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ABSTRACT  

Regenerative agriculture is an all-encompassing farming approach that prioritizes improving 

biodiversity, strengthening soil health, and sequestering carbon to mitigate climate change. Through the 

resolution of numerous environmental and ecological concerns associated with modern agriculture, it 

offers a potential replacement for conventional farming methods. The main goals of organic farming are 

to restore ecosystems, soils, and biodiversity. Regenerative methods are endorsed by the organic 

movement since they are consistent with the organic principles of environment, health, justice, and 

compassion. Additionally, it makes an effort to cooperate positively with other participants and real 

regenerative farmers. Actually, the organic movement coined the term "regenerative agriculture" to 

describe the goals of organic farming. In reaction to the environmental difficulties and the state of the 

global climate, changes to more sustainable agri-food systems are needed. Recently, the EU recognized 

the potential of organic farming with the Farm to Fork aim of 25% organic agriculture in Europe by 2030. 

Global recognition of the contributions of organic farming and agro ecology towards addressing food 

security, climate change, and biodiversity loss has also been constant.  At the same time, "regenerative 

agriculture" has grown in acceptance within agri-food firms, global governance, and international 

development circles in recent years. Traditional farming methods may result in soil degradation and 

decreased output.. The basic tenets of RA are to maintain soil cover, minimize soil disturbance, conserve 

living roots in the soil year-round, improve species variety, integrate livestock, and minimize or 

completely avoid the use of synthetic substances (such as fertilizers and pesticides). The main goals are to 

regenerate the soil and land and benefit the larger community in terms of the ecology, economy, and 

social conditions. Despite the alleged advantages of RA, the vast majority of farmers are hesitant to use 

these techniques since there isn't any concrete evidence of the benefits promised, and because there isn't 

any information on how effective these procedures are. Overuse of synthetic chemicals may result in 

ecological deterioration and a loss of biodiversity. Increased soil carbon content and a number of co-

benefits can result from combining livestock with agriculture and agroforestry in the same region. But the 
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advantages of RA techniques can differ between various agro ecosystems and might not necessarily be 

applicable across several agro ecological locations. In order to increase our understanding of the 

advantages and mechanisms connected to RA on regional scales, we advise the implementation of 

rigorous long-term agricultural system studies to compare conventional and RA techniques. In order to 

realize the social and economic benefits of RA practices and build resilience against climate change, this 

will give producers and policy-makers a solid evidence base from which to make decisions about 

implementing them. 

 

[Keywords :Regenerative agriculture ,agroecosystems ,carbon sequestration food security, climate 

change, and biodiversity loss, biodiversity] 

 

 

INTRODUCTION: 

Regenerative agriculture (RA) is a farming technique that makes use of organic processes to boost 

biological activity, improve soil health, optimize nutrient cycling, restore the functionality of the 

landscape, and produce food and fiber while maintaining or boosting farm profitability. The approach is 

based on a set of guiding principles, and practitioners employ a range of strategies that combine 

biological and ecological processes with the aim of boosting production and regaining the functionality of 

the landscape.The goal of RA is to use natural ecological processes inside an agricultural system to 

increase the health of the farming system, not to restore the original pre-agriculture ecology and 

biological function. The term "regenerative agriculture" was first used by Gabel [1], and Rodale [2] 

expanded the idea of regenerative organic farming to include some options that encompass a holistic 

approach with a focus on environmental and social improvements without the use of chemical fertilisers 

and pesticides. Since then, several researchers have offered varied definitions of RA. Francis et al.'s [3] 

proposal for RA called for a focus on using farm-based resources while limiting the use of artificial 

inputs. The phrase is referred to as annual cropping by Project Drawdown [4]. Recently, producers, 

policymakers, scientists, and consumers have all given regenerative agriculture a lot of attention.The 

Intergovernmental Panel on Climate Change (IPCC) study on "Climate Change and Land" emphasized 

the significance of regenerative agriculture as well. 

According to the paper, this technique of "sustainable land management" centered on ecological 

services "can be effective in building resilience of agroecosystems" Soil degradation and on  going losses  

have been brought on by the existing intensive agriculture system. According to international scientists, 
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there could not be enough soil available to feed the planet in the next 50 years. The world's biodiversity 

and soil fertility are both declining. To feed the world, keep global warming below 2 degrees Celsius, and 

stop biodiversity loss, it is necessary to regenerate soil on more than four billion acres of farmed 

agriculture. Regenerative agriculture is an all-encompassing farming method that emphasizes soil health, 

food quality, increased biodiversity, water quality, and air quality. Through techniques that raise soil 

organic matter, biota, and biodiversity, it enhances the health of the soil. Additionally, it attempts to 

increase carbon sequestration and water storage capacity. 

Regenerative farming improves soil health, fosters biodiversity, and replenishes the soil with nutrients 

and carbon. The main factor in soil carbon sequestration and other ecological advantages is biodiversity. 

For plants to flourish, soil organic matter and carbon are essential. 

 

Infiltration of water, retention of moisture, and nutrient cycling are all facilitated. Additionally, 

regenerative agriculture lessens erosion, offers food and habitat to a variety of species, and is more 

sustainable than conventional farming methods.Cover crops, livestock integration, and little to no tillage 

are all practices used in regenerative agriculture. Regenerative agriculture has numerous explanations and 

definitions. The lack of a singular definition may result in a number of issues that could affect the 

research agenda, funding, customer confidence, policies, and technological innovation.The defining 

characteristics of regenerative agriculture include minimizing the use of chemical fertilizers and 

pesticides, minimizing tillage, integrating animals, and utilizing cover crops. 

Regenerative farming practices include the following: 

            •Minimize soil spread through conservation tillage  

• Diversify crops to restore nutrients and break insect and disease lifecycles 

• Keep soil covered with cover crops. 

• Include livestock, which provides the soil with additional manure and acts as a source of carbon 

sinks. 

Permanent pastures have a significant capacity to store water and carbon, which lowers runoff 

pollution and farm emissions. Crops grown on healthy soil have increased nutritional density and are 

more resistant to drought and floods. Regenerative agriculture employs a comprehensive systems 

approach that takes into account the wellbeing of farmers, animals, and the community as a whole to 

improve the ecosystem's health, starting with soil fertility. As a result, the effects of extreme weather 

brought on by a changing climate are lessened and resilience is increased. By using resources efficiently, 

sustainable agriculture guarantees that food is produced, increases the viability of farming, and enhances 
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the quality of life for farmers. To maintain the status quo is implied by the term "sustainable," 

nevertheless. Utilizing only the resources at hand is the goal of sustainable farming methods. 

Sustainable agriculture is similar to another strategy, referred to as agro ecology farming. 

Interactions between living things, including humans, animals, and the environment are made possible by 

this holistic viewpoint. Giving people a choice over both production and consumption improves the 

fairness of the food system. Sustainable land management, environmental protection, and the adaptation 

and mitigation of climate change are all supported by conservation agriculture. Through lower energy 

inputs and higher nutrient use efficiency, it is 20 to 50% less labor-intensive and helps lower greenhouse 

gas emissions. Additionally, it stabilizes and guards soil against disintegrating and releasing carbon into 

the atmosphere. Crop variety, rotation, and zero tillage are the three pillars of conservation agriculture. 

These maintain the soil's organic content and moisture, which aid in controlling weed growth, shield the 

soil from the effects of extreme weather patterns, and prevent compaction of the soil. In addition to 

improving plant nutrition and nutrient cycle, it also encourages pest and disease avoidance. It is also 

known as agro ecological farming, alternative agriculture, biodynamic agriculture, carbon farming, 

inclusive nature farming, conservation agriculture, green agriculture, organic regenerative agriculture, and 

sustainable agriculture. Regenerative agriculture is flexible, though, as there is no one method for 

regenerating soil that works for everyone. It is based on the idea that strong soils are the cornerstone of 

regenerative agriculture, enabling the symbiotic relationship between soil microbes and plants. Through 

photosynthesis, plants produce liquid carbon that the soil bacteria consume. Additionally, bacteria give 

plants essential nutrients like potassium, iron, calcium, and others that support their growth and well-

being. As a result, plants produce nutrient-rich food for both animals and people. Therefore, it is essential 

to promote and advance regenerative agriculture.  

 

Potential advantages for soil health: 

The ability of soil to continue functioning as a vital living system within ecosystem and land-use 

boundaries, supporting biological production, maintaining air and water quality, and promoting plant, 

animal, and human health [14,15], has been referred to as soil health. Soil health was most recently 

described by the Intergovernmental Technical Panel on Soils (ITPS) as "the ability of the soil to sustain 

the productivity, diversity, and environmental services of terrestrial ecosystems" [16]. The beneficial 

physical, chemical, biological, and biological (microbial diversity, N mineralization, and soil respiration) 

characteristics of soil that promote healthy, productive crops are attributed to the soil's health. These 

characteristics include soil texture, water holding capacity, pH, and soil organic matter (SOM). A large 
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variety of both micro- and macrobiota that govern soil health are found there, making it a living, complex 

ecosystem. Soil is considered to be an active storage pool of C due to its capacity to store three times 

more carbon than the atmosphere [20]. One of the primary causes of soil degradation is the loss of soil 

organic carbon (SOC). SOC has been shown to improve soil structure, fertility, nutrient availability, 

aeration, water infiltration, and water-holding capacity [21]. Recently, it is also being considered as a 

solution for mitigating climate change [22]. According to the “4 per 1000” initiative launched by the 

French government at the 21st COP, an annual increment of 0.4% SOC in the first 30–40 cm of soil in all 

land uses could absorb a significant amount of CO2 emitted due to human activities, with the co-benefits 

of improving soil health and food security. To meet this goal, stakeholders are encouraged to implement 

management practices that enhance SOC sequestration. 

Higher Soil Carbon 

Due to its ability to store three times as much carbon as the atmosphere, soil is thought of as an 

active storage pool of carbon (C) [20]. The loss of soil organic carbon (SOC), one of the main factors in 

soil deterioration, is a major problem. SOC has been demonstrated to enhance soil aeration, water 

infiltration, soil structure, fertility, and nutrient availability [21]. The idea of using it to mitigate climate 

change has recently gained some traction [22]. In accordance with the "4 per 1000" proposal unveiled by 

the French government at the 21st COP, an annual increase of 0.4% SOC in the first 30–40 cm of soil in 

all land uses might absorb a considerable quantity of CO2 produced as a result of human activity, with the 

added benefits of regenerative agriculture is a holistic farming system that focuses on soil health, 

food quality, biodiversity improvement, water quality and air quality There is broad agreement that even a 

little increase in SOC might have enormous benefits by restoring soil health [24,25,26], notwithstanding 

criticisms of the calculations and viability of the program in terms of combating climate change [23]. 

Additionally, there is anecdotal evidence that the "4 per 1000" target can be met in Mediterranean climate 

arable crops by utilizing mitigating techniques including no/minimal tillage, organic fertilizers, and 

stubble retention in coarse-textured soils [27]. Reduced agricultural yield is largely caused by decreased 

SOC stocks from terrestrial ecosystems. Optimizing agricultural yields calls for management strategies 

that raise SOC. A study found that increasing SOC by up to 2% increased wheat and maize yields and 

may lessen the need for N fertilizer [28,29]. in spite of soil carbon 

Minimum/No Tillage  

To minimize soil disturbance, RA farmers prioritize minimal or no tillage. The purpose of the 

approach, in addition to minimizing soil disturbance, is to promote the growth of fungal hyphae, which 

will improve nitrogen cycling in the soil. Carbon dioxide (CO2) fluxes to the atmosphere and water 
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resources are brought on by soil disturbance brought on by intensive tillage [34]. In some nations, 

minimal or no tillage is commonly used not simply to reduce costs but also to benefit areas at risk of soil 

and water erosion. In addition to these advantages, some researchers think that using conservation tillage 

techniques can boost carbon sequestration, reducing the effects of global warming [35].Short-term soil 

carbon increases in Southeast Australia are improbable [41]; however, long-term soil organic matter 

(SOM) restoration may be possible [42] by introducing legume leys into grasses due to increased root 

biomass. Compared to short-term tillage methods, long-term tillage practices result in more perceptible 

variations in SOC [33,43]. Additionally, the amount of clay in the soil affects SOM accumulation. In 

clayey soils, tillage procedures decrease the stabilization of carbon (C) within micro aggregates, although 

they have little impact in sandy soils [44]. The principal source of SOC loss, according to research done 

in North America, was soil disturbance brought on by tillage, and significant SOC sequestration may be 

attained by moving from conventional to conservation tillage practices [45]. No-till (NT) farming has 

been promoted as a means of enhancing soil biological characteristics. When Martinez et al. (2013) [46] 

evaluated specific soil characteristics in irrigated Mediterranean no-till and conventional tillage (CT) 

systems, they found that soil chemical fertility increased under NT, with greater levels of N, P, and K. 

No-till produced higher carbon dioxide storage than traditional tillage. Under NT as opposed to CT, 

increased SOC led to higher biological activity. It has also been suggested that the chemical 

characteristics of the soil contribute to the greater productivity of NT soil. No-till farming, according to 

Powlson et al. [47], is helpful for soil quality but its ability to slow global warming is significantly 

overestimated. 

No tillage and increased yield 

No or minimal tillage has been shown in several studies to increase crop yields and profitability, 

depending on local agroclimatic conditions, crop, and soil characteristics. According to a meta-analysis of 

740 paired measurements from 90 peer-reviewed articles, NT showed potential to reduce greenhouse gas 

emissions (GHG) in dry climates and reduced the global warming potential at acidic soil sites when 

compared to conventional tillage. It also increased barley yield by 49%. NT is suggested as a successful 

climate-smart agriculture (CSA) management method due to its potential to reduce climate change and 

increase agricultural yield. The overall impact of NT (in comparison to CT) is altered by a number of 

environmental and agronomic factors. Therefore, it is necessary to consider the agroecological setting. 

Cover crops ; 

Retaining stubble after harvest has numerous advantages, including reduced soil erosion and soil 

water run-off, returning nutrients to the soil, and increased carbon input and water infiltration [99]. Wind 
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erosion is a serious problem in Western Australia, particularly in soils with fewer clay and silt particles, 

and can result in a 3% loss of carbon stocks up to a 1 m soil depth [100]. In general, stubble retention has 

a greater impact on C build-up when combined with other management practices [101]. Plant diversity 

influences the formation and accumulation of SOC through the decomposition and transformation of 

above- and below-ground plant litters [102]. Furthermore, the amount of carbon sequestered is affected 

by the quality of the residue C input (C:N ratio). Stubble with a higher C:N ratio decomposes slowly and 

thus adds more C to the soil, and vice versa. Horwath and Kuzyakov (2018) [103] proposed that N is 

required for SOC sequestration. 

Stubble retention: 

After harvest, leaving stubble in place has many benefits, including as decreasing soil erosion and 

runoff, replenishing the soil with nutrients, and improving water and carbon infiltration [99]. In Western 

Australia, wind erosion can lead to a 3% loss of carbon stocks up to a soil depth of one meter and is a 

significant issue, especially in soils with fewer clay and silt particles [100]. Generally speaking, when 

combined with other management techniques, stubble retention has a higher effect on C build-up [101]. 

Via the breakdown and transformation of above- and below-ground plant litters, plant variety affects the 

generation and accumulation of SOC [102]. Moreover, the quality of the residual C intake (C:N ratio) 

influences the quantity of carbon sequestered. 

                          Using waste as a surface mulch is an additional strategy to increase soil biodiversity and 

SOC [113]. Depending on the kind of soil, adding stubble can have a significant [114,115] to insignificant 

[116] impact on carbon sequestration potential. More carbon is sequestered by stubble-incorporated clay 

soils than by sandy soils. A few studies have reported considerable increases in crop yield and SOC 

stocks when stubble retention is combined with no tillage [117, 118]. The effect of stubble retention on 

the productivity of succeeding crops is not well understood. Reducing cereal residue by 40–66% had a 

positive impact on wheat output in years with high levels of cereal residue, but a negative or no effect in 

years with low levels of cereal residue, according to Flower et al. (2017) [94]. Using waste as a surface 

mulch is an additional strategy to increase soil biodiversity and SOC [113]. Depending on the kind of soil, 

adding stubble can have a significant [114,115] to insignificant [116] impact on carbon sequestration 

potential. More carbon is sequestered by stubble-incorporated clay soils than by sandy soils. A few 

studies have reported considerable increases in crop yield and SOC stocks when stubble retention is 

combined with no tillage [117, 118]. The effect of stubble retention on the productivity of succeeding 

crops is not well understood. Reducing cereal residue by 40–66% had a positive impact on wheat output 
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in years with high levels of cereal residue, but a negative or no effect in years with low levels of cereal 

residue, according to Flower et al. (2017) [94]. 

 Rotational Grazing: 

While farming is commonly cited for contributing to methane emissions, integrating livestock is 

another common RA technique to improve soil health and diversify the revenue stream [134]. Rotational 

grazing is preferable to continuous grazing for increasing SOC and enhancing soil health [135–138]. In 

certain grasslands, especially in drier and warmer areas, anecdotal data indicates that rotational grazing 

may boost SOC. Pasture management techniques have been shown to raise soil carbon reserves [139, 

140]. Adaptive multi-paddock grazing works better than conventional grazing in terms of fixing N stocks 

and raising soil carbon [143]. Compared to heavy grazing, light to moderate grazing has been 

demonstrated to considerably increase SOC and soil structure [144,145]. Increased grazing efficiency 

combined with biodiversity management techniques may result in a significant build-up of SOC in the 

soil [147]. The complex relationship between grazing intensity and climate in drylands influences rates of 

carbon storage, organic matter deposition, and erosion, as was also shown by a recent large-scale 

assessment that was carried out across six continents [148]. 

Enhanced Microbial Activity and Soil Biodiversity 

Because of their intricate relationships, soil biodiversity—which includes a broad variety of living 

things such as microorganisms and meso-, macro-, and megafauna—plays a significant role in the 

functioning of ecosystems [176,177]. In order to cultivate the healthiest, most nutritious food possible, 

counteract climate change, and restore 70% of the world's deteriorated soil fertility, RA methods place a 

strong emphasis on enhancing the functionality of soil microbes [178]. For the breakdown of organic 

matter, nitrogen cycling, and soil fertilization, the soil microbiota is crucial [19,179]. The development of 

a sound soil structure also depends on soil bacteria. 

Microorganisms' Function in a Stable Organic Carbon Fraction 

Most people assume that the majority of stable carbon components come from plant-derived C. 

Living microbial biomass contributes very little to sequestered carbon, making up only 5% of SOC 

[196,197]. However, it has been demonstrated that microbes play a crucial part in storing carbon  in  

stable  soil carbon pools [198,199]. There is growing evidence for the large contribution of microbial 

necromass to soil stable organic carbon. It has been demonstrated that microbial necromass contributes 

more than 50% of the total SOC in topsoil used in temperate agriculture. This suggests that microbial 

biomass is promoted by effective management techniques, which are essential for preserving healthy soils 
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[203]. The relative contributions of recalcitrant carbon fractions derived from plants and microbes are 

controversial, nevertheless, because of the shortcomings of the present SOM estimation techniques [204]. 

Necromass and microbial biomass seem to play a major role in controlling soil carbon storage, although 

the process by which necromass carbon stabilizes to stable soil carbon is not entirely understood [205]. 

Cycle and Acquisition of Nutrients 

To cycle C, microbial CUE is crucial. Numerous critical roles in agricultural systems, such as 

plant productivity, control of the cycle of carbon and nitrogen, and favorable effects on animal output and 

production, have been related to the structure and biodiversity of the soil microbial community 

[18,206,207]. Microbial communities play a major role in the cycling of nutrients and C, and these 

processes are impacted by biotic and abiotic variables that can have either beneficial or negative effects 

[208,209]. When SOM decomposes, the majority of its nutrients are made available to plants because 

they have been mineralized [158]. One well-known function of mycorrhizal fungi is in the cycling of 

carbon, nitrogen, and phosphorus. It has been demonstrated that arbuscular mycorrhizal fungi (AMF) 

greatly increase zinc uptake in cereals. The plant species and zinc levels in the soil that are available to 

plants determine the mycorrhizal pathway for zinc uptake [211]. Weed suppression, pathogen control, and 

pest management 

Pest, Pathogen, and Weed Control/Suppression   

Worldwide, crop diseases, pests, and weeds cause large production losses and financial losses. 

Certain diseases and pests, especially those that are more prevalent in warmer climates, are expected to 

become more common and severe as a result of climate change. Plant immune responses are influenced 

by a number of factors, including elevated temperature, CO2, humidity, and nutritional status [256–259]. 

Pests and disease are encouraged by some agricultural practices, such as monocultures. Integrated disease 

and pest management is often advised to minimize subsequent losses. Although traditional 

fungicide/insecticide-based plant disease/pest control is one of the suggested approaches, it has a number 

of drawbacks. Numerous microorganisms found in soil, such as fungi and bacteria, have been shown to 

suppress disease and pests. Microbial biological control agents use a range of strategies, such as 

competition, hyperparasitism, and antibiosis, to shield crops against infections. Numerous microfauna, 

fungi, viruses, and beneficial soil bacteria have been identified as possible candidates for ecological 

balance restoration and biological control [260].Babikova et al. [261] found that mycorrhizal fungi can 
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send defense signals from aphid-attacked plants to unaffected plants via their mycorrhizal network, giving 

intact plants an early warning. 

Another strategy for cutting back on weedicide use is allelopathy. The number of weed seeds in the soil 

can be decreased by soil microorganisms like nematodes, bacteria, viruses, and fungi [267,268]. 

However, the majority of microbes are pathogens common to both crop plants and weeds, which is one of 

the main disadvantages of using microbes for weed control. 

 Conclusion:  

In reaction to the difficulties presented by rising input costs and climate change, RA is becoming 

more popular. It is suggested that climate smart agriculture techniques, such as RA, be used to mitigate 

the effects of extreme weather events and lower greenhouse gas emissions.Restoring soil health is the 

main objective of RA, which is not a wholly new farming method but rather combines elements of well-

established sustainable agricultural systems with the aim of revitalizing degraded land and benefiting a 

larger community on an environmental, economic, and social level. In addition, if the suggested 

management strategies are implemented, the system may aid in the sequestration of carbon. This review 

presents a complex picture to provide an evidence base that clearly outlines the advantages and 

disadvantages of implementing this technology because there is a dearth of empirical research comparing 

the benefits of a fully regenerated system against the traditional system. Researchers find it difficult to 

assess the alleged benefits of RA because there isn't a universally accepted definition of the condition. 

The various RA techniques covered in this review, however, have a good chance of producing results like 

improved soil health and, to a lesser degree, increased yields, according to solid scientific data Improved 

SOC is one of the most significant benefits of RA; it is essential for enabling nutrient cycling and 

supporting soil organisms as well as plants. Compared to the atmosphere, the carbon pool in the soil is 

more than three times larger. Changes in land use, particularly soil erosion and agricultural management 

practices, have led to a considerable reduction in soil carbon. Global carbon reserves will be impacted by 

climate change. For many years to come, agricultural soils will be the greatest carbon sink, according to 

strong scientific data; however, the amount of carbon sequestered depends primarily on the soil type and 

climate of the area. Combining regenerative farming techniques could improve the quality and capacity of 

the soil to sequester carbon. It appears that RA systems' viability and scalability will depend on site-

specific studies proving their economic feasibility, given that growers are more inclined to move if there 

are no risks to their finances or the environment. Demand from customers for food that is unquestionably 
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becoming safer and produced with environmentally friendly technologies. Scientists from all over the 

world are attempting to create these technologies, and there is growing evidence in science that different 

RA techniques may be able to stop soil deterioration, enhance soil health, and help dry land farmers 

produce food that is high in nutrients. However, it is extremely difficult for researchers to secure 

sufficient funding in order to comprehend, assess, and decipher the complexity of RA systems. . To create 

RA strategies that are specific to a given region, extensive research is needed. It is poorly known how 

diverse the soil is in various agro ecological zones, including Western Australia. To determine whether 

RA techniques enhance soil biological characteristics and fertilizer efficiency and thereby lessen 

dependency on synthetic inputs, long-term multidisciplinary research is required. Unlocking this potential 

and creating cutting-edge, economically viable regenerative farming technology suitable for the 

Mediterranean climate, along with extension initiatives that guarantee food and nutritional security and 

boost RA acceptance and implementation, depend heavily on government and industry support for 

research. 
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