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Abstract. Climate change remains one of the most urgent en-
vironmental challenges globally, with agriculture among the
sectors most adversely affected. In Tanzania, the coffee in-
dustry is particularly vulnerable, with climate-related stresses
significantly undermining productivity and profitability. In
response, the Government of Tanzania and key coffee-sector
stakeholders have intensified efforts to promote the adop-
tion of climate-smart agriculture (CSA) practices. This study
assessed the level of adoption of climate-smart agriculture
(CSA) practices promoted by government and coffee-sector
stakeholders across 17 agricultural cooperatives in Mbinga,
Nyasa, Rungwe, Mbeya, Ileje, and Mbozi districts. A mixed-
methods approach was employed, incorporating household
surveys, semi-structured questionnaires, focus group dis-
cussions, and observations, to collect primary data. Second-
ary data were obtained through a review of reports from the
Tanzania Coffee Research Institute (TaCRI) and the Tanza-
nia Coffee Board (TCB). The findings show that 70.42% of
respondents have implemented at least three CSA practices.
Predictor variables such as coffee varieties, pest and soil man-
agement practices, agroforestry, and conservation techniques
play a crucial role in shaping CSA outcomes. Together, these
variables explain a substantial portion of the observed vari-
ation, underscoring their importance in promoting sustain-
able farming practices. The findings further reveal that most
smallholder farmers affiliated with agricultural cooperatives
have adopted at least two climate-smart agriculture (CSA)
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practices. This reflects the positive influence of government
initiatives and the efforts of other key stakeholders, includ-
ing cooperatives, in supporting CSA adoption. The study
concludes that interventions by the Government of Tanzania
and coffee sector stakeholders have significantly contributed
to the uptake of climate-smart agriculture practices among
cooperative members. These efforts have enhanced coffee
productivity and strengthened farmers’ capacity to adapt to
climate challenges. It is recommended that coffee stakehold-
ers bolster agricultural cooperatives to attract more farmers
and accelerate the dissemination of good agricultural practic-
es (GAPs), thereby improving CSA adoption. Key stakehold-
ers — particularly TCB, TaCRI, Moshi Co-operative Univer-
sity (MoCU), agricultural cooperatives, NGOs, and private
sector actors — should continue to support farmers in adopting
CSA practices. Additionally, smallholder farmers are encour-
aged to actively participate in CSA-related extension services
and training to enhance their knowledge, increase productiv-
ity, and expand their influence within cooperatives and policy
platforms.
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INTRODUCTION

Climate change is reshaping global ecological and pro-
duction systems, posing a critical challenge to the ag-
ricultural sector. Its impacts are especially pronounced
in crop and livestock production, in farmer support in-
stitutions such as cooperatives, and in high-value com-
modity crops like coffee (Njau and Kumburu, 2024).
Coffee remains one of the most widely consumed bev-
erages worldwide (Sanger, 2018; ICO, 2019). Since
the 1990s, global demand has increased by 50%,
driven by rising domestic consumption in producing
countries and emerging markets such as China, South
Korea, and Turkey (Sénger, 2018). However, the ad-
verse effects of climate change — including prolonged
droughts and floods, erratic rainfall patterns, pest and
disease outbreaks, and widespread environmental deg-
radation — are increasingly evident. Studies by Bilen
et al. (2022) and Jawo et al. (2023) show that rising
temperatures and rainfall variability create favourable
conditions for pests and diseases that reduce coffee
growth and yields.

Global demand for coffee is further influenced by
demographic changes and income dynamics across re-
gions (ICO, 2022). For countries to benefit from this
expanding demand, the production of sustainable cof-
fee that incorporates climate mitigation and adaptation
measures is essential. In response, the Government of
Tanzania has introduced several strategies to address the
impacts of climate change on agriculture. These include
the National Climate Change Strategy (NCCS), which
outlines key climate risks requiring technical and insti-
tutional interventions (URT, 2012).

Additional initiatives include the Agriculture Cli-
mate Resilient Plan (ACRP), designed to accelerate the
uptake of climate-smart agriculture (CSA), strengthen
risk management against climate-related shocks, and
enhance knowledge systems for climate action (URT,
2014). Similarly, the Climate Smart Agriculture Pro-
gramme (CSAP) for Tanzania (2015-2025) focuses
on sustainably increasing agricultural productivity to
meet evolving consumer preferences under challeng-
ing climate conditions (URT, 2015). Despite these
efforts, productivity among smallholder coffee farm-
ers — who contribute 90% of national coffee produc-
tion — remains low at 340-360 kg/ha. Tanzania’s aver-
age annual coffee production stands at 66,000 metric
tonnes, far below the national target of 300,000 metric
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tonnes of clean coffee by 2025/26. To close this gap,
the coffee sector has invested in initiatives that support
smallholder farmers in adopting CSA practices to boost
coffee productivity.

CSA practices promoted within the coffee sector in-
clude the use of high-yielding, disease-resistant varie-
ties with superior beverage quality; integrated pest man-
agement (IPM), incorporating biological control, crop
rotation, and cultural practices to reduce pesticide use;
and strategies such as intercropping, irrigation, organic
manure application, and soil and water conservation
techniques like mulching and cover cropping. Despite
these initiatives, limited empirical evidence exists re-
garding the specific CSA practices adopted by small-
holder farmers. This study, therefore, assesses the CSA
practices currently adopted and implemented by small-
holder farmers in the Southern Highlands of Tanzania,
with the aim of understanding their contribution to im-
proving coffee productivity.

Theoretical and Conceptual Grounds
Understanding how farmers adopt new agricultural prac-
tices is crucial for enhancing coffee productivity among
smallholders. This study draws on Rogers’ Diffusion of
Innovation (DOI) theory (1962), which explains why
individuals choose to adopt new ideas or technologies.
Rogers (1995) defines adoption as a decision to use an
innovation in place of a previous practice. According
to this framework, farmers’ adoption behaviour can be
understood through the lens of utility maximisation:
a farmer will adopt a new technology if the expected
utility from that technology exceeds that of the exist-
ing alternative. In this study, climate change-related
challenges represent the major constraints that farmers
seek to overcome. The climate-smart agriculture (CSA)
variables examined include improved coffee varieties,
integrated pest management, integrated soil fertility
management, soil and water conservation, agroforestry
practices, and crop diversification. Based on this theo-
retical framework, the study models the household’s
decision to adopt CSA practices as follows. The adop-
tion of CSA practice by the #*Z farm household (i = 1,
a€l,..N) hich is facing a decision on whether or not to
adopt CSA on its plot p(i = 1, A€}, 4€lp), is assumed to
be a function of smallholder farmers as well as farm spe-
cific characteristics, x (age, sex, marital status, educa-
tion, household size, farm size, extension services) and
an error term with zero mean.
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MATERIALS AND METHODS

Study area and sampling methodology

The study was carried out in six purposely selected
districts — Mbinga, Nyasa, Rungwe, Mbeya, Ileje, and
Mbozi. These districts were chosen because, despite be-
ing Tanzania’s leading coffee-producing areas, they re-
main highly vulnerable to climate variability, drought,
erratic rainfall, and outbreaks of coffee pests and dis-
eases. These climatic and biophysical challenges nega-
tively affect key stages of coffee production, including
flowering, maturation, and harvesting. To analyse the ef-
fects of adopting climate-smart agriculture (CSA) prac-
tices, a multistage stratified random sampling approach
was employed. Agricultural Marketing Cooperative So-
cieties (AMCOS), also referred to as agricultural coop-
eratives in this study, formed the sampling frame within
each district. Each AMCOS consisted of all registered
farm households, from which the primary units of anal-
ysis — the households — were randomly selected. After
selection, households were stratified into two groups:
adopters and non-adopters of CSA technologies.

Sample size
The sample size was determined following Cochran’s
(1977) formula:

n=

£ 1)

e

The Cochran formula was applied using a 95% con-
fidence level, a 5% margin of error (appropriate for large
samples with a small allowable difference between sam-
ple estimates and true population values), and p = 0.5
(used when the population proportion is unknown, as it
yields the maximum sample size). The resulting sample
size calculation is shown below:

| Zpq _ 1.96%0.5%0.5 _ (3.846)%(0.25) _

& 0.05 0.0025
0.9604 N
= 0005 = 38416384

Where, n = is the desired sample size; p = 0.5 is the
assumed proportion of smallholder farmers expected to
adopt CSA practices; ¢ = 1 — p = 0.5 is the assumed
proportion of smallholder farmers not expected to adopt
CSA practices; e = 0.05 is the margin of error (desired
precision at 5%); and Z = 1.96 is the critical value corre-
sponding to a 95% confidence level. To ensure adequate
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representation across the six study districts and improve
statistical robustness, the sample size was proportion-
ally distributed according to the relative population of
smallholder coffee farmers in each district. However, to
further minimise the margin of error and increase the
precision and confidence of the results, a slightly larger
sample size of 386 was used in this study.

Analytical framework
The study utilised descriptive statistics and economet-
ric analysis. Descriptive analysis was conducted using
means, frequencies, percentages, and tabular summa-
ries, while the econometric analysis employed a multi-
variate probit regression model (MVP). The MVP model
was used to estimate the factors influencing the adoption
decisions of CSA practices in coffee production. This
model was selected because it allows for the simulta-
neous estimation of several correlated binary outcomes
(Greene, 2003). Additionally, the model accounts for
correlations among disturbance terms that may arise
from interrelationships between practices (Chekol et al.,
2023; Moshi et al., 2016; Rahman and Chima, 2015).

The CSA practice variables in this study include
improved coffee varieties (Cv), integrated pest man-
agement (IPM), integrated soil fertility management
(ISFM), soil and water conservation (Sw), agroforestry
practices (4f), and crop diversification (Cd), all of which
are disseminated to smallholder coffee farmers through
agricultural cooperatives in the study area. The deci-
sion to adopt one practice may influence the decision
to adopt another, making adoption inherently multivari-
ate. Farmers are more likely to adopt a combination of
practices to address production constraints than to rely
on a single practice. Adoption decisions typically occur
over time, following awareness campaigns and farmers’
evaluation of the usefulness of a technology, rather than
instantaneously (Rogers, 1995). Therefore, this study
applied a multivariate probit model to analyse the joint
adoption of multiple CSA practices and to account for
correlations among adoption decisions. The MVP mod-
el is appropriate for capturing household variations in
CSA adoption and estimating multiple binary outcomes
jointly.

The selection of CSA practices by a household, de-
fined as the household’s decision to adopt climate-smart
agriculture technologies, is expressed as follows:

Yy =Xy + ey 2
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and
17 lfY:k* >0

Y= { 0, Otherwise

3)

Where Y%~ is a latent variable that captures the ob-
served and unobserved preferences associated with the
i choice of CSA. Y, represents the binary dependent
variables, X, represents the explanatory variables, f; is
the parameter to be estimated, and ¢, represents the mul-
tivariate normally distributed stochastic error term.

The dependent variables in the MVP model consist
of six dummy variables corresponding to the CSA prac-
tices: improved coffee varieties (Cv), integrated pest
management (/PM), integrated soil fertility management
(ISFM), soil and water conservation (Sw), agroforestry
practices (4f), and crop diversification (Cd). Adopters
are smallholder coffee farmers who used one or more of
these technologies, whereas non-adopters are those who
did not adopt them.

The explanatory variables typically considered in
modelling adoption decisions include household and
farm characteristics, technology attributes, resource
ownership, institutional factors, and access to informa-
tion (Chekol et al., 2023; Moshi et al., 2016; Rahman
and Chima, 2015). Guided by insights from the reviewed
literature, this study hypothesised that household, farm,
and plot characteristics, together with institutional fac-
tors, shape the adoption of CSA practices among small-
holder coffee farmers in the study districts.

In the multivariate probit (MVP) framework, the er-
ror terms are assumed to jointly follow a multivariate
normal distribution with a zero conditional mean. The
variance is normalised to unity, where U,,, U,,,, Uy,
Us,» Uy U,y and the symmetric covariance matrix € is
given by:

L py ps Pu o P
P L py P Parm
s = Pz P 1 P34 Pam (4)
Pu  Pu Pu 1 Pam
. . . . I p
Pin Pon Psw Pay o1

Particularly important are the off-diagonal elements
in the covariance matrix, which represent unobserved
correlations among the stochastic components of the
different CSA practices. This assumption implies that
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equation (3) provides an MVP model that jointly repre-
sents the decision to adopt — or not adopt — each farming
practice. Allowing for non-zero off-diagonal elements
accommodates correlation among the error terms of the
latent equations, reflecting unobserved characteristics
that influence the selection of alternative CSA practices.
A likelihood ratio test was conducted to assess the null
hypothesis that the correlation coefficients (p statistics)
are jointly equal to zero, against the alternative that at
least one p is non-zero.

Data analysis

The study employed both descriptive statistics and
econometric analyses. Descriptive statistics were used
to summarise the data through means, frequencies, per-
centages, and tables. Econometric analysis was con-
ducted using the multivariate probit model (MVP) to
identify the factors influencing the adoption of CSA
practices. The MVP approach simultaneously models
the effects of explanatory variables on multiple practic-
es while accounting for potential correlation among the
unobserved disturbances and the interrelationships be-
tween adoption decisions (Moshi et al., 2016). Such cor-
relations may arise due to complementarities (positive
correlation) or substitutability (negative correlation) be-
tween practices. Failing to account for these unobserved
factors and interrelationships can result in biased and
inefficient estimates. All analyses were performed us-
ing STATA version 15, and results were summarised in
Excel 2013.

FINDINGS AND DISCUSSION

Socio-demographic characteristics

The descriptive analysis shows that the average age
of smallholder farmers in the study areas is 49 years.
Among them, 25.8% of CSA adopters and 15.9% of
non-adopters fall within the 46 to 60 year age group.
According to Njau and Matto (2024), individuals in this
age range tend to be influential and actively engaged in
community activities. In addition, other studies (ICO,
2022; Msangi et al., 2024; Nchanji et al., 2024) indicate
that agriculture is still dominated by older farmers, with
limited involvement from youth. In terms of gender,
48.8% of adopters were male, and 31.9% were female,
reflecting the predominance of men in coffee farming.
This pattern is consistent with findings by ICO (2022)
and Koss Jean (2024). Njau and Matto (2024) further
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Table 1. Socio-economic characteristics of respondents in the study areas

Variables Adopters (N = 386) Non-adopters (N = 235) All (N=621)
frequency % frequency % t P>t
Age group
18-35 years 65 10.50 22 3.50 0.7684 0.2213
3645 years 91 14.70 74 11.90
46-60 years 160 25.80 99 15.90
>60 years 70 11.30 40 6.40
Sex
Male 303 48.80 198 31.90 1.7641 0.078
Female 83 13.40 37 6.00
Marital status
Married 378 60.90 227 36.60 1.8980 0.0291
Single 6 1.00 0 0.00
Divorced 2 0.30 8 1.30
Level of education (years)
Not attended school 9 1.40 4 0.60 2.0025 0.023
Primary 349 56.20 207 33.30
Secondary 26 4.20 18 2.90
College 2 0.30 4 0.60
Adult education 0 0.00 2 0.30
House hold size
1-2 person 19 3.10 6 1.00 1.1821 0.1188
3—4 person 106 17.10 56 9.00
5-6 person 138 22.20 98 15.80
Above 6 persons 123 19.80 75 12.10
Visits by extension officers
Once 378 60.9 218 35.1 2.5702 0.0052
Twice 2 0.3 17 2.7
More than twice 6 1.0 0 0.0
Members of agricultural cooperatives
No 25 4.0 165 26.6 22.504 0.000
Yes 361 58.1 70 11.3
Training on CSA practices
No 42.00 6.8 110.00 17.7 11.029 0.000
Yes 344.00 554 125.00 20
Other sources of household income
No 14.00 2 6.00 1 1.6718 0.0475
Yes 372.00 60 229.00 37

Source: own elaboration.
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note that women are disproportionately affected by cli-
mate change, highlighting the need for targeted efforts
to enhance their participation in climate-related initia-
tives. The results also indicate that 60.9% of adopters
and 36.6% of non-adopters were married, and the differ-
ence between the two groups is statistically significant
(» = 0.029). Marital status may influence CSA adop-
tion because it is often associated with land ownership
(Kaba and Emana, 2024). Regarding education, 56.2%
of adopters and 33.3% of non-adopters had attained pri-
mary education. Formal education was found to signifi-
cantly increase the likelihood of adopting new technolo-
gies (p = 0.023), supporting evidence from Balula and
Ngaiza (2024), Dissanayake et al. (2022), Hailemariam
et al. (2024), and Kinyangi (2014). This suggests that
most farmers were sufficiently literate to recognise the
benefits of CSA practices. Household size data show
that 22.2% of adopters and 15.8% of non-adopters had
5-6 household members, with average household sizes
of 5 and 6 persons, respectively. The difference between
groups was not statistically significant, implying that
household size may not strongly influence CSA adop-
tion decisions. The findings also reveal that 60.9% of
adopters and 35.1% of non-adopters had contact with
extension officers at least once per season. This statis-
tically significant difference (p = 0.0052) highlights
the crucial role of extension services in disseminating
agricultural innovations, as previously documented by
Hailemariam et al. (2024) and Pamphil (2023).
Membership in agricultural cooperatives was report-
ed by 58.1% of adopters compared with only 11.3% of
non-adopters. The mean difference is statistically signif-
icant (p = 0.000), suggesting that cooperative member-
ship enhances farmers’ access to information, collective
learning and support systems that facilitate CSA adop-
tion. Similar conclusions were reached by Ndauka and
Matotola (2023) and Shirima (2022). Training exposure
also appeared to be influential: 55.4% of adopters and
20% of non-adopters had attended training related to
CSA practices, with the difference being statistically
significant (p = 0.000). This underscores the importance
of training in increasing farmers’ awareness and under-
standing of climate change, thus promoting the uptake
of CSA technologies. These results are consistent with
Jha et al. (2020) and Matata et al. (2010). Finally, 60%
of adopters and 37% of non-adopters reported having al-
ternative income sources beyond coffee — such as other
crops, livestock, or small and medium enterprises. The
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statistically significant difference (p = 0.0475) suggests
that income diversification may positively influence the
likelihood of adopting CSA practices.

Adoption and uptake rates of climate-smart
agriculture practices

The findings show that 70.42% of respondents were
adopters of CSA practices, while 29.58% were non-
adopters. Additionally, 49.9% of smallholder farmers in
the study areas reported adopting improved coffee vari-
eties (Table 2). This adoption rate is substantially higher
than the 3% reported by Kiwelu et al. (2021) in Mbinga
and Mbozi Districts, and the 29.2% reported by Mhando
and Mdoe (2018) in the Southern Highlands of Tanza-
nia. In comparison, Diro and Erko (2019) established
a 53.56% adoption rate among Ethiopian farmers. Col-
lectively, these findings suggest a significant increase
in the uptake of improved coffee varieties within the
study areas. The results further indicate that 91.3% of
respondents adopted integrated pest management (IPM)
technologies, which include biological, cultural, and
chemical methods for controlling coffee pests. These
uptake levels are comparable to findings by Sanga and
Mahonge (2013), who reported a 73% adoption rate of
IPM technologies among bean farmers in Mbeya Dis-
trict. Similarly, 83.1% of farmers had adopted integrat-
ed soil fertility management (ISFM) practices, includ-
ing the use of inorganic fertilisers (62.2%) and organic

Table 2. Type of CSA practices adopted by smallholder farmers

Rate of adoption in percentage

CSA practices descriptions (%0)

adopters non-adopters
Coffee varieties 49.9 50.1
Integrated pest management 91.3 8.7
(IPM)
Integrated soil fertility man- 83.1 16.9
agement (ISFM)
Agroforestry 63.9 36.1
Soil and water conservation 61.8 38.2
(S&WC)
Crop diversification 72.5 27.5
Average 70.42 29.58

Source: own elaboration.
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manure (55.4%). These adoption levels are higher than
the 44% reported by Mbunduki (2024). Previous studies
by Maro (2014), Mponela et al. (2023), and Mutuku et
al. (2017) highlight the role of ISFM in improving soil
fertility. The findings also show that 63.9% of respond-
ents planted shade trees in their coffee farms as part of
income diversification and climate mitigation strategies.
Shade trees contribute to climate resilience by regulat-
ing microclimates and supporting coffee growth. Stud-
ies by Zella and Lunyelele (2024) and Klara (2020)
document the benefits of shade trees, including micro-
climate regulation, soil fertility enhancement, biodiver-
sity conservation, and pest and disease management.
Furthermore, 76.5% of respondents practised soil and
water conservation (S&WC) techniques, such as mulch-
ing, constructing trenches to control soil erosion, and
harvesting rainwater. Adili (2024) and Amado (2024)
emphasise S&WC as vital strategies for mitigating the
impacts of climate change on agricultural systems. Fi-
nally, 72.5% of respondents engaged in crop diversifi-
cation as a component of climate-smart agriculture. In
addition to coffee, banana was commonly intercropped,
while other crops such as beans and maize were culti-
vated in separate plots. Earlier studies by Mhando and
Mdoe (2018), Mwakalobo (2005), and Otieno et al.
(2019) highlight how income and crop diversification
strategies contribute to improved coffee productivity in
Tanzania’s Southern Highlands.

Multivariate regression model estimates

A multivariate regression model was employed to ex-
amine the factors influencing coffee farmers’ adoption
of specific climate-smart agriculture (CSA) practices.
Table 3 presents the key model diagnostics, including

the number of observations, estimated parameters, root
mean square error (RMSE), R-squared values, F-ratios,
and corresponding p-values for each of the regression
models. All six univariate models yielded statistically
significant p-values, indicating the predictors included
in the model were reliable and relevant in explaining
variations in CSA adoption. The R-squared values fur-
ther show that the six predictor variables accounted for
58%, 48%, 52%, 34%, 62%, and 61% of the variance in
their respective outcome variables.

Variables affecting the choice of improved coffee varieties
The findings presented in Table 4 indicate that marital
status (p = 0.029), household size (p = 0.030), visits
from extension officers (p = 0.005), coffee yield (p =
0.000), household income (p = 0.094), and membership
in agricultural cooperatives (p = 0.000) had a positive
and significant influence on the adoption of improved
coffee varieties in the study areas. Conversely, the size
of land under coffee cultivation (p = 0.000) was found
to have a negative effect on adoption, likely due to the
high perceived costs associated with investing in im-
proved varieties across larger farm areas. Similar obser-
vations regarding the influence of age, education level,
and household income on adoption decisions have been
reported by Diro and Erko (2019), Kiwelu et al. (2021),
and Kurgat et al. (2020). Overall, the findings under-
score the role of socio-economic characteristics, farm-
specific factors, and institutional support in shaping
farmers’ decisions to adopt improved coffee varieties.
Strengthening these elements or addressing related con-
straints may help enhance the uptake of climate-smart
agriculture (CSA) practices among smallholder farmers
in the study areas.

Table 3. Variables estimated in the Multivariate Regression Model

Equation Obs Parms RMSE R-sq F P
Coffee varieties 606 12 0.327 0.581 74.994 0.000
Integrated pest management (IPM) 606 12 0.208 0.476 49.021 0.000
Integrated soil fertility management (ISFM) 606 12 0.265 0.520 58.441 0.000
Agroforestry 606 12 0.398 0.337 27.452 0.000
Soil and water conservation 606 12 0.301 0.616 86.450 0.000
Crop diversification 606 12 0.282 0.613 85.631 0.000

Source: own elaboration.
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Determinants of IPM adoption

Integrated pest management (IPM) encompasses rec-
ommended techniques used to manage coffee pest in-
festations. The findings indicate that both coffee yield
(» = 0.000) and farmer training on climate-smart ag-
riculture practices (CSA) (p = 0.000) significantly
and positively influence the adoption of IPM practic-
es. In contrast, marital status (p = 0.000), household
size (p = 0.048), land area under coffee cultivation
(»p = 0.002), and membership in an agricultural co-
operative (p = 0.048) were found to negatively affect
IPM adoption. These findings suggest that the adoption
of IPM practices is linked to farmers’ utility consid-
erations, particularly their aim to increase productivity
while minimising production costs through IPM strate-
gies. The positive effect of training aligns with technol-
ogy adoption theory, which emphasises the importance
of information and knowledge sharing. Farmers who
are well-informed about a particular practice are more
likely to adopt it compared to those with limited knowl-
edge. Effective adoption of IPM technologies requires
farmers to possess sufficient knowledge and the capac-
ity to evaluate their effects on productivity. Smallholder
farmers with greater awareness are more likely to rec-
ognise the benefits and apply these technologies effec-
tively than those with limited information. As noted by
Magina (2011), IPM involves a combination of cultural,
biological, and chemical methods for managing coffee
pests, underscoring the need for a holistic and informed
approach to pest control.

Determinants of ISEM adoption

The findings on integrated soil fertility management
(ISFM) indicate that several factors positively and sig-
nificantly influence its adoption. These include visits
from extension officers (p = 0.097), higher coffee yields
(p = 0.000), membership in an agricultural cooperative
(» = 0.003), and participation in CSA-related training
(» = 0.013). In contrast, ISFM adoption was negatively
and significantly associated with age (p = 0.004), mari-
tal status (p = 0.002), land size under coffee cultivation
(» = 0.031), and household income (p = 0.021), sug-
gesting that these variables may act as barriers to the
uptake of CSA practices. The negative influence of age
suggests that older farmers are less likely to adopt CSA
practices, possibly due to limited exposure to new tech-
nologies, shorter planning horizons, or reduced willing-
ness to adopt unfamiliar practices. Similarly, married
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households and farmers with larger land sizes were less
likely to adopt ISFM technologies, potentially due to the
higher capital requirements needed to implement new
technologies across larger farm areas. These findings
are consistent with studies by Alela et al. (2024), Maro
(2014), and Sanginga and Woomer (2009), which also
highlight the critical role of socio-economic character-
istics and institutional support in shaping the adoption
of ISFM technologies. Overall, the results reinforce the
importance of addressing these constraints to promote
wider uptake among smallholder farmers.

Determinants of agroforestry adoption

In this study, agroforestry is defined as an integrated
land use system that incorporates trees, crops, and
sometimes livestock within a coordinated farming envi-
ronment. The findings indicate that the respondent’s sex
(» = 0.009) and the size of land under coffee cultivation
(» = 0.000) positively and significantly influence the
adoption of agroforestry practices. In contrast, house-
hold size (p = 0.012) and coffee yield (p = 0.000) were
found to negatively and significantly affect adoption.
These results are consistent with findings by Waktola
and Fekadu (2021) and Wienhold and Goulao (2023),
who reported that adoption of coffee shade agroforestry
technologies had a positive and statistically significant
relationship with age and the area under coffee produc-
tion (p = 0.000), while landholding size showed a posi-
tive but non-significant association.

Factors influencing the adoption of soil and water
conservation

Soil and water conservation is especially important in
highland coffee-growing areas, where intense rain-
fall frequently causes severe soil erosion, undermin-
ing soil health and reducing coffee productivity. The
results show that farmers’ age (p = 0.004), frequency
of extension officer visits (p = 0.000), coffee yield (p
= 0.000), and membership in agricultural cooperatives
(p = 0.000) all had positive and significant effects on
the adoption of conservation practices such as mulch-
ing and minimum tillage. In contrast, land area under
coffee cultivation (p = 0.000) was negatively associ-
ated with adoption, possibly due to the greater labour
and resource requirements needed to implement these
practices on larger plots. These findings are consistent
with earlier studies by Diro et al. (2022), Fikirie (2021),
and Jia et al. (2024), which highlight the roles of both
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household characteristics and farm attributes in shaping
the uptake of soil and water conservation measures.

Determinants of crop diversification farming practices
adoption

The study found that the adoption of crop diversification
as a climate-smart agriculture (CSA) strategy was sig-
nificantly and positively influenced by visits from exten-
sion officers (p = 0.000), coffee yield (p = 0.000), and
membership in an agricultural cooperative (p = 0.000).
In contrast, the respondents’ level of education (p =
0.091), land size under coffee cultivation (p = 0.003),
and household income (p = 0.064) had negative effects
on adoption. These results imply that larger households
are more likely to adopt crop diversification to enhance
income generation and household food security. In-
creased interaction with extension officers also encour-
ages the uptake of diversified farming practices as part
of climate change adaptation measures. Additionally,
increases in land dedicated to coffee production may
lead smallholder farmers to consider alternative crops to
meet household needs. Similar findings were reported
by Valérie et al. (2024), who documented the influence
of comparable socio-economic and institutional factors
on the adoption of crop diversification as a strategy for
climate change mitigation. Conversely, the study found
that age (p = 0.000), household size (p = 0.029), and
coffee yield (p = 0.000) had a statistically significant
negative impact on the adoption of crop diversification
practices. This suggests that older farmers, those with
larger households, and farmers achieving higher coffee
yields may be less inclined to diversify their crops.

CONCLUSIONS
AND RECOMMENDATIONS

This study demonstrates that decisions regarding wheth-
er to adopt climate-smart agriculture (CSA) practices
and the extent to which they are used are highly inter-
connected. Smallholder farmers in the study areas do
not adopt CSA practices in isolation; rather, the adop-
tion of one practice often complements or reinforces the
adoption of others. This pattern reflects the influence
of multiple interacting factors — including coopera-
tive membership, pest management strategies, and the
choice of coffee varieties — which collectively determine
the extent to which farmers implement CSA practices.
These findings emphasise the need for coordinated and

436

multisectoral efforts to support CSA uptake. To strength-
en CSA adoption among smallholder farmers, greater
collaboration among key coffee-sector stakeholders is
essential. The Government of Tanzania should enhance
policy, legal, and institutional frameworks to improve
the effectiveness and efficiency of CSA implementation.
This requires aligning agricultural and environmental
policies with CSA objectives, improving coordination
across institutions, and ensuring that adequate resources
are available to support farmers. Such measures should
be complemented by efforts to strengthen household in-
come, enhance farm management skills, and build insti-
tutional capacity within the sector. Stronger partnerships
are also needed between government agencies, agricul-
tural cooperatives, and major coffee-sector support in-
stitutions — such as the Tanzania Coffee Board (TCB),
Tanzania Coffee Research Institute (TaCRI), Moshi Co-
operative University (MoCU), NGOs, and private sec-
tor actors — to promote sustainable and climate-resilient
coffee production. Finally, smallholder farmers are en-
couraged to actively engage with extension services and
training programmes focused on CSA practices. Regular
participation will enhance their knowledge and techni-
cal capacity, enabling more informed decision-making,
improved productivity, and better access to institutional
support and market opportunities. Increased engage-
ment will also strengthen farmers’ collective influence
within cooperatives and policy forums, further support-
ing sustainable growth of the coffee sector.

Areas for further research

While this study established that 70.42% of respondents
adopted at least three CSA practices, it did not identify
which combinations generate the greatest productivity
gains. Future research could therefore explore the syner-
gistic effects of different CSA practice combinations on
coffee yield resilience. Such analysis would help deter-
mine whether certain bundles of practices offer superior
benefits compared to adopting them individually. Addi-
tionally, because the study focused primarily on small-
holder farmers affiliated with agricultural cooperatives,
an important research gap remains regarding farmers
who are not members of such institutions. Investigating
the socio-economic and institutional constraints faced
by non-cooperative farmers could support the develop-
ment of more inclusive CSA adoption strategies. Fur-
thermore, although this study assessed the level of CSA
adoption among smallholder farmers, it did not evaluate
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the economic outcomes associated with these practices.
Future studies could examine how CSA adoption af-
fects profitability, cost-benefit dynamics, and yield per-
formance at the household level. Such evidence would
be valuable for informing policy decisions and guiding
stakeholders in promoting sustainable and economically
viable coffee production.

REFERENCES

Alela, B., Enos, K., Chune Midamba, D., Mugonola, B.
(2024). Determinants of adoption of integrated soil fer-
tility management practices among coffee producers in
Mid — Northern Uganda. SSRN. Retrieved from: https://
papers.ssrn.com/sol3/papers.cfm?abstract id=4756715

Amado, Z., Assefa, E. (2024). Status of implemented tradi-
tional and improved soil conservation practices in selected
districts of Sidama, Gedio and Halaba Zones. Int. J. Res.
Env. Sci., 10(1), 14-27. https://doi.org/10.20431/2454-
9444.1001002

Balula, N. S., Ngaiza, H. M. (2024). Gender intra-house-
hold dynamics comparison of paddy profitability due to
the adoption of improved agriculture technology. Asian
J. Agric. Exten. Econ. Soc., 42(3), 16-24. https://doi.
org/10.9734/ajaees/2024/v42132373

Bilen, C., EI Chami, D., Mereu, V., Trabucco, A., Marras, S.,
Spano, D. (2022). A Systematic review on the impacts of
climate change on coffee agrosystems. Plants, 12(1), 102.
https://doi.org/10.3390/plants12010102

Chekol, F., Giera, M., Alemu, B., Dessie, M., ..., Ewuinetu,
Y. (2023). Rural households’ behaviour towards modern
energy technology adoption choices in East Gojjam Zone
of Ethiopia: A multivariate probit regression analysis. Co-
gent Eng., 10(1), 2178107. https://doi.org/10.1080/23311
916.2023.2178107

Cochran, W.G. (1977). Sampling techniques. John Wiley & Sons.

Diro, S., Erko, B. (2019). Impacts of adoption of improved
coffee varieties on farmers’ coffee yield and income in
Jimma Zone. Agric. Res. Technol.: Open Access J., 21(4).
https://doi.org/10.19080/ARTOAJ.2019.21.556169

Diro, S., Tesfaye, A., Erko, B. (2022). Determinants of
adoption of climate-smart agricultural technologies and
practices in the coffee-based farming system of Ethio-
pia. Agric. Food Sec., 11(1), 42. https://doi.org/10.1186/
$40066-022-00385-2

Dissanayake, C.A.K., Jayathilake, W., Wickramasuriya,
H.V.A., Dissanayake, U., Wasala, WM.C.B. (2022).
A review on factors affecting technology adoption in ag-
ricultural sector. J. Agric. Sci. Sri Lanka, 17(2), 280-296.
https://doi.org/10.4038/jas.v17i2.9743

www.jard.edu.pl

Fikirie, K. (2021). Determinants of adoption of soil and wa-
ter conservation technologies in coffee-growing areas of
Ethiopia. Int. J. Food Sci. Agric., 5(1), 189-198. https://
doi.org/10.26855/ijfsa.2021.03.025

Greene, W.H. (2003). Econometric analysis (5th ed). Prentice
Hall.

Hailemariam, A., Kalsi, J., Mavisakalyan, A. (2024). Gender
gaps in the adoption of climate-smart agricultural prac-
tices: Evidence from sub-Saharan Africa. J. Agric. Econ.,
75, 764-793. https://doi.org/10.1111/1477-9552.12583

ICO (International Coffee Organization) (2019). Country cof-
fee profile: Kenya. International Coffee Council 124-7.
Retrieved from: https://www.ico.org/documents/cy2018-
19/icc-124-Te-profile-kenya.pdf

ICO (2022). Report the Future of Coffee: Investing in youth
for a resilient andsustainable coffee sector. International
Coffee Organisation.

Jawo, T.O., Kyereh, D., Lojka, B. (2023). The impact of cli-
mate change on coffee production of small farmers and
their adaptation strategies: A review. Clim. Dev., 15(2),
93-109. https://doi.org/10.1080/17565529.2022.2057906

Jha, S., Kaechele, H., Lana, M., Amjath-Babu, T. S., Sieber,
S. (2020). Exploring farmers’ perceptions of agricultural
technologies: A case study from Tanzania. Sustainability,
12(3), 998. https://doi.org/10.3390/su12030998

Jia, R., Shuai, Z., Guo, T., Lu, Q., He, X., Hua, C. (2024).
Impact of participation in collective action on farmers’ de-
cisions and waiting time to adopt soil and water conserva-
tion measures. Int. J. Clim. Change Strat. Manag., 16(2),
201-227. https://doi.org/10.1108/1IJCCSM-02-2023-0027

Kaba, M., Emana, B. (2024). Factors affecting smallholder
farmers’ adoption of soybean production technologies in
Kondala district Oromia Western Ethiopia. South Asian
Res. J. Agric. Fish., 6(01), 1-9. https://doi.org/10.36346/
sarjaf.2024.v06i01.001

Kinyangi, A. A. (2014). Factors influencing the adoption of
agricultural technology among smallholder farmers in
Kakamega north sub-county, Kenya [A research project
submitted in partial fulfillment of the requirements for the
award of the degree of master of arts in Project Planning
and Management of The University of Nairobi]. Univer-
sity of Nairobi.

Kiwelu, L., Damas, P., Mpenda, Z. (2021). Factors influenc-
ing adoption of improved coffee varieties among small-
holder farmers in Mbinga and Mbozi districts. Int. J. Ag-
ric. Econ., 6(1), 21-32. https://doi.org/doi: 10.11648/].
ijae.20210601

Koss Jean, E. (2024). ‘Coffee Depends on Women’: The Gen-
dered Coffee Paradox of Kenya’s Coffee Industry [A the-
sis submitted to Saint Mary’s University, Halifax, Nova
Scotia in partial fulfillment of the requirements for the

437


http://dx.doi.org/10.17306/J.JARD.2025.4.00031R1
http://dx.doi.org/10.17306/J.JARD.2025.4.00031R1

Kiwelu, L.K., Njau, L.S. (2025). Climate smart agriculture practices adoption among smallholder coffee farmers: insights from
agricultural cooperatives in Southern Highlands, Tanzania. J. Agribus. Rural. Dev., 4(78), 427—439. http://dx.doi.org/10.17306/J.

JARD.2025.4.00031R1
®

degree of doctor of philosophy in Global Development
Studies]. Saint Mary’s University, Halifax, Nova Scotia.

Kurgat, B.K., Lamanna, C., Kimaro, A., Namoi, N., Manda,
L., Rosenstock, T.S. (2020). Adoption of climate-smart
agriculture technologies in Tanzania. Front. Sustain. Food
Syst., 4, 55. https://doi.org/10.3389/fsufs.2020.00055

Magina, F. (2011). A review of coffee pest management in
Tanzania (2" Ed.). Tanzania Coffee Research Institute.

Maro, G. (2014). Economic optimization of nutrient ap-
plication to coffee in Northern Tanzania using SAFER-
NAC. Int. J. Plant Soil Sci., 3(9), 1096—1111. https://doi.
org/10.9734/1JPSS/2014/8361

Matata, P.Z., Ajay, O.C., Oduol, P.A., Agumya, A. (2010).
Socio-economic factors influencing adoption of improved
fallow practices among smallholder farmers in Western
Tanzania. Afr. J. Agric. Res., 5(8), 818-823. https://doi.
org/10.5897/AJAR09.185

Mbunduki, R. (2024). In-depth assessment of key factors af-
fecting coffee production in Tanzania. Int. J. Agric. Econ.,
9(2), 97-109. https://doi.org/10.11648/].ijae.20240902.16

Mhando, D. G., Mdoe, N. (2018). Why do smallholder famers
in four Tanzanian districts continue with coffee production
despite fluctuating prices? J. Agric. Life Sci., 5(2). https://
doi.org/10.30845/jals.v5n2p3

Moshi, A., Hella, J., Isinika, A. (2016). Climate Variability
and Farm Technology Adoption Decisions among Small-
holder Farmers in Pangani River Basin.

Mponela, P., Manda, J., Kinyua, M., Kihara, J. (2023). Par-
ticipatory Action Research, Social Networks, and Gen-
der Influence Soil Fertility Management in Tanzania.
Syst. Pract. Action Res., 36(1), 141-163. https://doi.
org/10.1007/s11213-022-09601-3

Msangi, H.A., Waized, B., Ndyetabula, D.W., Manyong,
V.M. (2024). Promoting youth engagement in agriculture
through land titling programs: Evidence from Tanzania.
Heliyon, 10(7), €29074. https://doi.org/10.1016/j.heli-
yon.2024.e29074

Mutuku, M.M., Nguluu, S., Akuja, T., Lutta, M., Pelletier, B.
(2017). Factors that influence adoption of integrated soil fer-
tility and water management practices by smallholder farm-
ers in the Semi-Arid areas of Eastern Kenya. Trop. Subtrop.
Agroecosys., 20(1). https://doi.org/10.56369/tsaes.2270

Mwakalobo, A. (2005). Assessing Agricultural Productivity
among Smallholder Coffee Farmers in Tanzania: Evidence
from Rungwe District. JCEE, 2(1), 11.

Nchanji, E., Acheampong, P., Ngoh, S.B., Nyamolo, V., Cos-
mas, L. (2024). Comparative analysis of youth transition
in bean production systems in Ghana and Cameroon. Hu-
man. Soc. Sci. Comm., 11(1), 154. https://doi.org/10.1057/
$41599-024-02620-6

438

Ndauka, F., Matotola, S. (2023). The role of technology
adopted by Agricultural Marketing Cooperative Society
(AMCOS) on performance of grapevine farmers in Tanza-
nia. Cogent Bus. Manag., 10(2), 2226420. https://doi.org/
10.1080/23311975.2023.2226420

Njau, L. (2023). Women microfinance services uptake and pa-
triarchal setbacks: Lessons from Kalali Savings and Credit
Cooperative Society in Hai District, Tanzania. J. Stud.
Soc. Sci. Human., 9(1), 1-17.

Njau, L., Kumburu, N. (2024). Global climate change and
free market economy: Double exposure influence on co-
operatives in Tanzania: Hopes and fears. In: S. Eslamian,
M.B. Huda, N.A. Rather, F. Eslamian (Eds.), Handbook of
climate change impacts on river basin management (pp.
121-137). Taylor & Francis.

Njau, L., Matto, G. (2024). Socio-cultural practices and im-
proved cooking stove technology choices among agro-
pastoral communities in Arumeru District, Tanzania. In-
terdiscip. J. Rural Commun. Stud., 6(1), 1-14. https://doi.
org/10.38140/ijrcs-2024.v016.08

Otieno, H., Alwenge, B., Okumu, O. (2019). Coffee produc-
tion challenges and opportunities in Tanzania: The case
study of coffee farmers in Iwindi, Msia and Lwati villages
in Mbeya Region. Asian J. Agric. Hortic. Res., 3(2), 1-14.
https://doi.org/10.9734/ajahr/2019/v3i229993

Pamphil, C.K. (2023). Farmers’ perception towards agricul-
tural technologies and their influence on knowledge seek-
ing behaviour: A case of Farmers Research Network Pro-
ject in Singida District, Tanzania. Int. J. Innov. Sci. Res.
Technol., 8(10), 2132-2140. Retrieved from: https://ijisrt.
com/assets/upload/files/IJISRT230CT1306.pdf

Rahman, S., Chima, C.D. (2015). Determinants of modern
technology adoption in multiple food crops in Nigeria:
A multivariate probit approach. Int. J. Agric. Manag., 4(3).
https://doi.org/10.22004/ag.econ.262367

Rogers, E.M. (1995). Diffusion of innovations (4" ed). Free
Press.

Sanga, A., Mahonge, C. (2013). Socio-economic factors influ-
encing the adoption of integrated pest management tech-
nologies for common bean at household level in Mbeya
district Tanzania. Int. J. Physic. Soc. Sci., 4(4), 1-19.

Sanginga, N.L., Woomer, P. (2009). Integrated soil fertility
management in Africa: Principles, practices and develop-
ment process. Tropical Soil Biology and Fertility Institute
of the International Centre for Tropical Agriculture.

Sanger, C. (2018). United Nations Conference on Trade and
Development: State of the global coffee market. In: 10th
Multi-year expert meeting on commodities and Develop-
ment (p. 36). Geneva: ICO. Retrieved from https://unctad.
org/meetings/en/Presentations/MYEM2018_Christoph%
20Saenger 25042018.pdf

www.jard.edu.pl


http://dx.doi.org/10.17306/J.JARD.2025.4.00031R1
http://dx.doi.org/10.17306/J.JARD.2025.4.00031R1
https://www.routledge.com/search?author=Mir Bintul Huda
https://www.routledge.com/search?author=Nasir Ahmad Rather
https://www.routledge.com/search?author=Faezeh Eslamian
https://doi.org/10.38140/ijrcs-2024.vol6.08
https://doi.org/10.38140/ijrcs-2024.vol6.08
https://doi.org/10.9734/ajahr/2019/v3i229993
https://ijisrt.com/assets/upload/files/IJISRT23OCT1306.pdf
https://ijisrt.com/assets/upload/files/IJISRT23OCT1306.pdf
https://doi.org/10.22004/ag.econ.262367
https://unctad.org/meetings/en/Presentations/MYEM2018_Christoph%20Saenger_25042018.pdf
https://unctad.org/meetings/en/Presentations/MYEM2018_Christoph%20Saenger_25042018.pdf
https://unctad.org/meetings/en/Presentations/MYEM2018_Christoph%20Saenger_25042018.pdf

Kiwelu, L.K., Njau, L.S. (2025). Climate smart agriculture practices adoption among smallholder coffee farmers: insights from
agricultural cooperatives in Southern Highlands, Tanzania. J. Agribus. Rural. Dev., 4(78), 427—439. http://dx.doi.org/10.17306/J.

JARD.2025.4.00031R1

Shirima, V. (2022). Critical success factors for the better per-
formance of agricultural marketing co-operative socie-
ties in Rombo District, Tanzania: Are members aware of
them? Cogent Bus. Manag., 9(1), 2144703. https://doi.org
/10.1080/23311975.2022.2144703

Sigrun Klara, W. (2020). The potential of shade trees to im-
prove microclimate in coffee production systems and
contribute to the protection of coffee yield and quality
in a changing climate [A thesis submitted in partial ful-
filment of the requirements of Manchester Metropolitan
University for the degree of Doctor of Philosophy]. Man-
chester Metropolitan University.

Urgessa Waktola, T., Fekadu, K. (2021). Adoption of Coffee
Shade Agroforestry Technology and Shade Tree Manage-
ment in Gobu Seyo District, East Wollega, Oromia. Adv.
Agric., 1-13. https://doi.org/10.1155/2021/8574214

URT (United Republic of Tanzaina) (2012). National climate
change strategy. Dar es Salaam: Vice President’s Of-
fice, Division of Environment. Retrieved from: https://
climate-laws.org/documents/national-climate-change-
strategy_ad81?id=national-climate-change-strategy-
2021-2026_50bb

www.jard.edu.pl

URT (2014). Tanzania Agriculture Climate Resilience
Plan. Ministry of Agriculture Food Security and Coop-
eratives (MAFC). Retrieved from: https://www.fao.org/
climatechange/42077-07d3¢561d911{22¢7a7d12d0bd-
f123dc0.pdf

URT (2015). Tanzania climate smart agriculture programme
2015-2025. Dar es Salaam: Ministry of Agriculture Food
Security and Cooperatives & Vice President’s Office. Re-
trieved from: https://faolex.fao.org/docs/pdf/tan215306.
pdf

Valérie, P., Asten, P. van, P., Millet, C., Vaast, P., Allinne, C.
(2024). Which diversification trajectories make coffee
farming more sustainable? Curr. Opin. Env. Sustain., 68,
101432. https://doi.org/10.1016/j.cosust.2024.101432

Wienhold, K., Goulao, L.F. (2023). The embedded agroecol-
ogy of coffee agroforestry: A contextualized review of
smallholder farmers’ adoption and resistance. Sustainabil-
ity, 15(8), 6827. https://doi.org/10.3390/sul 5086827

Zella, A.Y., Lunyelele, S.S. (2024). Adaptation strategies of
paddy farmers to build resilience to climate change in ka-
hama district, Tanzania. World J. Adv. Sci. Technol., 5(2),
052-067. https://doi.org/10.53346/wjast.2024.5.2.0022

439


http://dx.doi.org/10.17306/J.JARD.2025.4.00031R1
http://dx.doi.org/10.17306/J.JARD.2025.4.00031R1
https://doi.org/10.1080/23311975.2022.2144703
https://doi.org/10.1080/23311975.2022.2144703
https://doi.org/10.1155/2021/8574214
https://climate-laws.org/documents/national-climate-change-strategy_ad81?id=national-climate-change-strategy-2021-2026_50bb
https://climate-laws.org/documents/national-climate-change-strategy_ad81?id=national-climate-change-strategy-2021-2026_50bb
https://climate-laws.org/documents/national-climate-change-strategy_ad81?id=national-climate-change-strategy-2021-2026_50bb
https://climate-laws.org/documents/national-climate-change-strategy_ad81?id=national-climate-change-strategy-2021-2026_50bb
https://www.fao.org/climatechange/42077-07d3c561d911f22c7a7d12d0bdf123dc0.pdf
https://www.fao.org/climatechange/42077-07d3c561d911f22c7a7d12d0bdf123dc0.pdf
https://www.fao.org/climatechange/42077-07d3c561d911f22c7a7d12d0bdf123dc0.pdf
https://faolex.fao.org/docs/pdf/tan215306.pdf
https://faolex.fao.org/docs/pdf/tan215306.pdf
https://doi.org/10.1016/j.cosust.2024.101432
https://doi.org/10.3390/su15086827
https://doi.org/10.53346/wjast.2024.5.2.0022

