


REVITALIZING BENEFICIAL SOIL MICROBES: WHY INDIGENOUS SOIL KNOWLEDGE AND CONSERVATION PRACTICES IN AFRICA STILL RELEVANT TO SUSTAINABLE FARMING?
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ABSTRACT
Research Gap: Against the backdrop of a range of documented Western-centric farming practices and approaches that ignored the relevance of Indigenous soil knowledge (IKS) and Conservation agriculture (CA) in revitalizing and preserving beneficial soil microbes, the study aimed to fill a yawning gap on often overlooked continent’s indigenous base farming strategies which are still essential in restoring and enhancing beneficial soil microbial populations. 
Methodology: The study was conducted in Chimanimani district of Zimbabwe. It adopted a constructivist research design incorporating a qualitative approach. The sample consisted of 45 research respondents. A purposive sampling was used to select key informants such as extension officers, ecologists, Western-trained scientists and traditional leaders. Snowball sampling helped to identify additional participants such as small-scale farmers and community elders with relevant insights. The study used semi-structured interviews, observations, and content analysis to establish socio-environmental implications emanated from declining microbial populations in rural communities. The data collected were coded, analyzed thematically, and discussed in light of relevant literature.
Key findings: The findings revealed that ignoring the significance of ISK and CA in restoring beneficial soil microbes have posed serious socio-environmental implications on humans and soil ecosystems. Most of the challenges emerged, namely water scarcity, climate-induced disasters, degradation, pollution and human-nature conflict continued to destroy soil microbial populations. Thus, the study found that ISK based in conservation practices is still relevant in sustaining African agriculture. However, the study also revealed that Western-centric practices which often overlook the continent’s rich traditions adversely affect sustainability. 
Implications: The findings implied that a call for conservation-based practices with a more comprehensive understanding of soil health and sustainability in various agricultural contexts becomes urgent. Additionally, the results also implied that by overlooking ISK and CA, African rural communities continued to live on borrowed time, in which their future becomes uncertain and precarious. 
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[bookmark: _Toc148858213]1. Introduction and Background
Although soils are fundamental to life on this Earth, human pressures, Western-centric soil knowledge and activities on agricultural soils have resulted on rapid diminishing of beneficial soil microbes in Africa as well as Zimbabwe in particular. Thereby, ignoring the significance of ISK and CA in revitalizing and enhancing beneficial soil microbial populations, have posed serious implications on humans, soil ecosystems, and sustainability. Beneficial soil microbes in the context of ISK and sustainability, refers to microorganisms like bacteria and fungi that play an essential role in soil health and plant growth, as well as performing vital functions like nutrient cycling, decomposition, and disease suppression (Timofeeva, Galyamova & Sedykh, 2022; Wippel, 2023). According to Hayat et al. (2010), soil beneficial bacteria includes rhizobium, bradyrhizobium, azorhizobium, allorhizoum, sinorhizobium, mesorhizobium, azotobacter, azospirillum, bacillus and klebsiella sp. Beneficial-fungal soil microbes include saprophytes and mycorrhizae (Shah et al., 2021).  These microbes are still relevant in plant nutrient uptake and involved in a wide range of biological processes (Timofeeva, Galyamova & Sedykh, 2022). 
Beneficial soil microbes in terms of soil fertility, play a major part in breaking down organic matter into simpler compounds, convert insoluble forms of nutrients into forms readily available for plant uptake such as phosphorous and potassium. Shah et al. (2021) support the view that a range of beneficial bacteria, such as rhizobia, can convert atmospheric nitrogen into usable ammonia for plants and reducing the need for overdependence on synthetic fertilizers. Additionally, mycorrhizal fungi forms a symbiotic relationship with plant roots, extending the root system and improving water and nutrient uptake especially phosphorous. Shah et al. (2021) add that by promoting natural processes, microbes can reduce the need for inorganic fertilizers, pesticides, and other chemical inputs, leading to more sustainable and environmentally friendly farming practices in Africa. Thus, healthy soils, enriched with beneficial microbes, are more resilient and productive as well as contributing to long-term sustainability of African farming systems.
Sustainability as panacea to African agricultural progress emphasizes the need for long-term, self-sustaining approaches to farming and human-nature coexistence that draw from African traditions and indigenous knowledge systems (Chirisa & Nel, 2022; Chanda et al., 2025). As a broad concept sustainable farming is a holistic farming approach that prioritizes the long-term health of the environment, the economy, and the society in general, while ensuring security for everyone as well as a balanced ecosystem (Hiywotu, 2025). This means that sustainable farming aims to meet human food and textile needs without compromising the ability of future generations to meet their own, focusing on long-term resource conservation and environmentally friendly practices (Kaponda & Chiwaridzo, 2024; Sithole & Olorunfemi, 2024; Hiywotu, 2025). Resultantly, sustainable farming practices such as those based in local soil knowledge and Conservation Agriculture (CA) remain the panacea to addressing challenges related to the lack of beneficial soil microbes in African rural communities. 
ISK, in the context African sustainable farming practices, refers to the traditional, culturally-specific understandings, skills, and practices that local African communities have developed over generations regarding soil properties, management, and use, often passed down through oral traditions and practical experiences (Makwara, 2013; Manyevere et al., 2020). WinklerPrins & Sandor (2002) traced that local or indigenous soil knowledge is clearly a cross or mix between knowledge itself and practice, and the two are historically and frequently difficult to separate. Thus, in most instances, the formerly colonized African communities were and still struggling in applying local soil knowledge into practice. This problem aggravated by both the colonial and post-colonial practices (Matsapa, 2023) in which the application of local soil knowledge as ‘real knowledge’ was undervalued by purely Western-centric approaches to agriculture, especially the Western-trained scientists who were well-versed with exotic soil knowledge and epistemologies. This shows that colonial legacies and the dominance of Western soil knowledge, and activities have marginalized the African indigenous soil knowledge and related skills, creating a disconnection between the local realities and African sustainable farming practices.  
The justification of this study lies in its potential to challenge and expand current approaches to African agriculture by highlighting the value of often-overlooked ISK and CA in restoring and enhancing beneficial microbial populations in African marginalized communities. It explores how ISK, which emphasizes harmonious coexistence between humans and soil ecosystems, and the revitalization of beneficial soil microbes, can offer sustainable solutions to contemporary agro-based circumstances. By examining the problems emanating from ignoring the relevance of ISK in conserving beneficial soil microbes, the study seeks to revitalize beneficial soil microbes and sustaining African rural farming practices that have largely been influenced by Western epistemologies, and instead, propose an integrated, African-centered approach that is deeply rooted in culturally-specific understandings, skills, and practices. Against this background, Africans should have largely taken advantage of their ISK and CA by positively responding to the old adage wisdom transmitted to them by their forefathers (Chigidi, 2021; Tirivangasi & Nyamunda, 2024). However, these African rural communities persistently failed to benefit from the historical sustainable farming practices (Hobbs, Sayre & Gupta, 2008; Habig & Swanepoel, 2015; Chipfakacha, 2019; Angmo et al., 2024). This research is crucial for enhancing sustainable farming practices in Africa, as it advocates for a return to the continent's rich heritage of the local knowledge base, offering a more inclusive and culturally relevant path toward sustainable agriculture.
1.2 Study objectives:
· To investigate the impact of declining beneficial soil microbes on the sustainability of African farming systems.
· To assess the effectiveness of conservation agriculture in restoring and enhancing beneficial soil microbial populations.
2. LITERATURE REVIEW
Focusing on sustaining African rural farming continues to proffer serious implications emanating from the diminishing beneficial soil microbes. Although there is limited literature to assess the extent in which these microbes are diminishing, this literature review section analyzed the reasons behind the lack of soil microbes and ascertained the African worldview of ISK as the bedrock of sustainable agriculture.  The related literature of this study was obtained from research articles and reviews, reports, textbooks and theses.  
2.1 Colonial and post-colonial practices
[bookmark: _Toc148858233]The world over, colonization and post-colonial practices have brought the neglect of local knowledge in many indigenous societies (Ngoyi, 2021; Chirisa & Nel, 2022). Colonialists ignored the fact that indigenous peoples are a part of, and not separate from, nature, and as such policies that enhance the co-relationship of humans and agricultural soils while adaptive are a necessity now than before (Chirisa & Nel, 2022). For instance, when Chirinda Forest in Zimbabwe was in the hands of westerns, they imposed policies that discriminated against indigenous people from acquiring forest resources (Ndumeya, 2020). As a consequence, where policy makers are insensitive to economic, religio-cultural, and socio-ecological practices of the locals they govern, the latter resist the policies by clandestinely overexploiting their natural resources (Thondhlana & Cundill, 2017; Ndumeya, 2020; Masakure & Ndumeya, 2021). Thus, policies that neglect the traditional base of the locals in balancing co-relations of humans and their natural environment, may aggravate climate change and its induced disasters, intensify interactions and creating microbial uncertainties. This aforesaid view gives a credit to the adoption of local soil knowledge in offering more viable environmental management skills and sustainable farming practices in Africa and beyond.
The climate-induced disasters that significantly impacts beneficial soil microbes have been perpetually emanated from both colonial and post-colonial practices, in which the traditional base of the locals was taken for granted. Studies agree that anthropogenic factors have contributed much to climate change and disasters such as floods, landslides and droughts (Sipeyiye, 2020; Chanza et al., 2020; Musarandega & Masocha, 2023; Dube, 2024b). Literature revealed that beneficial microbes are at risk of diminishing due to the adverse effects of climate change. For example, a recent study by Huang et al. (2021) reveal that frequent and intense tropical cyclone disturbances can have widespread and strong effects on nitrogen and iron cycles, and their associated microbial communities. Along with the aforesaid view, Kumar, Rawat & Amule (2016) argue that increased rainfall, landslides and flooding can lead to the loss of soil microbes and nutrients through erosion, degradation and leaching. However, another recent literature substantiate that extreme heat events can stress or kill beneficial microbes, reducing their abundance and diversity. This argument ascertains the critical role played by water and beneficial soil microbes in sustaining rural agriculture (Yabalak et al., 2023).  Thus, drought conditions in the areas like Sahel region, can severely reduce beneficial microbial population in the soil, especially in the rhizosphere (the area around the plant roots) and adversely affect plant health and soil fertility in general (Jansson & Hofmockel, 2020).  
2.2 Over-application of chemical fertilizers
In most communities, synthetic fertilizers are seen as essential components in agriculture since they raise soil fertility and crop yield (Alori, Adekiya, & Adegbite, 2020). Contrarily, it also harms the environment and human health since it alters the physical characteristics of the soil, throws off the ecological balance between the soil's micro flora and environment, and interferes with a variety of soil activities. Due to these activities, the soil is of low quality, which affects the systems that sustain livelihood and food security. According to Baweja, Kumar & Kumar (2020), there are serious warning indications in rain-fed and irrigation-irrigated farmed regions, including soil erosion, loss of soil organic matter, and nutrient imbalance brought on by an excessive use of chemical fertilizers. Thus, the overuse of chemical fertilizers has brought about negative impact on the environment, agricultural production, soil health, and human health. Chemical fertilizer application lowers the number of soil bacteria (Fazelian & Yousefzadi, 2022). The soil becomes more acidic faster as a result of increased usage of chemical fertilizers. Consequently, acidic soil hinders plant roots, making them more vulnerable to infections. The above studies are in line with the conclusion that the continuous over-application of synthetic inorganic fertilizers has resulted in the deterioration of the natural ecosystems in which the growth of beneficial soil microbes is perpetually altered. 
2.3 Excessive use of Chemicals
Herbicides, commonly used for controlling unwanted plants, often disturb the balance of soil ecosystems by altering microbial diversity, disrupting nutrient cycling, and affecting organic matter breakdown (Michael et al., 2024). Although current literature shows that herbicides can either inhibit or stimulate soil microbial activities, depending on their type, concentration, environmental conditions (Craven et al., 2018), indigenous farmers must be well versed of the chemicals’ long-term effects on microbial diversity. For example, old and recent studies corroborated that the chronic administration of herbicides, such as glyphosate to soybeans has been shown to have adverse effects on symbiotic N-fixing bacteria (Michael et al., 2024). Other studies suggest that glyphosate and other pesticides, for instance, may have indirect impacts in competing with trace nutrients, leading to an increase in pathogenic soil microorganisms that may be brought on by stressed plants (Johal, & Huber, 2009). Ipsilantis, et al. (2012) also argue that the fungicide carbendazim reduces AM fungal colonization of pepper plants. Some agricultural pesticides have been indirectly connected to increasing populations of dangerous microbes (Lehman et al. 2015). In justifying the negative impact of the chronic use of herbicides, Tudararo-Aherobo & Ataikiru (2020) argue that the effects of chemicals on soil microbes are very intense and also have intense impact on soil fertility and plant growth. Therefore, the above literature hints that the excessive utilization of chemicals in controlling weeds and pests may endanger natural soil processes and destroy a range of beneficial soil microbes.
2.4 Excessive tillage, over-reliance on cash crops and the natural environment
A post-colonial shift from subsistence to over-reliance on cash crops and natural soils among rural communities have resulted in land rush and invasion of preserved areas such as sacred forests and river banks. During the 21st century, conservation goals along with modernization and external pressures impacted indigenous peoples way of life, lead to abrupt changes in farming practices, broader tensions over clashing values and beliefs, erosion of their cultural heritage as well as degradation of the natural environment (Zimmerman, McDonald & McQuinn, 2020). However, before colonialism, these communities value communal existence, strong bonds with their ecosystems, and respect for elders, while they pass down traditional soil knowledge, like sustainable use of land resources and promoting harmony with nature (Sipeyiye, 2020). Against this backdrop, over-reliance on cash crops such as bananas, and prospects for virgin soils in Zimbabwe posed challenges resulted in stiff competition for arable land among the producers with smaller pieces of land and over-tillage of already existing lands. 
2.5 The African Worldview of ISK as the Bedrock of Sustainable Agriculture
The African worldview ascertains the core understanding of the socio-human, natural, and spiritual factors of given societal values and beliefs. Sipeyiye (2020) reiterates that the African worldview is a three-tier structure that comprises the human world, the natural world and the spiritual world. African societies have their own way of studying, managing and interpreting the natural environment. This means that African traditions hold significant knowledge (Chanda et al., 2025) of soils and environments, attained by experience and testing through many generations of living close to the land (WinklerPrins & Sandor, 2002).  The  African worldview also establishes what is possible, actual, desirable, acceptable, and essential in each of the spheres of the social, material, physical, and supernatural (Dube & Sipeyiye, 2021). In the case of ISK and sustainable agriculture, the environmental knowledge embedded in local cultures provides a long-term perspective on sustainable farming practices and management. In this regard, ISK and conservation-based practices are the most precious assets of all indigenous communities that can be intelligently exploited to maximize agricultural benefits for both the current and future generation (Teron & Borthakur, 2009). While it is normal for small scale farmers to take instructions from the scientific community, it is also essential for researchers and policy-makers to understand the local farmers’ knowledge of their soil characteristics, microbial diversity and management (Manyevere et al., 2020). 
3. MATERIAL AND METHODS   
3.1 Theoretical framework
The study employed the re-imagination of nature theory as a lens in revitalizing beneficial soil microbes which play a crucial role in enhancing the significance of ISK and conservation-based practices, leading to environmental stability, human security, as well as sustainable farming. This theory justifies the significance of an integration of African traditions with the current environmental worldview that recognizes the interconnectedness of humans and nature.  Khan et al. (2021) defines this current worldview as a new ecological design that can minimize the adverse environmental impacts by integrating traditional values with the soil ecosystems. The theory is the opposite of the disenchantment theory, which emphasizes the complete undoing of the locals’ traditional base (Reader, 2021; McPherso, 2020). Sipeyiye (2020) supports the view that the disenchantment of the nature theory has been driven by the modern Western worldview that reduces nature to material without life or spirit. Consequently, climate-induced disturbances, intensified pollution and degradation, and heightened human-nature conflict have always emanated from the unbalanced human interaction with nature, technology, and other living entities. Traditional ways of perceiving nature as alive and sacred are replenished with modern scientific recognitions, viewing nature as readily available resources to be exploited by human beings. The theory supports the need to revisit ISK that promotes CA as the only essential way to address the emerged socio-environmental circumstances. One weakness of this theory is that the sacredness of nature may be viewed as an essentiality to the extent of forgetting the communal existence of indigenous communities. However, it must be noted that as nature vitalizes the need for life, human beings also need agricultural soils, food, shelter, health services, and energy (Pinello, 2022). Therefore, an integrated, African-centered framework that is hinged on the locals’ traditions becomes a necessity. 
3.2 Methodological prima
The study adopted a constructivist research design incorporating a qualitative approach. The constructivist philosophy explored the meaning embedded in deep local cultures in the context of socio-environmental challenges encountered by the African rural communities. This qualitative research approach allowed for an in-depth engagement with ISK and conservation practices of the Zimbabweans living in marginalized rural areas, such as Ngorima, in Chimanimani district. The study was conducted within 8 visited communities of Chimanimani district in Zimbabwe (Fig. 1). Entry into the research field was done at the beginning of December 2023 and ended at the end of February 2025. The age groups of participants in this study ranged between twenty-two and eighty years.  The sample size was 45 participants which is ten percent of the target population of four hundred and fifty.  For this research, data was collected through observations and semi-structured interviews with selected informants. A purposive sampling technique was used to select key informants such as traditional leaders, extension officers, ecologists, and Western-trained scientists. Additionally, snowball sampling helped to identify additional participants such as the local small-scale farmers and community elders with relevant insights on application of synthetic fertilizers, herbicides and pesticides, local knowledge, indigenous conservation strategies and sustainable agriculture. The data collection process involved conducting semi-structured interviews with all the participants, and observed their activities. Additionally, a focus group discussion was conducted with the selected participants from a range of community elders and small-scale farmers.  The data collected were coded, analyzed thematically, and discussed in light of relevant literature. Thematic analysis is an important process of identifying patterns or themes within qualitative data (Maguire & Delahunt, 2017). The study also upheld the necessary ethical guidelines for undertaking the study. In line with these guidelines, observations and interviews were done in a non-intrusive way in which anonymity was upheld, and the pictures that compromised the integrity of the observed people and the community at large were not displayed by the researcher. Therefore, participants were informed of the purpose of the research and were guaranteed their privacy and confidentiality.
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Fig 1. Map of Chimanimani District showing 8 visited communities. Source: Spiegel et al. (2022)
4. RESULTS
4.1 The Impact of Declining Beneficial Soil Microbes on the Sustainability of African Farming Systems
Three sub-thematic headings emerged from observations made by the study and the participants’ interview responses on the impact of declining beneficial soil microbes on the sustainability of African farming systems. These sub-thematic headings include, agricultural water scarcity and climate-induced disturbances, intensified degradation and water pollution, and a heightened human-nature conflict.
4.1.1 Agricultural Water Scarcity and Climate-induced Disturbances
The study observed that residents in Zimbabwean rural communities fueled agricultural water scarcity by ignoring the relevance of ISK that has been played a crucial role conserving both water sources and beneficial soil microbes. From the interview responses of traditional leaders, extension officers and local elderly participants, the researcher observed that the local soil knowledge is prerequisite for water preservation strategy, with which conservation is embedded within the local peoples’ way of life. One of the ecologists narrated that: 
“-There is adequate proof that the local knowledge and indigenous resource governance mechanisms generate water resource abundance and ecological stability. In Rusitu Valley, for instance, the people of Nyabamba and Dzingire carry on spiritual and cultural ceremonies that manage their land resource use and providing protection of the powerful, perennial and sacred Nyabamba River. However, as long as western models and policies are rooted in anti-local knowledge, the locals resisted the policies by contesting with their own water sources. These contestations have resulted in the perpetuated deforestation, degradation and river channelization, in which the river pollution is also intensified-”.
In relation to the above narration, cash crop farmers in rural areas complained that the formerly clean and perennial rivers were turned into muddy water that is unconducive for irrigating their crops. Ecologists, Western-trained scientists and local extension officers concur that water sources such as rainfall, wetlands, riverbeds, streams and rivers are crucial for microbial diversity, acting as a solvent in decomposition organic matter, medium for nutrient transport, and a habitat for diverse beneficial microbes, as well as impacting their survival, growth, and interactions. However, some small scale farmers contrasted that they currently adopted a new belief in contrary with their traditions that overlooks the consequences of ignoring their traditional knowledge base.    
Traditional leaders and local elderly participants agreed that the neglect of local soil knowledge which is culturally-centered has exposed the vulnerable indigenous communities to natural disasters and hazards such as cyclones, floods, and landslides. These calamities disturb sustainable farming practices, due to the diminishing of beneficial soil microbes and nutrients through leaching and the removal of top soil by floods. For example, due to floods caused by Cyclone Idai, squatter farming in indigenous named Nyabamba River was destroyed to the extent of abnormal widening of the river. Ecologists concurred that cyclones exploited the vulnerability and environmental exposure to which the indigenous people have been subjected to. Traditional leaders and local elderly participants corroborated that Cyclone Idai that mostly affected Mozambique and Zimbabwe swept away the local peoples’ crop fields on 15 March 2019. Those with banana fields not physically affected by the aforesaid disturbances also narrated that although they did not know how their crops were affected, the yield decline ascertains the adverse effects of cyclones on their plants. However, ecologists, Western-trained scientists and extension officers explained that cyclones have contributed to the diminishing of soil microbes such as sinorhizobium and mesorhizobium, and other important nutrients, as a result of leaching and erosion.   
Participants of the study corroborated that the neglect of the traditional base of the locals have resulted in cyclones and droughts which play a major role in diminishing beneficial soil microbes. However, about five percent of participants contrasted that climate change and its induced calamities have nothing to do with the local cultures and agricultural practices of the locals. According to some participants of this study, cyclones and drought, for instance, scientifically emanated from the disruption of global weather patterns by both El Nino and La Nina occurrences, leading to extreme weather events. One of the young small scale farmers narrated that: 
“-We are living in a civilized and globalized world, in which the available local resources must be utilized for maximum profit. For example, with my new opened banana field in riverbeds, I was able to harvest 100 tons of bananas in 2018, leading to the diversification into the piggery enterprise the following year. For easy management of weeds, I chronically utilized herbicides, such as glyphosates and diquat. The only major challenge which I noticed was that the more you apply both inorganic fertilizers and herbicides, the faster the soil will lose its fertility. This was also the major reason for diversifying to piggery project -”.
However, some of the above activities such as riverbeds agriculture, over application of synthetic fertilizers and herbicides are against the local traditional base that emphasizes the conservation of riverbeds, wetlands as well as the natural ecosystems that have promoted sustainability since immemorial. As a consequence, these anthropogenic activities have contributed to the diminishing of beneficial soil microbes such as, rhizobium, bradyrhizobium, azotobacter, azospirillum, bacillus and klebsiella sp, agricultural water scarcity and climate induced disturbances.     
4.1.2 Intensified Degradation and Water Pollution 
From the narrations given by traditional authorities and local elderly participants, future generations in most indigenous communities are more vulnerable to the consequences of environmental degradation and water pollution than is commonly assumed. The researcher observed that the consequences of degradation and water pollution generally counteracting sustainable agriculture in rural areas. Degradation itself seriously disturbed the diversity of beneficial soil microbes that essential for sustainability. Ecologists and extension officers corroborated that the diminishing of beneficial soil microbes in rural lands has resulted in land rush, as well as the perpetuation of foreign approaches with the anticipation of increasing crop yields. However, these approaches significantly destroy the beneficial soil microbes.    This research reveals that as deforestation and the environmental delicacy of rural areas in the 2000s have been disguised by the surging trend of annual rainfall, future challenges associated with intensified degradation and water pollution may be serious. One of the local elderly participants indicated that: 
“-The future population in these already marginalized rural areas might be more susceptible to the consequences of environmental degradation, such as droughts, floods, landslides and heat waves, than the present. These consequences aggravate tensions between the natural environment and human beings as well as hindering sustainable agriculture. However, our local traditions matters that every member in rural areas must consider the lives of future generations by enhancing sustainable agricultural practices-”.
Ecologists concurred that the reduction of riverbed cover in many perennial rivers resulted in serious degradation and water pollution. Thus, from 2019 up to 2024, there was a serious damage of vegetation and land cover in general. Activities such as squatter farming and illegal mining that are anti-microbial diversity have perpetuated vegetation clearance. One of the youths mined in Nyabamba River and its beds highlighted that they clear the land before mining and in most instances, they also channelize the water if the gold belt is found in the river. This resulted in more bare land and muddy water in Nyabamba that is unsuitable to sustain agricultural activities and aquatic life. Ecologists also hinted that human activities along the river have resulted in river sedimentation that also reduced the local peoples’ ecological resilience microbial diversity and food security. Some of the challenges emanated from the river sedimentation include, reduced water clarity, destruction of aquatic habitats by burying plant life and aquatic eggs, increased water temperature due to sediments absorbing direct sunlight, flood risk due to a raised riverbed, and potential contamination of the river with pollutants carried by sediments particles, which can further destroy aquatic life. 
4.1.3 Heightened Human-nature Conflict
The study found that sacred places such as Nyabamba River and its beds, Nyamhepo Forest, Pene and Chimbiya Mountains in Rusitu Valley were protected and respected through the culturally-specific local soil knowledge and traditional base. However, these places have since been converted into agricultural land and mines. The scenario has resulted in direct conflict with the environment and the existing natural systems, such as wildlife, aquatic life and forests along the riverbeds. The youth participants who opened their banana farms in previously prohibited riverbeds indicated that there are limited means of survival, resulting in the uneasy coexistence with the natural system. For instance, the youth narrated that; “as youths with limited options for survival, we find ourselves ignoring the local traditions of the rural community”. This situation has intensified the conflict between nature and human beings. In this instance, nature represents the agricultural soils, beneficial soil microbes, aquatic life and wildlife which use forests, mountains, and rivers and its beds as their habitat. There habitat and food systems were seriously destroyed by human activities. Through the intensification of human-wildlife conflict and the loss of microbial diversity, sustainable agriculture is also at danger. 
Participants of this study revealed that human-nature conflict was heightened by deforestation, river sedimentation, degradation and pollution. They noticed that by over depending on natural resources, that indigenous population is always at conflict with soils, riverbeds, wetlands, aquatic life and wildlife. Human-wildlife conflict mostly emanated from the cutting down of trees along the riverbeds. These riverbeds were formerly habitat and source food for various animals such as baboons, monkeys and wild pigs. One of the local elderly participants also unfolded that the locals depends on nature for food, but their farming and mining activities that turned the fresh water into muddy have seriously affected sustainable agricultural practices and food access of the locals. In the context of food access and availability, the locals in many instances depend on rivers, where get mukunga fish. An ecologist defines mukunga as a fresh water river fish that is several feet long and resembles with a pointed mouth and little developed fins. The researcher also observed that the muddy water and sediments have adverse effects on as far as Lucite River in Mozambique. This shows that human activities in Nyabamba have heightened the local peoples’ conflict with the natural environment and sustainable agriculture at large. 
4.2 The effectiveness of CA in Restoring and Enhancing Beneficial Soil Microbial populations 
Ecologists and extension officers defined CA as an approach based indigenous soil knowledge with three major principles, namely, zero tillage or maintain a semi-permanent organic soil cover, retention of crop residue and crop rotation. This definition was in line with the narrations of traditional leaders and local elderly participants. They narrated that in order to enhance sustainability, they must look back to conservation practices, in which environmentally friendly farming practices, such as the minimum of the soil cover, crop residue retention as well as rotating a range of crops in the same acre must be adopted. Ecologists revealed that the key principles of CA help to mitigate adverse effects of climate change on rural-agricultural soils and target the growing demand for sustainable agriculture, as well as production in rural communities. 
Similarly, one of the local extension officers narrated that conservation-based practices like the utilization of permanent beds with crop residue retention, minimization of soil disturbances and a varied crop rotation play a significant role in preserving beneficial microbes, leading to the increase of their life cycles and reproductive processes. In contrary to the above narrations, Western-trained agricultural scientist argued that conventional agriculture, also known as modern agriculture is well known for producing higher yields than that of conservation agriculture. In refuting this argument, ecologists and some extension officers argue that for many years, mechanical tillage has destroyed soil micro-organisms and soil fauna that are still relevant in taking over the tillage function and soil nutrients balancing.  From the above narrations, the researcher observed that a conservation-based approach which integrates the values of ISK gave in the maximum beneficial soil microbial diversity and activity in varied crop rotating systems under zero tillage. Additionally, as beneficial soil are crucial for sustainable farming, African rural communities must utilizing their ISK in adopting the principles of CA, in which the highest soil microbial diversity may be enhanced.
Ecologists and some extension officers were against the use of chemicals as a method of controlling weeds and pest management in CA. They narrated that by over utilized chemicals, local farmers are killing the beneficial soil microbes that are also crucial for sustainability. For sustainability’s sake, farmers must re-imagine the relevance of beneficial microbial diversity in agricultural soils. Although an integrated weeds and pests management may be added to CA principles, minimal use of chronic pesticides and herbicides is a necessity since one of the requirements of CA is to enhance sustainable soil biological activities and promoting the diversity of beneficial soil microbes. The study revealed that in controlling weeds and pests, other alternatives which promote the presents of soil micro-organisms in agricultural soils are needed. For example, since immemorial a varied crop rotation was adopted as disease and pest management strategy. Traditional leaders and the local elderly participants viewed crop rotation as a concept of ISK hinged on cultural control of plant diseases and pests. Scientifically, this study observed that as long as varied rotations increase beneficial soil microbial diversity, the destructive danger of pests and disease outbreaks may be mitigated, since the biological diversity also helps to keep the pathogenic organisms in check. Therefore, for sustainability of agricultural soils, CA approach with minimized use of chemicals anti-beneficial soil microbial diversity is a necessity now than before.   
5. DISCUSSIONS
[bookmark: _Toc148858289]Against the backdrop of neglecting the relevance of ISK in revitalizing beneficial soil microbes that are prerequisite for the sustainability of African farming systems, this research gives several insights into the implications emanated from the lack of beneficial microbes in agricultural soils. Most of the challenges emerged, namely agricultural water scarcity and climate-induced disturbances, intensified degradation and water pollution, and a heightened human-nature conflict have perpetuated the diminishing of beneficial microbes in African agricultural soils. This perpetuation has hindered African sustainable farming which is a necessity now than before. Studies by Kumar, Rawat & Amule (2016), Jansson & Hofmockel (2020), Baweja, Kumar & Kumar (2020), Yabalak et al. (2023), and Michael et al. (2024) similarly observed that the diminishing of beneficial soil microbes seriously counteracting sustainability of agriculture. For sustainability’s sake, the revitalization of beneficial soil microbes together with the key principles of ISK is now needed, rather than advocating for the wait and see attitude, in which things may go out of hand while still waiting. This observation resonates with the arguments by Angmo et al. (2024), who advocate for conservation agriculture practices with a more comprehensive understanding of soil health and sustainability in various agricultural contexts.  
The study justified that ISK is still relevant in sustaining African rural agriculture. The study argued that by ignoring the relevance of ISK that has been played a crucial role in conserving both water sources and beneficial soil microbes, African rural communities continued to live on borrowed time, in which their future becomes uncertain and precarious. In order escape the situation, the study advocates for the adoption of CA that was defined as an approach based in ISK with three major principles, namely, zero tillage or maintain a semi-permanent organic soil cover, retention of crop residue and crop rotation. WinklerPrins & Sandor (2002) and Manyevere et al. (2020) concurred indigenous culture hold significant knowledge of soils, environments, conservation and sustainability, attained by experience and testing through many generations of living close to the land. However, Chanda et al (2025) averred Western-centric approaches and activities, which often overlook the continent's rich indigenous traditions adversely affect sustainability. Although the study accepted that there is no one size fit all in solving African problems, policy-makers, African governments and researchers must integrate ISK with other context-specific instructions from the scientific community. In a similar analysis, Manyevere et al. (2020) argued that while it is normal for small scale farmers to take instructions from the scientific community, it is also essential for researchers and policy-makers to understand the local farmers’ knowledge of their soil characteristics, microbial diversity and management. 
As the core for African sustainable agriculture, the study also acknowledged the African worldview of ISK which ascertains positive interactions between the agricultural soils, soil microbes and human beings. This resonates with the definition of ISK  that emanated from traditional, culturally-specific understandings, skills, and practices that local African communities have developed over generations regarding soil properties, management, and use, often passed down through oral traditions and practical experiences (Makwara, 2013; Manyevere et al., 2020; Chirisa & Nel, 2022).  This  African worldview also establishes what is possible, probable, actual, desirable, acceptable, and essential in each of the spheres of the social, material, physical, and supernatural (Dube & Sipeyiye, 2021). The findings corroborate with the assumption of the re-imagination of nature theory that emphasizes the revitalization of local peoples’ traditional base (Reader, 2021; McPherso, 2020). Therefore, according to the study, there is a need to revitalize the local soil knowledge to successfully address the biggest agricultural issues that are currently facing the African rural communities.
The study ascertained the role of CA in revitalizing beneficial soil microbes. The study justified that conservation-based practices play a significant role in preserving and revitalizing beneficial microbes, leading to the increase of their life cycles and reproductive processes. Similarly, Angmo et al. (2024) revealed that minimizing soil disturbance plays a crucial role in revitalizing the microbial community.  On the other hand, results of this study also revealed that conventional agriculture, also known as modern agriculture is well known for producing higher yields than that of conservation agriculture. Many studies accepted that although mechanical farming is well known for maximum yield, it had contributed much to the diminishing of soil microbes in rural-agricultural soils which are panacea for sustainable farming (Hobbs, Sayre & Gupta, 2008; Habig & Swanepoel, 2015; Chipfakacha, 2019). For example, through modern agriculture that accept the chronic use of chemicals and deeper tillage of the soils, the microbes are perpetually destroyed. Tudararo-Aherobo & Ataikiru (2020) concurred that the modern agriculture that enhances the overuse of chemicals have intense effects on the non-target beneficial soil microbes.  Hence, the study came to a conclusion that a conservation-based approach which integrates the values of ISK gave in the maximum beneficial soil microbial diversity and activity in varied crop rotating systems under zero tillage. 
5.1 Limitations and Opportunities for further Study
The study expects that there might be loopholes in presenting data because the study employed a qualitative research methodology. Although qualitative methodology might have drawbacks for this study, such as statistical limitations in data presentation, the study faithfully committed to the qualitative methodological prima that calls for the trustworthiness of the results (Korstijens& Moser, 2018). Future research might consider adopting a mixed methods research approach, if possible. The study finally noted that the implications emanated from declining microbial populations are not limited to Africa, but other continents such as Asia. 
6. CONCLUSION AND RECOMMENDATIONS
The study concluded that neglecting the relevance of ISK in revitalizing beneficial soil microbes have seriously impacted the sustainability of African farming. Most of the implications emerged, namely water scarcity, climate-induced disasters, degradation, pollution and human-nature conflict continued to destroy beneficial soil microbes. The study emphasized that ISK is still relevant in sustaining African agriculture as it historically known for playing a vital role in conserving nature, particularly soil microbes. However, Western-centric approaches and activities which often overlook the continent’s rich traditions adversely affect sustainability. The African worldview of ISK is the core for African sustainable farming as it ascertains positive interactions between beneficial soil microbes, agricultural soils, plants and humans. Africans must fully adopt CA as a practical way in revitalizing beneficial soil microbes as well as enhancing sustainability. The study recommended that researchers, policy-makers and African governments must do away with the wait and see attitude because the situation may reach the climax while still waiting. One size fit all solutions to African problems must be avoided and as a result, conservation agriculture practices with more comprehensive understanding of soil health and sustainability in various agricultural contexts must be adopted. Thus, an integrated, African-centred approach becomes a necessity now than before. 
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