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Abstract
This study analyzed smallholder maize farmers’ perceptions of climate change vulnerability and adaptation strategies in 
the eastern Democratic Republic of the Congo. The study used a cross-sectional quantitative approach, with smallholder 
farmers selected based on farm size (less than 10 hectares). Using simple random sampling techniques, 210 small-
holder farmers in South Kivu Province was selected from October and November 2021. The data were analyzed using 
frequency analysis, non-parametric Mann–Whitney U-tests, Tobit regression model and structural equations modeling, 
which demonstrated that demographic and socioeconomic factors influenced smallholder farmers’ perceptions and 
adaptation strategies to climate change. The findings revealed that the level of education, size of the field, and activi-
ties of smallholder farmers had significant effects on climate change perception and adaptation strategies. Smallholder 
farmers’ perceptions had a negative (p < 1%) influence on maize smallholder farmers’ adaptation to climate change. 
Common efforts should be made to encourage smallholder farmers to feel committed enough to implement climate 
change adaptation measures that are effective in mitigating or preventing climate change risk. The results of this study 
would have implications for policies to support maize smallholder farmers in their efforts to mitigate and resilient to 
climate change in sub-Saharan Africa. Firstly, the promotion of climate literacy must be sufficient to provide farmers 
with information on climate and forecasting. Secondly, to empower smallholder farmers with means and resources to 
prevent and reduce the effects of climate change. Lastly, enhancing the current environment for the agriculture sector 
will advance community inclusivity and food security.
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1 Introduction

In the Democratic Republic of the Congo (DRC), maize (Zea mays) is the main cereal crop and one of the three major 
staple foods. Farmers rely on maize for food security and income generation; however, their production is limited by 
climate change [1, 2]. Many climate-vulnerable regions have significant information and knowledge gaps, which impede 
decision-making and the assessment of perceived climate change risks, as well as people’s adaptation strategies [3]. 
Furthermore, the chronological gap between information on climate trend analysis, climate scientists’ future projections, 
and farmers’ perceptions and adaptation information created and will continue to fuel the scientific climate debate [4]. 
Understanding the effects of climate change on maize production and farmers’ adaptation strategies can help in properly 
addressing farmer empowerment decisions and promoting climate-sensitive agriculture interventions and policies [5].
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Climate change perception in agriculture studies [6–8] revealed evidence for perceived changes in climatic attributes 
such as decreased rainfall, increased temperatures, earlier cessation of rainfall, shorter rainy seasons, and new crop dis-
eases. Because of the incremental nature and length of time required for human response to climate change, it is more 
difficult for individuals to perceive this phenomenon sensory and experientially [9–11]. The difficulty in addressing the 
climate change crisis is exacerbated by its complexity and systemic dimension, which leads to significant confusion about 
the causes of the disaster and adaptation strategies [12, 13].

The purpose of this study was to analyze maize farmers’ perceptions of climate change vulnerability and adaptation 
strategies in eastern DRC. We investigated the social-psychological determinants of vulnerability perception and adapta-
tion strategies related to climate change among small-scale maize farmers in a Sub-Saharan African context, the South 
Kivu province of the Democratic Republic of Congo. This study sought to determine maize smallholder farmers’ percep-
tions of climate change, define the nature and extent of vulnerability to climate change, and present their behavior in 
response to various climatic hazards. The findings of this study will be used to understand maize farmers’ exposure and 
sensitivity to climate change, as well as to provide policy guidance on the most appropriate adaptation strategies for 
promoting maize farming and the sustainability of the eastern DRC.

2  Literature review

2.1  Understanding maize smallholder farmers’ vulnerability to climate change

Climate change vulnerability may differ among small farming communities and be determined by a combination of 
multiple social and biophysical processes [14]. Several definitions have been developed to better understand vulner-
ability. All definitions are context-based, incorporating cultural, political, and socioeconomic factors that interact with 
climate and agricultural activity [15, 16]. For Bedeke et al. [14], vulnerability refers to both the degree to which a system 
is sensitive to and incapable of dealing with the negative consequences of climate change and other socioeconomic 
stressors. The definition of vulnerability used in this study was inspired by Epule and New [17], who defined vulnerability 
as “the extent to which a system is susceptible or exposed to and unable to cope with the negative effects of climate 
change, climate variability and extreme weather events”. Approaches to assessing social vulnerability to climate change 
are primarily focused on understanding the complex relationships between climate, land use, livelihood, public health, 
and food systems, which influence household climate change vulnerability and adaptive capacity [14]. Multiples indices 
have been used in the literature for assessing climate change vulnerability. Epule et al. [16] developed and assessed an 
agricultural yield vulnerability index for yields affected by climate change in Uganda [16, 17], Cameroon [18], and other 
sub-Saharan African countries [19, 20]. The vulnerability index is examined using three key assessment concepts: expo-
sure, sensitivity, and adaptive capacity. The vulnerability to climate change is assessed by examining its associated effects 
[14]. In addition to vulnerability index, this study investigated farmers’ perceptions of climate change and its effects [21]. 
Climate literacy assessments were critical for conducting a vulnerability analysis of maize farmers in Sub-Saharan Africa 
[22]. This study assumed that smallholder farmers who are well-informed about climate change and its consequences 
are more likely to develop effective adaptation strategies.

Climate change is expected to aggravate food insecurity in Sub-Saharian Africa (SSA) by 2050 because it has a negative 
impact on maize consumption and daily calorie consumption [23]. Teshome et al. [22] discovered that climate change and 
variability are affecting maize production in eastern Ethiopia, with 78% of smallholder maize farmers reporting increasing 
temperatures and 83% reporting decreasing rainfall. Drought, diseases and pests, dwindling soil fertility, and declining 
crop yields were perceived as the major impacts of climate change on maize production by farmers. Farming households 
in Ghana are particularly vulnerable to climate change and weather variability in terms of food, water, and health [24]. 
Malagasy smallholder farmers, according to Harvey et al. [25], live in precarious conditions and are inherently vulnerable 
to any shocks that affect their agricultural systems. Smallholder farmers are particularly vulnerable to crop productivity 
declines because they cultivate in very small plots of land (< 1 ha), devote the majority of their land to crop production 
for household consumption, and obtain low crop yields. Climate change and variability have a negative impact not only 
on crop field stages and yields but also on cereal postharvest management. Insect pests caused at least 30% weight 
losses in grain storage in SSA. Fungal growth has caused food spoilage, reduced germination, discoloration, and caking, 
and may produce toxins (mycotoxins) that can cause health problems and even death [26, 27].
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Climate change is a major threat to the DRC’s efforts to reduce poverty and ensure food security. Climate change 
is expected to have a significant impact on the livelihoods of smallholder farmers in eastern DRC who rely on rain-
fed maize. Although climate-based suitability analysis indicates that the country’s southern, eastern, and northeastern 
regions are suitable for maize production, climate change projections based on climate extremes show that the DRC is 
expected to lose maize production potential, and its suitable areas will become moderately suitable in most cases [28]. 
The decreased amount of rainfall in Eastern DRC between 2013 and 2019 warned farmers about the common effects of 
climate change, such as pest proliferation, decreased soil fertility, floods, and crop failure. The observed farm impacts 
endanger agricultural sustainability by reducing yields and farmer incomes, resulting in food insecurity and rural exodus 
[5]. This situation exacerbates farmers’ vulnerability due to the direct negative effects of climate change on crop suitability 
and productivity, on which farmers depend for both their livelihoods and income.

2.2  Maize smallholder farmers’ need for climate change adaptation strategies

Smallholder farmers use adaptation strategies in various ways to mitigate climate change and maintain regional food 
production stability [29–33]. The Fourth IPCC Assessment emphasized that adaptation strategies, to improve local adap-
tation capacity, are essential for mitigating the potential negative effects of climate change [29, 34]. To increase farmer 
resilience and agricultural productivity, maize farmers and SSA policy are taking practical steps to mitigate the economic 
losses associated with climate change [33, 35]. Epule et al. [16] applied the systematic adaptation tracking approach in 
the Sahel to categorize climate change mitigation actions. In terms of prevalence, 4 climate change adaptation options 
were found in Sahel: technically related adaptation actions (49%), indigenous problem-solving adaptations (41.7%), 
socially associated adaptation actions (5%) and economics-related adaptation actions.

Empirical studies have provided tools for assessing farmer adaptation strategies as well as national, regional, and inter-
national policies. Understanding climate change conditions tools are intended to provide farmers with effective climate 
change mitigation strategies. For a regional impact assessment, the Tradeoff Analysis model for Multi-Dimensional Impact 
Assessment (TOA-MD) is used to simulate technology adoption and associated economic, social, and environmental 
outcomes in a heterogeneous farm population [34]. The development of Representative Agricultural Pathways (RAPs) 
and Representative Concentration Pathways (RCPs) scenarios helps to characterize the range of uncertainty impact and 
provides detailed insight into adapting to and mitigating the effects of climate change [32]. Researchers used the Crop-
ping System Model (CSM)-CERES-Maize model to predict the effect of climate change on growth and yield under various 
RCP scenarios. Crop models such as the Decision Support System for Agrotechnology Transfer (DSSAT) estimate the 
impact of climate change and the development of adaptation strategies on crop growth [29, 32]. Rainwater harvesting 
(RWH) strategies are used to mitigate the effects of climate change on crop production [37]. When dealing with climate 
change and high temperatures, the crop model Agricultural Production Systems sIMulator (APSIM) is used to investigate 
the interaction of sowing date and cultivar [38]. Rahimi-Moghaddam et al. [39] implemented the Regional Integrated 
Assessment (RIA) to assess climate change and adaptation in South Africa, which links climate, crops, economic data, 
and tools developed by the Agricultural Model Intercomparison and Improvement Project (AgMIP).

Most climate change adaptation strategies implemented by maize smallholders in SSA countries are complementary 
and influenced by household socio-demographic characteristics, access to input and output markets, credit service, 
weather information, and other forms of institutional factors [14, 32, 33]. Farmers in SSA implemented climate change 
adaptation (CCA) in maize postharvest management to mitigate the effects of climate change after harvesting [26, 40]. 
Farmers in Tanzania used herbs, wood ash, commercial chemicals, proper drying, hygienic conditions, pre-processing, 
proper handling and packaging of, or use of metal silos and other hermetic storage devices as post-harvest loss control 
measures [40].

Smallholder maize farmers in the DRC combine indigenous and local knowledge and practices to respond to the 
effects of climate change [5, 41, 42]. According to Karume et al. [28], Climate Smart Agriculture (CSA) practices in agri-
cultural production are gradually being adopted by smallholder maize farmers in DRC. Crop rotation, fallow practices, 
bio-fertilizers, bio-pesticides, mulching, cropping diversity, planting date adjustment, and strengthening off-farm activi-
ties were among the CSA practices. Farmers in South Kivu’s agroecological zones developed climate change adaptation 
strategies based on personal and societal experiences. Soil conservation and water management, water harvesting and 
storage techniques, early planting, crop and livestock diversification, selection of heat or drought-tolerant varieties, and 
planting of weed-tolerant crop varieties are all examples of such strategies [5, 8, 41, 43, 44]. According to previews stud-
ies [31, 45, 46], adopting climate change adaptation strategies is influenced by socio-demographic factors (age, gender, 
level of education, length of time in farming, etc.) as well as farming activity factors (attitude towards climate change, 
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perceived risk and self-efficacy, area of farmland, value-added performance of its strategies including farm yield, net farm 
income). This study sought to identify the factors that influence the adoption of climate change adaptation practices.

3  Methods and materials

3.1  Study area

The research was conducted in the territories of Kabare and Walungu in the province of South Kivu in eastern DRC. 
Kabare territory is 1960  km2 and is located between 2°30ʹ south latitude and 28°30ʹ east longitude. Its altitude varied 
between 1460 and 3000 m. Kabare has a humid tropical climate with a 9-month rainy season (from September to May) 
and a 3-month dry season (from June to August). The yearly average temperature is 22.6 ℃, the relative humidity ranges 
from 68 to 75% (CRSN-Lwiro climatological service, 1973–2018), and the annual rainfall total is 1500 mm. The vegetation 
is made up of a farmed savannah that has taken the place of the natural Albizia grandibacteata forest [47]. The climate 
factors listed above imply that agricultural activities are advantageous. Farming provides 92.6% of household income, 
but the soil is depleting. Because of the high population density, the landscape has become a checkerboard of very small 
plots planted without regard for the soil’s resting period (fallow land). Walungu is located between 2°38ʹ south latitude 
and 28°40ʹ east longitude, with altitudes ranging from 1000 m (in the east at Kamanyola) to 2000 m in Mulumemunene 
[48]. Walungu has a total area of 1800 km2. Kabare has 868,616 people and Walungu has 368,857.

The Walungu territory has a cold tropical climate at low altitude, with a dry season (May—September) and a rainy sea-
son (September—May), with temperatures ranging from 17 ℃ (in July) to 20 ℃ (in October), and annual rainfall ranging 
from 900 to 1500 mm, with an annual average of 1300 mm. The region’s soils are diverse, but in general, sandy-clay soils 
of the red laterite type, loose black soils, rocky soils, and alluvial soils near the marshes predominate [47]. The vegetation 
comprises grassland savannahs, the Mugaba and Mushwere forest reserves, and scattered forests.

Temperatures were mostly steady between 1990 and 2020, except in 1994 and 2007 when they hit a low average 
and peaked in 2017. The annual average rainfall (Fig. 1) in South Kivu fluctuated with explosive oscillations during the 
period, particularly from 2000 to 2001, when there was a high rate of precipitation. Figure 1 depicts the average annual 
temperature and rainfall in Sud-Kivu province from 1990 to 2020.
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Fig. 1  Temperature and rainfall evolution in South Kivu from 1990 to 2020  (Source: Data collected at the Lwiro Research Centre, 2016): T 
Moy. Ann = Annual average temperature; P Moy. Ann. = Annual average rainfall
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3.2  Data collection

The study used a cross-sectional quantitative approach, with smallholder farmers selected based on farm size (less than 
10 hectares). Data were collected using a 3-stage random sampling approach. The first stage involved randomly selecting 
4 districts (Bugorhe, Miti, Irambi-Katana, and Mudaka) in Kabare and 2 districts (Kamanyola and Nyangezi) in Walungu. 
The second stage involved selecting the villages in each district. These villages were chosen because of their importance 
in maize production. Thus 11 villages were selected in Kabare and 6 in Walungu. In the final stage, smallholder maize 
farmers were randomly selected from the list of farmers provided by the agronomist in each village. The sample size was 
calculated using the Yamane formula (1973), with a 7% margin of error [22]. According to the 2020 provincial agricultural 
inspectorate’s report, Kabare and Walungu had approximately 32,953 maize farming households. We, therefore, found a 
sample size of 210 farming households. By then, approximately 10 to 15 smallholder maize farmers had been surveyed. 
Smallholder Farmers in Kabare with at least two fields were discovered to be farming in fields that were located in two 
or more villages. Smallholder farmers were identified using only the cultivated area, among other indicators proposed 
by Nyambo et al. [49]. Farmers with fewer than 10 hectares were chosen for this study.

Data were collected from smallholder farmers between October and November 2021. Informed oral consent was 
obtained from all participants. The questionnaire was administered using KoboCollect and included various indication 
scale items. Smallholder farmers’ perspectives and adaptation strategies in response to climate change were assessed 
using a five-point Likert scale (5 = strongly agree to 1 = strongly disagree). Smallholder farmers’ perception items focused 
on conceptualization, operationalization, and measurement [6, 9, 46, 50, 51]. Thirteen items were identified because of 
these studies. The items were closely and/or distantly related to theoretical dimensions of perception. After removing 
certain items, the results of the item generation and the interviews were combined to produce ten items divided into four 
dimensions (simultaneous variation in temperature and precipitation, temperature disturbance, irregularity of rainfall 
and strong winds, and precipitation disturbance). The deletion was based on four criteria: (a) removing duplicates and 
keeping an item in a dimension only once, (b) merging items that described the same phenomenon and adjusting their 
frequency of appearance, (c) deleting ambiguous and irrelevant items, and (d) reformulating items into clear and easily 
understandable sentences [52]. A similar method was used to select adaptation items. Adaptation conceptualization, 
operationalization, and/or measurement studies were chosen [10, 45, 53, 54]. 30 items were identified and referred 
to one or other theoretical dimensions of adaptation. In the end, 12 items subdivided into five dimensions (Techni-
cal capacity, Infrastructure facilities, Human capacity, Institutional capacity, and Economic capacity) were selected [4]. 
Exposure was a multidimensional concept composed of 4 items subdivided into two main dimensions (Less exposure to 
high-temperature precipitation and more exposure to high-temperature precipitation). Sensitivity was also composed 
of 8 items subdivided into three main dimensions (Social group, Social and political situation, and Agricultural activity).

3.3  Data analysis

MS Excel 16, SPSS 23, and LISREL 9.1 were used to process and analyze the collected data. In this study, descriptive analysis 
(frequency analysis and non-parametric Mann–Whitney U-tests), the Tobit regression model, and structural equation 
modeling were both used. The Tobit regression model was used to identify the socioeconomic variables impacting 
maize producers’ perception and adaption [55]. The Tobit regression model was used because the dependent variables 
(adaptation and perception) were censored variables with values ranging from 0.99 to 5 [56].

3.3.1  Structural equation modeling

Two structural models were estimated to test the nature of the relationship between smallholder maize farmers’ percep-
tion and adaptation to climate change. The first analyzed the impact of climate change on perception, as well as percep-
tion on sensitivity, exposure, and adaptation. The second investigated the effects of climate change on adaptation. The 
dimensions associated with each construct were converted into mean scores and so served as observable indicators for 
the construct in its relationship to the other latent variables in the two estimated models [57]. Structural equation mod-
eling was conducted in three stages [58]. Firstly, the structural model parameters were tested using general equations of 
the following X = ΛX� + � (Eq. 1) composed respectively of standardized structural coefficients and measurement errors 
[59, 60]. The estimation allowed arbitrary values to be assigned to the parameters λ and ε using variance–covariance 
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matrices. We then confirmed the absence of multi-collinearity through satisfactory discriminant validity for all the con-
structs used in both models. The absence of a strong correlation between the constructs significantly reduced the infer-
ence errors [61]. Finally, the multi-normality of the data was confirmed by the low values of Skewness and Kurtosis in 
the two structural models.

3.3.2  Measurement of variables

These values were lower than 2 and 7, respectively, which are the thresholds for serious concerns with data normality 
[60]. Secondly, the estimation provided an opportunity to assess the goodness of fit of the models thus estimated. Four 
indicators were used for this purpose: chi-square, chi-square/df, RMSEA, and CFI [62]. Reliability was tested using both 
Cronbach’s α and Jöreskog’s rho coefficients [63]. Cronbach’s α was obtained from the results of the exploratory factor 
analysis. In this case, an α ≥ 0.70 indicated that the concept measurement was reliable. Jöreskog’s ρ (rho) (Composite 
Reliability) was calculated using the results of the confirmatory factor analysis, taking into account both the relation-
ships between the latent variables and their measures and the measurement error [58]. As for alpha, rho values ≥ 0.70 
confirmed the reliability of the constructs under analysis. The validity of the latent variables was established by testing 
both convergent and discriminant validity. Convergent validity was tested using the mean variance extracted for each 
construct and dimension. Convergent validity was confirmed when the dimensions of each construct exhibited an aver-
age extracted variance ≥ 0.50 [64]. This result indicated that items attached to each dimension explained the latter better 
than they would for other dimensions. Discriminant validity was tested by comparing the mean variance extracted for 
each dimension with the square of the simple correlation between paired dimensions [58]. Thirdly, the direction and 
strength of the relationship between the different latent variables were tested using a t-value ≥ 1.96 with a significance 
level ≤ 0.05 [57]. The Kaiser Meyer Olhkin (KMO) index and Bartlett’s sphericity test were used to test the suitability of 
the data for analysis by factor.

4  Results and discussion

4.1  Descriptive analysis results

Results presented in Table 1 show more female maize farmers (56%) than male maize farmers (44%). The results of this 
study were not consistent with those of Bedeke et al. [65] and Teshome et al. [22], who found more male than female 
maize smallholder farmers. This is explained because both authors interviewed the household heads. In SSA Africa, 
although women are numerous in the field [33], they are limited in the management of agricultural income because 
they are not household heads. In this study, investigations were carried out immediately in the fields, and women out-
numbered men. Around 70% were aged between 35 and 55. The smallholder farmers’ education indicated that only 
11% had not studied. 51% had attended high school, and 20% had attended university. Married represented 84% and 
others (single, widowed, and divorced) represented 16%. Apart from farming, 46% were self-employed, and 24% worked 
for a private or public institution. The families included about 8 persons, 3 of whom were employed in maize farming. 
Household heads, spouses, and children (especially daughters, were engaged in maize farming. In the province of South 
Kivu, maize was grown on an average of 1.5 fields and 0.609 hectares. These findings are consistent with studies of [14, 
15, 22, 33, 65] conducted in SSA. Maize farming is done by working persons aged 30 to 60 who are married, have more 
than five dependents, and are not highly educated. The agricultural income from maize was estimated to be CDF 467,671 
(USD 234), with a variation coefficient of 132%. This result, like that of Abokyi et al. [66] in Ghana, indicates the large dif-
ferences in farm income between maize farmers in SSA.

Table 2 summarizes the distribution of smallholder maize farmers’ perceptions on climate change by gender, age and 
education. The mean scores for all items are above 2.5. The mean perception scores of smallholder farmers are highest 
for decrease rainfall (4.06), rainfall irregularity (3.89), late rainfall onset (3.82) and early rainfall interruption (3.47). Violent 
winds (2.71) and Hot dry and rainy seasons (2.84) showed low scores below 3. The estimated results from non-parametric 
Mann–Whitney U-tests revealed no statistically significant difference in the gender perceptions of climate change. Bala-
sha et al. [5]’s findings, which were conducted in South Kivu, fully corroborated these results. In other words, men and 
women both perceive the same effects on their farms. Rainfall irregularity showed substantial disparities among small-
holder farmers based on their age and education level. Depending on their farming experience (farmers over 45 years 
old) and their availability in the fields (farmers with only primary school education), farmers have indicated that they 



Vol.:(0123456789)

Discover Agriculture            (2024) 2:10  | https://doi.org/10.1007/s44279-024-00023-4 Research

can no longer predict crop seasons due to extremely erratic rains. There was also a considerable age difference on hot 
days item. Younger farmers (up to 45) were more likely to report very hot days. They reported that hotter days reduce 
field labor time and had a negative impact on crop growth and yields. These findings were in line with those of Bedeke 
et al. [65], Teshome et al. [22] and Balasha et al. [5], who discovered that smallholder farmers perceived increasing warm 
days and nights and decreasing amounts of rainfall as indications of climate change. Additionally, Teshome et al. [22] 
and Balasha et al. [5] discovered that the perceptions of smallholders regarding climate change were influenced by 
socioeconomic factors including education and age. The mean scores reported in Table 2 on climate change exposure 
show that high temperatures in recent years (4.10), followed by being affected by high temperatures more than three 
times last year (3.93), had the highest mean scores. Farmers experiencing high temperatures more than three times last 
year and those claiming observed heavy rainfall three times or less last year demonstrated significant differences in age 
and education. In fact, persons over 45 and those who finished primary school scored higher than others. The elder and 
primary farmers reported that current temperatures are significantly higher than in previous years. Table 2 shows that 
the greatest mean scores for climate change sensitivity were for lack of government subsidies (4.08), agricultural depend-
ency (3.69), and insecurity (3.52). There were significant gender and education disparities for agricultural dependence. 
Women and farmers who finished primary education had higher ranked scores than others. They were more vulnerable 
to the effects of climate change, which hampered their agricultural production [67]. Older farmers indicated their vul-
nerability to climate change hazards (flooding, erosion, drought, etc.). Performing his studies in a sub-Saharan context, 
Epule et al. [16]’s findings supported this study by demonstrating that maize farmers were exposed to climate change 
threats due to their educational background on the subject, which was influenced by their financial status. Additionally, 
they showed how low-income farmers typically have less resources to deal with the effects of climate change since they 
have less access to planting materials, advanced agricultural equipment, and inputs [17, 68]. Similar to this study, Fisher 
et al. [69] discovered that farmers’ sensitivity to floods and droughts was enhanced by their poverty (lack of resources), 
inadequate information as well as the lack of sub-Saharan African government involvement. As a result, farmers’ ability 
to track the agricultural calendar and forecast agricultural seasons is diminished.

Several strategies enabled smallholder farmers to mitigate the effects of climate change. Table 3 demonstrates that the 
identified strategies had mean scores greater than 2.5. Higher average scores (over 4) were observed for easy access to 

Table 1  Maize farmer 
socioeconomic descriptive 
statistics

HH  Household, CDF  Congo Democratic Francs; 1 USD = 2000 CDF in 2021, ha = hectare

Variables Modalities Frequency (n = 210) %

Gender Female 117 56
Male 93 44

Age 25–35 27 13
36–45 70 33
46–55 75 36
 > 55 38 18

Education None 24 11
Primary 39 19
High school 106 51
University 41 20

Marital status Married 177 84
Other 33 16

Other activities None 26 12
Employment 51 24
Business 36 17
Self-employment 97 46

Mean Standard deviation
HH size Number 7.62 2.71
HH members in agriculture Number 2.95 1.44
Number of fields Number 1.47 0.59
Land size ha 0.609 0.614
Agricultural income CDF 467,671 617,513
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main roads, market access, and other rural income. Smallholder farmers have stated that having access to basic infrastruc-
ture and resources allows them to purchase agricultural supplies and market their produce more easily. These findings 
align with those of Kutyauripo et al. [27]. Males in rural Sub-Saharan Africa developed climate change adaption strategies 
that were more effective and faster. Men scored higher statistically than women in the following items: farmer education, 
years of schooling exceeding 12 years, adoption of new varieties, and agricultural calendar alteration. In contrast to the 
findings of this study on the use of agricultural varieties and techniques, Balasha et al. [5] has discovered that women 
are more inclined to use pesticides and plant living hedges in an effort to increase crop yields. Farmers over the age of 
45 scored higher in terms of finance accessibility, information availability, and crop variety change. These farmers stated 
that their farming experience had provided them with the resources necessary to cope with climate change. These find-
ings align with those of Yegbemey et al. [45]. Farmers that have completed studies have reported easier market access 
than other farmers. According to them, their market was not only physically accessible, but they were able to expand 
into other markets outside of their region by utilizing modern information technology. As found by Epule in the Sahel, 
farmers were developing adaptation strategies to cope with non-climatic and climatic drivers [36]. This is why, according 
to Matimolane et al. [70], all of the adaptation strategies assessed had high mean scores and no significant differences 
for most of the socio-demographic factors.

The Tobit regression results (Table  4) showed that the model was well-defined and significant, with 
Prob > F = 0.0244 < 0.05. Age, gender, and household members involved in agriculture did not affect maize farmers’ adap-
tations. Similar to the findings of Apata et al. [71] in Nigeria, gender, age, and household members working in agriculture 
did not affect farmers’ adaptability to climate change. Furthermore, Acquah and Onumah [72] discovered that age and 
household members involved in agriculture had no impact on farmers’ adaptability to climate change risks. However, 
these findings contradict those of Asrat and Simane [73] and W. Tesfaye and Seifu [74], who discovered that household 
size, age, gender of the household head, household members involved in agriculture, farming experience, climate infor-
mation, and extension advice all influenced farmers’ ability to perceive and adapt to climate change.

Table 4 indicates that the level of education, field size, and other activities significantly influenced climate change 
adaptation. The educational level has positively improved farmers’ adaptability to climate change by enhancing their 
understanding of the possible benefits of adaptation. In Nigeria, Apata et al. [71] discovered similar findings. Farmers’ per-
ceptions of and adaptations to climate change were influenced positively by land size. Farmers are more likely to imple-
ment adaption measures when their field size is larger. These findings are consistent with those of Yegbemey et al. [45], 
who discovered that land size, farming experience, and membership in an organization were positively and significantly 
correlated with both the farmer’s decision to adapt to climate change in North Benin. Income from activities other than 
agriculture helped farmers’ adaptation by providing access to agricultural inputs, training, and new technologies. Farm-
ers with secondary occupations and non-agricultural income were found to be most resilient to climate change [45, 75].

4.2  The perception of vulnerability among maize smallholder farmers to climate change

The factorial and confirmatory perception analysis (Table 5 and Fig. 2) revealed that the data are factorable because the 
KMO index was 0.692 (> 0.5) and Bartlett’s sphericity test was 502.021 (ddl: 78; sig.: 0.000). The representation qualities 
(commonalities) of selected items were greater than 0.5, varying between 0.519 and 0.769. Items were strongly corre-
lated on a single factor, with weights greater than 0.5, ranging from 0.624 to 0.867. The extracted dimensions explain 
63.489% (> 60%) of the variance in South Kivu maize producers’ perceptions of climate change. All four dimensions 

Table 4  Tobit regression 
analysis

Prob > F = 0.0244;

***p-value < 1%, ** p-value < 5% et * p-value < 10%

Climate change Adaptations Coef P > t

Age 0.0117571 0.556
Gender 0.0596686 0.252
Education 0.0094055 0.030**
Other activities 0.0036012 0.001***
HH members in agriculture 0.0202411 0.124
Land size 0.0479811 0.05*
_cons 3.327507 0.000
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have eigenvalues more of than one, ranging from 2.546 for the first component to 1.161 for the last, demonstrating that 
the extracted factors are worth more than a single item. The scale also demonstrated high reliability. Cronbach’s alpha 
coefficient of 0.730 is higher than the threshold of 0.70 proposed by Hair Jr Joseph et al. [64]. Cronbach’s alpha values 
for dimensions ranged from 0.611 to 0.869. The confirmatory factor analysis confirmed, with good fit indices, that the 
model correctly matched the data. Except for item 5 and item 4, the results revealed that all of the structural coefficients 

Table 5  EFA and CFA perception

Code Scale items and dimensions EFA CFA Communali-
ties α = 0.934

Simultaneous variation of temperature and rainfall Eigenvalues = 2.546
PERC1 Decrease rainfall 0.723 0.57 0.541
PERC3 Late rain onset 0.722 0.52 0.647
PERC13 Hot dry and rainy seasons 0.628 0.469 0.535
PERC12 Hot nights and days 0.624 0.52 0.671
Temperature disruption Eigenvalues = 1.437
PERC7 Hot days 0.867 0.83 0.674
PERC8 Hot night 0.836 0.71 0.769
Irregularity of rainfall-violent winds Eigenvalues = 1.204
PERC2 Rainfall irregularity 0.797 0.53 0.734
PERC10 Violent winds 0.681 1.19 0.519
Rainfall disruption Eigenvalues = 1.161
PERC5 Aborted rains 0.756 1.47 0.609
PERC4 Early rainfall interruption 0.753 0.18 0.534
Model fit quality �2∕dl ∶ 2.868; RMSEA: 0.0943; GFI: 0.925, CFI: 0.795, IFI: 0.805

Fig. 2  Perception’s CFA
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related to each item and dimension were high and above the minimum acceptable level of 0.60. These findings were 
consistent with those of Amani et al. [76] in the Uvira highlands and Balasha et al. [5] in the marshlands of South Kivu, 
where farmers reported heavy rain, late rainfall shorter and less abundant rainfall during the rainy season, an increase 
in dry spells and strong winds during the rainy season, an increase in temperature, and more showers during the dry 
season. Farmers’ attitudes differed depending on where they farmed. Farmers in wetlands had a favorable perception of 
climate change, particularly in light of the availability of water. Farmers have stated that climate change vulnerabilities 
have impacted not only agriculture but also other sectors (food security, economic growth, and livelihoods) [68].

4.3  Climate change adaptation of smallholder maize farmers

According to the climate change adaptation results shown in Table 6 and Fig. 3, the data are factorable. The final results 
of the exploratory factor analysis are satisfactory: eigenvalues > 1; commonalities > 0.5; structural factor coefficient on 
one component > 0.50; and explained variance of 65.641%. The reliability data show a Cronbach’s alpha of 0.761. The 
dimensions were also more reliable, with Cronbach’s alpha ranging from 0.727 to 0.950. Confirmatory factor analysis 
results are also conclusive. Farmers used indigenous and easily accessible economic and physical strategies to adapt to 
climate change [76]. The adaptation strategies presented in Table 4 have confirmed the studies of Balasha and Nkulu 
[42] on agroecological practices in Kabare, Mutwedu et al. [77] on the integration of agriculture and livestock farming in 
eastern DRC, and Bele et al. [68] on access to information, education, and support for rural incomes. Farmers stated that 
access to infrastructure (rural roads, main roads, and markets) is a national challenge [78]. As a result, farmers in rural areas 
face higher transportation costs and longer time to market, making them more vulnerable [77, 79]. The government’s 
efforts to ensure rural access and promote markets and post-harvest facilities remained minimal. Farmers’ organizations, 
agricultural cooperatives, and non-governmental organizations organized farmers into community works (Salongo in the 
local language) to maintain roads, markets, and storage facilities. These efforts helped in dealing with climatic hazards, 
particularly during the dry season, but were insufficient to be effective during the rainy season. Rwanda’s government 
adopted Umuganda (the local language for community work) to promote climate change mitigation in both urban and 
rural areas [80, 81]. According to Uwimbabazi [80] community work in Rwanda has benefited the public but has not been 
successful in addressing farmers’ climate change challenges.

Maize farmers reported that, due to a lack of formal financial services in their villages [82], they have turned to infor-
mal financial services such as solidarity mutual and village credit and savings associations. Farmers are organized by 

Table 6  EFA and CFA adaptation results

Code Scale items and dimensions EFA CFA Communali-
ties α = 0.761

Technical capacity Eigen values = 2.302
ADAP27 Changing varieties 0.779 0.74 0.635
ADAP26 Adopting new varieties 0.766 0.62 0.632
ADAP28 Modification of the agricultural calendar 0.759 0.58 0.598
Infrastructure facilities Eigen values = 1.767
ADAP14 Easy access to rural roads 0.780 0.61 0.632
ADAP15 Easy access to main roads 0.774 072 0.616
ADAP16 Access to market 0.760 0.44 0.539
Human capacity Eigen values = 1.358
ADAP10 Farmers education 0.662 0.81 0.739
ADAP11 Having studied for many years (> 12 years) 0.835 0.60 0.724
Institutional capacity Eigen values = 1.274
ADA17 Easy access to credit 0.855 0.26 0.743
ADAP18 Easy access to information 0.706 1.31 0.645
Economic capacity Eigen values = 1.176
ADAP3 Land ownership 0.709 0.57 0.709
ADAP4 Rural income 0.753 0.45 0.665
Model fit quality χ2∕dl ∶ 1.40; GFI: 0.951; CFI: 0.936; IFI: 0.939; RMSEA: 0.0438
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establishing a common fund to which each member contributes a set amount of money regularly. Farmers seeking credit 
use this fund for agricultural expenses (purchase of inputs, payment of farm labor, and rent payment). Following the 
harvest, the creditor is required to repay the borrowed funds so that another creditor may receive them in the future. 
Each member receives the savings at the end of the cycle, which is usually annual, to prepare for the following cropping 
season. These findings supported Mulume Bonnke et al. [82] research, which discovered that in rural South Kivu, 93% of 
agricultural finance was provided by the informal financial sector, which, according to Batung et al. [83] and Fisher et al. 
[69], has enabled farmers to become more resilient to climate change.

The land is acquired by maize farmers through purchase, inheritance, gift, lease, or tenant. Land ownership is socially 
perceived in DRC rural communities as a source of cultural identity, a family or community asset, a factor of production, 
and an investment [84]. Consistent with this study, studies of Yegbemey et al. [85], Hansungule and Jegede [86], and 
Molua et al. [84] found that land ownership provided farmers with the ability to adapt to climate change. Landowners, 
as opposed to tenants, reported rationally exploiting fields by implementing climate-resilient practices. Land tenure 
security, according to Yegbemey et al. [85] and others, is an important factor in climate change adaptation. Farmers dem-
onstrated no willingness to invest resources in climate change adaptation in the context of climate and land uncertainty.

4.4  Relationship between perception, exposure, sensitivity, and adaptation

Figure 4 and Table 7 show that all fit indices have satisfied values. The findings demonstrated that maize farmers’ per-
ceptions of climate change had a positive (p < 0.1%) influence on their exposure and level of sensitivity. This means for 
every perception of climate change, the degree of exposure and sensitivity increases by 0.0140 and 1.386, respectively. 
Farmers’ perceptions additionally had a negative (p < 0.1%) influence on maize farmers’ adaptation to climate threats. 
The degree of adaptation decreased by 52.2% for every 100% change in perception of climate change. This means that 
climate change is increasing the vulnerability of maize farmers in South Kivu, as they are unable to cope with the effects 
of change.

Fig. 3  Adaptation CFA Results
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In line with this study, Ishaya et al. [87] found that farmers’ knowledge of advanced adaptation strategies, economic 
and social capital, and access to information on climate change scenarios explained climate change adaptation in 
Nigeria. The above considerations justified the negative relationship between farmers’ perceptions of climate change 
and their adaptability to climate change in South Kivu. Despite being aware of climate change, maize farmers in 
Kabare territory, for example, continued to cultivate traditional varieties (Bambou and Ecavel) that were not resistant 
to current climatic hazards, claiming a lack of resources to purchase varieties resistant to climate change.

The findings of this study contradicted those of Sofoluwe et al. [6], who discovered that perception of climate 
change has a direct positive and favorable influence on adaptation strategies to improve the quantity and quality of 
agricultural production. Farmers use adaptation strategies as resilience to mitigate the negative impact of climate 
change [31]. For Wachinger et al. [88] there was no significant relationship between climate change perception and 
adaptation strategies.

Thus, farmers’ perceptions of climate change were strongly related to expected desired behaviors rather than past 
experiences [31], and farmers perceived decreased risk after implementing adaptation strategies. This was explained by 
farmers emotionally reacting to a climate change threat Slovic and Peters [89]. Such emotional and affective responses 
appeared to have a role in climate change adaptation. Climate change perception was insufficient in South Kivu prov-
ince to urge farmers to implement adaptation measures. Common efforts should be made to encourage farmers to feel 
committed enough to implement climate change adaptation measures that are effective in mitigating or preventing 
climate change risk.

Fig. 4  Model Results

Table 7  Relationship between 
perception, exposure, 
sensitivity, and adaptation

Parameters Estimators standard Error T-value P-Value

Perception → exposure 0.0140 0.0501 0.280 0.00638
Perception → sensitivity 1.386 0.0738 18.769 0.000
Perception → Adaptation − 0.522 0.0605 -8.624 0.000
Model fit quality χ2/df: 1.386; GFI: 0.928; AGFI: 0.901; CFI: 0.949; IFI: 0.949; RMSEA: 

0.0429
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This study’s methodological and practical limitations were a lack of time series and global data on maize growing 
throughout the region in order to assess vulnerability Index indicators. The study excluded large-scale farmers (for exam-
ple those who cultivate more than 10 hectares). The results from all farmers will be compared over time and by maize 
farming category. Because a qualitative investigation (interviewing key stakeholders) was not conducted, no preliminary 
information about public and private initiatives to mitigate climate change effects was gathered. The findings of this study 
on maize smallholder farmers’ vulnerability and adaptation strategies to climate change should be used with caution, 
and further research should be conducted to understand how maize farmers perceive and respond to climate change 
by implementing effective management strategies, as well as to identify opportunities for promoting farmer literacy 
and climate-smart agriculture in SSA.

5  Conclusion

Maize smallholder farmers face a threat from climate change, resulting in decreased agricultural productivity, disruption 
of the agricultural calendar, and crop diseases. The findings of this study revealed that the level of education, size of 
the field, and activities of the smallholder farmers had significant effects on climate change perception and adaptation 
strategies. Farmers’ perceptions had a negative (p < 1%) influence on maize smallholder farmers’ adaptation to climate 
change. Common efforts should be made to encourage farmers to feel committed enough to implement climate change 
adaptation measures that are effective in mitigating or preventing climate change risk. The results of this study would 
have implications for policies to support maize smallholder farmers in their efforts to mitigate and resilient to climate 
change in SSA. Firstly, the promotion of climate literacy must be sufficient to provide farmers with information on cli-
mate and forecasting. Secondly, to empower smallholder farmers with means and resources to prevent and reduce the 
effects of climate change. Lastly, enhancing the current environment for the agriculture sector will advance community 
inclusivity and food security.
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