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The majority of indigenous farmers in South Africa depend on rain-fed agricultural
production for their livelihoods. Reliable indigenous weather forecasts are, therefore,
required to guide rural farmers’ decisions in regard to climate change. Much of the
literature has shown that western scientific knowledge has failed at rural level.
Indigenous knowledge has, for the past century assisted rural farmers’ households in
tackling the challenges of climate stressors and enhanced decision-making for
adaptation. There is, therefore, much room for advancement in assessment processes
to ensure adequate credit for indigenous knowledge systems. This study aimed to
address two major knowledge gaps (i) to assess the relevance of indigenous
knowledge in weather forecasts used by local farmers for climate adaptation, and (ii)
examine farmers’ perceptions in regard to climate change in Levubu and Nwanedi
sites. Indigenous knowledge indicators used by farmers for weather forecasting,
within their communities, were collected through questionnaires, interviews and
focus group discussions. The results revealed various forms of indigenous indicators
used by local farmers for weather forecasting, such as, star and moon movement,
appearance of red and black ants and mist-cover on mountains. A better knowledge
of indigenous knowledge systems should play an important role in determining
suitable adaptation strategies toward climate change. It is recommended, hence, that
policy makers should enhance indigenous knowledge among local communities
regarding the implications of climatic stressors to increase crop production.

Keywords: indigenous knowledge systems; adaptation strategies; local farmers;
Vhembe district; indigenous indicators; climate change

1. Introduction

Global communities are facing climate change along with actual and potential nega-
tive impacts on agricultural activities, although the impacts will not be evenly dis-
tributed among farmers (Parrotta and Agnoletti 2012). In Sub-Saharan Africa (SSA)
the local farming system is an important sector and is set to be hit hardest by climate
variability and change (Deressa et al. 2009; Intergovernmental Panel on Climate
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Change (IPCC) 2013, 2018). Changes in climate are an important phenomenon that
needs close attention as they impact food security for the local population (Vilakazi
2017). Kom et al. (2022), note that climate change impacts are felt greatly by rural
farmers, as extreme weather events result in crop failure and reduce farmers’ liveli-
hood opportunities. Finucane (2009) reported that, in past years, formal scientific
knowledge has been insufficient and is limited in combatting climatic issues at the
local level.

Modern climate data and weather predictions are important factors to guide indi-
genous farming choices. Adger et al. (2011) generally support that scientific climate
forecasts have spatio-temporal limitations for use at the local farming level. Scientific
meteorological forecasts are usually questioned for not giving precise weather informa-
tion at the local scale, in addition to being poorly interpreted by indigenous farmers.
Scientific climatic information is, sometimes too systematic and technical for the indi-
genous people (Joshua et al. 2011; Jury 2013; Braman et al. 2013). Moreover, extreme
increases in temperature and decreases in precipitation in South Africa, have increased
doubts about weather forecasting, creating huge challenges to scientific climate experts
in their work to advance weather prediction and accuracy (Ambrosino, Chandler, and
Todd 2011; Kalanda-Joshua et al. 2011). Several studies have documented that scien-
tific knowledge alone cannot sufficiently combat climatic risks among indigenous
farmers; hence, there is need to apply local indigenous knowledge (Finucane 2009; Jiri
et al. 2016; Mugambiwa 2018).

Few studies have been conducted concerning the integration of indigenous and sci-
entific knowledge to adapt to climate risks; therefore, this study focuses on indigenous
knowledge used by local farmers as an adaptation strategy in response to changes in
climate. Several researchers have gradually accepted that in climate forecasts, indigen-
ous knowledge is found to be more suitable, credible and easily used by rural farmers
than western scientific weather information (Kalanda-Joshua et al. 2011; Maldonado
et al. 2016; McPherson et al. 2016). According to Kimmerer (2002) indigenous know-
ledge exists in parallel to scientific information. Several studies have indicated that
“indigenous knowledge method tends to be qualitative, and they develop a diachronic
databank, that is, a result of observations from local environment over an extended
time period” (Kimmerer 2002; Gyampoh et al. 2009; Berkes 2012). The Indigenous
people are the observers, so their decision-making is directly linked to the quality and
reliability of their social and environmental observations (Naci 2009; Mugambiwa and
Rukema 2019). On the other hand, western science observations created by a small
group of scientists tend to be quantitative and frequently represent synchronic informa-
tion observations from a wide range of sites, with lack of long-time epoch use by the
Indigenous people (Kimmerer 2002; Jury 2013). Local knowledge offers “observations
and interpretations at a much finer spatial scale with considerable temporal depth by
highlighting elements that may not be considered by climate scientists” (IPCC 2018;
Jiri et al. 2016).

Berkes (2012) defines indigenous knowledge as “a cumulative body of knowledge,
practice, and belief, evolving by adaptive processes and handed down through genera-
tions by cultural transmission, about the relationship of local people with one another
and with their environment”. With regard to the context of this paper, indigenous
knowledge systems are defined as a collection of know-how, local culture, beliefs,
experiences, management of the local resource which has passed down from generation
to generation. Indigenous knowledge systems are also labeled in several studies as
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local knowledge, traditional ecological knowledge, Indigenous people’s knowledge or
farmers’ knowledge.

The Intergovernmental Panel on Climate Change explains adaptation as “an adjust-
ment made to a human, ecological or physical system in response to a perceived
vulnerability”. Adaptation in regard to climate risks is an adjustment in the physical
environment or human systems in response to potential or anticipated climatic shocks,
and their impacts (IPCC 2018; Jiri et al. 2016). In climate science, this local know-
ledge is expected to contribute significantly by assisting local farmers with coping and
effective adaptation strategies in regard to unpredicted weather conditions and climate
change at the local scale (Anchorage Declaration 2009; IPCC 2018; Masinde and
Bagula 2011; Ncube and Lagardien 2015). In South Africa, several climate risk adap-
tation methods have been used, including the production of drought-resistant seeds,
crop diversification, changing planting dates, early maturing crops, livestock diversifi-
cation and water-harvesting (Maponya and Mpandeli 2013; South African National
Biodiversity Institute (SANBI) 2013; Jiri et al. 2016). Studies conducted in west cen-
tral Ethiopia, revealed that local farmers used indigenous knowledge indicators to pre-
dict the beginning and end of planting seasons. These include the presence of murky
clouds, which indicate heavy rain to come and also an increase in insects (Demeke,
Keil, and Zeller 2011; Mugambiwa 2018). Furthermore, the commonly-known
Southern Ground hornbill (bird), as well as a moon with a halo are used as indicators
of rain to come (Ziervogel and Opere 2010; Ajani, Mgbenka, and Okeke 2013).

The majority of Indigenous farmers in South Africa have used indigenous climate
indicators for weather prediction and for better decision-making on their farms; this is
of importance to climate change and coping strategies (Maponya and Mpandeli 2013;
Jiri et al. 2016; Masinde and Bagula, 2011). Ubisi et al. (2017) reported that, in the
Limpopo Province, extreme weather conditions have been experienced by farmers.
Due to the poor circulation of climate science information in this province, the major-
ity of local farmers use local knowledge as a means of combating climate change
(Maponya and Mpandeli 2013; Ziervogel et al. 2014).

Climate variability and change present risks to agricultural production and chal-
lenges to smallholder farmers in Vhembe district. Adaptation to climate risks include
anticipating change, planting new crops and taking action to reduce the adverse
impacts on crop yield. However, scientific models are not cost-effective among the
Indigenous farmers in counteracting climate risks for the local communities. Hence, a
low level of educational background, lack of climate information and financial resour-
ces slow the adoption of smart agricultural techniques, principally those that require
modern systems of operation and where investment costs are high. Ncube and
Lagardien (2015) noted that it is important to pay attention to indigenous knowledge
and to analyze its relationship with climate change and weather predictions. Hence, in
the study areas, farmers depend solely on IKS as their adaptive strategy and they used
it to predict harvesting and planting seasons, by looking at climate indicators. The
South Africa Weather Service (SAWS) disseminates climate change information.
Despite this, the weather forecast is limited among indigenous farmers and less cost
effective for climate adaptation (Ziervogel et al. 2014).

In Limpopo Province, the response to climate change continues at an alarming rate
as the impacts of climate variability unfold. Hence, in Vhembe district, gradual post-
ponements in response to climate risks for the past decades have threatened crop pro-
duction and farmers’ livelihoods ((Maponya and Mpandeli 2013; Kom et al. 2022).
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Climate change impacts on farming activities and crop production are becoming a
major challenge for smallholder farmers. These impacts are common in semi-arid areas
within the district, with approximately two-thirds of the agricultural land receiving an
average annual precipitation of less than 450mm during winter seasons (Maponya and
Mpandeli 2012). High temperatures, prolonged drought and rainfall variability are the
major drivers anticipated to have substantial impacts on crop production in Vhembe
district. According to Afful and Ayisi (2020), climate forecasts have indicated that the
occurrence and intensity of high temperatures, heatwaves, drought and rainfall variabil-
ity will have negative implications for agricultural production.

Empirical studies have shown that smallholder farmers in Levubu and Nwanedi
have used local climate indicators during the changing weather conditions, including
mist-cover on mountains, movement of the stars and moon, presence of red and black
ants and the appearance of certain plants (Ncube and Lagardien 2015; Maponya and
Mpandeli 2012). Similar to weather projections based on scientific knowledge, indi-
genous knowledge also studies meteorological indicators, such as air temperature and
wind movement (Ncube and Lagardien 2015). Scholars now agree that indigenous
knowledge and scientific knowledge complement one another. As a result of poor
adaptation strategies to climate change in Vhembe district, local farmers in Levubu
and Nwanedi use indigenous knowledge indicators as a means of combating climate
change and risk (Maponya and Mpandeli 2012). Hence, response from farmers in the
study areas indicated the use of indigenous knowledge in weather forecasts within their
communities.

Indigenous farmers in Vhembe district believe strongly in the socio-cultural know-
ledge of their ancestors in connection with extreme weather conditions and agricultural
production and we should bear in mind that traditional beliefs and a sense of mytho-
logical guidance are paramount in rural areas. There is a strong argument for revamp-
ing indigenous resilience as a root for indigenous knowledge coping strategies. In
doing so, avenues for debate and planning can be created for rural farmers to share
and gain access about climate information in Vhembe district. Previous research testing
conventional expertise used to tackle adverse weather events has also been performed
at national or multi-regional levels in the rural farming systems in South Africa
(Jordaan, Sakulski, and Jordaan 2013; Masipa 2017; Dube, Nhamo, and Chikodzi
2021). Not only are the results of such studies widely aggregated, but they are too
common and only useful for rural farmers who are highly localized in terms of the
risks of climate change. This paper sought to inform locals and national policymakers
on how rural farmers employ indigenous knowledge indicators as a coping and adapta-
tion strategy to combat climate change in Vhembe district. In doing so, we believe the
analysis will enable policymakers and practitioners to strengthen adaptation activities,
as well as implement and interact within indigenous expertise.

2. Methodology

2.1. Profile of the study area

The study area is located in Vhembe district, Limpopo Province. The district is situ-
ated in the extreme Northern part of Limpopo Province, with agricultural activities as
the main occupation of the rural communities. This district is subdivided into four
municipal areas, namely, Makhado, Musina, Thulamela and Mutale (Figure 1)
(Municipal Demarcation Board Annual Report, 2005/2006, South Africa; Vhembe
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District (VD) 2012/2013). The district shares borders in the North East with Botswana,
Zimbabwe in the North, and Kruger National Park in the East. This district covers a
total surface area of 25,597 square km (9,883 square miles) of land. Its climate ranges
from the tropical dry desert conditions to the south of Zimbabwe to the tropical rainy
area extending to the coastal plain of Mozambique. Rainfall is unevenly distributed,
with an estimate of about 90% occurring during the months of October to April, usu-
ally, intense on isolated rainy days and in some areas. Rainfall also varies significantly
from year to year, as reported by the Department of Environmental Affairs and
Tourism (DEAT) and Department of Environmental Affairs (DEA) (DEAT 2014;
Department of Environmental Affairs (DEA) 2015). This spatial and uneven distribu-
tion of rainfall, limits agricultural activities, in particular crop production. The major
agricultural production sectors in the district face climate change challenges, through
prolonged drought and flooding. The area’s climatic conditions are generally hot and
humid, receiving the bulk of its annual rainfall in November through to January, in
line with the Inter Tropical Convergence Zone (I.T.C.Z), as it moves south (Kabanda
2004; Kephe et al. 2016).

In Vhembe district, climatic conditions have influenced the yield of crops, such as,
sweet potatoes, beans, maize, spinach, ground nuts and tomatoes. The annual minimum
temperatures for the area vary, from 10 �C during winter, whereas in summer the max-
imum varies between 34 �C to 38 �C. Parts of Musina and Makhado rural municipal-
ities, which are predominantly semi-arid, frequently experience prolonged droughts
and this is where Levubu and Nwanedi area are located.

Figure 1. Location of the study area.
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2.2. Research design and sampling technique

A multi-stage sampling technique was used to select farming households for the study.
The first stage involved the selection of a district within the province, since it was not
possible to survey all the farmers practicing smallholder farming. The second stage
involved splitting the district into two case study areas, Nwanedi and Levubu; the final
stage involved random selection of households practicing smallholder farming. A sim-
ple sample approach was used by splitting the district into smaller overlapping areas
and then picking a number of these smaller areas randomly (households in the agricul-
tural basins), with the final samples covering the entire district. A sample size of 400
rural farmers was selected from the two study sites, comprising farmers in Levubu and
Nwanedi, as the case study sites in the district (Table 1).

The purposeful sample technique was used to identify individual farmers who are
knowledgeable and have experience regarding climate change and indigenous know-
ledge indicators. While the snowball sample technique was used to select information
related to aspects of climate change, as existing respondents provided referral to
recruiting other farmers. The purposeful and snowball sampling methods were used to
select a sample of 400 households. Indigenous knowledge and perceptions on adapta-
tion to climate variability effects vary from one study area to another. The sampling
methods used enabled the researcher to obtain a great deal of information from
respondents. The investigation was used to collect extensive data on households’ trad-
itional knowledge and perceptions to changes in climate. This enabled triangulation of
the respondents’ response. An exploratory research method was used to collect data
among farming households. Exploratory research is a useful technique to gain an in-
depth-understanding and discover new philosophies about indigenous knowledge and
climate subject matter (Hair et al. 2003). In addition, this technique was used as a tool
to probe the explanations for changes in climate and traditional strategies used to cope,
among rural farmers in Vhembe district.

Table 1. Farmers’ indigenous Knowledge indicators for agricultural Weather Forecasting
(Sources: Jiri et al. 2016; Mafongoya and Ajayi 2017).

Indicators Meaning according to the rural farmers

Flower and fruit production of rural trees Many rural trees produce flowers and fruit at
the beginning of the season, which is a
good sign of a good rainy season

Star and moon movement Movement of stars from west to east at night
under clear skies means rain will fall in a
few days time/ good raining days

Wind movement Winds moving from west to east show the
beginning of rainfall

Behavior of certain plants unfurling of new
leaves on baobab tree

This tree is common in the Limpopo
province; unfurling of new leaves on the
baobab tree is an indication of a heavy
rainy season

Mist-covered mountains Showing sign of good rains for a few days
to come

Appearance of red ants Substantial rainfall is coming
Black ants Appearance of too many black ants is a sign

that it was a good rainy season, so farmers
can start planting.

Cloud formation Presence of dark cloud indicates rainfall
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2.3. Data collection methods

Data were collected from both primary and secondary sources. Secondary data were col-
lected from journal papers, symposium papers and books, while, primary data were
gathered through questionnaires, semi-structured interviews, focus group discussions,
transect observations and oral history. During the systematic observation, the researcher
shared indigenous knowledge systems about climate change among the rural farmers in
the areas. For this paper, the sample size helped to reduce costs and time, and the phys-
ical concerns of the dispersed farmers. To determine precision and accuracy, criteria
were used to determine the appropriate sample size. A confidence level of 95% and 5%
level of correctness were used for the survey to reduce bias, mistakes and increase val-
idity, so that inferences can be made for the whole target unit of analysis

The majority of the respondents were interviewed in order to gather in-depth informa-
tion. During the interview sessions, the researcher deduced the adaptation strategies
employed by the indigenous people to combat changes in climate, and as well as their
perceptions on the changes in their natural environment. Selected household heads were
used by the study during the interviews to answer the questionnaire. During the focus
group discussions and interviews, questions about household demographic attributes were
asked; for example, farming experience in years, educational level, gender and household
income. The data collected during the group discussions and face-to-face interviews,
farmers’ perceptions and knowledge from the questionnaires were triangulated.

The focus group discussions were employed to collect in-depth qualitative data about
the participants’ perceptions, altitudes and experiences on the subject under investiga-
tion. In this study, two focus group discussions were used to gather in-depth qualitative
information on farming households’ climate coping strategies and perceptions of weather
conditions. The focus group discussions were made up of tribal heads and elders (both
male and female). These focus group talks were undertaken with between 4� 8
Indigenous people in each group practicing local farming. Each focus group discussion
was moderated by the investigator and two research assistants who were able to con-
verse in the local dialects. In group discussions, the investigator employed checklist
aspects such as local weather indicators and farmers’ perceptions with regard to climate
change, negative impacts on crops, farmers’ responses and choice of adaptation
approach. On the other hand, research assistants were also employed to achieve more
effective communication with farmers, because the investigator could not speak the local
languages. Further, during group discussions more attention was taken to intentionally
interview indigenous farmers who were involved in practicing crop cultivation and had
been using traditional practices against climate change for more than 10 years; hence,
the smallholder farmers were selected into groups based on their experience, farming
system, adaptation methods used and perceptions toward climate change.

Data were further collected through questionnaires. Respondents were asked ques-
tions such as How do you perceive climate variability and change around you? What
are some coping and adaptation strategies employed by indigenous farmers to combat
climatic stressors? The study areas (Levubu and Nwanedi) are highly vulnerable to
extreme climate events. Despite this, farmers are using IKS coping approach to minim-
ize the negative impact of climate trends on agricultural activities. These two study
communities are representative in the sense that they share the same experiences with
all other indigenous farmers in Vhembe district

The criteria used for selecting both respondents for interview and focus group dis-
cussions included, age of the farmers, and years of experience in farming activities in

2784 Z. Kom et al.



the areas. These aspects were used to understand farmers’ perceptions about climate
change and indigenous farming practices in the district. The study focused on respond-
ents who were either aged 45 years and above or have been farming in the area for at
least 10 years or more. The purpose for the age limit was to engage respondents who
were capable of giving a comparative description of climate change over a long period.

In South Africa, there have been a lot of efforts to adapt and cope with environmen-
tal change and climatic stressors as a result of the changing temperatures, heatwaves
and low rainfall. Local farmers in the Limpopo Province have cultivated several differ-
ent crops which are resistant to extreme weather events, and they often supplement these
by fishing and gathering wild fruit. The major adaptation practices used by indigenous
people in Levubu and Nwanedi included adjustments to planting dates, irrigation prac-
tice, shifting to climate-resistant crops, using native plant varieties and ultimately migra-
tion to nearby towns for non-farming activities, if all else fails.

However, participation in the study was solely voluntary and an informed consent
form was signed before data collection. Data were collected by research assistants and
the investigator using a questionnaire administered from October 2019 to June 2020
which is the planting and harvest season. All Covid-19 pandemic protocols were fully
observed (facemasks, social distancing and use of hand sanitiser).

2.4. Data analysis

Data were collected using interviews, questionnaire and focus group discussions.
Qualitative analysis entailed assessing the perceptions on climate change among
respondents through interviews and focus group discussions. While quantitative data
were analyzed using the Microsoft Excel 2010 statistical package. This paper used
content and ethnographic analytic techniques; both recommended to analyze data from
focus group discussions. Thematic content analysis enables a systematic coding of data
by organizing the information into categories to discover patterns undetectable by
merely listening to the tapes or reading the transcripts. Content analysis operates by
breaking down the data collected into various topics and this method was employed to
analyze the use, by participants, of indigenous knowledge strategies to adapt to cli-
matic stressors. The ethnographic technique analyses the participants’ behaviors and
culture. This provided rich and in-depth analytical data, which drew primarily on direct
quotes from the group discussions. The data were then coded and classified into differ-
ent categories, which were used to analyze the adaptation of IKS practices to avert
unfavorable climate conditions in the district.

3. Results and discussion

3.2. Indigenous knowledge perceptions and weather indicators

This paper used perception as a way of everyday and long-term interaction with the
farmers to process raw data into actual trends. Indigenous understanding depends not
only on the identity of the respondents but also on the culture, atmosphere and rela-
tionship between these components (Jamshidi et al. 2018; Mugambiwa 2018). For
studies on indigenous awareness, perceptions of environmental and ecological changes
in the Vhembe district of South Africa and the climate were needed to assess the
degree of climate change awareness of farmers. One-third, which represented 33.2% of
farmers, have a very high level of climate change knowledge, 50.8% have a high level
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of knowledge, 8.5% have a very low level, 4.5% have a low level, and only 3% have
no knowledge (Figure 2).

A significant component of the concept of ethno-meteorology is indigenous know-
ledge of weather forecasting. It is based on traditional ecological understanding trans-
mitted from generation to generation (Fern�andez-Llamaz et al. 2015; Jiri et al. 2016;
Mugambiwa and Rukema 2019). During focus group discussions, it was evident that
farmers in Nwanedi and Levubu have historically utilized a number of indigenous indi-
cators for weather forecasts based on socio-cultural and environmental beliefs, but
with limited documentation. During the field survey, major indicators employed by
farmers for forecasting weather and climate change were analyzed. These indicators
were used to make farm-level decisions concerning farming systems, such as planting
time and the selection of crop types. Such decisions may be based on unreliable infor-
mation used at the beginning of planting; however, farmers realize that at the begin-
ning of the rainy season the rains give them an idea of how the remainder of the
growing season will unfold. Erratic rainfall may trigger misinformation and deceive
farmers, as the dry season may be extended. For example, the flowering and leaf
sprouting of the Senegali species is characterized as a sign of the summer season. In
addition to this plant phenology, at the beginning of September, the presence of stars,
the moon, and sun are carefully observed, signaling the beginning of a new season
(Nganzi et al. 2015; Kimani, Ogendi, and Makenzi 2014; Chambers et al. 2019). Also,
swarms of dragonflies that migrate east from September to November are another vis-
ible sign of the cessation of the rainy season. Farmers in Vhembe district are able to
interpret weather signals by the actions of certain plants in the absence of traditional
weather forecasting. Also, during group discussions, a respondent in Nwanedi asserted
that his great grandfather handed him the interpretation of weather condition signs
from the behavior of both plants and animals. Indigenous wisdom shared by forefa-
thers who have learned agricultural expertise, is a long-standing and proven weather
forecast know-how from which farmers have benefited. A similar study carried out in
South Africa by Mpandeli, Nesamvuni, and Maponya (2015) and Jiri et al. (2016),
reported that, star movement from west to east at night under clear skies means rain
will pour down for a few days to come.

Figure 2. Levels of indigenous knowledge on climate change.
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With increasing climate variability and first-rain uncertainty, most of the decisions
made by Levubu and Nwanedi Indigenous farmers are based on personal experience.
Results gathered from questionnaires indicated that an average of 63.7% percent of
respondents in the study site employed IKS to forecast the quality of the planting sea-
son so as to make informed farming decisions and manage crops in the changing cli-
matic environment. Results in Table 2 indicate that a total of 64% of farmers used
flowers for weather forecasting in deciding to change planting dates (Jiri et al. 2016;
Masinde 2015; Nganzi et al. 2005), while 44% and 72% used wind movement and
behavior of new leaves on baobab trees, respectively to indicate the potential for rain
in a few days’ time. This result concurs with a study conducted by Balehegn et al.
(2019) and Akullo et al. (2007) who used indigenous weather and climate forecasing
in eastern Ethiopia. For both mist-covered mountains and the appearance of red ants,
52% narrated that these were used as a potential drought season indicator. Only 30%
of the participants used black ants as an indicator of good rain at the beginning of the
rainy season to indicate that farmers should get ready for planting. The results of this
paper, concur with those of other studies carried out in Limpopo Province, South
Africa, by Ncube and Lagardien (2015) and Jiri et al. (2016), who reported that black
clouds, according to Indigenous farmers, mean that heavy rain is approaching.

3.3. Indigenous knowledge system (IKS) use in managing climate change

The Vhembe district, which is also branded as a drought-prone district in the Limpopo
Province, is not unique to high temperature occurrences and declining seasonal rainfall.
The manner in which rural farmers understand climate changes are materially different
from theoretical and western knowledge (scientific approach). Farmers’ preference is
for signs as traditional networks of weather information are limited, with only a few
functioning weather stations in the district of Vhembe. Traditional awareness of the
climate conditions in the study area could have influenced the way in which most rural
farmers responded to the various impacts of climate variability and change.

The results reveal the role of traditional knowledge practices in climate change
strategies. Rural farmers have limited knowledge about the concept of climate variabil-
ity and change, although, they have observed and experienced changes, such as
decreasing rainfall, early cessation of rainfall, increases in temperature, frequency of
drought, and shorter growing seasons. During interviews, the majority of respondents
(64%) in the district, employed IKS weather forecasting to grow crops and adopt spe-
cific farming operations based on the signs in the environment. This finding is similar
to the study conducted by Kom et al. (2022), which indicated climate change grounded
on empirical evidence, as compared with the perceptions of rural farmers in Vhembe

Table 2. Some weather indicators used by farmers for decision-making.

Weather indicators Percent

Flower and fruit production of rural trees 64%
Wind movement 44%
Behavior of certain plants – unfurling of new leaves on baobab tree 72%
Mist-covered mountains 52%
Appearance of red ants 70%
Black ants 30%
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district. Despite these huge challenges from climatic changes, rural farmers still use
their indigenous knowledge techniques to cope and adapt. Indigenous farmers, how-
ever, are highly vulnerable to the effects of climate change and have low adaptive cap-
acity (Egeru 2011; Jiri et al. 2016; Chambers et al. 2019). These rural farmers have
developed a variety of socio-economic responses that have created the basis for their
resilience to climate change; therefore, a strong argument can be made for revamping
indigenous-based resilience as a root for coping and adaptation techniques.

The findings revealed that indigenous knowledge plays a major role in weather fore-
casting and farming decisions in crop planting. This concurs with results of studies car-
ried out in Limpopo and Western Cape Provinces, South Africa (Ziervogel et al. 2014;
Ncube and Lagardien 2015; Jiri et al. 2016). The results also indicated that the presence
of morning mist on mountains is a sign of good rains in a few days to come; hence, the
farmers prepare the farms for planting. Similar findings were obtained from the studies
conducted in Vhembe district (Maponya and Mpandeli 2013). The findings also, indicated
that about 72% of farmers both in Nwanedi and Levubu used tree characteristics as indi-
cators within traditional forecasting systems; and 56% indicated that they used other indi-
cators, such as the movement of stars. This movement of stars under clear skies means
rain will fall in a few days to come; 90% of respondents in Nwanedi indicated, that the
unfurling of new leaves on the baobab tree is a sign of a heavy rainy season. This con-
curs with studies done in Southern Africa (Kaland-Joshua et al. 2011). Older farmers in
Nwanedi and Levubu reported that winds moving from west to east show the occurrence
of rain within 12 h. During the focus-group discussion, participants also revealed that the
behavior of insects sometimes predicts the occurrence of crop disease challenges during
the planting season. This study, therefore concludes that in order to cope and adapt, rural
farmers had employed a variety of IKS indicators to plan and manage crop production
practices (Briggs and Moyo 2012; Enock 2013; Jiri et al. 2016).

3.4. Indigenous adaptation strategies

The results of this study indicated that farmers used several adaptation methods to
combat climate change and variability within the study areas; these include planting
drought resistant crops, shifting from long-season crops to short-season crops, adjust-
ment of planting calendars, using local irrigation strategies and planting native
plant varieties.

During the focus group discussions and interview sessions, local farmers in the
Levubu river valley suggested water harvesting and constructing local small dams for
irrigation during prolonged drought as an active adaptive strategy in response to cli-
mate risks. Farmers in both study areas stated numerous adaptive methods that they
had engaged in to combat climate risks. One of the methods used was shifting from
long sowing seasons to short season crops to cope with the fluctuating seasons.
Farmers in Levubu used to plant maize in September, but as a result of climate
change, they have changed the sowing period for maize to the beginning of
November. This finding is in line with the study conducted by Ambrosino, Chandler,
and Todd (2011) and Mugambiwa (2018) that additionally, climate variability in south-
ern Africa has caused uncertainty and adjustments to the planting calendar,

Also, farmers select crops that are resistant to drought within the local areas. The
results also indicated that beans, sweet potatoes and maize crops were more tolerant to
prolonged drought relative to other crops. Farmers, hence, practice crop diversification
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and more maize and beans were planted within farms, as local ways to reduce climatic
hazard and increase crop production in such unpredictable climate change (Kijazi et al.
2013; Jiri et al. 2016; Kom et al. 2020).

Another adaptation method used by Indigenous animal farmers was to increase
livestock size. Local farmers have increased the number of livestock by having a
higher diversity of animals, as compared to past years, to reduce the impact of climate
risk and improve income diversification. The findings are similar to those of Kalanda-
Joshua et al. (2011), in Mulanje in Southern Malawi.

During focus group discussions farmers in Nwanedi area indicated that they mainly
planted drought-resistant crops, such as sweet potatoes, onions, ginger and Bambara
ground nut to combat the effects of the prolonged drought spells. The participants stated
that this was, in part, guided by indigenous knowledge systems (Mafongoya et al. 2017).

4. Conclusions and policy implications

This study examined the use and existence of IKS in regard to adaptation as a means
to minimize the effects of climate change and for weather forecasting among indigen-
ous farmers in Levubu and Nwanedi communities. The farmers employed wind move-
ment, presence of black ants, flowering and fruit production of local trees and the
appearance of red ants to predict weather conditions. The study further identified
Indigenous people’s perceptions of climate change within their specific local area as
including signs, such as increases in temperature, heatwaves, prolonged drought spells
and reductions in rainfall. The study also demonstrated in what way indigenous know-
ledge has been beneficial in the formulation of adaptation strategies for diverse climate
stressors, such as planting drought-resistant crops, shifting from long-season crops to
short-season crops, adjustment of planting calendars, using local irrigation strategies
and planting native plant varieties.

The use of indigenous knowledge systems for weather predicting strategies mean-
ingfully enriches adaptive capacity in the locality as the majority of the indigenous
farmers do not have access to western methodical weather service information and
they have little or no know-how to interpret meteorological data. With the acknowl-
edged importance of IKS as an adaptive strategy, there is a need for support from the
national institutions and municipal authorities through climate policy and frameworks.

In South Africa, a comprehensive set of policies that allow climate change adapta-
tion in the natural environment is needed. Current policies include the National
Climate Change Response Strategy (NCCRS), the Integrated Rural Development
Programme (IRDP); however, these enacted legislation and policy frameworks say lit-
tle about the significant role played by indigenous knowledge in climate risk adapta-
tion methods (Mokwena 2009; Department of Agriculture and Forestry and Fisheries
(DAFF) 2015; Department of Environmental Affairs (DEA) 2015).

This paper has clearly demonstrated how Indigenous farmers still rely on indigen-
ous knowledge systems as a method of climate change adaptation, in managing crop
yields under extreme weather events. There is a decreasing recognition of traditional
knowledge as farmers are losing confidence in their indigenous knowledge systems;
however, lack of interest by the stakeholders about IKS practices has also made the
implementation of some of the coping and adaptation strategies challenging.

There is an immediate need to engage in capacity-building projects to enable
younger and apprentice farmers to access services that are required to boost their
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capacity to respond to climate change. The findings revealed that indigenous know-
ledge has been somehow abandoned and might disappear; this is a real danger as no
measures have been employed to research its contribution to the current adaptation
strategies to adverse climate change. Therefore, it is recommended, the two systems of
knowledge need to be blended. It is not recommended that conventional and indigen-
ous knowledge should replace modern scientific knowledge in order to ensure local
farming’s sustainable growth in Vhembe district. In addressing environmental prob-
lems, all information systems should be used simultaneously in order to achieve sus-
tainable activities for the environment and better livelihoods.
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