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This study investigates the trends of climate change and evaluates the effects
of climate-smart agricultural (CSA) practices in Humbo Woreda, Wolaita Zone,
Ethiopia. The findings revealed a significant increase in temperature and irregular
rainfall patterns, which adversely affected agricultural productivity. This research
employed a mixed-method approach, gathering data from household surveys,
focus group discussions, and field observations. The key CSA practices adopted
by smallholder farmers include agroforestry, soil and water conservation, and
integrated soil fertility management. These practices were reported to enhance
food security indicators, with 85% of the respondents noting improved income
and 80% recognizing increased consumption after adopting CSA practices.
Despite these positive outcomes, challenges such as low adoption rates and
implementation barriers persist. This study underscores the need for targeted
interventions to expand CSA adoption, improve farmers' capacity, and address
environmental vulnerabilities. Policymakers and stakeholders are encouraged to
foster environments that support sustainable agricultural practices.

KEYWORDS
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1 Introduction

Agriculture, the cornerstone of livelihoods and economic stability in developing regions,
is increasingly threatened by the impacts of climate change. Variations in temperature, erratic
rainfall, and extreme weather events disrupt food production systems and disproportionately
affect resource-constrained smallholder farmers (Asfaw et al., 2018; Kassie and Alemu, 2021).
Sub-Saharan Africa, home to approximately 44 million smallholder farmers who rely on less
than five hectares of land, is particularly vulnerable to these challenges (Agarwal et al., 2022).
Ethiopia, where agriculture accounts for 34% of the GDP and employs over 70% of the
population, epitomizes the struggle of climate-sensitive economies (Shiferaw, 2020;
Canton, 2021).

The agricultural sector in Ethiopia faces mounting pressure from rising temperatures,
fluctuating precipitation patterns, and frequent extreme events such as droughts and floods
(Pathak et al., 2022). Over the past two decades, average temperatures have risen by 1.3°C,
with rainfall patterns becoming more unpredictable, leading to prolonged dry spells and
reduced crop yields (Deressa et al., 2020). These climate stressors are compounded by
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socio-economic vulnerabilities, including poverty, limited access to
agricultural inputs, and weak institutional support, leaving
smallholder farmers particularly exposed to food insecurity and
livelihood risks (Dang et al., 2021).

Climate-smart agriculture (CSA) has emerged as a promising
framework to address these interconnected challenges. Defined as a
set of agricultural practices that enhance productivity, build resilience
to climate shocks, and reduce greenhouse gas emissions, CSA offers
an integrated solution for the impacts of climate change (Jirata et al.,
2016). Core CSA practices include agroforestry, integrated soil fertility
management, water conservation techniques, and the use of drought-
resistant crop varieties (IKassic and Alemu, 2021). By fostering
adaptation and mitigation simultaneously, CSA aligns closely with
global sustainable development goals (Shulkla et al., 2022). Despite its
potential, the adoption of CSA in Ethiopia remains low because of
socio-economic, cultural, and institutional barriers (Usmane
etal., 2021).

Humbo Woreda, one of Ethiopias most climate-vulnerable
regions, exemplifies the challenges and opportunities for CSA
adoption. This woreda, characterized by semi-arid conditions, erratic
rainfall, and frequent droughts, has long struggled with declining
agricultural productivity and chronic food insecurity (Asnake and
Mammo, 2020). To mitigate these challenges, government and
non-governmental organizations have implemented interventions
such as household ponds, irrigation systems, and water harvesting
structures. However, the effectiveness and sustainability of these
initiatives remain limited because of the lack of farmer engagement,
resource constraints, and insufficient scaling mechanisms (Shiferaw,
2020; Kassie and Alemu, 2021).

A critical gap in the literature is the lack of empirical evidence on
smallholder farmers’ perceptions of CSA practices and the socio-
economic and institutional factors that influence their adoption (Dang
etal., 2021). Studies have predominantly focused on broader policy
frameworks or technological assessments, often overlooking the
localized dynamics that determine the feasibility and success of CSA
at the community level (Jirata et al., 2016). Understanding farmers’
perceptions, particularly in regions such as Humbo Woreda, is
essential for tailoring CSA interventions to specific agro-ecological
and socio-economic contexts (Pathak et al., 2022).

This study seeks to address these gaps by providing empirical
insights into the adoption of CSA practices in Humbo Woreda.
Specifically, it examines the barriers and drivers of CSA adoption,
assesses the perceived effectiveness of these practices in enhancing
food security and resilience, and identifies strategies to promote
sustainable agricultural development. By integrating traditional
knowledge with modern CSA approaches, this study aims to inform
policy and practice, contributing to the broader goal of climate-
resilient agriculture in Ethiopia and similar agro-ecological regions.

2 Materials and methods
2.1 Description of study area

The study was conducted in Humbo Woreda, Wolaita Zone,
located 19 km from Wolaita Sodo town and 397 km south of Addis

Ababa. Covering 84,646 hectares, the woreda comprises 20 rural and
2 semi-urban kebeles. The landscape is diverse, featuring flat plains,
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sloping areas, and low-to-moderate hills. The altitude ranges from
1,700 to 2,350 meters above sea level. Humbo falls into two agro-
ecological zones: highlands (1,500-2,000 m) and midlands (1,500-
2,000 m), which are crucial for agriculture and population
distribution. The average temperature ranges between 16°C and 20°C,
with annual rainfall varying from 800 mm to 1,200 mm (Tinlot et al,
2012) (see Figure 1).

2.2 Research design

This study adopted a mixed-methods approach, integrating
explanatory and descriptive research designs, to investigate climate-
smart agricultural (CSA) practices followed by smallholder farmers
and their perceptions of these practices. The descriptive design aimed
to characterize, analyze, and interpret the socio-economic,
institutional, and demographic factors influencing CSA adoption,
while the explanatory component sought to explore the relationships
and causations underlying these practices. A cross-sectional study
design was used to capture data at a single point in time to provide a
snapshot of CSA adoption and associated factors within the study area.

To achieve a comprehensive understanding, both quantitative and
qualitative research methods were employed. Quantitative data were
collected through structured household surveys, enabling the study to
obtain broad and representative information across diverse adoption
categories. The qualitative approach complemented this by using key
informant interviews, focus group discussions (FGDs), and field
observations to gain deeper insights into farmers experiences,
barriers, and motivations related to CSA practices. This combination
of methods ensured a balanced and in-depth analysis of the
research objectives.

2.3 Sources of data

The study relied on both primary and secondary data sources to
ensure robust and multidimensional analysis. Primary data were
collected using structured questionnaires administered to households,
focus-group discussions, key informant interviews, and field
smallholder
development agents, kebele administrators, and agricultural and

observations. Respondents included farmers,
natural resource experts, providing a broad spectrum of perspectives
and information relevant to CSA practices.

Secondary data were gathered from various published and
unpublished sources, including institutional reports, research articles,
books, and government records. Climate-related data, such as rainfall
and temperature trends, from 1983 to 2018 were obtained from the
National Meteorological Agency. Additional secondary data covered
CSA policies and related interventions, supplementing the primary
data and providing historical and policy context for the study. The
integration of primary and secondary data allowed for a thorough

evaluation of CSA practices, barriers, and outcomes in the study area.

2.4 Sampling techniques and sample size

The study employed the purposive selection of Humbo Woreda,
which consists of 20 rural kebeles and 2 semi-urban areas, as the
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FIGURE 1
Map of study area. Source: US Geological Survey (USGS) http://glovis.usgs.gov.

research site. To ensure representativeness, three kebeles, Sere
Tawurata, Shochora Gola, and Demba Koysha, were selected using
stratified random sampling techniques. These kebeles were chosen to
reflect the agro-ecological diversity of the woreda, with Sere Tawurata
and Shochora Gola representing the Wienedega (highland) zones and
Demba Koysha representing the dega (midland) zone. This stratified
approach aimed to capture the variations in agricultural practices and
CSA adoption patterns across the study area. To determine the
appropriate sample size, the total population of households in the
selected kebeles (1,688) was used, and the calculation followed
Yamane’s (1967) formula, as seen below in Equation 1:

n=N/1+N(e)’ (1)

where e = 1 — precision, e = is the level of precision that assumes
e=0.05, and N = proportion size.

The final sample size was calculated as 323 households,
representing the study population at a 95% confidence level with a 5%
margin of error. Proportional stratified sampling was then applied to
allocate the sample across the three selected kebeles, based on their
respective household populations. Sere Tawurata contributed the
largest proportion, followed by Shochora Gola, and finally by Demba
Koysha, which had the smallest population. This distribution ensured
that the sample was proportional to the population sizes of the kebeles,
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maintaining representativeness and avoiding over- or under-sampling.
Households within each kebele were randomly selected from the
population list. This method ensured an unbiased selection process
while preserving the demographic and agro-ecological diversity of the
study area. The resulting sample provided a robust basis for collecting
data through household surveys, enabling a comprehensive analysis
of CSA adoption patterns and their influencing factors.

2.5 Data types and sources

This study employed both primary and secondary data sources to
comprehensively analyze climate-smart agricultural (CSA) practices,
their adoption factors, and perceived effectiveness. Primary data were
collected through structured questionnaires, key informant interviews
(KIIs), focus group discussions (FGDs), and field observations. These
tools were designed to gather both quantitative and qualitative insights
and capture detailed information on CSA practices, implementation
barriers, and livelihood impacts. Secondary data were obtained from
a range of published and unpublished sources, including institutional
reports, academic journals, books, and climate datasets. Historical
climate data, such as rainfall and temperature trends over 36 years
(1983-2018), were obtained from the National Meteorological
Agency. These datasets provided valuable context for understanding
the long-term climatic impacts in the study area.
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Data collection followed a mixed-methods approach. Quantitative
data were gathered through household surveys that used structured,
pre-tested questionnaires administered by trained enumerators.
Qualitative data were collected from 12 purposively selected KIIs with
development agents, model farmers, and knowledgeable women.
These interviews provided in-depth perspectives on CSA adoption
challenges and opportunities. FGDs, conducted in three sampled
kebeles with seven participants each (50% women), explored CSA
awareness, barriers, and livelihood impacts. Field observations
complemented these efforts by documenting existing CSA practices
and environmental conditions through descriptive notes and
photographs, focusing on features such as soil conservation systems
and irrigation methods.

This combination of primary and secondary data, along with
quantitative and qualitative methodologies, ensured a robust and
holistic evaluation of CSA practices in the study area, effectively
addressing the study’s objectives.

2.6 Method of data analysis

Data from both primary and secondary sources were analyzed
using both quantitative and qualitative approaches. Quantitative
data were processed and analyzed using the Statistical Package for
the Social Sciences (SPSS, version 2023) and Microsoft Excel (2023),
employing descriptive statistics such as means, standard deviations,
frequencies, and percentages. The results were visually represented
using bar graphs and pie charts to highlight key trends and patterns.
Qualitative data from FGDs, KllIs, and field observations were
systematically reviewed and organized to identify themes and
insights. Descriptive and inferential statistical techniques were used
to interpret survey results and explore relationships between
variables. This combination of methods ensured rigorous analysis,
enabling the study to address its objectives effectively and provide
actionable recommendations.

2.6.1 Model specification for climate change
trend analysis

Trend analysis was conducted using the Mann-Kendall trend
test and Sen’s slope estimator (Mann, 1945; Sen, 1968) as
implemented in the R package modifiedmk. All-time series were
tested for serial autocorrelation. When autocorrelation was not
significant, a standard set of tests was applied (command
mkktest). The Mann-Kendall test (Mann, 1945; Sen, 1968) was
applied using Equation 2:

n=1 n
S=Y Y Sign(x;-x) @)

k=1j=K+1

where 7 is the number of data points, x; and x; are data values in
time series k and j (j > k), respectively, and sign (x; — x,) is defined in

Equation 3:

lif x; —x; >0
Sgn(xj—xk): 0if x; —x; =0 3)
—lif x; —x; <0
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The variance of S is computed using Equation 4:

[n(n—l)(Zn-&—5)—Ziilm(tp—l)(21p+5)}

18

VAR(S)= (4)

where g is the number of tied groups and #p is the number of data
points in the pth group. The values of S and VAR(S) are used to
compute the test statistic Zs in Equation 5:

5= ifsso0
VAR(S)
7Zs = 0

S+ ifs<0
VAR(S)

if=0 (5)

positive/negative Zs indicate an upward/downward trend during
this period.

The slope of the trend was measured using Sen’s slope estimator
(Sen, 1968). Sen’s method can be used in cases where the trend is
assumed to be linear and is equal to in Equation 6:

f(t)=0t+B (6)

where f (t) is a monotonically increasing or decreasing continuous
function of time, Qt is the slope, and B is a constant. To obtain the
slope estimate Q in Equation 7, the slopes of all data value pairs were
determined as:

X;i— Xy .
7kforz:1,...N (7)

where X; and X; are data values at times jand k (j > k), respectively.
Hence, we have only one datum in each period, and N is computed in
Equation 8 as:

_n(n=1)
N==2 ®

2.6.2 Identification of existing climate-smart
agricultural practices in the study area

This study shows that smallholder farmers have adopted various
climate-smart agricultural practices to overcome several
environmental problems such as reducing soil fertility, climate change,
and variability. The ultimate goal of adopting such practices is to
enhance food security and improve household incomes. The most
commonly practiced CSA practices in the study area are shown in
Figure. Data were evaluated using descriptive statistics, such as means
and percentages, to discover local climate-smart agricultural practices
in the study area. The following criteria were used by Saguye (2017) to
rank order: rate of adoption based on the percentage of respondents
in the overall sample. Adoption rates greater than 70% are very high,

adoption rates between 60 and 70% are high, adoption rates between
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50 and 59% are moderately high, adoption rates between 40 and 49%
are moderately low, and adoption rates below 40% are extremely low.

2.6.3 Measuring perceived effectiveness of CSA
on the livelihoods of smallholders

The analytical hierarchy process (AHP) was employed to measure
the perceived effectiveness of climate-smart agriculture (CSA) on the
livelihoods of smallholders. This method was chosen for its ability to
facilitate decision-making among multiple criteria, including both
tangible and intangible aspects. AHP is a multi-criteria analysis
approach that is effectively used to resolve complex and ambiguous
decision-making scenarios. In this study, AHP was applied to evaluate
CSA indicators within the pillars of food security and adaptation,
aligning these indicators with the observable outcomes reported by
smallholder farmers.

Farmers were asked to assess whether specific indicators had
improved since the implementation of CSA practices. Using a 5-point
Likert scale, respondents scored each indicator, enabling the
calculation of mean scores. The Likert scale was characterized as
follows: strongly disagree (SDA) =1, disagree (DA) =2, neutral
(N) = 3, agree (A) =4, and strongly agree (SA) =5. A score of 1
indicated strong disagreement, while a score of 5 signified that the
indicator had significantly improved since the beginning of the
intervention. Indicators under the food security pillar included
income, food productivity, livestock productivity, and food
consumption, encompassing CSA objectives such as food availability,
productivity, and utilization (Sampson et al., 2015).

To ensure consistency in the evaluation, AHP utilized a pairwise
comparison matrix by applying Consistency Index (CI) and
Consistency Ratio (CR) calculations, as outlined by Wind and Saaty
(1980). The Cl is calculated using Equation 9:

A -n
Cf = Mmax — 7 ©)

n-1

where Amax represents the largest eigenvalue of the comparison
matrix, and # is the number of elements being compared.

The consistency of judgments was validated by calculating the CR,
computed using Equation 10:

_a
RI

CR (10)

10.3389/fclim.2025.1456328

where RI is the random consistency index, the average CI of a
randomly generated reciprocal matrix of the same dimension.
According to Saaty (1988), a CR value of 10% or less indicates
sufficient consistency in judgment. If the CR value exceeds this
threshold, pairwise comparison is deemed unreliable owing to
excessive randomness. The application of AHP ensured that the
calculated priorities for CSA indicators were both plausible and
consistent, providing a robust basis for evaluating the effectiveness of
CSA practices in improving food security and adaptation outcomes
for smallholder farmers.

3 Results

3.1 Climate change trend analysis in the
study area

Analysis of climate data from 1983 to 2018 revealed notable trends
in temperature and rainfall within the study area. The average annual
maximum temperature was 33.35°C, with the highest recorded in
2005, whereas the average annual minimum temperature was 10.04°C,
with the lowest recorded in 2017. Rainfall averages 1273.68 mm
annually, with the peak observed in 1996 (Table 1). Despite the
observed changes in these parameters, this study highlights varying
statistical significance in trends, necessitating further scrutiny to
understand the local dynamics of climate variability and change (see
Figure 2).

3.1.1 Trends in annual minimum temperature

The analysis of annual minimum temperatures indicated a
downward trend with a Sen’s slope of —0.01°C per year, although this
was not statistically significant (p = 0.6678). Similar regional studies
show both alignments and contradictions with these findings. For
instance, Ayalew et al. (2022) reported fluctuating but generally
declining trends in the minimum temperatures across Ethiopia’s Rift
Valley, mirroring this study’s results. Conversely, Mengistu et al.
(2014) identified a significant increase of 0.15°C per decade in the
Upper Nile Basin, and Tekleab et al. (2013) observed a marked rise in
minimum temperatures in the Abay Basin. These discrepancies
suggest that temperature trends in Ethiopia and the wider East African
region are highly variable and influenced by geographic, topographic,
and climatic factors. On a global scale, the Intergovernmental Panel
on Climate Change (IPCC, 2021) emphasized rising minimum

TABLE 1 Trend statistics of annual minimum, maximum temperature, and rainfall (1983-2018).

Variables N Mean Std. deviation Minimum Maximum Year
Annual max temp 36 33.35 0.927 30.87 34.45 2005
Annual min temp 36 10.04 1.1978 6.89 12.87 2017
Annual rainfall 36 1273.68 295.94 564.26 1729.69 1996
Annual MK (direction) Sen'’s slope (°C/year) p-value
Rainfall —0.4356 —22373 0.713
Minimum temp. —0.436 —-0.01] 0.068
Maximum temp. 2.33 0.03 1 0.0198
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FIGURE 2
Annual minimum temperature trends from 1983 to 2018.
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temperatures as a defining feature of climate change, driven
predominantly by greenhouse gas emissions.

3.1.2 Trends in annual maximum temperature

The analysis revealed a statistically significant upward trend in
annual maximum temperature, with a Sen’s slope of 0.03°C per year
(p = 0.01983). This finding aligns with broader regional and global
studies. For instance, Gebrechorkos et al. (2019) identified consistent
warming trends across East Africa, particularly in arid and semi-arid
zones. Similarly, Tekleab et al. (2013) and Mengistu et al. (2014)
documented rising maximum temperatures in Ethiopia’s Abay and
Upper Nile Basins, respectively. These observations reflect broader
patterns of global temperature increases, as highlighted by Pathak
etal. (2022), who attributed such warming to anthropogenic factors,
including fossil fuel consumption and deforestation (see Figure 3).

3.1.3 Trends in annual rainfall

Rainfall trends in the study area showed a non-significant decline,
with a Sen’s slope of —2.2373 mm per year (p = 0.713). This aligns with
Quetal. (2019), who reported declining rainfall trends in the Horn of
Africa exacerbating water scarcity and agricultural challenges.
Conway and Schipper (2011) similarly observed variability and
declining rainfall in Ethiopia’s highlands, while Gummadi et al. (2018)
documented mixed trends influenced by localized climatic factors.
Globally, the IPCC (2021) has noted increasing unpredictability in
rainfall patterns, underscoring the challenges posed to agriculture-
dependent communities (see Figure 4).

3.1.4 Implications for climate-smart practices

The observed trends in temperature and rainfall underscore the
need for targeted climate-adaptation strategies. Smallholder farmers,
who are often the most vulnerable to climate variability, require
enhanced access to climate information to make informed decisions.
Studies have consistently highlighted the importance of climate-smart
agricultural (CSA) practices for mitigating the adverse effects of
climate change. For example, Ntawuruhunga et al. (2023) documented
the effectiveness of CSA interventions, such as agroforestry and water
harvesting, in East Africa. Similarly, Matewos (2020) emphasized the
role of weather information in enhancing farmers’ adaptive capacity.
Globally, Zougmoré et al. (2021) advocated CSA to improve
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productivity, reduce greenhouse gas emissions, and build resilience
against climate shocks.

3.2 Identified respondents’ responses on
CSA practices in the study area

The findings of this study indicate that smallholder farmers in the
study area have adopted various climate-smart agricultural (CSA)
practices to mitigate environmental challenges, such as declining soil
fertility, climate change, and variability. These practices aim to
enhance food security and improve household incomes. The adoption
of CSA practices was evaluated using descriptive statistics, such as
means and percentages, to identify locally practiced methods. The
adoption rates of these practices were categorized based on the
framework proposed by Saguye (2017), which ranks them as follows:
very high (>70%), high (60-70%), moderately high (50-59%),
moderately low (40-49%), and extremely low (<40%).

The most commonly adopted CSA practices in the study area
included agroforestry (76%) and soil and water conservation (70.7%),
both of which are highly adopted. Integrated soil fertility management
practices, such as compost and manure management, were highly
adopted, with an adoption rate of 60.7%. Moderately adopted practices
included post-harvest technologies (41.6%), water harvesting
technologies (49.2%), and conservation agriculture (47.9%). These
practices included reduced tillage, crop residue management,
mulching, and crop rotation. However, the adoption of small-scale
irrigation (39%) and crop diversification (32%) was categorized as low,
suggesting significant gaps in the utilization of CSA practices aimed
at year-round cropping and enhanced agricultural resilience.

The relatively low adoption rates of certain CSA practices, such as
small-scale irrigation and crop diversification, align with the findings
of Teshager Abeje et al. (2019), who highlighted socio-economic,
demographic, and institutional barriers as major contributors to low
adoption. Challenges such as lack of access to loans, insufficient
manpower for compost preparation, shortage of animal feed and
fuelwood for mulching, and limited technical knowledge were
identified during key informant interviews (KII) and focus group
discussions (FGD). These barriers impede the scalability of acceptable
and effective CSA practices.

frontiersin.org


https://doi.org/10.3389/fclim.2025.1456328
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org

Tessema et al.

10.3389/fclim.2025.1456328

FIGURE 4
Annual rainfall from 1983 to 2018.
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Despite these challenges, existing CSA practices in the study area
include well-established measures, such as terracing, integrated crop-
livestock systems, soil and stone bunds, agroforestry, and water
conservation structures such as check dams and diversion ditches.
These practices reflect the farmers awareness of the detrimental
effects of soil erosion on agricultural productivity and the
environment. Schaller et al. (2017) observed similar trends in Ethiopia,
noting that CSA practices are frequently integrated into watershed
management programs that encompass crop rotation, intercropping,
and soil and water conservation measures.

Although farmers in the study area have implemented various
CSA practices, adoption rates remain low to moderate for many
potentially impactful technologies. This aligns with Schaller et al.
(2017) and Abeje et al. (2017), who found that, while CSA practices
offer considerable potential for climate change adaptation,
productivity enhancement, and mitigation, their adoption is often
hindered by systemic barriers. Addressing these challenges requires
concerted efforts to improve access to financial resources, enhance
knowledge dissemination, and provide necessary tools and inputs to
enable widespread adoption of CSA practices (see Figure 5).

This study identified various climate-smart agricultural (CSA)
practices adopted by smallholder farmers to mitigate the adverse
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impacts of climate change. These practices are vital for addressing
challenges such as declining soil fertility, erratic rainfall, and increased
vulnerability to climate variability. Farmers in the study area have
adopted strategies such as improved crop varieties, agroforestry, soil
and water conservation, crop rotation, and small-scale irrigation to
enhance productivity and resilience.

3.2.1 Mango and coffee seedlings

Smallholder farmers are increasingly planting mangoes and coffee
seedlings to adapt to climate change. Mango cultivation contributes to
agribusiness resilience, while coffee, Ethiopia’s leading export crop,
provides a stable income for farmers. Studies conducted in Ethiopia
have highlighted the role of perennial crops in enhancing ecological
and economic resilience in the face of climate challenges (Tadesse
et al,, 2021). Similarly, research in other African nations has shown
that perennial crop integration into farming systems increases income
stability and reduces vulnerability to climate shocks (Kinyangi et al.,
2023) (see Figure 6).

3.2.2 Improved teff variety
Teff, a staple food crop in Ethiopia, is widely adopted because of
its adaptability to climate variability, including drought and pests. The
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FIGURE 5
Adoption statuses of CSA practices.

adoption of improved teff varieties in the Humbo area has reduced
ecological risks and improved household food security and income.
According to Berhanu (2021), improved teff value chains have
strengthened farmer resilience by ensuring consistent yields and better
market opportunities. Comparable findings in Tanzania and Kenya
also underline the importance of resilient staple crops for safeguarding
food security in developing nations (Mmbando et al., 2020) (see
Figure 7).

3.2.3 Soil and water conservation practices

Soil and water conservation (SWC) practices, such as soil bunds
and community ponds, play a significant role in reducing soil erosion
and improving water availability. These practices are essential for
improving the soil fertility and boosting agricultural productivity.
Teshome etal. (2021) reported that SWC measures, particularly when
combined with biological interventions like planting grasses, enhance
crop yields and reduce land degradation in Ethiopian highlands.
Similar studies in Malawi and Uganda confirm that SWC structures,
combined with agroforestry systems, significantly improve farming
system sustainability (Ngwira et al., 2020) (see Figure 8).

3.2.4 Crop rotation and diversification

Crop rotation is one of the most widely adopted CSA practices,
which allows farmers to maintain soil fertility and manage pests and
weeds effectively. This practice also enhances resilience to climate
variability by diversifying harvesting periods. Pathak et al. (2022)
found that crop rotation improves productivity and reduces climate
vulnerability, consistent with evidence from Ethiopia and Kenya
(Moges et al., 2021). Crop diversification, another common CSA
strategy, is recognized for its economic benefits. Studies in Ethiopia
have revealed that diversified cropping systems improve household
incomes and reduce exposure to climate-induced risks (Teklewold and
Mekonnen, 2020).

3.2.5 Small-scale irrigation practices

The study found that small-scale irrigation systems, such as
rainwater harvesting and drip irrigation, were underutilized in the
study area, with an adoption rate of only 39%. Nonetheless, irrigation
is critical for stabilizing crop production and reducing vulnerability to
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erratic rainfall. Ayele et al. (2021) emphasized the transformative
potential of small-scale irrigation in enhancing water-use efficiency
and ensuring food security in Ethiopia. Similar findings from Senegal
and Burkina Faso indicate that improved irrigation practices
significantly increase crop productivity and farmer resilience
(Ouedraogo et al., 2020) (see Figure 9).

3.2.6 Use of improved seeds

The use of improved seed varieties is a key CSA practice that
enables farmers to adapt to the changing climatic conditions.
These seeds are often drought-tolerant, pest-resistant, and high-
yielding, thereby contributing to food security and economic
stability. Teklewold and Mekonnen (2020) highlighted the role of
improved seeds in enhancing farm productivity in Ethiopia, while
studies in Nigeria and Rwanda demonstrate similar outcomes
(Mafongoya, 2021).

3.2.7 Integration of CSA practices

Farmers in the study area integrated multiple CSA practices to
address environmental and climatic stressors effectively. Techniques
such as crop rotation, intercropping, contour planting, agroforestry,
and mulching provide holistic solutions for enhancing resilience and
productivity. Kassie and Will Tokgoz (2022) demonstrated that the
integration of CSA practices in Ethiopia leads to significant
improvements in soil health, crop yields, and risk mitigation. Evidence
from Ghana and India further supports the benefits of integrated
approaches to CSA adoption, particularly in resource-constrained
settings (Adjei et al., 2023; Sharma and Gautam, 2020).

3.2.8 Challenges to CSA adoption

Despite its potential benefits, the adoption of CSA practices
remains constrained by several factors, including limited access to
financial resources, lack of technical knowledge, and insufficient water
availability. Studies in Ethiopia and Kenya attribute low adoption rates
to socio-economic and institutional barriers, emphasizing the need
for targeted interventions (Ayele et al., 2021; Kassie and Will Tokgoz,
2022). Policy measures that enhance farmers’ capacity, improve
market access, and provide financial incentives are crucial for scaling
up CSA practices across Africa and other developing regions.
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FIGURE 6
Improved seedling practices in study area.

FIGURE 7
Improved teff variety practice in study area.

3.3 Perceived effectiveness towards
climate-smart agricultural practices in the
study area

Climate-smart agricultural (CSA) practices implemented in
Ethiopia include agronomic measures such as crop rotation,
residue incorporation, intercropping, disease-resistant crop
varieties, and adjustments in planting and harvesting dates.
Integrated soil fertility management (ISFM), irrigation, and the use
of improved seeds have been widely adopted. The effectiveness of
CSA practices can be assessed through their contributions to food
security and adaptation, with two of the three pillars of CSA (the
third being mitigation). In this study, the effectiveness of CSA was
evaluated in terms of its impact on food security and
adaptation measures.

Frontiers in Climate

3.3.1 Food security indicators

The results indicated that the majority of the respondents agreed
or strongly agreed that CSA practices led to improvements in all four
food security indicators. Specifically, 85% of the respondents perceived
an increase in income (mean score =4.61), and 80% reported
improved food consumption (mean score = 3.66) after adopting CSA
practices. Additionally, 68% noted an improvement in crop yield,
although animal productivity received a relatively low score. This
aligns with the findings of Meron (2018), who highlighted that farmers
associate CSA practices with improved crop and livestock productivity,
enhanced incomes, and diversified livelihood options. The application
of tools for assessing and monitoring CSA effectiveness at the farm
level was noted to enhance these outcomes. This is consistent with
studies in Kenya and Uganda, where farmers reported improved food
security due to CSA adoption driven by increased crop yields, better
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FIGURE 8

Soil and water conservation practices in the study area (community ponds and soil bound structure).

FIGURE 9
Small scale irrigation practices in the study area.

management practices, and more reliable income streams (Moges
etal, 2021; Ngwira et al., 2020).

3.3.2 Adaptation indicators

The majority of the respondents strongly agreed that CSA
practices had enhanced all seven adaptation strategies. Specifically,
79 and 70% agreed or strongly agreed that information and
knowledge (mean score =3.94) and farm productivity (mean
score = 3.88) had significantly improved since CSA adoption,
respectively. Crop diversity (mean score =3.65) and animal
diversity (mean score = 4.01) were perceived to have increased by
63 and 76% of respondents, respectively. These findings align with
those of Kassie and Will Tokgoz (2022), who observed that CSA
adoption improves farmers’ capacity to adapt to climate variability
by enhancing knowledge transfer, resource use efficiency, and farm
productivity. However, relatively lower scores for animal and crop
diversity echo challenges that have been observed in other Ethiopian
regions, where resource constraints limit the diversification
potential of smallholder farms (Teshome et al., 2021).

Frontiers in Climate

3.3.3 Perceived benefits and peer learning

Perceived benefits, such as increased income, better access to food,
and improved farm productivity, are strong motivators for
smallholders to continue engaging in CSA practices. Positive
perceptions also foster peer learning and encourage adoption by other
farmers. This finding is supported by Meron (2018), who reported that
favorable attitudes toward CSA technologies significantly influence
community-level adoption rates.

3.3.4 Overall effectiveness of CSA practices

The perceived overall effectiveness of CSA practices in the study
area was high, particularly in terms of food security and adaptation
indicators. This is evident from the qualitative and quantitative data
collected from the farmers, experts, and other stakeholders. CSA
practices, such as the use of improved crop varieties, tree planting,
crop-livestock integration, and small-scale irrigation, have played a
pivotal role in improving resilience to climate variability. Similar
findings have been reported in Ethiopia and other African nations
where CSA interventions have enhanced smallholders’ adaptive
capacities and food security outcomes (Pathak et al., 20225 Ayele et al,
2021) (see Table 2).

3.4 Factors affecting farmers’ adaptation
measures to the impact of climate
variability

A multinomial logit (MNL) model was applied to evaluate the
determinants of farmers’ choices among mutually exclusive adaptation
strategies, including early and late planting, crop diversification, and
livestock adjustment. The analysis revealed that socio-economic,
environmental, and institutional variables significantly influence
farmers’ decisions to adapt to climate variability. The key factors
analyzed include the sex of the household head, education level, family
size, farm size, and farming experience, with regression coefficients,
marginal effects, and significance levels provided in Table 3.
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TABLE 2 Average score of adaptation as the CSA practices in the study area.

10.3389/fclim.2025.1456328

The beginning of CSA SDAscore  DAscore (2) N score (3) Ascore (4)  SAscore (5) M

practices N = 323 (1)

Increase in farmers’ income 0 6 43 85 189 4.61 0.704
1.8% 13% 26% 59%

Increase in food productivity 0 8 38 240 37 4.58 0.98
2.4% 11.7% 74% 11.4%

Enhancement of animal productivity 9 10 45 172 87 4.16 0.943

2.7% 3% 13.9% 53% 26.9%

Increase in consumption by farmers 0 22 81 140 80 3.66 0.966

6.8% 25% 43% 24.7%

Scores reflecting levels of agreement: strongly disagree (SDA), disagree (DA), neutral (N), agree (A), and strongly agree (SA).

TABLE 3 Likelihood estimate of multinomial logit model.

Early and late planting (strategy 1) Diversifying crop (strategy 2) Adjust livestock (strategy 3)

Model Likelihood ratio Model Likelihood ratio Model Likelihood ratio
fitting tests fitting tests fitting tests
criteria criteria criteria
-2 log Chi- df  Sig. -2 log Chi- -2 log Chi-
likelihood @ square likelihood = square likelihood square
of reduced of reduced of reduced
model model model
Intercept 61.436° 0.000 0 80.870° 0.000 0 37.079* 0.000 0
FARSIZE 84.533 23.09 23 | 0455 110.775 29.90 23 | 0152 88.357 51.27 23 0.001
FAMHHH 66.647 5211 2 0.174 82.980 2.110 2 0.348 38.397 1.318 2 0.517
SEXHH 68.894 7.458 1 0.006 87.055 6.185 1 0.013 37.494 0.415 1 0.520
EDLHHH 67.961 6.525 5 0.001 84.395 3.526 5 0.000 44.199 7.120 5 0.000
FAEXHH 61.850 0.414 1 0.520 92.134 11.264 1 0.001 55.069 17.990 1 0.000

*Source: Developed by Author’s based on own computation of survey result,2024.

3.4.1 Sex of the household head

The gender of the household head was significantly associated
with early and late planting (p =0.006) and crop diversification
(p = 0.013). Male-headed households were more likely to adopt these
strategies than female-headed households were. This result highlights
the existing gender disparities in adaptation capacities, where male
farmers have better access to resources, inputs, and agricultural
information, enabling them to implement adaptive strategies
more effectively.

Female farmers, on the other hand, often face structural
barriers, including limited access to credit, extension services,
and land tenure, which restrict their ability to adopt CSA
practices. These findings are consistent with Temesgen (2009),
who reported similar trends in Ethiopia, and Fadina and Barjolle
(2018), who highlighted gendered barriers to adaptation in
sub-Saharan Africa.

Further evidence from Kristjanson (2020) underscores the
need for gender-responsive adaptation policies that address
women’s unique challenges, including access to finance and
training. Gender-sensitive extension programs, female-led farmer
cooperatives, and access to microcredit facilities have been shown
to significantly enhance female farmers’ adaptive capacities in
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regions such as Malawi and Kenya (Ngwira et al., 2020; Ayele

et al., 2021).

3.4.2 Educational level of the household head

Education positively influenced all adaptation strategies, with

significant associations observed for early and late planting, crop

diversification, and livestock adjustment (p <0.05). A positive

coeflicient indicates that educated farmers are better equipped to

process climate information and implement informed decisions.

Education enhances access to agricultural extension services and

improves farmers’ abilities to adopt CSA practices.
Taruvinga et al. (2016) demonstrated that higher educational

attainment significantly improved the likelihood of adopting crop

diversification and irrigation systems in Zimbabwe. Similarly, Deressa

etal. (2020) found that Ethiopian farmers with formal education were

more likely to implement adaptation measures such as soil and water

conservation and livestock diversification.

Educated farmers are also more likely to experiment with innovative

practices such as improved seed varieties and precision irrigation. Studies

in Ghana and Rwanda further emphasize that education strengthens

resilience by enabling farmers to participate in peer-learning networks

and farmer-led innovations (Adjei et al., 2023; Mafongoya, 2021).
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3.4.3 Family size

Family size had a positive correlation with early and late planting,
crop diversification, and livestock adjustment, as larger families provided
the labor required for labor-intensive adaptation measures. Larger
households can allocate resources more flexibly to manage climate risks
such as diversifying crops or constructing soil conservation structures.

These findings align with Deressa et al. (2009), who noted that
households with more members were more likely to adopt
adaptation strategies in Ethiopia. Similarly, Teshome et al. (2021)
found that family labor significantly influenced the adoption of
agroforestry and conservation agriculture in Ethiopia. Globally,
research in Tanzania and Nigeria supports the idea that larger
families are more inclined to adopt CSA practices because of the
greater availability of labor (Mmbando et al., 2020; Onyango et al.,
2021). However, increasing family size without commensurate
resource allocation may also strain household food security,
underscoring the need for policies that promote efficient labor
utilization and mechanization.

3.4.4 Farm size

Farm size was significantly associated with the livestock adjustment
strategies (p < 0.05). Farmers with larger landholdings are more likely to
implement adaptive practices such as diversifying livestock or integrating
livestock with crops. This is because larger plots offer greater flexibility
for experimentation and risk mitigation, including diversification of
income sources. Le Dang et al. (2014) highlighted that farmers with
larger plots are more willing to invest in adaptation strategies such as
irrigation and agroforestry. Conversely, smallholders often lack the
financial resources and land security required to adopt long-term
measures, leaving them more vulnerable to climatic shocks. Studies in
Burkina Faso and Senegal confirmed that farm size is a critical
determinant of CSA adoption, particularly for livestock and irrigation
systems (Ouedraogo et al., 20205 Ayele et al., 2021). Policies promoting
equitable land redistribution and improved access to land use rights
could enhance adaptation capacities, especially for marginalized farmers.

3.4.5 Farming experience

Farming experience was positively correlated with all adaptation
strategies, particularly with crop diversification and livestock
adjustment (p <0.05). Experienced farmers are more adept at
recognizing climate risks and utilizing appropriate adaptation measures
as they often rely on accumulated knowledge and traditional practices.

Nhemachena and Hassan (2007) found that experienced farmers
in southern Africa were more likely to adopt strategies such as crop
rotation and livestock adjustment to mitigate climatic risks. Similar
findings in Ethiopia by Kassie and Will Tokgoz (2022) suggest that
farming experience enhances adaptive capacity by improving farmers’
abilities to integrate traditional knowledge with modern techniques.
Additionally, studies in Kenya and Uganda emphasize the role of
experience in shaping farmers’ perceptions of risk and willingness to
invest in innovative practices such as drought-tolerant crops and soil
fertility management (Pathak et al., 2022; Ngwira et al., 2020).

3.4.6 Policy implications

The findings of this study reveal several key factors influencing
farmers’ adaptation strategies, underscoring the need for targeted
policy interventions to enhance their farmers’ adaptation to climate
variability in Ethiopia. Gender disparities, evident in the lower
participation of female-headed households in adaptation measures,
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call for gender-sensitive policies that address barriers such as limited
access to credit, training, and land ownership. Ethiopia’s Climate
Resilient Green Economy (CRGE) strategy emphasizes gender equity
in climate actions, aligning with global findings that empowering
women through tailored interventions significantly improves their
adaptive capacity (Kristjanson, 2020; Fadina and Barjolle, 2018).

Education plays a crucial role in enabling farmers to adopt
adaptive measures by enhancing their ability to interpret climate
information and implement informed strategies. Ethiopia’s National
Adaptation Plan (NAP) highlights the importance of education and
awareness in building resilience to climate impact. Policies should
focus on improving rural education and integrating climate-smart
training into agricultural extension programs to empower farmers
with the knowledge required for effective adaptation, as suggested by
Onyango et al. (2021) and Debesai et al. (2019).

Family size and labor availability were found to influence the
adoption of labor-intensive adaptation strategies such as soil conservation
and crop diversification. Policies should address labor constraints
through mechanization and community labor-sharing initiatives,
particularly for smaller households. The Ethiopian Agricultural
Transformation Agency (ATA) has advocated for increased
mechanization to enhance productivity, which can be further tailored to
support adaptation measures (Teshome et al., 2021; Ngwira et al., 2020).

Land access and tenure security significantly affect farmers’ ability
to adopt long-term adaptation strategies. Ethiopias rural land
certification program has shown promise for improving tenure
security and encouraging sustainable practices. Expanding such
initiatives can help smallholders invest in climate-smart agriculture
and enhance their resilience, as observed in the studies by Ouedraogo
etal. (2020) and Le Dang et al. (2014).

Finally, access to climate information and financial services is
critical to empowering farmers to adapt effectively. Ethiopia’s NAP and
CRGE emphasize the dissemination of localized climate forecasts and
early warning systems. Strengthening these systems through digital
platforms and public-private partnerships can bridge the information
gap. Additionally, enhancing access to credit and introducing climate
risk insurance can mitigate financial barriers, as evidenced by
successful models in Ethiopia and other African countries (Pathak
et al,, 2022; Ayele et al., 2021).

4 Conclusion and recommendations

The analysis of climate trends and CSA practices in the study area
highlights the pressing challenges and opportunities for addressing
climate change impacts on smallholder agriculture. The annual rainfall
exhibited a declining trend, although it was not statistically significant.
Similarly, the annual minimum temperature showed no significant
trend, with Sen’s slope results indicating a minor downward trend. In
contrast, the Mann-Kendall trend test revealed a significant upward
trend in annual maximum temperature. These findings underscore the
climatic changes and fluctuations in the research area, contributing to
various livelihood risks and necessitating targeted intervention.

In response to these challenges, a range of CSA practices has been
adopted by farmers in the study area, including agroforestry,
integrated soil fertility management, soil and water conservation,
terracing, tree planting, intercropping, crop rotation, and the use of
structures such as check dams and diversion ditches. These practices
are critical for improving household food security, reducing
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vulnerability, and lowering greenhouse gas emissions at the farm level.
Despite the potential of these technologies, their adoption remains
limited, with a significant proportion of farmers not participating or
engaging at low levels. This highlights the need for enhanced support
and awareness to scale up CSA practice.

The analysis also revealed that CSA practices positively impact
household income, food productivity, and animal production,
demonstrating their effectiveness in addressing food security and
adaptation needs. However, sustainability and widespread adoption of
these practices require greater encouragement and support from
stakeholders. Farmers who have implemented CSA practices need
sustained assistance to improve outcomes, whereas non-adopters require
targeted awareness campaigns to motivate adoption. Strengthening CSA
practices is essential for achieving sustainable rural livelihoods and
ensuring food security amidst the ongoing challenges of climate change.

To address these issues, a comprehensive and collaborative
approach is recommended. Farmers should be encouraged to adopt
improved varieties, crop rotation, composting, soil and water
conservation, and agroforestry, as these practices enhance productivity,
resilience, and sustainability. Capacity-building efforts must focus on
improving infrastructure, such as roads, markets, education, and
extension services, to support farmers in implementing CSA practices
effectively. Resolving competing demands for resources, such as crop
residues, through innovative solutions, such as planting forage trees,
can alleviate barriers to adoption.

Furthermore, policymakers should devise programs and incentives
to promote the simultaneous adoption of multiple CSA practices and
ensure synergies across CSA pillars. NGOs and civil society organizations
must prioritize the adoption of less-utilized practices and strengthen
their support for widely adopted ones. The commitment of all
stakeholders, government agencies, development partners, and local
communities is crucial for fostering the effective use of CSA practices.
By supporting adopters and encouraging non-adopters, stakeholders can
help achieve sustainable agricultural systems and enhance the resilience
of smallholder farmers to climate change impacts.
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