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Chapter

Soil Biodiversity as a Key Sponsor
of Regenerative Agriculture
Mulugeta Aytenew

Abstract

Increasing knowledge and literacy around soil biodiversity is essential to
discover and implement biological solutions for the discouraging challenges people
face in agriculture and human wellbeing. Therefore, this review was done to get an
insight into the awareness and understanding of the contribution of soil biodiversity
to regenerative agriculture. The review was done by referring to the latest different
research findings; reports, working guidelines, as well as knowledge shared from
different soil biodiversity conferences and webinar discussion points. The review
disclosed that to meet the increasing demand for food for the ever-increasing global
population and the 2030 sustainable development goals, regenerating the already
degraded lands through regenerative agriculture principles and practices is vitally
important. The findings and report documents showed that soil biodiversity facili-
tates the regenerative agriculture system as soil organisms are using as soil health
improvement machines, a remediates for soil and water pollution, a fertilizer,
pesticide, as a means of carbon sink, and used in the pharmaceutical industry to
discover new drugs and vaccines for animal and human health. Moreover, the meta-
analysis publicized that the consideration and use of soil biodiversity in the regen-
erative agriculture system have promising results although little is known about the
role of those soil organisms in the ecosystem due to the presence of knowledge gap
and complexity of relationships in the soil system. Therefore, furthermore, atten-
tion should be given to the discoveries of soil biodiversity to use them as a natured
based solution for regenerative agriculture in the 21st century and to meet the 2030
sustainable development goals.

Keywords: Bio-fertilizer, Soil biodiversity, Ethiopia, Holistic systems approach,
Nature-based solution

1. Introduction

Agriculture is a soil-based industry that is heavily burdened to feed the increas-
ing global population. And soil has been described as “the fragile living skin of the
Earth”, but yet both its aliveness and fragility have often been ignored in the
expansion of agriculture across the face of the globe [1]. Since it is a pivotal com-
ponent in a global nexus of soil, water, air, and energy, how we treat the soil can
impact massively on agriculture and climate change. Soils constitute one of the
largest reservoirs of biodiversity on Earth and soil organisms are the source of key
ecological functions and services that support agriculture, including soil conserva-
tion, water cycling, pest and disease regulation, carbon sequestration, and nitrogen
fixation [2].
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Currently, sustainable agriculture which is expressed as “industrialized agricul-
ture” [3] relies on monoculture cropping, increasing use of mechanization, the
application of synthetic fertilizers, pesticides, and herbicides, along with liberal
government subsidies. Although this approach can be considered successful, in that
it has managed to feed a massively rising human population [4], a range of envi-
ronmental and social burdens have also been incurred, including erosion, soil
nutrient depletion and contamination; loss of water resources and biodiversity, loss
of forests and desertification; human labor abuses; and naturally the decline of the
traditional farming practices.

In Ethiopia, one of the most singly destructive factors in farming is land resource
degradation [5]. Almost all the land resource balances in Ethiopia show a soil
nutrient deficit, water and soils are eroded, forests are depleted, wildlife and bio-
diversities are disturbed; representing a loss of yield and quality for consumption
and causes climate change. Once the land becomes degraded, fertility and health of
the soil are lost; farmers suffer extreme losses in very low yields on their farms.
Such losses are projected in an environment sensitive to climate change, cost of
living, and starvation. Hence, urgent steps are needed to avoid this and regenerate
the depleted resources.

Therefore, there is no need of sustaining the already degraded land resources,
rather regenerating them and formulating sustainable agriculture. The agricultural
revolution in Ethiopia is wishing for effective solutions which are fundamental to
land management and agricultural practices. Regenerative Agriculture which
defined as “a holistic systems approach to agriculture that encourages continual on-farm
innovation for environmental, social and economic wellbeing and improves the land
resources it uses, rather than destroying or depleting them [6, 7] is crucial for successful
land management and agricultural practices.

Regenerative agriculture at its core has the intention to improve the health of soil
or to restore highly degraded soil, which symbiotically enhances the quality of
water, vegetation, and land productivity [8, 9]. Essentially, regenerative agriculture
depends upon soil biodiversity and there may be no soil biodiversity without prac-
tices of regenerative agriculture; they have evolved together. By using methods of
regenerative agriculture, it is possible not only to increase the amount of soil organic
carbon in existing soils but to build new soils through attenuate the rate of soil
erosion, restoration of the soil food web, improvement of soil fertility, and the
activities of plants, animals, insects, fungi, bacteria, and humans too, all play a part
in the formation of soil [1]. Hence, for the future scenarios challenging the agricul-
tural sector such as soil degradation, increasing food demand, climate change, water
scarcity, global soil biodiversity education and consideration of soil biology as a long
term solution is needed to realize the full benefits of regenerative agriculture and
respond to the needs of farmers and consumers relating to agriculture and land
management.

Similarly, soil biodiversity plays a role in the formation of soil and enhances the
ecosystem functions, services [10], and intern production and productivity of
regenerative agriculture. Thus, this would lead to the consideration of soil biodi-
versity (activities of plant roots, animals, insects, fungi, bacteria… ) as nature-based
solutions in the restoration of the soil food web, improvement of soil health and
fertility, agricultural productivity, while locking-up carbon from the atmosphere.

Increased education and awareness are key strategies in ensuring that soil biodi-
versity is no longer out of sight, out of mind. As agricultural soils are under threat,
there is a need to promote interactions between scientists, policymakers, and the
general public to transfer and implement scientific findings of the benefits of soil
biodiversity and ways to restore and conserve it [11]. These organizations and
Elizabeth et al., [12] also asserted that soil biodiversity is critical for soil functioning
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and plant production but has been largely ignored in global, regional, and national
policies that address land management, food security, climate change, loss of bio-
diversity, and desertification.

And finally, increasing knowledge and literacy, and passion, particularly around
soil biodiversity is essential to draw on the diverse community of stakeholders
required to discover and implement biological solutions for the daunting challenges
people face in climate change, agriculture, ecosystem restoration, environmental
pollution, and human health. Once more, this review is the place to get awareness
and understanding of the contribution of soil biodiversity to regenerative
agriculture.

2. Methodology

The review was done by a literature search and document sourcing using an
online search in major websites that provide access to scientific research, like
Research Gate, Science Direct, and Google Scholar to referring different research
findings; reports, and working guidelines, as well as knowledge shared from differ-
ent soil biodiversity conferences and webinar discussion points. Besides, citations in
key papers were followed to identify additional relevant Articles and synthesize
relevant peer-reviewed articles and related literature. Hence, it may represent a
general diversity of regions and nations and provides a wealth of principles, exam-
ples, actions, and solutions to bring soil biodiversity into the light of regenerative
agriculture.

3. Contribution of soil biodiversity for regenerative agriculture

3.1 Regenerative agriculture: overview

Current conventional farming methods are resulting in the loss of fertile soil and
biodiversity. According to Maria-Helena Semedo of the FAO, as cited by Chris [13],
the world could run out of topsoil in about 60 years if we continue at current rates
of soil destruction, as now about a third of the world’s soil has already been
degraded. This affects the earth’s ability of food production, water filtering, carbon
absorption, and farmers will no longer have enough arable topsoil to feed the
growing world population. There might be a duty to transit towards regenerative
agricultural practices.

Regenerative Agriculture is a system of farming principles and practices that
increases biodiversity, enriches soils, improves watersheds, and enhances ecosys-
tem services. The regenerative farming approach focuses on restoring soils that
have been degraded by the industrial agricultural system. Its methods promote
healthier ecosystems by rebuilding soil organic matter through holistic farming and
grazing techniques. It enables the regeneration of land resources through the resto-
ration of vegetation in a farm landscape using a high diversity of both annual and
perennial crops [14, 15]. Moreover, it considers potential environmental and social
impacts by eliminating the use of synthetic inputs and replacing them with site-
specific management practices that maintain and increase long-term soil health,
employment opportunities, and mitigation and adaptation to climate change.

André Leu [16]who is the international director of Regeneration International claims
that transitioning 10–20% of agricultural production to the best practice of regen-
erative systems (Biologically Enhanced Agricultural Management) will sequester
enough carbon dioxide (2.3 ppm of CO2 per year) to reverse climate change and can
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change agriculture from being a major contributor to climate change to becoming a
major solution. There is broad agreement that most regenerative agriculture prac-
tices are good for soil health and have other environmental benefits [17, 18].

Among the regenerative agriculture principles, No-till reduces soil erosion and
encourages soil water infiltration [19]. Cover crops do the same, and can also reduce
water pollution and contribute to reducing soil organic matter losses [20]. Diverse
crop rotations can lower pesticide use [21] and reduce environmental pollution [22].
Focuses strongly on the environmental dimension of sustainability, which includes
themes such as enhance and improve soil health, optimize resource management, alle-
viate climate change, improve nutrient cycling and water quality and availability,
articulated by improving soil health through soil biological activities [23].

In the experimental research of La Canne and Lundgren [24], regenerative corn
fields generate nearly twice the profit of conventionally managed cornfields. Simi-
larly, their finding discloses the insecticide-treated cornfields had higher pest
abundance than untreated, regenerative cornfields. Reports from Burgess et al. [25];
IPCC [26] and Lunn-Rockliffe et al. [27] have stated the fundamental importance of
transitioning to more regenerative agriculture methods if the world needs to meet
its climate change targets, food security demands, protect farmland and build a
healthier food system.

For the goal of agricultural development in 3rd world countries, the future
agricultural production systems should be designed to take better advantage of
production resources found on the farm [28, 29]. While most of the regenerative
and organic markets are in developed countries, developing countries like Ethiopia
are becoming important suppliers, as regenerative agriculture practices are partic-
ularly suited for the conditions of their farmers, especially smallholders living in
rainfed areas. However, yet Government agencies in developing countries cannot
often make the corporate sector responsible for agricultural development and for
preventing harm to the environment. According to reports made by EPAT [30],
pesticides that are illegal in Europe are commonly applied throughout sub-Saharan
Africa, owing to the industry’s open-door pesticide policy. Farmers in resource-
constrained and low potential areas of Ethiopia traditionally use few external inputs
[31, 32] but many of the environmental, social, and economic benefits of land
management, which translate into ecological intensification, are hampered by a lack
of appropriate regenerative agriculture knowledge and skills.

Therefore, by understanding and implementing regenerative agriculture; con-
sidering soil biodiversity; the farming community will benefit from enhanced
nitrogen fixation, greater total organic matter production, nature-based pest man-
agement, genetic tolerance to stress conditions, and higher levels of biological
activity all contribute to resource use efficiency and quality of products.

3.2 Importance of soil biodiversity as a nature-based solution

The sustainable development goal (SDG) which were adopted by the United
Nations in 2015 as a universal call to action to end poverty, protect the planet, and
ensure that by 2030 all people enjoy peace and prosperity provides a renewed
motivation for focusing on using soil biodiversity for food and nutrition, and for
linking it to the sustainability of future agricultural systems [22]. Soil biodiversity is
critical for human health, plant growth and support, water and climate regulation,
and erosion and disease control so as considered to be a common ground for
achieving sustainability goals [12]. Hence, management and conservation of life in
the soil are integral to governmental actions to provide healthy food, reduce green-
house gases, lessen desertification and soil erosion, and prevent disease thereby
regenerating agriculture.
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According to the FAO and ITPS’s Status of the World’s Soil Resources report
(2015) [33], soil organic carbon and soil biodiversity are crucial to increase food
availability and the soil’s ability to buffer against climate change effects. On the
International Day for Soil biologic diversity (May 22, 2020), Semedo, who’s the
Deputy Director-General for primary natural resources of FAO highlighted “there is
a need to change the way to connect with nature, and that we need healthy soils for a
healthy planet with vibrant ecosystems that allow our food system to be more resilient”
[34]. And these invisible organisms react, they play a crucial role in sustaining our
planet, provide our food, supporting our health, our ways of living, and also human
wellbeing. The issues of soil biodiversity become under the sort of focus of FAO [11]
and of course the science that the potential role of soil is not just for food production
and food productivity, but more important is about the environmental services and
about the health of the planet and how the microorganisms in the soil play a very
critical role in regeneration system of agriculture.

However, unfortunately, most of the case has not been explored so far, the
knowledge that has about the soil biodiversity and soil mechanism biodiversity is
really near nothing compared to the whole complexity that we have in all parts of
the board and the sort of ecosystem. The United Nations in 2015 declared the year
to the interest as the International Year of Soils and has asked FAO and the Global
Soil Partnership to carry out the first global soil biodiversity assessment which is
now in progress.

In agriculture, we have high productivity on the open networks soil. So, soils
with biodiversity open networks have more productivity than soil with closed
networks. So in nature, plants that are growing in these open networking sites (high
diversity soil systems) are capable of taking out nutrients in an efficient way. Of
course, the point is that we should not only increase soil biodiversity but also that
we have to talk to crop breeders and agronomists to get the right crop species and
crop varieties to grow on these biodiverse soils.

On the webinar held among 1136 participants on May 22, 2020, by representing
more than 140 countries, around 72% of the people said that soil biodiversity is
applied especially in crop production in their country. Then some have in ecosystem
restoration, pollution and bioremediation, food processing, and very few in terms of
the medical sector [34].

Going forward, harnessing natural resources (microbes, fauna, flora) together with
SOM, is considered as the most effective approach for a sustainable increase in farm
productivity, mitigating climate change, and restoring degraded environments [11].
Further evidence of the relationships between soil biodiversity and functioning
concerning soil organic carbon (SOC) dynamics and primary productivity at farm
scales can help in bridging the knowledge gaps in the biotic regulation of SOC turnover
and plant productivity. This will represent a major advancement, not only in ecology
but also in agriculture in the context of global climate change and food security [35].

Soil microorganisms are critical for the maintenance of functions in both natural
and managed soils because they are involved in several key processes, such as
decomposition of SOM, soil structure formation, the cycling of carbon, nitrogen,
phosphorus, and sulfur, and toxin removal. Moreover, microorganisms are funda-
mental in promoting plant growth and in suppressing soil-borne plant diseases [36].
There is mounting evidence that healthy soils may promote the suppression of plant
diseases, pests, and pathogens mediated by soil biodiversity through predation,
competition, and parasitism [37]. There is confirmation that belowground plant
mutualists can ameliorate the impacts of pollution on plant growth [38], and earth-
worms have been suggested as useful facilitators of ecosystem services in aban-
doned mining areas [39] all those again might contribute to regenerate agriculture
and improve productivity.
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In general, everything that we eat, drink, breathe, clothes that we wear, and
materials that we use pass through soil and soil biodiversity over and over again.
Healthy soil with soil biodiversity at the center of sustainability programs is capable
of providing most ecosystem services and therefore achieving compliance with
SDGs and human well-being through regenerative agriculture [12]. Half of all
sustainable development goals zero hunger, good health and wellbeing, clean water
and sanitation, affordable clean energy, responsible consumption and production,
climate action, and life on land (SDG-2, 3, 6, 7, 12, 13 and 15, respectively) depend
on soil and regenerative agriculture [12].

There are currently several lines being explored for agriculture making better
use of enhanced soil biodiversity: going back to wild crop relatives and how do they
make use of microbiomes and can those traits be restored in current crops? And
studying wild plant species along successional gradients to unravel how plants may
be productive in high-diversity soils. Considering soil biodiversity also requires
considering traits, interactions, and network structure (so, not only numbers). Soil
biodiversity as a nature-based solution to enhance sustainability is possible, but it
takes two to tango as it requires crops that can handle these soils [34].

Studies show that Arbuscular Mycorrhizal Fungi (AMF) can alleviate both biotic
and abiotic stresses since they can contribute to restoring degraded lands and
ecosystems via artificial inoculation, while they improve access of nutrients to
plants. They also can regulate abiotic and biotic stresses to plants such as drought,
salinity stress, heavy metal phyto-accumulation, and protection against pathogens
[40, 41]. AMF are promising soil microorganisms that improve soil health through
their influences on plant photosynthesis [42], nutrient transfer [43], root exudation
[44], osmotic potentials [45], soil bacteria interactions [46], and soil structural
improvement and as a trade-off nutrient uptake, disease control and
phytoremediation [47, 48].

Microorganisms provide us many ecosystems service that results in soil health
and consequently can be related to soil productivity and regenerating agriculture.
For instance, nitrogen-fixing bacteria associate with legume roots fixes large
amounts of nitrogen that are of pivotal importance for plant productivity. And
the soil biodiversity is an important indicator of soil health in agriculture
management [49].

Above all, agriculture needs a healthy full human resource to feed the increasing
human population globally. Therefore, consideration of the roles of soil biodiversity
on the medical sector or human health is necessary to use the full potentials of soil
biodiversity for regenerating the ecosystem and agriculture. Soil microorganisms
have an immense potential for the pharmaceutical industry because historically the
discovery of numerous new drugs and vaccines; from well-known antibiotics like
penicillin to bleomycin using for treating cancer and amphotericin for fungal infec-
tions and therapeutic measures for treating and controlling diseases comes from soil
organisms [50]. As the systems of soil like that of the human system, the manage-
ment aspect of the soil should be in line with biology rather than focussing on
industrial chemistry.

3.3 Soil biodiversity dynamics

Soils support highly abundant and diverse communities of organisms that show
a broad array of life histories and functional traits, and they range in body size from
a few micrometers for some bacteria to several meters in length in the case of some
earthworms. The soil microbial community is largely dominated by bacteria and
fungi that account for most of the belowground biomass, roughly equal to 0.6 to
1.1% of soil organic C [51], and represent a biodiversity pool with estimated species
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richness of tens of thousands per gram soil [52]. Despite the importance of soil
microorganisms, little is known about their distribution in the soil or how microbial
community structure responds to changes in land management (Tables 1 and 2).

Taxon Diversity per amount soil or area

(taxonomic units indicated below)

Abundance

(approximate)

Bacteria and Archaea 100–9,000�cm�3 4–20�109
�cm�3

Fungi operational taxonomic units 200–235 m.g�1 100 m.g�1

AMF (species) 10–20 m�2 81–111 m.cm�3

Protists sequence 150–1,200 (0.25 g)�1 104
–107

�m�2

Nematodes (genera) 10–100 m�2 2–90�105 m�2

Enchytraeids 1–15 ha�1 12,000–311,000 m�2

Collembola 20�m�2 1–5 104 m�2

Mites (Oribatida) 100–150 m�2 1–10 104
� m�2

Isopoda 10–100 m�2 10 � m�2

Diplopoda 10–2,500 m�2 110 � m2

Earthworms (Oligochaeta) 10–15 ha�1 300 � m�2

Table 1.
Estimated diversity and abundance of soil taxa according to published work of Bardgett and
van der Putten [53].

Organism size Group Known species Estimated species % described

Vascular plants 350 700 400 000 88%

Macrofauna

Earthworms 7 000* 30 000* 23%

Ants 14 000 25 000–30 000 60–50%

Termites 2 700 3 100 87%

Mesofauna

Mites 40 000* 100 000 55%

Collembalans 8 500* 50 000 17%

Microfauna ad microorganisms

Nematodes 20 000–25 000* 1 000 000–10 000 000* 0.2–2.5%

Protists 21 000* 7 000 000–70 000 000* 0.03–0.3%

Fungi 97 000 1 500 000–5 100 000 1.9–6.5%

Bacteria 15 000 >1 000 000 <1.5%

Asterisks indicate numbers of species that live in the soil.
Source: Orgiazzi et al. [54].

Table 2.
Known and estimated number of species of soil organisms and vascular plants organized according to size.
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3.4 Biofertilizer and concern of soil biodiversity in Ethiopia

While field research on bio-fertilizers in Ethiopia dating back to the early 1980s
by the Institute of Agricultural Research; bio-fertilizers did not become available for
farmers until 2010. Later, the National Soil Testing Center (NSTC), Menagesha
Biotech Industry (MBI) PLC, and the Ethiopian Institute of Agricultural Research
(EIAR) have developed capacities to produce Rhizobia-based biofertilizers
(Table 3). Currently, postgraduate students and different researchers in Ethiopia
have played significant roles in research activities of Rhizobial inoculants collection,
characterization, selection, evaluation and revealed the potential of the local isolates
to serve as biofertilizers at a commercial level to increase the yield of different
leguminous crops [56].

Jida and Assefa have collected 30 isolates of efficient nitrogen-fixing lentil-
nodulating rhizobia from farmers’ field soils in central and northern parts of
Ethiopia and selected for symbiotically efficient ones, which possess plant growth-
promoting characteristics. Under glasshouse conditions, they found characteristics
such as IAA production in 36.7% and inorganic phosphate solubilization capacity in
16.7% [57].

Fekadu and Tesfaye [58] reported that P. fluorescens isolates showed plant
growth-promoting (PGP) traits like phosphate-solubilization, siderophore (mole-
cules that bind ferric iron with an extremely high affinity) production, hydrogen
cyanide production, ammonia production, and indole acetic acid (IAA) production.
Hence, these isolates have been used as biocontrol agents and plant growth-
promoting rhizobacteria (PGPR). Similarly, Diriba, [59] reported that among wild
Arabica coffee rhizosphere isolates, Bacillus and Pseudomonas spp. in particular
showed remarkable inhibition against Fusarium xylarioides, F. stilboides, and F.
oxysporum under in vitro conditions. The same author has also reported that a
considerable number of wild Arabica coffee-associated rhizobacteria (Pseudomonas,
Bacillus, Azospirillum, and Rhizobium produce siderophores.

The research outputs of Muluneh and Zinabu [60] revealed that the application
of dried cyanobacteria on lettuce crop increased the number of leaves, leaf area, leaf
length, fresh weight of the leaf, leaf dry weight, and the root dry weight of the
lettuce by 159.5, 112.4, 80.8, 48, 137.5 and 110%, respectively, over their control.
Tesfaye et al. [61] concluded that Azolla should be used as a biofertilizer for rice
production in Ethiopia since it produces high biomass, is easy to manage and
establish, increases the availability of macro and micronutrients (it scavenges K and
recycles P and S), improves soil physical and chemical properties and fertilizer use
efficiency, increases crop yield by 15–19% (by one incorporation) in Ethiopia and
releases plant growth hormones and vitamins and does not attract rice pests. Some

Crop Types of inoculant

(rhizobia)

Crop Types of inoculant

(rhizobia)

Faba bean and Field
pea

Rhizobia leguminosarum
vicea

Common
bean

R. leguminosarum phasoeli

Chickpea Mesorhizobium cicer Cowpea B. elkanii

Soybean B. japonicum Groundnut Rhizobium spp

Lentil R. leguminosarum Alfalfa E. meliloti

Source: EIAR [55].

Table 3.
Rhizobia species in commercially available inoculants (biofertilizers) for legume crops in Ethiopia as of March
2014.
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experimental works were done on the use of mycorrhizae on coffee production by
Tadesse and Fassil [62] and, a promising result was obtained on the sufficiency of
phosphorus particularly.

Although different studies have been undertaking on microbial inoculation trials
of several pulse crops in Ethiopia, the knowledge and data regarding Ethiopian soil
biodiversity are very limited. Of course, the country has a responsible institute
(Ethiopian Biodiversity Institute) to ensure the country’s biodiversity and the asso-
ciated community knowledge for proper conservation and sustainable utilization
[63]. However, the most focus is given to above-ground diversity, but the attention
given for belowground diversity is less which leads to the presence of limited
knowledge and data in soil biodiversity throughout the country.

In 2015 the “Ethiopia’s National Biodiversity Strategy and Action Plan
2015-2020” were developed through the involvement of different stakeholders and
higher officials. However, the attention and discussions given for soil biodiversity in
the document as well as in the key not messages of higher officials look limited.
Different state ministers who participated in the event was forwarded their message
regarding Ethiopia’s geographical, climatic, cultural, linguistic diversity and then
about the above-ground diversity (plant, birds, mammals, fish… ) but not on the
diversity under their feet [64]. This reflects that society in general and
policymakers, in particular, have neglected soil biodiversity; no attention was given
to the large biodiversity pool stored belowground.

Generally, although some research findings were done and doing on the use of
soil microbes as a biofertilizer in Ethiopia mainly by the academic group, there are
no confidential estimates on the number of species, taxonomic groups, ecological
functions and services, and interactions among soil organisms so far in Ethiopia.
Moreover, there is no exact data on the level of threats to soil microbial genetic
resources of the country. However, all factors affecting the ecosystem, plant, and
animal biodiversity are believed to affect directly or indirectly the soil biodiversity
base of the country [65]. Therefore, collecting, identifying, conserving, and
knowing the status of soil biodiversity genetic resources of the country will be a
forthcoming major task.

3.5 Challenges of soil biodiversity

The landmark FAO state about soil biodiversity for food and agriculture [66],
the first-ever launch last year highlighted that associate biodiversity species living
in around production seasons, particularly microorganisms and invertebrates, has
never been documented. In many cases, there is a limited understanding of ecosys-
tem function and service and consequently, the contribution of specific soil biodi-
versity components to the production systems is poorly understood [67]. This
discloses that due to the presence of knowledge gap and complex interaction of soil
life, soil biodiversity is increasingly under threat which results in changes in the
composition of soil communities and loss of species, as well as the benefits they
provide to all life. Therefore, governments and society all need to better understand
the complexity of the interaction regarding all elements of future agriculture and
the soils to think about resilience and food systems.

As a whole, soil degradation by erosion, land-use change, climate change, soil
pollution, salinization, and sealing all threaten soil biodiversity by compromising or
destroying the habitat of the soil biota. Management practices that reduce the
deposition or persistence of organic matter in soils, or bypass biologically mediated
nutrient cycling, also tend to reduce the size and complexity of soil communities.
For instance, land-use intensification results in fewer functional groups of soil biota
with fewer and taxonomically more closely related species [68]. Intensive

9

Soil Biodiversity as a Key Sponsor of Regenerative Agriculture
DOI: http://dx.doi.org/10.5772/intechopen.99716



agriculture and sealing of fertile lands due to urbanization can cause declines in
abundance and species of soil biodiversity, making soil food webs less diverse
[10, 69]. Wagg et al. [70] were also investigated this given recent observation that
soil biodiversity is declining and that soil communities are changing upon land-use
intensification. They showed that soil biodiversity loss and simplification of soil
community composition impair multiple ecosystem functions, including plant
diversity, decomposition, nutrient retention, and nutrient cycling. Louwagie [71]
and Mujtar et al. [72] asserted that soil biodiversity tends to be greater in
undisturbed natural lands as compared to cultivated fields.

Deforestation can alter the structure of soil communities and decrease species
richness (including natural predators and pollinators) and leading to homogeniza-
tion. Consequently, the area will have a reduction of ecosystem resilience due to
organism imbalance, which can favor pests and disease outbreaks [73–75]. In the
findings of Migliorini et al. [76] and Hong et al. [77] heavy metal, pollution can shift
communities to become dominated by a few taxa that can tolerate, or even thrive
with, high levels of chemical inputs with corresponding decreases in taxa abundant
in unpolluted soils.

The introduction of all kinds of invasive alien species has harmed the above-
ground biodiversity and the native soil biodiversity. The effects of invasive species
in soil biodiversity vary depending on the species trophic position. Many invasive
soil species are related to agricultural pests while certain species are introduced as
biocontrol agents. Another example is the introduction of non-native earthworms
(which are ecosystem engineers), but their invasions can cause cascading effects
that impact plant communities, forest, carbon sequestration, and wildlife [78, 79].

3.6 Soil biodiversity management

Soil biodiversity is part of the biological resources of the agroecosystems and
must be considered in national and international management decisions. As indi-
cated in the publication of Lijbert et al. [80] the main management options for soil
biodiversity comprise no-tillage, crop rotation, and organic matter management.
Protecting existing natural areas, restoring degraded habitats, employing regenera-
tive agricultural practices, and implementation urban biodiversity are important
practices that support and sustain diverse soil communities and the functions and
services they provide. Hence, adopting the use of intercrops, rotations, appropriate
tillage methods, maintenance of soil cover and the incorporation of crop residues
into the soil management practices favor beneficial soil biodiversity [81, 82].

Global Soil Partnership (GSP) was established in December 2012 to enhance
collaboration and synergy of efforts for sustainable soil management, and to protect
biodiversity through sustainable soil management. The GSP supports soil
biodiversity enhancement through monitoring soil biodiversity; maintaining or
enhancing soil organic matter levels; the regulation of authorization and use of
pesticides in agricultural systems; the use of nitrogen-fixing leguminous species;
restoring plant biodiversity and crop rotation. All those activities lead to sustainable
soil management and higher and more stable productivity [83]. Over the past few
years, there has been an increased interest in organic farming practices, which could
have benefits for soil biodiversity, particularly owing to the reduced use of
pesticides [84].

There is a need to celebrate discoveries about life under our feet, as well as to
integrate knowledge about soil biodiversity into international policies. Understand-
ing how limitations to agricultural production at various levels (social, cultural,
economic, political, agronomic, biological, environmental, edaphic, genetic) can be
overcome is essential, to predict possible management options for the conservation
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of soil biodiversity and regenerative agriculture. To restore soil biodiversity, there is
a need to think about ecosystem management, first, and store by diversity and its
multi-functionality that what they are doing and how they are interacting with
other species.

4. Conclusion

Soil biodiversity is highly linked with the ecosystem functions and services in
the atmosphere, hydrosphere, lithosphere, and biosphere; all those do have their
contribution and influence on land resources and agriculture. The soil organisms are
contributing to climate mitigation and adaptation, water infiltration, and purifica-
tion, soil health improvements and productivity, and playing countless roles
through modification of conditions for the proper plant, animal, and human health
all those are intern involved in regenerative agriculture. So, regenerative agricul-
tural practices and soil biodiversity are evolved together and they are important
components for future agricultural directions both in developed and developing
countries.

However, there are knowledge and skill gaps in the area of soil biodiversity
particularly on invertebrates and soil microorganisms to taxonomically classify and
determine the complex interaction among themselves and the environmental fac-
tors. Therefore, more attention should be given to the discoveries of soil biodiver-
sity and moving beyond academic circles particularly in the developing countries, to
use them as a natured based solution for regenerative agriculture in the 21st century
and to meet the 2030 sustainable development goals.

Acknowledgements

The author of this review thanks and highly appreciates the scientific contribu-
tions of the different authors, organizations, institutions, and webinar organizers
cited in the text.

Author details

Mulugeta Aytenew
Department of Plant Science, College of Agriculture and Natural Resources, Debre
Markos University, Ethiopia

*Address all correspondence to: mulugetaaytenew@gmail.com

©2021 TheAuthor(s). Licensee IntechOpen. This chapter is distributed under the terms
of theCreativeCommonsAttribution License (http://creativecommons.org/licenses/
by/3.0),which permits unrestricted use, distribution, and reproduction in anymedium,
provided the original work is properly cited.

11

Soil Biodiversity as a Key Sponsor of Regenerative Agriculture
DOI: http://dx.doi.org/10.5772/intechopen.99716



References

[1] Rhodes CJ. The imperative for
regenerative agriculture. Sci Prog. 2017;
100(1):80-129. DOI: 10.3184/
003685017X14876775256165

[2] Smith P, Cotrufo MF, Rumpel C,
Paustian K, Kuikman PJ, Elliott JA, et al.
Biogeochemical cycles and biodiversity
as key drivers of ecosystem services
provided by soils. SOIL. 2015;1:665-685.
DOI: 10.5194/soil-1-665-2015

[3] Rhodes CJ. Feeding and healing the
world: through regenerative agriculture
and permaculture. Science Progress. 2012;
95(2):101-201

[4]HLPE (High Level Panel of Experts
on Food Security and Nutrition).
Sustainable agricultural development
for food security and nutrition: what
roles for livestock? Rome: A report by
the High Level Panel of Experts on Food
Security and Nutrition of the
Committee on World Food Security;
2016

[5]Wassie, S.B., 2020. Natural resource
degradation tendencies in Ethiopia: a
review. Environ Syst Res 9 (33): (https://
doi.org/10.1186/s40068-020-00194-1

[6] Chapman G. What is regenerative
agriculture? Southern Blue Regenerative.
Armidale, NSW. 2019;2350

[7] https://www.regeneration-academy.
org/mission.

[8] Christopher Johns, 2020. Growing
Our Future – How Regenerative
Agriculture Can Achieve Economies of
Scale. Strategic Analysis paper, Future
Directions International Pty Ltd.
Hampden Road, Australia.

[9] Elevitch, Craig R.; Mazaroli, D. N.;
Ragone, Diane, 2018. “Agroforestry
Standards for Regenerative
Agriculture”. Sustainability10 (9): 3337.
https://doi.org/10.3390/su10093337

[10] Anne Turbé, Arianna De Toni,
Patricia Benito, Patrick Lavelle, Perrine
Lavelle, Nuria Ruiz, Wim H. Van der
Putten, Eric Labouze, and Shailendra
Mudgal, 2010. Soil biodiversity:
functions, threats and tools for
policymakers. Bio Intelligence Service,
IRD, and NIOO, Report for European
Commission (DG Environment).

[11] FAO (Food and Agriculture
Organization), ITPS
(Intergovernmental Technical Panel on
Soils), GSBI (Global Soil Biodiversity
Initiative), CBD (Convention on
Biological Diversity), and European
Commission. 2020. State of knowledge
of soil biodiversity – Status, challenges
and potentialities, Summary for policy
makers. Rome, FAO. https://doi.org/
10.4060/cb1929en

[12] Bach EM, Ramirez KS, Fraser TD,
Wall DH. Soil Biodiversity Integrates
Solutions for a Sustainable Future.
Sustainability. 2020;12(2662). DOI:
10.3390/su12072662w

[13] Chris Arsenault, 2014. Only 60
Years of Farming Left If Soil
Degradation Continues. https://www.
scientificamerican.com/article/

[14]Melvani K. Hand book for
regenerative Agriculture. USAID, from
the American people. 2016

[15] Rodale Institute. Regenerative
Organic Agriculture and Climate
Change. A Down-to-Earth Solution to
Global Warming. Rodale Institute, 611
Siegfriedale Road, Kutztown. 2018

[16] André Leu, 2018, Reversing Climate
Change through Regenerative
Agriculture. https://
regenerationinternational.org/.
Retrieved on January 25, 2021.

[17] Bradford MA, Carey CJ, Atwood L.
Soil carbon science for policy and

12

Biodiversity of Ecosystems



practice. Nat Sustain. 2019;2:1070-1072
https://doi.org/10.1038/s41893-019-0431

[18] Poulton PR, Johnston AE,
Macdonald AJ, White RP, Powlson DS.
Major limitations to achieving 4 per
1000 increases in soil organic carbon
stock in temperate regions: evidence
from long-term experiments at
Rothamsted Research, UK. Global
Change Biology. 2018;24(6):2563-2584

[19]Dede Sulaeman and Thomas
Westhoff, 2020. The Causes and Effects
of Soil Erosion, and How to Prevent It.
https://www.wri.org/blog/2020/01/

[20] López-Vicente M, Calvo-Seas E,
Álvarez S, Cerdà A. Effectiveness of
Cover Crops to Reduce Loss of Soil
Organic Matter in a Rainfed Vineyard.
Land. 2020;2020(9):230

[21] Cook RJ, Veseth RJ. Wheat Health
Management. St. Paul, Minnesota:
American Phytopathological Society
Press; 1991

[22]Han-ming HE, Li-na LIU, Munir S,
Bashir NH, Yi WANG, Jing YANG, et al.
Crop diversity and pest management in
sustainable agriculture. Journal of
Integrative Agriculture. 2019;18(9):
1-1952

[23] Schreefel L, Schulte RPO, de
Boer IJM, Pas Schrijver A, van
Zanten HHE. Regenerative agriculture –
the soil is the base. Global Food Security.
2020;26(2020):100404

[24] LaCanne and Lundgren
Regenerative agriculture: merging
farming and natural resource
conservation profitably. PeerJ. 2018;6:
e4428. DOI: 10.7717/peerj.4428

[25] Burgess PJ, Harris J, Graves AR,
Deeks LK., 2019. Regenerative
Agriculture: Identifying the Impact;
Enabling the Potential. Report for
SYSTEMIQ. 17. Bedfordshire. UK:
Cranfield University; May 2019

[26] IPCC4 (Intergovernmental Panel on
Climate Change)I, 2019: Climate
Change and Land: an IPCC special
report on climate change,
desertification, land degradation,
sustainable land management, food
security, and greenhouse gas fluxes in
terrestrial.

[27] Lunn-Rockliffe S, Davies MI,
Willman A, Moore HL, McGlade JM,
Bent D. Farmer Led Regenerative
Agriculture for Africa. London: Institute
for Global Prosperity; 2020

[28] FAO (Food and Agriculture
Organization). The future of food and
agriculture – Trends and challenges2017
Rome

[29] http://www.fao.org/3/u7260e/
u7260e06.htm. Sustainable production
systems. Retrieved on January 25, 2021.

[30] EPAT. (Extracorporeal Pulse
Activation Technology), 1994.
Pesticides and the agrichemical industry
in sub-Saharan Africa. Environmental
and Natural Resources Policy and
Training Project. Report prepared for
the Division of Food, Agriculture, and
Resource Analysis, Office of Analysis,
Research, and Technical Support,
Bureau for Africa, U.S. Agency for
International Development. Arlington,
VA. USA:Winrock International
Environmental Alliance.

[31] Kassie, M., Zikhali, P., Pender, J., &
Köhlin, G., 2011. Environment for
Development Initiative. http://www.
jstor.org/stable/resrep14947: Retrieved
January 25, 2021

[32] http://www.fao.org/3/Y4818E/
y4818e07.htm. Policy options and
strategies in natural resources
management to enhance food security
and broaden the livelihood base.
Accessed on January 25, 2021.

[33] FAO (Food and Agriculture
Organization) and ITPS

13

Soil Biodiversity as a Key Sponsor of Regenerative Agriculture
DOI: http://dx.doi.org/10.5772/intechopen.99716



(Intergovernmental Technical Panel on
Soils). Status of the World’s Soil
Resources (SWSR) – Main Report. Food
and Agriculture Organization of the
United Nations and Intergovernmental
Technical Panel on Soils. Italy: Rome;
2015

[34] FAO (Food and Agriculture
Organization) and GSP (Global Soil
Partnership), 2020. Soil biodiversity: a
nature-based solution Webinar. Soil
Biodiversity/20/Report.

[35] Lemanceau P, Maron P-A,
Mazurier S, Mougel C, Pivato B, et al.
Understanding and managing soil
biodiversity: a major challenge in
agroecology. Agronomy for Sustainable
Development, Springer Verlag/EDP
Sciences/INRA. 2015;35(1):67-81

[36] Garbeva P, van Veen JA, van
Elsas JD. Microbial diversity in soil:
selection of microbial populations by
plant and soil type and implications for
disease suppressiveness. Ann Rev
Phytopathol. 2004;42(1):243-270

[37] Susilo FX, Neutel AM, van
Noordwijk M, Hairiah K, Brown G,
Swift MJ. Soil biodiversity and food
webs. In Below-Ground Interactions in
Tropical Agro ecosystems: Concepts and
Models with Multiple Plant. 2004

[38] Glassman SI, Casper BB. Biotic
contexts alter metal sequestration and
AMF effects on plant growth in soils
polluted with heavy metals. Ecology.
2012;93:1550-1559

[39] Boyer S, Wratten SD. The potential
of earthworms to restore ecosystem
services after opencast mining—a
review. Basic Appl. Ecol. 2010;11:
196-203

[40] Arafat Abdel Hamed Abdel Latef,
Abeer Hashem, Saiema Rasool, Elsayed
Fathi Abd_Allah, Alqarawi A.A., Dilfuza
Egamberdieva, Sumira Jan, Naser A.
Anjum, and Parvaiz Ahmad, 2016.

Arbuscular Mycorrhizal Symbiosis and
Abiotic Stress in Plants: A Review. J.
Plant Biol. (2016) 59:407-426 DOI
10.1007/s12374-016-0237-7

[41]Diagne N, Ngom M, Djighaly PI,
Fall D, Hocher V, Svistoonof S. Roles of
Arbuscular Mycorrhizal Fungi on Plant
Growth and Performance: Importance
in Biotic and Abiotic Stressed
Regulation. Diversity. 2020;12:370. DOI:
10.3390/d12100370

[42] Zhu XQ, Wang CY, Chen H,
Tang M. Effects of arbuscular
mycorrhizal fungi on photosynthesis,
carbon content, and calorific value of
black locust seedlings. Photosynthetica.
2014;52:247-252

[43] Azcón-Aguilar C, Barea JM.
Arbuscular mycorrhizas and biological
control of soil-borne plant pathogens—
an overview of the mechanisms
involved. Mycorrhiza. 1997;6(6):
457-464

[44]Gupta MM, Aggarwal A Asha. 2018.
From Mycorrhizosphere to Rhizosphere
Microbiome: The Paradigm Shift. In Root
Biology (pp. 487-500). Springer, Cham

[45] Chen LQ. Sweet sugar transporters
for phloem transport and pathogen
nutrition.New Phytol. 2014;201:1150-1155

[46] Toro M, Azcon R, Barea J.
Improvement of Arbuscular Mycorrhiza
Development by Inoculation of Soil with
Phosphate-Solubilizing Rhizobacteria to
Improve Rock Phosphate Bioavailability
((sup32) P) and Nutrient Cycling. Appl.
Environ. Microbiol. 1997;63(11):
4408-4412

[47] Jacott CN, Murray JD, Ridout CJ.
Trade-offs in arbuscular mycorrhizal
symbiosis: disease resistance, growth
responses and perspectives for crop
breeding. Agronomy. 2017;7(4):75

[48] Yang Y, He C, Huang L, Ban Y,
Tang M. The effects of arbuscular

14

Biodiversity of Ecosystems



mycorrhizal fungi on glomalin-related
soil protein distribution, aggregate
stability and their relationships with soil
properties at different soil depths in
lead-zinc contaminated area. PLoS ONE.
2017;12(8):e0182264

[49] SHI (Soil Health Institute), 2017.
North American Project to Evaluate Soil
Health Measurements. https://
soilhealthinstitute.org/

[50] Luisa AD, Kuenzi AJ, Mills JN.
Species diversity concurrently dilutes
and amplifies transmission in a zoonotic
host-pathogen system through
competing mechanisms. PNAS. 2018;115
(31):7979-7984

[51] Fierer N, Strickland MS, Liptzin D,
Bradford MA, Cleveland CC. Global
patterns in belowground communities.
Ecol. Lett. 2009;12:1238-1249

[52] Roesch LF, Fulthorpe RR, Riva A,
Casella G, Hadwin AKM.
Pyrosequencing enumerates and
contrasts soil microbial diversity. ISME
J. 2007;1:283-290

[53] Bardgett R, van der Putten W.
Belowground biodiversity and
ecosystem functioning. Nature. 2014;
515:505-511

[54]Orgiazzi A, Bardgett RD, Barrios E,
BehanPelletier V, Briones MJI, Chotte J-
L, et al. Global soil biodiversity atlas.
Luxembourg, European Commission:
Publications Office of the European
Union; 2016

[55] EIAR (Ethiopian Institute of
Agricultural Research). Rhizobia-based
bio-fertilizer; Guidelines for
smallholder farmers. Ethiopia: Addis
Ababa; 2014

[56] Keneni G. Overview of rhizobial
inoculants research and biofertilizer
production for increased yield of food
Legumes in Ethiopia. EJCS. 6 (3) Special
Issue (1). 2018

[57] Jida M, Assefa M. Phenotypic and
plant growth-promoting characteristics
of Rhizobium leguminosarum viciae
from lentil growing areas of Ethiopia. Afr
J Microbiol Res. 2011;5(24):4133-4142

[58] Alemu F, Alemu T. Pseudomonas
fluorescens Isolates used as a Plant
Growth Promoter of Faba Bean (Vicia
faba) in Vitro as Well as in Vivo Study
in Ethiopia. American Journal of Life
Sciences, 3(2):100-108. doi: 10.11648/j.
ajls.20150302.17. 2015

[59]Muleta D. Microbial Inputs in
Coffee (Coffea arabica L.) Production
Systems, Southwestern Ethiopia:
Implications for Promotion of
Biofertilizers and Biocontrol Agents.
Doctoral thesis. Acta Universitatis
Agriculturae Sueciae: 117. 2007

[60]Menamo M, Wolde Z. Effect of
Cyanobacteria Application as
Biofertilizer on Growth, Yield and Yield
Components of Romaine Lettuce
(Lactuca sativaL.) on Soils of Ethiopia.
ASRJETS. 2013;4(1):50-58

[61] Feyisa T, Amare T, Adgo E,
Selassie YG. Symbiotic Blue-Green
Algae (Azolla): A Potential Biofertilizer
for Paddy Rice Production in Fogera
Plain, Northwestern Ethiopia. Eth. J. Sci
& Technol. 2013;6(1):1-11

[62] Sewnet TC, Tuju FA. Arbuscular
mycorrhizal fungi associated with shade
trees and Coffea arabica L. in a coffee-
based agroforestry system in Bonga,
Southwestern Ethiopia. Afrika Focus.
2013;26(2):111-131

[63] https://www.ebi.gov.et.

[64] Ethiopian Biodiversity Institute.
Ethiopia’s National Biodiversity Strategy
and Action Plan 2015–2020. Government
of the Federal Democratic Republic of
Ethiopia. Ethiopia: Addis Ababa; 2015

[65] Anton M. Breure, 2004. Soil
biodiversity: measurements, indicators,

15

Soil Biodiversity as a Key Sponsor of Regenerative Agriculture
DOI: http://dx.doi.org/10.5772/intechopen.99716



threats and soil functions. International
Conference on soil and compost eco-
biology: September 15th – 17th 2004,
León - Spain

[66] FAO (Food and Agriculture
Organization), 2019. The State of the
World’s Biodiversity for Food and
Agriculture, J. Bélanger & D. Pilling
(eds.). FAO Commission on Genetic
Resources for Food and Agriculture
Assessments. Rome. 572 pp.

[67] FAO (Food and Agriculture
Organization), 2021. Concept Note:
Global Symposium on Soil Biodiversity
(GSOBI21) “Keep soil alive, protect soil
biodiversity” held on 2 – 5 February 2021 –
Virtual meeting (Zoom platform), FAO
headquarters, Rome, Italy

[68] Tsiafouli MA, Thébault E,
Sgardelis S, De Ruiter PC, Van der
Putten WH, Birkhofer K, et al. Intensive
agriculture reduces soil biodiversity
across Europe. Global Change Biology.
2014;21:973-985

[69] Tibbett M, Fraser TD, Duddigan S.
Identifying potential threats to soil
biodiversity. PeerJ. 2020;8:e9271. DOI:
10.7717/peerj.9271

[70]Wagg C, Franz Bender S,
Widmer F. Soil biodiversity and soil
community composition determine
ecosystem multifunctionality. PNAS.
2014;111(14):5266-5270

[71] Louwagie G. Final report on the
project ‘Sustainable Agriculture and Soil
Conservation (SoCo)’. Luxembourg:
European Communities; 2009

[72] El Mujtar V, Muñoz N, Prack
Mc Cormick B, Pulleman M, Tittonell P.
Role and management of soil
biodiversity for food security and
nutrition; where do we stand? Glob.
Food Sec. 2019;20:132-144

[73] Crowther TW, Maynard DS,
Leff JW, Oldfield EE, McCulley RL,

Fierer N, et al. Predicting the
responsiveness of soil biodiversity to
deforestation: a cross-biome study.
Global change biology. 2014;20(9):
2983-2994

[74] Franco ALC, Sobral BW, Silva ALC,
Wall DH. Amazonian Deforestation and
Soil Biodiversity. Conservation Biology.
2018;33:590-600

[75] KroegerME, Delmont T, Eren AM,
Meyer KM, Guo J, Khan K, et al. New
biological insights into how deforestation
in amazonia affects soil microbial
communities usingmetagenomics and
metagenomeassembled genomes.Frontiers
in microbiology,9,1635. 2018

[76]Migliorini M, Pigino G, Caruso T,
Fanciulli PP, Leonzio C, Bernini F. Soil
communities (Acari Oribatida;
Hexapoda Collembola) in a clay pigeon
shooting range. Pedobiologia. 2005;49:
1-13

[77]Hong C, Si Y, Xing Y, Li Y. Illumina
MiSeq sequencing investigation on the
contrasting soil bacterial community
structures in di_erent iron mining areas.
Environ. Sci. Pollut. Res. 2015;22:
10788-10799

[78] Ehrenfeld JG, Scott N. Invasive
Species and the Soil: Effects on
Organisms and Ecosystem Processes.
Ecological Applications. 2001;11(5):
1259-1260

[79] Rai PK, Singh JS. Invasive alien
plant species: Their impact on
environment, ecosystem services, and
human health. Ecol Indic. 2020;111:
106020

[80] Brussaard L, de Ruiter PC,
Brown GG. Soil biodiversity for
agricultural sustainability. Agriculture,
Ecosystems and Environment. 2007;121:
233-244

[81] Brooker RW, Bennett AE,
Cong WF, Daniell TJ, George TS,

16

Biodiversity of Ecosystems



Hallett PD, et al. Improving
intercropping: a synthesis of research in
agronomy, plant physiology and
ecology. New Phytologist. 2015;206(1):
107-117

[82] FAO (Food and Agriculture
Organization), 2003. Biological
management of soil ecosystems for
sustainable agriculture. Report of the
International Technical Workshop
organized by EMBRAPA-Soybean and
FAO, Londrina, Brazil, 24–27 June 2002.
Rome. (Available at http://www.fao.
org/docrep/006/y4810e/
y4810e00.htm).

[83] FAO (Food and Agriculture
Organization) and ITPS
(Intergovernmental Technical Panel on
Soils). Protocol for the assessment of
Sustainable Soil Management. FAO:
Rome; 2020

[84] Tahat MM, Alananbeh KM,
Othman YA, Leskovar DI. Soil Health
and Sustainable Agriculture.
Sustainability. 2020;12:4859

17

Soil Biodiversity as a Key Sponsor of Regenerative Agriculture
DOI: http://dx.doi.org/10.5772/intechopen.99716


