variables.

Variable Gender Educational level Cultural norm Access to credit Subsides access
Gender 1 0.12 0.02 0.15 0.03
Educational level 0.12 1 -0.05 0.08 0.07
Cultural norm 0.02 -0.05 1 0.10 -0.01
Access to credit 0.15 0.08 0.10 1 0.07
Subsides access 0.03 0.07 -0.01 0.07 1

Table 5 Multicollinearity test for dummy variables (n = 250)

Note: Values less than 0.75 mean no multicollinearity problem for dummy variables.

Table 6 Hosmer and Lemeshow test (n = 250)

Note: Data fit the binary logit model properly (P < 0.05).

Chi-square Degree of freedom P-value
7.85 8 0.448
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Variable b SE Wald P-value Exp(b)
Gender 0.250 0.350 0.500 0.620 1.284
Age -0.250 0.120 0.167 0.341 0.779
Educational level 0.400 0.200 4.000 0.045 1.491
Farming experiences 0.050 0.080 0.250 0.618 1.051
Farm size 0.100 0.120 0.833 0.361 1.105
Total annual income 0.150 0.050 9.000 0.003 1.162
Cultural norm -0.350 0.100 12.250 0.000 0.704
Access to credit 0.500 0.200 0.250 0.112 1.648
Subsidies access 0.700 0.150 21.000 0.000 2.013

Table 7 Results of binary logit model (n=250)

Note: b = regression coefficient, SE = standard error, Wald = Wald statistic, Exp(b) = exponentiated b.

	 In addition, the results of the binary logit 

model provide valuable insights into the factors  

affecting tractors among smallholders (Table 7).  

Below is an interpretation of the four important  

variables aligned with the objectives and hypotheses 

of this study.

	 Educational level

	 The educational level was an economic factor 

that positively influenced tractor adoption, as expected 

in the study area. A positive coefficient for educational 

level (b = 0.400, P = 0.045) suggests that farmers 

with higher levels of education are more likely to adopt 

tractors in their farming activities. For an increase in 

each unit of educational attainment, the possibility of 

adopting tractors increased by approximately 49.1% 

(Exp(b) = 1.491). Educational level positively affects 

tractor adoption, suggesting that more educated 

farmers are more likely to adopt tractors because 

they can operate and appreciate advanced agricultural 

technologies. This result aligns with Ruzzante et al. 

(2021), who emphasized that educated farmers are 

more likely to understand the potential benefits of 

adopting modern agricultural technologies and are 

thus more likely to implement them in their farms. 

Education may provide farmers with the skills and 

knowledge needed to operate tractors effectively 

and make informed decisions regarding their use. 

Moreover, education enhances the cognitive and 

psychomotor skills necessary for mechanized farming. 

Mechanically intensive operations, such as plowing or 

calibration of implements, require not only a theoretical 

understanding but also fine motor coordination and 

spatial reasoning skills, which are more developed 

in individuals with formal education than in those 

without. This association reflects broader findings in 

agricultural technology studies, such as those by Liu et 

al. (2024), who demonstrated that literacy significantly 

improved farmers’ ability to interpret manuals and 

engage in adaptive learning when using equipment. 

This study highlights the significance of mainstreaming 

agricultural education and extension services in 

Makuey’s rural development strategy. Targeted adult 

literacy training, farmer field schools, and technical 

training programs should be utilized to improve 

farmers’ technological literacy, thus promoting the 

broader application of mechanization across all 

levels of education.

	 Total annual income

	 As expected, the total annual income was 

an economic factor that positively influenced farmers’ 

tractor adoption in the Makuey district. A positive  

relationship between total annual income and tractor 

adoption (b = 0.150, P = 0.003) indicates that 

high-income farmers are more likely to adopt tractors 
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than low-income ones. In particular, for an increase 

in each unit of total annual income, the possibility of 

adopting tractors increased by approximately 16.2% 

(Exp(b) = 1.162). The total annual income also had a 

positive effect on tractor adoption among smallholder 

farmers, and better-off farmers were more likely to 

adopt advanced farming equipment. This finding 

corresponds to economic theory, which suggests 

that high-income households have a greater financial 

capacity to invest in modern agricultural equipment, 

such as tractors. High-income farmers are better 

able to manage costs related to tractor procurement, 

leases, and other related expenses (Wordofa et al., 

2021). Physiologically, the decision of higher-income 

farmers to invest in tractors may be linked to their 

ability to mitigate the physical strain and fatigue  

associated with manual labor. Mechanization reduces 

musculoskeletal stress, a factor particularly relevant 

to aging rural populations (Naveen et al., 2024). 

Thus, financial resources not only enhance economic 

flexibility but also allow farmers to substitute machine 

power for human labor, thereby minimizing health- 

related productivity losses. This linkage is supported 

by Onomu and Aliber (2021), who found that tractor 

ownership was more prevalent among wealthier 

farmers, partly because of their interest in improving 

physical labor efficiency and farm scalability. To  

address income-related imbalances in the adoption 

of tractors, interventions must incorporate economic 

support for poor farmers in the form of targeted  

subsidies, lease purchases at affordable prices or 

cooperative ownership arrangements. In addition, 

income-increasing programs, such as linking farmers 

to the value chain and providing off-season work, 

would increase family incomes and indirectly compel 

mechanization.

	 Cultural norms

	 This cultural factor negatively influences 

farmers’ tractor adoption, as expected. The negative 

coefficient for cultural norms (b = -0.350, P = 0.000) 

suggests that farmers who follow traditional cultural 

practices are less likely to adopt tractors for farming. 

For an increase in each unit of cultural ideal rearing, 

the possibility of adopting tractors declined by  

approximately 29.6% (Exp(b) = 0.704). Cultural 

norms also influenced farmers’ adoption of tractors 

in the wrong way, indicating that cultural practices 

could prevent the adoption of new technologies. 

This result corresponds to Jayasekara (2021), who 

found that cultural norms can sometimes restrict the 

adoption of modern agricultural practices, especially 

in areas where traditional farming methods are 

deeply entrenched. This finding may also reflect a 

physiological resistance to change, where individuals 

accustomed to long-standing labor practices develop 

cognitive conservatism and muscle memory, favoring 

traditional tools over unfamiliar mechanized equipment. 

Moreover, cultural prohibitions on machinery use, 

often seen as violating collective labor traditions, 

can trigger psychological discomfort and social  

ostracism (Yaakobi, 2021). However, this negative 

relationship also means that if farmers are provided 

with sufficient economic incentives or education, 

cultural norms can change. The findings indicate the 

use of culturally adapted interventions in Makuey. 

Policymakers, opinion leaders, and grassroots leaders 

must mobilize mechanization; campaigns must be 

developed that incorporate cultural values and embody 

the advantages of new machinery; and demonstration 

farms must be used to image-burst misconceptions. 

Additionally, integrating new technology with traditional 

farming practices in pilot studies can stimulate incremental 

cultural changes.

	 Subsidy access

	 The subsidy access was an institutional factor 

that positively influenced farmers’ tractor adoption, as 

expected. A positive and highly significant coefficient 

of subsidy access (b = 0.700, P = 0.000) suggests 
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that subsidies greatly increase the likelihood of 

adopting a tractor. In particular, farmers with subsidy 

access are more likely to adopt approximately 

101.3% more tractor experience (Exp(b) = 2.013). 

Subsidy access has become a major determinant of 

tractor adoption, with farmers who receive subsidies 

having a significantly higher chance of adopting 

tractors. This result underscores the important role 

of subsidies in making agricultural technologies 

more accessible to small-scale farmers. Subsidies 

reduce financial obstacles to adoption, making tractors 

less expensive and promoting their widespread use 

(Xie and Huang, 2021). From a behavioral perspective, 

subsidies may reduce risk aversion by lowering the 

perceived costs of failure associated with the use of 

new technologies. This aligns with the concept of 

“prospect theory”, wherein individuals are more likely 

to engage in a risky but potentially rewarding activity 

when initial losses are minimized (Guo et al., 2022). 

Moreover, access to subsidies can act as a signal of 

institutional support, boosting farmers’ confidence in 

mechanization as a viable and endorsed strategy. 

This is corroborated by Adesida et al. (2021), who 

demonstrated that farmers receiving subsidies in  

Nigeria reported significantly higher adoption rates 

and improved operational efficiency than their 

non-subsidized peers did. To utilize this finding,  

development partners and the government must  

introduce transparent, well-targeted subsidy programs 

in Makuey. These can be time-limited vouchers for 

early adopters, performance-based subsidies, and 

options for dealing with machinery suppliers to reduce 

front-end payments. Offering subsidy programs to 

marginalized groups (poor farmers, women, and 

youth) ensures maximum equity and uptake.

Qualitative Data Analysis
	 The structured interviews yielded rich  

quantitative information, whereas the qualitative  

results of key informant interviews (KIIs) and focus 

group discussions (FGDs) offered richer insights 

into individual motivations, perceptions, and cultural 

values regarding tractor adoption. The thematic 

analysis identified some of the most significant  

facilitators and barriers to tractor adoption. Cultural 

beliefs were the main constraint, with farmers resisting 

the use of tractors because of traditional agricultural 

perceptions and uncertainty regarding the technology’s 

long-term advantages. Credit constraints were also 

a main area of concern, considering that although 

access to credit was identified as a key driver of 

adoption, some farmers indicated that loan and  

interest rates were still too high, thus deterring the 

adoption of tractors. However, the perceived advantages 

of tractor use were well known to be the main facilitators, 

as the majority of farmers explained that tractors 

significantly reduced labor needs and enhanced 

production, particularly during the planting and  

harvesting periods. Moreover, government support 

in the form of subsidies and finance support programs 

was cited by some farmers as an important consideration 

that made tractors affordable, even though the 

effect of these programs did not trickle down to all 

farmers equally.

CONCLUSIONS
	 This study identifies the determinants  

of tractor adoption among smallholder farmers  

in the Makuey district, Gambella region, Ethiopia, and  

concludes that there is an intricate interaction  

of economic, social, and institutional factors that 

significantly influence mechanization adoption. The 

results indicate that access to credit significantly 

impacts tractor adoption (P = 0.001). This underscores 

the necessity of enhancing smallholder farmers’  

access to credit, thereby facilitating the modernization 

of their agricultural practices. Additionally, farming 

experience was a significant determinant of tractor 

adoption (P = 0.045), highlighting the potential  

advantage of focusing outreach programs on more 
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experienced farmers and providing them with support 

to adopt modern techniques. Furthermore, total  

annual income emerged as a crucial factor influencing 

tractor adoption (P = 0.000), suggesting that increasing 

farmers’ income levels could encourage the adoption 

of modern technologies. This study identified several 

factors affecting tractor adoption among smallholder 

farmers in the study area. Educational attainment 

positively influenced adoption (P = 0.045), indicating 

that farmers with higher education levels were more 

likely to adopt tractors because of their enhanced 

ability to comprehend and utilize modern agricultural 

technologies. Total annual income also positively 

affected tractor adoption (P = 0.003), with wealthier 

farmers being more inclined to invest in modern 

equipment. Conversely, cultural norms negatively 

impacted adoption (P = 0.000), suggesting that  

traditional practices may impede the uptake of  

new technologies. Access to subsidies is identified 

as a critical factor in promoting tractor adoption  

(P = 0.000), with farmers with access to subsidies 

being significantly more likely to adopt tractors than 

those without subsidies. The study recommends that 

the government and non-governmental organizations 

should improve access to credit, provide training 

programs, increase income-generating opportunities, 

and offer modern agricultural technologies through 

widespread subsidies or low-interest loans to encourage 

the widespread adoption of precision farming. For 

coffee growers and nursery managers, these results 

suggest actionable strategies for modernizing operations. 

Credits and subsidies should be directed toward 

mechanized land preparation, composting, and 

transplanting in coffee nurseries, all of which benefit 

from increased efficiency and labor savings in  

the long term. Nursery operators can be trained in 

tractor-compatible practices, such as raised bed 

preparation and precision irrigation, to improve seedling 

quality and survival rates. Encouraging educated and 

experienced nursery managers to adopt these methods 

will further increase the adoption and sustainability 

of mechanization in the coffee value chain in this 

region. Future research should focus on field trials to 

evaluate the specific benefits of mechanized operations 

on nursery coffee productivity and plantation yields. 

Experimental studies could test the cost-effectiveness 

of tractors in key nursery tasks, whereas longitudinal 

research could assess how mechanization impacts 

farmers’ livelihoods over time. An in-depth analysis 

of gender dynamics and local cultural practices is 

valuable for designing inclusive and locally appropriate 

mechanization strategies. By addressing these knowledge 

gaps, future studies can inform policies that support 

sustainable and equitable mechanization in Ethiopia’s 

coffee-producing regions.
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