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Abstract

This study was designed to evaluate and explore the ecosystem-based adaptation practices
for climate resilience with evidence from smallholder farmers’ perceptions of co-benefits
and adoption decisions in Mabalane district, Mozambique. Ecosystem-based adaptation
practice emerged as a sustainable approach to enhance rainfed smallholder farmers’ cli-
mate resilience while delivering multiple social, economic and environmental co-benefits.
This study evaluated and explored the perceived co-benefits from adopting ecosystem-
based adaptation practices and examined how they shape adoption decisions among the
rainfed smallholder farmers. A mixed-method approach was employed, combining a
household survey of 360 farm household heads, key informant interviews and focus group
discussions. The main findings of the study revealed mixed cropping (83.9%), integrated
crop-livestock (57.2%), and mulch tillage (51.1%) as the most adopted practices, as well
as smallholder farmers perceiving multiple ecological and socio-economical co-benefits
from adopting ecosystem-based adaptation practices. Although the study confirmed sta-
tistically significant relationships between ecosystem-based adaptation practices and the
perceived co-benefits, none of the perceived co-benefits were significantly associated with
an increase in the number of the adopted practices. Therefore, it is concluded that adoption
decisions among smallholder farmers are not shaped by perceived ancillary benefits from
ecosystem-based adaptation practices alone, but a combination of enabling conditions and
resources endowments.

Keywords: co-benefits; ecosystem-based adaptation; climate change; livelihood; sustainable;
resilience; smallholder farmers

1. Introduction

Climate change is a growing global threat that significantly impacts agriculture and
food security [1]. Smallholder farmers in developing countries are vulnerable to weather
extremes driven by climate change because their agricultural production and livelihoods
depend on stable weather conditions. This is evident in Mozambique, where agriculture is
the basis of its economy contributing about 27.5% of the total gross domestic product (GDP)
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and supporting approximately 4.3 million small-scale farmers within the population of about
32 million people [2]. Over the past decade, the effects of climate change in Mozambique have
been increasingly manifested through weather extremes, especially agricultural dry spells
caused by late onset (delayed November rains) and early cessation (lack of February—March
rains) of precipitation. Such weather extremes driven by climate change have intensified
drought conditions, leading to significant reduction in crop yields among rainfed farming
communities [3]. During the 2015-2016 El-Nino event across southern Africa, the southern
and central regions of Mozambique experienced severe drought conditions which caused
a significant reduction in maize yields, by 20-30%, affecting the staple food crop for the
majority of the population. The substantial decline in maize yield was due to the erratic
rainfall patterns that resulted from delayed onset and early cessation of rain [4].

One effective method to support smallholder farmers in maintaining their farm-
based livelihoods amidst the growing challenges of climate change and variability is by
promoting farm management practices such as ecosystem-based adaptation practices that
utilize agrobiodiversity and ecosystem services to offer valuable adaptation benefits [5].

A review by [2] pointed out conservation agriculture as one of the best and most
promising solutions for smallholder farmers in the southern region of Mozambique under
three principles: (1) minimal soil disturbance, (2) crop residue retention, and (3) crop
diversification via crop rotation or intercropping. These principles can ultimately contribute
to the reduction in soil erosion, enhanced water use efficiency, and regulation of upper
soil temperatures among other beneficial effects. For instance, maize is the most widely
cultivated crop in the southern region of Mozambique; therefore, the use of maize stover as
mulch represents a practical advantage due to its widespread availability.

Ecosystem-based adaptation practice in the context of agriculture is defined as agri-
cultural management practice that uses or takes advantage of biodiversity or ecosystem
services or processes either at the plot, farm, or landscape level to help increase the ability
of crops or livestock to adapt to climate change and variabilities [6]. For ecosystem-based
adaptation practice to be appropriate for smallholder farmers, it should improve food
security, enhance or diversify income sources, build upon local or traditional knowledge,
rely primarily on locally available inputs, and involve relatively low implementation and
labour costs [6]. Ecosystem-based approaches can mitigate the impacts of climate change
while simultaneously generating multiple co-benefits that contribute to poverty alleviation,
biodiversity conservation and resilient livelihoods [7]. Although there is no standard
definition of the term co-benefit in the context of ecosystem-based adaptation practices,
for the purpose of this study, co-benefit is defined from the view point of [8] as the addi-
tional positive outcomes derived from ecosystem-based adaptation beyond the primary
adaptation objective. These outcomes may include ecosystem goods and services such as
improved water availability, enhanced soil fertility, biodiversity conservation, strengthened
livelihoods, reduced disaster risk, and improved human well-being.

The co-benefits derived from ecosystem-based adaptation practices enhance their
appeal and viability by linking climate resilience with improvements in food security, yield
stability, income diversification, and reduced reliance on external inputs [9]. In this sense,
the adoption of ecosystem-based adaptation practices by smallholder farmers should not
be viewed solely as an additional cost, but also as an incentive that can enhance their
livelihoods. The perception of smallholder farmers on co-benefits is generally across inter-
connected dimensions, including direct improvements in ecosystem services and natural
resource quality, tangible adaptation benefits through the reduction in vulnerability to
climate-related risks, and broader livelihood and food security benefits [6]. Ecosystem-
based adaptation practices that provide observable and tangible benefits foster positive
perceptions among smallholder farmers, which in turn can increase their willingness to
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adopt and sustain these practices over time [10]. Despite these potential advantages, limited
empirical research has examined smallholder farmers’ perspectives on the relationship be-
tween ecosystem-based adaptation practices and farm-level co-benefits, as well as the extent
to which the perceived co-benefits may influence the adoption intensity of these practices.

Therefore, the objectives of this study were: (1) to identify the common ecosystem-
based adaptation practices implemented by smallholder farmers at farm-level; (2) to ex-
amine the relationship between ecosystem-based adaptation practices and the co-benefits
perceived at farm-level; and (3) to assess how perceived co-benefits influence adoption
intensity of ecosystem-based adaptation practices among smallholder farmers.

This study explores smallholder farmers’ perceptions of the relationship between
the perceived co-benefits derived at farm-level and ecosystem-based adaptation practices,
and examine how these perceived co-benefits influence adoption intensity. Understanding
smallholder farmers’ perceptions is a key determinant for explaining sustained adoption, as psy-
chological constructs such as perceived co-benefits may significantly influence smallholder
farmers’ decision to adopt and maintain agricultural practices, sometimes even more strongly
than economic or physical resource consideration alone [11]. Although financial and technical
constraints remain important, examining underlying cognitive and social factors may provide
potential insights into why smallholder farmers with comparable economic endowments
differ in their adoption of ecosystem-based adaptation practices. Understanding these latent
constructs is therefore essential for identifying and addressing barriers to adoption.

The findings of this study contribute to bridging the gap between scientific under-
standing and the lived experiences of smallholder farmers. Although a substantial body of
literature highlights co-benefits as key incentives for the adoption of ecosystem-based adapta-
tion practices, limited attention has been given to how smallholder farmers perceive and
experience these practices. This gap has contributed to a disconnect between scientific expla-
nations and lived realities of smallholder farmers. However, the results of this study indicate
that perceived co-benefits do not significantly explain adoption intensity among smallholder
farmers in the Mabalane district. By foregrounding smallholder farmers’ perceptions and
latent cognitive constructs, the analysis demonstrates that adoption of ecosystem-based adap-
tation practices is not determined solely by the presence or recognition of co-benefits. Rather,
adoption decisions are shaped by a broader set of contextual and behavioural factors. In this
way, the study contributes to aligning scientific perspectives on ecosystem-based adaptation
with the lived realities, priorities, and decision-making processes of smallholder farmers.

Therefore, this study provides a framework for policymakers and development part-
ners in designing context-specific and farmer-centred strategies to enhance resilience to
the delayed onset and early cessation of rainfall experienced by smallholder farmers in
the southern region of Mozambique. Such strategies can enhance the effectiveness of
adaptation initiatives by promoting sustainable, low-cost, and locally tailored solutions
that build upon farmers’ local knowledge, practices, and lived realities.

1.1. Definition and Scope of the Study

Ecosystem-based adaptation originates from the concept of ecosystem, a fundamental
idea in ecology that has a broader application in ecological research and environmental man-
agement [12]. The ecosystem-based adaptation is based on the premise that the sustainable
management and restoration of ecosystems can enhance the capacity of people and com-
munities to adapt to the adverse impacts of climate change [13]. Well-managed ecosystems
are widely recognized for their ability to provide multiple adaptation benefits, including
increased resilience to extreme weather events, improved recovery from disturbances, and
the continued provision of ecosystem services that support human livelihood [14].
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There are several definitions of ecosystem-based adaptation, in 2009, the concept of
ecosystem-based adaptation was defined by the Secretariate of the Convention on Biological
Diversity (SCBD) as “the use of biodiversity and ecosystem services to help people adapt
to the adverse impacts of climate change” [13]. In 2010, this definition was revised by the
Convention on Biological Diversity (CBD) to adopt a more holistic perspective, describing
ecosystem-based adaptation as a sustainable management, conservation and restoration
of ecosystems within an overarching adaptation strategy that takes into account multiple
social, economic and cultural co-benefits for local communities [15].

The revised definition of ecosystem-based adaptation was based on three complemen-
tary adaptation approaches focusing on “human well-being”; “ecosystem management,
conservation, and restoration”; and “climate change adaptation”. Examples include the
restoration of mangroves to shield against storms and sea-level rises; the management of
water sheds to mitigate droughts and flooding; the sustainable management of range lands to
prevent desertification and land degradation; and improved fisheries and forestry practices
to enhance food security [16]. These three adaptation approaches distinguish ecosystem-
based adaptation from certain forms of community-based adaptation that target specific and
short-term goals. For instance, the introduction of improved crop varieties to smallholder
farmers focuses on addressing immediate community needs, such as increasing yields, but
often plays limited attention to the potential long-term impacts on ecosystem integrity.

For this study, we adopt the definition of ecosystem-based adaptation for agricultural
systems proposed by [6] which describes ecosystem-based adaptations as agricultural
management practices that utilize or take advantage of biodiversity or ecosystem services
or processes either at the plot, farm or landscape level to increase the adaptive capacity of
crops and livestock to climate change and variabilities. This definition extends the concept
provided by the Convention on Biological Diversity (CBD, 2010) by explicitly incorporat-
ing both human and natural systems. It emphasizes the role of managed ecosystems at
multiple scales (plot, farm, landscape) while integrating social, economic, and institutional
dimensions to provide a more holistic approach to reduce vulnerability. Furthermore, this
definition reinforces the view that ecosystem-based management practices benefit farmers
at both landscape and on-farm levels.

It is important to recognize that, in the context of droughts, many mitigation strate-
gies traditionally developed by smallholder farmers are inherently ecosystem-based [7].
Locally adapted sustainable agricultural practices and management strategies that enhance
ecosystem function have been implemented to address challenges such as land degradation,
food insecurity, and limited access to agricultural inputs [17]. Such local adaptation ap-
proaches can reduce the vulnerability of agro-ecosystems including croplands, rangelands,
and agroforests to droughts risks, while increasing resilience and preparedness through
the diversification of agricultural production. By leveraging ecosystem services, these
sustainable practices utilize the inherent capacity of natural systems to buffer farmers and
communities against the impacts of climate change and natural hazards [18].

Ecosystem-based adaptation (EbA) practices and ecosystem-based disaster risk reduc-
tion (Eco-DRR) are essential nature-based approaches that enhance the climate resilience of
smallholder farmers by leveraging biodiversity and ecosystem services while providing
tangible livelihood benefits [9]. The two concepts share more similarities than differences,
particularly in addressing climate-related hazards [19], and their benefits extends beyond
the traditional functions of disaster risk reduction and climate change adaptation. Both
concepts emphasize the sustainable use of biodiversity and ecosystem services and include
the restoration of degraded or transformed agro-ecosystems. Importantly, these approaches
generate economic, social and environmental co-benefits, distinguishing them from more
conventional measures such as dams and dikes [12]. When implementing ecosystem-based
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approaches for disaster risk reduction and climate change adaptation, adopting a land-
scape perspective is critical. Land-use decisions should consider the flow of ecosystem
services across the landscape, as ecosystem functionality depends on interactions at multi-
ple scales [20]. The multi-functional approach underscores the need to manage ecosystem
services at field, farm and landscape-levels while integrating ecological principles [21].
Ecosystem-based approaches do not focus solely on individual interventions but prioritize
the synergistic integration of actions across scales to maximize disaster risk reduction,
climate change adaptation and broader development objectives. While some interventions
target the landscape level, others operate at farm or field level, yet their cumulative impact
often contributes to landscape level outcomes [12].

Despite their similarities, Ecosystem-based adaptation (EbA) and ecosystem-based
disaster risk reduction (Eco-DRR) differ in terms of their scope and approach, largely due
to the nature of the hazards they address. Ecosystem-based adaptation primarily focuses
on climate-related hazards and aims to enhance the adaptive capacity of ecosystems and
communities to the impacts of climate change. In contrast, eco-disaster risk reduction
addresses a broader range of natural hazards, including those not directly linked to climate
change, such as earthquakes and landslides. Another subtle difference relates to temporal
scale of analysis, which influences the types of strategies and measures implemented.
Additionally, effective EbA planning typically requires consideration of long-term climatic
changes, including shifts in the frequency and intensity of extreme events, as well as the
potential impacts of slow-onset processes associated with climate change. In contrast, eco-
disaster risk reduction strategies generally focus on managing existing risks and current
disaster threats, with a strong emphasis on immediate risk reduction and preparedness.

Furthermore, comparative studies between the two concepts are constrained by sig-
nificant conceptual and methodological limitations. The primary challenge lies in the
conceptual ambiguity and inconsistency in the definitions of Eco-DRR and EbA [22], which
makes it difficult to distinguish between specific outcomes and long-term climate adapta-
tion processes. Consequently, this conceptual overlap hinders systematic comparison and
weakens efforts to synthesize empirical findings across studies [23].

Moreover, the main limitation in relation to smallholder farmers’ capacity to enhance
climate resilience at the farm level is the inadequate integration of socio-economic and institu-
tional realities tied to smallholder farmers’ perceptions into the assessment of these approaches.
Specifically, studies often understate or overlook critical constraints faced by smallholder
farmers such as limited financial capital, limited access to market and extension services,
labour shortage, insecure land tenure, and pressing short-term livelihood priorities. As a
result, many proposed ecosystem-based interventions often remain theoretically robust but
practically misaligned with the decision making of smallholder farmers in resource-constrained
environments. This disconnect reduces the likelihood of sustained adoption and limits the
translation of ecosystem-based concept into tangible improvement of farm resilience.

In this context, the implementation of EbA practices can be strengthened by adopting
the framework developed by [6], which provides a structured approach to assess multiple
co-benefits and trade-offs associated with EbA interventions. The framework explicitly
evaluates ecological and socioeconomic co-benefits. By systematically identifying and mea-
suring the co-benefits, the framework clarifies how EbA practices contribute simultaneously
to risk reduction, productivity, and livelihood security. Importantly, this multidimensional
assessment enhances relevance for smallholder farmers because adoption decisions are
rarely driven by climate risk consideration alone.

Therefore, adopting the framework developed by [6] makes visible the synergies between
adaptation and development objectives through bridging ecosystem-based adaptation with
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Agricultural Ecosystem-
based Practices

e.g. mixed cropping, crop Criterion 1: maintains or improves crop, livestock, farm productivity
rotation, mulch tillage,
mulching, rainwater
harvesting, integrated Criterion 2: enhances buffering capacities against extreme events
crop-livestock etc...

“iqeute)sns

antopuIay

Direct support

broader development, sustainable livelihood, and ecosystem-based disaster risk reduction
(Eco-DRR) objectives.

1.2. Theoretical Framework

Different theoretical frameworks exist with key elements and criteria to select practices
that are ecosystem-based which helps to evaluate the measures’ efficacy in promoting
adaptive capacity and resilience while providing multiple co-benefits. Ecosystem-based
adaptation benefits represent the primary goals of reducing climate-related risks and
enhancing adoptive capacity, whereas co-benefits are additional positive outcomes, often
incidental, that contribute to broader climate resilience and socio-ecological well-being [24].

For the purpose of this study, the existing ecosystem-based adaptation framework
developed by [6] was adapted to identify the ecosystem-based adaptation practices and co-
benefits smallholder farmers perceived from their adaptation at farm-level. The framework
is relevant for use in the context of smallholder farmers and is valuable in simulating careful
consideration of agricultural practices that are suitable for smallholder farmers to reduce
vulnerability to climate change while also conserving the capacity of agroecosystems to
provide both on- and off-site ecosystem services [25]. The framework is based on applied
interdisciplinary theories, drawn from various disciplines such as ecology, sociology, and
economics to develop practical strategies for climate change adaptation in the agricultural
communities. As such, the framework has been applied in a wide variety of agricultural
systems that exist globally, from smallholder coffee farmers in Mesoamerica to smallholder
farmers in the Otti basin, Togo [6].

The framework (Figure 1) was used in this study to identify agricultural practices that
are considered ecosystem-based adaptation practices appropriate for smallholder farmers
and also to provide indicators for identifying the co-benefits smallholder farmers perceived
from the adoption of ecosystem-based adaptation practice at farm level.

Therefore, a given agricultural practice that provides at least one co-benefit in all
the three dimensions (“ecosystem service provision, “adaptation benefits”, “livelihood
and food security improvement”) is considered an ecosystem-based adaptation practice
appropriate for smallholder farmers [6]. The underlying criteria for each dimension are
presented in the Figure 1 below.

Dimension 1: Ecosystem Service Provision

Criterion 1: conservation, restoration and sustainable management of
biodiversity (e.g species and ecosystem diversity)

Criterion 2: conservation, restoration and sustainable management of
Enables

/ ecological functions and processes {e.g nutrient cycling)
‘ adaptive

Dimension 2: Adaptation Benefits ) capacity -

Criterion 3: reduces crop pest and disease hazards

\_Criterion 4: improves soil’s water retention capacity
Enhance
: farmers’
Dimension 3: Livelihood & Food Security Improvement ability
Criterion 1: increases food availability.

Criterion 2: diversifies sources and variety of food

Criterion 3: increases and diversifies local income.

Criterion 4: uses locally available and renewable inputs

v Criterion 5: takes advantage of local or traditional knowledge.

Criterion 6: uses low implementation costs and labour affordable

Figure 1. Theoretical framework, source: adopted and modified from [6].
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2. Materials and Methods
2.1. Study Area

The Mabalane district (Figure 2) is located in Gaza Province (Lat 23.859° S, Lon 32.62° E)
approximately 314 km North of the capital Maputo. The area is approximately 9580 km?, of
which 75% is ASALs (arid and semi-arid lands) that falls within the semi-arid southern agro-
ecological zones (generally characterized as R1/R3/R6/R8 in national classification) [26].
The population is 32,040 inhabitants with the population density of 3 people per km?, far
below the national average of 25 people per km? [27]. The population has limited access
to infrastructure, credit, and markets, reflecting national rural challenges. The district
shares a part of the Great Limpopo Transfrontier Park about 1600 km? and it belongs to the
drainage basin of the Limpopo which includes River Limpopo as the main perennial—River
Chigombe, River Sangutane and River Chichakuarre, all are seasonal [28].

The climate is tropical arid with average temperature of 24 °C, rainfall is low and
variable, averaging 623 mm/year falling mostly from November to March. The evapotran-
spiration is very high at 1413 mm/year more than the rainfall [27]. The forest ecosystems
consist of woodland that cover more than 80% of the land mainly consisting of dry Mopane
(Colophospermun mopane) woodlands [29].

The area is gradually flat to undulating and the soils consist of marine deposits overlain
in some places by more recent colluvial and alluvial deposits. Soils close to the river are
sandy and fertile, while the rest are loamy sand in texture (82% sand, 13% silt, 5% clay)
with low carbon and nutrient content (0.4% C, 0.05% N) [26].

The major economic activities include charcoal production and commercialization;
households’ livelihoods depend traditionally on rainfed agriculture and livestock keep-
ing [26]. The farms’ size average to 4.1 hectares, and the main agricultural products include
maize, beans, pumpkin, sweet potato, watermelon, cassava, and groundnuts, all of which
are vulnerable to the negative effects of climate change [30].

The Mabalane district serves as a microcosm of Mozambique’s high vulnerability to
climate change, being a hotspot for drought and environmental degradation [31]. The dis-
trict faces frequent, cyclical droughts (every 3—4 years nationally), in 2024 it was identified
as one of the worse-hit districts in Gaza province by El Nino-induced dry conditions, with
high risks of acute food insecurity. Mabalane is highly representative of the semi-arid south
with its agricultural productivity significantly lower and relies on coping mechanisms
higher than in wetter regions. Furthermore, while southern Mozambique is exposed to
cyclones, Mabalane district is more typical of inland drought risk rather than the severe
flood risk that hits coastal districts [32].

The district is a prime, highly representative case study for semi-arid agriculture in
Mozambique. It encapsulates the worst-case scenario of climate change impacts on rural
livelihoods, making it a crucial representative site for developing and evaluating adaptation
strategies. The geographical location of the study area Figure 2 below was generated using
QGIS Desktop 3.38 1.

2.2. Sampling and Data Collection
2.2.1. Definition of Target Population

The target population for this study was formally defined as rainfed smallholder
farmers operating within the administrative boundaries of the Mabalane district.

The sampling frame was derived from the official source of statistics of the small-
holder farmers population documented by Servigo Distrital de Actividades Econémicas
(SDAE), a government institution that provides technical support to local communities and
stakeholders particularly in the sectors of agriculture, fisheries and climate resilience at
the district level. The district registered a total of 5479 smallholder farmers, comprising

https://doi.org/10.3390/su18094150


https://doi.org/10.3390/su18094150

Sustainability 2026, 18, 4150

8 of 27

Mozambique

1643 male and 3836 female. Additionally, a total number of 44 farmer’s associations are
registered by the district, of which 33 are active with 754 members comprising 226 male
and 528 female.

The sample size (n ~ 359.05, rounded to 360) was derived from Cochran’s formula for
sample size of finite population given by:

_7°PQ

S 2

@
where S = sample size; Z*= deviation set at 1.96 corresponding to 95% confident level; P =
population proportion; Q =1 — P; and E = 5% margin of error.

Substituting the values, S = 384.16

Since smallholder farmers’ population (N) = 5479 is finite, the initial sample size (5)
was adjusted using the finite population correction formula:

N S
o 5—1
I+

@

Therefore, substituting the values, n ~ 359.05

430000 450000 470000 490000 510000 530000

1 1 1 1 1 1
% %
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Figure 2. The geographical location of the study area.

2.2.2. Sampling Framework and Stratification

Due to lack of detailed statistics on the smallholder farmers in the three administrative
posts of the district and their localities, a stratified sampling was carried out where the
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sample size was equally divided across the three administrative posts (approximately
120 farmers each) and further sub-divided for the nine localities (approximately 40 farmers
per locality). The localities were selected randomly to include areas near River Limpopo
where most farming activities take place due to the fertile soils and water availability
for irrigation and the dry areas far away to cover diverse agroecological niche. Within
each locality, household heads were selected using a random walk sampling method.
Random walk sampling is considered appropriate within stratified sampling when a
complete household sampling frame for the localities are unavailable, but the geographical
boundaries of the strata or localities are clearly defined [33]. When sample quota was not
met in one of the selected localities, the random walk was extended to nearby farms within
the locality where some farmers live to address the shortfall.

2.2.3. Operational Definition and Participant Selection

The operational definition of the target population was defined through specific
inclusion and exclusion criteria. With the assistance of district agriculture extension officers,
a representative group of both male and female were selected. Participants were chosen
based on two primary criteria: (1) direct experience with farming practices and yields in
semi-arid conditions, and (2) duration of residence in the study area requiring a minimum
of five years to ensure familiarity with local farming conditions and practices.

To maintain the focus on rainfed smallholder agriculture, farmers who practiced
irrigation and monoculture primarily for commercial purposes were explicitly excluded
from the survey. This exclusion criterion ensured that the study’s finding specifically
reflect the conditions, challenges and practices of rainfed smallholder farmers, rather
than being confounded by the distinct operational characteristics of commercial-oriented
agricultural enterprises.

2.2.4. Data Collection Methods

Data collection was carried out using a mixed-method approach that includes semi-
structured questionnaires, key informant interviews, and gender-specific focus group
discussions to allow free sharing of information. The questionnaires” items were developed
based on the comprehensive review of the relevant literature. The insights from key infor-
mant interviews were used to contextualize and refine the items. Established theoretical
constructs from prior studies were also used to define the key dimensions of the concepts
measured in this study.

A pre-test of the questionnaires was conducted during a reconnaissance survey to
validate the instrument and acquire preliminary information that could inform the data
collection process. The only adjustment made following the pre-test was replacing the
term intercropping with mixed cropping to better reflect the actual farming practice in
the study area. The pre-test involved 108 participants selected following the thumb rule
for pilot studies (30% of the targeted sample size) to assess clarity, relevance, and stability.
The instrument consisted of scale items to measure respondents’ perceptions or attitudes
towards the study variables, typically rated using a five-point Likert scale. The internal
consistency of the survey instrument was assessed using Cronbach’s alpha to evaluate the
reliability of the three-item factors measuring the perceived co-benefits that may influence
the adoption intensity of ecosystem-based adaptation practices among smallholder farmers.
Because the scale was multidimensional, reliability analysis was conducted separately for
each factor extracted from the scale. The results showed that Factor 1 had a Cronbach’s
alpha of 0.828, Factor 2 had an alpha of 0.699, and Factor 3 had an alpha of 0.785. These
values demonstrate acceptable internal consistency, indicating that the items within each
scale are sufficiently correlated to reliably measure the intended constructs [34]. The
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content and face validity were established through expert review of the questionnaire
items to ensure clarity, appropriateness for the target population, and consistency with the
study objectives, thereby minimizing ambiguity and potential bias. Additionally, construct
validity was ensured by deriving the questionnaire items from established theoretical
constructs and relevant literature to ensure that the instrument adequately captured the
intended concepts and all the dimensions of the study variables.

The survey questionnaires were used to collect data at farm-household level target-
ing farm-household heads (male or female). The questionnaire’s topics included: socio-
demographic characteristics of the respondents, farming practices, types of food crops
planted, livestock raised, co-benefits farmers perceived from implementing EbA practices
at farm level and co-benefits that influence adoption of EbA practices.

The language barrier must be considered as the study was conducted in the English
language and the official language is Portuguese; the majority of the farmers speak their
local language, Changana. As such guided interviews using the questionnaire were con-
ducted to allow the establishment of trustworthiness with the respondents hence providing
validation to the responses [35]. The questionnaire provided an opportunity for the re-
spondent to add any other information if necessary. The respondents were interviewed by
the research assistants in local language Changana at their homesteads or farms to avoid
interruption of their work.

To supplement the information and ensure quality control, two gender-specific focus
group discussions were conducted in both Portuguese and Changana language in each of
the administrative post: Mabalane Sede, Ntlavene and Combomune Estacao respectively.
Each focus group consisted of a maximum 12 participants optimal for facilitating interaction
and ensuring diverse perspectives [36]. In addition, 5 key informant interviews were
held in each administrative post. Key informants were selected based on their technical
skills, social position, experience and knowledge to capture diverse perspective without
redundancy [37].

2.2.5. Scope of Conclusions

Based on the sampling strategy and the defined population boundaries, the conclu-
sions drawn from this study are specific to the rainfed smallholder farming population
within Mabalane district. The stratification across the three administrative posts and the
deliberate inclusion of both riparian and dry land localities ensure that the findings capture
the heterogeneity of farming experiences across the district’s major agroecological zones.
The exclusion of commercial-oriented irrigation farmers serves to maintain analytical focus
on the rainfed dependent majority, to enhance the relevance of the study’s recommenda-
tions for climate resilience interventions targeting vulnerable smallholder population. The
study’s conclusion is drawn within this defined scope, recognizing that they are statistically
representative of and generalizable to the rainfed smallholder farmers in Mabalane district.

2.3. Data Analysis

Descriptive statistics of the identified ecosystem-based adaptation practices were gen-
erated using IBM SPSS statistical package version 25 to determine the most commonly
adopted ecosystem-based adaptation practices with the frequency of each practice ex-
pressed as a percentage of the overall total of all the frequencies. The identification process
of EbA practices followed the underlying criteria for each of the three dimensions in the
theoretical framework.

The relationships between the perceived co-benefits and ecosystem-based adaptation
practices were defined by conducting correspondence factor analysis (CFA) separately for
each of the framework’s dimensions (ecosystem service provision; adaptation benefits;
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livelihood and food security improvement), with a chi-square independence test setting «
(type I error) at 5%.

Correspondence factor analysis is a multivariate statistical method use to analyze
and visualize relationships within categorical datasets typically displayed as contingency
table [38]. By projecting row and column profiles onto a reduced space defined by the
first two axes of a biplot, the method identifies significant relationships based on shared
inertia derived from Pearson’s chi-squared statistics [39]. Such a statistical technique is
applicable in research studies that seek to map and visualize relationships among qual-
itative variables, particularly within the fields of ecology, perception-based studies and
practice-oriented inquires.

To assess how perceived co-benefits influence adoption intensity of ecosystem-based
adaptation practices among smallholder farmers, two analytical steps were employed.
The first step was principal axis factoring to identify latent co-benefits constructs and the
second step was negative binomial regression to assess how variation in these constructs is
associated with differences in the number of ecosystem-based adaptation practices adopted
per smallholder farmer.

The analyses emphasized latent factors such as smallholder farmers’ perceptions
of co-benefits as key determinants in shaping the sustained adoption [40]. Smallholder
farmers’ perceptions constitute a key psychological construct that plays a central role in
shaping long-term responses to ecosystem-based adaptation practices as they influence
how smallholder farmers interpret climate risks, evaluate adoption benefits, and make
adoption decisions [41]. Understanding the latent factor is essential for identifying and
addressing behavioural barriers to adoption.

To identify the latent co-benefits constructs, principal axis factoring was applied to
group highly correlated indicators of the perceived co-benefits into a reduced set of inter-
pretable latent dimensions. This approach enhances analytical parsimony and mitigates
potential multicollinearity among explanatory variables. Factors extracted were based on
an eigenvalue greater than 1, communality loading above 0.3, rotation based on Promax,
and the threshold for factor loading cut-offs was 0.60 for interpreting strong relation-
ship [42]. In the assessment of latent behavioural constructs, a communality threshold
value > 0.3 is widely accepted as a valid criterion for variable retention, particularly within
perception-based and attitudinal research. While a more stringent threshold of 0.5 is often
preferred in physical sciences, scholars in social and environmental sciences argue that,
value > 0.3 ensures that nuanced indicators are not prematurely excluded, provided the
sample size is sufficient to maintain the stability of the factor structure [43]. Retaining
nuanced indicators helps identify complex relationships and prevents misinterpreting the
underlying structure [44].

To assess how variation in latent co-benefits constructs is associated with differences
in the number of adopted ecosystem-based adaptation practices (adoption intensity), factor
scores from principal axis factoring were computed and used as continuous independent
variables representing the latent co-benefit constructs. The dependent variable was the num-
ber of ecosystem-based adaptation practices adopted per smallholder farmer, expressed as
a count variable.

A negative binomial regression model was employed to assess the association, as
the count of the adopted ecosystem-based adaptation practices exhibited overdispersion,
violating the equidispersion assumption of the Poisson model. The use of the factor scores in
the regression analysis enhanced analytical clarity and reduced potential multicollinearity
among explanatory variables. By condensing correlated indicators into a smaller set of
latent dimensions, the approach improves model stability and interpretability. Given the
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use of Promax rotation, the resulting factors were allowed to be correlated, providing a
more realistic representation of the underlying cognitive constructs.

3. Results
3.1. Identified Ecosystem-Based Adaptation Practices

Based on the theoretical framework guideline, the study identified mixed cropping,
integrated crop-livestock, mulch tillage, crop rotation, agroforestry, mulching and rainwater
harvesting as the common ecosystem-based adaptation practices used by the respondents
in their day-to-day farming systems. Mixed cropping, integrated crop-livestock and mulch
tillage were found to be the most highly adopted ecosystem-based adaptation practices
compared to the other identified practices as shown in Figure 3.

90.0%  830%
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51.1%
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40.0%

30.0%
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Figure 3. Identified ecosystem-based adaptation (EbA) practices.

3.2. Relationships Between EbA Practices and the Perceived Co-Benefits

The results of the correspondence factor analysis (CFA) conducted separately based on
the framework’s dimensions (ecosystem service provision; adaptation benefits; livelihood
and food security improvement) revealed a statistically significant relationship at 5% signifi-
cance level (p-value < 0.001) between the ecosystem-based adaptation practices smallholder
farmers adopted at farm-level and the co-benefits they perceived from implementing those
practices. The chi-squares for the three different analyses revealed that the association
between ecosystem-based adaptation practices and co-benefits was statistically significant.
A close association was also observed among the ecosystem-based adaptation practices.

3.2.1. Ecosystem Service Provision

Under this section, Table 1 generated from correspondence factorial analysis shows
the frequency cross-tabulation of ecosystem-based adaptation practices and their associated
co-benefits as reported by smallholder farmers. The table has counts for each practice—co-
benefit combination and active margins used as primary inputs for analysis.
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Table 1. Frequency cross-tabulation for ecosystem service provision.

Correspondence Table

Ecosystem-Based

Co-Benefits

Adaptation Improve Soil Improve Soil Improve Water Surface Runoff Agrobiodiversity =~ Agrobiodiversity
Practices Fertility and Nutrients Infiltration and u1§ acel tl.mo Improvement- Improvement- Active Margin
Quality Regulation Control Erosion egwiation Pollinators Plant Diversity
Mixed cropping 285 289 295 212 5 35 1121
Crop rotation 89 90 15 14 3 2 213
Mulch tillage 183 116 171 81 1 2 554
Mulching 29 10 25 12 0 0 76
Agroforestry 23 9 14 1 38 39 124
Crg;_el‘f\f:;ffck 206 195 1 0 0 0 402
Rainwater
harvesting 4 0 8 10 0 0 2
Active Margin 819 709 529 330 47 78 2512
The degree of variation in the dataset is explained in the summary table (Table 2) by
each extracted axis generated through correspondence factor analysis. The value of the
total chi-square (1402.726) and p-value < 0.001 indicate a statistically significant association
between the variables analyzed. Axis 1 explained the majority of variation in the data
and captured the dominant pattern of the association (69.3%), whereas Axis 2 explained
additional 28% of the variation. Axes 3, 4 and 5 explained less than 3% of the total
variation (inertia) contributing very little to the overall variation, hence neglected for
the interpretation.
Table 2. Summary table for ecosystem service provision.
Summary
Proportion of Inertia Confidence Singular Value
. Singular . Chi- . 3
Axis Inertia Sig. Correlation
Value Square & Accounted for Cumulative Star}da}rd E—
Deviation 2
1 0.622 0.387 0.693 0.693 0.035 0.027
2 0.395 0.156 0.280 0.973 0.012
3 0.111 0.012 0.022 0.995
4 0.050 0.002 0.004 0.999
5 0.020 0.000 0.001 1.000
Total 0.558 1402.726 0.0002 1.000 1.000

2 30 degrees of freedom.

The results of the correspondence factorial analysis on the biplot below (Figure 4)
revealed that the two Axes (Axis-1 and Axis-2) accounted for 97.3% of the total inertia
(Axis-1 = 69.3% and Axis-2 = 28%). This suggests that the analysis of the two axes explained
97.3% of the information.

3.2.2. Adaptation Benefits

The frequency cross-tabulation of ecosystem-based adaptation practices and the asso-

ciated co-benefits is shown in Table 3, with counts for each practice—co-benefit combination
and active margins.
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Figure 4. Projection of co-benefits and EbA practices into system of axes for ecosystem ser-
vice provision.

Table 3. Frequency cross-tabulation for adaptation benefits.

Correspondence Table

Co-Benefits
Ecosystem-Based : .
Adaptation Practices Improve .C'rop R.educe Pest.s and Improve Bt{ffenng Improve So.1l Active Margin
Productivity Diseases Incidents Capacity Water Retention
Mixed cropping 299 282 288 262 1131
Crop rotation 94 95 5 7 201
Mulch tillage 176 5 108 173 462
Mulching 25 1 22 26 74
Agroforestry 16 3 37 14 70
Integrated 204 1 0 0 205
crop-livestock
Rainwater harvesting 10 0 7 9 26
Active Margin 824 387 467 491 2169

The summary table (Table 4) shows that correspondence factor analysis extracted
three axes (Axis 1, Axis 2 and Axis 3). Axis 1 explained the highest proportion of inertia
(54%), followed by Axis 2 (41.6%), the two Axes together accounting for 95.6% of the total
variation. Axis 3 contributes 4.4% offering limited additional insight that is negligible for
the interpretation. The analysis revealed that, the association between the variables was
statistically significant with chi-square = 764.749 and p-value < 0.001.
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Table 4. Summary table for adaptation benefits.
Summary
Proportion of Inertia Confidence Singular Value
. Singular . . . .
A Inert Chi-Square Sig. Correlation
s Value neria 1 8 Accounted for Cumulative Stal}da.rd s —
Deviation 2
1 0.436 0.190 0.540 0.540 0.014 —0.122
2 0.383 0.147 0.416 0.956 0.017
3 0.125 0.016 0.044 1.000
Total 0.353 764.749 0.000 2 1.000 1.000

2 18 degrees of freedom.

The results of the correspondence factorial analysis shown on the biplot (Figure 5)
revealed that Axis 1 explains 54% of the information about perceptions of ecosystem-based
adaptation practices, whereas Axis 2 accounts 41.6% meaning that the correspondence
factor analysis of the two axes explained 95.6% of the information.
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Figure 5. Projection of co-benefits and EbA practices into system of axes for adaptation benefits.

3.2.3. Livelihood and Food Security Improvement

Table 5 presents count of each practice—co-benefit combination, derived from the
frequency cross-tabulations of ecosystem-based adaptation practices with the associated
co-benefits, and active margins used as primary inputs for correspondence factor analysis
to determine axes, inertia and the overall structure of the data.

The summary table (Table 6) generated from the correspondence factor analysis re-
vealed a statistically significant association between the variables with the value of the total
chi-square = 952.182 and p-value < 0.001. The analysis extracted five axes. Axis 1 explained
the majority of variation in the data and captured the dominant pattern of the association
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(88.4%), whereas Axis 2 explained substantially 10.7% of the variation. Axes 1 and 2 together
account for 99.1% of the total variation. Axes 3, 4 and 5 contributions are negligible.

Table 5. Frequency cross-tabulation for livelihood and food security improvement.

Correspondence Table

Co-Benefits
Ecosystem-Based Di ” ; 1 Low C P
Adaptation Improve tverstly nerease an Use Local Use Local ow Cost an Active
Practices Food Securit Sources and Diversify Inputs Knowledge Labour Margin
y Variety of Food Local Income 8 Affordable 8
Mixed cropping 295 293 280 246 276 273 1663
Crop rotation 90 6 2 56 88 95 337
Mulch tillage 163 4 2 170 169 172 680
Mulching 20 0 0 27 26 27 100
Agroforestry 35 37 36 6 6 6 126
Integrated 46 3 1 204 204 204 662
crop-livestock
Rainwater 9 0 0 4 4 6 23
harvesting
Active Margin 658 343 321 713 773 783 3591
Table 6. Summary table for livelihood and food security improvement.
Summary
) Proportion of Inertia Confidence Singular Value
Axis Singular Inertia Chi-Square Sig. :
Value . Standard Correlation
Accounted for Cumulative . _
Deviation 2
1 0.484 0.235 0.884 0.884 0.011 —0.106
2 0.168 0.028 0.107 0.991 0.015
3 0.047 0.002 0.008 1.000
4 0.009 0.000 0.000 1.000
5 0.001 0.000 0.000 1.000
Total 0.265 952.182 0.000 2 1.000 1.000

2 30 degrees of freedom.

The result on the biplot (Figure 6) revealed that Axis 1 explains 88.4% of the associa-
tion, whereas Axis 2 explains 10.7% which implies that 99.1% of the information is being
explained by the correspondence factorial analysis of the two axes.

3.3. Underlying Co-Benefits That Influence Adoption Intensity of EbA Practices

The statistical result from the principal axis factoring shown in Table 7, confirmed the
appropriateness of the data for factor analysis. Bartlett’s test of sphericity was significant
(X% =594.774, df = 15, p < 0.001), indicating that the correlation matrix significantly differs
from an identity matrix, meaning sufficient correlation exists among the variables to justify
factor analysis. The Kaiser-Meyer-Olkin (KMO) measures of sampling adequacy yielded a
value of 0.585, confirming that the sampling was adequate to proceed with factor analysis.
According to [45], and 1 [46], a bare minimum KMO value of 0.5 is recommended for factor
analysis to be considered acceptable [47].
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Figure 6. Projection of co-benefits and EbA practices into system of axes for livelihood and food
security improvement.

Table 7. Bartlett’s test of sampling adequacy.

KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.585
Approx. Chi-Square 594.774
Bartlett’s Test of Sphericity df 15
Sig. 0.000

The total variance explained in Table 8 below identified the underlying structure of
the data by reporting the eigenvalue, percentage of total variance attributed to each factor,
and the cumulative percentage of variance explained by the extracted model. The result
of the factor analysis revealed three distinct factors, with cumulative variance explaining
61% of the variance retained by the extracted factors. The remaining 39% of the unex-
plained variance signify variance not shared among the observed variables since the model
shared structure in the data. The level of the explained variance is considered acceptable
where a cumulative variance between 50 and 60% of the total variance are regarded as
satisfactory [48].

The scree plot (Figure 7) below displays an elbow, or point of inflexion, where the
slope of the eigenvalue curve changes sharply from steep to shallow. Factors that appear
before the elbow are retained, while those after the elbow are considered less meaningful or
often represent noise [49] The scree plot supports a three-factor solution, as the eigenvalues
drop sharply below one beginning at Factor 4. The scree plot is particularly useful for
clarifying the factor structure because the different criteria provide somewhat mixed
indications regarding the number of factors to retain from Table 8 [49]. Specifically, the
initial eigenvalues suggest a three-factor solution, extraction eigenvalues indicate a one-
factor solution, rotation eigenvalues support a three-factor solution, although rotation is

https://doi.org/10.3390/su18094150


https://doi.org/10.3390/su18094150

Sustainability 2026, 18, 4150 18 of 27

methodologically secondary to the extraction stage because it only redistributes variance
among the extracted factors rather than determining how many factors should be retained.
Therefore, the scree plot serves as visual aid to balance this methodological ambiguity
by highlighting the most point of inflexion in the eigenvalue’s distribution. Based on the
scree plot, the initial eigenvalues and rotation solution, a three-factor solution appears both
reasonable and methodological justifiable [50].

Table 8. The explained variance in the dataset.

Total Variance Explained

Rotation Sums of

Factor Initial Eigenvalues Extraction Sums of Squared Loadings Squared Loadings *

Total % of Variance ~ Cumulative % Total % of Variance =~ Cumulative % Total

1 2.315 38.575 38.575 1.989 33.155 33.155 1.714

2 1.404 23.397 61.972 0.910 15.164 48.319 1.508

3 1.114 18.571 80.543 0.765 12.751 61.070 1.018

4 0.525 8.754 89.297

5 0.385 6.417 95.715

6 0.257 4.285 100.000

2 when factors are correlated, sums of squared loadings cannot be added to obtain a total variance.

Scree Plot

Eigenvalue

05

0.0

1 2 3 4 5 6

Factor Number

Figure 7. Scree plot showing three-factor solution.

Three factors emerged from the pattern matrix (Table 9), illustrating how the identified
co-benefits cluster into three distinct groups based on smallholder farmers’ perception. The
pattern matrix identified three distinct factors representing clusters of perceived co-benefits
among smallholder farmers: (1) livelihood diversification, (2) local input reliance, and
(3) soil quality management. All items loaded strongly on their respective factors, with
loadings ranging from 0.661 to 0.886 and no substantial cross-loadings, indicating a clear
factor structure and strong conceptual coherence. Although each construct is represented
by only two items, the high factor loadings and strong inter-item associations suggest that
they capture meaningful underlying dimensions [51]. Specifically, the first factor reflects
the role of EbA in enhancing food diversity and local income opportunities, the second
emphasizes reliance on locally available inputs and traditional knowledge, and the third
captures perceived improvements in soil fertility and nutrient regulation.
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Table 9. Underlying factors identified from principal axis factoring.

Pattern Matrix 2

Factor
Co-Benefits Lil::eclti(;foi: d Factor 2: Factor 3:
Diversification Local Inputs Reliance  Soil Quality Management
Diversify sources and variety of food 0.886
Increased and diversify local income 0.828
Use local inputs 0.782
Use local traditional knowledge 0.770
Improvement of soil fertility and quality 0.718
Improvement of soil nutrient regulation 0.661

2 when factors are correlated, sums of squared loadings cannot be added to obtain a total variance.

Given the two-items factor, for each construct, reliability was assessed using Spearman-
Brown coefficient, which is more appropriate than Cronbach’s alpha for two-item factors.
The results indicate overall acceptable internal consistency, with strong reliability for
livelihood diversification (0.845), acceptable reliability for local input reliance (0.750), and
moderate reliability or soil quality management (0.644).

Collectively, these findings suggest that EbA practices are perceived by smallholder
farmers as supporting economic stability, cultural compatibility, and long-term soil health
within smallholder farming systems [6].

The results of negative binomial regression analysis in Table 10 indicates that liveli-
hood diversification is positively associated with adoption intensity of ecosystem-based
adaptation practices, but not statistically significant (IRR = 1.03, 95% CI: 0.92-1.71, p = 0.594).
This suggests that a one-unit increase in the livelihood diversification factor score is
associated with an estimated 3% increase in the expected number of ecosystem-based
adaptation practices adopted by a smallholder farmer; however, this relationship is not
statistically significant.

Table 10. Results of negative binomial regression.

Parameter Estimates

95% Wald Confidence Interval Hypothesis Test

Parameter B Std. Error Lower Upper Chi_wga;iare df Sig.

(Intercept) 0.881 0.0627 0.758 1.004 197.497 1 0.000

Livelihood diversification 0.033 0.0617 —0.088 0.154 0.284 1 0.594

Local inputs reliance 0.002 0.0581 -0.112 0.116 0.002 1 0.967

Soil quality management 0.028 0.0521 —0.075 0.130 0.280 1 0.597
(Scale) 12
(Negative binomial) 12

Dependent Variable: EbA Practices Count
Model: (Intercept), Livelihood diversification, Local inputs reliance, Soil quality management

2 Fixed at the displayed value.

Similarly, local inputs reliance shows no statistically significant association with the
adoption of ecosystem-based adaptation practices (IRR = 1.00, 95% CI: 0.89-1.12, p = 0.967),
indicating that variations in reliance on local inputs do not meaningfully influence the
number of ecosystem-based adaptation practices adopted.
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Soil quality management also exhibits a positive but non-significant relationship with
ecosystem-based adaptation practices adoption (IRR = 1.03, 95% CI: 0.93-1.14, p = 0.597).
Therefore, the results show no evidence of statistically significant association between
perceived co-benefits and the adoption intensity since none of the perceived co-benefit
constructs show statistically significant effects, and the estimated coefficients are small with
confidence interval spanning zero.

4. Discussion

The adoption of ecosystem-based adaptation practices by smallholder farmers was
linked to the community’s traditional farming systems, livelihood needs, and the immediate
biophysical constraints of the local environment farmers face, such as the recurrent dry
spells [6]. The descriptive analysis revealed that mixed cropping, integrated crop-livestock,
and mulch tillage are the most widely adopted EbA practices in Mabalane District. The
predominance of these three EbA practices over the other EbA options was attributed
to their direct and synergistic contributions to climate resilience operating within the
framework of locally important staple food crops and livestock systems.

Farmers in Mabalane district believed that mixed cropping emerged as a primary risk
management strategy in rainfed and semi-arid agricultural context. For instant, farmers
commonly practice mixed cropping by cultivating maize alongside crops such as beans,
watermelon or pumpkin on the same plot of land. This system is not a modern innovation,
but a refined traditional practice that has evolved to help farmers cope with erratic rainfall
patterns and frequent dry spells. Farmers reported that when maize is grown with crops
such as beans, pumpkin, and watermelon, the maize canopy provides partial shading that
moderates microclimatic conditions for the understory crops. In turn, beans, pumpkin, and
watermelon function as a living mulch, reducing direct solar radiation on the soil surface,
lowering soil temperature, and contributing to moisture conservation. This traditional
system is regarded by the rainfed smallholder farmers as bet-hedging strategy. In seasons
when maize yields decline due to droughts, beans, which are relatively more drought-
tolerant, and moisture-rich crops like pumpkins or watermelons continue to provide a
harvest, ensuring that households still have access to food. Additionally, during dry
periods, watermelon serves a dual purpose by providing food source for the family and a
source of hydration for livestock.

The benefits of this mixed farming system can be explained from an agroecological
perspective. While maize is particularly susceptible to water stress, the integration of
legume such as beans, introduces functional diversity that enhances the resilience of
the farming system [52]. Specifically, beans contribute to soil fertility through biological
nitrogen fixation via symbiotic relationships with rhizobia, thereby increasing soil nitrogen
content and improving nutrient availability within the cropping system. This enhanced
nutrient status supports companion crops such as maize, particularly under suboptimal
conditions in drought-prone environments [53]. The mixed farming system, which includes
maize, beans, pumpkin, and watermelon embodies the ecological principle of diversity and
complementarity [54]. This functional complementarity strengthens the farms’ capacity to
withstand climatic variability serving as a bet-hedging strategy [55].

Furthermore, an integrated crop-livestock system aligns with the community’s exist-
ing resources and seasonal cycles. This practice establishes a closed-loop system wherein
farmers in Mabalane district feed their livestock mainly cattle, in open grazing on maize
stover left in the fields after the corn harvest during the dry season. As the cattle graze, they
deposit manure directly onto the fields, enhancing soil organic matter and structure. Farm-
ers have acknowledged that this process improves soil fertility, water infiltration, and soil’s
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water holding capacity, thereby creating a more favourable seedbed for the subsequent
planting season and establishing a feedback loop that contributes to long-term resilience.

Moreover, grazing livestock on maize stover in the fields serves both a mechanical
and biological role in residue breakdown, transforming the stover into smaller, more
decomposable particles [56]. Farmers have reported that this natural process renders the
residue an ideal input for mulch tillage, which involves incorporating it into the soil using
traditional ox-plough techniques. This practice provides a sustainable, low-cost input
strategy for climate resilient agriculture [57].

The adoption of crop rotation was found to be very low, despite the perceived co-
benefits such as soil nutrient regulation, enhanced soil fertility and quality, reduced pests
and diseases, and increased crop productivity and food security. During focus group
discussions, participants highlighted that household food security in their communities
relies on the continuous cultivation of a single staple food crop (maize). Additionally,
limited land availability makes crop rotation a less viable option for smallholder farmers
who prioritize year-round food crop production. Agroforestry on the other hand, was
perceived to offer co-benefits including the enhancement of agrobiodiversity for both
pollinators and vegetation diversity. However, farmers reported that livestock ownership
has reduced the likelihood of agroforestry adoption due to browsing damage caused by
open grazing. In livestock systems, tree seedlings are often damaged or eaten by free-
grazing animals, thus discouraging tree planting unless adequate fencing or protection
is provided.

Although mulching is one of the most widely promoted ecosystem-based adaptation
practices in drought-prone areas, its adoption remains very low in Mabalane district. This
is largely because a significant proportion of maize stover produced by farmers is used
as livestock feed during the dry season either through in situ stubble grazing or ex situ
forage collection. This trade-off in which crop residues constitute a critical feed resource for
livestock, fundamentally constrains smallholder farmers from retaining stover as surface
mulch, thereby highlighting the inherent resource competition within the farming system.
These findings are consistent with those reported by [58] in Mexico, who examined maize
stover use and sustainable crop production in mixed crop-livestock systems in semi-arid
areas. The study found that farmers were hesitant to adopt conservation agriculture
practices that require the retention of stover for mulching as this practice directly competes
with the need to use the stover as livestock feed.

The findings from correspondence analysis provide deeper insight into the relation-
ships between adopted ecosystem-based adaptation practices and the co-benefits perceived
by smallholder farmers. The results demonstrate statistically significant associations be-
tween ecosystem-based adaptation practices and perceived co-benefits across three key
dimensions (ecosystem service provision, adaptation benefits, and livelihood and food
security improvement). This strong associations suggest that farmers are aware of the
multiple co-benefits associated with the ecosystem-based adaptation practices they adopted.
Furthermore, a close clustering was observed among several practices, including mixed
cropping with mulching and mulch tillage; rainwater harvesting with mulching and mulch
tillage; and crop rotation with mulching and mulch tillage. This clustering indicates that
farmers tend to implement these practices as complementary components of an integrated
resilience strategy rather than as isolated interventions. This finding is consistent with the
review by [59] on complementary practices supporting conservation agriculture in southern
Africa, which revealed that climate-smart approaches consistently bundle practices such
as mulching, crop rotation, mixed cropping, soil and water conservation, and improved
water management as part of integrated strategies aimed at strengthening resilience and
enhancing food security among smallholder farmers.
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Under the ecosystem service provision, the analysis confirmed that mixed cropping,
integrated crop-livestock systems, and mulch-based practices are strongly associated with
improvements in soil fertility, nutrient regulation, water infiltration and erosion control. In
semi-arid environments such as Mabalane district, soil organic matter plays a critical role
in enhancing resilience to dry spells. Manure deposition within integrated crop-livestock
systems enhances nutrient cycling and improves soil structure, thereby increasing moisture
retention capacity. Similarly, mixed cropping and mulch-based practices, contribute to
canopy cover, root diversity, and surface protection which reduce evaporation and promote
water infiltration [60].

In contrast, rainwater harvesting appears to be more closely associated with short-term
water availability than with improvements in soil fertility, suggesting that hydrological
interventions alone may be insufficient without complementary inputs of organic matter.
However, the adoption of rainwater harvesting remains constrained by limited resources
and technical capacity, particularly among resource-poor smallholder farmers in drought-
prone areas.

In terms of adaptation benefits, integrated crop-livestock systems were closely associ-
ated with perceived improvement in crop productivity and yield stability. Increased soil
organic carbon enhances nutrient availability and improves access to residual soil thereby
supporting crop production during intra-seasonal dry spells [61]. Mixed cropping was also
associated with greater buffering capacity against total crop failure, improved productivity
and reduced pests and disease incidence as species diversity disrupts pest cycles while
spreading climatic risk across different crops.

Mulching and rainwater harvesting were perceived by farmers to be jointly associ-
ated with improved soil water retention and microclimate regulation, which are critical
determinants of crop survival in semi-arid regions characterized by recurrent dry spells.

Livelihood and food security improvement dimension further illustrates the inter-
connectedness between ecological and socio-economic resilient. Mixed cropping and
agroforestry contribute to the diversification of food sources and income streams, thereby
supporting household subsistence even when staple crop yield declines [55]. Integrated
crop-livestock systems were perceived as cost-effective and grounded in indigenous knowl-
edge, reducing dependences on external inputs. While mulch-based practices were recog-
nized for their benefits to soil health, their limited adoption reflects the competing demand
to allocate crop residues such as maize stover for livestock feeds. Crop rotation contributes
indirectly to food security by stabilizing yields through pest suppression and improved
soil fertility [62].

Despite the statistically significant relationships observed across all the three co-
benefits dimensions (ecosystem service provision, adaptation benefits and livelihood and
food security improvement), the negative binomial regression analysis revealed an impor-
tant divergence. While rainfed smallholder farmers clearly perceived multiple co-benefits
associated with EbA practices, these perceptions were not found significantly associated
with adoption intensity, measured as number of practices adopted. The absence of sta-
tistically significant relationships between the perceived co-benefit factor scores and the
number of EbA practices adopted suggests a possible disconnect between perception
and behavioural uptake. While perceived co-benefits shape how smallholder farmers
conceptualize the value of EbA practices across economic, socio-cultural, and ecological
dimensions, such perceptions may not necessarily translate into measurable increases in
adoption intensity [63].

This potential gap reflects the mediating influence of structural constraints faced by
smallholder farmers, including limited capital, labour shortages, insecure land tenure, and
inadequate access to extension services. These constraints may restrict smallholder farmers’
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ability to convert favourable perception into concrete action. In this context, perceived
co-benefits appear to function as a necessity but insufficient condition for the adoption of
ecosystem-based adaptation practices.

Limitation: The study is based on cross-sectional data and is geographically limited
to the study area which restricts the generalizability of the findings to other contexts. The
analysis focused only on smallholder farmers who are adopters of EbA practices. Adoption
intensity was measured solely by the number of practices, without capturing differences
in quality, complementarity, or effectiveness. The study also emphasized psychological
constructs and does not account for socioeconomic, household, farm size, biophysical, or
structural factors that may influence adoption.

Future research should use broader samples, more nuanced measures of adoption,
and incorporate key contextual factors to better understand the drivers and constraints of
EbA adoption among rainfed smallholder farmers in Mabalane district.

5. Conclusions

It is concluded that, mixed cropping, integrated crop livestock, and mulch tillage
were the most widely adopted EbA practices due to their strong alignment with commu-
nity’s traditional farming systems, local livelihood needs, and the semi-arid conditions of
the region.

The study also revealed a critical trade-off in which crop residues which are essential
for mulching are simultaneously required as livestock feed. This computing demand
fundamentally constrains the adoption of mulch-based practices despite their widely
recognized benefits. Importantly, although smallholder farmers clearly perceived multiple
co-benefits associated with EbA practices, these perceptions alone do not drive adoption
intensity. Instead, they appear to function as a necessity, but insufficient condition for
adoption. The disconnect between perception and behavioural uptake can be explained
by the nature of the perceived co-benefits. It is plausible that farmers recognize these
co-benefits primarily because they provide immediate and tangible contributions to daily
subsistence rather than being consciously adopted as part of a deliberate long-term strategy
for sustainability or climate adaptation.

Consequently, even when co-benefits are acknowledged they may not translate into
increased adoption if they are not framed within a long-term adaptation or action-oriented
perspective. This reflects what is commonly described as the value-action gap or intention—
behaviour gap [64].

Therefore, adoption decisions among smallholder farmers may be shaped more
strongly by enabling conditions and resources endowments than by perceived ancillary
benefits alone [65]. In this context, policy interventions aimed at scaling up EbA practices
should extend beyond awareness creation and instead prioritize strengthening institutional
support mechanisms, improving access to finance, markets, secure land tenure and agricul-
tural inputs, and enhancing agricultural extension services. Addressing these structural
barriers, will be essential to facilitate sustained adoption and scaling of ecosystem-based
adaptation practices among smallholder farmers.
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