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Preface

This book adopts an exegetical approach as well as a pedagogic model, making it attractive
agriculture and environmental economics teachers, professional practitioners and scholars. It is
eschews pedantry and lays bars the issues in such clarity that conduces to learning. The book
elaborates on contemporaneous climate change, food security, national security and environmental
resources issues of global significance and at the same time, is mindful of local or national
perspectives making it appealing both to international and national interests. The book explores
the ways in which climate change, food security, national security and environmental resources
issues are and should be presented to increase the public’s stock of knowledge, increase awareness
about burning issues and empower the scholars and public to engage in the participatory dialogue
climate change, food security, national security and environmental resources necessary in policy
making process that will stimulate increase in food production and environmental sustainability.

Climate Change, Food Security, National Security and Environmental resources: Global issues
and Local Perspectives is organized in four parts. Part One deals with Climate Change with Six
Chapters, Part Two is concerned with Food Security with Nine chapters, Part Three deals with
National Security with Five Chapters, while Part Four pertains Environmental Resources, has Five
Chapters.

Ahmed Makarfi / Eteyen Nyong
April 2024
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Chapter 21
Soil Conservation Management: Climate Change and Food Sufficiency

Lukuman Lekan, ADELAKUN and Timothy Adewole ADEDIGBA

Introduction

The protection and sustainable management of soil resources become essential elements in
ensuring the world has enough food to eat in light of the growing problems posed by climate
change. Given the changing nature of the environment in this era, we must pay careful attention to
the complex interrelationships among soil conservation, climate change, and food production. The
main objective of this study is to ensure sufficient food supplies for an expanding global
population. It explores the crucial confluence between soil conservation management, climate

change impacts, and these three areas.
Soil Conservation Management

The primary foundation of agriculture, soil, is constantly in danger from erosion, deterioration,
and fertility loss. A group of techniques known as "soil conservation management" are intended
to protect this limited resource. The techniques used, such as contour ploughing and cover crops,
aim to improve soil health and reduce soil erosion while supporting sustainable farming methods.
In order to stop soil degradation and guarantee long-term agricultural output, soil conservation is
an essential component of sustainable land management. Soil erosion can be avoided by ploughing
the land's contour lines and constructing terraces to slow down water runoff (Nasir Ahmad et al.,
2020). By adding organic matter, strengthening the soil's structure, and preventing erosion, cover
crops (Udom & Benwari, 2019). Minimising soil disturbance through reduced or no-till methods
preserves soil structure and moisture retention (Adam et al., 2022). Water erosion is lessened by
gathering and preserving water through methods like rainwater collection (Tamagnone et al.,
2020). Crop rotation follows a set schedule that minimises erosion, enhances nitrogen balance, and

guards against soil-borne illnesses (Grigar et al., 2020).
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Climate Change Impacts: The threat of climate change is palpable over agricultural landscapes,
changing precipitation regimes, increasing the frequency of extreme events, and changing
conventional weather patterns. Global food production systems face significant problems as a
result of these changes. Understanding how the changing climate affects soil fertility and quality
is crucial for developing adaptable solutions that strengthen agriculture against the unpredictable

changes in the environment (Paredes-Fortuny & Khodayar, 2023).

Food Sufficiency amidst Uncertainty: The goal of achieving food sufficiency assumes a central
role in the context of soil protection and climate change. In addition to increasing agricultural
output, addressing the nutritional needs of a growing global population calls for resilient and
adaptable solutions that can survive the uncertainties brought on by a constantly changing
environment. Achieving food sufficiency requires creative solutions that take into account the
effects of global warming and sustainable soil management techniques (RC, 2020).

Objectives: This paper seeks to explore the nexus between soil conservation management,

climate change, and food sufficiency. Through a comprehensive review of current literature, case
studies, and successful practices, we aim to elucidate the challenges and opportunities within this
triad. By doing so, we hope to contribute to the development of strategies that bolster soil health,

mitigate climate change impacts, and ultimately foster a more secure global food future.

Soil Conservation: Soil conservation is a crucial strategy for managing soil resources for
sustainable agriculture, forestry, and other purposes. It involves techniques like erosion control,
crop rotation, terracing, conservation tillage, windbreaks, agroforestry, soil amendments, contour
farming, and buffer strips. Soil erosion is a major threat to soil health and productivity, and
preventing it is essential for food security, environmental sustainability, and biodiversity
conservation. Techniques like contour ploughing, terracing, and planting cover crops help
prevent erosion. Crop rotation and cover crops improve soil structure, fertility, and organic
matter content. Terracing creates level platforms on steep slopes, while conservation tillage
reduces soil disturbance. Windbreaks and agroforestry systems stabilize soil, enhance
biodiversity, and improve soil fertility. Education and awareness about soil conservation are

crucial for long-term success (Klik & Rosner, 2020).
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Conservation Management Methods

Contour Plowing: A farming method called contour ploughing entails ploughing in line with the
land's contour lines. Imaginary lines that join locations on a landscape with the same height are
called contour lines. Instead of making furrows that go up and down a slope, farmers can make
furrows that run horizontally by ploughing along these lines. This technique lessens soil erosion
by reducing the speed at which water moves across the ground. Contour ploughing permits water
to seep into the soil by blocking water flow, which lowers the possibility of soil erosion and
nutrient loss (Petr & Josef, 2018).

Terracing: In order to minimise soil erosion and slow down water runoff, terracing involves
building level platforms, akin to stairs, on hilly or sloping ground. With this method, the slope is
crossed by retaining walls or embankments to create level patches that can support crops. The
land's slope is broken up into a number of smaller, more level steps by terraces. In addition to
slowing down water flow, this also permits water to percolate into the soil at every terrace level.
Terracing is especially helpful in areas with hilly or mountainous terrain, as erosion can be a major
issue. Effective techniques for preserving soil are contour ploughing and terracing, which are
frequently employed in regions where soil erosion is a problem due to terrain. Through these
procedures, by stopping the erosion of topsoil and protecting water resources, we can conserve

soil, maintain soil fertility, and advance sustainable agriculture (Ajaykumar & Gopinath, 2018).

Cover cropping: Planting crops solely for the goal of preserving or enhancing the health of the
soil, as opposed to harvesting, is known as cover cropping. Often planted when the primary cash
crops aren't in the field, these crops are also referred to as cover crops or green manure. Numerous
advantages for soil health and overall agricultural sustainability are provided by cover crops. By
creating ground cover, crops stop wind and water erosion of the soil. Because the soil is anchored
by the roots of the plants, it is not easily washed or blown away by strong winds or rain. Because
cover crops grow densely, they can shade out weed seedlings and compete with them for nutrients,
which can help restrict weed growth. This lessens the requirement for the use of hand weeding and
herbicides on ensuing crops. When cover crops are mulched or integrated, they add organic matter
to the soil. The breakdown of the cover crop replenishes the soil with nutrients, enhancing its

fertility and structure. Some cover crops, such as legumes (e.g., clover and vetch), have the ability
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to fix atmospheric nitrogen into a form that plants can use (Blanco-Canqui et al., 2021). This raises
soil nitrogen levels, which is advantageous for crops that come after. A few types of cover crops
have the potential to serve as a home for helpful insects and microorganisms that aid with organic
pest management. By interfering with certain pathogens' life cycles, they may also break the cycles
of pests and diseases. Cover crop root systems improve soil structure and facilitate improved water
absorption and retention. This can be particularly helpful in lessening the effects of drought.
Legumes (like peas and clover), grasses (like rye and oats), and brassicas (like mustard and
radishes) are examples of common cover crops. The particular objectives of the farmer, the climate
in the area, and the traits of the primary cash crops in the rotation all have a role in the choice of
cover crop. Cover crops are thought to be an ecologically friendly and sustainable method that
improves the resilience of agricultural systems overall, reduces dependency on synthetic inputs,

and conserves soil (Ouverson et al., 2022).

Conservation Tillage: In order to preserve soil and water resources, this agricultural strategy
entails lowering or doing away with typical or conventional tillage techniques. For planting
purposes, conventional tillage usually entails ploughing or vigorous cultivation of the soil.
Conservation tillage, on the other hand, keeps a protective coating on the soil's surface and reduces
soil disturbance. Conservation tillage comes in a variety of forms, such as muich tillage, reduced

tillage, and no-till (Pearsons et al., 2023).

No-Till: In a no-till system, the soil is left undisturbed, and crops are planted directly into the
residues of the previous crop without plowing. This helps to maintain the natural structure of the

soil, reduces erosion, and preserves soil organic matter.

Reduced Tillage: Reduced tillage involves minimal soil disturbance, often limited to shallow
cultivation or use of special equipment that disturbs only a portion of the soil. The goal is to disturb

the soil as little as necessary for planting while maintaining soil cover.

Mulch Tillage: Mulch tillage incorporates crop residues or cover crops into the soil as a protective
mulch layer. This helps in retaining soil moisture, suppressing weed growth, and enhancing

organic matter content.
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Benefits of Conservation Tillage: Conservation tillage is an agricultural practice that minimizes
soil disturbance during planting and cultivation. It offers several benefits, including reduced soil
erosion, improved soil health, water conservation, energy savings, time savings, yield stability,
biodiversity conservation, and reduced chemical runoff. By leaving crop residues on the soil
surface, it protects the soil from raindrops and water runoff, maintaining soil structure and fertility.
Conservation tillage also promotes the retention of organic matter in the soil, enhancing water
retention capacity and nutrient cycling. It also reduces water runoff, reduces evaporation, and
conserves soil moisture, especially in arid and semi-arid regions. Conservation tillage also helps
maintain habitat diversity and support soil-dwelling organisms, contributing to overall ecosystem
health (Du et al., 2022).

Soil Erosion Control: By minimizing soil disturbance, conservation tillage reduces the risk of
erosion caused by wind and water. The presence of crop residues or cover crops helps protect the

soil surface from the impact of rainfall and prevents the loss of topsoil.

Improved Soil Structure: Conservation tillage contributes to better soil structure and aggregation,
promoting water infiltration and root development. The undisturbed soil allows for the formation

of stable soil aggregates, which helps prevent compaction.

Water Conservation: The protective residue cover on the soil surface helps reduce water
evaporation and enhances water retention in the soil. This is particularly beneficial in arid or semi-

arid regions.

Energy Savings: Conservation tillage requires less fuel and energy compared to traditional

plowing, contributing to reduced greenhouse gas emissions and overall energy conservation.

Time and Cost Savings: Farmers practicing conservation tillage often experience time and cost
savings due to reduced labor and equipment requirements for tillage operations while conservation
tillage offers numerous benefits, its successful implementation depends on factors such as climate,
soil type, and the specific cropping system. Farmers often adopt conservation tillage as part of a

broader sustainable agriculture approach to enhance overall soil health and productivity.
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Windbreaks and shelterbelts: These are structures consisting of trees or shrubs strategically
planted to protect against wind and its associated adverse effects. These features are commonly
used in agriculture and forestry to mitigate wind erosion, prevent damage to crops, and provide a

range of environmental benefits. Here's a breakdown of each term:

Windbreaks method: These are rows of trees or tall shrubs planted perpendicular to the prevailing
wind direction. They are designed to reduce wind speed and alter its direction, providing a

protected zone on the leeward side (Wang & Liu, 2021).
Purpose of windbreaks

a) Erosion Control: Windbreaks help prevent soil erosion by reducing wind speed near the
ground, minimizing the risk of soil particles being lifted and carried away.
b) Crop Protection: They shield crops from the damaging effects of strong winds, including
wind desiccation, lodging (crop bending or breaking), and abrasion.
c) Microclimate Improvement: Windbreaks create a more stable microclimate by reducing
temperature extremes, modifying humidity, and enhancing snow deposition in winter.
Shelterbelts Method: Shelterbelts are wider and more complex plantings than windbreaks. They
typically consist of multiple rows of trees and shrubs, often including a combination of species
with varying heights and densities (R & Richard, 2022).

Purpose of shelterbelts

a) Wind Protection: Like windbreaks, shelterbelts provide protection against wind, but they
can offer more comprehensive protection due to their multi-row structure.
b) Wildlife Habitat: Shelterbelts can create habitats for birds, insects, and other wildlife,
contributing to biodiversity conservation.
c) Aesthetic and Recreational Value: Beyond their functional benefits, shelterbelts are often
designed for aesthetic appeal and may serve as recreational areas.
Benefits of Windbreaks and Shelterbelts: Windbreaks and shelterbelts are essential for
sustainable land management, providing numerous benefits to agricultural and forestry settings.
They control wind erosion, conserve soil moisture, and alter microclimates, promoting plant
growth and reducing stress on crops. They also protect crops from wind damage and livestock,
SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5
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enhancing their health and productivity. Windbreaks also create habitats for wildlife, reducing
carbon dioxide emissions and contributing to ecological resilience. They also serve as noise
barriers, improving the quality of life for nearby residents. Furthermore, windbreaks can enhance
agricultural productivity by reducing wind-related stresses on crops and livestock, leading to
higher yields and economic benefits for farmers. Overall, windbreaks and shelterbelts are vital for
sustainable land management (R & Richard, 2022).

Buffer strips Methods: Buffer strips are areas of vegetation, typically composed of grasses,
shrubs, or other plants, strategically planted along the edges of fields, water bodies, or other
sensitive areas. The primary purpose of buffer strips is to serve as a protective barrier between
agricultural or developed land and natural ecosystems, such as rivers, lakes, wetlands, or wildlife
habitats. Width: The effectiveness of a buffer strip is often influenced by its width. A wider buffer
strip generally provides greater benefits in terms of erosion control and water quality improvement.
The choice of plant species depends on the specific goals of the buffer strip. Grasses, forbs, and
woody vegetation may be used based on the desired functions, such as sediment trapping, nutrient
uptake, or wildlife habitat (Golkowska et al., 2016).

Importance of buffer strips

1. Buffer strips help control soil erosion by reducing the velocity of water runoff from
agricultural fields, preventing sedimentation in water bodies.

2. They act as a filter, trapping sediments, nutrients, and agrochemicals from runoff before
they reach adjacent water bodies. This helps improve water quality.

3. Buffer strips provide habitat and refuge for wildlife. They support biodiversity by
promoting the presence of native vegetation and providing connectivity between different
ecosystems.

4. During heavy rainfall, buffer strips can absorb excess water and reduce the risk of flooding.
The vegetation slows down water flow and allows water to infiltrate into the soil.

5. Buffer strips play a role in nutrient cycling by capturing and retaining excess nutrients
(such as nitrogen and phosphorus) from runoff, preventing them from entering water bodies

and causing pollution.

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

16



CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

6. Well-designed buffer strips can enhance the visual appeal of landscapes. They may also
provide recreational opportunities for activities like bird-watching and hiking.

The implementation of buffer strips is an important component of sustainable land management

practices, contributing to the protection of water resources, enhancement of biodiversity, and

overall environmental stewardship in agricultural landscapes.

Water Conservation Structures method: It refers to various physical features and facilities
designed to manage and conserve water resources efficiently. These structures are implemented
to capture, store, control, and distribute water for different purposes, including agricultural
irrigation, domestic use, and environmental conservation (Kucukunsal & lcgen, 2020). Some

common types of water conservation structures are treated as follows:

Check Dams: Low, temporary structures built across a watercourse to slow down the flow
of water and increase infiltration. Check dams help in trapping sediment and increasing

groundwater recharge.

Retention Ponds: Artificial ponds constructed to capture and store rainwater or runoff.
They help in preventing soil erosion, providing a water source for irrigation, and improving

groundwater recharge.

Rainwater Harvesting Systems: Collection systems that capture and store rainwater for
later use. These systems can range from simple rain barrels for residential use to more

complex setups for agricultural or industrial purposes.

Contour Trenches: Trenches dug along the contour lines of a slope to capture and slow

down surface runoff. This helps in reducing soil erosion and promoting water infiltration.

Percolation Ponds: Constructed depressions in the ground designed to capture surface
water and enhance groundwater recharge. They are often used in areas where groundwater

levels need to be replenished.

Farm Ponds: Small reservoirs or ponds constructed on farms to store water for irrigation,
livestock, or other agricultural purposes. They can also provide a habitat for fish and

wildlife.
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Swales: Shallow channels or depressions designed to direct and slow down surface water

flow. Swales are often used in landscaping to capture and manage stormwater runoff.

Watershed Management Structures: Various structures, such as check dams, contour
trenches, and vegetative measures, implemented at the watershed level to conserve water,

reduce erosion, and manage runoff.

Benefits of Water Conservation Structures: Prevents soil erosion by slowing down and
capturing runoff. Enhances the replenishment of underground aquifers by allowing water to
percolate into the soil.Provides a sustainable water source for agricultural irrigation, supporting
crop growth. Helps in reducing the risk of flooding by managing the flow of water during heavy
rainfall. Promotes efficient and sustainable use of water resources, especially in areas facing water

scarcity.

The design and implementation of water conservation structures depend on the specific
characteristics of the landscape, climate, and water needs of the area. These structures play a

crucial role in sustainable water management practices.

Crop Rotation and Diversification Method: Crop rotation and diversification are agricultural
practices that involve the systematic alternation of different crops in the same field over sequential
growing seasons. These practices offer numerous benefits, including nutrient management, soil
health, pest and disease control, weed management, risk management, improved water
management, enhanced biodiversity, market diversification, and regenerative agriculture. By
rotating crops, farmers can optimize nutrient utilization, maintain soil structure and fertility,
disrupt pest and disease cycles, control weeds, reduce the risk associated with adverse weather
conditions, and improve water use efficiency. Crop rotation also enhances on-farm biodiversity by
supporting a variety of plant species and promoting beneficial insects, pollinators, and soil
microorganisms. It also allows farmers to tap into diverse markets, catering to different consumer
preferences and market demands. Overall, crop rotation and diversification are essential
components of sustainable agriculture, promoting soil health, resilience, productivity, and

environmental sustainability (Bakal & Arioglu, 2019).
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Crop Rotation: It is a systematic practice where different crops are planted in the same area in
sequential seasons or years. This contrasts with monoculture, where the same crop is cultivated
repeatedly in the same field. Crop rotation is designed to improve soil health, control pests and
diseases, and optimize nutrient use (Ullrich, 2023).

Disease and Pest Management: Different crops have different nutrient requirements and
vulnerabilities to pests and diseases. By rotating crops, the buildup of specific pests and diseases

targeting a particular crop can be minimized, reducing the need for pesticides.

Nutrient Management: Different crops have varied nutrient requirements. Rotating crops
helps prevent the depletion of specific nutrients in the soil and promotes a more balanced

nutrient cycle. Leguminous crops in rotation also contribute to nitrogen fixation.

Weed Control: Crop rotation can disrupt the life cycles of certain weeds, helping to control
weed populations. Crops with different growth habits may also shade the soil differently,
affecting weed growth.

Soil Health: Different crops have different root structures and depths. This diversity
enhances soil structure, reduces soil erosion, and promotes microbial diversity. Crop

rotation contributes to overall soil health and fertility.

Diversification: Crop diversification involves growing a variety of crops on the same farm or in
the same region. It goes beyond the practice of rotating crops within a single field and involves

cultivating different crops across the entire agricultural system (Ullrich, 2023).

Risk Management: Planting a variety of crops helps spread the risk associated with adverse

weather conditions, pests, or market fluctuations. If one crop fails, others may still thrive.

Market Opportunities: Diversification allows farmers to tap into different markets and
meet the varied demands of consumers. It can also provide opportunities for value-added

products.

Environmental Sustainability: Diversified cropping systems contribute to biodiversity
conservation. They may involve growing a mix of cash crops, cover crops, and crops that

support beneficial insects, creating a more ecologically balanced farming environment.
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Ecosystem Services: Different crops contribute to various ecosystem services. For
example, some crops may enhance soil fertility, while others may improve water retention

or provide habitat for pollinators.

Adaptation to Climate Change: A diverse range of crops can better withstand the impacts
of climate change, as different crops have varying tolerances to temperature, precipitation,

and other environmental factors.

Both crop rotation and diversification contribute to sustainable agriculture by promoting ecological
resilience, minimizing the need for external inputs, and fostering long-term soil and ecosystem
health. Farmers often employ a combination of these practices to optimize their benefits (Bender,
Wagg, & Van der Heijden, 2016).

How to Maintain and Improve Soil Health for Sustainable Agricultural Productivity:
Maintaining and improving soil health is crucial for sustainable agricultural productivity.
Healthy soils contribute to increased crop yields, nutrient cycling, water retention, and overall

ecosystem resilience.

It will help to protect the soil from erosion, add organic matter, and enhance nutrient
cycling.
It will improved soil structure, increased water infiltration, and enhanced microbial
activity (Ullrich, 2023).
Conservation Tillage: It will help to reduce soil disturbance to preserve soil structure and
minimize erosion and improved water retention, reduced erosion, and enhanced microbial

diversity (Deng et al., 2017).

Crop Rotation and Diversification: It will enhance soil fertility, break pest cycles, and reduce
disease pressure and balanced nutrient cycling, reduced soil-borne diseases, and improved

resilience (Brennan, & Acosta-Martinez, 2017).

Organic Matter Management: It increases soil organic matter through the addition of compost,
manure, or cover crops and improved nutrient availability, enhanced water-holding capacity, and

support for microbial activity (Deng et al., 2017).
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Nutrient Management: It is used to implement precise nutrient application based on soil testing
to avoid overuse and enhanced nutrient use efficiency, reduced environmental impact, and

optimized crop growth.

Agroforestry and Windbreaks: It will integrate trees into agricultural systems to enhance soil
structure and reduce erosion and improved microclimate, reduced wind and water erosion, and

additional biomass.

The effectiveness of these practices may vary depending on the specific characteristics of the
agricultural system, including climate, soil type, and crop type. It is essential to adopt a holistic
approach tailored to the local conditions to achieve sustainable soil health and agricultural
productivity (Sjulgard et al., 2023).

Climate Change: Climate change is a long-term shift in Earth's temperature, precipitation, and
atmospheric conditions, impacting soil health, agricultural productivity, and global food
sufficiency. Rising temperatures can cause soil degradation, pests, and diseases, while altered
precipitation patterns can cause soil erosion and water scarcity. Extreme weather events can
disrupt soil microbial communities, leading to crop damage and reduced yields. Changes in
growing seasons can affect soil temperature, moisture levels, and nutrient availability, while
elevated atmospheric CO2 levels can affect soil microbial activity and nutrient cycling. Changes
in plant physiology and growth patterns can also affect crop yields and nutrient content
(Marschner & Zheng, 2022).

Food Security and Supply Chain Disruptions: Climate change-related events can disrupt
transportation, storage, and distribution systems, affecting the overall food supply chain and
leading to food shortages and price volatility. Adapting to these changes and mitigating their
impacts require sustainable agricultural practices, soil conservation measures, and the
development of resilient crop varieties. Global efforts to address climate change and build
climate-resilient agricultural systems are essential for ensuring long-term food sufficiency. It has
significant impacts on agriculture, affecting weather patterns, water availability, and the
frequency of extreme events. Climate change can exacerbate soil degradation and pose
challenges to food production (Srivastava, 2022).
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Food Sufficiency: The capacity to generate enough food to meet a population's nutritional
demands is known as food sufficiency. Achieving food sufficiency is a difficult task affected by
a number of variables, including the climate, the condition of the land, farming practices, and
technology. Sustainably managing the soil is essential to guaranteeing long-term food security
(Srivastava, 2022).

The Interconnection between Soil Conservation, Climate Change, and Food Sufficiency

Food sufficiency, soil health, and climate change are intertwined and form a complicated web of
interactions. Comprehending these associations is crucial in formulating efficacious approaches to
tackle the obstacles presented by climate change concerning agriculture and food production
(Srivastava, 2022).

Climate Change and Soil Health: Soil health is directly impacted by variations in temperature,
precipitation patterns, and the frequency of extreme weather events. Soil erosion, salinization,
and nutrient loss can result from temperature changes, changes in precipitation patterns, and
extreme weather events like floods and droughts. Thus, poor soil health makes the effects of
climate change worse. Reduced water retention, a decreased ability to absorb carbon, and an
increased susceptibility to erosion are all consequences of compromised soil structure
(Srivastava, 2022).

Climate Change and Agricultural Productivity: Crop yields are affected by variations in
temperature, precipitation, and weather patterns. Changes in the climate can cause ideal growing
zones to alter, which can impact which crops are suitable for a given place. Food insecurity is a
result of reduced agricultural productivity because crops are more vulnerable to pests, illnesses,
and extreme weather. This susceptibility increases how much climate change affects food

systems (Srivastava, 2022).

Soil Health and Food Sufficiency: Healthy soils are essential for sustained agricultural
productivity. Soil fertility, water retention, and nutrient cycling are critical factors influencing
crop yields. Degraded soils result in lower yields, impacting food sufficiency. Inadequate food

production due to compromised soil health can lead to increased pressure on natural ecosystems
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for expansion, contributing to deforestation and further environmental degradation (Srivastava,
2022).

Mitigation and Adaptation Strategies: Effective responses to the interlinked challenges of
climate change, soil health, and food sufficiency require integrated approaches. Sustainable
agricultural practices, such as agroforestry, conservation tillage, and organic farming, can
simultaneously address these challenges by enhancing soil health and building resilience to
climate change. Investments in research and innovation are essential for developing climate-
resilient crops, improving soil management techniques, and identifying sustainable agricultural

practices that promote food sufficiency while mitigating climate impacts.

Global Perspective: Climate change, soil degradation, and food insecurity are global challenges
that transcend national borders. International cooperation is crucial for sharing knowledge,
technology, and resources to address these issues collectively. Coordinated policies at the global
and national levels are needed to create an enabling environment for sustainable agriculture, soil
conservation, and climate change adaptation. This involves aligning agricultural policies with
climate goals and promoting resilient food systems. Understanding and addressing the
interconnections between climate change, soil health, and food sufficiency are essential for
building resilient and sustainable agricultural systems. Integrated strategies that consider these
interdependencies can contribute to the development of more robust and adaptive solutions to the
complex challenges facing global food security (Bryan et al., 2024).

Adaptation Strategies for Agriculture in Changing Climate Conditions: Adapting agriculture to
changing climate conditions is crucial for maintaining food security, sustaining livelihoods, and

preserving ecosystems.

Climate-Resilient Crop Varieties: Developing and planting crop varieties that are specifically
bred to withstand the challenges posed by changing climate conditions, such as heat stress,
drought, or new pest pressures. Resilient crop varieties can better tolerate extremes in
temperature and precipitation, ensuring more stable yields. Growing a variety of crops to spread
risks associated with climate variability and to adapt to changing local conditions. Crop
diversification helps mitigate the impact of crop failures by ensuring that not all crops are
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susceptible to the same climatic risks. Implementing efficient water management practices, such
as rainwater harvesting, drip irrigation, and soil moisture conservation (Kuznetsova &
Dragavtseva, 2023). Water management, conservation agriculture, and agroforestry are essential
practices for sustainable agriculture. Water management reduces crop stress and ensures
productivity. Conservation agriculture promotes soil health and resilience. Agroforestry
enhances biodiversity, improves water retention, and sequesters carbon. Monitoring and
predicting extreme weather events is crucial (“Effect of Tillage and Water Management Practices
on Pearl Millet - Wheat Cropping System Productivity, Water - Balance and Soil Properties of
Alluvial Soil,” 2023). Early warning systems enable farmers to adapt practices to climate-related
risks, enhancing livestock resilience through improved housing, grazing, and breeding, reducing

vulnerability to heat stress, water scarcity, and disease outbreaks (Agbehadji et al., 2023).

Improved Pest and Disease Management: Integrated pest management strategies and early
warning systems are crucial for preventing crop losses and reducing chemical inputs. Key
methods include crop rotation, genetic resistance, biological control, cultural practices, trap
crops, intercropping, crop monitoring, IPM, precision agriculture technologies, and education
(Noar et al., 2021). Crop rotation, biological control, cultural practices, precision agriculture
technologies, and reduced chemical inputs help disrupt pest and disease cycles, reduce

environmental pollution, and promote ecological balance (Ratto et al., 2022).

Capacity Building and Extension Services: Capacity building and extension services are crucial
for agricultural development, providing farmers with knowledge, skills, and resources to enhance
productivity, livelihoods, and resilience, and promoting innovative practices (Galal & EI-Masry,
2021). Technology adoption promotes improved crop varieties, mechanization, precision
farming, organic methods, and sustainable resource management, while extension services assist
farmers, empowering them for sustainable rural development and poverty reduction (Mariappan
& Zhou, 2019). Monitoring and evaluation are crucial for assessing the impact of agricultural
interventions on farmers' livelihoods, food security, and environmental sustainability,

contributing to poverty reduction and sustainable development goals (Mariappan & Zhou, 2019).

Financial Instruments and Insurance: Developing financial mechanisms, such as insurance and

risk-sharing programs, to help farmers cope with losses caused by climate-related events.
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Financial instruments provide a safety net for farmers, encouraging them to invest in adaptive

technologies and practices.

Community-Based Adaptation: Encouraging community engagement in the design and
implementation of adaptation strategies, considering local knowledge and practices. Community-
based approaches enhance the effectiveness and acceptance of adaptation measures, fostering

resilience at the local level.

Research and Innovation: Investing in research and innovation to develop new technologies and
practices that enhance agricultural resilience to climate change. Ongoing research helps identify
emerging challenges and provides farmers with cutting-edge solutions to address climate-related
risks. Implementing a combination of these adaptation strategies is essential for building a robust
and resilient agricultural sector that can thrive under changing climate conditions. The
effectiveness of these measures often depends on the specific characteristics of the local

environment and the types of crops and livestock involved.
The role of soil conservation in ensuring food security

Soil conservation is a fundamental component of sustainable agriculture, contributing to soil
fertility, erosion control, water management, nutrient cycling, carbon sequestration, and overall
land health. Soil conservation plays a crucial role in ensuring food security by preserving soil
health, maintaining fertility, and preventing erosion. Healthy soils with adequate fertility are
essential for robust crop growth and high yields (Das et al., 2022). Soil erosion can lead to the loss
of topsoil, reducing the soil's ability to support plant growth and nutrient cycling. Well-managed
soils retain water efficiently, ensuring crops have access to an adequate water supply. Soil
conservation practices contribute to maintaining nutrient levels and efficient cycling, supporting
plant nutrition. Healthy soils sequester carbon, contributing to climate change mitigation and
enhancing overall soil quality. Soil conservation helps prevent land degradation, preserving arable
land for sustainable food production. Adopting sustainable land management practices, including
soil conservation, ensures long-term food security. This paper discusses the importance of
restoring soil quality, including fertility, to mitigate degradation and ensure sustainable food
production (Das et al., 2022).
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Food Security

Food security, the availability, access, and utilization of nutritionally adequate and safe
food, is a global imperative. Soil, as the foundation of agriculture, plays a pivotal role in
determining food production. Soil conservation, encompassing a suite of practices and strategies,
emerges as a critical factor in ensuring sustainable food security. This note outlines the
multifaceted role of soil conservation in safeguarding our ability to produce sufficient and
nutritious food (Vidar, 2022).

Preservation of Soil Fertility: Healthy soils are synonymous with fertility, a key determinant of
crop productivity. Soil conservation practices, such as cover cropping and organic farming,
contribute to maintaining and enhancing soil fertility. By minimizing soil disturbance and
promoting organic matter, these methods ensure a nutrient-rich environment for crops to thrive
(“Integrated Nutrient Management for Enhancing and Sustaining Soil Fertility and Crop
Productivity in Ethiopia,” 2020).

Erosion Control: Soil erosion poses a direct threat to food security by depleting the topsoil, which
is rich in nutrients crucial for plant growth. Erosion control measures, including contour plowing,
cover cropping, and terracing, mitigate the loss of fertile soil. By preventing erosion, these
practices safeguard the capacity of the soil to support crops (“Integrated Nutrient Management for

Enhancing and Sustaining Soil Fertility and Crop Productivity in Ethiopia,” 2020).

Water Retention and Management: Efficient water management is essential for agricultural
productivity. Soil conservation practices, such as agroforestry and conservation tillage, improve
water retention in the soil. This ensures that crops have access to an adequate water supply,

especially crucial in regions facing water scarcity.

Nutrient Cycling: Soil conservation practices contribute to the efficient cycling of nutrients within
the soil-plant system. Crop rotation, agroecological approaches, and organic farming enhance
nutrient availability and utilization by crops. This fosters optimal conditions for sustained

agricultural productivity.
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Carbon Sequestration: Soil conservation has a crucial role in mitigating climate change by
promoting carbon sequestration. Practices such as cover cropping and reduced tillage enhance
organic matter content, contributing to the sequestration of carbon in the soil. This not only aids

climate resilience but also supports soil health.

In the face of a growing global population and the challenges posed by climate change, the role of
soil conservation in ensuring food security cannot be overstated. By preserving soil fertility,
preventing erosion, managing water efficiently, promoting nutrient cycling, and contributing to
carbon sequestration, soil conservation practices pave the way for sustainable and resilient
agriculture. As we navigate the complexities of the 21st century, prioritizing and investing in soil
conservation measures are essential steps toward securing a stable and abundant food supply for

generations to come.
Case Studies or Examples of Successful Soil Conservation Practices

1. The Loess Plateau Watershed Rehabilitation Project (China): The Loess Plateau in China faced
severe soil erosion and degradation due to unsustainable agricultural practices. The Chinese
government, in collaboration with international partners, initiated the Loess Plateau Watershed
Rehabilitation Project. The project implemented a range of soil conservation practices, including
terracing, agroforestry, and check dams. These interventions significantly reduced soil erosion,
improved water retention, and enhanced overall soil health. As a result, agricultural productivity

increased, leading to improved livelihoods for local communities (Li et al., 2023).

2. The Green Revolution in Punjab (India): Punjab, India, faced soil degradation and declining
agricultural productivity in the mid-20th century. The Green Revolution, which involved the
introduction of high-yielding crop varieties, alongside improved irrigation and fertilization
practices, successfully transformed the agricultural landscape. While not focused solely on soil
conservation, the adoption of modern agricultural techniques resulted in increased yields and
improved soil management practices. This case underscores the importance of integrated

approaches to achieve sustainable soil conservation and food security (Joshi & Singh, 2018).

3. Farmer-Managed Natural Regeneration (Niger): In Niger, West Africa, the Farmer-Managed
Natural Regeneration (FMNR) approach has been successfully employed to combat desertification
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and improve soil fertility. FMNR involves selectively pruning and protecting naturally occurring
tree and shrub species. This practice enhances water retention, reduces soil erosion, and provides
additional organic matter to the soil. Farmers adopting FMNR have witnessed increased
agricultural productivity, improved food security, and enhanced resilience to climatic variability
(Zounon et al., 2022).

4. The Soil Conservation Project (United States): In the United States, the Soil Conservation and
Domestic Allotment Act of 1935 marked the beginning of large-scale soil conservation efforts.
One notable example is the Dust Bowl conservation practices during the 1930s, which aimed to
address severe soil erosion in the Great Plains. The adoption of contour plowing, strip cropping,
and windbreaks helped stabilize the soil and prevent further degradation. These practices laid the
foundation for modern soil conservation initiatives and contributed to the long-term sustainability

of agriculture in the region (Worster, 1979).

These case studies highlight diverse and successful soil conservation practices implemented across
different regions and contexts. From large-scale watershed projects to community-driven
initiatives, the common thread is the recognition of the importance of soil health in achieving
sustainable agriculture. These examples serve as valuable lessons and inspirations for the global
community seeking effective strategies to conserve soil resources and ensure food security in the

face of environmental challenges.
The Importance of Soil Conservation, Climate Change, and Food Security

In the intricate web of global challenges, the interplay between soil conservation, climate change,
and food security emerges as a critical nexus. The health of our soils, intricately linked to climate
patterns, directly impacts our ability to ensure food security in the face of an evolving climate.
This note explores the profound importance of soil conservation as a linchpin in the pursuit of
resilient agricultural systems and sustained food security amid the challenges posed by climate
change (Tripathi & Variyar, 2021).

1. Soil Conservation as a Buffer Against Climate Change: Climate change brings about increased

variability in temperature, altered precipitation patterns, and an upsurge in extreme weather events.

Soil conservation practices act as a buffer, mitigating the impact of these climate shifts. Terracing,
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cover cropping, and agroforestry help prevent soil erosion, ensuring that the soil retains its fertility

and moisture content despite erratic weather conditions.

2. Soil Health and Climate Resilience: Healthy soils are resilient soils. Climate change introduces
new stresses on agricultural systems, from prolonged droughts to intense storms. Soil conservation
practices, such as minimal tillage and organic farming, enhance soil structure and microbial
diversity. This resilience allows soils to better withstand the shocks associated with climate

change, ensuring continued productivity.

3. Carbon Sequestration and Mitigation: Soil is a substantial carbon reservoir, and its management
directly influences greenhouse gas emissions. Soil conservation practices, including cover
cropping and reduced tillage, contribute to carbon sequestration. This not only aids in mitigating
climate change but also enhances soil fertility, creating a positive feedback loop for sustainable

agriculture.

4. Erosion Control and Sustainable Agriculture: Soil erosion, accelerated by changing climate
patterns, poses a direct threat to agricultural productivity. Effective erosion control measures, such
as contour plowing and covers cropping, prevent the loss of topsoil. Preserving this fertile layer is
essential for sustained crop yields, making soil conservation integral to the foundation of

sustainable agriculture.

5. Water Management for Agricultural Resilience: Climate change often results in altered
precipitation patterns, leading to periods of drought or excessive rainfall. Soil conservation
practices optimize water management, enhancing water retention in the soil during dry periods and
reducing runoff during heavy rains. This efficient use of water resources contributes to agricultural

resilience in the face of changing climate conditions.

6. Biodiversity Conservation and Ecological Balance: Soil conservation is not solely about
preventing erosion; it is a gateway to preserving biodiversity and maintaining ecological balance.
Diverse cover crops, agroecological practices, and integrated pest management contribute to a
harmonious ecosystem. This balance is crucial for pollination, natural pest control, and overall

agricultural sustainability.
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7. Food Security as a Global Imperative: At its core, the importance of soil conservation is
intricately tied to the overarching goal of global food security. As the world's population continues
to grow, ensuring a stable and sufficient food supply becomes paramount. Healthy soils, conserved
through sustainable practices, provide the foundation for increased agricultural productivity,
supporting the nutritional needs of a growing population.

Conclusion: In the era of climate change, recognising the symbiotic relationship between soil
conservation, climate resilience, and food security is imperative. Sustainable agricultural practices
that prioritise soil health not only mitigate the impacts of climate change but also fortify the
foundation of global food systems. As nations strive for sustainable development goals, investing
in soil conservation emerges as a transformative and indispensable strategy for ensuring a resilient,

productive, and secure future for global agriculture and food security.

References

Adam, M., Gebreel, M., El-Sayed, M., & Abdel-Mawgoud, A. (2022, April 1). Soil moisture
retention and performance of different irrigation practices for wheat crop grown on clay loam
soil. Archives of Agriculture Sciences Journal, 0(0), 242-256.
https://doi.org/10.21608/aasj.2022.260556

Agbehad;ji, I. E., Schitte, S., Masinde, M., Botai, J., & Mabhaudhi, T. (2023, December 26).
Climate risks resilience development: a bibliometric analysis of climate-related early
warning systems in Southern Africa. Climate, 12(1), 3. https://doi.org/10.3390/cli12010003

Ajaykumar, B. N., & Gopinath, G. (2018). Geospatial techniques for the analysis of hypsometric
parameters of a humid tropical river basin, south western ghats, India, Carpathian Journal
of  Earth and Environmental Sciences, 13(  2), 465 -  476.
https://doi.org/10.26471/cjees/2018/013/040

Bakal, H., & Arioglu, H. (2019, December 15). The determination of fatty acids composition and
oil quality factors of some peanut varieties having different market types at different
harvesting times in main and double crop growing seasons in mediterranean region. Turkish
Journal of Field Crops, 221-229. https://doi.org/10.17557/tjfc.655078

Bender, S. F., Wagg, C., van der Heijden, M. G. A. (2016). An underground revolution:
biodiversity and soil ecological engineering for agricultural sustainability. Trends in Ecology
& Evolution, 31(6), 440-452.

Blanco-Canqui, H., Drewnoski, M. E., & Rice, D. G. (2021, January). Does harvesting cover crops
eliminate the benefits of cover crops? Insights after three years. Soil Science Society of
America Journal, 85(1), 146-157. https://doi.org/10.1002/saj2.20175

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

30


https://doi.org/10.21608/aasj.2022.260556
https://doi.org/10.3390/cli12010003
https://doi.org/10.26471/cjees/2018/013/040
https://doi.org/10.17557/tjfc.655078
https://doi.org/10.1002/saj2.20175

CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

Brennan, E. B., & Acosta-Martinez, V. (2017). Cover cropping frequency is the main driver of
soil microbial changes during six years of organic vegetable production. Soil Biology and
Biochemistry, 109, 188-204.

Bryan, E., Alvi, M., Huyer, S., & Ringler, C. (2024, March). Addressing gender inequalities and
strengthening women’s agency to create more climate-resilient and sustainable food systems.
Global Food Security, 40, 100731. https://doi.org/10.1016/j.9fs.2023.100731

Das, S., Berns, K., McDonald, M., Ghimire, D., & Maharjan, B. (2022). Soil health, cover crop,
and fertility management: Nebraska producers’ perspectives on challenges and adoption.
Journal of Soil and Water Conservation, 77(2), 126-134.
https://doi.org/10.2489/jswc.2022.00058

Deng, J. F., Jing, Y. L., & Yin, D. C. (2017). Soil erosion studies should consider the effect of
water erosion on tillage erosion. Journal of Soil and Water Conservation, 72(2), 38A-41A.
https://doi.org/10.2489/jswc.72.2.38a

Du, X., Jian, J., Du, C., & Stewart, R. D. (2022, June). Conservation management decreases
surface runoff and soil erosion. International Soil and Water Conservation Research, 10(2),
188-196. https://doi.org/10.1016/j.iswcr.2021.08.001

Effect of tillage and water management practices on pearl millet - wheat cropping system
productivity, water - balance and soil properties of alluvial soil. (2023). Indian Journal of
Soil Conservation, 51(2). https://doi.org/10.59797/ijsc.v51.i2.130

Galal, A., & El-Masry, G. (2021, January 1). Farmers’ Knowledge of Integrated Pest Management
of Cotton Crop in Some Villages of Ismailia Governorate. Fayoum Journal of Agricultural
Research and Development, 35(1), 114-123. https://doi.org/10.21608/fjard.2021.188569

Golkowska, K., Rugani, B., Koster, D., & Van Oers, C. (2016, March). Environmental and
economic assessment of biomass sourcing from extensively cultivated buffer strips along
water bodies. Environmental Science & Policy, 57, 31-39.
https://doi.org/10.1016/j.envsci.2015.11.014

Grigar, J., Duiker, S. W., & Flanagan, D. C. (2020, May). Understanding Soil Erosion by Water
to Improve Soil Conservation. Crops &  Soils, 53(3), 47-55.
https://doi.org/10.1002/crs0.20030

Integrated Nutrient Management for Enhancing and Sustaining Soil Fertility and Crop Productivity
in  Ethiopia. (2020, November). Journal of Natural Sciences Research.
https://doi.org/10.7176/jnsr/11-21-02

Joshi, R., & Singh, C. B. (2018, December 7). Mulching Effects on Stress Management of Cotton
in Relation to Irrigation and Nitrogen Levels. International Journal of Bio-Resource and
Stress Management, 9(6), 733—739. https://doi.org/10.23910/ijbsm/2018.9.6.1921

Klik, A., & Rosner, J. (2020, September). Long-term experience with conservation tillage practices
in Austria: Impacts on soil erosion processes. Soil and Tillage Research, 203, 104669.
https://doi.org/10.1016/j.still.2020.104669

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

31


https://doi.org/10.1016/j.gfs.2023.100731
https://doi.org/10.2489/jswc.2022.00058
https://doi.org/10.2489/jswc.72.2.38a
https://doi.org/10.1016/j.iswcr.2021.08.001
https://doi.org/10.59797/ijsc.v51.i2.130
https://doi.org/10.21608/fjard.2021.188569
https://doi.org/10.1016/j.envsci.2015.11.014
https://doi.org/10.1002/crso.20030
https://doi.org/10.7176/jnsr/11-21-02
https://doi.org/10.23910/ijbsm/2018.9.6.1921
https://doi.org/10.1016/j.still.2020.104669

CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

Kucukunsal, S., & Icgen, B. (2020, January 7). Removal of antibiotic resistance genes in various
water resources recovery facilities. Water Environment Research, 92(6), 911-921.
https://doi.org/10.1002/wer.1286

Kuznetsova, A. P., & Dragavtseva, I. A. (2023, December 20). Study of drought and heat resistance
in fruit crop varieties under changing climate conditions (on the example of sweet cherry in
Krasnodar Krai). Horticulture and Viticulture, 6, 18-25. https://doi.org/10.31676/0235-
2591-2023-6-18-25

Li, C., Lu, T., Wang, S., & Xu, J. (2023, January 31). Coupled Thorens and Soil Conservation
Service Models for Soil Erosion Assessment in a Loess Plateau Watershed, China. Remote
Sensing, 15(3), 803. https://doi.org/10.3390/rs15030803

Mariappan, K., & Zhou, D. (2019, April 23). A Threat of Farmers’ Suicide and the Opportunity in
Organic Farming for Sustainable Agricultural Development in India. Sustainability, 11(8),
2400. https://doi.org/10.3390/su11082400

Marschner, P., & Zheng, B. (2022, March). Direction and magnitude of the change in water content
between two periods influence soil respiration, microbial biomass and nutrient availability
which can be modified by intermittent air-drying. Soil Biology and Biochemistry, 166,
108559. https://doi.org/10.1016/].50ilbi0.2022.108559

Nasir Ahmad, N. S. B., Mustafa, F. B., Muhammad Yusoff, S. Y., & Didams, G. (2020, June). A
systematic review of soil erosion control practices on the agricultural land in Asia.
International  Soil and Water Conservation  Research, 8(2), 103-115.
https://doi.org/10.1016/j.iswcr.2020.04.001

Noar, R. D., Jahant-Miller, C. J., Emerine, S., & Hallberg, R. (2021, January 1). Early Warning
Systems as a Component of Integrated Pest Management to Prevent the Introduction of
Exotic Pests. Journal of Integrated Pest Management, 12(1).
https://doi.org/10.1093/jipm/pmab011

Ouverson, T., Boss, D., Eberly, J., Seipel, T., Menalled, F. D., & Ishaqg, S. L. (2022, October 13).
Soil bacterial community response to cover crops, cover crop termination, and predicted
climate conditions in a dryland cropping system. Frontiers in Sustainable Food Systems, 6.
https://doi.org/10.3389/fsufs.2022.911199

Paredes-Fortuny, L., & Khodayar, S. (2023, December). Understanding the Magnification of
Heatwaves over Spain: Relevant changes in the most extreme events. Weather and Climate
Extremes, 42, 100631. https://doi.org/10.1016/j.wace.2023.100631

Pearsons, K. A., Omondi, E. C., Zinati, G., Smith, A., & Rui, Y. (2023, February). A tale of two
systems: Does reducing tillage affect soil health differently in long-term, side-by-side
conventional and organic agricultural systems? Soil and Tillage Research, 226, 105562.
https://doi.org/10.1016/j.still.2022.105562

Petr, N., & Josef, H. (2018, April 27). Translocation of Soil Particles during Secondary Soil Tillage
along Contour Lines. Water, 10(5), 568. https://doi.org/10.3390/w10050568

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

32


https://doi.org/10.1002/wer.1286
https://doi.org/10.31676/0235-2591-2023-6-18-25
https://doi.org/10.31676/0235-2591-2023-6-18-25
https://doi.org/10.3390/rs15030803
https://doi.org/10.3390/su11082400
https://doi.org/10.1016/j.soilbio.2022.108559
https://doi.org/10.1016/j.iswcr.2020.04.001
https://doi.org/10.1093/jipm/pmab011
https://doi.org/10.3389/fsufs.2022.911199
https://doi.org/10.1016/j.wace.2023.100631
https://doi.org/10.1016/j.still.2022.105562
https://doi.org/10.3390/w10050568

CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

R, S., & Richard, J. J. (2022). Windbreaks and Shelterbelts: Bio-Protectors for Soil and Wind
Erosion. SSRN Electronic Journal. https://doi.org/10.2139/ssrn.4216977

Ratto, F., Bruce, T., Chipabika, G., Mwamakamba, S., Mkandawire, R., Khan, Z., Mkindi, A.,
Pittchar, J., Sallu, S. M., Whitfield, S., Wilson, K., & Sait, S. M. (2022, December 7).
Biological control interventions reduce pest abundance and crop damage while maintaining
natural enemies in sub-Saharan Africa: a meta-analysis. Proceedings of the Royal Society B:
Biological Sciences, 289(1988). https://doi.org/10.1098/rspb.2022.1695

RC, Y. (2020). Renaissance of Raised Bed and Furrow as Soil Nano Tech for Producing Global
Food Sufficiency for Accomplishing Sustainable Development Goal. SunText Review of
BioTechnology, 01(03). https://doi.org/10.51737/2766-5097.2020.018

Sjulgard, H., Keller, T., Garland, G., & Colombi, T. (2023, October). Relationships between
weather and yield anomalies vary with crop type and latitude in Sweden. Agricultural
Systems, 211, 103757. https://doi.org/10.1016/j.agsy.2023.103757

Srivastava, R. (2022). Sustainable food production through climate resilient crop: A case study of
water spinach (Ipomoea aquatica). Climate Change and Environmental Sustainability, 10(2),
132-141. https://doi.org/10.5958/2320-642x.2022.00014.x

Tamagnone, P., Cea, L., Comino, E., & Rosso, M. (2020, September 22). Rainwater Harvesting
Techniques to Face Water Scarcity in African Drylands: Hydrological Efficiency
Assessment. Water, 12(9), 2646. https://doi.org/10.3390/w12092646

Tripathi, J., & Variyar, P. S. (2021, February 26). Food safety and methods to ensure food security
in the face of climate change. CABI Reviews. https://doi.org/10.1079/pavsnnr202116015

Udom, B., & Benwari, A. (2019, September 15). Soil Structure, Organic Matter and Microbial
Diversity in Soil under Some Tropical Cover Crops. Asian Journal of Biological Sciences,
12(4), 742-749. https://doi.org/10.3923/ajbs.2019.742.749

Ullrich, L. (2023, May 17). Specialist training as a radiologist abroad—same same but different?
Die Radiologie, 63(6), 457-460. https://doi.org/10.1007/s00117-023-01155-2

Vidar, M. (2022, March). Soil and agriculture governance and food security. Soil Security, 6,
100027. https://doi.org/10.1016/j.s0isec.2021.100027

Wang, Z., & Liu, W. (2021, August 19). Wind energy potential assessment based on wind speed,
its direction and power data. Scientific Reports, 11(1). https://doi.org/10.1038/s41598-021-
96376-7

Zounon, C. S. F., Moussa, M., Abasse, T., Hamadou, I., Rabiou, H., Katkore, B., Tidjani, D., &
Ambouta, J. M. K. (2022, August 27). Perception paysanne de 1’écologie des especes
ligneuses fourragéres et médicinales (ELFM) de la régénération naturelle assistée (RNA)
suivant un gradient agro-écologique du centre-sud du Niger. International Journal of
Biological and Chemical Sciences, 16(3), 1057-1070. https://doi.org/10.4314/ijbcs.v16i3.13

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

33


https://doi.org/10.2139/ssrn.4216977
https://doi.org/10.1098/rspb.2022.1695
https://doi.org/10.51737/2766-5097.2020.018
https://doi.org/10.1016/j.agsy.2023.103757
https://doi.org/10.5958/2320-642x.2022.00014.x
https://doi.org/10.3390/w12092646
https://doi.org/10.1079/pavsnnr202116015
https://doi.org/10.3923/ajbs.2019.742.749
https://doi.org/10.1007/s00117-023-01155-2
https://doi.org/10.1016/j.soisec.2021.100027
https://doi.org/10.1038/s41598-021-96376-7
https://doi.org/10.1038/s41598-021-96376-7

