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ABSTRACT
The changing rainfall patterns driven by unpredictable climatic trends pose a devastating environmental crisis that destabilises the traditional economic systems of the Vatsonga in Mhinga Village, Limpopo Province. This study investigated the impact of changing rainfall patterns on rain-fed subsistence farming and evaluated the local adaptation strategies deployed by smallholders to sustain their livelihoods. Employing a qualitative phenomenological design embedded within the Afrocentricity framework, the study captured the unique perceptions of 10 rural youth, who serve as custodians of intergenerational ecological knowledge. Data were collected through semi-structured interviews and analysed via Interpretative Phenomenological Analysis (IPA). The empirical findings reveal that severe climate variability causes widespread crop failure, dual extremes of moisture deficit and unseasonal torrents, and heavily shifted seasonal timelines. These structural disruptions have forced some subsistence farmers into complete cessation of agriculture and the abandonment of historically productive cultivation zones such as the banks of the Rivubye River, directly threatening household food security. In response to this existential threat, local smallholders do not remain passive but actively construct a synergy of epistemic adaptation models. This approach strategically blends modern water infrastructure, such as groundwater boreholes and decentralised rainwater harvesting storage tanks, with deeply rooted indigenous ecological science. Specifically, farmers realign their practices by shifting traditional ploughing calendars earlier, based on real-time environmental observations, and deliberately prioritising drought-resistant local seeds (mbewu ya Xivenda) over modern western seeds (mbewu ya xilungu) to focus on resilient crops like corn.
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INTRODUCTION
Climate change is intensifying globally, becoming one of the most devastating human-induced environmental crises the world has ever experienced (United Nations, 2022). Although climate change affects the entire world, its effects are most visible in African countries, which are unable to withstand environmental disparities, rendering them incapable of supporting their ecosystems and human livelihoods and resulting in malnutrition, hunger, and poverty (Makanga, 2019). This triggers a responsive urgency through actions and discussions that seek to strengthen frameworks around climate action. One of the key measures is the importation of developing countries for climate finance (Spring & Paraguassu, 2024). This extends towards rural settings where households/ traditional economic custodians are deploying mechanisms that are blended within traditional ecological and western epistemologies to adapt to the impact of changes in rainfall patterns in their traditional economic activities, such as rain-fed subsistence farming as a core activity among rural livelihood patterns (Narksompong & Limjirakan, 2015; Modise et al., 2022).
Nevertheless, there remains a huge gap in the literature and public involvement in the realm of environmental sustainability, specifically surrounding the rural population, resulting in a strong disconnection between society’s realities and policies (Maluleke et al. 2020). Despite a wide range of literature on rain-fed subsistence farming and climate change or changing rainfall patterns, rural voices are excluded from sustainable discussions, as to date, their valuable insights on surrounding changing climatic discussions remain underrecognized (Chikosi, 2017). This exclusion not only undermines the role of Indigenous Knowledge in addressing climate change but also interferes with the development of culturally relevant and effective adaptation strategies influenced by change over time. 
Consequently, a profound empirical, contextual, and demographic gap remains. While general literature addresses climate change in agriculture, it largely ignores the Vatsonga traditional economic system, leaving an unanswered question: how are these localised economies surviving changing rainfall patterns? Furthermore, the perspectives of rural youth who bear the future of these systems remain entirely missing from the empirical discourse. This study directly addresses this omission by investigating the impact of changing rainfall patterns on rain-fed subsistence farming in Mhinga Village, Limpopo Province, and evaluating the local adaptation strategies deployed by smallholders to sustain this critical component of their traditional economic systems.
This paper contributes to the epistemology of traditional economic systems with a specific focus on rain-fed subsistence farming, contributing to the existing knowledge of how changing rainfall patterns are impacting the unexplored population through an underrecognized demographic group. Furthermore, this study is aligned with key global, continental, and national development frameworks. Through Sustainable Development Goal (SDG) 1, 2, 13; Goal 7 of the African Union’s Agenda 2063, and the National Development Plan [NDP] 2030. As it advances shared interests with both frameworks through sustainability, efficiency, and resilience in rural development for enhanced economic activities, safeguarding livelihood patterns, and reducing poverty.
LITERATURE REVIEW
Impact of changing rainfall on rain-fed subsistence farming
The lack of rainfall due to unpredictable changing climatic patterns contributes to water scarcity, which affects subsistence farmers as it reduces irrigation capacity, threatening the global means to achieve a poverty-free world and ensuring food security (Harvey, Saborio-Rodríguez & Martinez-Rodríguez, 2018). Studies conducted respectively in Tanzania and Kenya found that the lack of rainfall is leading to a decline in crop production, resulting in hunger and starvation among farmers and local communities (Kogo et al., 2021; Gwambene, Liwenga & Mung’ong’o, 2023). This is supported by a study conducted in Ghana, as subsistence farmers expressed that unpredictable rainfall and droughts are directly and indirectly impacting agricultural zones, making it difficult to plough for survival purposes (Yiridomoh et al., 2021).
Furthermore, climate change extends its effect to the timing and duration of ploughing seasons. The forceful shifts in planting schedules are leading to changes in traditional or usual ways and periods of farming among small farmers who lack advanced integral mechanisms to adapt to unfavourable conditions (Martel et al., 2020). In reference to the context of Zimbabwe, communities necessitate changes in planting schedules and crop choices to suit seasonal conditions (Ndlovu, Prinsloo & Le Roux, 2020). In addition, Martel et al. (2020) provided that the changes in ploughing periods due to climate change have consequences, as it worsens food insecurity and lead to the environment not being arable for certain crops.
Adaptation measures towards changing rainfall patterns
The literature calls for human adaptation through incorporating a broad strategy that incorporates indigenous and western ways to aid in the process and actions to adjust to such intense manifestations threatening livelihood stability through factors such as malnutrition and poverty (Modise, 2022). Combining conventional agricultural knowledge with innovative techniques like terracing, polyculture, land rotation, and the application of organic manures to enhance soil aeration and water retention is a vital action practised to adapt to changes in climate (Sekhar et al., 2024).
However, these practical measures are not feasible specifically for local communities with limited resources, expertise, or other factors. A study conducted in the Vhembe and Capricorn regions found that small farmers experience difficulties in the adoption of Climate Smart Technologies due to inadequate usage training and a lack of funding to gain access to such technologies (Serote, 2023). Nevertheless, in Limpopo, some local farmers have begun integrating adaptive techniques in response to reduced rainfall, such as using drought-resistant crop varieties and planting more water-efficient crops regardless of those challenges faced (Raphola, 2018). Furthermore, the study conducted by Akinnagbe and Irohibe (2014) accentuated that crop diversification is one of the effective methods for preparing subsistence farmers for the uncertainty that comes with climate change. In the event of unfavourable weather patterns, this is utilised to diversify crop planting and lower the risk of total crop failure (Krupinsky et al., 2002).
Additionally, other strategies deployed by local communities across the world to adapt or rather resist, the severe changes in temperature are what are called agroforestry practices. Scholars such as Sinclair (1999) and Nair (2011) regard it as one of the most effective strategies, which, in practice, maintains the circulation of underground water and improves soil fertility, which is crucial for crops; this involves the plantation of trees alongside the crop farming area. Considering this, it may be more difficult to apply this kind of technique to guarantee the growth of the trees in areas where water is scarcer. Literature further shows the rapid use of hydroponics among local farmers, which is efficient in terms of withstanding events such as heatwaves, and it requires less water for crop survival (Resham, 2023).
METHODOLOGY
This study employed a qualitative phenomenological design, embedded within the Afrocentricity framework, to investigate the impact of changing rainfall patterns on traditional economic systems of Vatsonga and the adaptation measures, through the perceptions of rural youth. This approach enabled the generation of rich data reflecting participants' beliefs, experiences, opinions, and knowledge rooted in rurality, reflecting timely observed fluctuations in climate. The study comprised 10 participants (Purposive sampling), falling within the youth age range of 25–35 years, in Mhinga Village, Collins Chabane Local Municipality, under Vhembe District, Limpopo Province, South Africa. Data were collected through in-depth, semi-structured face-to-face interviews, which allowed participants to articulate their understandings, experiences, and interpretations of climate change in their own words and within the context of their lived realities. This study intentionally targeted rural youth, given that they sit at the critical intersection of traditional continuity and modern adaptation. Within the Afrocentric framework, youth are not merely passive observers but are the primary custodians responsible for receiving intergenerational ecological knowledge from elders and implementing it in real-time under changing climate conditions (Thomas et al., 2022). Investigating their perceptions reveals how traditional economic systems are being preserved or transformed for future generations. Finally, the data were analysed through Interpretative Phenomenological Analysis (IPA), enabling the identification of recurring patterns and themes across participants' responses.
RESULTS
The changing rainfall patterns on traditional economic systems in the Mhinga village are practised by Vatsonga, who, as an indigenous group in the community, have long been experiencing unpleasant changes in climate exacerbated by changes in social, economic, and environmental dynamics. The village and its indigenous people, who heavily rely on traditional activities for socio-economic purposes, accentuated the hardships they are facing for livelihood sustenance and system safeguarding, wherein they resort to incorporating modern or western practices to sustain their economic systems.
The participants collectively identified various practices which are the epicentre of their livelihood’s sustenance and social status upliftment. One of those practices within the Vatsonga economic systems is subsistence rain-fed farming, which heavily relies on rainfall for continuity. This component of the traditional economic system is facing severe challenges, leaving households or their custodians in the intersection of neglective and adaptive responsive behaviour.
Impacts of Changing Rainfall Patterns on Rain-Fed Subsistence Farming
The most significant impact of climate change on the Mhinga village community is widespread crop failure, which is a direct consequence of unpredictable, changing rainfall patterns. This structural disruption is consistently highlighted by participants as a primary threat to household food security and traditional livelihoods. The findings reveal three core dimensions or themes to this impact: the dual extremes of rain variability, widespread farm abandonment, and the loss of localised historical farming zones.
The extremes of rainfall variability and food insecurity
Participants note that changing weather patterns present two destructive extremes: complete moisture deficits that dry out crops, or sudden, unseasonal torrents that physically destroy initial investments. Participant 1 (Twenty-seven-year-old) directly highlighted how this erratic rainfall variability introduces immense risk into the local seasonal cycle, where both absolute scarcity and excessive downpours lead to total harvest failure:
“Rainfall affects mainly vegetation. When people plant crops, and there is no rain, all the plants die. Sometimes farmers finish planting their seeds, and then heavy rains come and wipe away the seeds, and they lose the entire harvest, making farming extremely risky” (Participant 1)
This vulnerability is asserted by Participant 2 (Twenty-seven-year-old), who links these failed agricultural yields directly to community-wide starvation, emphasising the village's deep systemic reliance on rain-fed maize production:
“When the rain does not come as expected, people are not able to farm. Crops dry up, and this leads to hunger in the community because most people depend on farming to get maize and other food.” (Participant 2)
Participant 9 reinforces this dynamic, common to the observations by Participant 1, who explained how heavy, unseasonal rainfall events erase an entire season's worth of labour, leaving households with zero agricultural return. Collectively, these confirm that extreme fluctuations across the rainfall spectrum serve as the primary drivers of localised food insecurity.
Disrupted seasonal timelines and failed harvests
The changing climate has severely destabilised seasonal predictability. Participant 5(Thirty-two-year-old) focused heavily on how shifted seasonal boundaries disrupt the traditional farming calendar, resulting in poor yields because rainfall no longer syncs with standard planting periods:
"When farmers plant their crops, they are no longer harvesting as much as expected because the weather has changed. Where they expect rain, it is no longer raining; where they do not expect rain, it is raining, so the harvest is no longer happening accordingly." (Participant 5)
The participant further consolidated this by stating that:
"Starting from farming, when people farm, there is no longer a harvest because there is no more rainfall when it is expected." (Participant 5)
Agricultural cessation and farming abandonment
A major trend identified by the participants is the complete abandonment of the practice of farming as crops face persistent failure and the lack of water sources for irrigation. Participant 3 (Twenty-nine-year-old) details how extreme temperatures and consecutive dry spells have broken the community's resilience, forcing multiple individuals to leave their lands fallow and quit the sector entirely:
"In some farming areas, there is no more rainfall because of extreme temperatures. It also takes time for rain to fall, and some individuals have quit their farms because there is no rainfall. The change in weather has impacted farming, as the majority have quit farming as a result of the lack of water to irrigate plants due to lack of rainfall." (Participant 3)
Loss of localised historical production zones
The long-term impact of these changing rainfall patterns is further evidenced by the collapse of specific, historically productive agricultural lands within the village's geographical landscape. Participant 6 contextualised this loss by referencing precise local landmarks and water bodies that once served as the backbone for community farming activities but have now gone silent:
"In the past, there was a place used for farming crops such as maize around Ripambeta (high school) and Rivubye river, but now there are no longer any activities taking place due to the unavailability of rainfall to fill the river." (Participant 6)
Adaptation Strategies in the Vatsonga Traditional Economic System of Rain-fed Subsistence Farming
Participants provided in-depth insights into the impacts of unpredictable climate patterns and insufficient rainfall in Mhinga village, highlighting the urgent need for actions that promote the sustainability of affected traditional economic systems to meet community needs. Their responses to adaptation and mitigation demonstrate that small farmers are actively finding ways to ensure the continuity of their indigenous practices, blending both modern infrastructural solutions and traditional environmental knowledge to thrive amid environmental changes.
Modern technological solutions and water infrastructure
A core adaptation strategy identified by participants is improving water storage and access, as rain-fed farmers recognise the critical need to lessen their reliance on erratic rainfall. To secure immediate water storage capacity, Participant 1 suggests a decentralised approach to water harvesting:
"Farmers should have storage tanks to collect water so that when there is no rainfall, they still have water to use for farming." (Participant 1)
Participant 3 noted that some farmers are proactively drilling localised boreholes directly within their farming yards to ensure structural adjustments. This intervention shifts households away from total dependency on scarce rainfall, significantly increasing drought resilience:
"Some farmers have decided to drill boreholes to adapt. This way, they no longer depend only on rainfall for farming but have their own source of water." (Participant 3)
These combined actions demonstrate a clear shift toward proactive, modern-based interventions to combat climate disruptions. This dual-infrastructure strategy keeps farming active and resilient in Mhinga village despite the ongoing scarcity of surface water.
Application of indigenous knowledge and seasonal realignment
Alongside modern tools, participants demonstrated the deep integration of localised environmental awareness and indigenous wisdom to sustain crops through changing seasonal timelines. This includes strategic shifts in land preparation and altering traditional ploughing schedules. Participant 7 (Twenty-six-year-old) illustrates this agility in agricultural timing:
“Community’s small farmers now change the time they plough. Instead of ploughing exactly at the predicted time of rain, they plough earlier so that the crops can take in more water.” (Participant 7)
This approach reflects the localised capacity of smallholders to reassess standard planting frames based on immediate experiential climate observations rather than relying solely on historical calendar rules.
Seeds diversity selection for drought resilience
Small farmers in Mhinga village actively assess their immediate environment to select specific, climate-tested crop varieties that can tolerate severe moisture stress. Participant 7 explains the choice between local and introduced cultivars, highlighting the superior performance of indigenous varieties:
“Some also use local seeds, like “mbewu ya xivenda,” because they are more resistant to drought compared to mbewu ya xilungu.” (Participant 7)
Within the local context, mbewu ya xivenda (traditional Venda seeds) is recognised as a functional climate buffer, whereas mbewu ya xilungu (modern/Western seeds) fails to offer a viable solution under local drought conditions. This reliance on traditional cultivars reinforces a profound socio-ecological connection between the farmers, their lineage knowledge, and the local ecosystem.
Corroborating this reliance on culturally embedded, resilient crop selection, Participant 9 outlines the specific crops that continue to dominate local production despite climatic shifts:
“Small farmers in the village mostly plant corn and green vegetables because this is what my community members are used to, and it has become the most common activity in the community despite the changes brought by climate change.” (Participant 9)
This confirms that despite heavy environmental stressors, the cultivation of corn (maize) and green vegetables remains the most preferred and resilient core component of Mhinga's traditional economic backbone.
DISCUSSION 
The empirical findings from Mhinga Village reveal that climate change is not merely an environmental threat, but a direct destabiliser of traditional Vatsonga economic life. The findings demonstrate a community shifting from absolute vulnerability to a self-determined and hybrid model of survival.
Impacts of Changing Rainfall Patterns on Rain-Fed Subsistence Farming
The accounts of widespread crop failure due to the dual extremes of rainfall variability and shifted seasonal timelines highlight the gradual erosion or operational failure of rain-fed subsistence as a reliable livelihood economic activity among Vatsonga in the Mhinga village. This directly supports the arguments of Harvey, Saborio-Rodríguez and Martinez-Rodríguez (2018), who state that reduced rainfall reduces irrigation capacity and threatens food security, as well as Kogo et al. (2021) and Gwambene, Liwenga and Mung’ong’o (2023), who found that lack of rainfall leads to a decline in crop production, resulting in hunger.
The induced climate variability exceeds the capacity to adapt fully through traditional ecological wisdom, which results in the behavioural response shifts from adaptation-oriented to absolute agricultural cessation. While Yiridomoh et al. (2021) showed that unpredictable rainfall makes it difficult to plough for survival purposes, the findings from Mhinga village go further to demonstrate absolute cessation. The described widespread abandonment of arable land in the village alongside wasteland of historically productive agricultural zones such as the Rivubye River banks, evidently demonstrates that climate change (changes in rainfall patterns) is gradually and actively destabilising landscapes for traditional economic practices in the Mhinga village. These forced shifts in farming periods conform to Martel et al. (2020) and Ndlovu, Prinsloo and Le Roux (2020), who noted that climate change forces shifts in planting schedules and alters traditional ways of farming. These directly threaten household food security and compromise the intergenerational continuity of indigenous economic-centred practices, which validates the warning by Martel et al. (2020) that changing ploughing periods worsens food insecurity.
Adaptation Strategies in the Vatsonga Traditional Economic System of Rain-fed Subsistence Farming
In response to this existential threat, the subsistence farmers in the Mhinga village do not passively yield or demonstrate any willingness to remain stagnant; however, they construct a synergy of an epistemic adaptation model that blends modern infrastructure with indigenous ecological science. This local reality supports Modise (2022), who calls for a broad strategy that incorporates both indigenous and western ways to adjust to manifestations threatening livelihood stability. This resilience is established through infrastructural adjustments, where the adoption of rainwater harvesting tanks and groundwater boreholes represents a strategic use of modern technological tools to sustain food production sources from unreliable rainfall patterns, which allows farming to persist despite severe moisture deficits. This acts as a localised solution to the challenges raised by Serote (2023), who found that small farmers experience difficulties accessing advanced Climate Smart Technologies due to a lack of funding and training.
Furthermore, procedural choices demonstrate that core agricultural decisions remain deeply rooted in localised indigenous wisdom. The shift of the traditional ploughing calendar earlier, based on real-time climate observations, demonstrates an experiential environmental awareness that allows subsistence farmers to bypass changes in climate and to maximise soil moisture at the right time. This shift is supplemented by a deliberate switch of seed varieties from modern seed (Mbewu ya xilungu) in preference to traditional seed (Mbewu ya Xivenda). This choice highlights the superior drought resilience of traditional seed under unpleasant conditions prolonged by climate change, which aligns with Raphola (2018), who observed that Limpopo farmers adapt by using drought-resistant crop varieties.
Moreover, subsistence farmers in the Mhinga village are said to be deviating from ploughing a variety of crops and focusing mainly on ones that are observed to be resilient towards unpleasant conditions, such as corn. This empirical finding directly contests the literature by Akinnagbe and Irohibe (2014) and Krupinsky et al. (2002), which accentuates that crop diversification is an effective method to lower the risk of total crop failure; instead of diversifying, Mhinga farmers narrow their focus to single resilient crops. The demonstrated adaptation mechanisms that are deployed solely without the supplement from western epistemology evidently validate the relevance of Indigenous knowledge as a functional science and demonstrate that the adaptation is not absolute depended on western knowledge; consequently, western measures exist to fill the gap wherein indigenous knowledge is insufficient to cover in real time. 
CONCLUSION
This study investigated the impact of changing rainfall patterns on rain-fed subsistence farming in Mhinga Village, Limpopo Province, and evaluated the local adaptation strategies deployed by smallholders to sustain this critical component of their traditional economic systems. Employing a qualitative phenomenological design embedded within the Afrocentricity framework, the study captured the perceptions of rural youth who revealed that climate variability due to unpredictable climatic patterns presents a devastating environmental crisis that causes widespread crop failure, dual extremes of moisture deficits and sudden torrents, and shifted seasonal timelines, forcing some farmers into absolute agricultural cessation and farm abandonment of historically productive zones. In response to this existential threat, subsistence farmers do not passively yield, but construct a synergy of epistemic adaptation models that blends water storage solutions with localised indigenous wisdom. These core agricultural decisions remain deeply rooted in traditional environmental knowledge, where smallholders shift ploughing calendars earlier based on immediate experiential climate observations and deliberately select local seeds over modern seeds to secure household food security. Ultimately, this study concludes that indigenous knowledge systems function as a functional science that allows traditional economic practices to persist amid heavy environmental stressors. 
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