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Abstract

Background To create resilient food systems and agriculture against climate change and variability, farmers are
urged to implement climate-smart agriculture (CSA). Despite its promotion by governments and development agen-
cies, the resource requirements of CSA practices continue to keep smallholder farmers in Ghana from adopting them
at a high rate. This study developed a typology for categorising CSA practices under their dominant resource require-
ments in Ghana's Sudan Savannah agroecological zone.

Methods We use data collected from 350 smallholder farmers in seven communities of the North East and Upper
East Regions of Ghana to achieve the main aim of the study. We categorised 12 CSA practices under three main
resource requirements, i.e,, labour, land and finance to develop our CSA typologies. We further employed the multi-
variate probit and the multivariate ordered probit models to examine the factors that influence the adoption decision
of smallholder farmers within each CSA typology.

Results Our results show the three typological categories of CSA practices as: (1) land-intensive practices, (2) labour-
intensive practices, and (3) finance-intensive practices. We find that institutional factors such as access to exten-

sion services, land tenure security, access to input markets and climatic shocks influence the likelihood and extent

of adoption of the various resource-based typologies of CSA practices with gender disparities. Our estimation

showed that while gender played no role in the adoption of both land- and labour-intensive practices, it was a major
determinant in the adoption of finance-intensive practices with female farmers being less likely to adopt finance-
intensive CSA practices. We again find that behavioural factors, particularly subjective norms which measures

the effect of social pressure on adoption behaviour reduced the likelihood of adopting finance-intensive practices
among males. Finally, the district fixed effects in our estimation shows that farmers in the more urbanised districts had
a higher likelihood of adoption than those in the more rural districts.

Conclusion While different CSA practices have different resource requirements, farmers are willing to adopt multiple
practices to maximize their synergistic effect. Policymakers must ensure access to farm inputs and extension services,
and develop secure land tenure regimes that encourage investment in CSA practices by smallholder farmers.
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Introduction
The detrimental effects of climate variability and change

Correspandence: threaten the agro-based livelihoods of millions of people
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risks have an adverse impact on the achievement of
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regional and global targets like the Sustainable Develop-
ment Goals and Africa Agenda 2063 [2]. High levels of
poverty, inadequate institutional and structural frame-
works, and poor uptake of contemporary agricultural
production systems are the contexts in which climate
risks are embedded [3].

A large portion of Ghana’s rural labour force, around
60% of whom work in agriculture, is vulnerable to the
effects of climate change [4, 5]. Climate projections
in Ghana indicate that the country will experience an
increase in extreme weather events such as droughts,
while the temperature is expected to rise by 3.9°C and
rainfall decrease by 18.8% by 2080 across all the agroeco-
logical zones of the country [6]. These projections pose
a threat to the millions of households in Ghana who rely
on agriculture as their major source of income and live-
lihoods. This necessitates the need for adaptation meas-
ures within the agricultural sector of Ghana to build the
resilience of farming households and communities.

Governments and international development organi-
zations continue to promote climate-smart agriculture
(CSA) as a way to mitigate the negative effects of cli-
mate change on agriculture. CSA is defined as consisting
of a set of agricultural practices that aim to sustainably
increase the productivity of agricultural production sys-
tems, build resilience and simultaneously reduce emis-
sions to achieve food security and development goals
[7]. CSA has the aim of achieving its tripartite pillars
of (1) sustainably increasing agricultural productiv-
ity to achieve increased farm income and food security,
(2) building the resilience of agricultural systems to the
effects of climate change and variability and (3) reducing
and/or eliminating the emission of GHGs from agricul-
tural activities where possible [7, 8].

The National Climate-Smart Agriculture and Food
Security Action Plan, which aims to facilitate and opera-
tionalize the integration of climate change into the food
and agriculture sector development plans and programs
of Ghana, has been used by successive governments of
Ghana to promote CSA [9]. Despite these efforts from
the Government of Ghana and its donor partners, CSA
adoption among smallholder farmers in Ghana continues
to be low [10].

The low adoption of CSA practices may be attributed
to the significant investment in land, labour and financial
capital required by smallholders in dryland farming sys-
tems in developing countries [8, 11, 12]. Lack of access
to land, labour, or finance hinders the adoption of CSA
practices when these resources are needed in greater
quantities [11]. Again, there are gender differentials in
the adoption of CSA practices, which may be attributable
to the gender-specific constraints smallholder farmers
face in sub-Saharan Africa [13—16].There is a plethora of
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studies on CSA adoption in SSA [17-19] and in Ghana
[10, 20-22], however, these studies do not provide a clear
conceptual understanding of farmers’ adoption process
[23]. Although broader frameworks for the characterisa-
tion and analysis of CSA exist [7, 24], they do not explain
the adoption of CSA practices under different resource
requirements [12, 25]. Indeed, there are limited stud-
ies that have examined the adoption of CSA practices
among smallholder farmers in rural Ghana, particu-
larly in the context of resource requirements. This paper
addresses this gap by adapting the typologies of [12] and
[25] to categorise CSA practices based on the required
resources for their adoption. We also analyse the adop-
tion of CSA practices by smallholder farmers in Ghana’s
Sudan Savannah agro-ecological zone along gender lines
to identify resource constraints specific to gender that
prevent smallholder farmers from adopting CSA prac-
tices. In doing so, we sought to answer two important
questions; first, what factors influence the joint adoption
of CSA practices based on their resource requirements?,
and second, what factors influence the extent of adoption
within each resource-based typology of CSA practices?

The rest of the paper is organized as follows: section
two contains the methods used for the study; and section
three presents the results while section four discusses the
results of the study. The study’s conclusions and policy
implications are presented in section five.

Methods

Study area and sampling procedure

Three districts in Northern Ghana were chosen for the
study: West Mamprusi Municipality in the North East
Region, Bongo District and Bolgatanga Municipality in
the Upper East Region (Fig. 1). These districts are located
in the Sudan Savannah agro-ecological zone, which has
a unimodal rainfall pattern that occurs from May/June
to September/October every year. The North East and
Upper East Regions were specifically chosen due to their
heightened susceptibility to climatic events like floods,
droughts, and variations in the mean temperature. The
three local assemblies were selected because of their
vulnerability to climate change and high dependence on
rain-fed agriculture [26, 27].

Ultimately, the study respondents came from seven
communities that raised livestock and farmed crops, as
recommended by district agricultural extension offic-
ers. These communities were Ayelbia, Sinabisi, and Feo-
Asabere from the Bongo District; Sagadugu and Minima
from the West Mamprusi Municipality, and Yikene and
Zaare from the Bolgatanga Municipality. A total of 350
smallholder farmers from these 7 study communities
were surveyed for the study. The required sample size
for the three districts was based on size proportion [28].
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With a combined population of about 450,000, the sam-
ple size determination table proposed by [28] suggested
a sample size of about 384, however, we achieved data
saturation with the 350th farmer. This was because we
observed that additional data no longer provided new
insights as responses begun to become repetitive and
that going beyond 350 farmers would not add any signifi-
cant value to the study.

Data collection

A cursory look at the literature on CSA adoption par-
ticularly among smallholder farmers in Ghana revealed
that farmers’ adoption of CSA practices being pro-
moted by government agencies was dependent on the
availability of resources required for the full adoption of
such practices [11]. It was observed that different CSA
practices required different levels of resources for their
full and successful implementation. Some categories of
CSA practices required farmers to expand their current
farm sizes, i.e., CSA practices that required more land.
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Other CSA practices required farmers to have access to
additional farm labour for successful implementation
while others required farmers to have additional finan-
cial resources to enjoy their full complements. With
this in mind, further interviews were carried out using
a detailed structured questionnaire. The questionnaire
contained questions on the socio-demographic charac-
teristics of farmers, farm characteristics, institutional
factors, the experience of climatic shocks, behavioural
measures and the adoption of several CSA practices.
The questionnaire was developed for a larger project
and has been published along with the study [21]. On
average, each interview lasted about 50 min. The ques-
tionnaires were administered using the CSPro soft-
ware. The survey was conducted between August and
September of 2021 using locally trained enumerators.
The interviews were conducted in the Gurne and Mum-
prusi dialects which are the local language in these
study communities. The responses were however trans-
lated and recorded in the English language. To ensure
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validity and reliability of the questionnaire used, a draft
of the questionnaire was pre-tested on some farmers
around the Kwame Nkrumah University of Science and
Technology community to identify issues relating to
inconsistent and unclear questions. Issues raised dur-
ing the pre-test were used to revise the questionnaire
to increase its validity and reliability. Additionally, the
drafted questionnaire was circulated to experts of dif-
ferent backgrounds who contributed to the study [21]
and rated the questionnaire fit for data collection.

Typology of CSA practices in the study area

Twelve CSA practices used by farmers in the study
communities were categorised under three main
resource requirement categories (Table 1). These are;
(1) land use i.e., CSA practices that require the use of
more land for successful implementation; (2) labour
i.e., CSA practices that are labour-intensive and require
the farmer to engage more labour to adequately imple-
ment and; (3) finance i.e., CSA practices that are
finance-intensive and would require the farmer to seek
extra funds to fully adopt and implement on his/her
farm. We acknowledge that our study faces the limita-
tion of distinctively assigning each CSA practice into a
category because of the likelihood of multiple require-
ments, we address this challenge by assigning each CSA
practice to the most essential resource without which
the adoption of that practice is impossible.

Table 1 Categorisation of CSA practices based on main resource
requirement

S/N CSA practices Resource requirements References
Land Labour Finance

1 Water harvesting v [29]

2 Drip irrigation v [30]

3 Cover cropping v [31,32]

4 Earth bunding v [33]

5  Zero/minimum tillage v [12,34,35]

6  Tillage by bullock v [36]

7 Composting v [37]

8  Crop rotation v [38]

9 Crop-livestock integra- v [39, 40]
tion

10  Agroforestry v [12,41,42]

11 No burning of crop v [43]
residues

12 Drought-tolerant crop v [44, 45]
varieties

Source: Authors’ construction
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Theoretical framework and estimation techniques
Theoretical framework

The random utility theory forms the basis of our con-
ceptualisation of farmers’ decision to adopt CSA prac-
tices. Based on the assumptions of this theory, a farmer
will adopt a CSA practice if the utility of adoption (U%)
surpasses the utility of non-adoption (UY). Although
the utility of adoption is unobservable, the adoption
decision (A*) can be observed and this is expressed as a
binary variable in Eq. (1)

A*=1ifU* > UN > 0; and A* = 0if UN > U* > 0
(1)
A CSA adopter in this case is any farmer who imple-
ments at least one CSA practice from any of the CSA
typologies on their farms yearly. From Eq. (1), the
adoption decision of a farmer is expressed as a latent
variable in Eq. 2:

A}kzﬂZM— g,;forA:lifA}k >0 2)

where A7 represents CSA adoption. Z; represents a vec-
tor of the factors influencing CSA adoption, 3 represents
a vector of coeflicients to be predicted and ¢; is a nor-
mally distributed error term.

It is acknowledged that farmers adopt a mix of CSA
practices to address the numerous production con-
straints they face and as such, their adoption decision
is inherently multivariate. To overcome this challenge,
we adopted the multivariate probit model which allows
for the simultaneous modelling of a set of independent
variables on each CSA practice adopted. Any effort to
model such adoption in a univariate manner will elimi-
nate relevant economic data about interdependent and
concurrent adoption decisions [46]. The economet-
ric specification for this study comes in two parts: (1),
farmers’ choice of interrelated resource-based CSA
typologies was modelled using a multivariate pro-
bit (MVP); (2) a multivariate ordered probit (MVOP)
model was used to assess the factors that influence
the intensity of combinations of interrelated resource-
based CSA typologies.

Multivariate probit model

A multivariate probit model was employed to analyse
the factors that influenced farmers’ decision to adopt
different typologies of CSA practices. The MVP was
deemed appropriate because farmers could adopt mul-
tiple CSA categories since the choice of CSA practices
was not mutually exclusive (i.e., a farmer can simulta-
neously choose multiple CSA practices belonging to
different resource-based categories) [19]. This model
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was preferred to other econometric models because of
its robustness in establishing the correlation between
unobserved disturbances, which may arise from the
complementarities and substitutabilities between the
different typologies of CSA practices [47].

Given a set of categories of CSA practices, say, (j=K,
L, F), CSA practices that fall under K are land-intensive,
L are labour-intensive while F are finance-intensive.
With this, a farmer is faced with the decision on the mix
of categories to adopt. Adopting the j category of CSA
practices is hypothesised to be determined by farmer and
farm characteristics, as well as climate shocks and insti-
tutional factors.

Following [25] the selection of a category of CSA prac-
tices j by farmer k is defined as y;. The choice of farmer k
to adopt category j (y;=1) or not (y;=0) is given by:

) 0 lf le< = Xjkﬁ + Ejk < 0, Xjk'B < 8k

where f represent parameter estimates and gjk represents
the error terms which are normally distributed, y; is the
dependent variable representing iand — intensive CSA practices;»
labour — intensive CSA practicesy, and finance — intensive CSA practices,
which are dichotomous variables that assume a value
of 1 when farmer k chooses CSA practices that are
land-intensive, labour-intensive and finance-intensive
respectively. xgj is the combined effect of the explanatory
variables.

The MVP produces a set of error terms which jointly
follow a multivariate normal distribution (MVN) char-
acterised as (e, €L, €r) ® MVN (0, Q). Additionally, the
MVP provides a symmetric covariance matrix Q (nxn
correlation matrix) which is defined as:

1 pKL pKF
1

The non-zero off-diagonal elements in the covariance
matrix represent the unobserved correlation between
the stochastic components of the different CSA typolo-
gies. Positive and negative correlation coefficients from
the resulting correlation coefficients indicate the com-
plementarity and substitutability associations among the
various typologies of CSA.

Multivariate ordered probit model

From the theoretical framework and the MVP model
specified in Eq. (3), it is conceptualised that a farmer’s
decision to adopt one or more practices within any typol-
ogy of CSA is premised on the farmer’s comparison of
the net benefit of adopting and not adopting new prac-
tices within a given typology. A farmer will only choose

Page 5 of 18

to adopt additional practices within a given CSA typol-
ogy if the benefit outweighs the benefit of not adopting.
Farmers will tend to adopt more practices within a given
CSA typology if greater benefits were derived from previ-
ously adopting a practice within that typology. However,
the MVP model is incapable of capturing the extent of
adoption within the various typology of CSA practices,
additionally, the univariate ordered probit model which
is used to estimate adoption intensity becomes obsolete
in our case since we are dealing with ordered categorical
and interrelated dependent variables.

The MVOP model is an extension of the univariate
ordered probit model [48]. In this modelling framework,
we assume the presence of an underlying set of mul-
tivariate continuous latent variables whose horizontal
partitioning maps into an observed set of ordered out-
comes (in this study, that is the intensity of adoption of
CSA practices within each resource-based typology)
[48]. Such a system of ordered response permits the use
of a general covariance matrix for the underlying latent
variables, which then translates into a flexible correlation
pattern between the observed outcomes. We adopted
the composite marginal likelihood approach to estimate
our multivariate ordered response model because this
approach produces consistent and unbiased estimates
using a simple estimation technique and requires no sim-
ulation machinery [49].

By way of formulation, let g represent an index for
farmers (g=1, 2, ..., G), and let i represent the index for
CSA category variables (i=1, 2, 3). Let the number of
response values for CSA category variable i be K;. In the
typically ordered response framework notation, the latent
propensity ( y;i) for each CSA category is given as a func-
tion of the relevant covariates and related to the observed
ordered outcome (ygi) through threshold bounds [50]:

¥ Bl , _ e pk—1 * k

Vi = Bixgi + Egi, Yoi = k if 67" < Vi < 0; (5)
where, xg; is an (L X 1) vector of exogenous vari-
ables (without a constant), B’ is a corresponding (L
X 1) vector of estimated coefficients, ggi is a standard
normal error term and Ol.k is the upper bound thresh-
old for the ordered response level k of CSA category i
(61.0<9i1<0i2<-~~<9i1<’;0?:—oo,9i1<i:+oo for
each category of 7).

The threshold bounds describe a range of the under-
lying latent continuous variable that matches each
observed discrete outcome. We assume all the error
terms are independent and identical for each and all
i. The variance of each error term was normalised to
one for identification purposes, however, the model
allows the error terms to correlate across CSA catego-
ries i for each farmer g. If s,= (gg1,8¢2 ... &41)/, then &,
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is multivariate normally distributed (N) with a mean of
zeros and a correlation matrix X as presented below:

gg ~ N[0, X] (6)

The off-diagonal terms X capture the effects of com-
mon unobserved factors that impact the propensity
of ordered response levels for each CSA category. The
parameter vector of the multivariate ordered probit
model is given as

3= (B B0y ...0; Q) @)

Let m,; represent the actual observed ordered response
level for farmer g and CSA category i. The ensuing likeli-
hood function (L) for farmer g will be written as:

Le(3) = Pr (Vg1 = Myg1, ... Vg = Mygp) (8)

In other words

Mg —, /7(
tg1—F1%1
0,

o= e el dy
J =6, —Blag vi=0, % —Bjxg

)
Where Pr is probability and ¢y is a probability density
function of an /-dimension multivariate normal distri-
bution. The likelihood function stated in Eq. (9) neces-
sitates the computation of an /-dimensional rectangular
integral which may pose problems for a large sample size
of 350. To overcome this challenge, we employed the
pairwise marginal likelihood estimation approach which
corresponds to a composite marginal approach based on
bivariate margins [49]. The pairwise marginal likelihood
function (L) for farmer g was then written as:

gy —fB,
el —Prrel
Oy

I-1 !
Lepmrg(8) = Hi:l 'thiﬂ Pr(yg = mygi, Yon = Mgh)

(10)
Where CML is the composite marginal likelihood. The
pairwise likelihood function as given is easily maximised
with the same effort as the usual bivariate ordered probit
model. The pairwise estimator obtained by maximising
the logarithm of Eq. (10) with respect to the vector § is
consistent and asymptotically normally distributed. The
definitions of the various variables used in the estimation

of the models are presented in Table 2.

Results

Descriptive results

Table 3 presents the descriptive statistics of the vari-
ables used in this study disaggregated by the sex of the
farmer and the adoption status within each of the three
CSA typologies. Column (5) presents the mean differ-
ences between the male and female samples. Columns
(8), (11) and (14) present the mean differences between
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the characteristics of adopters and non-adopters of
land-intensive, labour-intensive and finance-intensive
respectively. The results of the t-test revealed no signifi-
cant gender differences in the adoption rate of the dif-
ferent CSA typologies. However, Fig. 2 shows that the
adoption of finance-intensive CSA practices was rela-
tively higher among male famers than female farmers.
Male farmers were significantly more educated and with
a significantly higher proportion having more assets
(proxied by ownership of television sets) than their
female counterparts. Male farmers also had significantly
larger farm sizes and had more access to extension ser-
vices than female farmers. This conforms to that of [52]
who also indicated that male farmers tend to have more
extension contact than their female counterparts. Sig-
nificantly more female farmers had access to credit and
are significantly older than their male counterparts. We
find significantly more females having membership of
farmer-based groups than male farmers. We also find
that adopters within each of the three CSA typologies
have significantly more access to the input market and
extension services than the non-adopters.

We further interrogate the adoption rates within each
CSA resource-based typology graphically to present a
visual understanding of the rate of adoption (Fig. 2).
We find that adoption was highest among the labour-
intensive CSA practices. We find that about 80% of
farmers adopted at least one labour-intensive CSA
practice on their farms. Adoption of land-intensive
CSA practices was also high with about 73% of farm-
ers reporting to have adopted at least one land-inten-
sive CSA practice on their farms. Adoption was lowest
in the finance-intensive CSA practices where about
55% of farmers indicated that they adopted at least one
finance-intensive CSA practice. While the adoption of
at least one CSA practice seem to show an appreciable
level of adoption, an examination of the extent of adop-
tion reveals a different trend. The extent of adoption
was highest within the labour-intensive CSA typology
where about 23% of farmers indicated that they adopted
all four labour-intensive CSA practices compared to
about 3% and less than 1% of farmers for land-intensive
and finance-intensive CSA typologies respectively. This
implies that farmers in the study communities adopted
CSA practices that required more labour but were ada-
mant to adopt finance-intensive and land-intensive
CSA practices.

Multivariate probit model results: adoption of CSA
typologies

Table 4 shows the error correlation matrix of the mul-
tivariate probit model of farmers based on their choice
of CSA practices concerning resource requirement.
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Variable

Description and measurement

Unit of measurement

Outcome/dependent variables

Binary measure of adoption [used in the MVP model]

Land intensive

Labour intensive

Finance intensive

Adoption of at least one land-intensive CSA on a farm=1 if yes; 0
otherwise

Adoption of at least one labour-intensive CSA on farm =1 if yes; 0
otherwise

Adoption of at least one finance-intensive CSA on the farm=1 if yes;
0 otherwise

Dummy

Dummy

Dummy

Ordinal measure of adoption [counts the number of CSA practices within a resource-based typology adopted by a farmer - used in the MVOP]

Land intensive (intensity)

Labour intensive (intensity)

Finance intensive (intensity)

Household characteristics
Sex
Household size
Age

Education level

Marital status

Source of income

OwnsaTV

Farm characteristics
Farm size
House-to-farm distance
Farming experience

Institutional factors

Land tenure security

Access to credit

Access to input market

Access to extension

Member of FBO

Behavioural factors®
Subjective norms

Perceived behaviour control

Climate shocks

Experienced flood

Experience drought

Location fixed effects

Number of land-intensive CSAs adopted simultaneously by farmer;
ranges from 0 to 4

Number of labour-intensive CSAs adopted simultaneously by farmer;
ranges from 0 to 4

Number of finance-intensive CSAs adopted simultaneously by farmer;
ranges from 0 to 4

Sex of the farmer=1 if farmer is female; 0 otherwise
Number of people in the household including the farmer
Age of the farmer in years

Level of education of the farmer=0 if none; 1 if primary; 2 if secondary
and above

Marital status of the farmer=0 if unmarried; 1 if married; 2 if widowed

Main income source of farmer=1 if on-farm income; 0 if off-farm
income

Ownership of television by the farmer=1 if owns a television; 0
otherwise

Total combined farm size under cultivation in acres
Total distance from the home of a farmer to his/her farm in kilometres

Number of years engaged as a farmer

Farmer’s perceived security of land tenure rights =1 if secured; 0
otherwise

Does the farmer have access to credit for farm operations=1 if yes; 0
otherwise

Does the farmer have ready access to farm input market=1 if yes; 0
otherwise

Did the farmer have access to extension services in past year=1 if yes;
0 otherwise

Does the farmer belong to any farmer-based organization=1 if yes; 0
otherwise

The extent of perceived social influence on farmers adoption decision

The extent of perceived easiness or difficulty in implementing CSA
on farmland

Has the farmer ever experienced flooding on farm=1 if yes; 0 other-
wise

Has the farmer ever experienced drought on farm =1 if yes; 0 other-
wise

District of resident of the farmer=0 if Bongo; 1 if Mamprusi; 2 if Bol-
gatanga

Ordinal

Ordinal

Ordinal

Dummy
Continuous
Continuous

Categorical

Categorical

Dummy

Dummy

Continuous
Continuous

Continuous

Dummy

Dummy

Dummy

Dummy

Dummy

Continuous

Continuous

Dummy

Dummy

Categorical

@ Behavioural factors were derived based on the theory of planned behaviour [51] which argues that economic incentives are not the sole motivation for the actions
(adoption of CSA in this case) of individuals (i.e., farmers) but that socio-psychological factors also influence the actions of individuals. The two variables included in
this study measures the role of such socio-psychological factors. Specifically, subjective norm measures the perceived social influence from internal and/or external
sources while perceived behaviour control measures the perceived easiness or difficulty in carrying out a behaviour
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Fig. 2 Adoption percentages within the various CSA typologies

The positive correlation coefficient between the error
terms of the set of CSA typologies suggests that farm-
ers use them to complement one another but not as sub-
stitutes. We found a positive relationship between each
pair of CSA typology indicating that farmers use a mix
of labour-intensive, land-intensive and finance-intensive
CSA practices on their farmlands. This implies that the
mix of these CSA practices may depend on the resource
that is most available to the farmer.

Table 5 presents the result of the MVP model (Eq. 3).
The Log-likelihood values of —435.177, —156.627 and
—225.595, and the Wald chi-square value of 202.530
(p<0.01), 168.100 (p<0.01) and 172.040 (p <0.01) for the
pooled, male and female regressions respectively indicate
good model fit, implying that the independent variables
significantly explain the predicted variables.

Land-intensive CSA practices

Columns (1), (2) and (3) of Table 5 present the factors
that influence farmers’ adoption of land-intensive CSA
practices based on the pooled, male and female samples,

Table 4 Correlation matrix of error terms after MVP model
estimation

Land-intensive Labour-intensive Finance-

intensive
Land-intensive 1 0.693%** 0.694%**
Labour-intensive 1 0.695***

Finance-intensive 1

land intensity=1

finance intensity=0

land intensity=0

o

10

N
o

30 40 50 60

respectively. We find that farmers with primary educa-
tion were about 42% more willing to adopt land-intensive
CSA practices than uneducated farmers. The marital
status of farmers plays a significant role in their adop-
tion of land-intensive CSA practices. Married farmers
were about 58% more likely, while widowed farmers were
about 92% less likely to adopt land-intensive CSA prac-
tices compared to unmarried farmers.

We further observe that farmers whose main source
of income is from on-farm activities are about 49% more
likely to adopt land-intensive CSA practices compared
to farmers whose main income source is from off-farm
activities. Our results show that farmers who have access
to input market and extension services are about 80% and
81% more likely to adopt land-intensive CSA practices
respectively. Gender-wise, men farmers with access to
input market and extension services are about 96% and
95% likely to adopt land-intensive CSA practices com-
pared to the likelihood of 90% and 72% among women
farmers.

We find that farmers who have experienced drought
in the past are about 52% more likely to adopt land-
intensive CSAs and this is particularly the case among
female farmers. Finally, we observe that farmers who
perceive easiness in the adoption of CSAs are about 20%
more likely to adopt land-intensive CSA practices. This
is particularly common among female farmers than male
farmers.
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Table 5 Determinants of CSA adoption based on resource requirements

Variables (1) (2) (3) (4) (5) (6) (7) (8) 9)
Land intensive CSA Labour intensive CSA Finance intensive CSA
Pooled Male Female Pooled Male Female Pooled Male Female

Household and farm characteristics

Sex 0.201 —0.007 —0.364**
(0.182) 0.177) (0.170)
Household size 0.030 0.032 0.034 -0.012 —-0.032 -0.018 —0.061%* —0.117%*  -0.038
(0.026) (0.044) (0.040) (0.027) (0.045) (0.049) (0.027) (0.043) (0.040)
Age 0.007 —0.0234 0.035 —0.020 0.096 0.036 0.004 -0.016 0.019
(0.032) (0.083) (0.048) (0.177) (0.747) (0.235) (0.033) (0.087) (0.050)
Age squared -0.022 0.123 —0.188 0.131 -0.176 —0.008 —0.000 0.000 —0.000
(0.648) (1.679) (0.982) (0.211) (0.147) (0.284) (0.000) (0.001) (0.001)
Education level (Base =no education)
Primary school 0423%* 0.006 0.751* 0.484* —0.000 1.178%** 0.491%* 0.385 0.760*
(0.192) (0.397) (0.439) (0.267) (0.394) (0.443) (0.225) (0.372) 0417)
Secondary school and above ~ 0.115 -0.425 0.158 0333 —0.006 0.112%**  0.666*** 0.649 0.755%
(0.270) (0.399) (0.469) (0.277) (0.377) (0.044) (0.247) (0.406) (0.454)
Marital status (Base = unmarried)
Married 0.580% 0.845 0.590* 0.331 —0.552 0.800** -0.185 -0.813 0.069
(0.345) (0.890) (0.310) (0.263) (0.998) (0.377) (0.272) (1.631) (0.307)
Widowed -0.918** 1.096 —0.334*** 0.746 0.061 —0.034 0117 —0.904 0313
(0.447) (1.046) (0.061) (0.523) (1.129) (0612) (0.385) (1.653) (0.493)
Source of income 0.486** 0.769* 0.668** 0.449%* —0.061 0.796** 0322 0.450 0.234
(0.226) (0.427) (0.300) (0.227) (0.529) (0.332) (0.223) (0.429) (0.293)
Owns a television 0214 0217 0.128 0.265 0322 0.034 0.021 -0415 0.295
(0.179) 0.311) (0.251) (0.214) (0.326) (0.331) (0.174) (0.306) (0.264)
Farm size -0.010 0.137 -0.173 -0.178*  —0.253 —0.069 0.037 0.049 0.040
(0.097) (0.189) (0.135) (0.101) (0.209) (0.161) (0.028) (0.054) (0.054)
House-to-farm distance 0.002 0.016 0.002 0.126%* 0.207 0.108 0.004* 0.021 0.003
(0.003) (0.016) (0.003) (0.055) (0.145) (0.092) (0.002) (0.019) (0.003)
Farming experience —0.003 0.007 -0.010 —0.009 -0.031* 0.003 —0.006 -0.011 —0.001
(0.009) (0.017) (0.011) (0.009) (0.018) (0.013) (0.009) (0.018) (0.012)
Institutional factors
Land tenure security 0.095 0.367 0.141 0.389% 0.728 0.337 —0.083 —0.305 —0.261
(0.213) (0.408) (0.286) (0.230) (0.444) (0.345) (0.207) (0.406) (0.319)
Access to credit 0.110 0.181 —0.026 0.006 —0.082 —0.087 —0.003 0.342 —0.268
(0.228) (0.464) (0.288) (0.213) (0.4371) (0.305) (0.208) (0.429) (0.260)
Access to input market 0.804%*** 0.958** 0.896*** 0.284 0.702* —0.265 0.573%* 0.594 0.288
0.211) (0.404) (0.279) (0.247) (0.394) (0.344) (0.228) (0.378) (0.318)
Access to extension service 0.812%** 0.945%** 0.716%** 0.149 0.063 0.395 0.805*** 0.812** 0.994***
(0.180) (0.321) (0.266) (0.176) (0.331) (0.300) (0.174) (0.316) (0.266)
Member of FBO 0.203 -0418 0.397 0.122 —0.247 0433* 0.125 —0.489 0.499**
(0.183) (0.335) (0.286) 0.177) (0.366) (0.254) (0.181) (0.339) (0.247)
Behavioral factors
Subjective norms —-0.109 -0.191 —0.088 —0.084 —-0.228 —-0.144 —0.180** —0373**  -0.166
(0.089) (0.142) (0.129) (0.087) (0.162) (0.128) (0.079) (0.143) (0.110)
Perceived behavior control 0.199*% 0171 0.230* 0.046 -0.077 0.183 0.021 —-0.280 0.149

(0.106) (0.200) (0.133) (0.094) (0.209) (0.139) (0.100) (0.193) (0.127)
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Table 5 (continued)
Variables (m (2) (3) 4) (5) (6) 7 (8) 9
Land intensive CSA Labour intensive CSA Finance intensive CSA
Pooled Male Female Pooled Male Female Pooled Male Female
Climate shocks
Experience flooding -0.317 —0.526 —0.254 0.333* 0.020 0.692%**  —0.040 —0.349 -0.514*
(0.193) (0.325) (0.252) (0.187) (0.340) (0.259) (0.190) (0.309) (0.284)
Experienced drought 0.517%%% 0476 0.533%* 0.363** 0.692% —0.065 0.669%** 0.579*% 0.984%**
(0.190) (0.358) (0.269) (0.169) (0.368) (0.254) (0.183) (0.328) (0.274)
District fixed effect (Base =Bongo)
Mamprusi 0331 0392 0.207 -0.239 0018 —0.205 0410*% —0.390 0376
(0.263) (0.452) (0.335) (0.245) (0.485) (0.418) (0.243) (0.476) (0.356)
Bolgatanga 0.263 -0.392 0.037 0.074 —0.245 0445 0.561%* —-0.160 0.577
(0.219) (0.452) (0.341) (0.229) (0.464) (0.353) (0.235) (0.446) (0.352)
Constant —1.048 —2.088 —2.161 -1.760 —1.696 —2.398 -1.136 1.393 —2.292*
(3.574) (9.106) (5.367) (1.552) (2.764) (2.169) (0.856) (2.236) (1.318)
Log likelihood —435.177 -156.627 —225.595
Wald chi-square 202.530 168.100 172.040
Prob > chi-square 0.000 0.000 0.000
Observations 350 152 198
Likelihood ratio test of rho21=rho31=rho32=0: chi-square 119.719%**

Robust standard errors in parentheses
™ p<0.01,** p<0.05,* p<0.1

Labour-intensive CSA practices

Columns (4), (5) and (6) of Table 5 present the estimates
for the factors that influence the adoption of labour-
intensive CSA practices for the pooled, male and female
samples respectively. We observe that farmers with a pri-
mary school level education are about 48% more likely to
adopt labour-intensive CSA praxtices than uneducated
farmers. Further, educated women are more likely to
adopt labour-intensive CSA practices than their unedu-
cated counterparts but this is not the case among male
farmers. Married women and women who viewed agri-
culture as their main source of income were about 80%
more likely to adopt labour-intensive CSA practices.
Farmers with distant farms are estimated to be about
13% more likely to adopt labour-intensive CSA practices
than farmers whose farms are closer to their place of resi-
dence. Farmers with larger farm sizes are however less
likely to adopt labour-intensive CSA practices. Further,
male farmers with more years of experience are about 3%
less likely to adopt labour-intensive CSA practices.

In terms of institutional factors, we observe that farm-
ers with secured land tenure are about 39% more likely to
adopt labour-intensive CSA practices than farmers with
less secured land tenure rights. Male farmers who have
access to the input market are estimated to be 70% more
likely to adopt labour-intensive CSA practices. Female
farmers who belong to farmer-based organisations

are about 43% more likely to adopt labour-intensive
practices.

We observe that female farmers who have ever expe-
rienced flooding are about 69% more likely to adopt
labour-intensive CSA practices than their counterparts
who have never experienced flooding on their farms.
The experience of flooding did not have any effect on the
adoption of labour-intensive CSA practices among men
farmers. On the contrary, male farmers who have expe-
rienced drought were about 69% more likely to adopt
labour-intensive CSA practices than their counterparts
with no such experience. Similarly, the experience of
drought exhibited no significant effect on the likelihood
of adoption among female farmers. We further observe
no district-fixed effects in the adoption of labour-inten-
sive CSA practices.

Finance-intensive CSA practices

Columns (7), (8) and (9) of Table 5 present the estimates
for the factors that influence the adoption of finance-
intensive CSA practices for the pooled, male and female
samples respectively. We find that female farmers are
about 36% less likely to adopt finance-intensive CSA
practices compared to their male counterparts. We fur-
ther observe that farmers with larger household sizes are
about 6% less likely to adopt finance-intensive CSA prac-
tices with the impact being more entrenched in the male
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sample. Again, educated farmers are more likely to adopt
finance-intensive CSA practices than uneducated farm-
ers. The influence of education was more pronounced in
the female sample than in the male sample. We find that
female farmers who had primary education, and those
who had attained secondary schooling and beyond were
about 76% more likely to adopt finance-intensive CSA
practices.

Access to input markets and extension services
increases the likelihood of adopting finance-intensive
CSA practices by about 57% and 81% respectively.
Female farmers who had access to extension services had
a greater likelihood of adoption than their male coun-
terparts. Female farmers who belong to farmer-based
organisations (FBOs) are about 50% more likely to adopt
finance-intensive CSA practices than their counterparts
who do not belong to any FBOs. We find that subjective
norms, which measure the effect of social pressure on
farmers’ adoption behaviour reduce male farmers’ like-
lihood of adopting finance-intensive CSA practices by
about 37%.

Experiencing different forms of climate shock affects
farmers’ adoption of finance-intensive CSA practices in
different ways. Female farmers who reported ever experi-
encing flooding on their farms are about 51% less likely to
adopt finance-intensive CSA practices; however, such an
experience has no significant effect on the likelihood of
adoption among male farmers. The situation is however
different from the experience of droughts. We find that
farmers who reported ever experiencing drought were
about 67% more likely to adopt finance-intensive CSA
practices. The likelihood of adoption was proportionally
higher among female farmers (98%) than among male
farmers (58%). Lastly, we find that farmers in Mamprusi
and Bolgatanga municipalities are more likely to adopt
finance-intensive CSA practices than their counterparts
in the Bongo district.

Multivariate ordered probit results: extent of adoption
within CSA typologies

Table 6 presents the marginal effects'of the MVOP esti-
mation of the extent of adoption within each CSA typol-
ogy. The Log-likelihood value of —1199.05 and Wald
chi-square value of 264.93 (p<0.01) (see Table Al in
Appendices) is an indication of a good model fit and
that our predictors significantly explain variations in the
dependent variables.

! To make it simple and easy to follow the arguments of this study, we only
present the marginal effect of the adoption of three CSA practices within
a typology. The Stata commands and the estimates on the other marginal
effects (i.e., combination of zero, one, two and four CSA practices) are avail-
able upon request.
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Extent of adoption of land-intensive CSA practices

Columns (1), (2) and (3) of Table 6 present the marginal
effects of the extent of adoption within the land-intensive
CSA typology based on the pooled, male and female sam-
ples. Having at least a secondary school-level education,
access to the input market and extension services, and
being a member of a farmer-based organization increases
the probability of adopting at least three land-intensive
CSA practices among female farmers. Again, female
farmers who have a stronger perception of their control
over farm resources have a greater probability of adopt-
ing at least three land-intensive CSA practices. However,
women in the Mamprusi enclave have a lower probability
of adopting three land-intensive CSA practices. We find
that having agriculture as the main source of income,
secured land tenure rights, access to input market and
extension services increases the probability of adopting
at least three land-intensive CSA practices among male
farmers. However, ever experiencing flooding has a nega-
tive effect on the probability of male farmers’ adoption of
at least three land-intensive CSA practices.

Extent of adoption of labour-intensive CSA practices
Columns (4), (5), and (6) present the marginal effects
of the extent of adoption within the labour-intensive
CSA typology based on the pooled, male and female
samples. We observe that being educated, married
and having agriculture as the main source of income
increases the probability of female farmers adopting
at least three labour-intensive CSA practices on their
farms. Again, female farmers who have larger farm
sizes, secured land tenure rights, access to extension
services, belong to farmer-based organisations and
have stronger perceived control over farm resources
have a greater probability of adopting at least three
labour-intensive CSA practices simultaneously on
their farm. However, female farmers in Mamprusi
have a lower probability of adopting at least three
labour-intensive CSA practices. We further find that
male farmers who have access to the input market and
extension services have a greater probability of adopt-
ing at least three labour-intensive CSA practices. Con-
versely, exerting social pressure on male farmers has a
negative effect on their probability of adopting labour-
intensive CSA practices. Just as in the case of female
farmers, male farmers from Mamprusi have a lower
probability of adopting at least three labour-intensive
CSA practices.

Extent of adoption of finance-intensive CSA practices
Columns (7), (8) and (9) present the marginal effects
of the extent of adoption within the finance-intensive
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Table 6 Determinants of the extent of CSA adoption within each resource requirement category

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9)
Land intensive CSA Labour intensive CSA Finance intensive CSA
Pooled Male Female Pooled Pooled Male Female Male Pooled

Household and farm characteristics

Sex 0.014 -0.024 -0.023
(0.018) (0.021) (0.020)
Household size 0.001 0.001 0.004 0.000 0.000 0.002 —0.003 —0.008* 0.002
(0.003) (0.003) (0.005) (0.002) (0.004) (0.002) (0.003) (0.005) (0.005)
Age —-0.001 —-0.003 —0.006 0.006 —-0.026 0.016 —0.000 —-0.007 0.008
(0.003) (0.005) (0.005) (0.024) (0.055) (0.020) (0.005) (0.008) (0.007)
Age squared 0.025 0.018 0.146 —0.004 —0.007 —0.002 —0.000 0.000 —0.000
(0.070) (0.102) (0.110) (0.009) (0.023) (0.008) (0.000) (0.000) (0.000)
Education level (Base =no education)
Primary school —-0.001 —0.052 0.050 0.026 0.015 0.031* 0.086** 0.090** 0.064
(0.028) (0.034) (0.056) (0.017) (0.034) (0.019) (0.035) (0.044) (0.066)
Secondary school and above 0.030 —0.000 0.088* 0.025 0.009 0.029* 0.073** 0.061 0.072
(0.027) (0.030) (0.054) (0.016) (0.031) (0.018) (0.032) (0.039) (0.062)
Marital status (Base =unmarried)
Married —0.002 0.058 0.022 0.018 —-0.005 0.025*% —-0.028 —-0.056 -0.010
(0.029) (0.074) (0.037) 0.017) (0.074) (0.013) (0.032) (0.092) (0.040)
Widowed 0.028 0.027 0.111 0.048* -0.007 0.041 —0.001 —0.065 —0.004
(0.044) (0.083) (0.072) (0.027) (0.083) (0.027) (0.050) (0.103) (0.076)
Source of income 0.050%* 0,085 0,042 0.037%%% 0.048 0,030 0026 0,063 0.000
(0.023) (0.035) (0.035) (0.014) (0.034) (0.012) (0.026) (0.042) (0.038)
Owns a television —0.001 0.019 —0.005 0.008 0.025 0.003 —0.005 —0.023 0.028
(0.019) (0.023) (0.032) (0.011) (0.025) (0.010) (0.022) (0.029) (0.035)
Farm size 0.011 0.011 0.006 -0.016** -0.012 0.015** 0.004 0.004 0.002
0.011) (0.015) (0.017) (0.006) (0.014) (0.006) (0.004) (0.005) (0.006)
House-to-farm distance 0.000 0.000 0.000 —0.000 0.004 —0.001 0.000* 0.000 0.000
(0.000) (0.000) (0.000) (0.003) (0.008) (0.003) (0.000) (0.000) (0.000)
Farming experience —0.001 0.000 —0.002 —0.000 —0.001 0.000 —0.001 —0.001 —0.000
(0.001) (0.001) (0.001) (0.001) (0.001) (0.000) (0.001) (0.002) (0.001)
Institutional factors
Land tenure security 0.056** 0.055* 0.052 0.033** 0.038 0.025** —0.040 -0.052 -0.044
(0.023) (0.032) (0.035) (0.014) (0.032) (0.012) (0.026) (0.038) (0.040)
Access to credit 0.006 0.048 -0.029 0.001 0.052 —0.010 -0.020 0.011 —0.030
(0.023) (0.035) (0.033) (0.013) (0.036) 0.0171) (0.026) (0.044) (0.037)
Access to input market 0.109%** 0.139%** 0.090** 0.034** 0.117%** —0.002 0.090*** 0.125*** 0.078*
(0.025) (0.039) (0.038) (0.014) (0.037) (0.012) (0.028) (0.045) (0.041)
Access to extension service 0.085%** 0.069** 0.101*** 0.058*** 0.064** 0.050%** 0.123%** 0.105%** 0.162***
(0.023) (0.027) (0.034) 0.013) (0.026) (0.014) (0.025) (0.034) (0.039)
Member of a FBO 0.030 -0.037 0.079** 0.031%** —0.036 0.047%% 0.001 —0.040 0.053
(0.020) (0.028) (0.022) (0.012) (0.029) (0.014) (0.022) (0.035) (0.035)
Behavioral factors
Subjective norms —0.009 -0.014 —0.008 —0.007 —0.020* —0.005 —0.023** —0.032** —0.025
(0.009) 0.011) (0.015) (0.005) (0.011) (0.005) (0.010) 0.014) (0.016)
Perceived behavior control 0.025** 0.016 0.036** 0.009 -0.010 0.013** —-0.003 -0.023 0.014
0.011) (0.015) (0.016) (0.006) (0.015) (0.006) 0.012) (0.019) (0.018)
Climate shocks
Experience flooding -0.024 —0.047* —0.009 —0.002 -0.037 0.012 0.013 —-0.046 0.066*
(0.021) (0.027) (0.030) (0.012) (0.027) (0.010) (0.022) (0.033) (0.034)
Experienced drought 0.050%** 0.035 0.050 0.012 0018 0.003 0.068*** 0.079** 0.083**
(0.019) (0.024) (0.031) (0.012) (0.025) (0.010) (0.022) (0.031) (0.036)
District fixed effect (Base =Bongo)
Mamprusi -0.062** -0.054 —0.087** —0.044*** -0.074* -0.027* —0.055* —0.064 —-0.058
(0.028) (0.039) (0.044) (0.017) (0.041) (0.015) (0.032) (0.047) (0.049)
Bolgatanga —0.032 —0.041 —0.042 0.003 —0.009 0.007 0.002 0.002 0.008
(0.023) (0.035) (0.016) (0.014) (0.035) (0.017) (0.026) (0.043) (0.037)

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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CSA typology based on the pooled, male and female
samples. We find that larger household sizes and
increasing social pressure have a negative effect on the
probability of adopting at least three finance-inten-
sive CSA practices among male farmers. We also find
that having at least a primary level education, access
to the input market, access to extension services and
ever-experiencing drought increases the probability of
adopting at least three finance-intensive CSA practices
among male farmers. It is expected that farmers realiz-
ing the effect of drought on their farming activities will
be more willing to invest in technologies that can help
them maximise their farm output. Further, we observe
that access to input markets and extension services as
well as ever experiencing any climate shock (i.e., flood-
ing or drought) increases the probability of adopting
at least three finance-intensive CSA practices among
female farmers. In general, the farther a farmers’ house
is from the farm, the greater the probability of adopt-
ing at least three finance-intensive CSA practices.

Discussion

The empirical results of our study show that the adop-
tion of CSA practices by farmers depend on the kinds
of resources needed to fully adopt and implement such
practices. We find that labour-intensive CSA practices
were the most adopted followed by land-intensive CSA
practices. Just about half of smallholder farmers adopted
CSA practices that are finance-intensive. We found gen-
der to play no role in the adoption of both land-intensive
and labour-intensive CSA practices despite the assertion
that women in sub-Saharan Africa have limited con-
trol over land and tend to spend much of their labour
on household duties [16]. This finding suggests that the
limited access to land by women in no way hinder their
adoption of land-intensive CSA practices. Additionally,
women, despite being overburdened by domestic chores
find time to provide the needed labour necessary for the
successful adoption of certain types of CSA practices.
However, women were observed to be less likely to adopt
finance-intensive CSA practices which is testament to
the fact that women have less control over the financial
resources. Additionally, the district fixed effect variable
showed differences in adoption rates and indication of
the differences in resource availability among farmers
within these districts.

Our results further revealed that the marital status
positively influenced the adoption of land-intensive CSA
practices. We argue that marriage serves as a means to
access a larger pool of land resources in the sub-Saha-
ran region given that the majority of lands tend to be
held by families. As a result, married couples can access
farmlands from both the families of the male and female
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making them relatively less constrained in terms of land
resources as compared to unmarried farmers [53]. How-
ever, upon the demise of a spouse, families tend to repos-
sess lands that were given out to the deceased hence
reducing the availability of land to the surviving partner.
Our results also indicated that farmers who saw agricul-
ture as their main source of income were more likely to
adopt land-intensive CSA practices. This goes to say that
farmers with alternative income sources may be less con-
cerned about expanding their farmlands given that they
may just be engaged in the farm for subsistence.

Further, we found access to extension services to be a
key determinant of land-intensive CSA practices. Exten-
sion access equips farmers with the requisite knowledge
and skills, thereby reducing farmers’ risk aversion. Farm-
ers with extension access are most probable to expand
their farms to accommodate land-intensive practices
with their knowledge that their toil may not go to waste
due to climate change [54, 55]. Additionally, land-inten-
sive CSA practices imply increased farmlands and this
may require additional farm inputs [56]. As such farm-
ers who have easy access to farm input will be more likely
to adopt such land-intensive CSA practices. Access to
extension also has implication on the number of land-
intensive CSA practices that a farmer may adopt. Access
to extension services tend to expose farmers to the need
to combine various CSA practices to maximise their syn-
ergistic effect on their production [20]. This ultimately
may enhance the adoption of multiple land-intensive
practices.

Although the role of behavioural factors such as per-
ceived behaviour control was found to enhance the adop-
tion of land-intensive CSA practices, their role in the
adoption of land-intensive CSA practices such as agro-
forestry has been disputed by [57]. The authors argued
that such behavioural factors may affect farmers inten-
tions but not their actual adoption behaviour indicat-
ing an intention-behaviour gap in the adoption process.
While farmer’s experience of drought may enhance their
adoption of land-intensive CSA practices, the effect of
experiencing flooding reduced the adoption of multi-
ple land-intensive practices. This could be because more
land-intensive CSA practices would require larger farm-
lands which also increases the likelihood of getting your
farm flooded and losing one’s investment, particularly in
a flood-prone area like the study districts [58]. Adopt-
ing more land-intensive CSA practices invariably means
expanding one’s farm size, however, increasing one’s
farm size also increases the risk of flooding given that the
farmer now has a wider land space.

Our study further highlights the factors that influenced
farmers’ adoption of labour-intensive CSA practices.
We found that married female farmers are more likely
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to adopt labour-intensive CSA practices. We argue that
married women may tend to have a larger household size
compared to unmarried women hence their greater likeli-
hood of adopting practices that may require more labour.
This is because they know that they can fall on their
household members to meet the labour demands of such
practices. This is consistent with existing arguments that
claim that farmers with larger household sizes may opt
for labour-intensive practices which may come at a lower
cost since they are likely to use household labour [50, 59].
Farmers with an already large farm size were found to be
less likely to adopt labour-intensive CSA practices. This
is because large farms already require more labour and
as such adopting labour-intensive practices may require
an increase in labour demand which will add up to the
labour cost of the farmer.

Our results also show that male farmers with more
years of farming experience were less likely to adopt
labour-intensive CSA practices. This is because farmers
with extensive experience know of the resources required
to carry out each practice and therefore, they may be
unwilling to add up to their cost of production by adopt-
ing labour-intensive practices that will increase their
labour costs. It could also be the case that the advanced
age of such experienced farmers prevents them from
adopting practices that could lead to the need for more
physical strength [60]. Secured land tenure arrangements
were essential to the adoption of labour-intensive CSA
practices. It is acknowledged that extra labour requires
extra financial capabilities and therefore, farmers want
to be assured of their security of investment before com-
mitting more financial resources to their farms. This
result is consistent with that of [20] who indicated that
land tenure security was an important determinant of
farmers adoption of sustainable farm practices such as
composting.

Male farmers who have easy access to farm input mar-
kets were found to be more likely to adopt labour-inten-
sive CSA practices. This follows the intuition that having
secured the necessary farm inputs, male farmers are will-
ing to make further investments by securing the required
labour to implement labour-intensive practices especially
if such practices have a proven record. The easy access of
farmers to input market further increases the likelihood
of adopting several labour-intensive CSA practices simul-
taneously. It is worth noting that easy access to the input
market enhances farmers access to the necessary inputs
required to facilitate the adoption of several CSA prac-
tices at the same time [61]. On the contrary, female farm-
ers who belonged to farmer-based organisations were
more willing to adopt labour-intensive CSA practices.
This is because members in such organisations some-
times implement a rotational support schedule where all
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members work on the farm of each member on a particu-
lar day. This means that membership in a farmer-based
organization reduces the burden of labour requirements
associated with labour-intensive practices.

In terms of farmers’ adoption of finance-intensive CSA
practices, we find that farmers with large household sizes
are less likely to adopt finance-intensive CSA practices.
Rural households in Ghana and sub-Saharan Africa are
noted for their relatively large household sizes which
renders them incapable of raising enough money for the
purchases of relevant inputs. It has been noted however
that larger households are mostly already financially
strained, leaving them with limited financial power to
invest in their farms [62]. Education was also found to be
essential for the adoption of finance-intensive CSA prac-
tices, especially among female farmers. We contend that
female farmers who are educated may be engaged in agri-
culture as their main source of livelihood and therefore
are willing to commit more financial resources to their
farms. This may not be the case for male farmers because
they may have alternative employment since the job mar-
ket is more friendly to males than females.

Access to the input market was also found as an ena-
bler to the adoption of finance-intensive CSA practices. It
is important to note that farmers who develop an interest
in the adopting finance-intensive CSAs may require the
availability of certain farm inputs to successfully adopt
and realize the benefits of their adoption, as such, having
access to readily available farm inputs further enhances
their rate of adoption. [63] observed that longer distance
to input markets may dissuade farmers from adopting
CSAs given that travelling to access inputs will add to the
cost build-up of the farm. Again, extension services play
a crucial role in the adoption of CSA practices, especially
when such practices require that farmers commit more
of their financial resources in the process of adoption.
Extension agents will therefore help bridge any informa-
tion gaps that may hinder farmers’ adoption of finance-
intensive CSA practices.

Access to extension services and being a member of a
farmer-based group enhanced the adoption of finance-
intensive CSA practices. It is observed that FBOs can
garner support easily from government and development
agencies. Additionally, they easily get access to extension
services because of their organized nature. Consequently,
members of FBOs tend to benefit from donor support
and extension access which enhances their chances of
adopting finance-intensive CSA practices. The socio-psy-
chological factor of subjective norm was found to nega-
tively influence the adoption of finance-intensive CSA
practices. This indicates that contrary to popular belief,
exerting social pressure on farmers, especially male
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farmers, does not enhance their likelihood of adopting
technology but rather disincentivizes them not to do so.

Farmers’ prior experience of climate shocks such as
flooding and drought were key to their adoption of CSA
practices. While female farmers who had experienced
flooding were less likely to adopt finance-intensive CSA
practices, all farmers who had experienced drought were
more willing to adopt these CSA practices. This indicates
that female farmers are more risk-averse and may not
want to lose their farm investments in the event of flood-
ing. The situation is however different from the experience
of droughts. The difference in the direction of the effect of
these two climate shocks is likely because CSA promise of
enhancing production regardless of the availability of rain.
The reason for this may be due to the fact that the occur-
rence of drought makes it less likely to expand a farmer’s
existing farm due to the absence of water [64]. However,
farmers may now be more willing to invest in finance-
intensive CSA practices such as drip irrigation and
drought-tolerant crops which maximise water efficiency
on the farm. Another key result from our study is that
farmers who have their farms further from their places of
residence were more likely to adopt finance-intensive CSA
practices. This is because farmers want to feel that the
investments made on their farms are safe from stray ani-
mals who most often destroy crops on farms in Northern
Ghana [65]. It is therefore assumed that farms that are dis-
tant from residential areas are more secure from animal
invasion and therefore incentivise farmers to adopt more
finance-intensive CSA practices [66].

Conclusion and recommendations

Our study reveals that farmers adopt CSA practices
based on their resource requirements, viewing them
as complementing each other rather than compet-
ing. Despite these resource requirements, farmers are
willing to adopt multiple CSA practices from different
resource-based categories to maximize their synergistic
effect. The main drivers of farmers’ adoption behaviour
of CSA practices are climatic shocks and institutional
factors, which are the primary factors influencing their
adoption in their respective resource-based categories.
We recommend expanding access to extension services
to encourage the adoption of CSA practices among dry-
land farmers. This can be achieved by providing mobile
extension services. Additionally, the government should
pursue land reforms to remove cultural land tenure
security challenges. Local authorities must enhance
access to input markets by organizing agricultural fairs
to connect input dealers with farmers. The gender
dimension of our study suggests the need for gender-
specific interventions to reduce resource inequality
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faced by female farmers, such as gender-specific credit
facilities and extension services, to enhance their capac-
ity to adopt finance-intensive CSA practices. The main
limitation of our study is assuming mutual exclusivity
in categorizing the CSA practices under the three cat-
egories. Future research should explicitly capture the
resource requirements of CSA practices through the
data collection process to overcome this assumption.
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