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Introduction: This research investigates the impact of credit constraints on the 
yield of smallholder ginger farmers in southern and central Ethiopia. It addresses 
the importance of understanding the relationship between credit constraints 
and agricultural productivity in smallholder farming systems.

Methods: Employing a cross-sectional dataset from 343 randomly selected 
households, we utilized the endogenous switching regression model to address 
potential sample selection bias.

Results: The analysis in the first stage showed that livestock holding, marital 
status, farm size, distance to credit source, and information access are primary 
determinants influencing the credit constraint status of smallholder ginger 
farmers. In the second stage, the analysis revealed that family size, farm size, 
and cooperative membership significantly affected ginger yield. Moreover, the 
average treatment effect suggests a significant impact of credit constraints on 
ginger yield, with credit-constrained farmers experiencing a greater positive 
effect compared to credit-unconstrained farmers. These findings highlight the 
complex relationships between credit constraints, socioeconomic factors, and 
agricultural yield in the context of smallholder ginger farming.

Discussion: The implications of this research extend to informing policy 
decisions and intervention strategies aimed at alleviating credit constraints and 
enhancing the overall yield and livelihoods of smallholder ginger farmers in the 
studied regions. Policy recommendations include prioritizing interventions to 
enhance ginger yield by promoting cooperative membership, improving access 
to credit sources, fostering livestock ownership, and reducing the distance 
to credit sources. Additionally, enhancing access to information for effective 
mitigation of credit constraints is crucial for boosting productivity in smallholder 
ginger farming.
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1 Introduction

In 2021, an alarming 2.3 billion people worldwide grappled with food security 
(Galanakis, 2020). Within this Africa, bore the brunt with over one-third, approximately 795 
million people, struggling to access adequate nutrition (Bashari, 2023). This unsettling 
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reality underscores the urgent need to address hunger and 
malnutrition as part of the sustainable development goals (SDGs). 
Goal 2, “Zero Hunger,” epitomizes this imperative, aiming to end 
hunger, achieve food security, improve nutrition, and promote 
sustainable agriculture by 2030 (Muchunguzi, 2023). To achieve the 
sustainable development goals (SDGs) and ensure sustainable food 
access, urgent action is needed (Rafael, 2017). Addressing food 
insecurity requires boosting agricultural production, especially in 
developing nations where agriculture is pivotal (Bhatt et al., 2018). 
Supporting farmers, the backbone of agriculture, and tackling 
impediments to intensification are crucial to averting the looming 
threat of global food insecurity (Ahmadzai et al., 2021).

Addressing the challenge of improving agricultural productivity 
in sub-Saharan Africa, particularly in relation to land area, stands as 
a critical goal for the 21st century (Jayne et al., 2021). Despite the 
continent’s vast agricultural potential, Africa lags behind other 
continents in terms of yield, with substantial variations between 
regions (Tian and Yu, 2019). The proposed solution to enhance 
productivity is grounded in the concept of the “green revolution,” 
which advocates for the widespread adoption of inputs such as 
fertilizers, irrigation, improved seeds, and technologies (Tadele, 2017; 
Qaim, 2020).

In Ethiopia, smallholder farmers constitute a significant portion 
of the population, relying heavily on agriculture for their livelihoods 
(Akanmu et al., 2023). Ginger, renowned globally as a versatile spice, 
holds significant agricultural importance in Ethiopia, both for local 
consumption and export, due to favorable climatic and soil conditions 
and a longstanding cultivation tradition (Access et al., 2012). Despite 
the nation’s substantial potential for ginger production, it remains 
confined to select regions in southern Ethiopia, with minor cultivation 
in southwestern Oromia and northern Amhara (Hordofa and Tolossa, 
2020). In 2019, ginger production in Ethiopia surged to 445,000 
metric tons, positioning the country as the second-largest ginger 
producer in Africa, following Nigeria, according to data from the 
Ethiopian Ministry of Agriculture (Kifile et al., 2023). Over the past 
two decades (2004–2022), Ethiopia has exported a total of 86,820 tons 
of ginger. Notably, the majority of this export volume, approximately 
95%, occurred within the first decade (2004–2013), followed by a 
substantial decline in the second decade (2014–2022) 
(FAOSTAT, 2022).

However, ginger production in Ethiopia confronts several 
daunting challenges, including a high incidence of ginger diseases, 
suboptimal agronomic practices, limited marketable surplus due to 
poor quality, inadequate attention from policymakers and 
development practitioners, and notably, financial constraints, such as 
limited access to credit (Kifile et al., 2023). This financial constraint 
significantly impedes smallholder farmers’ ability to invest in essential 
inputs such as fertilizers, irrigation systems, and improved seeds, thus 
hampering productivity and overall yield. Without sufficient financial 
resources, farmers face difficulties in adopting modern agricultural 
practices and technologies Sekyi et al. (2020), widening the yield gap 
between Ethiopia and other regions. This credit constraint not only 
stifles agricultural productivity but also perpetuates cycles of poverty 
and food insecurity among smallholder farmers. As they are unable to 
invest in their farms, farmers remain trapped in subsistence farming 
practices, unable to break free from the cycle of low yields and meager 
incomes. Moreover, the impact of credit constraints extends beyond 
individual farmers to the broader economy, impeding the country’s 

efforts to achieve sustainable development goals, particularly SDG 2: 
Zero Hunger.

The Resilient Agriculture for Inclusive and Sustainable Ethiopian 
Food System (RAISE-FS) program supports ginger production in 
southern Ethiopia by fostering research and collaboration, yielding 
solutions such as disease management strategies, which have enhanced 
yields (Abate and Schaapp, 2022). Nevertheless, scaling these 
interventions may face limitations due to resource constraints and 
agricultural complexities. Several organizations, including Areka 
Agricultural Research Center, Stichting Wageningen Research 
Ethiopia, Ethiopian Institute of Agricultural Research, and 
Wageningen Center for Development Innovation, actively support 
ginger production through research and technical assistance (Kifile 
et  al., 2023). Continuous evaluation is essential to gauge the 
effectiveness of these interventions.

Amidst these challenges, the role of credit constraints in 
aggravating the difficulties faced by smallholder ginger farmers has 
become increasingly apparent (Kifile et  al., 2023). The scarcity of 
financial resources impedes farmers’ ability to adopt improved 
technologies, secure high-yielding varieties, and implement effective 
disease and pest management strategies (Sekyi et  al., 2020). 
Consequently, there is a pressing need to investigate the socioeconomic 
determinants of credit constraints among ginger farmers in southern 
and central Ethiopia and understand the consequent impact on 
ginger yield.

Existing literature, represented by studies, such as Ayodele and 
Sambo (2014), Gobena (2016), and Ogbanje and Igboko (2019), lacks 
a comprehensive assessment of credit constraints in ginger farming 
and their productivity impact. This study aimed to investigate these 
factors among smallholder ginger farmers in southern and central 
Ethiopia. Examining the relationship between credit constraints, input 
adoption, productivity, and ginger yield addressed gaps in 
understanding the socioeconomic factors influencing 
ginger production.

Smallholder farmers face difficulty accessing affordable credit, 
hindering investment in modern inputs and technologies (Balana and 
Oyeyemi, 2022). Our study aimed to fill this gap by investigating the 
socioeconomic determinants of credit constraints among ginger 
farmers, shedding light on their implications for productivity. Through 
comprehensive research, we  aimed to inform policymakers, 
practitioners, and stakeholders, facilitating evidence-based 
interventions to promote sustainable agricultural development in 
the region.

The rest of the article is organized as follows: section 2 is a 
literature review, section 3 presents the methodology, section 4 
presents the results and discussion, and section 5 concludes this article 
by presenting policy implications.

2 Literature review

2.1 Theoretical approach

This study is based on the theory of utility maximization, which 
assumes the rational behavior of ginger producers in their activities. 
The choice to employ utility maximization theory over key theories, 
such as agricultural growth theory (Barrett et  al., 2010), credit 
constraint theory (Jack, 2013), and socioeconomic theory (Kang and 
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Sawada, 2008), stems from the study’s precise focus and objectives. 
While these key theories offer valuable insights into broader 
agricultural productivity dynamics, utility maximization theory 
provides a more targeted approach to examining the relationship 
between credit service constraints and agricultural yields in ginger 
farming. Utility maximization theory posits that ginger producers 
make rational decisions to maximize their utility or satisfaction, 
considering their preferences and constraints, particularly in obtaining 
the full requested amount of credit. The theoretical analysis of the 
factors influencing farmers’ credit utilization behavior and its impact 
on agricultural yield is depicted in Figure 1. This framework allows for 
a detailed analysis of the factors influencing farmers’ credit utilization 
behavior, incorporating individual preferences and 
strategic considerations.

Moreover, utility maximization theory facilitates a micro-level 
examination of decision-making processes within the agricultural 
sector, complementing the broader theoretical perspectives of the key 
theories. By focusing on how individual decisions translate into 
agricultural productivity outcomes, the study aims to deepen the 
understanding of the mechanisms underlying farmers’ credit 
utilization behavior and its impact on agricultural yields, thereby 
enhancing the insights provided by the key theories. A farmer’s 
rational decision to apply for a loan should be based on the fact that 
the benefit of receiving the requested full amount is greater than the 
benefit of not obtaining it. Using the direct elicitation approach (Ali 
et al., 2014), only farmers who have received the entire requested 
amount are considered as unconstrained, while the others are 
considered constrained (Supplementary Appendix I).

The utility derived from credit utilization by ginger farmers is then 
described as follows:

 U U U U X1 0 1 0 1 0 1 0 0> ⇔ − ⇔ −( ) + −( ) >α α ε ε  (1)

With:

 U X1 1 1= +α ε  (2)

 U X0 0 0= +α ε  (3)

Equation (1) represents the utility derived from credit utilization 
by ginger producers, Where U( ), is utility derived from credit 
utilization by ginger producers and which is a function of the set of 
explanatory variables X( ) that would affect the credit unconstrained 
ginger producers, α represents the coefficient or parameter associated 
with the explanatory variables affecting the credit availability for 
unconstrained ginger producers, and ε  represents the error term. 
Equations (2) and (3) utilized to represent utility derived from credit 
utilization by credit unconstrained and constrained producers 
respectively. Similarly, the difference in expected utility from using 
credit is not directly observable, but what could be  observed is 
farmers’ decision to use credit (Ali and Awade, 2019). Let π∗denote 
the net marginal benefit of having access to full amount of credit (the 
dummy latent variable). It is defined based on the binary indicator of 

Utility maximization theory  

Decision-making process regarding credit 
utilization 

Unconstrained farmers Constrained farmers 

Ginger yield

Explanatory variables 

FIGURE 1

Conceptual framework of the study. Source: Adopted from Awunyo-Vitor (2018).
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whether a farmer has access to the full amount of credit or not and 
described as follows:
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if
if

Credit unconstrained farmers
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(4)

Then, the utility function of a ginger farmer takes the form 
as follows:

 π α ε∗ = +′X  (5)

Here, Equation (4) represents the net marginal benefit of 
having access to the full amount of credit, where a value of 1 is 
assigned if the farmer is credit unconstrained, and 0 if the farmer 
is credit constrained. Equation (5) presents the utility function of 
a ginger farmer incorporating the net marginal benefit term. 
Assuming that being credit unconstrained is derived from 
expected utility maximization subject to the socioeconomic 
characteristics of typical ginger farmers. Assuming that being 
credit unconstrained is derived from expected utility 
maximization subject to the socioeconomic characteristics of 
typical ginger farmers.

2.2 Conceptual framework

The conceptual framework delves into the intricate interplay 
between credit constraints and agricultural yield, guided by the 
principles of utility maximization theory and the rational 
decision-making process of ginger producers (Awunyo-Vitor, 
2018). As highlighted by Jack (2013), credit constraints serve as 
formidable barriers limiting farmers’ access to essential financial 
resources for agricultural investments. This framework 
systematically outlines the crucial elements influencing farmers’ 
credit utilization behavior and its subsequent impact on 
agricultural productivity. Expected utility maximization forms 
the cornerstone of farmers’ decision-making, where they carefully 
weigh the benefits of obtaining credits against associated costs 
and risks (Ali and Awade, 2019). This rational approach extends 
to allocating agricultural inputs, such as labor, seeds, and 
machinery, with farmers strategically optimizing their input 
combinations based on expected utility from credit utilization 
(Barrett et al., 2008). Additionally, the adoption of innovative 
agricultural technologies, informed by farmers’ utility 
maximization decisions, plays a pivotal role in enhancing 
productivity and mitigating the adverse effects of credit 
constraints (Kang and Sawada, 2008). The socioeconomic factors, 
including household income and education level, further shape 
farmers’ utility-maximizing behavior regarding credit utilization, 
underscoring the broader socioeconomic context influencing 
agricultural outcomes (Teklewold et al., 2013). Ultimately, ginger 
yield emerges as the key outcome variable, reflecting the efficacy 
of farmers’ utility-maximizing decisions in navigating credit 
constraints and optimizing input allocations to achieve enhanced 
productivity and food security. Figure  1 below shows the 
conceptual framework of the study.

2.3 Analytical approach

Estimating the impact without experimental observations is a very 
difficult method due to selection bias and lack of counterfactual data 
(Wooldridge, 2003). Both unobservable characteristics of farmers and 
their farms can influence the decision to use or participate in any 
scenario, which could lead to misestimation of the impact on the 
outcome variables (Meskel et al., 2020). The study by Ali and Awade 
(2019) indicated that the characteristics of farmers who received the 
full amount of the requested credit service could be systematically 
different from those who did not receive it. This could possibly lead to 
the occurrence of self-selection, thus leading to a correlation of the 
error terms of both equations (Kim and Mokhtarian, 2023). To 
mitigate these challenges, researchers often employ various 
econometric methods. Traditional approaches include the Heckman 
two-step approach or instrumental variable (IV) regression. However, 
these methods come with assumptions, including the normal 
distribution of unobserved variables in the two-step procedures and 
the challenge of finding suitable instruments for IV regression. 
Additionally, both OLS and IV procedures assume a linear functional 
form, implying similar coefficients for control variables across credit 
access and non-access groups. Alternatively, propensity score 
matching (PSM) requires no assumption about the functional form 
but assumes that the yield function differs only by observable factors. 
However, this assumption can lead to biased estimates when yield 
function differs and involves unobservable factors influencing both 
credit access and ginger yield.

Endogenous switching regression models indeed offer a promising 
avenue for impact assessment studies, particularly in situations where 
treatment assignment is not random and individuals self-select into 
treatment. However, these models are not without their limitations. 
One major limitation is the potential for selection bias, wherein 
individuals who choose to participate in the treatment group may 
differ systematically from those who do not. To address this, 
endogenous switching regression models incorporate selection 
equations to account for the self-selection process. Another limitation 
is the assumption of unobserved heterogeneity, where unobserved 
factors influence both treatment selection and outcome. Techniques 
such as instrumental variables or control function approaches are 
often employed to mitigate this issue. Despite these limitations, the 
strength of endogenous switching regression models lies in their 
ability to simultaneously model both the selection process and the 
outcome equation, thus providing more robust estimates of treatment 
effects compared to other models (Murtazashvili and Wooldridge, 
2016). This comprehensive approach allows researchers to better 
understand the impact of interventions while accounting for self-
selection biases and unobserved heterogeneity, making it a preferable 
choice for impact assessment studies in complex social settings.

3 Methodology

3.1 Description of the study area

The study was conducted in two districts, Boloso-Bombe and 
Hadaro-Tunto, located in the Wolaita zone and Kembata-Tembaro 
zone, respectively. These zones were reorganized under different 
regional states as a result of the Ethiopian government’s reformation 
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in 2018. The Wolaita zone is now part of southern Ethiopia, serving as 
an administrative and political center, while the Kembata-Tembaro 
zone is situated in central Ethiopia. The administrative structure 
comprises 22 districts in the Wolaita zone and 8 districts in the 
Kembata-Tembaro zone. The selected districts are known for their 
predominant reliance on agriculture, with ginger production being a 
significant contributor to the local economy.

Agriculture, especially crop production, is the main livelihood of 
both districts, with ginger production taking the lion’s share, followed 
by cereals such as maize and teff, root crops such as taro and sweet 
potato, and animal husbandry. Figure 2 below shows the map of the 
study area.

3.2 Selection of sample size and sample 
size design

To ensure a robust sampling strategy, we employed a multistage 
sampling approach to select our sample respondents. First, 
we identified two agricultural zones in the study area: the Wolaita zone, 
comprising the Boloso-Bombe district, and the Kembata-Tembaro 
zone, including the Hadaro-Tunto district. These zones were chosen 
due to their significant ginger production activities. The two districts, 
Boloso-Bombe and Hadaro-Tunto, from the Wolaita and 

Kembata-Tembaro zones, respectively, were purposively selected in the 
first stage as they are known for ginger production in terms of ginger 
land area coverage and total ginger production in the southern and 
central regions, respectively (Prameela and Suseela Bhai, 2020). 
Moving to the second stage, we employed a quota sampling method to 
select kebeles within each district. Randomly, we chose 4 kebeles from 
the 18 kebeles in the Boloso-Bombe district and 2 kebeles from the 16 
rural kebeles in the Hadaro-Tunto district. This selection was based on 
the proportion of ginger-producing kebeles in each district, ensuring 
representation across the study area. Kothari (2004) provides several 
sample size determination formulas based on different statistical 
considerations. Kothari (2004) provides several sample size 
determination formulas based on different statistical considerations. 
One such formula, commonly used in survey research, is given by 
Equation (6):

 
n z pqN

e N Z pq
=

−( ) +
=

( ) ( )( )( )
( ) ( ) +

2

2 2

2

2
1

1 96 0 5 0 5 3208

0 05 3208 1

. . .

. .. . .96 0 5 0 5

343
2( ) ( )( )

≈
 

(6)

where n represents the sample size; Z represents the 
cumulative standard distribution, which corresponds to the 
confidence level with a value of 1.96; e is the desired precision 

FIGURE 2

Map of the study area. Source: Sketched by using (ArcGIS, 2022).
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level, as suggested by Israel (1992); a p-value of 0.5 indicates the 
estimated proportion of an attribute present in the population 
required to obtain the desired minimum level of sample size at the 
95% confidence level and ±5% precision; q = 1 – p; and N 
represents the total size of the population from which the sample 
is drawn.

Subsequently, within the selected kebeles, we utilized a simple 
random sampling technique to choose households for participation. 
From the 3208 households in the selected kebeles, we  randomly 
selected 343 households. The distribution of the sample within each 
kebele was proportional to the number of ginger farmers. For instance, 
in the Boloso-Bombe district, 64 households were selected from Gamo 
Walalna, 29 from Matala Walana, 67 from Parawocha, and 50 from 
Adila. Similarly, in the Hadaro-Tunto district, 66 households were 
chosen from Mukurunja and 67 from Ajora. The sample size 
distribution is presented in Table 1.

The sampling method and sample size determination described 
above provided a representative and statistically valid approach to data 
collection in the Bolso-Bombe and Hadaro-Tunto districts to provide 
valuable insights into the impact of credit constraints on ginger yields 
in the southern and central regional states of Ethiopia.

3.3 Source of data

The data for this study were gathered through structured 
interviews and questionnaires administered to ginger farmers from 
March 2023 to June 2023. The questionnaire, which specifically 
targeted ginger farmers, focused exclusively on gathering information 
pertaining to the year 2022. In-depth interviews were conducted to 
ensure comprehensive data collection. Before the main data collection, 
a pre-test of the questionnaire was conducted to address any 
uncertainties. The questionnaires included sections on respondents’ 
socioeconomic and demographic characteristics, credit access (from 
formal and informal sources), farm information, such as ginger yield, 
and other relevant variables. A cross-sectional research design was 
employed to investigate the impact of credit constraints on the yield 
of smallholder ginger farmers in southern and central Ethiopia. Before 
the main data collection, a pilot survey involving five farmers from 
each kebele was conducted to refine the questionnaire’s clarity, 
comprehension, and relevance. The data collection process was 
facilitated by trained enumerators who possessed a deep 

understanding of the local context and agricultural practices specific 
to ginger farming. A structured questionnaire, meticulously designed 
to cover various aspects such as demographics, agricultural practices, 
credit access, credit participation, yield, and relevant variables, was 
administered to 343 smallholder ginger farmers.

3.4 Variable definition and prior 
expectation

In our study, we  examined the association between credit 
constraint (treatment variable) and ginger yield (outcome variable). 
The study included 1 treatment variable, 13 independent variables, 
and 1 outcome variable. Credit constraint is central to the study, 
serving as the treatment variable that distinguishes households as 
either constrained or unconstrained in accessing credit resources. 
Ginger yield, measured in quintals per hectare, serves as the outcome 
variable, reflecting productivity in ginger cultivation. Formal sources 
of credit constraints include cooperatives, microfinance institutions, 
and development banks, while informal sources encompass relatives, 
wealthy farmers, money lenders, rotating savings and credit 
associations, and social networks.

Based on the previous studies, the variables included in the study 
are crucial determinants of credit access and household welfare, as 
well as agricultural productivity and efficiency. These include 
demographic factors such as sex, age, marital status, and education 
level (Economics and Library, 2017; Mukasa et al., 2017), as well as 
socioeconomic factors such as family size, farm size, distance to credit 
source, and total livestock ownership (Rada and Fuglie, 2019; Asiamah 
et  al., 2021). Other variables, such as experience in production, 
extension contact, access to information, involvement in off-farm 
activities, and cooperative membership, further affect credit access 
and contribute to household welfare and food security (Awunyo-vitor 
et  al., 2013; Ali and Deininger, 2014). To ensure clarity and 
accessibility, all variables used in the study are defined in 
Supplementary Appendix II.

The endogenous switching regression (ESR) model was employed 
to estimate the impact of credit constraints on ginger yield. To attain 
consistent, unbiased, and valid outcomes before the estimation 
process, multicollinearity, omitted variables, and heteroscedasticity 
issues were checked. The Variance Inflation Factor (VIF) values for 
the variables indicate that multicollinearity is not a concern, as all 
VIF values are below the commonly accepted threshold of 10. The 
mean VIF is 1.21, further confirming the absence of multicollinearity 
among the variables (Supplementary Appendix IV). The Breusch–
Pagan heteroscedasticity insignificant test (prob > chi2 = 0.498) 
showed the data have no heteroscedasticity problem 
(Supplementary Appendix V). Similarly, the omitted variable test 
(ovtest) (prob > F = 0.7969) suggested that there was no omitted 
variable problem in the model specification 
(Supplementary Appendix VI).

3.5 Model specifications

The aim of the study was to understand the impact of credit 
constraints on the yield of smallholder ginger farmers. The ESR model 
consisted of two stages, the first of which used a probit model to assess 

TABLE 1 Sample size distribution by district and their respective kebeles.

District Kebele Total number 
of ginger 
producer 

households

Sampled 
households

Boloso-

Bombe

Parawocha 630 67

Adila 470 50

Gamo Walana 595 64

Matala Walana 270 29

Hadaro-Tunto Mukurunja 620 66

Ajora 623 67

Total 3208 343

Source: Boloso-Bombe and Hadaro-Tunto Agricultural District Office, 2022.
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credit constraints among smallholder ginger farmers. This stage aimed 
to determine the likelihood of farmers facing credit constraints based 
on various predictor variables. The probit model estimated the 
probability of being credit-constrained, considering socioeconomic 
and demographic characteristics. The model is represented by 
Equation (7):

 ( ) ( )1Pr 1obit Constrained Zβ= = Ω
 (7)

Where Ω  is the aggregate distribution function of the standard 
normal distribution representing a vector of exogenous variables 
affecting the credit constraint, –  is a vector of exogenous variables 
affecting the credit constraint, and β1 is a vector of coefficients to 
be estimated. Smallholder farmers were divided into two groups based 
on the probabilities estimated by the probit model. A common 
threshold (e.g., 0.5) was used to classify farmers into constrained and 
not constrained in the credit market.

After classifying smallholder farmers into treatment groups 
(unconstrained) and control groups (constrained) based on their 
predicted probabilities of constraint condition, the second stage 
estimated the outcome equation for each group separately:

For the treatment group (T = 0):

 Yield Y X U0 1 0= +β  (8a)

For the control group (T = 1):

 Yield Y X U1 2 1= +β  (8b)

Where Y0 and Y1 denote potential outcomes for the treatment 
(Equation 8a) and control groups (Equation 8b), respectively; X 
represents a vector of exogenous variables influencing the yield; β1 and 
β2 are vectors of coefficients to be estimated; and U0 and U1 are the 
error terms assumed to be normally distributed.

To account for potential endogeneity in the credit constraint 
equation, instrumental variables were introduced. The instrumental 
variables were variables that correlated with the endogenous 
explanatory variable (credit constraint) but did not correlate with the 
error term in the outcome equation. The instrumental variables 
isolated exogenous variability in the credit constraint conditions. The 
Pearson correlation analysis assessed instrumental validity, unveiling 
a significant positive correlation between distance to credit source and 
credit constraint (treatment variable), indicating a robust link to credit 
constraint. Conversely, no significant correlation was detected 
between distance to credit source and yield (outcome variable), 
implying minimal influence on yield (Supplementary Appendix III). 
Therefore, following the studies by Shiferaw et al. (2014) and Khonje 
et al. (2015), distance to credit source was used as an instrument in 
this study.

Understanding the treatment effect is essential in research and 
policy-making to gauge the impact of interventions and assess their 
outcomes. This study focused on the Average Treatment Effect on the 
Treated (ATT), a key measure calculated by examining the conditional 
expectations of individuals who have access to credit.

Let T be a binary variable indicating whether each unit received 
the treatment or not (credit access), where T = 1 for treated (credit 

unconstrained) and T = 0 for untreated (credit constrained). the 
average value of ginger yield for units that received treatment, was 
calculated using Equation (9):
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Where N1 is the number of treated units, Yi is the ginger yield for 
unit i, and 1 1Ti −( ) is an indicator function that equals 1 if Ti =1 (unit 
is treated) and 0 otherwise.

The average ginger yield for untreated ¥ 0

∧
, that is, the average 

value of the ginger yield for units that did not receive treatment, was 
calculated using Equation (10):
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Where N0 is the number of untreated units, Yi is the ginger yield 
for unit i, and 1 0Ti −( ) is an indicator function that equals 1 if Ti = 0 
(unit is untreated) and 0 otherwise.

The average treatment effect (ATE) was computed by taking the 
difference between the average yield for the treated group and the 
average yield for the untreated group, as shown in Equation (11):

 ATE Y Y= −
∧ ∧

1 0 (11)

The ATE represents the average change in ginger yield due to the 
treatment. If the treatment had a positive effect, the ATE would 
be positive, indicating an increase in the ginger yield. Conversely, if 
the treatment had a negative effect, the ATE would be negative.

4 Results and discussion

4.1 Demographic and socioeconomic 
characteristics of the sampled households

The demographic and socioeconomic characteristics of the 
sampled households, such as age, sex, marital status, education level, 
family size, farm size, total livestock holding, experience, number of 
extension services, information access, off-farm activity, distance to 
credit source, and cooperative membership, were included in the 
analysis as control variables (Table 2). The mean age of the sampled 
household head was about 47 years. The mean adult equivalent of the 
sampled household was 4, which is less than the national mean of 4.6 
(UN-DESA, 2017). This may be due to migration, which is increasingly 
perceived as the only way out of poverty in the study area.

The average land devoted to ginger farming was about 1.1 
hectares, and the average yield was 127.12 quintals. The mean 
livestock holding was found to be  4.92. The data showed that 
approximately 60% of farmers were not members of any 
cooperative organizations.
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4.2 Sources of credit and reason for credit 
constraints

Of the 343 farmers surveyed, 277 (80.76%) had applied for 
credit for ginger production in the last 12 months and 66 (19.24%) 
had not applied for a credit. The main reasons why farmers did not 

apply for credit (Figure 3) included 79 (23.03%) of farmers saying 
they did not want to take on debt, 18 (5.25%) of potential loan 
applicants fearing rejection or a risky hire, and 48 (13.99%) saying 
they did not need credit because they had sufficient funds. 
Ultimately, 35 (10.2%) were rejected, 152 (44.31%) felt the 
potential credit was too expensive (high interest rate), and 11 
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FIGURE 3

Reasons for not taking loan. Source: Author’s field survey, 2022.

TABLE 2 Households’ demographic and socioeconomic characteristics by constraint category.

Mean value by credit constraint category

Variables All
Credit constrained 

(N  =  228)
Credit unconstrained 

(N  =  115)
T-test

Yield/ha (quintals) 127.12 113.02 155.07 25.46 ***

Sex of the hh head (M = 1) 0.932 0.956 0.887 −2.12 **

Age (years) 47.15 46.92 47.6 0.899

Age square 2266.07 2243.05 2311.72 0.96

Marital status 2.227 2.13 2.41 4.35 ***

Education of the hh (years) 2.35 2.37 2.31 −0.37

Family size in AE (number) 4.057 3.97 4.23 1.67 *

Farm size (ha) 1.1 1.24 0.83 −8.07 ***

Distance (minutes) 43.86 44.79 42 −1.07

Livestock owned (TLU) 4.92 4.79 5.179 0.87

Experience (years) 15.58 15.17 16.4 2 **

Extension contract (frequency) 2.24 2.197 2.31 0.8

Member of co-op (yes = 1) 0.402 0.403 0.4 0.06

Off-farm activity (yes = 1) 0.425 0.407 0.46 0.16

Information access (yes = 1) 0.51 0.52 0.49 −0.38

Statistical significance at 1% (***), 5% (**), and 10% (*) probability levels. Source: Author’s field survey, 2022.
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(3.21%) were of the opinion that they did not have sufficient 
credit collateral.

As the survey output showed, approximately 58.6% of credit came 
from informal sources and 41.4% from formal sources. Among the 
343 farmers, 66 (19.24%) did not request for credit. From those 
requested credit, 142 (41.4%) received financing from microfinance 
institutions and 90 (26.4%) from friends and neighbors. Approximately 

26 (7.58%) borrowed from wealthy farmers for their agricultural 
activities, while 19 (5.54%) received credit from money lenders 
(Figure 4).

4.3 Determinants of credit constraints

The first stage of the econometric model, utilizing the 
endogenous switching regression (ESR) approach, focused on 
estimating the factors influencing credit constraints among 
households, is shown in Table 3. As expected, 2 of the 13 variables 
introduced into the model, namely, total livestock ownership and 
marital status, had a negative association with credit constraints, 
while the farm size, distance to credit source, and information access 
had a positive association.

Total livestock ownership (TLU) emerged as a significant 
negative predictor of credit constraints, indicating that households 
with higher TLU were less likely to face credit limitations. This 
finding resonates with the research by Chapoto and Aboagye 
(2017), who found that livestock ownership serves as a valuable 
asset that can be leveraged for credit access in rural agricultural 
contexts. The presence of livestock provides collateral for loans, 
thereby reducing the risk perceived by lenders and 
enhancing creditworthiness.

Marital status also demonstrated a negative association with credit 
constraints, suggesting that households headed by married individuals 
were less likely to experience credit limitations. This aligns with the 
findings of a study by Johnson (2021), which highlighted the role of 
household structure in accessing credit. This may be due to married 
couples often benefit from shared financial resources and joint 
decision-making, which may enhance their ability to secure credit.

Conversely, factors such as farm size, distance to credit sources, 
and informational access were positively correlated with credit 

TABLE 3 Probit model outputs of credit constraint.

Variables Coefficient Std. error

Credit constraint (Yes = 1, 

No = 0)

Sex 0.28 0.344

Age 0.038 0.14

Age2 −0.00057 0.0014

Marital status −0.26 * 0.14

Family size −0.173 0.158

Experience −0.013 0.018

Education 0.031 0.059

Farm size 1.335*** 0.193

TLU −0.05** 0.025

Off/on-farm −0.352 0.248

Cooperative membership −0.071 0.207

Distance to credit source 0.0084*** 0.0029

Number of extension service 0.014 0.076

Informational access 1.445*** 0.319

Constant −0.393 3.376

Statistically significant at the 1% (***), 5% (**), and 10% (*) levels. Source: Author’s field 
survey, 2022.
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Sources of agricultural credit. Source: Author’s field survey, 2022.
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constraints. Large farm sizes were found to increase the likelihood of 
facing credit constraints, consistent with the findings of the research 
by Brown et  al. (2020), suggesting that larger farms may require 
greater financial resources for investment and operational expenses, 
leading to heightened credit needs and potential constraints in 
accessing credit. The estimated coefficient of the distance to credit 
source variable was positive and statistically significant at the 1% level. 
This implies that the farther away farmers are from potential lenders, 
the more likely they are to not apply for credit. The result is consistent 
with the study by Mukasa et  al. (2017), who found a negative 
association between the distance to potential lenders and the 
likelihood of obtaining credit.

Similarly, limited access to credit sources and information was 
found to exacerbate credit constraints among households, aligning 
with the conclusions drawn by Raghunathan et  al. (2023), who 

highlighted the significance of access to information in facilitating 
credit access and fostering economic growth.

4.4 Impact of credit constraints on ginger 
yield and its average treatment effects

The full information maximum likelihood (FIML) estimations of 
the second stage ESR for ginger yield are presented in Table  4. It 
presents the determinants of ginger yield for two types of farmers 
(with and without credit constraints). The likelihood ratio test was 
statistically significant at the 1% level, showing the interdependence 
of the three models and indicating that they should not be separately 
estimated. Furthermore, the Wald test significance value confirmed 
the joint significance of the error correlation coefficients in both 
equations, thereby providing further evidence of endogeneity.

In the credit constraint and yield equations, the error correlation 
coefficients were positive and negative values for credit-constrained 
and credit-unconstrained farmers, respectively, and were significant 
at the 1% level only for those with access to the full amount of credit. 
This implies that those with access to the requested full amount of 
credit will have above-average yields compared to their counterparts. 
The insignificance of the covariance estimates for credit-constrained 
households indicates that when credit is not used for ginger 
production, there is no difference in ginger yield between credit-
constrained and random households caused by unobservable factors.

Regarding family size, the analysis reveals a significant positive 
relationship with ginger yield for both credit-constrained and 
unconstrained farmers. Specifically, the coefficients suggest that larger 
family sizes are associated with higher yields, with statistical 
significance at the 1% level for credit-constrained farmers and at the 
5% level for unconstrained farmers. This implies that family members 
may help as labor or financially. This finding aligns with recent 
empirical works of literature, such as the study by Jiang et al. (2022), 
which revealed that family labor influences agricultural productivity 
in large farmer households in central China. This underscores the 
need for tailored policy interventions. However, this finding contrasts 
with research by Atakli and Agbenyo (2020), who suggest that family 
size influences agricultural productivity. Larger households may face 
difficulties accessing equipment, potentially affecting productivity.

Farm size exhibits a negative effect on ginger yield for both credit-
constrained and unconstrained farmers, with the impact being more 
pronounced for the latter group. The coefficients suggest that as farm 
size increases, ginger yield decreases, with a stronger negative effect 
observed among unconstrained farmers. This result is consistent with 
the empirical evidence by Ali et al. (2014) but is dissimilar to Rada and 
Fuglie (2019) and Sheng and Chancellor (2019). However, the findings 
in empirical research, such as Atakli and Agbenyo (2020) and Sanchez 
(2021), underscore the complexity of the relationship between farm 
size and productivity and suggest that policy interventions should 
prioritize fostering and improving markets rather than relying solely 
on farm size as an indicator of productivity.

Household marital status was estimated to have a positive impact on 
ginger yield among unconstrained farmers. This positive relationship was 
consistent with the empirical findings of EEA and ESSP of IFPRI (2019), 
suggesting that promoting marriage and family stability could have 
positive implications for society’s welfare. Recent studies, such as the 
research by Doss and Quisumbing (2020), have highlighted the 

TABLE 4 ESR estimates for the impact of credit constraint on ginger 
yield.

Variables FIML endogenous switching regression

Ginger yield

Credit-constrained Unconstrained

Coefficient Std. 
error

Coefficient Std. 
error

Sex −0.216* 0.124 −0.233 0.159

Age −0.018 0.044 −0.055 0.074

Age2 0.0002 0.0004 0.0006 0.0007

Marital status −0.010 0.059 0.122* 0.068

Family size 0.06*** 0.019 0.062* 0.032

Experience −0.003 0.006 −0.001 0.010

Education 0.004 0.017 −0.009 0.032

Farm size −0.458*** 0.084 −0.908*** 0.115

TLU 0.014* 0.008 0.022 0.013

Off/on-farm 0.119 0.084 0.091 0.122

Number of 

extension 

service

−0.015 0.024 −0.018 0.041

Cooperative 

membership

0.144** 0.072 0.069 0.103

Constant 5.495*** 1.057 6.246*** 1.768

σ1 0.361*** 0.018

σ2 0.513*** 0.057

ρ1 0.130 0.313

ρ2 −0.897*** 0.059

Observation 343

Log 

likelihood

308.128 Prob > chi2 = 0.0000

LR test of 

inep. Eqns.:

chi2(1) = 7.47 Prob > chi2 = 0.0063

Wald 

chi2(12)

41.85

Statistically significant at the 1% (***), 5% (**), and 10% (*) probability levels. Source: 
Author’s field survey, 2022.
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importance of household dynamics in agricultural productivity. Married 
individuals often benefit from shared labor and resources within the 
household, leading to more efficient farming practices. This finding 
underscores the significance of considering familial structures in 
agricultural policies and interventions to enhance yield. The gender of the 
household head was estimated to have a negative and significant 
association with ginger yield. Households headed by a man had, on 
average, lower yields per hectare than households headed by a woman. 
Recent research, such as Ali et al. (2014) and Abdisa et al. (2024), have 
highlighted the disparities between male-headed and female-headed 
households in agricultural productivity.

The significant positive coefficient for TLU among credit-
constrained farmers suggests that livestock ownership positively 
impacts ginger yield for this group. Recent research, such as a study 
by Otieno et al. (2021), has emphasized the multifaceted benefits of 
livestock integration in smallholder farming systems. Livestock 
provide not only additional income but also valuable organic fertilizer, 
which enhances soil fertility and crop yields. Similarly, the significant 
positive coefficient for cooperative membership indicates its beneficial 
impact on ginger yield among credit-constrained farmers. Research 
by Abebaw and Haile (2013) and Markelova et al. (2009) support this, 
emphasizing cooperatives’ role in providing resources, technical 
assistance, and market opportunities, thereby enhancing productivity. 
Overall, cooperative participation is vital for improving agricultural 
productivity, especially for credit-constrained farmers, but effective 
governance and supportive policies are essential for maximizing 
their potential.

The estimated average treatment effect (ATT), which describes the 
impact of credit constraints on ginger yield, is shown in Table 5.

The mean outcome was estimated using ESRM, where the outcome 
equations are in the form of logarithms. Therefore, the prediction was 
logarithmic. The results showed that the lack of credit constraints had a 
positive and significant impact on ginger yield. The average treatment 
effect (ATT) was positive and varied statistically between 0 and 10% 
(Table 5). This result implies that farmers without credit constraints have 
higher yields than farmers with constraints. The ATT value of 0.81 
indicates that, on average, ginger farmers without credit constraints 
achieve higher yields compared to those facing credit constraints.

5 Conclusion and policy implications

This study evaluated and provided further empirical evidence on 
the determinants of credit constraints and their impact on ginger 
yields of smallholder farmers in southern and central Ethiopia. The 
survey findings highlight a substantial reliance on informal sources 
for agricultural credit, with formal sources contributing a smaller 
share. Microfinance institutions emerge as the primary formal source, 
followed by borrowing from friends and neighbors. The findings from 

this study reveal that credit constraints have a significant impact on 
ginger yield in Ethiopia. This was influenced mainly by farmland 
production capacity, family size, and social inclusion. Furthermore, 
self-sufficiency, high loan rejection by banks, and low credit risk 
among farmers primarily account for not accessing credit, and the 
primary determinants of credit constraints are farmer’s proximity to 
credit, livestock holding, access to credit information, and 
marital status.

Based on the research findings, agricultural policies should 
prioritize targeted interventions addressing determinants of credit 
constraints. Initiatives promoting cooperative membership and 
improving access to credit sources are crucial for enhancing ginger 
yield. Moreover, fostering livestock ownership and cooperative 
participation among credit-constrained farmers can alleviate credit 
limitations and boost productivity. Policymakers should also focus on 
reducing distance to credit sources and enhancing access to 
information to mitigate credit constraints effectively. Policymakers, 
agricultural extension services, and financial institutions can leverage 
these insights to formulate effective strategies for supporting 
smallholder ginger farmers in southern and central Ethiopia.

While this study provides valuable insights into credit 
constraints and their impact on ginger yields among smallholder 
farmers in southern and central Ethiopia, it is crucial to recognize 
certain limitations. The study’s limitations include its narrow focus 
on the Southern and Central regions of Ethiopia, limiting the 
broader applicability of findings to diverse geographical and 
cultural contexts, the reliance on survey data introduces potential 
biases, and the cross-sectional design limits causal inference 
between credit constraints and ginger yields. Additionally, the study 
lacks details on the specific terms of the loans and information on 
the size of the loans obtained by farmers, which could further 
inform the nuanced relationship between credit access and 
agricultural outcomes. Future research endeavors employing 
longitudinal data and incorporating detailed loan-related 
parameters can offer a more comprehensive understanding of the 
evolving relationships.

Despite these limitations, the findings offer a foundational 
understanding of credit constraints in smallholder ginger farming, 
informing future policy strategies to support farmers in similar 
contexts. Employing robust methodologies enriches academic 
understanding and guides interventions.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

Ethical review and approval was not required for the study on 
human participants in accordance with the local legislation and 
institutional requirements. Written informed consent from the 
(patients/participants OR patients/participants legal guardian/next of 
kin) was not required to participate in this study in accordance with 
the national legislation and the institutional requirements.

TABLE 5 Impact of credit constraint on ginger yield.

Mean outcome

Credit-
unconstrained

Credit-
constrained

ATT
T-

value

Ginger yield 

(log)

5.58 4.77 0.81 * 1.93

*Statistically significant at 10% probability level. Source: Author’s computation, 2022.
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