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ABSTRACT

Climate smart agriculture (CSA) has been promoted by governments and
international development institutions as an intervention to address climate
change and deliver triple wins. Yet, the trade-offs and synergies associated with
CSA practices have not been explored. This study develops composite indices for
prioritizing CSA practices to better inform policy about their trade-offs, synergies
and acceptability. The aim of this study was to examine smallholder farmers’
uptake of CSA practices, the drivers of such uptake and the benefits (positive and
negative) of CSA practices on agriculture, livelihoods and the environment. We
employed the Analytic Hierarchy Process with workshop participants across two
study districts in Ghana’s transitional and Sudan savannah agroecological zones.
Results showed differences in CSA practices prioritized for achieving the
productivity, adaptive capacity and mitigation goals between the two
agroecological zones. Results also showed synergies and trade-offs associated
with the implementation of CSA interventions, for example, irrigation may increase
farm productivity (synergy) while contributing to the emission of greenhouse gases
(GHGs) simultaneously (trade-off). Additionally, there are various perceived
acceptance and efficiency levels of CSA practices by smallholder farmers and
agricultural development officers. These results have implications for the
implementation of future CSA action plans in vulnerability hotspots in dryland
farming systems.
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1. Introduction

Climate change is a global concern that requires
urgent action by individuals and governments (Gold-
berg et al., 2019; IPCC, 2018, 2021). The changing
climate poses a great threat to agricultural liveli-
hoods and global food security, due to rising sea
levels, rapidly changing precipitation patterns, and
intensified extreme weather events such as floods,
heat stress, and increased drought, among others
(Intergovernmental Panel on Climate Change
(IPCC), 2021). Sub-Saharan Africa is particularly vul-
nerable due to its low adaptive capacity resulting

from low levels of infrastructure and technology,
inadequate resources, low levels of human develop-
ment and lack of political will (Serdeczny et al., 2017;
UNEP, 2011).

Agriculture accounts for more than 60% of
employment across sub-Saharan Africa and contrib-
utes to about 14% of the region’s total Gross Dom-
estic Product (GDP) (AfDB, 2019). Yet, the sector
faces dire consequences from climate change particu-
larly because agricultural systems are largely rainfed
(Ayanlade & Radeny, 2020). Climate change is cur-
rently hampering gains made in the agricultural
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sector in recent decades and is expected to further
derail productivity if left unabated (FAO, 2016). For
example, maize yields are projected to decline
between 24% and 43% (Abera et al., 2018) and rice
yields by 45% by the end of the century (Van Oort &
Zwart, 2018) in the absence of adaptation, with
impacts affecting every aspect of daily lives and
causing a significant decline in economic perform-
ance (Alagidede et al., 2014).

The impacts of climate change on agriculture in
Ghana have multiple dimensions. For example, the
total area suitable for maize cultivation is projected
to reduce by 12% to 14% while longer dry spells
and delayed onset of rains are expected to reduce
water availability for rainfed agriculture (Amisigo
et al., 2015). These impacts negatively affect the four
dimensions of food security (availability, access, stab-
ility and utilization) (FAO, 2002), especially in Northern
Ghana which is highly vulnerable to climate shocks
and stressors (Antwi-Agyei et al., 2012; Klutse et al.,
2020).

Adaptation is vital tomediate the impacts of climate
change on food systems and agriculture in sub-Sahara
Africa (IPCC, 2021). Successful adaptation measures
ensure that apt adjustments are made to changes in
climate and in responding to climate shocks and
stress (Fadairo et al., 2020). Adaptation is needed by
smallholder farmers as well as other actors in the
food system (e.g. processors, traders, transporters).
This paper focuses on smallholder farmers given their
large number in Ghana and sub-Saharan Africa more
generally, and the urgent need for them to adopt
appropriate adaptation measures to avoid exacer-
bating the multiple current vulnerabilities that affect
farm households (Antwi-Agyei et al., 2018; IPCC, 2014).

One key intervention promoted by governments
and other agencies across the globe since 2009 to
support adaptation is climate smart agriculture
(CSA) (FAO, 2010; Lipper et al., 2017). Several studies
have documented the importance of CSA practices
in supporting food security in sub-Saharan Africa
(e.g. Abegunde et al., 2019; Antwi-Agyei et al., 2022;
Chinseu et al., 2018; Dougill et al., 2021; Makate,
2019). Climate smart agriculture aims to deliver
triple wins of: (i) food security and livelihood improve-
ment, (ii) increased farmer adaptation and (iii) mitiga-
tion of GHG emissions (Lipper et al., 2014). Hence, CSA
practices aim to achieve three goals – productivity,
mitigation and adaptive capacity. While CSA strives
for multiple wins across these dimensions, trade-offs
must often be made to achieve one or two goals

when different CSA practices are used in combination
(Andrieu et al., 2017). A few studies (Bryan et al., 2013;
Swart, 2009) have analyzed the unintended side
effects of certain CSA practices on the other goals.
For example, irrigation practices may enhance pro-
ductivity through increased yield and build adaptive
capacity through increased income (Bryan et al.,
2013), however, irrigation practices that rely on fossil
energy may increase greenhouse gas emissions
(Swart, 2009). Mixed cropping, another CSA practice
that has the tendency to enhance the adaptive
capacity of farmers through increased income from
several crops, can also reduce productivity due to
land degradation resulting from overcrowding of
crops on a particular piece of land combined with
inadequate soil nutrient replenishment.

The Government of Ghana, through its National
Climate-Smart Agriculture and Food Security Action
Plan: 2016–2020 and the Investment Framework for
Mobilization of Resources into Climate Smart Agricul-
ture, has sought to promote CSA by providing a
pathway for the implementation and scaling up of
CSA practices in all the country’s agro-ecological
zones (Essegbey et al., 2015). Despite the develop-
ment of these two policies, implementation at dis-
trict/local levels remains low, leading to low
adoption and effectiveness of CSA (Barasa et al.,
2021; Djido et al., 2021). The limited policy implemen-
tation at the local level may be due to the top-down
approach, lack of local support and/or the possible
overlap of interventions coupled with weak insti-
tutional capacity to facilitate the adoption of area-
specific interventions (Antwi-Agyei et al., 2015).

Despite the attention given to CSA over the years
(Antwi-Agyei et al., 2022; Khatri-Chhetri et al., 2019;
Partey et al., 2018; Totin et al., 2018), the prioritization,
perceived acceptability and associated trade-offs and
multiple wins across different CSA practices have not
yet been adequately explored in Ghana or the wider
sub-Saharan Africa region. This is problematic as exist-
ing studies elsewhere have highlighted that the adop-
tion of several CSA practices by smallholder farmers
does not automatically deliver triple wins (Girvetz
et al., 2017). While prioritizing CSA practices is essential,
the effectiveness of a practice may depend on several
factors such as the biophysical, agroecological and
socioeconomic context of the place (Adolph et al.,
2021; Girvetz et al., 2017; Khatri-Chhetri et al., 2017).
Multiple benefits arise when a CSA practice aimed at
achieving a particular CSA goal enhances the achieve-
ment of another goal (FAO, 2021). In such situations,
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the aggregate effect of combining two or more adap-
tation strategies provides greater and improved
benefits compared to the sum of each if they were
implemented separately, delivering synergy (Zhao
et al., 2020). Trade-offs arise when a CSA practice
enables achievement of a particular CSA goalwhile sim-
ultaneously impeding the achievement of other goals
(Akinyi et al., 2021; Ogunyiola et al., 2022). Co-benefits
are sometimes used interchangeably with synergy in
the literature (Berry et al., 2015). However, we consider
a co-benefit as the additional positive impact that can
be achieved on the same goal of CSA through planning
and/or policy measures aimed at improving that goal
(Berry et al., 2015; Grafakos et al., 2019).

The overarching aim of this study is to examine
smallholder farmers’ uptake of CSA practices, the
drivers of such uptake and the benefits (positive and
negative) of CSA practices on agriculture, livelihoods
and the environment. The specific objectives are to:
(1) prioritize locally predominant CSA practices, (2)
assess the perceived acceptability of these practices,
and (3) explore the trade-offs and synergies associ-
ated with these locally predominant CSA practices.
We adopted the Analytical Hierarchy Process (AHP):
a decision-making tool that requires participants to
make thought-provoking prioritizations between
practices through a pairwise comparison, assigning
relative importance to each practice (Khalil et al.,
2016; Shrestha & Dhakal, 2019).

2. Study area and research design

2.1. Study area

The study was conducted in the Bongo district and
the Kintampo North municipality in the Upper East
and the Bono East regions of Ghana, respectively.
The Upper East region has been identified as the
most climate sensitive region in Ghana, where small-
holder farmers are highly vulnerable to climate
impacts (Antwi-Agyei et al., 2012). Within the Upper
East region, Bongo district was purposefully selected
as the most vulnerable based on historical crop
yield data (Aniah et al., 2016). The Kintampo North
municipality was purposively selected because it lies
within the woody savannah and transitional agroecol-
ogy zone and it is usefully illustrative of the impacts of
climate change on Ghana as a whole (Bessah et al.,
2019). Characteristics of the study areas are presented
in Table 1.

2.2. Sampling and data collection

Data were collected in three phases. In phase one, we
employed a literature review to identify CSA practices
that are commonly used by farmers in the two dis-
tricts (Bongo and Kintampo). To do this, a search for
the keywords ‘Climate Smart Agriculture’ AND
‘Upper East Region – Ghana’ and ‘Climate Smart Agri-
culture’ AND ‘Brong Ahafo Region – Ghana’ was

Table 1. Background characteristics of study locations (GSS, 2014a, 2014b, 2021).

Bongo Kintampo

Area 425 km2 4859km2

Population 120,254 139,508
Agro-ecological zone Sudan savannah Transitional
Temperature

Maximum
Minimum

40°C
12°C

27.2°C
26.5°C

Seasons
Rainy
Dry

May to Mid-October
Mid-October to April

May to July and September to October
November to April

Humidity 43% 90–95% and 75–80%
Rainfall amount 600–1400 mm 1400–1800 mm
Soil type Lixisol, Leptosol, Luvisol, Gleysol and Fluvisol Ground water lateral soil and savannah

ochrosol soil
Main economic activities Agriculture, manufacturing and trade Agriculture, tourism services, manufacturing

and trade
Percentage of households
engaged in agriculture

95.7 60.2

Major agricultural activities by
percentage of population

Crop farming (98.8%), and livestock rearing (88.1%) Crop farming (91.4%), and livestock rearing
(52.7%)

Main crops Sorghum, millet, rice, groundnut, guinea corn, maize,
cowpea, soya bean, tomato and pepper

Yam, maize, cowpea, cassava, rice, plantain,
egushie, groundnut and beans

Main livestock (by average animal
per keeper)

Chicken (15.4), cattle (6.5), goats (6.8), Guinea fowl
(18.4), sheep (6.2)

Chicken (19), cattle (35), goat (10) and sheep
(13)
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conducted using Google Scholar. The search was
limited to articles that were published in the English
language since 2015 to ensure that the CSA practices
identified were likely still to be in use. A total of 50
articles were identified in the database in the initial
stage. The articles identified were screened to find
studies in the study districts. In all, 27 CSA practices
were identified from five articles that focused on the
districts of interest (see Table A1 in Appendix).

In phase two, two multi-stakeholder workshops
were held in September and October 2021 in Bongo
(n = 29 participants; 8 females and 21 males) and Kin-
tampo (n = 24 participants; 11 females and 13 males)
to further evaluate the CSA practices used in the
Upper East and the Bono East regions of Ghana. Break-
out discussions and a questionnaire were used to solicit
data. Workshop participants included District Directors
of the Ministry of Food and Agriculture (DDAs), District
Agricultural Extension Officers (DAEOs), Agricultural
Extension Agents (AEAs), Civil Society Organizations
(CSOs), Non-Governmental Organisations (NGOs), and
farmers. Participants were purposively selected based
on their comprehensive understanding and experience
of local climatic changes and CSA practices within the
two districts, and 80% of the participants had been for-
mally educated.

Participants selected nine of the 27 CSA practices
as the most predominant practices in the study dis-
tricts. Breakout discussions prioritized the CSA prac-
tices and assessed their perceived acceptability
(objectives 1 and 2), whereas questionnaires explored
the trade-offs and synergies associated with these
practices (objective 3). Workshop proceedings and
breakout sessions discussions were recorded with
the consent of participants. Participants were
assured of ethical considerations in relation to anon-
ymity and confidentiality of their responses and
were informed that they would not be compensated
financially for their participation.

Responses were elicited through a short, self-admi-
nistered questionnaire during the workshop that
focused on CSA practices in the study areas. It
required participants to tick checkboxes according
to the importance of each CSA practice. Information
to define the goals of CSA was provided to aid partici-
pants in the task (Table 2). Each participant was
required to rate the importance of CSA practices in
a pairwise manner on a scale of 1–9 under each of
the three CSA goals (Saaty, 1977, 1990, 2004, 2008;
Table 3). Responses were analyzed using the AHP fra-
mework designed by Goepel (2013).

Of the 29 participants in Bongo, 20 responded
comprehensively to the pairwise comparison of CSA
practices under the goals of productivity and adap-
tation, whereas only 17 completely responded
under mitigation. In the case of Kintampo, 20
responded under the goal of productivity, and 17
under the goals of adaptation and mitigation.
Results can nevertheless be considered robust
despite the small sample size because there are no
pre-set rules for determining a satisfactory sample
size of experts for an AHP survey (Saaty & Özdemir,
2014). Murry and Hammons (1995) and Kumar et al.
(2017) contend that a sample size of 5–20 respon-
dents is adequate for generalizing findings from
AHP application.

To achieve objective 2, workshop participants were
asked to score nine CSA practices based on the scale
‘1 = very low’ to ‘5 = very high’ in terms of social
acceptability, economic acceptability, environmental
acceptability, effectiveness, coherence with local
customs, farmer implementability and equity. Calcu-
lating the overall mean acceptability of CSA practice
i involved two stages. We first calculated the mean
acceptability of each CSA practice separately in
terms of social acceptability (SA), economic accept-
ability (EA), environmental acceptability (EnA), effec-
tiveness (E), coherence with local customs (C),
farmer implementability (FI) and equity (Eq). The
mean acceptability (MA) for each was determined by
aggregating the scores of responses from each partici-
pant and dividing it by the total number of partici-
pants (Equation 1):

MAi =

(cumulative response score/number of participants)

(1)

Second, the overall mean acceptability (OMA) for a
particular CSA practice i was calculated using the sum
of the mean acceptability for each practice i and divid-
ing by the total number of components (7) making

Table 2. Goals and definitions of CSA.

Goal Definition

Productivity Sustainably increasing farm production, farm incomes
and make food available to address food insecurity.

Adaptation Build capacity of farmers to respond effectively to
climate change and help them manage risks
associated with increased climate variability.

Mitigation Actions at the farm level to reduce the emission of
GHGs from agricultural production.
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overall acceptability (Equation 2):

OMAi = (SAi + EAi + EnAi + Ei + Ci + FIi + Eqi)/7

(2)

The mean scores obtained were considered as: 1 =
very low acceptability, 2 = low acceptability, 3 =mod-
erate acceptability, 4 = high acceptability and 5 = very
high acceptability.

A two-sample t-test was further used to test for
differences in the various components of the mean
acceptability among the two study locations. The t-
test was considered appropriate for testing the differ-
ence in means of the two samples because the mean
acceptability scores were continuous in nature and
they approximate a normal distribution (Mishra
et al., 2019). Moreover, the Levene’s Test for equality
of variances ensured that the data fulfilled the equal
variance assumption (Levene, 1960).

In phase 3, workshop participants were tasked to
identify synergies and trade-offs associated with CSA
practices as experienced in their localities (objective
3). Participants were sub-divided and engaged in 6
smaller groups in breakout sessions (3 at each work-
shop), with 7–11 participants per group. Breakout
group discussions provided valuable insights based
on the participants’ lived farming experiences. To
facilitate equal opportunities for participation, each
group constituted of individuals with similar occu-
pations and ranks. Discussions were led by research
assistants to balance power relations and to ensure
everyone had space to speak. Each group reported
back on the synergies and trade-offs identified.

Responses were corroborated with information
from the literature through a further literature review
conducted after the workshop. Google Scholar was
used for the literature search. The search terms/key-
words and phrases used for the study included
‘trade-offs’ OR ‘synergies’ OR ‘adaptation’ OR

‘mitigation’ OR ‘productivity’ OR ‘agriculture’ OR
‘climate change’ OR ‘climate smart’ OR ‘sub-Saharan
Africa’ OR ‘cost-benefit’ OR ‘cost-effectiveness’ OR ‘will-
ingness to pay’ OR ‘willingness to accept’ OR ‘interven-
tions’ OR ‘practices’ OR ‘irrigation’ OR ‘zero/minimum
tillage’ OR ‘intercropping with legumes’ OR ‘no
burning of residues’ OR ‘agroforestry and woodlot’
OR ‘drought tolerant crops’ OR ‘early maturing crops’
OR ‘improved crop varieties’ OR ‘mixed cropping’ OR
‘cover cropping’ OR ‘climate information services’ OR
‘bush fallowing’ OR ‘indigenous agroecological knowl-
edge’. A total of 67 studies were identified from the
database in our initial search. The first stage entailed
screening to remove all duplicates and irrelevant litera-
ture. This was followed by title screening to remove
other irrelevant articles. The title screening was fol-
lowed by abstract and then full text screening to com-
plete the process. Ultimately, 25 studies were retained.
Information and evidence about synergies and trade-
offs of prioritized CSA practices were systematically
extracted from the 25 retained studies. The extracted
evidence was then compared with the responses
from workshop participants to highlight similarities
and differences.

The Humanities and Social Sciences Research
Ethics Committee (HuSSRECC) of the Kwame
Nkrumah University of Science and Technology,
Ghana provided the ethical approval for this study.
Formal consent for participation in the study was
obtained verbally from each study participant.

3. Results

3.1. Prioritizing CSA practices under

productivity, adaptation and mitigation goals

Tables 4 and 5 summarize the weights and ranking
participants assigned to CSA practices in Bongo and

Table 3. The fundamental scale for pairwise comparison in AHP.

Intensity of
importance Definition Explanation

1 Equal importance Two practices contribute equally to the objective
3 Moderate importance Experience and judgement slightly favour one practice over another
5 Strong importance Experience and judgement strongly favour one practice over another
7 Demonstrated

importance
One practice is favoured very strongly over another; this dominance is demonstrated in
practice

9 Extreme importance The evidence favouring one practice over another is of the highest possible order of
affirmation

2, 4, 6, 8 Intermediate values between two adjacent judgements
Reciprocals of above If practice i has one of the above nonzero numbers assigned to it when compared with practice j, then j has the

reciprocal value when compared with i
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Kintampo, respectively. In Bongo, the most important
CSA practice for achieving productivity was planting
early maturing crop varieties followed by intercrop-
ping with legumes and the use of drought tolerant
crops. In relation to adaptation, the experts ranked
no burning of residues on farm as the most important,
followed by cover cropping and planting early matur-
ing varieties. In terms of mitigation, participants
ranked no burning of residues on farm as the most
important CSA practice followed by zero/minimum
tillage and intercropping with legumes. In Kintampo
however, our AHP expert ranking revealed that irriga-
tion was perceived to be the most important CSA
practice for achieving the productivity goal of CSA,
followed by planting early maturing varieties of
crops and the use of drought tolerant crop varieties.
In terms of achieving adaptation, the ranking by work-
shop participants in Kintampo revealed planting of
early maturing crop varieties as the most important
CSA practice, followed by the use of drought tolerant
crop varieties and agroforestry and woodlot schemes.
No burning of farm residues was ranked as the most
important CSA practice for achieving mitigation, fol-
lowed by agroforestry, woodlot schemes and zero/
minimum tillage.

Participants in Bongo ranked the use of climate
information services as the least important CSA

practice for achieving productivity. Irrigation was con-
sidered least important for achieving adaptation and
mitigation. In Kintampo however, zero/minimum
tillage was ranked as the least important CSA practice
for achieving productivity, while irrigation was ranked
least important for achieving both adaptation and
mitigtion (see Tables 4 and 5).

4. Perceived acceptability of CSA practices

Overall mean acceptability of CSA practices was rela-
tively higher among workshop participants in Kin-
tampo than those in Bongo (Tables 6 and 7) except
for zero/minimum tillage and the use of indigenous
knowledge. Workshop participants in Kintampo
showed a higher social acceptability towards the
CSA practices than their counterparts in the Bongo
District. Although economic acceptability of the
various practices was relatively higher in Bongo than
Kintampo except in the cases of irrigation, intercrop-
ping with legumes and the use of climate information,
there were no statistically significant differences in
economic acceptability between the two study
locations.

Irrigation and intercropping with legumes
recorded higher environmental acceptability scores
among participants in Bongo than in Kintampo.

Table 4. Summary of relative weights and ranking of CSA practices in Bongo.

CSA practice

Productivity Adaptation Mitigation

Weight (%) Rank Weight (%) Rank Weight (%) Rank

Irrigation 9.49 5 6.15 9 4.97 9
Zero/minimum tillage 7.34 8 8.7 7 17.3 2
Inter cropping with legumes 14.05 2 11.82 5 11.55 3
No burning of residue on farm 12.06 4 17.34 1 17.63 1
Use of climate information services 6.16 9 10.38 6 9.02 7
Use of drought tolerant crop varieties 13.84 3 11.85 4 10.3 5
Mixed cropping 7.86 7 8.24 8 8.97 8
Planting early maturing varieties 20.08 1 12.24 3 9.24 6
Cover cropping 9.12 6 13.28 2 11.02 4

Table 5. Summary of relative weights and ranking of CSA practices in Kintampo.

CSA practice

Productivity Adaptation Mitigation

Weight (%) Rank Weight (%) Rank Weight (%) Rank

Irrigation 15.59 1 5.79 9 5.4 9
Zero/minimum tillage 6.92 9 7.95 8 12.05 3
Inter cropping with legumes 9.27 7 12.24 4 10.97 5
No burning of residue 9.43 6 11.19 5 16.64 1
Agroforestry and woodlot schemes 10.86 4 12.45 3 15.52 2
Use of drought tolerant varieties 13.7 3 14.36 2 7.5 8
Mixed cropping 9.18 8 9.86 6 10.94 6
Planting early maturing varieties 15.07 2 16.92 1 11.26 4
Cover cropping 9.99 5 9.24 7 9.73 7
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Table 6. Perceived acceptability of CSA – Bongo.

Total Response (n = 29) Perceived Acceptability of CSA – Bongo

CSA Interventions
Social

Acceptability
Economic

Acceptability
Environmental
Acceptability Effectiveness

Coherence with local
customs

Farmer
Implementability Equity

Mean
Acceptability

Irrigation 3.55 2.31 2.93 3.83 3.14 3.17 2.66 3.08
Zero/Minimum Tillage 2.90 3.59 2.83 3.34 3.41 4.00 3.45 3.36
Intercropping with
legumes

3.24 3.28 2.52 3.83 3.31 4.07 3.28 3.36

No burning of residues on
farms

3.38 3.28 2.21 3.17 2.83 3.52 3.38 3.11

Use of climate information 2.55 2.59 2.55 3.41 2.83 2.90 2.97 2.83
Planting drought tolerant
crops

3.66 3.10 2.72 3.69 3.38 3.62 3.28 3.35

Mixed cropping 3.68 3.48 2.86 3.83 3.45 3.79 3.76 3.55
Planting early maturing
varieties

3.41 3.34 2.79 3.52 2.93 3.62 3.76 3.34

Use of indigenous
knowledge

3.28 3.59 2.69 3.55 3.28 3.79 3.38 3.36

Cover cropping 3.21 3.24 2.97 3.31 2.86 3.62 3.10 3.19

Note: 1 = very low acceptability, 2 = low acceptability, 3 = moderate acceptability, 4 = high acceptability and 5 = very high acceptability.

Table 7. Perceived acceptability of CSA practices in Kintampo.

Total Responses (n = 29) Perceived Acceptability of CSA – Kintampo

CSA Interventions
Social

Acceptability
Economic

Acceptability
Environmental
Acceptability Effectiveness

Coherence with local
customs

Farmer
Implementability Equity

Mean
Acceptability

Irrigation 3.47 2.95 2.89 3.74 3.63 2.74 2.42 3.12
Zero/Minimum Tillage 3.55 3.35 3.50 3.50 3.35 3.30 2.85 3.34
Intercropping with legumes 4.48 3.95 2.33 4.05 3.71 3.52 3.57 3.66
No burning of residues on
farms

3.52 3.19 2.65 3.48 3.71 3.52 3.33 3.34

Use of climate information 3.62 3.43 2.71 3.38 3.76 3.24 3.57 3.39
Planting drought tolerant
crops

4.10 2.95 3.00 3.76 3.52 3.38 3.29 3.43

Mixed cropping 4.25 3.26 3.47 4.11 4.11 3.89 3.58 3.81
Planting early maturing
varieties

3.95 3.63 3.21 3.79 3.53 3.68 3.22 3.57

Use of indigenous
knowledge

3.37 3.37 2.79 3.21 3.21 3.16 3.16 3.18

Cover cropping 3.68 3.11 3.00 3.74 3.63 3.16 2.95 3.32
Crop rotation 4.41 3.65 3.06 3.82 3.12 3.65 3.29 3.57
Agroforestry and Woodlot
scheme

4.24 3.35 2.88 3.59 3.18 3.06 2.71 3.29

Note: 1 = very low acceptability, 2 = low acceptability, 3 = moderate acceptability, 4 = high acceptability and 5 = very high acceptability.
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However, environmental acceptability of the CSA
practices in Kintampo was higher than those in the
Bongo district. Scores for effectiveness showed no
statistically significant differences between the two
study locations. Acceptability scores for coherence
with local customs were significantly higher in Kin-
tampo than in Bongo district. However, there were
no significant differences in the acceptability scores
in terms of farmer implementability and equity
between the two study areas.

5. Synergies and trade-offs associated with
prioritized CSA practices

Workshop participants were asked to identify and
describe the synergies and trade-offs of CSAs preva-
lent in their localities, which were then compared
with those identified in existing literature (Table 8).
For example, participants identified that agroforestry
and woodlot schemes may improve productivity
due to their ability to conserve soil moisture and the
fixation of nitrogen, however, harvesting of woodlots
may increase emissions of GHGs and undermine miti-
gation efforts.

Many of the synergies associated with irrigation,
zero/minimum tillage, mixed cropping and cover
cropping were identified by both workshop partici-
pants and the literature. However, only a few of the
trade-offs associated with these practices were ident-
ified by both workshop participants and the literature
(see Table 8). The differences in trade-offs identified
result from the focus of the impact observed. For
example, while the trade-offs associated with irriga-
tion in the literature focused on the emission of
GHGs, workshop participants identified trade-offs
that pressurized the limited resources available to
farmers.

Similarities in the synergies identified by both
workshop participants and the literature were
mostly associated with increased productivity,
which ultimately leads to improved income and
household welfare. On the contrary, disparities in
the synergies identified by the workshop partici-
pants and the literature were mainly biophysical.
Workshop participants mainly identified trade-offs
that had a direct and immediate impact on
farmers such as increased demand on income and
labour while those identified in the literature
mainly focused on trade-offs whose impact manifest
over time, such as depleted land fertility and
increased emission of GHGs (see Table 8).

6. Discussion

No burning of crop residue was highly prioritized as
aiding the attainment of the three goals of CSA
among participants from both study locations.
Proper management of crop residues contributes to
improved soil structure and fertility, weed suppres-
sion and soil water retention (Giller et al., 2009; Jat
et al., 2021; Jellason et al., 2021) and as such, no
burning of crop residues is significant for the attain-
ment of the three goals of CSA. The practice is
highly acceptable in the study locations mainly
because of its easy implementation and because it is
coherent with the local customs of the people (Ander-
son & Siddique, 2015). Several studies (Alkhtib et al.,
2017; Jaleta et al., 2015; Valbuena et al., 2015) indicate
that farmers are increasingly accepting the practice of
no burning because crop residues have numerous
uses in the household and the community in terms
of cooking fuel, livestock feed, building material and
mulch. However, larger farms may find it difficult
due to resource constraints associated with sustain-
able crop residue management practices (Adolph
et al., 2021).

In spite of the high prioritization and acceptability
of no burning of residues/crop residue retention,
there are trade-offs that if not properly mitigated
could adversely affect farmers’ adoption of the prac-
tice. Crop residue retention has the potential to esca-
late bush fire outbreaks because residues are
potential fuel for any spark (Westcott, 2019), which
could then hamper mitigation. Delayed crop residue
decomposition on the farm interferes with other
farming activities and may require additional farm
labour, exerting more pressure on the meagre
resources of smallholder farmers (Cavalli et al., 2018;
Mizik, 2021) and reducing farmers’ adaptive capacity.
Despite the trade-offs associated with this practice, no
burning of residues has potential synergies that could
promote its adoption by farmers. Several studies
(Amorim et al., 2021; Lankoski et al., 2018; Shiwakoti
et al., 2019) show that it contributes to the pro-
ductivity and adaptation goals of CSA by supporting
crop yields, enhancing soil organic carbon and total
nitrogen, as well as retaining soil moisture and redu-
cing yield variability.

The use of improved crops (drought tolerant and
early maturing varieties) ranked highly among partici-
pants in both workshops. Improved crop varieties are
essential to the fight against climate change and food
insecurity (Antwi-Agyei & Nyantakyi-Frimpong, 2021;
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Table 8. Synergies and trade-offs of CSA practices from focused group discussions (FGD) and existing literature.

CSA practice Synergies Trade offs Sources

Irrigation - Supplements moisture for crop production
- Ensure all year-round crop production
- Increases income
- Increases crop productivity or yield
- Improves the activities of soil microorganisms

- Increases greenhouse gas emission when powered by fuel
- Causes the soil to emit nitrous oxide into the atmosphere
- Increases competition of labour for other agricultural operations
- Creates competition for resources such as land and water
- Increases the financial burden of farmers

Workshop data, Bryan et al. (2013), Swart
(2009), Tongwane and Moeletsi (2018)

Zero/minimum tillage - Improves soil structure and fertility
- Increases soil water holding capacity
- Improves soil carbon storage
- Reduces GHG emission
- Increases crop yield
- Creates conducive environment for soil micro-
organisms

- Improves soil water conservation
- Enhances weed control and reduces soil erosion
- Reduces nutrient infiltration

- Increases competition for land
- Increases the incidence of pests and diseases leading to lower productivity
- Increases the use of chemicals
- Increases the cost of farming through agrochemicals application
- Increases soil waterlogging
- Limits farmers’ ability for other farm operations

Workshop data Agula et al. (2018), Kumar
et al. (2018), Lankoski et al. (2018), Totin
et al. (2018)

Inter cropping with legumes - Increases income and sources of income
- Improve crop yields
- Reduces yield variation
- Contributes to nitrogen fixation of the soil
- Improves soil fertility
- Increases the availability of feed for livestock
- Serves as mulch and organic matter
- Improves weed control
- Increases the availability of biomass for livestock
feed and mulching

- Controls pest and disease infestation
- Enhances water holding capacity and moisture
conservation

- Enhances soil formation
- -Enhances households food and nutrition security
and dietary diversity

- Helps control erosion and degradation
- Contributes to carbon sequestration

- Increases the incidence of pests and diseases
- Limits water and nutrient intake of crops
- Affects pest control
- Increases farmers’ financial burden through agrochemicals application
- Limits the availability of labour as it is labour intensive

Workshop data, Debaeke et al. (2017),
Nassary et al. (2020) Sanou et al. (2016).

No burning of residues on farm - Enhances soil carbon sequestration
- Reduces soil nutrient leach
- Reduces GHG emission
- Increases the availability of biomass for mulch and
feed for livestock

- Serves as organic matter
- Enhances decomposition and improves soil
structure

- Enhances weed control
- Improves soil moisture conservation
- Increases soil fertility
- Maintains soil texture
- Improves microbial activities

- Affects weeds control
- Increases competition for crop residues for other purposes such as livestock feed
- Enhances fire outbreaks
- Harbours termites
- Facilitates the activities of pests

Workshop data, Bryan et al. (2013), Debaeke
et al. (2017), Kumar et al. (2018)

Agroforestry and woodlot
schemes

- Reduces GHG emission
- Facilitates income diversification
- Improves soil carbon sequestration
- Increases crop yield

- Increases deforestation
- Increases GHG emission through deforestation and fuelwood
- Decreases yield due to competition for sunlight and nutrients
- Increases competition for agricultural lands

Workshop data, Blaser et al. (2018), Beedy
et al. (2014), Kumar et al. (2018)
Loboguerrero et al. (2019), Teklewold
et al. (2020), Toth et al. (2017)

(Continued )
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Table 8. Continued.

CSA practice Synergies Trade offs Sources

- Increases aboveground carbon sequestration
- Serves as shade
- Serves as wind breaks
- Serves as habitat for wildlife
- Enhances soil structure and controls erosion
- Conserves moisture
- Fixes nitrogen and increases soil nutrient
- Improves household income and food security
- Improves access to biomass energy

Use of drought tolerant crop
varieties

- Increases crop yield
- -Improves households buffer capacity
- -Enhances households food and nutrition security
and dietary diversity

- Increases the availability of biomass for livestock
feed and mulching

- Enhances soil carbon storage
- Improves income
- Helps to escape the effects of drought
- Minimizes the competition for water
- Helps control erosion and degradation
- Contributes to carbon sequestration

- Increases the use of agrochemicals
- Increases farmers’ financial burden through agrochemical application
- Increases greenhouse gas emission from chemical inputs
- Contributes to soil salinisation
- Increases high crop damage in the event of excessive rains

Workshop data, Lankoski et al. (2018),
Loboguerrero et al. (2019), Sanou et al.
(2016), Segnon et al. (2015)

Mixed cropping - Increases yield and income
- Enhances crop diversification
- Minimizes pests and diseases
- Improves buffer capacity
- Improves soil nutrient
- Improves household food security and dietary
diversity

- Helps control erosion and degradation
- Contributes to carbon sequestration

- Contributes to land degradation
- Limits weed control
- Releases a lot of carbon dioxide during the night

Workshop data, Owens et al. (2009), Asare-
Nuamah et al. (2021)

Planting early maturing varieties - Increases crop yield
- Increases the availability of biomass for livestock
feed and mulching

- Enhances soil carbon storage
- Improves household food security and dietary
diversity

- Enhances household buffer capacity
- Helps control erosion and degradation
- Contributes to carbon sequestration

- Encourages multiple planting seasons which affects soil fertility
- Increases the use of agrochemicals
- Increases farmers’ financial burden through agrochemical application
- Increases greenhouse gas emission from chemical inputs
- Alters the agricultural systems and the associated cultural values of local communities e.g.
changes dietary preferences of communities, leads to the abandonment of traditional
crops

Workshop data, Lankoski et al. (2018),
Loboguerrero et al. (2019), Sanou et al.
(2016), Segnon et al. (2015), Vom Brocke
et al. (2020), Asare-Nuamah et al. (2021)

Cover cropping - Improves carbon storage
- Improves soil moisture retention
- Prevents the impact of direct sunlight
- Serves as mulch
- Fixes nitrogen
- Prevents erosion and degradation
- Prevents evaporation
- Improves soil nutrient
- Increases crop yield
- Controls pest infestation

- Increases water demand by crops
- Serves as habitat for pest and diseases

Workshop data, Chataway et al. (2011),
Debaeke et al. (2017), Obalum et al.
(2012), Rao et al. (2015)

Use of climate information
services

- Reduces the cost of production
- Increases yields
- Reduces risk of crop failure
- Helps to develop cropping criteria for cropping
season

- Increases radiations
- Increases the cost of accessing services e.g. internet- based climate services
- Depletes or conflicts long-existing traditional, ecological and cultural knowledge

Workshop data, Partey et al. (2018)
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Seyoum et al., 2020). Improved crops varieties were
acceptable among participants in both groups
because the practice has been demonstrated to
produce good yields and withstand rising tempera-
ture and erratic rainfall (Debaeke et al., 2017;
Seyoum et al., 2020; Valarmathi et al., 2019). Another
synergistic feature associated with the use of
improved crop varieties is that farmers are better
able to cope with the risk associated with rainfall
variability (Sanou et al., 2016). Improved crop varieties
ensure that farmers are able to cultivate in the face of
uncertain rainfall patterns and still harvest. However,
the continuous use of improved crop varieties
requires the increasing use of agrochemicals which
could contribute to emission of GHGs and further
damage the soil in the long term (Miflin, 2000).

Another set of highly prioritized and acceptable
CSA practices in the study locations was mixed crop-
ping, intercropping with legumes and cover cropping.
These cropping systems are highly similar and serve
comparable purposes. Synergies associated with
these cropping systems include improved biodiversity
within farming systems and reduced total crop failure,
which in turn reduces the likelihood of food insecurity
among farm households (Bonke & Musshoff, 2020).
Again, these practices ensure better utilization of
available resources, improve natural nitrogen
fixation, prevent erosion and crop failure, and assist
in weed, pest and disease management (Gogoi
et al., 2018; Maitra et al., 2020; Silberg et al., 2020;
Solanki et al., 2020). Farmers who adopt these prac-
tices enjoy the synergies between enhanced pro-
ductivity and adaptive capacity due to the varieties
of crops cultivated. However, these practices have
trade-offs with respect to GHG emissions as they
have the potential to increase competition for moist-
ure, solar radiation and nutrients (Layek et al., 2018).
This can also lead to increased emission of nitrous-
oxide and carbon dioxide because of increased
decomposition activity by microbes (Basche et al.,
2016; Daryanto et al., 2018). Additionally, these prac-
tices can increase pest and disease infestations,
which may require increased use of chemicals with
associated environmentally damaging effects
(Nassary et al., 2020).

Unlike other practices, the prioritization and
acceptability of irrigation diverged among study par-
ticipants. The scores on economic acceptability and
farmer implementability indicated that the adoption
of proper irrigation systems was economically prohi-
bitive. A smart irrigation system that can save about
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80% of water is expensive and can affect farmers’
ability to adapt to the impact of climate change
(Asare-Nuamah et al., 2021; Darshna et al., 2015).
Economically, farmers with low resource endowments
cannot meet the financial requirements for rolling out
a climate-smart irrigation scheme and may thus be
unwilling to accept such a practice (Waaswa et al.,
2022). However, farmers that are able to adopt
smart-irrigation systems are likely to achieve high
yields and reduced production variability (Lankoski
et al., 2018; Zaveri & Lobell, 2019), further increasing
their income, while also building their resilience
because they can engage in dry season farming.
Such synergistic effects are more likely to occur in
large farms than small farms because large farms
can achieve economies of scale which can translate
into higher production efficiency (Borychowski et al.,
2022). However, irrigation may fuel competition for
water resources which may erupt into resource
conflict, especially in scarce water environments
(Antwi-Agyei et al., 2015; Asare-Nuamah et al., 2021).
Also, irrigation systems that are mostly adopted by
smallholder farmers tend to be non-smart and
powered by fossil fuel energy sources, leading to an
increased GHG emissions (Sapkota et al., 2020). GHG
emissions from irrigation may arise in four different
ways: from surface water pumping, ground water
pumping, water conveyance, and production and
construction of irrigation facilities (Zou et al., 2015).

Given the difference in prioritizations and the level
of acceptability of CSA practices coupled with their
varying synergies and trade-offs, it is essential for
farmers to adopt a combination of CSA practices
that complement each other. It is also important
that farmers fully exploit the synergies and trade-
offs associated with the adoption of CSAs to suit
their specific circumstances (Ochieng et al., 2022).
This requires consideration of not just the synergies
and tradeoffs in terms of environmental outcomes
but also in terms of factors such as seasonal labour
demands, when in the agricultural cycle each practice
needs to be implemented, and temporal variations in
household income that is available for investment in
CSA. When these kinds of supporting factors align,
farmers in Bongo district may obtain synergies by
combining the use of e.g. no burning of crop residues,
drought tolerant varieties and smart irrigation prac-
tices given that farmers in that part of the country
are more prone to drought. Farmers in Kintampo
may have to adopt a different combination of prac-
tices such as no burning of crop residues,

intercropping with legumes and the planting of
early maturing varieties because they face different
climatic challenges. Each combination of practices
has different effects on the overall outcomes and
requires further research, while the characteristics of
the farmers and their resource endowments are
known to affect the uptake of CSA practices.

Socio-economic factors such as farm size, education
level, age, gender, availability of resources and the
main source of income of a farmer interact to
influence CSA adoption (Waaswa et al., 2022). Addition-
ally, institutional factors such as the land tenure
system, access to credit, access to training on CSAs,
membership of farmer-based groups and receipt of
support from non-governmental groups have also
been shown to affect the adoption of CSA practices
(Anuga et al., 2019). Recognizing these factors, and in
addition to them, synergies and trade-offs associated
with CSA practices can advance or hamper their adop-
tion among farmers, and also can shape their disadop-
tion (Chinseu et al., 2019a, 2019b). This study adds to
the extant literature and improves our knowledge on
the drivers (acceptability) of CSA practices by assessing
these synergies and trade-offs.

7. Conclusion and policy implications

The results from our study bring to light the differ-
ences in the prioritization and acceptance of CSA
practices among Ghanaian farmers based on their
location, suggesting that CSA design and implemen-
tation need to be location-specific and that there is
not a one-size-fits-all approach relevant across all of
sub-Saharan Africa. Farmers in different agroecologi-
cal zones in Ghana have unique characteristics
peculiar to their context in addition to the general
conditions of the Ghanaian farmers. As such, under-
standing the conditions within farmers environment
and providing fit-for-purpose, acceptable interven-
tions that harness synergies would contribute immen-
sely to achieving triple wins. Our results also
demonstrate that while farmers have highly priori-
tized and acceptable CSA practices in the study
locations, the synergies and trade-offs associated
with these CSA practices can greatly influence
farmers’ decisions to adopt them.

Based on our findings, we recommend that
implementation of future CSA action plans must be
location-specific and not a blanket policy from the
national level. Thus, the biophysical and socioeco-
nomic contexts of farmers are critical to scaling up
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effective CSA practices and farmer participation and
engagement in the design and delivery of CSA
becomes vital. CSA practices must be piloted to
ensure that locals prioritize and accept them especially
as favourable synergy-trade-off outcomes emerge over
longer time frames. Additionally, a combination of CSA
practices, such as mixed cropping, intercropping with
legumes, cover cropping and no burning of crop resi-
dues, among others that have proven highly effective
and acceptable in dryland farming systems, could be
usefully promoted at scale among local farmers. This
will minimize policy and programme failures and
ensure that the limited resources available to local gov-
ernments will be spent on proven practices that are
more likely to be taken up. In addition, CSA practices
that put less pressure on the already constrained
budget of farmers should be promoted because
farmers regard implementation cost as an key factor
of CSA adoption. This is evident from the finding that
the economic acceptability of CSA practices such as irri-
gation, improved crop varieties and the use of climate
information remains relatively low as they are capital
intensive and farmers have limited capacities and
resources to adopt such practices. Given the poverty
levels among smallholder farmers in Ghana, economic
viability of CSA remains a priority, which may relegate
mitigation concerns. Social interventions that improve
farmers’ access to socioeconomic resources should
equally be prioritized by state and local institutions
to enhance comprehensive achievement of CSA
goals. Findings from this paper have implications for
the adoption of CSA practices in different agro-ecologi-
cal zones in Ghana as different combinations of prac-
tices are more or less suitable depending on the
context, and deliver different balances of synergy and
trade-offs. This insight also applies at the wider sub-
Saharan Africa scale, where agro-ecological, socioeco-
nomic and political characteristics need to be factored
into the design and implementation of location-
specific CSA practices aimed at improving productivity,
enhancing adaptation and reducing GHGs emissions.
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Appendix
Table A1. List of CSA practices adopted in Ghana.

CSA practices Sources

Crop residue mulching Antwi-Agyei et al. (2021), Anuga et al. (2019)
Use of drought-tolerant varieties Issahaku and Abdulai (2020), Zakaria et al. (2020)
Inter-cropping with legumes Anuga et al. (2019)
Cover cropping (planting cover crops to maintain soil moisture) Antwi-Agyei et al. (2021), Anuga et al. (2019),
Crop rotation Antwi-Agyei et al. (2021)
Composting Antwi-Agyei et al. (2021), Anuga et al. (2019)
Planting legumes among crops Antwi-Agyei et al. (2021)
Water management and water harvesting Anuga et al. (2019), Zakaria et al. (2020)
Sprinkler and drip irrigation Antwi-Agyei et al. (2021)
Earth bunding Issahaku and Abdulai (2020), Zakaria et al. (2020)
Stone bunding Antwi-Agyei et al. (2021), Issahaku and Abdulai (2020)
Agroforestry and woodlot schemes Anuga et al. (2019)
Zero-tillage | Minimum tillage Issahaku and Abdulai (2020), Anuga et al. (2019)
Mixed farming (crop-livestock integration) Anuga et al. (2019), Antwi-Agyei and Nyantakyi-Frimpong (2021)
Mixed cropping (planting different type of crops together) Antwi-Agyei et al. (2021)
Bush fallowing Antwi-Agyei et al. (2021)
Integrated nutrient management Anuga et al. (2019)
Timely harvesting of produce and storage Antwi-Agyei et al. (2021)
Appropriate fertilizer use Anuga et al. (2019)
Store seeds for next season/emergency (seed banking) Antwi-Agyei et al. (2021)
Early planting Anuga et al. (2019), Antwi-Agyei and Nyantakyi-Frimpong (2021)
Planting early maturing varieties of crop Issahaku and Abdulai (2020), Zakaria et al. (2020)
Use of climate information services Anuga et al. (2019)
No burning of residues/biomass on farms Antwi-Agyei et al. (2021)
Appropriate land preparation devoid of slash and burn Antwi-Agyei et al. (2021)
Appropriate planting methods (spacing) Antwi-Agyei et al. (2021)
Composting Antwi-Agyei et al. (2021)
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