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Abstract: Soil securitization is increasingly becoming a quintessential currency for attaining sus-
tainable development given the mounting global concerns of land degradation, loss of biological
diversity and associated ecosystem services, climate change, food insecurity, and water stress. A well-
functioning soil is a panacea to address these global concerns. This paper describes the contribution
of conservation agriculture (CA) to biological diversity protection, climate change adaptation and
mitigation, ecosystem service delivery, food security, and water security as a potential entry point for
soil securitization. Using a review of literature, we share some insights into the contribution of CA to
the soil security discourse. In our review, we also make key recommendations for good practices
under each soil security pillar. Thus, we conclude that empirical research is required to deepen our
understanding of the benefits of CA in soil security, especially in developing countries.
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1. Introduction

Soil health is central to biodiversity protection, climate change adaptation and mitiga-
tion, provision of ecosystem services, food security, and water security, yet land degradation
has affected up to 30% of land globally [1]. The process of land degradation undesirably
disturbs the livelihoods of 3.2 billion people and signifies an economic loss of about of 10%
of the annual global gross domestic product, mainly in loss of biodiversity and ecosystem
services [2]. The challenge is particularly widespread in sub-Saharan Africa (SSA) [3],
where an estimated USD 68 billion is lost annually due to the deployment of unsustainable
land management practices [4]. Thus, this enormous loss requires action given that adop-
tion of sustainable land management practices would substantially reduce the loss to USD
126 million [4]. Paradoxically, soil on the African continent only gets attention from the
public when governments fail to provide essential services [1]. Considering the importance
of healthy soils for human well-being, key to securitizing the soil are the deployment
of land management practices that maintain soil fertility, curb land degradation, reduce
biodiversity loss, and abate climate change impacts, particularly water stress.

Practical solutions exist and there are indeed, throughout the world, good examples
of well-tested traditional and modern agricultural practices that can be employed to evade,
lessen, and reverse soil degradation in many ecosystems [2], thereby securing soil health.
Conservation agriculture (CA) is one such approach that can protect soils against degrada-
tion. Globally, there has been increased pressure from different actors to place soil security
on the global agenda [5], particularly in sustainable development [6–8]. In this paper, we
define soil security as the “ability for soil to sustain functions to provide planetary services
and human well-being” [9]. This is an area that has not attracted significant attention out-
side the soil science corridors; yet it is difficult to achieve biodiversity protection, ecosystem
service provision, and food and water security in the absence of soil security [10]. Soil
securitization is also vital given that healthy soils bring global peace and harmony on Earth.
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This is summed up by Borlaug, who said: “If you desire peace, cultivate justice; but at
the same time cultivate the fields (soils) to produce more bread; otherwise there will be
no peace” [11]. Meanwhile, the notion that “a nation that destroys its soil destroys itself”
implies that a well-managed soil is an asset for peace [12]. Therefore, within the framework
of sustainable development and human security, creating awareness of soil security is vital,
particularly to governments and environmentally conscious international organizations.
Thus, robust scientific evidence on the soil security-CA nexus is important in sustain-
able development and human security. Consequently, international organizations such as
the United Nations, which runs the United Nations Environmental Programme (UNEP)
and United Nations Development Programmes (UNDP), and environmental conventions
that include the United Nations Framework Convention on Climate Change (UNFCCC),
Convention on Biodiversity (CBD), United Nations Convention to Combat Desertification
(UNCCD), and the Paris Agreement, may see the justification in promoting agricultural
practices that improve soil health.

2. Conservation Agriculture and Global Environmental Challenges

Biodiversity loss and declines in water quality and quantity arising from land degra-
dation are some of the major challenges faced by smallholder farmers in SSA [13]. Con-
sequently, CA, based on three interconnected pillars of minimum soil tillage, permanent
soil cover, and crop rotation and/or intercropping, has huge potential to deliver multiple
benefits in harmony with the principles of sustainability [14–18]. Conservation agriculture
has been promoted to address the land degradation concerns in SSA [19]. It is an antidote
to conventional agriculture, which results in land degradation through removal of crop
residue or soil cover, excessive tillage, and monoculture [20]. It has massive potential to
sustainably improve soil health (for example soil structure, soil organic matter (SOM), soil
fertility, soil water infiltration and retention), and increase biodiversity and ecosystem
services while advancing food security in a changing climate [21,22]. When practiced
judiciously, CA can help restore degraded land and sequester carbon, thereby reducing the
environmental footprint of agriculture and making agriculture resilient to the vagaries of
climate change. Thus, the adoption of CA is imperative to address some of the major global
concerns such as biodiversity loss, climate change, and water stress and food insecurity,
which are intricately linked to land degradation. These challenges are particularly relevant
in Africa, where there is a strong connection between climate, biodiversity, the natural
ecosystems, and agriculture [23]. Smallholder farmers, who own about 75% of the 525 mil-
lion farms globally [24], are important players in soil management and addressing global
soil-related environmental challenges. In SSA alone, there are 43.55 million smallholder
farmers, who constitute 80% of farmers in the region and contribute about 69% of the
food produced [25]. Thus, the smallholder farmers will be expected to play a major role in
sustainably increasing agricultural productivity to feed the rising population, currently at
about 900 million [26], but projected to rise to 2 billion by 2050 [26].

Despite this, crop yields have stagnated or collapsed in smallholder farming systems
of SSA [27], which makes the adoption of CA imperative. Regrettably, the adoption of CA
is very low and fragmented in SSA [28]. The call for promoters of CA to interrogate the
institutional and socioeconomic factors limiting its adoption in the region is very noble. It
is also imperative for CA farmers to get adequate recognition for the off-farm benefits of
CA, particularly those centered on soil security. Despite the need to recognize farmers and
increase economic viability of CA [29] by addressing some of the barriers that prevent its
adoption, to the best of our knowledge, there is no suitable domestic regulatory framework
for explicitly promoting soil security in agriculture, leading to lack of funding for this critical
issue in many countries in SSA, including Zimbabwe. The lack of a suitable regulatory
framework could be a result of the dearth of literature underpinning the importance of
CA in soil security. Within the context of the need to promote a soil security regulatory
framework, the purpose of this review is to deepen our understanding of the contribution
of CA to the soil security pillars and hence global environmental concerns. To do this, we
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use the literature to illustrate the potential contribution of CA to soil security and the need
to securitize soils. Given the severity of land degradation and opportunities for CA in SSA,
much of the literature from the region has been used in this work.

2.1. Contribution of CA to Biological Diversity Protection

Soil biodiversity, which is at the heart of sustainable agriculture in general and CA in
particular, is threatened by agricultural intensification, particularly intensive application
of agricultural chemicals (such as inorganic fertilizers and pesticides) and overreliance on
mono-cropping systems [30]. CA, which enhances soil biodiversity, is a departure from
agricultural intensification. This is particularly so if legumes are incorporated into CA
rotation systems. Thus, the rotation enhances nutrient cycling in addition to breaking pest
and disease cycles [31], leading to reduced inorganic fertilizer and pesticide application [22].
Some studies have observed an increase in earthworm numbers under CA in comparison
with conventional tillage [32–35] This is not surprising given that crop residue and tillage
management practices that improve soil organic matter provide a favorable natural habitat
for a range of beneficial soil organisms [33]. In contrast, tillage and removal of soil cover
disturbs the natural environment, thereby depriving the soil biota of energy sources [35].
However, under the CA paradigm, there is reduced mechanical tilling, which is important
for building soil organic carbon, hence improving soil biodiversity. It should however
be noted that when farmers practice zero tillage and crop residue retention without crop
rotation, there is a risk of increasing the abundance of termites [36], whose population
increases under monoculture [37,38] Termites have severe consequences for retention of
crop residues [39], harvesting of maize [40] at physiological maturity [41], and earthworm
prevalence [35]. In order to address the challenges posed by termites, there is a need to
revisit the problems impeding the incorporation of rotation systems (particularly legumes)
in southern Africa. These include the higher value attached to maize by farmers as a
food security crop [42], limited markets for legumes, non-availability of legume seed in
smallholder farming systems due to greater focus on maize improvement at the expense of
legumes [43], low and unreliable yields, and high sensitivity to climate stress in general [44].
In light of the challenges preventing the adoption of all the principles of CA, there is need
for government(s) to address these structural challenges through an enabling policy envi-
ronment that supports crop rotation and the simultaneous application of all three principles
of CA. Meanwhile, there is also need to equip agricultural extension officers to enable them
to deliver appropriate CA messages that may aid farmers to make appropriate decisions.

2.2. Contribution of CA to Climate Adaptation and Mitigation

Climate change is a serious existential threat [45] to human and natural ecosys-
tems [46], particularly for SSA, the location of all fifteen climate “hotspot” countries in
Africa, characterized by high population growth rates, low adaptive capacity and high pro-
jected sensitivity to climate with regards to agricultural yields [47]. Several studies [48–52]
suggest that CA has been promoted for building climate resilience in the region. Crop
yields are projected to decline in a warming climate [53,54] through several mechanisms,
including exacerbating plant nutrition in soils with inherent low fertility [55] and extensive
mining of nutrients, particularly those in developing countries. Soil management strategies
that enhance SOM are required to build climate resilience. However, the role of soil in
climate-proofing crop yields, hence enhancing food security, has been confined to the
discipline of soil science. Soil carbon sequestration, whose brand is building courtesy of
the global interest precipitated by the “4 per 1000” [56], global initiative is slowly changing
the perceived roles of soils in enhancing climate resilience, thus improving food secu-
rity. Thus, enhancement of soil carbon stocks is one of the major objectives for using CA
practices. SOM plays a critical role in nutrient cycling, climate change mitigation, and
enhancing water use efficiency [57]. Thus, smallholder farming systems in SSA stand to
benefit more from CA adoption given that soils in the region have low SOM content [58].
Furthermore, simultaneous reduced tillage, retention of crop residues, and crop rotation
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or intercropping have the potential to improve soil organic carbon by more than 4% per
year in SSA soils [52], demonstrating the importance of CA to support global initiatives
such as the “4 per 1000 Initiative: Soils for Food Security and Climate”, particularly in
soils with depleted soil organic carbon [59]. In fact, a recent study by Valkama et al. indi-
cates that conservation agriculture offers a more realistic entry point to achieve the “4 per
1000 Initiative” [60]. CA also reduces the harmful effects of conventional tillage [61] by
promoting reduced tillage [61,62], which improves soil carbon stocks [58], thereby improv-
ing soil aggregate stability [63], hence increasing soil water retention [61]. Meanwhile,
retained crop residues increase soil water infiltration [64] while reducing runoff [64,65] and
evapotranspiration [64], leading to improved soil moisture retention under CA. All these
lead to improved water use efficiency and climate resilience in previously degraded soils
associated with low water use efficiency. This is the reason why the yield benefits of CA
are more pronounced in climate-stressed regions [15], especially in the drier climates of
southern Africa, where climate-proofing yields is vital to improve food security given a
highly variable climate in the region [35,66–68].

As a new paradigm built on the principle of ecological sustainability, CA is also
important in reducing the environmental footprint of agriculture. This is critical given
that agriculture contributes about 60% of total anthropogenic nitrous oxide input into
the atmosphere [69], mainly through the use of nitrogen-based fertilizers. Nitrous oxide
emissions could be reduced under CA due to reduction in the amount of inorganic fertiliz-
ers applied arising from improved soil fertility through enriched SOM [70] and increased
soil nutrient cycling. This is particularly so if legumes are incorporated in the rotational
systems. Furthermore, a global review of literature on life cycle assessment (LCA) high-
lights that, in contrast to other crops, legumes have exceptionally low global warming
potential values [71]. The inclusion of legumes in cropping systems also contributes to
weed control and breaking the pest and disease cycles, thereby limiting the application
of pesticides and herbicides in subsequent crops [72]. Land under CA can attain a 25%
increase in productivity with lower energy inputs [73] than conventional tillage due to
lower demand for fertilizers, agrochemicals, and power [74]. Soil carbon sequestration,
which is important for food security, adaption to climate change, and reducing greenhouse
gas emissions [75,76], is affected by a complexity of numerous variables [7,77]. Thus, one
of the key challenges is the contrasting literature on the impacts of CA on soil carbon
sequestration, especially in southern Africa [78]. Thus, research is required to tap into exist-
ing initiatives such as the “4 per 1000 Initiative”, to develop, test, and validate site-specific
tools and models for measuring soil organic carbon dynamics under locally adapted soil
management practices. Additionally, there is a need to develop markets for legumes,
improve research funding for these crops, and improve perceptions of farmers regarding
the value of legumes.

2.3. Contribution of CA to Ecosystem Service Delivery

Addressing environmental degradation and enhancing environmental ecosystem
services is one of the principal goals of CA. This is achieved through enhancement of the
soil health-related properties of CA. Globally, enhancing the health status of degraded
soils is one of the major motives for practicing reduced tillage systems [79], including in
Zimbabwe [80]. Specifically, farmers in Chimanimani in eastern Zimbabwe were already
using ripper-tines (planting basins) in the 1960s to reduce soil erosion (capture rainfall) [81].
Elsewhere, including in North America, farmers were forced to adopt reduced tillage
systems following severe soil degradation as a result of the 1930s dust bowls [82]. Farmers
in China were forced to leave crop residue on the soil surface (one of the CA pillars),
in order to reduce air pollution caused by burning of the residues [80]. Although the
original objective for the development of no-till systems, and later CA systems, was
curbing soil degradation, the agenda has expanded to include environmental sustainability,
climate change adaptation and mitigation, and delivery of ecosystem services. The latter is
achieved through reduced application of chemicals such as herbicides, improved nutrient
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cycling and biological diversity, and provision of clean water [31]. Thus, CA is a vehicle for
improved soil health and ecosystem resilience. Therefore, soil scientists and agronomists
need to take a leading role in detailed studies that are required to inform decision makers
on the benefits and synergies between CA (or any other good land management practices)
and land restoration for improved ecosystem services in smallholder farming systems
dependent on agriculture for food and nutritional security.

2.4. Contribution of CA to Food Security

Healthy soils are directly linked to Sustainable Development Goal 2 “End hunger,
achieve food security and improve nutrition and promote sustainable agriculture” [8]. Yet,
deteriorating soil fertility and the increasing impacts of climate variability threaten food
security in southern Africa [68,83,84]. Despite years of research and promotion of CA in
southern Africa by national and international organizations, the region remains on the
cusp of rising food and nutritional insecurity, as the cupboard remains bare. For example,
Zimbabwe reported maize yields ranging from 0.5–1.2 t/ha in 2020 [85], which was not
enough to meet its food security requirements [86]. Besides, maize, the major staple crop in
Zimbabwe [85] and most southern African countries, is a heavy feeder [84] and can worsen
soil fertility challenges in the absence of any rotations. Numerous publications, for example,
by Nyanga [87]; Nyamangara et al. [88]; Thierfelder et al. [89]; Thierfelder et al. [34];
Thierfelder, Matemba-Mutasa, and Rusinamhodzi [67]; Mazvimavi [90]; Mango, Siziba,
and Makate [91] and Nyagumbo et al. [92], show that CA is important for improving
food security in southern Africa. CA improves soil fertility and climate resilience in
these predominantly maize-based cropping areas. From the soil security perspective,
this is achieved through increased soil quality brought about by improved SOM under
CA [93]. SOM, which affects nutrient retention and cycling and soil water dynamics, is the
key determinant of soil health in smallholder cropping systems [94]. Thus, improved soil
fertility is beneficial for a majority of farmers in sub-Saharan Africa, especially in Zimbabwe
given the inherent low soil fertility coupled with soil nutrient mining [4]. However, some
studies have reported contrasting results on the role of CA in improving SOM under
different environmental conditions in southern Africa [50,88,95–97]. Thus, in light of the
heterogeneity in farming systems in southern Africa, hence inconclusive evidence on soil
carbon changes under CA, we recommend the development of a rigorous and systematic
ground-based framework for monitoring SOM dynamics under different land use systems.
We could use the ground data to calibrate and validate data collected through satellite
images to develop algorithms for SOM assessment at temporal and spatial scales.

2.5. Contribution of CA to Water Security

Globally, enhancing soil health is critical to attain SDG 6 (on water and sanitation).
Thus, enhancing the capability of soils to provide clean, fresh water is a low-hanging
fruit in attainment of SDG 6. In Zimbabwe, water pollution is a serious concern and
might be a challenge in the attainment of some SDGs [98], including SDG 6 and SDG
14 (life below water). Of particular relevance to our discussion is the increase in water
pollution from agriculture [99]. However, CA offers a credible entry point to partly address
this challenge by reducing pollution and improving clean water supplies with lower
treatment costs [100,101]. Under the CA paradigm, improved nutrient cycling, particularly
of nitrogen, is guaranteed through improved SOM and inclusion of legumes as part of
the rotational strategy, thereby reducing added mineral fertilizers [70]. Meanwhile, crop
rotation, one of the principles of CA, is a cost-effective strategy to prevent the outbreak of
pests and diseases [102], particularly in smallholder farming systems [102]. The inclusion
of several crops attracts various microorganisms in the soil [20], promoting biological
diversity. Some of the organisms might actually be the natural enemies of crop pests. All
these reduce the intensive application of agro-chemicals and hence water pollution [70].
Paradoxically, even though legumes are important in CA rotation systems, they remain
economically unattractive to most farmers [103] due to the structural challenges discussed
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in other parts of the article. CA also reduces runoff and soil erosion. Water runoff carries
with it soil sediments and agrochemicals, leading to groundwater pollution. According
to Wall, CA reduces soil erosion by 90% compared to conventional tillage [104]. The
contribution of CA to improved water use efficiency is discussed in the earlier section on
the contribution of CA to improved climate action. Soil scientists need to take a leading
role in creating multidisciplinary teams that create awareness of the importance of CA to
the attainment of SDG6 to justify a business case in the CA–SDG 6 nexus.

3. Soil Security and the Global Environmental Agenda

Understanding the values of soils in sustainable development and soil securitization
in particular is a prerequisite for addressing global environmental challenges. Such an
understanding might lead to the recognition of farmers for their role in soil security, which
might be a good entry point for addressing the barriers to adoption of CA in developing
countries. However, since not much empirical evidence is available on the conservation
agriculture–soil security nexus, scholars in developing countries are highly encouraged to
explore further this topic in order to influence decision-making processes.

Despite the importance of soil health for environmental protection and sustainable
development, a majority of global environmental conventions tend to neglect the soil.
For example, the final texts of the UNFCCC and the CBD do not clearly mention the
important role of soils. Even though the UNCCD discusses the critical role of soils, the
focus is on soils located in drylands [7], particularly in Africa [105]. Similarly, the landmark
Paris Agreement is silent on the important contribution of soils in climate mitigation
and adaptation, notwithstanding the fact that soils can be a significant source or sink
of greenhouse gases, while agriculture could be a victim or culprit of climate change,
depending on soil use and management. On the other hand, no sufficient attention has
been paid to soils in the crafting of the SDGs, despite the critical role of sustainable soil
management practices in achieving many of the SDGs [106]. Soil scientists have a role
to play in raising awareness on the role of soils and good soil management practices in
sustainable development and the global environmental agenda.

4. Conclusions and Recommendations

This review article sought to deepen our understanding of the contribution of CA to
soil security and hence the global environmental agenda. The review shows that CA has
massive potential to contribute to soil security. Thus, developing countries, particularly
those in SSA, need to put in place a soil security strategy in agriculture, for reducing land
degradation in order to improve human well-being. This is only possible if policy makers
in these countries buy into the soil security idea. This is critical given the role of sustainable
soil management practices and soil security in addressing many global environmental
issues and the advancement of sustainable development goals. Thus, empirical research
is required to improve our understanding of the benefits of CA in soil security, especially
in developing countries, where CA adoption is constrained by various socioeconomic
and institutional challenges. At the global level, there is a need to improve awareness on
soil security issues in international environmental organizations, particularly the UNDP,
UNEP, and environmental conventions such as the CBD, UNCCD, UNFCCC, and the Paris
Agreement. There is also a need to identify areas where CA knowledge is unclear/remains
untapped and to detect areas where more research investigation could promise to achieve
the soil security objective while improving food security. Part of the inquiry needs to
address fully the “what happened, and why” issues under each land management practice.
Such research should take on board the major CA shareholder, the farmer, to improve
decision-making.
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