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Abstract

Climate change presents significant challenges for smallholder dairy farmers, especially
in developing countries where production relies heavily on natural resources. This study
examined factors linked to climate change adaptation among smallholder dairy farmers
in Plateau State, Nigeria. A cross-sectional survey was conducted with 400 farmers se-
lected through multistage sampling across eight major dairy-producing Local Govern-
ment Areas. Data collection involved structured questionnaires, key informant inter-
views, and focus group discussions. Analysis included descriptive statistics, Pearson’s
chi-square test, one-way ANOVA, and multiple linear regression. The results showed that
dairy farming is mostly practised by economically active male farmers. Many respondents
noticed changes in rainfall and rising temperatures, but awareness of climate change and
its impact on dairy production was generally low. Farmers identified seasonal feed short-
ages, declining forage quality, water scarcity, heat stress, and reduced feed intake as key
challenges. While some adaptation measures, such as adjusting grazing practices and wa-
ter management, had been adopted, many found them to be ineffective. Regression anal-
ysis indicated that education, climate change awareness, access to extension services, and
feed availability significantly influenced adaptation outcomes, with the model explaining
61.0% of the variation (R? = 0.610). Access to extension services had the strongest impact.
The results highlight the need to strengthen institutional support to boost smallholder
farmers’ adaptive capacity. Enhancing livestock extension programmes, raising aware-
ness about climate change, improving access to information, and promoting climate-
smart dairy management and sustainable feed practices can improve the resilience and
sustainability of dairy systems in Plateau State and similar regions.

Keywords: climate resilience; livestock productivity; extension services; feed resources;
climate-smart agriculture; adaptation strategies
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1. Introduction

Climate change is among the biggest threats to global agricultural sustainability, affect-
ing food security, rural lives, and economic growth. Agricultural productivity is highly vul-
nerable because it depends on climate factors such as temperature, rainfall, feed, water, and
disease risk [1]. Recent studies show that rising temperatures, changing rainfall patterns,
prolonged droughts, and extreme weather are already negatively impacting agriculture
worldwide, where production systems are predominantly rain-fed and highly climate-sen-
sitive [2,3]. Across sub-Saharan Africa, smallholder livestock farmers depend heavily on cli-
mate-sensitive natural resources, making dairy production especially susceptible to envi-
ronmental variability [4]. Livestock systems are particularly vulnerable because animal
health, performance, and welfare rely heavily on environmental conditions and access to
feed and water. Consequently, enhancing the adaptive capacity of livestock farmers has be-
come a major global priority for achieving resilient and sustainable food systems [4].

Smallholder dairy production is a cornerstone of rural economies in many develop-
ing regions, particularly across sub-Saharan Africa, where it contributes substantially to
household earnings, food and nutrition security, and the livelihoods of farming commu-
nities. However, the sector faces growing challenges associated with climate variability
and climate change [5]. Heat stress, seasonal feed shortages, declining pasture quality,
water scarcity, and increased incidence of livestock diseases have become major con-
straints to sustainable dairy production [6,7]. These challenges are particularly severe
among smallholder dairy farmers who often operate under resource-constrained condi-
tions characterized by limited access to improved technologies, climate information, ex-
tension services, and financial resources [8,9].

Among livestock enterprises, dairy production is highly sensitive to climate variabil-
ity and change. Elevated ambient temperatures and heat stress can reduce feed intake,
impair reproductive efficiency, increase water requirements, and lower milk yield [10,11].
In addition, changes in rainfall patterns influence forage growth, pasture quality, and feed
availability, thereby constraining dairy productivity and farm profitability. Recent studies
have highlighted the growing vulnerability of dairy systems to climate-induced chal-
lenges, including heat stress, feed shortages, water scarcity, and increased disease risks
[12,13], all of which threaten the sustainability of dairy farming globally and particularly
within smallholder production systems. According to NiMet [14], climate change has
manifested in rising ambient temperatures, erratic rainfall patterns, delayed onset and
early cessation of rainfall, increased frequency of droughts, and occasional flooding. These
climatic changes have significant implications for livestock production systems, particu-
larly dairy farming. Studies have shown that elevated temperatures reduce feed intake,
impair reproductive performance, increase water requirements, and lower milk yield in
dairy cattle [15,16].

Plateau State occupies a unique position within Nigeria’s dairy industry due to its
relatively cool climate, high-altitude environment, and favourable agroecological condi-
tions that support dairy cattle production. Historically, the state has served as an im-
portant hub for dairy farming, particularly for indigenous breeds such as Bunaji and im-
proved dairy breeds, including Friesian crosses. However, recent climatic shifts have be-
gun to undermine this comparative advantage. Farmers increasingly report challenges
associated with prolonged dry seasons, irregular rainfall distribution, heat stress, declin-
ing pasture quality, and seasonal water shortages, all of which negatively affect dairy
productivity and profitability. These emerging challenges threaten the sustainability of
dairy enterprises and the livelihoods of smallholder farmers who depend on them.

Adaptation has therefore become an essential strategy for enhancing resilience
within dairy production systems. Climate change adaptation refers to adjustments in
management practices, technologies, and institutional arrangements aimed at reducing
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vulnerability and improving farmers’ capacity to cope with climatic stresses [17]. In dairy
production, adaptation measures may include improved feeding strategies, forage con-
servation, climate-resilient pasture development, water resource management, improved
housing systems, strategic grazing management, breed improvement, and the use of cli-
mate information services [18,19]. The success of these adaptation measures, however,
depends on several socio-economic, institutional, and farm-level factors.

Previous empirical studies have demonstrated that farmers” educational attainment,
awareness of climate change, access to extension services, and availability of production
resources significantly influence adaptation behaviour and outcomes [20-22]. Education
enhances farmers’ ability to acquire, interpret, and apply technical information, thereby
facilitating informed decision-making. Climate awareness improves risk perception and
encourages proactive adaptation responses [23]. Extension services serve as critical chan-
nels for disseminating innovations, technical knowledge, and climate-smart agricultural
practices. Likewise, adequate feed availability is fundamental for sustaining livestock
productivity and improving resilience under changing climatic conditions [24].

Although awareness of the importance of climate change adaptation in livestock
farming is growing, empirical data on the factors influencing adaptation among small-
holder dairy farmers in Nigeria remain limited, particularly in Plateau State, a key dairy-
producing area. Past research has largely focused on climate change impacts on agricul-
ture and farmers’ perceptions, with less attention to the socio-economic, institutional, and
production-related factors that affect the success of adaptation. Filling this gap is crucial
for creating effective strategies that enhance farmers’ adaptive capacity and encourage
climate-smart dairy practices. The main goal of the study was to identify the factors influ-
encing climate change adaptation among smallholder dairy farmers in Plateau State, Ni-
geria. The research used multiple linear regression to examine whether variables such as
educational level, awareness of climate change, access to extension services, and feed
availability were significantly associated with adaptation outcomes. The null hypothesis
(Ho) stated that no significant relationship existed, while the alternative hypothesis (Hz)
stated that at least one factor was significantly related. The results offer valuable insights
to inform policies, extension programs, and climate-smart dairy initiatives aimed at en-
hancing the resilience and sustainability of smallholder dairy farmers.

2. Materials and Methods
2.1. Study Area

The study was conducted in Plateau State, North-Central Nigeria, located between
latitude 8°24' N and 10°38" N and longitude 8°32" E and 10°38’ E. Plateau State occupies
approximately 30,913 km? and is characterized by a unique highland ecology with eleva-
tions ranging from 1200 to over 1800 m above sea level. The state experiences a relatively
moderate climate compared with most parts of Nigeria, with mean annual temperatures
ranging from 18 °C to 27 °C and annual rainfall between 1200 and 1500 mm. The distinct
wet (April-October) and dry (November—March) seasons provide favourable conditions
for livestock production, particularly dairy cattle.

2.2. Study Population

The target population comprised smallholder dairy farmers actively engaged in
dairy production within the selected LGAs of Plateau State. For this study, a smallholder
dairy farmer was defined as an individual or household that owns and manages dairy
cattle primarily for milk production and operates under traditional, semi-intensive, or in-
tensive systems. To be included in the study, respondents had to own at least one lactating
dairy cow at the time of the survey, have been involved in dairy farming for at least one
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year, live within the selected study area, and provide informed consent to participate. The
estimated population of Plateau State was projected at 4,717,300 based on the 2006 Na-
tional Population Census and subsequent projections by NBS [25]. Although the study
targeted dairy farmers rather than the general population, this projection was used in de-
termining an adequate sample size for a large finite population.

2.3. Research Design

A cross-sectional survey was used to collect data from respondents at a single point
in time. This approach was suitable because it enabled the simultaneous evaluation of
farmers’ perceptions, adaptation strategies, and climate experiences across various loca-
tions. Additionally, it enables analysis of the relationships between adaptation outcomes
and specific socio-economic, institutional, and farm-related variables.

A cross-sectional survey research design was adopted for this study. The design was
considered appropriate because it permits the collection of quantitative and qualitative
data from a representative sample of respondents at a single point in time while enabling
the examination of relationships among socio-economic characteristics, institutional fac-
tors, climate-related variables, and adaptation outcomes. The design also facilitated the
application of inferential statistical techniques to identify significant predictors of climate
change adaptation among smallholder dairy farmers.

The study was guided by the conceptual framework developed from the Sustainable
Livelihood Framework [26] and the Climate Change Adaptation Framework [3], which
informed the selection of explanatory variables, questionnaire development, and statisti-
cal modelling.

2.4. Sample Size Determination

The study’s sample size was calculated using Yamane’s formula [27] for finite popu-
lations. Based on the projected population of Plateau State, estimated at 4,717,300 resi-
dents by the National Population Commission and the National Bureau of Statistics, the
required sample size was determined as follows:

n=N1+N(e)2n = \frac{NH1 + N(e)"2Jn =1 + N(e)2N
where
D n = required sample size;
. N = population size (4,717,300);
e e =level of precision (0.05).
A minimum sample size of 400 smallholder dairy farmers was considered adequate
for the study, based on recommendations for multiple linear regression analysis and Ya-

mane’s formula (5% margin of error), ensuring sufficient statistical power to detect asso-
ciations among the study variables and adequately represent the target population.

2.5. Sampling Procedure

A multistage sampling method was used to select respondents. Initially, eight dairy-
producing LGAs (Bokkos, Jos East, Jos North, Jos South, Kanam, Mangu, Shendam and
Wase) as shown in Figure 1 were purposively selected based on dairy cattle population,
accessibility and ecological representation. Stage two: Key dairy communities within each
LGA were identified through consultations with agricultural extension workers, commu-
nity leaders, and livestock associations. Thirdly, eligible dairy farmers were identified,
and respondents were selected using proportionate simple random sampling to ensure
adequate representation across the study locations. Ultimately, 400 smallholder dairy
farmers were interviewed, averaging about fifty per LGA.
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Figure 1. Map of Plateau State showing the 8 Local Government Areas included in the study.

2.6. Inclusion and Exclusion Criteria

To ensure the quality and relevance of data collected, respondents were selected
based on the following inclusion criteria: ownership of at least one lactating dairy cow,
active involvement in dairy farming for at least two years before the survey, residence
within the study area throughout the study period, and willingness to participate volun-
tarily after providing informed consent. Farmers who did not own dairy cattle, were tem-
porary residents, or declined participation were excluded from the study.

2.7. Data Collection Methods

Data collection was undertaken using a mixed-methods approach that combined
quantitative and qualitative methods to enhance data reliability and validity.

2.7.1. Structured Questionnaire Survey

Primary data were collected through structured face-to-face interviews using a pre-
tested questionnaire. The survey instrument was designed to capture respondents’ demo-
graphic and socio-economic characteristics, awareness and perceptions of climate change,
observed climatic variations, feed and water resource availability, milk production trends,
animal health constraints, farm management practices, adaptation and coping mecha-
nisms, access to extension and climate information services, and farmers’ assessments of
the effectiveness of existing adaptation measures. The questionnaire comprised predomi-
nantly closed-ended questions, complemented by a limited number of open-ended items
to elicit additional perspectives and contextual information from participants. The ques-
tionnaire included both closed-ended and Likert-scale questions.

2.7.2. Key Informant Interviews (KlIs)

Key informant interviews were conducted with individuals who have in-depth
knowledge of dairy production and climate issues in the study area. Participants included
livestock extension officers, veterinarians, dairy cooperative leaders, community leaders,
seasoned dairy farmers and officials of the Plateau State Ministry of Agriculture. These
interviews provided contextual information regarding climate variability, extension ser-
vices, institutional support and adaptation programmes.
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2.7.3. Focus Group Discussions (FGDs)

FGDs were held in selected communities to encourage collective reflection on climate
variability and adaptation experiences. These discussions enabled participants to share
their experiences of weather changes, livestock management, feed availability, and adap-
tation strategies. The insights gained from the FGDs complemented and validated the re-
sults of the questionnaire survey, providing deeper insights into climate-related produc-
tion challenges and local adaptation strategies.

2.7.4. Validity and Reliability of Research Instrument

The questionnaire was administered through face-to-face interviews conducted in
English, Hausa, and local dialects where necessary. Its content validity was assessed by
experts in Animal Science, Agricultural Extension, Climate Change, and Research Meth-
odology at Plateau State University, Bokkos. A pilot survey of 30 dairy farmers outside
the selected study communities was conducted to assess the instrument’s clarity, con-
sistency, and suitability. Completed questionnaires were checked for completeness, con-
sistency, and accuracy before data entry.

2.8. Enumerator Recruitment and Training

Sixteen enumerators were recruited and trained for the field survey, with two as-
signed to each selected LGA. The training covered the study objectives, ethical consider-
ations, questionnaire administration, interview techniques, and quality control. Before the
main survey, a pilot test of the questionnaire was conducted to identify and resolve am-
biguities and to enhance instrument reliability.

2.9. Variables Measured
2.9.1. Dependent Variable

The dependent variable in the regression analysis was the Dairy Adaptation Out-
come. It was measured using composite indicators based on respondents’ adaptation
practices, their perceptions of the effectiveness of these measures, and their resilience to
climate-related challenges.

2.9.2. Independent Variables

The explanatory variables in the analysis included respondents’ educational attain-
ment, access to climate information, level of climate-change awareness, access to extension
services, feed and water availability, gender, age, farming experience, breed type, and
farm management practices. Additionally, relevant socio-economic characteristics related
to dairy production and adaptation capacity were considered to evaluate their impact on
farmers’ adaptation outcomes.

2.10. Data Analysis

Quantitative data were coded, entered, cleaned, and analyzed using IBM SPSS Sta-
tistics version 29 [28]. Descriptive statistics such as frequencies, percentages, means, and
standard deviations summarized the data generated from respondents’ socio-economic
characteristics and adaptation practices. Inferential analyses, including Pearson’s chi-
square test, independent samples ¢-test, one-way ANOV A, and multiple linear regression,
were used to explore relationships among variables and identify key predictors of dairy
adaptation outcomes. Pearson’s Chi-square test examined associations between categori-
cal variables, including climate awareness and perceived climate impacts, access to cli-
mate information and adaptation effectiveness. An independent samples t-test assessed
gender differences in climate awareness. One-way Analysis of Variance (ANOVA) was
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used to evaluate differences in climate awareness across educational levels. Multiple Lin-
ear Regression Analysis identified the socio-economic and institutional predictors of cli-
mate change adaptation among smallholder dairy farmers. The composite Dairy Adapta-
tion Outcome Index (DAOI) was used as the dependent variable in a multiple regression
analysis, with education, climate awareness, extension access, and feed availability as in-
dependent variables. A multiple linear regression model was specified as:

Y =0 + B1X1 + B2X2 + B3X3 + p4X4 + €Y = \beta_0 + \beta_1X_1 + \beta_2X_2 +
\beta_3X_3 + \beta_4X_4 + \varepsilonY = 30 + 1X1 + 32X2 + B3X3 + 34X4 + ¢

where

e  YYY =Dairy Adaptation Outcome;
e  X1X_1X1 = Educational Level;
D X2X_2X2 = Climate Change Awareness;
e  X3X_3X3 = Extension Access;
o X4X_4X4 =Feed Availability;
e [0\beta_0p0 = Intercept;
e [B1-p4\beta_1 - \beta_4p1 - 34 = Regression coefficients; and
e  ¢\varepsilone = Random error term.
Statistical significance was evaluated at the 5% probability level (p < 0.05).
Qualitative data collected from Key Informant Interviews and Focus Group Discus-
sions were analysed through thematic content analysis. Responses were transcribed, coded,
and organised into emerging themes, including climate variability, challenges in dairy pro-
duction, adaptation strategies, and institutional support. These insights complemented the
quantitative results, offering a more complete view of farmers” adaptation experiences.

3. Results
3.1. Demographic Characteristics of Respondents

The socio-demographic profile of respondents is presented in Table 1. The 400 dairy
farmers surveyed were reasonably distributed across the eight selected Local Government
Areas (LGAs), ensuring adequate geographical representation of the major dairy-produc-
ing zones in Plateau State. Jos North accounted for the largest share of respondents (15.3%),
while Wase recorded the smallest share (9.5%). This distribution reflects the relative con-
centration of dairy farming activities across study locations.

Table 1. Demographic Characteristics of Respondents (N = 400).

Variable Category Frequency (f) Percentage (%)
Local Government Area Jos North 61 15.3
Jos East 57 14.2
Bokkos 47 11.8
Kanam 52 13.0
Mangu 40 10.0
Jos South 55 13.8
Wase 38 9.5
Shendam 50 12.5
Total 400 100.0
Gender Male 252 63.0
Female 148 37.0
Total 400 100.0
Age Category (Years) <25 38 9.5
25-34 56 14.0
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35-44 90 22.5
45-54 107 26.8
55-64 71 17.8
>65 38 9.5
Total 400 100.0
Educational Level No formal education 88 22.0
Primary education 102 25.5
Secondary education 83 20.8
Tertiary education 63 15.8
Adult literacy 64 16.0
Total 400 100.0
Primary Occupation Dairy farming 57 14.3
Mixed farming 134 33.5
Crop + livestock farming 174 43.5
Civil service + dairy 9 2.3
Others 26 6.5
Total 400 100.0
Breed of Animals Bunaji 300 75.0
Friesian x Bunaji and other crosses 85 21.3
Holstein Friesian cattle 15 3.8
Total 400 100.0

The gender composition showed that dairy production was predominantly male-
driven, with males accounting for 63.0% of respondents and females 37.0%. This finding
suggests that ownership and management of dairy enterprises in the study area remain
largely under male control, although women continue to play important supportive roles
within household dairy systems.

The age structure of respondents indicated that dairy farming was largely practised by
economically active adults. Farmers aged 45-54 years made up the largest share (26.8%),
followed by those aged 3544 years (22.5%). By contrast, farmers under 25 accounted for
only 9.5% of the sample. The predominance of middle-aged farmers suggests that dairy pro-
duction in the study area is sustained by individuals with considerable farming experience
and accumulated knowledge, while youth participation remains relatively low.

Educational attainment among respondents was generally modest. Primary educa-
tion was the most common category (25.5%), followed by respondents with no formal
education (22.0%). Secondary education accounted for 20.8%, while tertiary education
represented only 15.8% of respondents. The relatively low level of formal education may
affect farmers’ access to technical information and climate advisories, as well as their
adoption of improved dairy management practices.

Regarding occupation, mixed crop-livestock production dominated the farming sys-
tems. Crop and livestock farming was the primary occupation for 43.5% of respondents,
while 33.5% practised mixed farming. Only 14.3% engaged exclusively in dairy farming.
This finding highlights the importance of livelihood diversification as a risk-management
strategy among rural households.

Considering breed composition, indigenous Bunaji cattle were the dominant dairy breed,
accounting for 75.0% of the animals kept by respondents. Crossbred cattle represented 21.3%,
while pure Holstein Friesian cattle accounted for only 3.8%. The predominance of indigenous
breeds reflects their superior adaptability to local environmental conditions, disease resistance,
and lower management requirements compared with exotic breeds.

Overall, the demographic characteristics indicate that dairy farming in Plateau State
is largely managed by middle-aged male farmers who operate mixed farming systems
with indigenous cattle breeds and have relatively low levels of formal education.
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3.2. On-Farm Management Practices and Adaptation Measures

Management practices and adaptation measures adopted by participating dairy
farmers are summarised in Table 2. The findings indicate that dairy production in the
study area remains predominantly traditional. A substantial majority of respondents
(80.3%) practised extensive grazing systems, while only 19.7% utilized alternative produc-
tion systems. This heavy dependence on open grazing exposes dairy herds to climatic
risks, including forage scarcity, heat stress, farmer-herder conflicts, ingestion of toxic
plants, and fluctuating pasture availability, all of which adversely affect animal health,
welfare, and milk production.

Table 2. Farm Management and Adaptation Strategies (N = 400).

Variable Category Frequency (f) Percentage (%)
Grazing system Extensive system 321 80.3
Other systems 79 19.7
Total 400 100.0
Housing type Sheds/roofed 311 77.8
Other housing types 89 222
Total 400 100.0
Feed storage/feed reserve source Crop residues 325 81.3
Other feed sources 75 18.7
Total 400 100.0
Adaptation strategy Changing water sources244 61.0
Early/Late grazing 156 39.0
Total 400 100.0
Effectiveness of strategies Not effective/uncertain 367 91.8
Effective 33 8.2
Total 400 100.0

Despite the prevalence of extensive grazing, 77.8% of respondents reported housing
their animals in sheds or other roofed structures. This suggests a growing awareness of
the importance of shelter in protecting livestock from adverse weather and improving
animal welfare.

Feed reserve practices were largely based on crop residues, with 81.3% of respond-
ents using them as supplementary feed. This dependence reflects limited adoption of im-
proved forage conservation technologies, such as haymaking and silage production.
Given their relatively low nutritional value, reliance on crop residues may constrain ani-
mal productivity, particularly during prolonged dry seasons when natural forage re-
sources become scarce.

Farmers reported a range of adaptation measures to cope with climatic challenges.
The most common strategy was changing water sources (61.0%), followed by early or late
grazing (39.0%). These measures are practical responses to water scarcity and heat stress.
However, despite their widespread adoption, the perceived effectiveness of these strate-
gies was remarkably low. More than nine out of every ten respondents (91.8%) considered
the adaptation measures ineffective or were uncertain about their effectiveness.

This finding highlights a significant adaptation gap, indicating that current coping
mechanisms are insufficient to address the growing impacts of climate variability on dairy
production. Consequently, there is an urgent need for climate-smart interventions to en-
hance adaptive capacity and strengthen the resilience of smallholder dairy systems.
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3.3. Milk Handling Practices, Extension Services and Socioeconomic Impacts

Table 3 summarizes milk handling practices, access to climate-related information,
and the socioeconomic implications of climate variability among dairy farmers.

Table 3. Milk Handling, Extension Services, and Socioeconomic Impacts.

Variables Category Frequency Percentage (%)
Milk handling Stainless steel containers 238 58.5
Cooling practice No 257 64.3
Climate information access  No 265 66.3
Source of information Radio 247 61.8
Income impact No change 268 67.0
Feed cost trend Slightly higher 199 49.8

Regarding milk hygiene practices, 58.5% of respondents reported using stainless-
steel containers for milk handling. This is a positive step towards improved milk quality
and safety, as stainless-steel containers reduce the risk of contamination and facilitate
cleaning. Nevertheless, the remaining proportion of farmers continue to use alternative
containers that may compromise milk quality.

Milk preservation practices were generally inadequate. Approximately 64.3% of re-
spondents reported not cooling milk before sale. This finding raises concerns about post-
harvest milk losses, particularly as environmental temperatures rise. The absence of cool-
ing facilities leads to rapid spoilage of milk, reducing product quality and market value.

Access to climate information was also limited. About two-thirds (66.3%) of respond-
ents reported having no access to climate-related information. This deficiency signifi-
cantly constrains farmers’ ability to anticipate weather-related risks and make informed
management decisions. Among farmers who accessed information, radio emerged as the
dominant communication channel (61.8%), highlighting its continued importance as a me-
dium for agricultural extension and climate advisory services in rural communities.

The socioeconomic implications of climate variability were evident in household in-
come and production costs. Although 67.0% of respondents reported no significant
change in income, nearly half (49.8%) observed rising feed costs compared with previous
years. Rising feed costs may be linked to declining forage availability, seasonal feed short-
ages, and greater reliance on purchased feed. Such increases can reduce farm profitability
and threaten the sustainability of dairy enterprises.

Overall, the findings indicate that inadequate milk-preservation infrastructure, lim-
ited access to climate information, and rising feed costs remain major constraints on sus-
tainable dairy production in the study area.

3.4. Major Climate-Related Challenges and Recommended Adaptation Measures

The major climate-related challenges affecting dairy production and farmers’ recom-
mended adaptation measures are presented in Table 4.

Table 4. Key Challenges and Recommendations.

Variables Category Frequency Percentage (%)
Major climate challenge Heat stress 202 50.5
Major climate challenge Rainfall variability 198 49.5
Recommended solutions ~ Heat stress management 277 69.3
Recommended solutions ~ Climate-resilient forage 123 30.8
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Heat stress was the most frequently reported challenge, cited by 50.5% of respond-
ents. Rainfall variability was close second, reported by 49.5% of respondents. The near-
equal prevalence of these challenges suggests that both rising temperatures and unpre-
dictable rainfall patterns are exerting considerable pressure on dairy production systems.

Heat stress affects dairy cattle directly by reducing feed intake, milk production, repro-
ductive efficiency, and overall physiological performance. Rainfall variability influences dairy
production indirectly by affecting pasture growth, forage quality, and water availability.

In response to these challenges, most respondents (69.3%) identified improved heat-
stress management as the most important adaptation measure. Suggested interventions in-
cluded providing shade, improving housing structures, increasing water availability, and
adjusting grazing schedules. Additionally, 30.8% recommended promoting climate-resilient
forage species that maintain productivity under drought and variable climatic conditions.

These findings demonstrate that farmers clearly recognize the importance of address-
ing both thermal stress and feed resource constraints as critical components of climate
adaptation in dairy production systems.

3.5. Multiple Linear Regression Analysis of Predictors of Dairy Adaptation Outcomes
3.5.1. Model Summary

The model summary in Table 5 indicates that the regression model fits the data well.
The multiple correlation coefficient (R = 0.781) shows a strong positive association be-
tween the explanatory variables and dairy adaptation outcomes.

Table 5. Model Summary for Multiple Linear Regression Analysis.

Model R

R Square Adjusted R Square Std. Error of the Estimate

1 0.781

0.604 0.587

Predictors: (Constant), Education, Climate Awareness, Extension Access, Feed Availability.

The coefficient of determination (R? = 0.610) indicates that approximately 61.0% of
the variation in adaptation outcomes was explained by the combined effects of education,
climate awareness, extension access, and feed availability. The adjusted R? of 0.604 sug-
gests that the model retained substantial explanatory power after accounting for the num-
ber of predictors.

The standard error of the estimate (0.587) further indicates that the model has satis-
factory predictive accuracy. Collectively, these statistics demonstrate that the selected var-
iables are important determinants of dairy adaptation outcomes among the participating
smallholder farmers in Plateau State.

3.5.2. Analysis of Variance (ANOVA)

The overall significance of the regression model is presented in Table 6. The model
yielded an F-statistic of 154.893 with a p-value of p < 0.001, indicating that the regression
equation was highly significant.

Table 6. ANOVA for Multiple Linear Regression Model.

Model Sum of Squares df Mean Square F Sig.
Regression 213.582 4 53.396 154.893  0.000
Residual 136.418 395 0.345 - -
Total 350.000 399 - - -
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The significant F-test confirms that the predictor variables jointly explain variation in
dairy adaptation outcomes. Consequently, the null hypothesis that explanatory variables
have no significant effect on adaptation outcomes is rejected.

These results validate the regression model’s suitability for assessing determinants
of adaptation performance among smallholder dairy farmers.

3.5.3. Regression Coefficients of Predictors

The regression coefficients are presented in Table 7. The findings indicate that all four
explanatory variables significantly affected dairy adaptation outcomes.

Table 7. Regression Coefficients for Predictors of Dairy Adaptation Outcomes.

Model Unstandardized B Std. Error Standardized Beta t Sig.

(Constant) 0.842 0.198 - 4253  0.000
Education 0.276 0.061 0.254 4.525  0.000
Climate Awareness 0.391 0.072 0.336 5.431  0.000
Extension Access 0.488 0.058 0.472 8.414  0.000
Feed Availability -0.167 0.052 -0.148 -3.212  0.001

Access to extension services emerged as the strongest predictor of adaptation success
(B =0.472, p <0.001). This suggests that farmers with greater access to extension services
are significantly more likely to adopt effective adaptation measures and achieve better
adaptation outcomes. Extension services provide critical technical knowledge, advisory
support, and access to innovations that enhance adaptive capacity.

Climate awareness was the second most influential predictor (3 = 0.336, p < 0.001).
Farmers with greater awareness of climate-related risks achieved stronger adaptation out-
comes, underscoring the importance of raising awareness and disseminating climate in-
formation to build resilience.

Education also had a significant positive effect on adaptation outcomes (3 = 0.254, p <
0.001). The positive coefficient indicates that higher educational attainment enhances farm-
ers’ ability to understand, evaluate, and implement climate-smart management practices.

In contrast, feed availability showed a significant negative association with adapta-
tion outcomes (3 = —0.148, p = 0.001). This result indicates that reduced feed availability
undermines the effectiveness of adaptation and limits farmers’ capacity to cope with cli-
mate-related challenges. Feed shortages, therefore, remain a major constraint on sustain-
able dairy production.

Taken together, the regression results identify extension access, climate awareness,
education, and feed availability as critical determinants of adaptation success. Among
these factors, access to extension services had the greatest influence, emphasising the stra-
tegic importance of strengthening agricultural extension systems and advisory climate
services to enhance resilience among smallholder dairy farmers in Plateau State.

3.5.4. Farmers’ Awareness and Perception of Climate Change

Respondents generally exhibited limited formal awareness of climate change. Only
20.0% reported being aware of climate change as a scientific phenomenon, whereas 80.0%
indicated no formal awareness (Table 8). Despite this low level of awareness, 74.0%
acknowledged that changing climatic conditions negatively affected dairy production.
The most frequently observed climatic change was increasing temperature (79.8%), fol-
lowed by irregular rainfall (20.2%).
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Table 8. Climate change awareness and perception among respondents.

Variable Category Frequency (f) Percentage (%)
Awareness of climate change Yes 81 20.0
No 319 80.0
Total 400 100.0
Observed changes in climate Increased heat 319 79.8
Irregular rainfall 81 20.2
Total 400 100.0
Perceived effect on dairy farming Yes 296 74.0
No 100 25.0
Not sure 4 1.0
Total 400 100.0

4. Discussion

This study from the sampled farms offers valuable insights into the factors influenc-
ing dairy adaptation among smallholder farmers in Plateau State, Nigeria. The findings
show that climate variability is increasingly affecting dairy production systems, and farm-
ers’ ability to adapt is heavily influenced by socio-economic, institutional, and production-
related factors. The discussion aligns with the study’s main objectives.

4.1. Socio-Demographic Characteristics and Dairy Farming

The study revealed that most dairy farmers in Plateau State are men, constituting
63.0% of respondents. This reflects Nigeria’s traditional livestock system, where men pre-
dominantly own and oversee cattle, while women typically handle tasks such as milk pro-
cessing and marketing [29,30]. The predominance of male farmers suggests that climate
adaptation strategies for dairy farming should consider household decision-making pro-
cesses to ensure effective adoption and implementation.

Most respondents fall within the economically active age group of 35-54 years, sug-
gesting that dairy farming is predominantly operated by mature individuals with sub-
stantial experience. This age range may boost adaptive capacity, as experienced farmers
are more adept at detecting environmental shifts and applying knowledge-based man-
agement strategies. Similar findings have been documented in studies of livestock farmers
across sub-Saharan Africa, where farming experience plays a key role in adaptive deci-
sion-making under climate stress [31,32].

Respondents generally had low levels of education, with many having only primary
schooling or none. This lack of educational background could limit farmers’ capacity to
access, comprehend, and apply climate-related data and modern dairy practices. Educa-
tion is widely recognized as a key factor in adopting new technologies and adapting to
climate challenges in agriculture [33-35]. Therefore, the observed low educational levels
underscore the need to implement simplified extension methods and farmer-focused
training initiatives.

4.2. Climate Change Awareness and Perception

One of the study’s most notable findings is the low awareness of climate change
among respondents, despite many observing climatic shifts. While many farmers reported
irregular rainfall and higher temperatures, few recognised climate change as a broader
environmental issue. This disconnect between personal experience and scientific under-
standing has also been observed in developing and even developed countries, where
farmers often notice environmental changes but do not fully grasp their causes [36,37].
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Irregular rainfall was the most common climatic change observed, underscoring the
increasing unpredictability of weather patterns in Plateau State. Variations in rainfall di-
rectly impact forage production, water supply, and livestock productivity. This aligns
with reports from the Nigerian Meteorological Agency [14], which documents rising rain-
fall uncertainty across many regions in Nigeria. The respondents’ low awareness of cli-
mate change as a threat to dairy production may partly explain the limited success of ad-
aptation efforts, as risk perception plays a crucial role in driving adaptive actions.

4.3. Feed Availability, Milk Production, and Animal Health

Feed availability is a critical determinant of dairy productivity because adequate, bal-
anced nutrition promotes animal health, reproduction, milk production, and overall per-
formance, helping to meet the increasing demand for high-quality dairy products [38,39].
In this study, although most respondents reported consistent year-round feed availability,
heavy reliance on crop residues as the primary feed source raises concerns about their
quality and nutritional value. Crop residues are often low in protein and difficult to digest,
making them insufficient on their own to achieve optimal milk production. This reliance
shows that apparent feed availability does not necessarily mean the feed is nutritionally
adequate. To address the limitations of using crop residues as dairy feed, farmers should
implement integrated feeding strategies that blend crop residues with protein-rich forage
legumes, concentrate supplements, and feed-enhancement technologies such as urea
treatment and ensiling [40,41]. These approaches can enhance the nutritional quality and
digestibility of available feeds, leading to higher milk production and improved dairy
productivity, especially during times of feed shortage.

The study also showed a clear seasonal fluctuation in milk yield, with significantly
higher production during the rainy season compared to the dry season. This pattern is
mainly due to seasonal forage availability and environmental factors affecting dairy per-
formance. In the rainy season, better pasture growth increases both the quantity and qual-
ity of feed, leading to higher milk output. Conversely, the dry season typically involves
forage shortages, heat stress, and reduced feed intake, resulting in lower milk yields. Sim-
ilar results were documented by Thornton et al. [6], who highlighted that seasonal feed
shortages are a major factor behind reduced dairy productivity in tropical systems.

Respondents identified several health issues, particularly decreased appetite and
heat stress in their animals. Heat stress causes significant changes in animal behaviour,
physiology, and metabolism, resulting in reduced feed intake, increased water require-
ments, faster breathing, and hormonal imbalances [42,43]. It can also increase methane
intensity, decrease rumen motility, alter ruminal microbiota, modify fermentation pro-
cesses, and sometimes increase ruminal pH and temperature, all of which can affect di-
gestive efficiency and nutrient utilisation [44,45]. Reduced feeding, a typical response to
heat, helps animals lower their metabolic heat production [46,47]. Persistent heat stress
can negatively impact milk production, reproductive health, immune function, and over-
all animal well-being. The prevalence of these health problems indicates that climate
change is affecting dairy cattle in the area through both direct and indirect effects.

4.4. Farm Management Practices and Adaptation Strategies

This study shows that many farmers are slowly shifting from extensive traditional
methods to more managed, semi-intensive systems. The widespread use of roofed sheds
indicates growing awareness of the need to protect livestock from harsh environmental
conditions. These investments are likely to enhance animal comfort and help minimise the
impact of climatic stressors.

Farmers adopted several adaptation strategies to address climate-related issues, pri-
marily by changing water sources and adjusting grazing schedules. These practical,
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locally suitable measures aim to lessen livestock’s exposure to water shortages and heat
stress. However, the fact that many respondents found these strategies ineffective or were
unsure of their effectiveness suggests that current adaptation efforts might not be suffi-
cient to address the severity of present climatic challenges.

The limited success of adaptation measures may stem from gaps in technical
knowledge, a lack of institutional backing, and resource shortages. This finding aligns
with earlier research indicating that adaptation efforts often fall short when they lack suf-
ficient information, funding, or extension support [48]. Therefore, there is a need for more
holistic, climate-smart dairy strategies that integrate technological advances with robust
institutional support.

4.5. Milk Handling Practices, Extension Services, and Socioeconomic Implications

Milk handling practices greatly influence product quality, food safety, and profita-
bility [49,50]. The widespread use of stainless-steel containers among respondents marks
a positive step in dairy hygiene practices. Stainless steel is less likely to become contami-
nated and is easier to clean, which helps lower microbial risks.

Although there has been progress, most respondents still do not cool milk before
selling it, which makes the product prone to rapid spoilage in hot conditions. This reveals
major infrastructure gaps in the dairy supply chain and emphasizes the importance of
investing in rural milk collection and cooling facilities.

Most respondents had limited access to climate information and extension services.
These services are vital for transferring technologies, enhancing adaptive capacity, and
encouraging climate-smart farming methods. The restricted access observed in this study
may partly account for low awareness and the perception that adaptation strategies are
ineffective. Similar issues have been documented across Africa, where insufficient exten-
sion coverage is a key barrier to climate adaptation for smallholder farmers [51,52].

The socioeconomic impacts of climate variability were evident in rising feed costs
and concerns about farm profitability. Rising feed prices are likely linked to declining for-
age availability, increased competition for feed resources, and higher costs for purchased
feed inputs. These increases reduce profit margins and may discourage investment in im-
proved dairy production technologies.

4.6. Predictors of Dairy Adaptation Outcomes

The study’s primary contribution is the Multiple Linear Regression Analysis, which
identifies the main factors behind dairy adaptation outcomes among smallholder farmers.
The model accounts for 61.0% of the variation in these outcomes, demonstrating signifi-
cant explanatory power and emphasising the relevance of the chosen predictor variables.

Access to extension services emerged as the most significant predictor of adaptation
success. Access to extension services is frequently identified as a vital factor in successful
climate change adaptation among agricultural households [53,54]. These services offer
farmers essential, timely information on climate risks, adaptation strategies, and better
management practices, helping them make well-informed decisions. Farmers who main-
tain regular contact with extension agents are more likely to adopt climate-smart technol-
ogies, diversify their production methods, improve resource efficiency, and implement
strategies to mitigate risks [55]. By promoting knowledge exchange and supporting access
to innovations, extension services are central to enhancing adaptive capacity and lowering
vulnerability to climate-related shocks.

In this study, climate awareness is ranked as the second most influential predictor. Cli-
mate awareness enables individuals to understand the causes, effects, and risks of climate
change. Having a solid grasp of climate-related risks is crucial for farmers, policymakers,
and communities to identify potential threats, make informed decisions, and implement
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appropriate adaptation and mitigation measures. Increased awareness enhances the ability
to anticipate and address climate challenges, including droughts, floods, heat stress, and
reduced agricultural yields [56]. Additionally, climate knowledge encourages proactive be-
haviours and the adoption of climate-smart technologies, enhancing adaptive capacity at
the household and community levels. Research indicates that greater climate risk awareness
correlates with better preparedness and more effective adaptation strategies [57,58].

Educational attainment significantly boosts adaptation outcomes. Farmers with more
education are typically better at accessing information, assessing various adaptation strat-
egies, and implementing advanced technologies. This finding supports earlier research
highlighting education as a crucial factor in fostering agricultural innovation and enhanc-
ing adaptive capacity [59,60].

Feed availability significantly impacts adaptation outcomes. Climate change fre-
quently hampers forage growth through drought, erratic rainfall, and land degradation,
leading to seasonal feed shortages and reduced feed quality [61]. Farmers who have reliable
access to ample, nutritious feed can maintain livestock productivity, minimise deaths, and
uphold household income during adverse weather conditions. Consequently, feed availa-
bility enhances adaptive capacity by increasing the resilience of livestock systems to climate
shocks and reducing environmental vulnerability [62,63]. Many studies emphasise that feed
security is vital for climate-resilient livestock production, especially among smallholder
farmers in developing countries [64,65]. Having sufficient feed resources enables farmers to
maintain milk production and animal health during periods of climate stress. In contrast,
feed shortages decrease productivity and hinder the success of adaptation strategies.

Overall, the findings indicate that adaptation success among smallholder dairy farm-
ers depends not just on climatic factors but also significantly on access to information,
education, institutional support, and production resources. Improving these aspects will
be vital for increasing resilience and supporting sustainable dairy farming amid changing
climate conditions.

4.7. Farmers” Awareness and Perception of Climate Change

Although only about one-fifth of respondents reported formal awareness of climate
change, nearly three-quarters acknowledged that changing climatic conditions negatively
affect dairy production. This apparent contradiction, as also reported by Karki and his
colleagues [66], indicates that farmers clearly experience climate variability but often lack
the scientific terminology needed to describe it.

Most respondents identified increasing temperature and irregular rainfall as the prin-
cipal climatic changes affecting dairy production. These observations are consistent with
recent meteorological evidence showing increasing temperatures and rainfall variability
across Nigeria [3,14]. Heat stress has been widely recognized as one of the greatest con-
straints to dairy productivity because elevated temperatures reduce feed intake, impair
reproductive performance, suppress immune function, and decrease milk production.

The highly significant Chi-square relationship between climate awareness and per-
ceived climate impacts confirms that awareness strongly influences farmers’ understand-
ing of climate-related production risks. Farmers who possess better climate knowledge
are more likely to recognise environmental changes and implement appropriate adapta-
tion strategies [67-69]. Similar findings have been reported in several African and Asian
studies, where climate literacy significantly improved farmers” adaptive decision-making
[70-72]. The implication is that increasing climate awareness through extension education,
farmer field schools, radio programmes, and digital advisory services could substantially
improve adaptation among smallholder dairy farmers.
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4.8. Implications for Policy and Practice

The study emphasises the importance of implementing integrated, climate-smart
strategies for dairy development in Plateau State and similar agroecological regions. Pol-
icymakers should focus on enhancing agricultural extension services, improving the com-
munication of climate information, boosting farmer education and capacity building, and
supporting efforts to develop feed resources. Additionally, investing in forage conserva-
tion technologies, climate-resistant pasture species, water infrastructure, and rural milk-
cooling facilities will improve dairy farmers’ ability to adapt to changing conditions.
These interventions will boost resilience to climate change, increase milk output, raise
household incomes, enhance food security, and promote the sustainable growth of Nige-
ria’s dairy industry.

4.9. Study Limitations

This study faces several limitations. A cross-sectional design restricts the ability to
infer causality and does not account for changes over time in adaptation practices. Since
data largely rely on farmers’ self-reported responses, they are susceptible to recall and
social desirability biases. The purposive selection of dairy-producing LGAs may limit the
application of the results beyond the specific study area. Data collected during a single
season might not capture seasonal variations in climate impacts and dairy production.
Additionally, adaptation outcomes were primarily evaluated using composite perception-
based measures, and important explanatory variables, such as objective climatic or pro-
duction records, were not included in the analyses.

5. Conclusions

This study explored factors influencing climate change adaptation among small-
holder dairy farmers in Plateau State, Nigeria. Results show that irregular rainfall, increas-
ing temperatures, seasonal feed shortages, declining forage quality, and water scarcity are
key obstacles to dairy production and milk yield. While most farmers reported noticing
weather changes, overall awareness of climate change was limited, and current adaptation
strategies were inadequate to effectively tackle these issues.

Multiple linear regression analysis found that educational attainment, climate change
awareness, access to extension services, and feed availability all significantly affect dairy
adaptation outcomes. Of these, access to extension services has the strongest impact, high-
lighting the importance of technical support and information access in boosting farmers’
adaptive capacity.

The study identified educational level, climate change awareness, extension service
access, and feed availability as significant factors associated with climate change adapta-
tion among the participating smallholder dairy farmers. Although the findings are not
statistically generalizable to all dairy farmers in Plateau State because of the sampling de-
sign, they provide useful evidence for informing climate-smart livestock interventions in
similar smallholder dairy production systems. Future studies employing probability-
based sampling across a broader geographic area are recommended to enhance the exter-
nal validity of these findings.
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