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Abstract. Climate change continues to threaten human-
ity’s livelihoods, particularly those dependent on agriculture. 
Gradual changes in climate pose a significant threat to food 
security and sustainable agricultural productivity around the 
globe. This paper sought to investigate the influence of cli-
mate change knowledge on the selection of indigenous cli-
mate change adaptive strategies. The study was conducted in 
Vhembe district of Limpopo province, South Africa, in 2021. 
Structured questionnaires were administered to 300 emerging 
cash crop farmers during face-to-face interviews. Descriptive 
statistics were used to gain insight into the farmers’ knowl-
edge of climate change. A multinomial logistic model was 
used to determine the influence of climate change knowledge 
on the selection of indigenous adaptation strategies. The study 
discovered that most farmers were aware of climate change 
and subsequently preferred crop diversification and substitu-
tion of crops as their ideal adaptation strategies. This study 
recommends that adaptation to climate change should be 
a collaborative effort among the farming community.

Keywords: climate change, emerging farmers, adaptive strat-
egies, knowledge

INTRODUCTION

Climate change has been known about for some time 
now, with global awareness of it varying with time. 
Studies have suggested that understanding of climate 
change in developing countries has been relatively low 

compared to other nations, with African countries rated 
as having the least knowledge (Jha and Gupta, 2016; 
Pelham, 2009). Although knowledge of climate change 
in Africa is still relatively low, its vulnerability to cli-
mate change is severe (IPCC, 2007). In Africa, farm-
ers’ knowledge about climate change has been gained 
through tragic experiences, including crop failures, re-
duced agricultural productivity, and disease outbreaks 
(Zoellick, 2009). The latter statement is supported by 
the findings of IFAD (2010), which noted that an in-
crease in the awareness of climate change in grassroots 
communities has occurred through an inability to avoid 
its impacts. A study by Friis-Hansen et al. (2013) re-
vealed that one of the most effective mechanisms to 
continuously improve adaptations to climate change 
among farmers is the promotion of awareness. Farmers’ 
awareness of climate change and its impacts has contin-
uously been noted as a decisive factor in the enhanced 
effort to combat the impacts of climate change within 
the agricultural community (Below et al., 2015).

It has been highlighted that farmers’ awareness of 
climate change affects their efforts to adapt to and miti-
gate the impacts of climate change, ensuring food secu-
rity and agricultural sustainability in the face of climate 
change (Comoé and Siegrist, 2015). Furthermore, it has 
been revealed that awareness of climate change shapes 
a country’s capacity to adapt and mitigate the impacts 
of climate change that threatens the livelihoods of mil-
lions, particularly those dependent on agriculture (IPCC, 
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2011). This finding is supported by a study conducted 
by Sarkar and Padaria (2016) which pointed out that 
the level of adaptation to climate change is associated 
with the level of awareness of climate change. A simi-
lar study on climate change adaptation among farmers 
has revealed that farmers with knowledge about climate 
change are in a better position to adopt climate change 
adaptive strategies than their counterparts (Asrat and 
Simane, 2018). Farmers’ adaptation to climate change 
is sharpened by their awareness and experience of the 
impacts of climate change as it enables them to familiar-
ize themselves with relevant adaptive strategies suitable 
for their operations (Shisanya and Mafongoya, 2016). 

Farmers’ knowledge and perceptions about climate 
change have been revealed to play a vital role in the ad-
aptation process. This is because it allows them to iden-
tify their needs and plan future events aimed at adapting 
and mitigating the impacts of climate change (Tambo 
and Tahirou, 2013). Farmers’ knowledge about climate 
change varies between groups of farmers, with some be-
ing aware of climate change through tragic experiences. 
In contrast, others are familiar with their observation of 
critical determinants (Mehar et al., 2016). It was also 
revealed in a study by Jha and Gupta (2016) that farm-
ers who had experienced the impacts of climate change 
adapted to climate change more than their counterparts. 
In contrast, it has also been discovered that farmers 
who have noted some critical determinants of climate 
change are more eager to adapt to climate change than 
those who do not know about climate change (Mehar 
et al., 2016). Some farmers have initiated some adapta-
tion and mitigation efforts in response to the observation 
of warmer winters and hotter summers (Shukla et al., 
2019). A study conducted in South Africa has noted that 
farmers were obliged to adjust their farming practices to 
effectively respond to the climatic changes observed in 
recent years (Mpandeli et al., 2015).

MATERIALS AND METHODS 

Study area
The study was conducted in Vhembe District, one of the 
five districts of Limpopo province, South Africa. Vhembe 
district has four local municipalities: Thulamela, Makha-
do, Musina, and Collins Chabane, and it covers about 
25,597km2 with a population estimate of about 1 393 
949 people (STATSSA, 2016). Being part of Limpopo 
province, Vhembe district is one of the country’s prime 

agricultural regions, well-known for its livestock pro-
duction, fruits, vegetables, cereals, and tea (LTA, 2014).

Sampling technique and data collection
The study used a multistage, stratified random sampling 
technique. Firstly, farmers were classified by their lo-
cal municipalities. A sample was then randomly selected 
from the three local strata. In each chosen municipal-
ity, several villages were selected randomly. Lastly, the 
study used a random selection of farmers in each vil-
lage. The final sample comprised 300 emerging crop 
farmers. A structured questionnaire served as a data col-
lection tool. Face-to-face interviews were held with re-
spondents; structured questionnaires were administered 
to the respondents during interviews. A face-to-face in-
terview minimizes errors and misunderstandings (Bless 
and Smith, 2000). 

Empirical model
Table 1 below shows the explanatory variables for the 
empirical multinomial logit model of the influence of 
climate knowledge on the likelihood of the selection 
of adaptation strategies. Multinomial logistic regres-
sion is a simple extension of binary logistic regression 
that allows for more than two categories of the depend-
ent variable (Starkweather and Moske, 2011). As is the 
case in this study, the multinomial logistic method was 
considered due to its ability to produce robust results 
on an ordinal and nominal scale of data. Furthermore, 
the model was also used elsewhere and produced robust 
results in studies to analyze the selection of adaptive 
strategies (Pundo and Fraser, 2006; Hassan and Nhe-
machena, 2008). Lastly, the multinomial logistic model 
was preferred as it permits the analysis of assessments 
across more than two categories, allowing selection 
probabilities to be determined for different categories 
(Wooldridge, 2002). Therefore, the empirical multino-
mial logistic model was specified as:

Yi = f (X1, X2..., X6)

where Yi is the polychotomous dependent variable, 
and it is, therefore, the adaptation strategy chosen by 
the farmer. (Yi) is defined as 0 for Resilient crop vari-
eties, Calendar redefinition = 1, Crop diversification = 
2, Substitution of crops = 3, and Fertilizer application 
= 4, while the explanatory variables are denoted by Xs, 
as shown in the table below. In the analysis, the base 
category is crop rotation pattern. 
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RESULTS AND DISCUSSION

Socioeconomic characteristics of farmers
The results from Table 2 show that the study sample 
had more female farmers involved in cash crop farm-
ing, accounting for 57.7%. In terms of marital status, the 
dominant group was married farmers. The results further 
revealed that the dominant age group of farmers in the 
study sample was 60 years and above, while those within 

Table 1. Description of explanatory variables used in the regression model

Variable Name description Type of measure Expected 
sign

X1 Climate change awareness 0 = yes, 1 = doesn’t know, 2 = not sure +

X2 Is climate change a threat? dummy; 0 = yes, 1 = no –/+

X3 Can we tackle climate change? dummy; 0 = yes, 1 = no +

X4 Access to weather information dummy; 0 = yes, 1 = no +

X5 Source of weather information 0 = radio stations, 1 = newspapers, 2 = television, 3 = extension 
officers, 4 = others

–/+

X6 Familiar with impacts of climate change? dummy; 0 = yes, 1 = no +

X7 Temperature patterns 0 = temp. have increased, 1= temp. have decreased, 2 = temp. are 
still the same, 3= no observations

+

X8 Rainfall pattern 0 = rain have increased, 1 = rain have decreased, 2 = rain are still 
the same, 3 = no observations

+

X9 Drought occurrence 0 = occurs regularly, 1 = rarely occur, 2 = no observations +

X10 Flood occurrence 0 = occurs regularly, 1 = rarely occur, 2 = no observations +

Source: author’s computation, 2022.

Table 2. Distribution of respondents according to their socio-
economic characteristics

Variables Frequency Percentage
1 2 3

Age

21–39 years 90 30

40–59 years 92 30.7

60 and above years 118 39.3

Agric. qualification

in possession 73 24.3

doesn’t have 227 75.7

Table 2 cont.

1 2 3
Formal education

no formal education 133 44.3

primary education 39 13

secondary education 59 19.7

tertiary education 69 23

Farming experience

less than a year 37 12.3

1–5 years 77 25.7

6–10 years 49 16.3

more than 10 years 137 45.7

Occupation

farming 122 40.7

unemployed 53 17.7

employed 41 13.7

pensioner 58 19.3

self-employed 26 8.6

Source: field data, 2021.
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the age groups of 21–39 and 40–59 were similar as they 
accounted for 30% and 30.9% respectively. Most of the 
farmers – about 75.7% – in the study sample were found 
not to have any agricultural qualifications, while the mi-
nority had agricultural qualifications, including some with 
a certificate in plant production. When it comes to for-
mal education, the dominant group was farmers without 
any formal qualifications. The results also revealed that 
farmers with tertiary and secondary school qualifications 
accounted for 23% and 19.7%, respectively. In terms of 
farming experience, the study sample was dominated by 
farmers with more than ten years in farming. The amount 
of farming experience could also be influenced by the age 
group factor, as most were 60 years and above. The fol-
lowing group in the rankings were farmers with farming 
experience of up to five years. Regarding farmers’ occu-
pation, most indicated farming as their primary means of 
earning a living, while those who were farming and still 
employed elsewhere accounted for only 13.7%.

Awareness of climate change among farmers
Figure 1 shows information about the awareness of cli-
mate change among emerging cash crop farmers during 
the data collection period.

Most farmers (74.3%) in the study area indicated 
that they were familiar with climate change. The middle 
group of farmers were not sure about their knowledge 
of climate change, which accounted for 15.7%. Farm-
ers who indicated that they were not sure about climate 
change accounted for 10%; these are farmers who didn’t 
show a clear, distinct difference of either being aware or 
entirely unaware of climate change. The study’s results 
add to the recent common trend of most farmers in vari-
ous parts of the globe being aware of climate change. 
Abid et al. (2015) also discovered that farmers are aware 
of climate change worldwide. Subsequently, they adopt 
adaptive strategies to adjust their farming practices to 
respond to such observed climatic changes. Das and 
Ghosh (2020) also noted similar results that most farm-
ers were aware of climate change issues.

Familiarity with the impacts of climate 
change on agriculture among farmers
For a distinct conclusion about farmers’ awareness of 
climate change, the study discovered that farmers who 
indicated that they are familiar with the impacts of cli-
mate change accounted for 78.6% of the group, as shown 
in Fig. 2.

74,30%

15,7%

10%

Awareness of Climate Change

Yes, I'm aware

No, I'm not aware

I'm not sure

Fig. 1. Distribution of climate change knowledge among 
farmers
Source: field data, 2021.

78,60%

21,40%

Familiarity with the impacts of Climate Change

Yes, I am familiar

No, I am not familiar

Fig. 2. Farmers’ awareness of the impacts of climate change
Source: field data, 2021.
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In comparison, those unfamiliar with such impacts 
accounted for 21.4%. The margin between the two 
groups is high, particularly for farmers within the same 
geographical area. The most common identified impacts 
of climate change among the farmers were a decline in 
agricultural productivity, less desirable produce, mar-
keting difficulties, loss of farm income, and increased 
production costs. Studies like this have also noted that 
farmers are aware of the impacts of climate change, 
including a decrease in agricultural productivity, poor 
quality of products, and increased food insecurity 
(Mulinde et al., 2019; Shukla et al., 2019).

Selection of climate change adaptive 
strategies among farmers
The study also assessed farmers’ selection of adap-
tive strategies to adapt to climate change and mitigate 
its impacts on their farms. With the respondents of the 
study situated in remote areas where the adoption of 
agricultural technologies is relatively low due to lack 
of resources, the study focused on traditional climate 
change adaptation strategies, namely, resilient crop va-
rieties, calendar redefinition, crop diversification, ferti-
lizer application, the substitution of crops, and changing 
crop rotation patterns. Figure 3 shows the percentages 
of each identified adaptive strategy that would stand 
a chance of being selected from the pool.

The study results revealed that crop diversification 
is the most selected strategy, accounting for 33.5% of 

those chosen. Crop diversification is a well-known strat-
egy among farmers, particularly for its cost-friendly na-
ture and ability to generate income from multiple enter-
prises within the same farm unit. Substitution of crops 
came second, which is influenced by the cost implica-
tions associated with its adoption. 27.6% of the farmers 
chose substitution of crops. The selection of calendar 
redefinition was also among the first three strategies 
that received preference, at 12.6%. Calendar redefini-
tion is one of the most cost-friendly adaptive strategies 
as elderly farmers mainly depend on observing climate 
variability to determine how best to adjust their plant-
ing dates. The least selected adaptive strategy among 
the farmers was resilient crop varieties, at 4.9%. Crops 
resistant to harsh conditions, such as prolonged drought, 
are costly, making it difficult for farmers with fewer re-
sources to use for adaptation. The least selected adap-
tive strategies were changing crop rotation patterns and 
fertilizer application. Some farmers deem the costs of 
fertilizers to be high, while when it comes to changing 
crop rotation patterns, its selection is associated with an 
increased workload. 

Influence of climate change knowledge 
on selection of adaptive strategies
Table 3 below shows the result of farmers’ decision to 
select indigenous adaptive strategies influenced by their 
knowledge of climate change.

10,20%

11,20%

12,60%

27,60%

33,50%

4,90%

0,00% 5,00% 10,00% 15,00% 20,00% 25,00% 30,00% 35,00% 40,00%

Adaptive strategies

Selection of Climate Change adaptive strategies

Resilient crop varieties Crop diversi�cation Substitution of crops

Calendar redi�nition Fertilizer application Changing crop rotation pattern

Fig. 3. Farmers’ selection of climate change adaptive strategies
Source: field data, 2021.
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Resilient crop varieties
The study results show that the selection of resilient crop 
varieties is significantly influenced by farmers’ aware-
ness of climate change (X1), their view that we can tackle 
climate change (X3), and farmers’ observation of tem-
perature patterns over time (X7). Farmers’ awareness of 
climate change and their positive belief that it can be 
tackled using different strategies significantly influences 
the use of resilient crop varieties at a 1% significance 
level, at P-values of 0.09 and 0.05 respectively. Farmers 
in remote areas prefer crop varieties as some are more re-
silient to climatic conditions than others, mostly drought 
tolerant varieties. Most farmers within the study sample 
believed that the annual temperature has been on the rise 
over the last couple of years. Their adoption of resilient 
crop varieties supports this notion. The study’s findings 

align with that of Acevedo et al. (2020), who found that 
the resilient crop varieties strategy helps farmers to adapt 
to drought and heat. Farmers who have noted a gradual 
increase in the temperature patterns have opted to use 
resilient crop varieties as their climate change adapta-
tion strategy at 5% significance level. A study by Ali and 
Erenstein (2017) concluded that most younger farmers 
are likely to adopt resilient crop varieties due to their 
innovative nature, which agrees with the findings of this 
elderly-dominated farmers study.

Calendar redefinition
Farmers who adopted calendar redefinition as their 
adaptation strategy were those who perceived climate 
change as a threat (X2) and who had observed changes in 
both temperature (X7) and rainfall patterns (X8). Farmers 

Table 3. Parameter estimates of the multinomial logit climate change adaptation model

Explanatory variable
Resilient crop 

varieties
Calendar 

redefinition Crop diversification Substitution of 
crops

Fertilizer 
application

coeff. P-level coeff. P-level coeff. P-level coeff. P-level coeff. P-level

X1 .556 .009*** 1.019 .007 .383 .033** –.688 .275 –.093 .893

X2 .311 .635 .903 .092* .178 .010** –.215 .795 .230 .798

X3 1.601 .005*** .756 .628 –1.380 .003*** –1.263 .050** –1.422 .421

X4 1.060 .233 –1.312 1.399 –.171 .254 –.442 .586 .711 .421

X5 –.029 .114 –.236 1.211 –.451 .002*** –.160 .428 –.211 .390

X6 1.322 .219 .898 .319 .286 .232 .979 .037** .070 .938

X7 –1.472 .016** .434 .039** .703 .009*** –.599 .111 –.280 .504

X8 –1.062 .334 .690 .067* .214 .948 .554 .313 –.505 .043**

X9 .308 .011 .400 .547 –.006 .258 .080 .820 .435 .282

X10 .955 .194 .564 .269 .635 .387 .757 .150 .005 .994

Constant –.569 .783 .111 .938 1.149 .328 .152 .902 .892 .508

Diagnostics

base category changing crop rotation patterns

number of observations 300

LR chi-square 271.362

–2 Log likelihood 408.021

Pseudo-R2 .197

coeff. – coefficients.
***, **, *Significant at 1%, 5%, and 10% probability level, respectively.
Source: field data, 2021.
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who perceived climate change as a threat saw a need to 
change their planting dates to combat the impact of cli-
mate change on their enterprises. A study that assessed 
farmers’ adaptation to climate change by Ali and Eren-
stein (2017) discovered that farmers were likely to adopt 
calendar redefinition and substitution of crops after not-
ing changes in weather patterns. Furthermore, the study 
revealed that farmers who perceive climate change as 
a threat to farming have experienced reduced productiv-
ity and livestock loss due to extreme temperatures and 
reduced rainfall. The study also showed that farmers 
who have observed an increase in annual temperatures 
have opted to use calendar redefinition as their strategy. 
The same applies to farmers who have observed declin-
ing yearly rainfall patterns. Ultimately, farmers change 
their planting dates to adjust to the current climatic con-
ditions and to suit their produce.

Crop diversification
The study’s results show that various factors influence 
the adoption of crop diversification, such as aware-
ness of climate change, climate change threat to farm-
ing, farmers’ belief that they can tackle climate change, 
and observation of temperature changes over time. Un-
derstanding climate change has positively and signifi-
cantly influenced farmers to adopt crop diversification. 
These farmers believed climate change was a threat and 
thought it could be tackled, particularly by adopting crop 
diversification. The findings are also consistent with the 
results of a study by Piedra-Bonilla et al. (2020), who 
noted that farmers use crop diversification as an effec-
tive means to cope with climatic shocks. The study re-
sults reveal that changing the source of weather-related 
information from radio stations to another platform 
negatively impacts the selection of crop diversification 
as an ideal strategy. Furthermore, the study results show 
that farmers who have observed an annual increase in 
temperature opt to adopt crop diversification as their ad-
aptation strategy.

Substitution of crops
Substitution of crops is commonly practiced to retain 
nutrients in the ground as it significantly influences 
the quality of the produce planted. The study’s find-
ings reveal that farmers who opted for crop substitu-
tion believed they could not tackle climate change at 
a 5% level of significance. Furthermore, the study also 
indicates that farmers familiar with climate change’s 

impacts also opted for substituting crops as their ad-
aptation strategy. Contrary to the literature, the study’s 
findings suggest that when farmers do not perceive that 
they can tackle climate change, it reduces the chance of 
them selecting substitution of crops as a strategy by 1.2 
units, as shown in Table 3. Regarding farmers’ familiar-
ity with the impacts of climate change, the study reveals 
that such understanding positively and significantly in-
fluences farmers to select substitution of crops as their 
ideal adaptation strategy. A survey by Cui (2020) has 
indicated that climate-driven crop substitution has 
played an imperative role in the production expansion 
of some crops.

Fertilizer application
The study results revealed the application of fertilizers 
to be statistically significant at a 5% significance level, 
at a P-value of 0.43. Furthermore, the study noted that 
farmers who had opted to use fertilizers to enhance their 
productivity in the face of climate change were those 
who had observed a shift in rainfall patterns over time 
(X8). It is essential to ensure that there is water, or that 
the soil has moisture before applying fertilizers to the 
crops. This theory could explain why the observation 
of rainfall patterns significantly influences the applica-
tion of fertilizer. Since it is best to wait after rain be-
fore applying fertilizer, observation of rainfall patterns 
becomes critical when applying it. Diallo et al. (2020) 
also noted that farmers who had observed the critical 
determinants of climate change applied fertilizer as 
their adaptive strategy to mitigate the impact of climate 
change.

CONCLUSION

Agricultural production depends on the climate, mak-
ing climate change a critical component of its perfor-
mance. Observing climatic changes over time is essen-
tial for proper planning and informed decisions among 
agricultural stakeholders. This study investigated the 
awareness of climate change among emerging cash crop 
farmers. The study revealed that most farmers in the 
study sample were aware of climate change. The study’s 
results uncovered that, due to the cost-friendly nature of 
specific adaptive strategies and the workload required to 
implement them, most farmers in the sample study pre-
ferred crop diversification and substitution of crops as 
their coping strategies, respectively. Using resilient crop 
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varieties and applying fertilizers were the least preferred 
due to their cost implications.

In contrast, farmers preferred not to adopt crop ro-
tation due to the workload associated with it. The dis-
covery of this study that most farmers are familiar with 
climate change points out the existing gap in some farm-
ers’ knowledge of climate change. These findings fur-
ther indicate the importance of the constant dissemina-
tion of information on climate change in various areas. 
The study also recommends that farmers and other key 
role-players within the agricultural community be edu-
cated on issues relating to climate change as it is deemed 
the most effective tool to prepare farmers for climate 
change adaptation. The fact that some farmers prefer to 
implement some adaptive strategies due to their costs 
points out the need to adapt to climate change being 
a collaborative effort, with different kinds of support for 
grassroots communities being essential. Stakeholders 
should utilize various mechanisms to support farmers 
in adapting to climate change. The study also recom-
mends that climate finance mechanisms be localized to 
respond to the specific dynamics of each group of farm-
ers to avoid a one-fits-all model.
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