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Reducing vulnerability of smallholder farmers to climate change is a global issue. 
One approach viewed as important in reducing farmers’ vulnerability to climate 
change is Climate-Smart Agriculture (CSA). CSA is often seen as an approach to 
redefine, reposition and sustainably manage agriculture. Given the importance 
of CSA practices in sustaining the food needs of many farm households in 
sub-Saharan Africa and Ghana, this study investigates CSA practices that were 
introduced to farmers by Center for Indigenous Knowledge and Development 
(CIKOD), interrogates the contributions of CSA to reducing farmers vulnerability 
to climate change and established the relationship between CSA and climate 
change adaptation. The study employed a mixed method approach, using 146 
smallholder millet and sorghum farmers. Questionnaire and interviews were 
used to generate primary data for analysis. Descriptive statistics, involving Chi-
square test and relative importance index were used to analyze the questionnaire 
while thematic analytical approach was used to analyze the interviews. The 
results of the study revealed that CSA practices such as crop rotation, weed 
control, contour farming, and land rotation are deployed by smallholder farmers 
to respond to drought, dry spell and flood in the Municipality. Asset holding 
capacity, credit, access to climate information, and extension services were 
found to be key determinants of farmers’ adoption of CSA practices. The study 
recommends the need for the Ministry of Food and Agriculture to provide some 
technical support to smallholder farmers to successfully adopt these practices 
for sustainable farming. Again, the study recommends the need for non-
governmental organizations and development partners, which over the years 
have shown interest in promoting CSA practices among farmers, to continuous 
to support and promote the adoption of CSA by farmers.
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1 Introduction

The global population is projected to increase to around 8.5 billion 
in 2030, 9.7 billion in 2050 and 10.4 billion in 2100 (FAO, 2022; 
Petrakis et al., 2023). This projected increase in population numbers 
will imply that agriculture must be at its best to meet the food needs 
of the growing population. With agricultural productivity projected 
to decline by 17–28% in sub-Saharan Africa due to farming systems’ 
sensitivity and vulnerability to volatile climatic conditions, poor 
agricultural households will suffer to meet their household food 
demand (Sakho-Jimbira and Hathie, 2020). Studies have observed that 
sub-Saharan Africa is highly sensitive and more vulnerable to climate 
change and suggest the need to improve their agricultural production 
systems to tackle the threats of climate change and other weather 
uncertainties (Pereira, 2017; File and Derbile, 2020; Owusu et al., 
2021). No doubt, climate change has become a critical development 
challenge and net threat to achieving sustainable development. Given 
the importance of agriculture in meeting the current and future food 
needs of the global population, investment, and adoption of 
agricultural technologies need to be considered.

In recent years, there has been serious advocacy for sustainable 
agriculture. The call for sustainable agriculture is to improve agricultural 
productivity and incomes of farmers while managing the emission of 
greenhouse gasses into the atmosphere (FAO, 2013; Zougmoré et al., 
2016; Anuga et al., 2019; Zakaria et al., 2020; Autio et al., 2021). One 
approach that appears dominant in the call for resilience and sustainable 
agriculture is climate-smart agricultural practices. Climate-smart 
agriculture is an approach that seeks to: (1) increase agriculture 
productivity in a sustainable manner, (2) improve the resilience of 
agricultural production and food systems to climate change and (3) 
reduce net greenhouse gas emissions associated with agriculture and 
forestry sectors (FAO, 2013; Yiridomoh, 2021). According to the 
Rainforest Alliance et al. (2024), CSA is an approach that combines 
different methods to increase agricultural food production under a 
climate change umbrella. The promotion of climate-smart agriculture is 
observed to enhance agricultural productivity and increase the 
resilience of farming systems against climate change (FAO, 2013; 
Zakaria et al., 2020; Azadi et al., 2021). Globally, studies have recognized 
the criticality of climate smart agriculture to sustainable agriculture and 
food security (Zougmoré et al., 2016; Azadi et al., 2021). Attention in 
the development, promotion, and adoption of climate-smart agricultural 
practices has always targeted at least developed regions, especially 
sub-Saharan Africa due to the region’s sensitivity and vulnerability to 
climate change.

The latest Intergovernmental Panel on Climate Change report 
shows that sub-Saharan Africa (SSA) will continue to experience 
decline in grain yields due to climate change (Ayanlade et al., 2023). 
Studies specifically on climate-crop modeling suggest that activities of 
agriculture will be disproportionately affected in SSA (Owusu and 
Yiridomoh, 2021; Derbile et al., 2022). Given that majority of the 
people depend on agriculture for their livelihood, agricultural 
vulnerability to climate change is of great interest to policy makers, 
academics and other development partners. The decision for climate 
change adaptation as a global public goal is enshrined in the Paris 
Agreement (Article 7). The question for many sub-Saharan countries 
is when and how to act and which adaptive strategies to pursue to 
reduce the fragility of agricultural systems for sustainable food 
production. This is because without sustainable and appropriate 

farm-level responses and interventions, climate change will likely 
affect agricultural yields and food security, and increase poverty levels 
in SSA. Earlier studies have observed that CSA technologies must 
be introduced to farm households in Africa and other developing 
economies (Alexander, 2019; Mashi et al., 2022; Njogu et al., 2024). 
Accordingly, the introduction of climate smart-agricultural practices 
to smallholder farmers has the propensity to support sustainable 
agriculture through improved agricultural productivity, income, and 
food security. However, despite the call for the implementation and 
promotion of CSA in sub-Saharan Africa, the specific role CSA plays 
in sustaining grains cultivation (specifically millet and sorghum) in 
Ghana is limited and least investigated.

Just as in Ghana and in other parts of Africa, millet and sorghum 
are important crops that are cultivated all over the world particularly, 
Asia and America. In Ghana, the farming of millet and sorghum are 
closely associated with the indigenous culture over centuries. Millet 
and sorghum have been mixed cropped for centuries and are 
nutritionally preferred to others cereals such as barley, wheat, rice and 
maize. According to Prasad and Staggenborg (2009), the two crops 
contain high levels of calcium, iron, fiber, and relatively lower energy 
content, which make them ideal for weaning children. Local 
knowledge shows that the two crops form the staple diet of major 
communities within the northern and other parts of Ghana where 
they are used to make local dishes such as Tuo Zaafi (TZ), fura, and 
zoom (kom) (Agyakinla, 2018). Despite the significant role of millet 
and sorghum in household food security, climate change is observed 
to impact the yield of these two crops. As observed by Derbile et al. 
(2022), the yield of the two crops has been declining since 1990. This 
has plunged the area cropped of millet and sorghum to 3rd and 4th 
places among the most cropped food plants in Ghana [Ministry of 
Food and Agriculture (Ministry of Food and Agriculture, 2010)] and 
overtaken by other cereals like maize and rice.

Situated in North-western Ghana, the Lawra Municipality is one 
of the municipalities in the Upper West Region where millet and 
sorghum are predominantly cultivated for food and the cultural needs 
of the people. In fact, they are the first choice crops that are cultivated 
within the municipality, and almost all farm households within the 
municipality cultivate the two crops for their food security needs and 
traditional rites (Ministry of Food and Agriculture, 2010; Seglah et al., 
2022). In recent years, development partners, including the Center for 
Indigenous Knowledge and Development (CIKOD), have introduced 
smallholder farmers to climate-smart agricultural technologies in the 
municipality for sustainable farming. Previous studies have given 
attention to factors that influence farmers’ adoption decision to CSA 
practices. However, how adoption of these CSA practices has 
supported farmers to adapt to climate change especially in resource-
scare location of Ghana is least interrogated. Thus, this study seeks to 
answer the following questions: (1) What are the climate-smart 
agricultural practices introduced to farmers? (2) What are the 
contributions of the introduced CSA technologies for farm-level 
adaptation? (3) What are the associations between CSA practices and 
climate change adaptation? Providing answers to these questions do 
not just contribute to critical literature on CSA adoption but also 
provide a framework for understanding the nexus between CSA and 
climate change adaptation in resource scarce setting in north western 
Ghana. The rest of the paper is organized as follows: the succeeding 
sections consist of the conceptual framework, the methodology, 
results and the discussions of the study.
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1.1 Climate-smart agriculture and climate 
vulnerability reduction of farmers

Climate vulnerability has become important in climate change 
research globally. Vulnerability studies are key to define systems 
exposure and sensitivity to climate change for systems adaptation 
decisions. Often viewed as a contested concept, vulnerability is when 
people are prone to future acute loss in capacity to respond to climate-
induced disasters. In other words, vulnerability is the tendency to 
be  adversely affected by actions and inactions of climate change. 
Climate vulnerability is widely known to differ within communities 
and across societies, regions and countries, and also through time 
(Ayanlade et al., 2023). Agriculture in Africa and other developing 
economies are observed to be vulnerable to global and local climate 
change. The agricultural sector vulnerability to climate change in 
Africa, in particularly, is due to the sector’s high reliance on rainfall 
for its activities (Wekesa et al., 2019; Yiridomoh et al,. 2020). Studies 
across Africa and the globe observed food crop yields reduction in the 
coming years due to low adaptive capacity of farmers to climate 
change (Eggen et al., 2019; Sultan et al., 2020; Ayanlade et al., 2023). 
Using a large ensemble of historical climate stimulations derived from 
an atmospheric general circulation model and two process-based 
models (SARRA-H and CYGMA) to assess climate effects on crop 
production in West Africa, Sultan et al. (2020) observed that climatic 
conditions have caused regional average yield reductions of 10–20% 
for millet and 5–15% for sorghum in the two models. Using a 
participatory approach to assess sources of vulnerability of farmers to 
climate change in Zimbabwe, Rurinda et al. (2014), found that food 
crops of farmers have been affected by multiple stress factors such as 
soil degradation, water deficit and limited rainfall caused by 
climate change.

Climate change and agriculture will continue to interact with the 
former setting the development pace for the latter. This implies that 
developing and implementing emerging agricultural technologies is 
core to agricultural development. Over the years, climate-smart 
agriculture has been seen as an approach to support farm households 
respond to climate. The approach is premised on three pillars; increase 
yields of farmers through adaptation, improve income of farmers and 
assist in mitigating climate change through reduction in greenhouse 
gasses. Climate-smart agriculture, over the years has been observed to 
reduce farmers’ exposure and vulnerability to climate change through 
improved yields of farm activities. For instance, Tesfaye A. et al. (2021) 
study in Ethiopia on climate-smart innovations and rural poverty 
reported that climate-smart technologies such as cereal-legume 
intercropping, minimum tillage and their combination (cereal-legume 
plus minimum tillage) have helped reduce the incidence and depth of 
poverty of smallholder farmers. Sarr et  al. (2021) study on who 
benefits from climate-friendly agriculture in Tanzania found that 
intensification of rice system significantly contributed to improved 
rice yield. In Ghana, Issahaku and Abdulai (2019) reported that 
climate-smart innovations such as water and soil conservation and 
crop choices has resulted in reduction in multi-dimensional poverty 
and downside risk exposure of farmers to climate and environmental 
change. The study further observed that adopting climate-smart 
agricultural practices positively and significantly impacts food and 
nutritional security.

Martey et al. (2020) study on climate-smart innovations on food 
security reported that adopting row planting and drought-tolerant 

maize varieties increased crop yield and intensity of maize 
commercialization. Shahzad et al. (2021) on climate-smart agricultural 
practices in Pakistan, revealed that climate-smart technologies such 
as cropping calendars, diversified seed varieties, changing input mix 
and soil, and water conservation measures significantly improve 
household food security and enhance household dietary diversity. 
Other studies have also reported on yield and income effects of 
climate-mart agricultural innovations (Miller et al., 2021; Bazzana 
et al., 2022; Li et al., 2022; Yamoah and Kaba, 2022; Ali et al., 2023). Li 
et al. (2022) study on climate-smart innovations and crop yield in 
China found that farmers who adopted CSAs have seen their rice yield 
increase. No doubt, climate-smart agricultural practices could play a 
significant role in reducing climate-related vulnerabilities of farmers 
if they are properly introduced to these technologies. This therefore 
suggests that building the synergies between indigenous knowledge 
systems and climate-smart agricultural technologies could proffer 
successful climate adaptation solutions to farmers.

1.2 Conceptual framework of the study

As indicated by the sustainable farming framework (SFF), climate 
change is a threat to the agricultural sector. Rising temperatures, 
declining rainfall, and rising sea levels are observed to impact activities 
of farming. As already reported by previous studies, the impact of 
climate change has grave implications on the agricultural sector 
because of the sector’s high dependence on rainfall for its activities 
(Yiridomoh et al., 2021; Belford et al., 2023; Mehraj et al., 2023). As 
typified by the framework, climate change will determine agricultural 
potential and its impact will determine whether millet, sorghum and 
other crops will survive the test of climate change. As reported by 
earlier studies, the adverse impact of climate change will affect all 
sustainable farming practices, with consequent effects on food 
availability, accessibility, stability, and utilization (Owusu and 
Yiridomoh, 2021; Yiridomoh et al., 2021; Ayanlade et al., 2023). Thus, 
increasing weather extremes as noted by the framework (see Figure 1), 
will force many vulnerable households into food insecurity due to 
exposure of food production systems to climate change. In some cases, 
household vulnerability may result in maladaptation due to severe 
impact of climate change on farm activities.

Sustainable farming as depicted by the framework depends 
heavily on climate-smart agricultural technology adoption. Thus, 
reducing vulnerability of farmers to climate change will imply that 
they are introduced to climate-compatible agricultural activities such 
as land, soil and water management practices. Studies have indicated 
the need to provide strategies to enlarge potential crop production 
through expanding rain-fed and irrigated agricultural areas (Antwi-
Agyei et al., 2021; Owusu and Yiridomoh, 2021; File et al., 2023). No 
doubt, there exists extant literature on smallholder farmers’ 
vulnerability to climate change through frequent crop failures, 
reduced cropping areas due to climate extremes such as droughts and 
floods, especially in developing countries. Sustainable farming 
through adoption of climate-compatible farming practices is a must 
to protect smallholder farmers against harsh climatic conditions. 
Climate-smart agriculture supports farmers’ farm decisions for 
sustainable farming as exemplified by Figure 1. The opportunities for 
adoption of climate-smart agricultural activities are to reverse the 
impact of climate change on farming activities. As reported by studies, 
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adoption of climate smart agriculture is to enhance farmers’ capacity 
for climate change vulnerability reduction through adaptation 
(Makate et al., 2019; Jamil et al., 2021; Nyang'au et al., 2021).

Climate-smart technologies’ adoption requires government policy 
intervention which sometimes could be  complex public planned 
adaptation projects to include weather prediction, irrigation for water 
conservation, sustainable soil management, introduction of improved 
crop varieties and livestock management. The effectiveness of public 
policies and institutions in climate-smart agricultural technologies 
adoption will have positive implication on sustainable and future 
farming. This implies that for farmers to appropriately adopt climate-
smart agricultural technologies for sustainable farming, public 
institutions and their policies must be tailored toward smallholder 
farmers to support the climate adaptation behavior. As reported by 
studies, how and when climate-smart technologies are used by farmers 
is dependent on how these policies are developed and implemented 
by institutions (Totin et al., 2018; Makate et al., 2019; Tanti et al., 
2022). Strong public policies and institutions are prerequisite 
requirements for the adoption of climate-smart agricultural 
technologies and have consequential effects on sustainable farming.

2 Materials and methods

2.1 Study location

The Lawra Municipality is one of 11 Districts in the Upper West 
Region of Ghana. The municipality is bounded to the east by the 
Lambussie-Karni district and to the west and south-west by the 
Republic of Burkina Faso and located within the Guinea Savanna 
vegetation zone of Ghana (see Figure 2). The guinea Savanna zone is 
characterized by scattered woody trees, which are usually short in 

height. The area is known for its short grasses except areas along the 
Black Volta River where the grasses are taller. Most of the trees in the 
municipality are drought and fire resistant, making them more 
resilient to climate and environmental changes. For instance, baobab, 
dawadawa, shea, and acacia are the most common trees in area, and 
these are highly resistant to drought and wild fires. These trees are of 
economic importance to the sustenance of the residents in the 
municipality as they provide extra income to farm households, 
especially women.

One annual environmental challenge of the area is drought, which 
usually starts from early October and runs through to early April. 
When the drought occurs, the grasses become dry and get burnt 
subsequently. This usually leaves the area very patchy and bare. The 
early torrential rains which are unpredictable these years also set in 
around April and May. These are the months in which farmers start to 
clear their lands for activities of farming. Due to the erratic nature of 
the rainfall, farming and other agricultural activities are affected, 
resulting in low agricultural yields as farmers depend mostly on 
rain-fed agriculture. The climate of the municipality is the tropical 
continental type. This is characterized by mean annual temperature 
ranging between 27 and 36°C. February to April is the hottest period 
in the municipality and the region at large, while April to October is 
the period in which the municipality receives rainfall, which usually 
is the wet and farming season.

2.2 Study design

Based on the paradigm of pragmatism (Johnson et  al., 2007), 
which focuses on research outcomes and allows researchers freedom 
in the choice of methods that best meet their needs, an exploratory 
sequential mixed-methods research design was adopted for the study. 

Climate change
1. Rising temperature 
2. Declining rainfall 
3. CO2 fertilization
4. Rising in sea level

Policies and institutions

Impact of climate 
change on millet and 
sorghum production 

Climate-smart agriculture 
1. Improved land management
practices
2. Improved soil management 
practices 
3. Improved water 
management practices

Sustainable 
farming  

Agricultural potential 

FIGURE 1

Sustainable farming framework. Source: Authors constructs, 2023.
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An exploratory sequential design involves a study in which the 
qualitative dimension (data collection and analysis) of the study is 
conducted first followed by the quantitative data collection and 
analysis (Fetters et al., 2013). The interest in the exploratory sequential 
mixed methods approach is to present more balanced findings that 
would be  relevant for agricultural sector climate change 
adaptation planning.

2.3 Population and sample

The study was conducted among smallholder farmers in 12 
communities within the Lawra Municipality who were introduced to 
climate-smart agriculture by the Center for Indigenous Knowledge and 
Organizational Development (CIKOD) in 2014. The communities are 
Tanchara, Tanchara Saazu, Kporo, Daboziire, Dawna, Gbelinkaa, Pavuu-
Kaungpuo, Tiakoni, Danllar, Gangduor, Gbengbe, and Dobozirre. A 
purposive and simple random sampling techniques were used to select 
the municipality and the communities, respectively. The Municipality 
was purposely selected because of its introduction to climate-smart-
agricultural practices, high poverty indices and its vulnerability to 
climate change. Thus, the purposive sampling approach was used to 
select the Lawra municipality and simple random sampling was used to 
select three communities out of the 12 for the study. By way of applying 
the simple random approach, all the 12 communities that were 

introduced to the CSA practices names were interdependently written 
on pieces of papers, gently folded and put into a container for the three 
communities to be drawn among the folded list of communities. Simple 
random sampling technique was again employed to recruit the individual 
farmers for the study. Simple random is suitably used when the 
population under study has homogenous characteristics. In this study, 
the researchers deployed the simple random sampling by first assigning 
consecutive numbers from 1 to n, next to each farmer in each community 
under study (i.e., n = population of farmers in each community). Second, 
a list of random numbers with the help of random number table which 
was manually developed enable the researchers select the number of 
farmers in each community from the total list of farmers of that 
community (see Figure 3).

For the selection of the sample size for the study, a proportionate 
sampling approach guided by data collected from CIKOD (see 
Figure 3) was used. Using the Yamane (1967), formula: n N Ne= +

1

2 , 
where n = sample size; Ν = sample frame, and е = disturbance term, 
which was (0.05), a sample size of 146 millet and sorghum farmers was 
used for the study.

2.4 Data collection instruments

Two data collection instruments were used; in-depth interviews 
and structured questionnaire. In-depth interviews were conducted 

FIGURE 2

Map of Lawra municipality showing the study communities.
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with climate-smart champions in all the three communities in the 
municipality. Climate-smart champions are millet and sorghum 
farmers recognized by their peer farmers as real adopters of climate-
smart agricultural practices. The interview with the climate-smart 
champions was face-face interaction between the researchers and the 
individual respondents (Climate-smart champions). The adoption of 
the face-face approach is because it offers a greater degree of flexibility. 
It provides an avenue where answers are probed by the researcher and 
clarification made where necessary by the respondent on questions for 
better comprehension before answering. The climate-smart champions 
were identified with the help of farmers during the questionnaire 
administration. A follow up was made on the names mentioned to the 
research team and interviews were conducted with them too. It was 
the intention of the study to conduct 15 interviews with the climate-
smart champions, however, after 12 interviews (see Table 1), data 
saturation was reached and the interviews were stopped. All the 
interviews, which usually lasted for 30–45 min, were conducted with 
farmers at their homes.

Just like the in-depth interviews, the structured questionnaire was 
granted to millet and sorghum smallholder farmers on their perspectives 
of climate-smart agriculture, the kind of climate smart technologies 

adopted by farmers and their contributions to climate change 
vulnerability reduction among the smallholder farmers. The structured 
questionnaires were administered to millet and sorghum farmers in their 
homes, with each questionnaire lasting for 40 min. For relevance and 
accuracy of the questionnaire to the success of the study, a pilot study 
was conducted in Babile, one of the communities in the Municipality. 
That procedure involved administering the developed questionnaire to 
millet and sorghum farmers and then following up to get responses on 
the questions on how they are structured, and whether they were 
understood by the respondents and felt comfortable responding to them.

Before the study was conducted, all the participating communities’ 
consent was sought, and respondents’ confidentiality was assured. 
Where audio recordings were done, participants consent were asked 
and confidentiality in the management and use of the recorded audios 
was clearly assured.

2.5 Data analysis

The quantitative data was analyzed using descriptive statistics 
such as frequencies and percentages. The descriptive statistics was 

Total population (N=231 smallholders 

Upper west region

Lawra municipality

Three communities 

Tanchara Pavuu-Kaunpuo Gbengbe

N=73 N=67 N=91

Tanchara 

N= 46

Pavuu-Kaunpuo

N= 42

Gbengbe

N=58

Simple random 

Total sample size (n) =146

One municipality 
selected

FIGURE 3

Sample construction. Source: author’s construct.
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analyzed using Statistical Package for Social Scientists (SPSS Version 
21). To determine the relationship between CSA and climate 
vulnerability reduction, a chi-square test (Greenwood and Nikulin, 
1996) was performed to examine CSA practices that are significantly 
associated with climate risk reduction. To identify CSA practices that 
were perceived effective and of importance to the farmers over others, 
a Relative Importance index (RII) analysis was conducted. Farmers 
were asked to score the relative importance of the different CSA 
practices using a four-point rating scale (high, medium, low and no). 
The relative importance index was calculated based on the following 
index formula RII = RIn + 0 + RI I × 1+ RI m × 2 + RI h × 3… (2) Where; 
RII = Relative Importance Index, RIn = frequency of farmers rating 
CSA practice as not important, RIi = frequency of farmers rating CSA 
practice as less important RIm = frequency of farmers rating CSA 
practice as moderately important RIh = frequency of farmers rating 
CSA practice as highly important (Uddin et  al., 2014). For the 
qualitative data, thematic approach was used (Attride-Stirling, 2001). 
Thus, all interviews were transcribed by the first author and shared the 
transcripts with the other two authors for codes and themes 
identification. The transcripts were independently read by the three 
authors to identify the codes and themes for analysis. The individual 
researcher’s read of the transcripts helped the authors identify themes 
relevant to make a case for the contribution of CSA for climate 
vulnerability reduction. The themes identified were used to support 
the descriptive statistics to present a more balanced results of the study.

3 Results

3.1 Demographic characteristics of 
respondents

The study presents the demographic characteristics of the millet 
and sorghum farmers in the Lawra Municipality (see Table 2). From 

the analysis, 83% of the respondents were male while 17% were 
female. The male dominance in the production of the millet and 
sorghum, according to the study, is because these crop varieties are 
considered as traditional crops and usually cultivated for cultural 
and traditional purposes, in which women have limited roles. 
Again, the demographic analysis, revealed that 81% of the 
respondents were married, 13% were widows while 5 % of them 
were divorcees.

On production goal or purpose of engaging in millet and sorghum 
farming, 96% of the respondents indicated the production was for 
home consumption while three and 1 % indicated that production of 
sorghum and millet is for commercial and for both commercial and 
household consumption, respectively. Further analysis of the 
demographic information of the respondents indicated that, 88% of 
the farmers received farming information from NGOs, while 8 and 
3% of the respondents indicated that they received farming climate 
information through the Ministry of Food and Agriculture and its 
subsidiary units.

3.2 Perceived effects of climate-induced 
variables on yield of millet and sorghum in 
the Lawra municipality

The perceived effects of climate-induced variables on the yield of 
millet and sorghum in the Municipality are presented (see Table 3). 
As indicated by the Table 3, various climate-induced derivatives were 
explored and farmers were asked if they had any effect on their 
sorghum and millet production. The responses of the participants 
revealed that drought, dry spells, windstorms, bushfires and floods 
had great implications on their millet and sorghum production. 
Specifically, 80% of the respondents observed that over the years 
floods had increased with grave consequences on their food 
crop production.

TABLE 1 List of interview participants.

Community Climate-smart champion (CSC) Sex Pseudonym

Tanchara CSC 1 M A1

CSC 2 M A2

CSC 3 M A3

CSC4 M A4

CSC5 F A5

Pavuu-Kaunpuo CSC 1 M B1

CSC 2 M B2

CSC 3 M B3

CSC 4 F B4

CSC5 F B5

Gbengbe CSC 1 F C1

CSC 2 M C2

CSC 3 M C3

CSC4 M C4

CSC5 F C5
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Millet and sorghum farmers also observed that rainfall over the 
years had been sporadic, however, they noted that any time they 
experienced heavy rainfall, their valleys and farm lands get flooded, 
with adverse consequences on the development of the sorghum and 
millet as captured by A1:

“Flooding has been part of our existence here. We  have been 
experiencing flooding since time immemorial. However, in recent 
years, the flooding is devastating with adverse consequences on those 
of us who cultivate millet and sorghum. The worst affected are those 
who have their farm lands located along rivers and streams.”

On farmers’ responses to drought, respondents observed that 
drought has been rampant in the past decade causing farmers’ 
crops to wilt and dry up. Just like drought, farmers also mentioned 
dry spells, which are as devastating as the drought itself. As 
indicated by Table 3, 100 and 92% of the respondents indicated that 
drought and dry spells, respectively, were intense with dire 
repercussions on the yield of sorghum and millet. Farmers 
mentioned annual drought and dry spells especially around June–
August where farmers expect rains for their farming activities. 
According to the farmers, due to limited rains experienced 
annually, bush fires set in quickly usually around October and 
November, and consume their crops. The farmers indicated that, 
sorghum and millet take 4–5 months to mature and are ready for 
harvest usually around October and November, but grasses and 
bushes get dried around the same period, and any bush fires 

around that period will cover a wide area, usually with sorghum 
and millet farms suffering the consequences.

Aside these climate-induced variables, windstorms were observed 
by the farmers to negatively impact millet and sorghum. According to 
the farmers, due to the height of the two crops, anytime there is 
windstorms precipitated by rainfall, most of the crops fall to the 
ground, and consequently, are unable to produce good grains.

3.3 Climate-smart agricultural technologies 
adopted

The study presents the climate-smart agricultural technologies 
adopted by the millet and sorghum farmers (see Table 4). As indicated 
by Table 4, 21% of the farmers used land rotation/fallowing as a response 
strategy to climate change. Again, the results indicated that 13% each of 
the farmers used early weeding for weeds control and transplanting of 
crops to respond to the changing climate system. The results further 
revealed that 18 and 11% of the respondents adopted to crop rotation 
and contour farming respectively, which support them reduce their 
vulnerability to climate change. The results also indicated that 7, 6, and 
5% adopted agro-forestry, manure application, and erosion control by 
bunding, respectively, as climate-smart strategies to respond to climate 
change. The interview with the climate-smart champions revealed that 
land rotation or fallowing has been with them since time immemorial 
and has been playing a significant role in the climate change adaptation 
processes. According to the interviewees, fallowing or land rotation 

TABLE 2 Demographic characteristics of respondents.

Characteristics Frequency Percentage (%)

Gender

Male 121 83

Female 25 17

Total 146 100

Marital status

Single 2 1

Married 119 81

Widowed 19 13

Divorced 6 5

Total 146 100

Farming purpose

Household consumption 140 96

Commercial 5 3

Both 1 1

Total 146 100

Source of information for farming

MOFA/AEAs 11 8

Radio 4 3

Television 1 1

NGOs 130 88

Total 146

Source: Study’s field survey, 2023.
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involves continuously allowing the land to freely lie for few years 
uncropped. The respondents mentioned that, land rotation has been 
noted among them as a smart strategy to respond to climate and 
environmental change which are now more pronounced in recent years 
as captured by C4:

Today, we are facing the reality of climate change. Our lands were 
not infertile years ago. We did the land rotation those days but not 
as frequently as we do today. Today, the frequent rotation of land is 
necessary to allow the land to possibly regain its lost fertility for crop 
farming. That has been a smart strategy majority of the farmers in 
this locality are adopting to respond to climate/environmental change.

The interview with the climate-smart champions further 
revealed that crop rotation, using leguminous crops assists farmers 
to sustainably manage soil fertility for millet and sorghum 
production. According to the farmers, leguminous crops such as 
soya beans, bambara beans, groundnuts and beans are rotated with 
millet and sorghum on yearly basis so that the later crops can benefit 
from nitrogen which is fixed into the soil by the former crops. The 
interviewees indicated that, just like land rotation, crop rotation has 
been with them for ages and has been very influential in their farm 
decision-making. Accordingly, crop rotation has aided them reduce 
soil susceptibility to climate and environmental change. Respondents 
framed crop rotation as a smart strategy to respond to soil 

degradation, caused by the changing climate system as 
captured by A3:

Crop rotation is as old as this community itself. However, it has now 
become more important to all farmers in this locality because of 
continuous loss of soil fertility. We do the crop rotation as a strategy 
to maintain soil fertility through the atmospheric nitrogen which is 
fixed into the soil by the leguminous crops, which are used by the 
millet and sorghum.

As indicated in Table  4, one of the climate-smart approaches 
farmers use to reduce vulnerability to crop failure is transplanting. 
According to the farmers, transplanting of crops is an indigenous 
smart way of responding to drought and dry spells which usually 
cause their crops to dry up. To do this, farmers broadcast the millet 
and sorghum seeds under a shade of a tree inside their farms to 
germinate. These are later transplanted to fill the spaces of the planted 
seeds that died due to drought or a dry spell. According to the farmers, 
under the shade of trees, the millet and sorghum seeds are able to 
withstand the drought and are then transplanted during the peak of 
the rains in either an open field or in the spaces left by the drying up 
of originally planted crops (see Figure 4). Because farmers, nurse the 
seedlings under trees, in times of extreme water stress, they are able to 
irrigate the crops without wasting water. This practice according to 
farmers helps them increase yields because a shorter season naturally 

TABLE 4 Climate-smart agricultural practices adopted by millet and sorghum farmers.

Variable Frequency %

Land rotation/fallowing 31 21

Transplanting 18 12

Erosion control with verte vega grasses 5 3

Crop rotation 23 17

Manure application 9 6

Agro-forestry 11 8

Erosion control by bunding 7 5

Monocropping 5 3

Contour farming 16 11

Early weeding 21 14

Total 146 100

TABLE 3 Perceived effects of climate-induced variables on farms.

Statement 5-highly 
increased

4-slightly 
increased

3-unchanged 2-slightly 
decreased

1-highly 
decreased

Farmers’ perceived effect of on-farm flooding on 

yield of millet and sorghum

87 (60%) 29 (20%) 19 (13%) 7 (5%) 4 (2%)

Farmers’ perceived effect of changes in frequency 

of rainstorms on yield of millet and sorghum

86 (59%) 19 (13%) 27 (12%) 9 (6%) 5 (3%)

Farmers’ perceived changes in frequency of dry 

spells on yield of millet and sorghum

103 (71%) 31 (21%) 12 (8%) – –

Farmers’ perceived effect of drought on yield of 

sorghum and millet

139 (95%) 9 (5%) 1 (%) – –

Farmers’ perceived effect of changes in frequency 

of bush fires on yield of millet and sorghum

121 (83%) 13 (9%) 12 (8%) – –
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leads to the late variety’s failure at worst or low yield; with this strategy 
they are able to crop them.

The study again found that farmers used mono-cropping as a 
smart approach to increase crop yield. According to the farmers, mono 
cropping helps increase plant population and reduce the density of 
different crops competition for soil nutrients and water. To implement 
this, farmers indicated that, lands for millet and sorghum are solely 
dedicated for that and no crop is intercropped or interjected on same 

piece of land. Farmers acknowledge the risk involved in mono cropping 
as the entire farm containing the millet or sorghum may collapse. 
However, they indicated that they have other farms where they do the 
intercropping, citing maize and groundnuts, and yam and beans.

One other dominant farming practice that was reported by the 
study was contour farming (see Figure 5). The contour farming 
involves raising mounds around the base of the millet or sorghum 
crop during the peak of the season using a hoe, a practice which 

FIGURE 4

Newly transplanted sorghum on farm plot.

FIGURE 5

Contour farming/terracing done to ensure water percolation.
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is believed to increase fertility in the following season while 
creating runways for water passage during flooding of the field. 
According to the farmers, the contour farming plays several 
functions including; erosion control, supporting the base of the 
crops from falling down during windstorms and also improving 
the moisture content of the soil (see Figure 5).

Agro-forestry, as a CSA approach, was found to be used by 
farmers in response to climate change in the municipality. 
According to the farmers, trees such as mango, acacia, baobab, 
shea trees and neem are integrated into farm plots. According to 
the farmers, the agroforestry approach helps them find a balance 
in raising food crops and forest management. For the farmers, the 
adoption of agroforestry has the potential to increase the capacity 
of seasonal crops to tolerate drought and thus enhance farmer’s 
food security by avoiding total failure on the farm as 
captured by C1:

“Agroforestry is an approach we have been using all these years. 
We do not cut down the economic trees we find on our farm plots. 
Mango, shea, dawadawa, baobab etc. are trees we reserve on our 
farm plots. Besides the economic value for their reservation, these 
trees help increase the amount of organic matter in the soil through 
the dropping of the leaves onto the soil.”

3.4 Climate-smart agricultural practices 
and their relative importance

To determine the relative importance of CSA practices, a Relative 
Importance Index (RII) was performed. The results in Table  5 
indicated that early weeding of farm plots by farmers was ranked as 
the most important CSA practice with a rank score of 433. Land 
rotation/fallowing and crop rotation were ranked second and third 
with rank scores of 355 and 345, respectively. CSA practices that were 
ranked as least important by the farmers were erosion control, 
monocropping and transplanting. Weeds control is critical to farm 
management as weeds compete with crops for nutrients and space. 
Just like the weed control, land rotation or fallowing plays a great role 
in soil and land management as the practice helps the soil to regain 
it fertility for crop growth and development.

3.5 Contributions of CSA practices in 
reducing climate change vulnerability of 
millet and sorghum farmers

On the contributions of CSA practices to climate change 
vulnerability, the results indicate that CSA has been playing critical 
support to farmers’ vulnerability reduction. As shown by Table 5, CSA 
has been supporting farmers to addresses challenges of climate 
variables including; drought, floods windstorms. As shown in Table 6, 
drought has been one of the climate variables that determine 
household food security and vulnerability through drying of crops of 
farmers and loss of soil moisture, making it highly difficult for farmers 
to meet the food needs of their families.

However, farmers’ adoption of CSA practices such as nursing and 
transplanting and terracing and contour farming has minimized their 
exposure to drought and its effects on farm yield. According to the 
farmers, nursing and transplanting of crops has helped them adjust their 
farming to meet the effects of erratic rainfall. Nursing and transplanting 
have helped them improve their crop yield through improvement in the 
density of crops on the farm plots., Nursing and transplanting of crops 
over the years has also aided them to get enough yield to take care of 
their households amidst climate change as captured by B2:

“Nursing and transplanting have been with us since time immemorial, 
and has been good in supporting farmers respond to drought every 
year. Initially, I was not practicing it because my crops never failed me. 
However, in recent times, due to persistent drought and its resultant 
effects on plant germination, the approach has been helpful to me and 
others. This is because, when the planted seeds failed to germinate, the 
nursed plants can be transplanted in those spaces of the dried-up crops. 
This over the years helps us get enough yields from our farm plots to 
support our household food needs amidst drought.”

For the farmers, nursing and transplanting provide an avenue to 
do sustainable farming within farm plots. The interview participants 
added that proper nursing and transplanting of crops can increase 
farm yields from five bags per acre to 10 bags as captured by A5:

“Nursing and transplanting can really improve crop yield. Last year, 
I did proper nursing and transplanting. There was no empty space 
on my farm plot. I paid attention to plant spaces too. And I must let 

TABLE 5 Ranking the relative importance of CSA practices.

Variable High Medium Low No ASI Rank

Early weeding 141 5 0 0 433 1

Land rotation/fallowing 89 31 23 3 355 2

Crop rotation 81 36 22 7 345 3

Manure application 82 33 17 14 343 4

Agro-forestry 77 28 29 12 328 5

Contour plowing 67 39 25 15 319 6

Transplanting 46 57 36 7 295 7

Monocropping 37 45 52 12 265 8

Erosion control by bunding 21 59 60 6 247 9

Erosion control with verte grasses 37 21 19 69 241 10
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you know that I got 15 bags of millet and sorghum together from a 
field I used to get less than eight.”

The farmers also indicated that terracing and contour farming 
help them improve soil nutrients for crop development. According to 
the farmers, due to drought, contour farming is done to retain the little 
drops of rains for crop growth and development. The adoption of 
contouring farming provides reservoirs to catch and retain rainwater 
permitting increased infiltration and more uniform distribution of the 
water as captured by C1:

“Contour farming as CSA practice has indeed helped us get more 
yield on our farm plots due to minimum water availability for crops 
to develop. Due to limited rainfall, the adoption of the practice has 
been useful. It helps us get more yield than when plants were planted 
on bare ground.”

3.6 Relationship between climate-smart 
agricultural practices of millet and 
sorghum and climate change vulnerability 
reduction

To establish the relationship between CSA and climate change 
adaptation, a chi-square analysis was performed. As represented by 
Table 7, except monocropping which has no association between CSA 
climate change vulnerability reductions among farm households in 
the Lawra Municipality, all the other CSA technologies essentially 
determine climate change risk reduction. For instance, land rotation/
fallowing as CSA practice has a significant relationship with climate 
vulnerability reduction at 10% with chi-square value of 3.473. 
Agroforestry and manure application as CSA practices significantly 
relate with climate change vulnerability reduction at 5 and 1% with 
chi-square values of 3.014 and 4.571, respectively. Crop rotation and 
crop transplanting were also found to have association with climate 
change vulnerability reduction at 5 and 1% with chi-square values of 
3.121 and 6.713, respectively. Finally, early weeding for weeds control 
and contour farming as CSA practices were significantly associated 

with climate change vulnerability reduction at 5% with chi-square 
values of 3.101 and 5.342, respectively. In conclusion, the chi-square 
revealed that as more farmers are recruited to be part of the study, the 
higher the possibility in adoption of any of these CSA practices.

3.7 Relationship between demographic 
characteristics of farmers and climate-mart 
agricultural practices adoption

The study presents the relationship between demographic 
characteristics of farmers and climate-mart agricultural practices 
adoption (see Table 8). As indicated in Table 8, age has a significant 
difference (at 10%) with crop rotation, agroforestry, manure application 
and crop transplanting but has no significant association with 
terracing. This implies that age influences the adoption decisions of 
crop rotation, manure application, crop transplanting and agroforestry. 
Farming purpose was found to be  significantly related with crop 
rotation, terracing and crop transplanting at 5% with Chi Square 
values of 11.01, 8.91 and 7.13, respectively. The test found no significant 
difference between purpose of farming and manure application. Level 
of education of farmers has significant difference with crop 
transplanting at 1% with Chi Square value of 9.01 and agro-forestry at 
5% with Chi Square value of 4.12. The test revealed no significant 
association between crop rotation and manure application. Farmers 
source of farming information is found to be significantly related with 
crop rotation at 1%, and agro forestry and terracing at 5%. Manure 
application and crop transplanting are associated with farmers source 
of farming information at 10%. Asset holding capacity has a significant 
difference with agro-forestry at 5% while terracing and manure 
application are associated with asset holding capacity at 10%. Gender 
and crop rotation has significant difference as well as terracing at 10%.

For climate information, the test results found an association 
between climate information and changing of planting dates, mixed 
cropping and improved crop varieties at 1 and 5%, respectively. The 
climate information was also found to be significantly related with 
inorganic fertilizer at 10%. This means that as farmers have access to 
climate information, the probability of farmer implementing changing 
of planting dates, mixed cropping and improved crop varieties. In 

TABLE 6 Contributions of CSA in reducing climate change vulnerability of millet and sorghum farmers.

Climate 
variable

Effects on millet and sorghum crops Role of specific climate smart-agricultural practice for 
vulnerability reduction

Drought Drying up of crops

Drying up of seeds

Hardening of soil for plant growth

Poor yield

Stunted growth of plants

Wilting of crops

Terracing/contour farming to keep soil moisture

Nursing and transplanting of seeds on farm plots to prevent total crop failure

Flood Carrying away of crops

Stunted growth of crops due to long stay in the water

Terracing and contour farming to allow water to run through the farm without affecting the 

crops

Rotating of farm field when severe rains are anticipated to plant more flood resistant crop

Windstorm Causing crops to fall resulting in pre-maturing

Carrying away of the top nutrients of soil when is 

severe and persistent

Application of organic manure to farm fields for yield improvement

Terracing and contour farming to support crops from falling when the windstorm incidence 

starts

Integrating commercial trees with crops to check windstorm
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terms of credit, inorganic fertilizer application and improved crop 
varieties were found to be significantly related at 1%. A significant 
difference was found between credit and agroforestry, improved 
animal husbandry and small-scale irrigation at 5%. Farm size was also 
found to be significantly associated with inorganic fertilizer, small-
scale irrigation, mulching, terracing, and compositing at 5% whereas 
farm size was significantly associated with organic fertilizer at 1%.

4 Discussion

Climate-smart agriculture is widely acceptable as an approach to 
promote sustainable farming. Agricultural sustainability is critical to 
provide the food needs of the people especially those livelihoods that 
are strongly connected to the environment (Asrat and Simane, 2017; 
Anuga et al., 2019; Sullo et al., 2020). This interconnectedness between 
sustainable farming and agricultural sustainability places climate-
smart agriculture as a core value to provide many households with 
their food demand. In this study, climate-smart agriculture is found 
to play key role in maintaining a balance between household food 

security and people’s existence. The study observed that climate-smart 
agriculture has helped farmers to reduce their vulnerability to climate 
extremes. As revealed by the study, climate change dictates the food 
consumption pattern of many households through drought, floods, 
windstorms, imminent bush fires and dry spells. The results indicated 
that drought results in drying up of crops, stunted growth of crops and 
poor germination of crops while floods result in carrying away of 
crops, decay of crops and stunted growth due to long stay in the water. 
Windstorms as precipitated by climate change is found by the study to 
cause falling down of crops and carrying away of fertile top soil 
suitable for crop growth and development.

Despite these climate-induced events on crop growth and 
development, the study found that farmers are using climate-smart 
agricultural approaches to respond to them. The study found that crop 
rotation, land rotation/fallowing, crop transplanting, manure 
application, agroforestry, mono cropping, and contour/terracing are 
existing climate-smart agricultural practices which farmers are using 
to improve their crop yield amidst climate change. For instance, 
manure application, crop rotation and land rotation as CSA practices, 
according to the study, have aided farmers to maintain soil quality for 

TABLE 7 Relationship between climate-mart agricultural practices of millet and sorghum and climate change vulnerability reduction.

CSA technologies Adoption Non- adoption Total χ2-value

Land rotation/fallowing 331 (89) 27 (7) 358 (96) 3.473*

11 (3) 4 (1) 15 (4)

342 (92) 31 (8) 373 (100)

Transplanting 279 (75) 56 (14) 335 (89) 6.713***

17 (5) 21 (6) 38 (11)

297 (80) 77 (20) 373 (100)

Crop rotation 341 (91.4) 20 (5.4) 361 (96.8) 3.121**

8 (2.1) 4 (1.1) 12 (3.2)

349 (93.5) 24 (6.5) 373 (100)

Manure application 197 (52.8) 137 (37) 334 (89.8) 4.571***

31 (8.3) 8 (2) 39 (10.2)

228 (61.1) 145 (38.9) 373 (100)

Agro-forestry 99 (27) 251 (67) 350 (94) 3.014**

11 (3) 12 (3) 23 (6)

110 (30) 263 (70) 373 (100)

Erosion control by bunding 76 (20.4) 218 (58.4) 294 (96.7) 6.412**

9 (2.2) 70 (19) 79 (3.3)

85 (22.6) 288 (77.4) 373 (100)

Monocropping 117 (31) 211 (57) 328 (73.1) 0.052

20 (5) 25 (7) 45 (26.9)

137 (36) 236 (64) 373 (100)

Contour farming 125 (34) 213 (57) 338 (91) 5.342**

9 (2) 26 (7) 35 (9)

134 (36) 239 (64) 373 (100)

Early weeding 271 (73) 90 (23) 361 (96) 3.101**

10 (3) 2 (1) 12 (4)

281 (76) 92 (24) 373 (100)

***Denotes significant at 1% level, **denotes significant at 5% level and *denote significant at 10% level. Values in parenthesis are percentages.
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the cultivation of their food crops. Crop transplanting is found to 
improve crop yield due to coverage of the farm plots with the 
transplanted seeds. Earlier studies have reported on the impact of 
climate change on food crop production, dry spells, meteorological 
droughts, flooding, and unreliable rainfall, cropping calendar changes 
and increased atmospheric temperature (Anwaruzzaman and Hoque, 
2024; Kiprono et al., 2024). Changes in precipitation patterns increase 
the likelihood of short-run crops failure and long-run production 
declines. Populations in developing world, which are already 
vulnerable and food insecure, are observed to be  most seriously 
affected. In South Asia, climate change is reported to have multiple 
effects on irrigated yield across the region with yield reduction 
reported to decline annually (Pequeno et al., 2024). In sub-Saharan 
Africa, yields of staple crops are reported to be on the decline with 
implications on household food security. Studies across Kenya, 
Tanzania, Uganda and many other countries in Africa reported 
decline in the yield of both staple and cash crops (Tongruksawattana 
and Wainaina, 2019; Twongyirwea et al., 2019). Nana (2019) study on 
climate change and agriculture in Burkina Faso reported that, climate 
change and its extremes such as drought floods and drought spells 
have placed constraints on activities of agriculture with dire 
repercussion on household food security. The study further reported 
that soil, water and land which are preconditions for successful 
farming have been affected by climate change and its extremes.

Given the implication of climate change on farm productivity, 
studies have found climate-smart farming practices as a sustainable 
solution to sustainable farming. As typified by the study, CSA has 
enabled farmers to meet their food needs in the Lawra Municipality. 
Earlier studies across the globe have provided evidence on the role of 
CSA on climate-change vulnerability reduction of farmers (Chitakira 
and Ngcobo, 2021; Nkumulwa and Pauline, 2021). For instance, a 
study by Nkumulwa and Pauline (2021) on the role of CSA in 
enhancing farmers’ livelihoods and sustainable forest management in 
Kilidi District in Tanzania reported that CSA adoption by farmers has 
enhanced food security of many farm households. Chitakira and 
Ngcobo’s (2021) study on the uptake of climate smart agriculture in 
peri-urban areas of South Africa’s Economic Hub found that CSA 
practices such as mulching, cover cropping, crop rotation and the use 
of crop varieties have supported peri-urban farmers to meet their 
household needs. Using a combination of desktop studies, interviews 
and surveys to investigate the state of CSA in Nigeria, Cameroon and 
the Demographic Republic of Congo, Nwajiuba et al. (2015) found 
that smallholder farmers in these countries are already using climate 
smart approaches in their farming practices to improve their 
household food needs. Tesfaye W. et al. (2021) study in Ethiopia on 
climate-smart innovations and rural poverty reported that climate-
smart technologies such as cereal-legume intercropping, minimum 
tillage and their combination (cereal-legume plus minimum tillage) 

TABLE 8 Crosstabulation of demographic chrematistics and adoption of climate-smart practices.

Factors 
that 
influence 
CSA 
adoption

Climate-smart practices

Crop rotation Agro-forestry Terracing Manure 
application

Crop transplanting

F NF χ2 F NF χ2 F NF χ2 F NF χ2 F NF χ2

Age 47 

(32)

99 

(68)

8.14* 41 

(28)

105 

(72)

13.10* 69 

(47)

77 

(53)

9.72 53 

(36)

93 

(64)

4.5* 97 

(66)

49 

(34)

6.12*

Farming 

purpose

131 

(90)

15 

(10)

11.01** 114 

(78)

32 

(22)

4.71* 98 

(67)

48 

(33)

8.91** 127 

(87)

19 

(13)

5.7 76 

(52)

70 

(48)

7.13**

Educational 

qualification

99 

(68)

47 

(32)

3.17 112 

(77)

34 

(23)

4.12** 63 

(43)

83 

(57)

3.17 55 

(38)

91 

(62)

7.0 51 

(35)

95 

(65)

9.01***

Source of 

farming 

information

111 

(76)

35 

(24)

15.2*** 103 

(71)

43 

(29)

11.0** 77 

(53)

69 

(47)

7.01** 91 

(62)

55 

(38)

3.1* 70 

(48)

76 

(52)

6.01*

Asset holding 

capacity

71 

(47)

75 

(53)

5.14 76 

(52)

70 

(48)

13.1** 57 

(39)

89 

(61)

7.90* 51 

(35)

95 

(65)

3.9* 48 

(33)

98 

(67)

2.1

Gender 31 

(27)

115 

(73)

3.97* 57 

(39)

89 

(61)

3.17 59 

(40)

87 

(60)

4.17* 49 

(34)

97 

(66)

2.7 71 

(49)

75 

(51)

4.17

Access to 

extension 

services

192 

(93)

14 (7) 3.4*** 197 

(95)

9 (5) 7.1*** 128 

(62)

78 

(38)

3.1** 159 

(77)

47 

(23)

4.1** 177 

(86)

29 

(14)

9.1***

Credit 57 

(28)

149 

(72)

5.17 201 

(98)

5 (2) 4.6*** 101 

(49)

105 

(51)

3.6** 67 

(33)

139 

(77)

3.01 77 

(37)

129 

(63)

4.15

Household size 61 

(30)

145 

(70)

3.51 198 

(96)

8 (4) 5.9** 69 

(33)

137 

(67)

2.9** 127 

(62)

79 

(38)

3.9** 121 

(59)

85 

(41)

2.78

Access to 

climate 

information

201 

(98)

5 (2) 4.5*** 99 

(48)

107 

(52)

3.1* 77 

(37)

129 

(63)

3.91 79 

(38)

127 

(62)

2.06 88 

(43)

118 

(57)

3.47

***Denotes significant at 1% level, **denotes significant at 5% level and *denote significant at 10% level. Values in parenthesis are percentages.
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has helped reduce the incidence and depth of poverty of smallholder 
farmers. CSA practices among farmers is central to promoting 
household needs not only in developing countries but in areas of 
developed destinations where agriculture still plays a significant role.

As found in the study, demographic characteristics such as 
household asset holding capacity, credit, extension services and 
climate information determine farmers’ adoption decisions of the CSA 
practices. For instance, household asset holdings are indicators of 
wealth. Farmers who are wealthy are able to take advantage of climate 
smart agricultural technologies that are labor or capital intensive 
because of affordability. Studies have reported on household assets, 
and found that household assets exert a positive effect on adoption of 
climate smart agricultural technology for climate change vulnerability 
reduction (Van Aelst and Holvoet, 2018; Tongruksawattana and 
Wainaina, 2019). Other studies have reported mixed findings on 
household size, education, climate information as determinants in 
adoption of climate-smart agricultural technologies (Ali and 
Erenstein, 2017; Wu et al., 2018). Thus, households that have large 
membership tend to have enough labor force to assist in the adoption 
of agricultural technologies. For instance, adoption of agroforestry, 
manure application, manual irrigation and terracing require more 
supporting hands to implement them.

5 Conclusion and policy 
recommendation

Climate change scenarios indicate substantial reductions in the 
yield of staple food crops due to drought, high temperature, and 
rainfall variability. This observed negative impacts would directly 
determine food security of majority of household in sub-Saharan 
Africa. This call for dramatic change in food and agricultural food 
systems to include building farmers’ resilience and adaptability to 
climate shocks. The study, using interviews and questionnaire with 
146 smallholder farmers in the Lawra Municipality interrogated the 
contributions of CSA practices in reducing millet and sorghum 
farmers vulnerability to climate change. The study found a number of 
CSA practices such as weed control, land rotation, crop rotation etc. 
millet and sorghum farmers deployed to respond to drought, dry 
spells, and floods, which are annual climate events of the area. The 
study further found that adoption of CSA practices for climate change 
adaptation is influenced by access to credit and extension services, 
asset holding capacity and climate information. Given the importance 
of millet and sorghum to the people of the Municipality, in terms of 
food and other cultural functions and the criticality of weed control, 
land rotation and crop rotation, the study recommends the need for 
continuous technical support to include extension services, credit, and 
climate information to farmers to sustainably adopt these CSA 
practices for improved food production. Again, the study recommends 
the need for other non-governmental organizations and development 
partners especially Center for Indigenous Organization and 
Development and the German Development Cooperation Agency, 
which over the years have shown interest in promoting CSA practices 
among farmers, to support and promote the adoption of CSA by 
farmers. Promotion and adoption of CSA practices across the globe 
has the potency to improve agricultural returns, while facilitating 
access to sustainable food among farm households in Ghana and 
across the world.

5.1 Limitations of the study

The study was conducted in only Lawra Municipality, and 
generalizing the results to the whole region or country may not 
reflect specific situations. Further research in the area needs to 
be  conducted across the region and country to provide more 
evidence-based findings that affect sustainable farming in the 
context of climate change and sustainable farming across 
the country.
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