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Foreword

Africa accorded the agricultural sector the priority which it deserves through the endorsement of
the Comprehensive Africa Agriculture Development Programme ( CAADP) by African heads of state
and government in 2003 in Maputo, Mozambique, with the aim of transforming Africa’s agriculture
to ensure food and nutrition security in Africa, reduce poverty and create jobs. In June 2014 on the
10th anniversary of the implementation of CAADP, African heads of state and government meeting
in Malabo, Equatorial Guinea adopted the Malabo Declaration on Accelerated Agricultural Growth and
Transformation for Shared Prosperity and Improved Livelihoods, with a wider mandate and more tar-
geted approach to achieve the agricultural vision of shared prosperity and improved livelihoods for
the continent.

The specific goals and targets to be attained by 2025 include: recommitting to the principles
of CAADP; enhancing investment finance in agriculture; ending hunger in Africa by 2025; by
doubling productivity and halving the current level of post-harvest losses; halving poverty through
improved agricultural growth and transportation; tripling intra-Africa trade in agricultural
commodities and services; enhancing resilience in livelihoods and production systems to climate
variability and other shocks; and commitment to mutual accountability to actions and results.

With five years to 2025, progress in achieving the Malabo Declaration goals has been slow as
revealed by the 2020 African Union Biennial Review Report which indicates that only 4 out of the
49 countries that participated in the exercise are on track towards meeting these targets, though 36
other countries improved on their 2018 performance in the first Biennial Review Report. The major
hindrances have been conflict accentuated by climate change and now COVID-19.

There is broad consensus by farmers and agrarian experts in Africa that we must change the
way we farm, if we are to get different and better results to attain the envisaged Malabo goals as well
as the Sustainable Development Goals and overcome the current soil-degrading and environment-
polluting farming paradigm that has shaped African agriculture, making African youths turn their
backs on farming. I believe that the transformation of African agriculture to a new farming paradigm
must be conservation-based and reliant on system science if it is to deliver optimally on productivity and
environmental sustainability. Such transformation would need radical reform in the institutional
support from the public and private sectors as well as civil actors including creating the enabling en-
vironment for both public and private investment.

The key to transforming Africa’s agriculture lies in the ability of the millions of farmers to improve
the soil health and biodiversity of their smallholder farms, averaging two hectares. These groups of
farmers have negligible access to mechanization and other inputs to improve production.

xiii
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Xiv Foreword

There is a great deal of accumulated scientific and empirical evidence about the relevance and
feasibility of Conservation Agriculture as the core of climate-smart, sustainable production intensi-
fication systems for use across Africa. Success stories and the scientific evidence on the performance
of Conservation Agriculture abound within Africa and across the Global South. The vision to learn
from within and outside Africa, and protecting and embracing its diversity, was well articulated by
the First Africa Congress on Conservation Agriculture (1ACCA) held in Lusaka, Zambia in 2014 and
endorsed through the African Union’s 2014 Malabo Declaration to have 25 million households
practicing climate smart agriculture by 2025 (Vision 25x25).

It is now time to expand this evidence base through scientific experimentation to include small-
holder farmers currently without access to mechanization and production inputs and spread the
information to farmers, supporting institutions, investors and governments that Conservation
Agriculture is applicable to their diversified agro-ecological and socioeconomic situations.

This book brings to the fore scientific and empirical evidence about Conservation Agriculture in
Africa, articulated by the Second Africa Congress on Conservation Agriculture (2ACCA) held in
Johannesburg in 2018. It describes how farmers in Africa are successfully adopting Conservation
Agriculture as an alternative to the unsustainable conventional farming practices and as a solution
to loss of agricultural productivity, soil erosion and land degradation, climate change challenges and
ever-increasing food insecurity. The 2 ACCA was organized by African Conservation Tillage Network
(ACT), in collaboration with the Government of the Republic of South Africa, African Union
Commission, African Union Development Agency—New Partnership for Africa's Development
(AUDA-NEPAD), Regional Economic Communities, Norwegian Agency for Development Cooper-
ation (NORAD), Food and Agriculture Organisation of the United Nations (FAO) and various bilat-
eral and multilateral partners.

The theme of this book is: Conservation Agriculture in Africa: Climate Smart Agricultural Development.
It is about how Conservation Agriculture can support the implementation of the African Union’s
Malabo Declaration and Agenda 2063 which calls for climate smart agricultural development. It
provides development-oriented case studies and scientific evidence relevant to all stakeholders in the
public, private and civil sectors who are engaged in building policy, institutional and human capacity
to accelerate the mainstreaming of Conservation Agriculture across Africa.

Conservation Agriculture is also one of the Ten Elements of the Framework for Sustainable
Agricultural Mechanization in Africa (F-SAMA) jointly developed by FAO and the African Union.
Conservation Agriculture has the potential to contribute to the attainment of the African Union’s
2014 Malabo Declaration Vision 25 x 25 which aims to send the ‘hand held hoe’ to the museum and
liberate the African farmer from the back-breaking drudgery of manually tilling the land.

I recommend this book to all stakeholders, committed to facilitating the transformation of African
agriculture in the coming decades. Such a transformation is unlikely to take place without Conser-
vation Agriculture playing a central role in sustainable agricultural intensification. It is with a great
sense of gratitude and pleasure that I warmly congratulate the Africa Conservation Agriculture
Community of Practice, including all the farmers who have so far adopted Conservation Agriculture, for
their remarkable success in their efforts to initiate an enduring foundation for sustainable
agriculture development across the continent in such a short period of time.

\,\m.&.ﬂ = el =

H.E. Ambassador Josefa Leonel Correia Sacko

Commissioner for Agriculture, Rural Development, Blue Economy and Sustainable Environment
African Union Commission

Addis Ababa
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Preface

Tillage agriculture has led to widespread soil and ecosystem degradation globally, and more particularly
in the developing regions. This is especially so in Africa where traditional tillage-based agricultural
farming systems and practices have become unsustainable owing to soil disturbance and ‘mining’ of
natural resources with negative impacts on productivity and the environment. In addition, agricul-
ture in Africa today faces major challenges including increased cost of production inputs and energy,
climate change and lack of an effective paradigm for sustainable production intensification.

Conservation agriculture (CA) has emerged as a major alternate sustainable agriculture prac-
tice in Africa and has spread to many African countries in the past decade as more development and
research effort is directed towards its extension and uptake. The First Africa Congress on Conserva-
tion Agriculture was held in Lusaka from 18 to 21 March 2014 to share experiences and lessons,
and to facilitate alliances to unblock hindrances to expand and scale-up adoption of CA, especially
among the smallholder farming systems and related industry in Africa. The theme of the Congress
included ‘building resilient farming systems’.

This book is based on the material presented at the Second Africa Congress on Conservation
Agriculture which was held in Johannesburg, South Africa, on 9-12 October 2018. The main theme
of the Congress was: Making Climate Smart Agriculture Real in Africa with Conservation Agriculture:
Supporting the Malabo Declaration and Agenda 2063. The Congress was aligned to mobilize stake-
holders in all agriculturally related sectors to provide development support, impetus and direction to
the vision and agenda for transforming African agriculture as set out by the Malabo Declaration and
Agenda 2063.

The Congress illustrated the vast network of pan-African stakeholders in the public, private and
civil sectors that are engaged in generating and applying knowledge, innovation and development
action to support the transformation of agriculture across Africa. The stakeholders addressed five
areas of needs: (i) policy and institutional support for mainstreaming CA; (ii) research and innovation to
support the spread of CA; (iii) education and training to accelerate the uptake of CA by farmers;
(iv) investment in CA sectors along the value chain, including mechanization; and (v) knowledge
and communication for CA uptake.

The book illustrates that CA has amply shown itself to be a relevant and worthy core component
of climate smart agriculture. The area under CA cropland in Africa has more than trebled since
2008/09, with at least 25 countries formally and actively promoting CA through public, private and
civil society initiatives.

The book also shows that much new expertise and experience about CA has been gained, espe-
cially during the last decade, through research training and farmer innovation and also by increased

XV
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XVi Preface

agricultural investments in institution building. Consequently, CA now holds greater promise to
serve as a sustainable pillar in the implementation of Agenda 2063. The Second Africa Congress on
Conservation Agriculture and the work presented in the chapters of this book provide scientific and
empirical evidence that CA is already contributing to advances in Africa’s agricultural transform-
ation. During the Official Opening of the Congress (reproduced in Chapter 30), the inaugural speech
was given by the Director General of South Africa’s Department of Agriculture, Forestry and Fisher-
ies (DAFF), Mr Mzamo Michael Mlengana. He called for concerted efforts at all levels, including in
policy and investments, to foster accelerated expansion and widespread practising of CA, as an inte-
gral part of community and national efforts in building sustainable and viable agricultural systems.

The Congress ended with a stakeholder action statement which highlighted key priority issues
and action areas in pursuit of continued expansion of the practice of CA in the coming months and
years leading up to the Third Africa Congress on Conservation Agriculture, which is expected to be
held in 2022.

The book comprises 30 chapters, selected out of the 70 papers that were presented at the
Congress, including papers from policy analysts and institution leaders who were involved in panel
discussions on important fields in CA development. The book reflects the important development-
related policy, scientific and technical work that is going on across Africa with regard to CA and its
support of the Malabo Declaration and Agenda 2063. This book complements the material which
CABI published from the First Africa Congress under the title Conservation Agriculture for Africa:
Building Resilient Farming Systems in a Changing Climate.

The aim and scope of the book is to make available up-to-date knowledge regarding CA to all
stakeholders who are or who should become engaged in supporting the transformation of conven-
tional tillage agriculture into no-till CA. The book presents the reasons why conventional tillage
agriculture in Africa must transform into commercial and mechanized no-till CA. It highlights the
advantages and benefits — productivity, economic, environmental and social — that can be harnessed
by farmers and society as a result.

The need for the book stems from the fact that the African Union (AU), NEPAD (AUDA)-CAADP
and all African national governments have declared their agricultural development priorities in the
form of the Malabo Declaration and the supporting Agenda 2063. However, they have not been
specific with regard to which agricultural paradigm should be adopted for implementing Agenda
2063. Thus, the book is essentially about how CA can support the implementation of Agenda 2063,
which calls for the development of climate smart agriculture.

In specific terms, the book is about how climate smart agricultural development in Africa
can be made real as envisioned by the Malabo Declaration and elaborated in Agenda 2063. The
book: (i) provides a record of current scientific and empirical evidence generated across Africa about
the relevance of CA to meet the aims and objectives of the Malabo Declaration and Agenda 2063;
(ii) illustrates the research, education and development efforts and investments under way to
support the adoption and mainstreaming of CA as the best example of climate smart agriculture in
Africa; and (iii) highlights the need for stakeholders in the public, private and civil sectors in Africa
and internationally to become engaged in building policy, institutional and human capacity to accel-
erate the agricultural transformation based on CA to achieve Agenda 2063.

The book is organized in six parts. Part 1 deals with Making Climate Smart Agriculture Real in
Africa (chapters 1-3). Part 2 deals with Mainstreaming of the Conservation Agriculture Paradigm
in Africa (chapters 4-8). Part 3 deals with Research and Innovation for Conservation Agriculture
Systems Development (chapters 9-18). Part 4 deals with Education and Training for Conservation
Agriculture (chapters 19-23). Part 5 deals with Investing for Agricultural Transformation (chapters
24-29). Part 6 deals with The Future (chapter 30).

We hope that this book will serve as a source of scientific and empirical evidence to policy
makers and institutional leaders in the public, private and civil sectors to help in decision making
in support of greater investments in CA development; and to academics, scientists and students in
formulating their strategic directions and priorities for an expanded and effective CA innovation and
knowledge system for agricultural and economic development in Africa.
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1 The Malabo Declaration and Agenda
2063: Making Climate Smart Agriculture Real
with Conservation Agriculture in Africa

Saidi Mkomwa'*, Amir Kassam?, Martin Bwalya® and Reynolds K. Shula*
African Conservation Tillage Network, Nairobi, Kenya; 2University of Reading, UK; *AUDA-
NEPAD, Midrand, South Africa; *African Conservation Tillage Network, Lusaka, Zambia

Abstract

The African Union (AU) has provided the vision and even a hint of the future through Agenda 206 3: The Africa We
Want, to be achieved, in part, through accelerated agricultural growth and transformation, leading to shared
prosperity and improved livelihoods. The promulgation is contained in the Malabo Declaration of the AU Summit
held in Malabo, Equatorial Guinea, in June 2014. Attaining the ambitious commitments of ending hunger, doub-
ling productivity, halving post-harvest losses and poverty, enhancing resilience in livelihoods and production
systems to climate variability and other shocks, and reducing child stunting to 10% and numbers of underweight
children to 5% by 2025 requires a definition of the strategies and the operative paradigms. The Declaration also
calls for African agriculture to become climate smart. This chapter presents the strategic positioning of Conser-
vation Agriculture (CA) in making climate smart agriculture (CSA) real in Africa and harnessing partnerships,
informed by science and analyses of lessons from past interventions. We conclude that investing US$50 per
household, in a capacity development programme in CA for 25 million households, has the potential to increase
land productivity, produce food surpluses and transform livelihoods, thus attaining the Malabo Declaration tar-
gets. The investment in and adoption of CA-based CSA to that magnitude will not only move Africa’s agriculture
to a new level, where a significant proportion of agricultural land is managed with CA systems, but also supply
competitively priced raw materials for transformative industrial and economic growth in Africa.

Keywords: Resilience, development, economic growth, African Union, Vision 25%25, livelihoods

1.1 The Malabo Declaration and

Agenda 2063: Africa’s Vision for

Conservation Agriculture-based
Climate Smart Agriculture

Africa, boost shared prosperity and meet the
nutritional needs of a projected 2 billion people
by 2050. Growth in the agriculture sector
worldwide is two to four times more effective in
raising real incomes among the poorest compared
1.1.1  Agriculture, Livelihoods to other sectors (Townsend, 2015). Agriculture

and Wealth Creation employs 65%—-70% of the African workforce

and supports the livelihoods of 90% of Africa’s

Agricultural development is one of the most population while contributing 15% of total
powerful tools to overcome extreme poverty in  gross domestic product (GDP). In a number of

* saidi.mkomwa@act-africa.org

© CAB International 2022. Conservation Agriculture in Africa (S. Mkomwa and A. Kassam eds)
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countries agriculture has the potential to con-
tribute more than 25% of GDP. Taking all the
related sectors together, and including food
processing, manufacturing and services, the
total GDP contribution can be much higher.
Agriculture is a major provider of jobs when
there is no other employment opportunity. Given
the central role of agriculture in relation to food
security, employment, livelihoods and economic
growth — particularly for Africa where a large
majority of the poorest make a living from farm-
ing and in related sectors — agriculture remains,
therefore, the most effective way to lift people out of
poverty and meet the food needs of the increas-
ing urban populations in the non-agricultural
sectors. Sustainable and higher output small-
holder and medium-scale agriculture is a neces-
sary and effective way to combat poverty and
hunger for the foreseeable future.

Agriculture in many low- and middle-income
countries is facing a threefold challenge: need-
ing to meet growing food security and nutrition
goals, being environmentally adapted and sus-
tainable, and contributing to improving livelihoods
and national economic growth. Currently, agri-
culture, forestry and land use change are respon-
sible for about 25%—-30% of greenhouse gas
(GHG) emissions. Furthermore, traditional forms
of agriculture account for 70% of water use and
generate unsustainable levels of pollution and
waste. The conventional tillage-based agriculture
also leads to a downward spiral of environmen-
tal and natural resource degradation (erosion,
pollution, soil mining, loss of biodiversity, etc.).
Tillage-based farming reduces soil organic matter
accumulation, destroys soil structure and debili-
tates soil biodiversity, all of which are important
elements in ecosystem functions that create
healthy, productive soils and deliver sustainable
production and ecosystem services. Therefore, a
shift to climate smart agriculture (CSA) that
contributes to reducing the adverse climate and
environmental impacts to meeting Agenda 2063
and the Sustainable Development Goals (SDGs)
is not just urgent, but imperative for Africa.

1.1.2 The Malabo Declaration:
Transforming Africa’s Agriculture

At the African Union (AU) Summit in Malabo,
Equatorial Guinea, in June 2014, heads of state

printed on 2/14/2023 5:57 AMvia .

and government adopted a remarkable set of
concrete agriculture goals to be attained by
2025. The Malabo Declaration on Accelerated Agri-
cultural Growth and Transformation for Shared
Prosperity and Improved Livelihoods was, for Africa,
arenewal of the continent’s resolve and commit-
ment to the Comprehensive Africa Agriculture
Development Programme (CAADP) Decision
(AUDA-NEPAD, 2003). The Malabo Decision ar-
ticulated commitment to a new set of goals
showing a more targeted approach to achieve
the vision of agriculture-driven economic growth,
improved livelihoods and shared prosperity for
all. The Malabo Summit reconfirmed that agri-
culture should remain high on the development
agenda of the continent and is a critical policy
initiative for African economic growth and pov-
erty reduction.

The call for action was to establish an expe-
dient process to translate these commitments
into results. This included calling upon the AU
Commission and New Partnership for Africa’s
Development (NEPAD) Planning and Coordinat-
ing Agency (NPCA) (now the AU Development
Agency) to develop an implementation strategy
and roadmap that facilitates translation of the
2025 targets of Africa accelerated agricultural
growth and transformation into concrete results
and impacts. Commitment Six of the Malabo
Declaration calls for AU Member States to ‘en-
hance resilience of livelihoods and production
systems to climate variability and other related
risks’. AU Member States are expected to ‘ensure
that at least 30% of farm, pastoral and fisher
households are resilient to climate and weather-
related risks’. In Malabo, African leaders and
member states also adopted the Africa Climate
Smart Agriculture Vision 25%X25 which aims to
support at least 25 million farm households to
practise CSA by 2025 (AUDA-NEPAD, 2014).

1.1.3 Agenda 2063: Framework
for The Africa We Want

Agenda 2063 is Africa’s blueprint and master
plan for transforming Africa into a global power-
house. It is the continent’s strategic framework
that aims to deliver on its goal for inclusive and
sustainable development and is a concrete mani-
festation of the pan-African drive for unity,
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The Malabo Declaration and Agenda 2063

The 2014 Malabo Declaration made seven specific commitments to achieve accelerated agricultural
growth and transformation for shared prosperity and improved livelihoods:

1. Recommitment to the principles and values of the Comprehensive Africa Agriculture Development
Programme (CAADP) process
2. Commitment to enhance investment finance in agriculture
o Uphold 10% public spending target
o Create and enhance policy and institutional conditions for investment in agriculture, agribusiness
and agro-industries
O Operationalize the African Investment Bank
3. Commitment to ending hunger by 2025
O At least double productivity (focusing on inputs, knowledge & skills, irrigation, mechanization)
O Reduce post-harvest losses by at least 50%
o Increase agricultural productivity with social protection for vulnerable groups
© Nutrition: reduce underweight to 5% and stunting to 10%
4. Commitment to halving poverty by 2025 through inclusive agricultural growth and transformation
© Sustain annual growth of at least 6% in agricultural sector GDP
o Establish and/or strengthen inclusive public—private partnerships for at least five priority agricul-
tural value chains with strong linkage to smallholder agriculture
o Create job opportunities for at least 30% of youth in agricultural value chains
o Preferential entry & participation by women and youth in gainful and attractive agribusiness
5. Commitment to boosting intra-African trade in agricultural commodities & services
© Triple intra-Africa trade in agricultural commodities and services
o Fast-track continental free trade area and transition to a continental common external tariff
scheme
6. Commitment to enhancing resilience in livelihoods and production systems to climate variability and
other related risks
o Ensure that, by 2025, at least 30% of farm/pastoral households are resilient to climate- and
weather-related risks
© Enhance investments for resilience-building initiatives, including social security for rural workers
and vulnerable social groups, as well as for vulnerable ecosystems
o Mainstream resilience and risk management in policies, strategies and investment plans
7. Commitment to mutual accountability to actions and results
o Conduct a biennial agricultural review process through the CAADP results framework, involving
tracking, monitoring and reporting on progress
o Strengthen national and regional institutional capacities for knowledge and data generation and
management that support evidence-based planning, implementation, monitoring and evaluation
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self-determination, freedom, progress and collect-
ive prosperity pursued under pan-Africanism
and an African renaissance (AUC, 2015). As
an affirmation of their commitment to support
Africa’s new path for attaining inclusive and
sustainable economic growth and development,
African heads of state and government signed
the 50th Anniversary Solemn Declaration (AU,
2013) during the Golden Jubilee celebrations of
the formation of the OAU/AU in May 2013. The
Declaration marked the re-dedication of Africa
towards the attainment of the pan-African vision
of ‘An integrated, prosperous and peaceful
Africa, driven by its own citizens, representing a
dynamic force in the international arena’ and

Agenda 2063 is the concrete manifestation of
how the continent intends to achieve this
vision within a 50-year period from 2013 to
2063. The Africa of the future was captured in a
letter presented by the then Chairperson of the
AU Commission, Dr Nkosazana Dlamini Zuma
(AU, 2013).

Agenda 2063: The Africa We Want has
seven aspirations (AUC, 2015), the first being
‘A prosperous Africa based on inclusive growth
and sustainable development’. The ten elements
of this first aspiration, summarized in Table 1.1,
identify and prioritize inclusive growth and sus-
tainable development using Africa’s resources as
the basis of prosperity.
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Table 1.1. The ten elements of the first aspiration: a prosperous Africa based on inclusive growth and
sustainable development. From AU Commission, 2015 (http://creativecommons.org/licenses/by/4.0/,
accessed 30 June 2021).

1. Eradicate poverty in one generation and build shared prosperity through social and economic
transformation of the continent.

2. Aspire that, by 2063, Africa shall be a prosperous continent with the means and resources to drive its
own development, with sustainable and long-term stewardship of its resources and where:

a) African people have a high standard of living and quality of life, sound health and well-being;

b) presence of well-educated and skilled citizens, underpinned by science, technology and innovation for a
knowledgeable society is the norm and no child misses school owing to poverty or any form of
discrimination;

c) cities and other settlements are hubs of cultural and economic activities, with modernized
infrastructure, and people have access to affordable and decent housing with all the basic
necessities of life such as water, sanitation, energy, public transport and ICT;

d) economies are structurally transformed to create shared growth, decent jobs and economic
opportunities for all;

e) modern agriculture for increased production, productivity and value addition contributes to farmers’
and national prosperity and Africa’s collective food security; and

f) Africa’s unique natural endowments, its environment and ecosystems, are healthy, valued and
protected, with climate-resilient economies and communities.

3. By 2063, African countries will be among the best performers in global quality of life measures. This will
be attained through strategies of inclusive growth, job creation and increasing agricultural production;
investments in science, technology, research and innovation; and gender equality, youth empowerment
and the provision of basic services including health, nutrition, education, shelter, water and sanitation.

4. Africa’s collective GDP will be proportionate to its share of the world’s population and natural resource
endowments.

5. Africa’s agriculture will be modern and productive, using science, technology, innovation and
indigenous knowledge. The hand hoe will be banished by 2025 and the sector will be modern,
profitable and attractive to the continent’s youth and women.

6. Africa’s human capital will be fully developed as its most precious resource, through sustained
investments based on universal early childhood development and basic education, and sustained
investments in higher education, science, technology, research and innovation, and the elimination of
gender disparities at all levels of education. Access to post-graduate education will be expanded and
strengthened to ensure world-class infrastructure for learning and research, and to support scientific
reforms that underpin the transformation of the continent.

7. Africa’s blue/ocean economy, which is three times the size of its landmass, shall be a major
contributor to continental transformation and growth, through knowledge of marine and aquatic
biotechnology, the growth of an Africa-wide shipping industry, the development of sea, river and lake
transport and fishing; and exploitation and beneficiation of deep sea mineral and other resources.

8. While Africa at present contributes less than 5% of global carbon emissions, it bears the brunt of the
impact of climate change. Africa shall address the global challenge of climate change by prioritizing
adaptation in all its actions, drawing upon skills of diverse disciplines with adequate support to ensure
implementation of actions for the survival of the most vulnerable populations, including islands states,
and for sustainable development and shared prosperity.

9. Africa will participate in global efforts for climate change mitigation that support and broaden the policy
space for sustainable development on the continent. Africa shall continue to speak with one voice and
unity of purpose in advancing its position and interests on climate change.

10. Africa shall have equitable and sustainable use and management of water resources for socio-economic
development, regional cooperation and the environment.

The AU’s Agenda 2063 sets both the vision
and the action plan for the development of the con-
tinent over the next 50 years. Adopted in June 2014,
the first 10-yearimplementation plan (2015-2025)
covers seven priority areas aligned with the SDGs.

These priorities are defined in the 2014 Malabo
Declaration on Accelerated Agricultural Growth
and Transformation for Shared Prosperity and
Improved Livelihoods, and positioned CSA as a
priority on the continental development agenda.
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Accordingly, African heads of state and
government pledged, among other goals, to end
hunger by 2025, focusing on the triple targets of
increased production, reduced losses and waste
and improved nutrition. Commitment Six of the
Malabo Declaration calls for AU Member States
to ‘enhance resilience of livelihoods and produc-
tion systems to climate variability and other
related risks’. AU Member States are expected to
‘ensure that at least 30% of farm, pastoral and
fisher households are resilient to climate and
weather-related risks’.

Elements 2 (e and f), 3, 5 and 9 comprise, to
a large extent, action points relating to the real-
ization of a prosperous Africa based on inclusive
growth and sustainable development. These
include: (i) modern and productive agriculture
using science, technology, innovation and indi-
genous knowledge for increased production,
productivity and value addition; (ii) banishing
the hand hoe by 2025; ensuring that the sector
will be profitable and attractive to the continent’s
youth and women; (iii) ensuring that Africa’s
natural endowments, environment and ecosys-
tems are healthy, valued and protected, with
climate-resilient economies and communities;
(iv) development of strategies for inclusive
growth and job creation; increasing investments
in science, technology, research and innovation;
gender equality and youth empowerment; and
(v) addressing the global challenge of climate
change by prioritizing adaptation in all actions,
drawing upon the skills of diverse disciplines.

Based on the scientific and empirical evidence
from around the world, including Africa, the de-
velopment community in Africa is convinced that
Conservation Agriculture (CA) has a unique role
to play in making these action points a reality.

1.1.4 Operationalization of the
Malabo Declaration and Agenda 2063: The
ACCA Process

The First and the Second Africa Congresses on
Conservation Agriculture (1ACCA and 2ACCA)
were held to bring together expert knowledge,
information and insights from practitioners
from across different sectors and interest groups
from the public, private and civil sectors under
one platform. Here they discussed and strategically

agreed upon scaling CA as an integral part of
the growing food and agriculture systems
in Africa. The 1ACCA, held in Lusaka, Zambia,
in March 2014, led to the Lusaka Declaration
where stakeholders committed to have 25 million
smallholder farmers in Africa practising CA by
2025. This is popularly known as Lusaka Vision
25%25 (ACT, 2015). In summary, the support to
the realization of the 1ACCA Declaration was
anchored on ten interventions (Table 1.2).

The 2ACCA (https://www.africacacongress.
org/, accessed 30 June 2021) was held in Johan-
nesburg, South Africa, in October 2018 (out-
comes summarized in Chapter 30, this volume). The
congress participants resolved to foster and bring
to scale the practising of CA, thereby making
tangible contributions towards the attainment of
Africa’s development goals in Agenda 2063 in
general; and, specifically, in the Malabo Declar-
ation on Agriculture Transformation, includ-
ing the 25%25 target. The Statement of Actions
was summarized under the following categories:

1. Appeal to governments and other public insti-
tutions, organizations and partner institutions,
civil society players as well as the private sector,
at all levels, to intensify locally adapted actions
aimed at fostering the enabling environment and
empowering human capital in scaling up the
practicing of CA.

2. Continued commitment by public, private,
farmers and farmer organizations, civil society
and development partners to embrace and build
on the gains and lessons from implementation of
the outcomes of the first Africa Congress on CA.
3. Reaffirm that the Africa Congress on CA is an
important event with essential value in provid-
ing a platform for sharing, networking and
linking up for potential collaborations. There-
fore, urge ACT to continue in mobilizing all
concerned stakeholders and championing the
hosting of the Congress.

1.2 Conservation Agriculture and
Climate Smart Agriculture

1.2.1 What is Conservation Agriculture?

CA is a systems approach to farming based on
the application of three interlinked principles as
defined by the Food and Agriculture Organization
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Table 1.2. The ten Declaration points of the 1ACCA. Courtesy African Conservation Tillage Network (ACT).

Resolutions to achieve the Comprehensive Africa Agriculture Development Programme (CAADP) goal of
6% growth of the agricultural sector

Policy, political commitment and leadership

1. We call for commitment from all national and international stakeholders in the public, private and civil
sectors to support the up-scaling of CA as a climate smart technology to reach at least 25 million
farmers across Africa by 2025

2. Governments are called upon to create a conducive environment for the adoption and development of
CA by investing more in CA education and extension; integrating CA training in educational curricula;
and supporting CA farmers and their organizations

3. Governments are called upon to create an enabling policy environment to allow investment financing
and technological development including private sector involvement in CA-related value chains

4. Development partners are urged to increase support to CA programmes under the CAADP agriculture
climate agenda

Private sector engagement
5. Urge the private sector to proactively support up-scaling of CA through further innovations and
increased investments financing appropriate CA technologies and related services

Training, extension, research and innovation, and knowledge support

6. ACT is to establish a quality-assurance system for accredited agricultural training institutions to
provide CA training certificates. ACT will also collaborate with relevant stakeholders for the
harmonization of CA training curricula

7. Farmers who have adopted CA should be supported to be champions and educators for their
counterparts. Furthermore, they should establish locally relevant collaborations, innovation platforms
and associations that can engage with government and other CA actors

8. Agricultural training institutions are requested to take up CA as an integral part of their training
programmes and to take part in farmer sensitization and training efforts

9. Urge all concerned including Forum for Agricultural Research in Africa (FARA) and the Consultative
Group on International Agricultural Research (CGIAR) to ensure research and extension on CA is
farmer-focused and responsive to the needs of farming communities. Research findings should be
communicated more effectively to inform decision making at different levels, as well as to support
knowledge management systems, including extension and training

10. ACT, in collaboration with FAO and Regional Economic Communities (RECs) are called upon to

support knowledge management by stakeholders, including the CA task forces.

of the United Nations (FAO, www.fao.org/ag/ca, activity. This will enhance and maintain

accessed 30 June 2021), namely: soil health including structure and aggre-
gate stability; contribute to integrated weed,
pest and nutrient management; and en-
hance productivity, system efficiency, resili-
ence and ecosystem services.

e Diversification of species: using diversified
cropping systems with crops in associ-
ations, sequences or rotations that will con-
tribute to enhanced crop nutrition; crop
protection; soil organic matter build-up and
productivity; system efficiency and resilience;
and ecosystem services. Crops may include
annuals, trees, shrubs, nitrogen-fixing
legumes and pasture, as appropriate.

e  Continuously avoiding or minimizing mech-
anical soil disturbance: sowing seed or plant-
ing crops directly into untilled soil and
managing weeds without tillage to maintain
soil organic matter (which is essential to pro-
mote soil biological processes; protecting soil
structure, porosity, and overall soil health; and
enhancing productivity, system efficiency,
resilience and ecosystem services).

e Enhancing and maintaining a permanent
mulch cover with crop biomass on the soil
surface: using crop biomass (including
stubble) and cover crops to protect the soil
surface; conserving water and nutrients; These three CA principles, when put into
supplying organic matter and carbon to the  practice together through locally formulated
soil system; and promoting soil biological and adapted practices, should be implemented in
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combination with ‘other good practices and
technologies’ related to integrated crop, soil, nu-
trient, water, pest and energy management
by farmers to obtain full productivity, socio-
economic and environmental benefits from CA
for themselves and for society. The other good
practices and technologies cover a large range of
expertise from equipment and machinery to soil
management, residue management and cover
crops to pest (weeds, insects, pathogens) man-
agement and nutrient and water management
including crop and cropping system manage-
ment (FAO, 2011). It is also important that the
practising of CA and related crop and input
choices provides a viable business for the farm.
In addition, each country and sub-region in
Africa has its own unique resource endowment,
socio-economic conditions, range of production
and farming systems, and agricultural and
economic development opportunities. Likewise,
each country and sub-region will have its own
particular measures and patterns for adaptation
into the local circumstances as well as adoption
and spread of CA in space and time.

This state of affairs calls for flexibility and
adaptability in the practice and operation of CA
systems according to the specific biophysical and
socio-economic situation in each country and
sub-region. Given this understanding, therefore,
the CA principles need to be translated into
locally adapted practices that can work system-
atically in defined crop—soil-water—nutrient—
pest—ecosystem management at a variety of
scales to provide for optimal and sustainable
agricultural productivity.

CA has been shown to be appropriate for
small- and large-scale farmers at all levels of
farm power and mechanization, from manually
operated hand tools to equipment drawn by
animals to operations performed by motorized
equipment and mechanization. Its adoption in
Africa, although now growing at an exponential
rate, needs to be accelerated in all countries. As
noted in several chapters in this volume, some
reasons for this lower-than-desired adoption rate
and spread of CA can be attributed to, among
others: (i) inconsistent policies that continue the
promotion and support of tillage-based agricul-
tural systems; (ii) weak policies, regulatory
frameworks and institutional arrangements to
support the promotion and mainstreaming of
CA; (iii) inadequate awareness, knowledge and

expertise around CA systems and the process of
their adoption and spread among policy makers,
academic, research, extension and technical staff;
(iv) inadequate research into the development of
off-the-shelf CA practices and technologies,
leading to inappropriate CA technology packaging
and dissemination; (v) inadequate CA-based
enterprise diversification and integration in
farming systems; (vi) inadequate skills and com-
petencies among farmers and other CA practi-
tioners; (vii) poor availability and access to the
required CA equipment, machinery and inputs;
and (viii) absence of strong continental institu-
tions and strategic policy framework to guide
the promotion and mainstreaming of CA across
Africa.

1.2.2 Where is CA Practised in Africa and
by Whom?

According to Kassam et al. (2019), in 2015/16
it was estimated that CA was practised globally
on more than 180 million ha of cropland, repre-
senting some 10 million ha per year in the period
2008/09 to 2015/16. Recent estimates (see
Chapter 4, this volume), puts Africa’s cropland
under CA at about 2.7 million ha, an increase of
458% over the past 10 years with 2008/09 as a
baseline. The large proportion of this spread has
been by smallholder farmers. Although CA adop-
tion figures are not available for all the countries
in Africa, South Africa has the greatest area
(1,176,200 ha), followed by Zambia (552,667 ha),
Mozambique (289,000 ha), Ghana (235,000
ha) and Malawi (211,000 ha) (Fig. 1.1). Other
notable countries include Zimbabwe, Kenya,
Tanzania, Tunisia, Morocco and Sudan. In terms
of percentage cropland under CA, the greatest
proportion of land under CA is in Zambia
(14.4%), followed by South Africa (9.5%),
Malawi (5.6%), Ghana (3.2%), Mozambique
(3.1%) and Zimbabwe (2.4%). In all, a large
community of farmers, scientists and exten-
sion workers, as well as many public and private
sector stakeholders in more than 25 coun-
tries, are now promoting research and partici-
patory extension activities to facilitate CA
adoption by smallholder farmers. Several
countries, including South Africa, Namibia,
Mozambique, Zambia and Morocco, have
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Other countries

Tanzania
1%
Zimbabwe ~ <eNY2
1%
4%
Malawi
8%
Ghana
9%
Mozambique
11%

Zambia
20%

South Africa
43%

Fig. 1.1. Adoption of conservation in Africa, percentage by country. Other countries are detailed in Table 4.1.

Authors’ own figure.

adopted CA as the best option for achieving sus-
tainable agricultural intensification.

Many large-scale farmers have been able to
adopt profitable, mechanized CA in several coun-
tries such as South Africa, Zambia, Zimbabwe,
Kenya, Tanzania, Morocco and Tunisia. How-
ever, in much of Africa, agriculture is dominated
by smallholder farmers. They have different sets
of drivers and challenges compared to large-scale
farmers and they need greater support to adopt
and practise CA (Derpsch et al., 2014). Unlike
the highly mechanized large-scale farmers, the
smallholders in Africa mainly use manual labour
and animal traction, with less than 15% access-
ing tractor power (Mkomwa et al., 2017). Sev-
eral participatory approaches to enhance CA
adoption and scaling-up have been tested suc-
cessfully. These include farmer field schools, lead
farmer networks and no-till CA associations.
Where mechanization is introduced, a service
provider model, a group ownership approach
or a combination may be suitable. The choice
will depend on local constraints and the nature
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of the overall development support, including
training, and on access to technical expertise, af-
fordable supply chains and markets.

The introduction and promotion of CA for
smallholder agricultural and livelihood develop-
ment in Africa has been championed by a
number of donor agencies, especially Deutsche
Gesellschaft fiir Internationale Zusammenarbeit
(GIZ), the Norwegian Agency for Development
Cooperation (NORAD) and individual farmers
and extension agronomists since the 1980s,
and research into CA practices began to be tested
in the 1970s (Kassam et al., 2020). The FAO has
also been championing CA since the late 1990s
in partnership with NGOs, bilateral donors,
national governments and research and develop-
ment partners (Mkomwa et al., 2017). Some of
the earlier countries where the FAO technical
cooperation projects (TCP) with GIZ, NORAD
and Department for International Development
(DFID, UK) funding were implemented in part-
nership with national governments are: Burkina
Faso, Kenya, Tanzania, Uganda, Ghana, Sudan,
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Zambia, Swaziland, South Africa, Zimbabwe,
Mozambique, Lesotho, Eritrea and Egypt. ACT
was conceived in 1998 at a GIZ-funded FAO
regional workshop in Harare, Zimbabwe, and
was set up in 2000 with GIZ and FAO support
(Kassam et al., 2000). The soil fertility initiative
launched by FAO and the World Bank in 1996
supported CA in several African countries. In the
late 1990s and early 2000s, West Africa —especially
Ghana, Ivory Coast, Burkina Faso and Mali —
was very advanced and active in CA promotion.
ACT organized several international field visits
to these countries in the period 2001-2004. The
main players were those farming less than 1 ha
(semi-subsistence).

In 2005 ACT and partners, with participa-
tion from national governments, NEPAD and inter-
national collaborators, organized the Third World
Congress on Conservation Agriculture in Nairobi,
Kenya (Mkomwa et al., 2008). The Congress was
sponsored by FAO, the French development
agency AFD, the Agricultural Research Centre for
International Development (CIRAD), GIZ and the
Swedish International Development Agency (SIDA).
The event created much-needed awareness about
CA for policy makers, research and development
practitioners, farmers and the private sector across
Africa. This led to several FAO- and ACT-supported
sustainable agriculture and rural development
(SARD) projects in East (Tanzania, Kenya) and
West (Burkina Faso) Africa, with funding from the
Government of the Federal Republic of Germany
and the International Fund for Agricultural Devel-
opment (IFAD), respectively.

Promotion and spread of CA in Africa has
relied mainly on donor funding and support
through specific, time-bound projects. One of
the exceptionally longer-term programmes that
has made remarkable achievements since 1996
has been the Royal Norwegian Government-
initiated CA support programme in Zambia with
the Conservation Farming Unit (CFU). The key
development partners who have supported CA
in the recent past are: NORAD, IFAD, European
Union (EU), GIZ, FAO and DFID. The majority
of the programmes targeted countries in south-
ern and eastern Africa under the Common
Market for Eastern and Southern Africa (COMESA),
Southern African Development Community
(SADC) and the East African Community (EAC).
West Africa-focused interventions include IFAD-
financed country programmes in Ghana, Burkina

Faso, Guinea and Niger; and the EU-funded
ACT-implemented agroecology-based aggradation
CA project (ABACO) which also covered Burkina
Faso as one of the targeted countries. New
entrants to the support of CA, mainly in West
Africa, are the initiatives supported by African
Development Bank (AfDB) under the Technolo-
gies for African Agricultural Transformation
(TAAT) programme, with technical support
from the Argentinian No-Till Farmers Associ-
ation (AAPRESID). The initial interventions are
in Ghana, Guinea, Ivory Coast and Sierra Leone.
Their target is not the typical 1- or 2-ha small-
holder farmer but medium- and large-scale
farmers managing 100 ha and above, with soy-
bean and maize being priority crops.

Other prominent international NGOs and
development organizations that are or have been
involved in promoting CA in Africa include Con-
cern Worldwide, Canadian Food Grains Bank,
CARE International, Total Landcare, Howard
Buffett Foundation, Aga Khan Foundation, and
Gates and Rockefeller Foundations (through the
Alliance for a Green Revolution in Africa, AGRA).
Several national-level NGOs are also promoting
CA: Kwa-Zulu Natal No-till Association in South
Africa, CFU in Zambia, Foundation for Develop-
ment in Zimbabwe and Association pour la Pro-
motion d'une Agriculture Durable (APAD) in
Tunisia.

The focus of most CA initiatives has been on
food security and livelihood development; par-
ticipatory adaptive research with smallholder
farmers for technology development for sustain-
able production; and advocacy for public and
private sector support. Such initiatives are bound
to have significant implications for the adoption
and spread of CA in the region and need to be
supported and encouraged.

The private sector has also contributed sig-
nificantly to the current status of CA in Africa.
The main stakeholders include the large-scale
farmers (e.g. in South Africa, Kenya, Tanzania,
Zambia and Zimbabwe) and CA equipment
manufacturers, distributors and agricultural in-
put suppliers. Their successful implementation
of CA, especially in marginal and diverse condi-
tions, has provided useful learning platforms for
other farmers, policy makers and development
organizations. Some large-scale farmers have
even introduced outreach programmes to sup-
port neighbouring smallholder farmers.
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Engagement of regional economic commu-
nities (RECs) across Africa in the promotion and
uptake of CA is considered to be essential to at-
tract greater investments across all stakeholder
institutions. The RECs can help to sustain the
existence of a conducive development environ-
ment for all stakeholders to play their respective
roles. A good policy environment, commitment
of national governments, and public and private
sector institutional support is key to successful
implementation of CA and CSA programmes in
Africa. It is, therefore, necessary to have a re-
gional platform where regional bodies can share
evidence-based CA information to enable the
formulation and implementation of policies and
institutional strategies that can attract signifi-
cant long-term investments to support the intro-
duction, adoption and spread of CA as a core
component of CSA initiatives.

1.3 Climate Smart Agriculture:
What is it?

CSA is defined by FAO (2013) as an approach
that helps to guide actions needed to transform
and reorient agricultural systems to effectively
support development and ensure food security
in a changing climate. CSA aims to tackle three
main objectives: sustainably increasing agricul-
tural productivity and incomes; adapting and
building resilience to climate change; and redu-
cing and/or removing GHGs where possible.
It addresses inclusive development through im-
proving adaptive capacity at multiple levels from
farm to nation and accelerating progress to-
wards meeting the SDGs and the Paris Agree-
ment ambitions.

1.3.1 Conservation Agriculture-based
Climate Smart Agriculture

The importance and role of CA in sustainable
agricultural growth and economic development
has been clearly documented and can, therefore,
be considered as the most appropriate entry
point in transforming agricultural production in
Africa. The benefits of CA include harnessing
ecosystem services to society as well as bene-
fits related to productivity; and building and
enhancing resilience and system self-recuperation
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(Kassam et al., 2017). The ecosystem services in-
clude providing fresh water supplies, biological
nitrogen fixation, biological products, ground-
water and streamflow regulation, and runoff
and erosion control. The benefits are at multiple
levels in the landscape (at field, farm and local
community), the watershed/basin and in the
greater society. The adoption and spread of CA
in Africa is increasing exponentially but can be
accelerated by more systematically addressing the
challenges and constraints outlined above (and in
other chapters in this volume). Addressing these
challenges and constraints requires interventions
at all levels, but particularly at the higher levels, to
ensure development of appropriate policies and
regulatory frameworks to support adaptation,
adoption, up-scaling and mainstreaming of CA,
and to attract the national and international pri-
vate sector to invest in and develop CA-supportive
businesses around agricultural commodity value
chains and input supply chains.

Chapter 2 notes that the largest existing
model of CSA worldwide in terms of surface area
is that of CA (as noted earlier, covering about
180 million ha of cropland in 2015/16, and
more than 2.7 M ha in Africa in 2018/19; see
Chapter 4, this volume). In addition, the ration-
ale for CA to serve as the core of CSA is its ability
to contribute to all three of its objectives while
also rehabilitating degraded lands. Worldwide,
scientific evidence from research and empirical
evidence from farm practice shows that CA is
an effective strategy for achieving all the CSA
dimensions (Kimaro et al., 2015; Kassam et al.,
2020). However, the transformational power of
CA systems and related technologies at the para-
digm level of sustainable agriculture and ecosys-
tem management depends on the economic and
political context, the needs of the farming com-
munities and society at large and a country’s
socio-economic and institutional conditions.

1.4 State of Conservation Agriculture
and Climate Smart Agriculture
in Africa and Opportunities

1.4.1 State of CA and CA-CSA
Activities in Africa

Several initiatives are being undertaken by the
multi-stakeholder Africa Conservation Agriculture
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Community of Practice (Africa CA-CoP) to
support operationalization of the 1ACCA Dec-
laration, the Malabo Declaration, CSA Vision
25%25 and Agenda 2063. Some of the promin-
ent initiatives include:

e Africa Climate-Smart Agriculture Al-
liance (ACSAA): a pan-African mul-
ti-stakeholder platform for facilitating peer
exchange and learning, building a com-
mon understanding of contributions to
CSA, and aligning and harmonizing vari-
ous climate change and agriculture pro-
grammes being undertaken across Africa
and at multiple scales. ACSAA also pro-
vides the coordination platform needed to
take stock of progress towards the AU Vi-
sion 25%25 on CSA. The alliance is hosted
by the AU Development Agency (AUDA-
NEPAD) and draws its membership from
AU Member States, private sector, civil so-
ciety and other non-state players such as
learning and research institutions. Initial
efforts leveraged on the interest of inter-
national NGOs wishing to improve liveli-
hoods in Africa using CA. The inter-
national NGOs targeting 6 million
households out of Africa’s Malabo target
of 25 million are Care, Oxfam, World Vi-
sion, Catholic Relief Services (CRS) and
Concern Worldwide.

e Research Program on Climate Change,
Agriculture and Food Security
(CCAFS): the purpose of the CCAFS of
the Consultative Group on International
Agricultural Research (CGIAR) is to mar-
shal the science and expertise of CGIAR
and partners to catalyse positive change
towards CSA, food systems and land-
scapes. This will enable CGIAR to play a
major role in bringing to scale practices,
technologies and institutions that enable
agriculture to meet the triple goals of food
security, adaptation and mitigation. Of the
CGIAR centres, the International Maize
and Wheat Improvement Center (CIM-
MYT) and the International Center for
Agricultural Research in the Dry Areas
(ICARDA) have made longstanding and sig-
nificant contributions to CA research in
southern Africa and northern Africa, re-
spectively.

Adaptation of African Agriculture (AAA
or Triple A): an initiative launched at the
United Nations Framework Convention on
Climate Change (UNFCCC) Conference of
the Parties (COP) 22: this was launched
and promoted by Morocco during COP 22
held in Marrakesh from 7 to 18 November
2016. AAA aims to raise more funding for
the adaptation of small-scale African agri-
culture while supporting transformation,
structuring and acceleration of agricultural
development (more information in Chapter
2, this volume).

African Conservation Tillage Network
(ACT) - Conservation Agriculture
Centres of Excellence (CA-CoEs): with
the support of NORAD, ACT has initiated
the establishment of CA-CoEs in Africa.
The CA-CoEs concept (see Chapter 25, this
volume, for more detail) has the expected
impact to deliver coordinated demand-
driven CA-based agricultural technologies,
information services and knowledge to
farmers and other stakeholders, for increased
agricultural productivity, profitability, com-
petitiveness and sustainable use of natural
resources. The CA-CoEs key thrusts are
research, outreach, linkages, information
technology and training. This is attained by
developing infrastructure of services and
human capacities to include support for
research and development, development of
standard curricula for the training of farm-
ers and key actors along the value chain,
mainstreaming CA in agricultural training
institutions, and capacity building of exist-
ing and potential CA-based mechanization
service providers. Others include establish-
ing strategic linkages of farmers with key
support services such as financing, crop in-
surance, machinery suppliers and information.
The CA-CoEs model builds around a selected
public agricultural research or tertiary aca-
demic institution. The model is coordinated
by an advisory panel comprising key the-
matic professionals from national ministries
of agriculture, academia, research, farmers’
organizations, private sector, value chain,
youth and women, development partners and
organizations carrying out best practice. With
an initial establishment of six CA-CoEs, ACT
plans to set up 25 such centres by 2025.

printed on 2/14/2023 5:57 AMvia . Al use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

12 S. Mkomwa et al.

e  Other institutions involved in CA-
based CSA research and development
include:

o The RECs of COMESA, SADC, EAC and
Economic Community of West African
States (ECOWAS) have had the support
of NORAD, DFID, the EU and the
United States Agency for International
Development (USAID) at different
times to support the development and
research of CA. In their leadership roles,
the RECs have also in turn engaged
CGIAR, Food, Agriculture and Natural
Resources Policy Analysis Network
(FANRPAN) and international NGOs
such as ACT. Another intervention is
the West African Initiative for Climate-
Smart Agriculture (WAICSA), a West
Africa-led blended finance fund with a
specific focus on increasing the uptake
of CSA practices by smallholder farm-
ers. WAICSA has the potential to im-
prove the food security of 90,000
smallholder farming households in the
region and to convert over 185,000 ha
to CSA.

o The Forum for Agricultural Research
in Africa (FARA) is the apex continen-
tal organization responsible for coord-
inating and advocating for agricultural
research for development (AR4D). It
has several regional affiliated partners
supporting CSA research at the REC
level. These include the Association for
Strengthening Agricultural Research in
Eastern and Central Africa (ASARE-
CA), the Centre for Coordination of
Agricultural Research and Develop-
ment for Southern Africa (CCARDE-
SA), the West and Central African
Council for Agricultural Research and
Development (CORAF/WECARD) and
the North Africa Agricultural Sub
Regional Organization (NAASRO).

1.4.2 Conservation Agriculture — What
if 25 Million Households Adopted
Conservation Agriculture-based
Climate Smart Agriculture?

The adoption by 25 million smallholder and
medium-scale farming households of CA-based
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CSA in Africa will permanently transform their
livelihoods, which will become more productive
and resilient, with improved soil health as the
catalyser. This will require the transformation of
a number of institutions in the public and
private sector to provide the required support to
the value chains to sustain the mainstreaming
processes involved. Key outcomes of the trans-
formation and CA systems optimization include:
doubling of yields of staples, even in the semi-
arid systems, with similar or reduced production
costs; significant improvement in mother and
child nutrition from the increased production of
surplus food and crop diversification with nutri-
ent-rich legumes; more equitable inputs markets
creating rewarding employment in agribusiness
and services; better rural employment created
for rural farmers, mechanization service pro-
viders and processors; enhanced CA and related
value-chain machinery production businesses
and employment; significant contribution to GHG
emission reductions and carbon sequestration
from reduced fuel consumption for agricultural
production, carbon sequestration from no-till
and reduced use of nitrogen fertilizers offset by
biological nitrogen fixation with leguminous
cover crops (Fig. 1.2).

CA has the potential to transform farming
into a new normal where it is the conventional
way of farming, with the sustainability benefits
defined under the three interlinked CA principles
and described as follows.

Diversification of crops through rotations
and associations has been reported to replenish
soil fertility. This is particularly so when crops are
rotated and/or intercropped with nitrogen-fixing
legumes which transform atmospheric nitrogen
through nitrogen-fixing bacteria in root nodules
into biological forms of nitrogen compounds
that are usable by plants. Keeping the soil
covered, with cover crops or crop residues (a fun-
damental principle of CA), leads to improvement
in soil properties, a stable CA system and in-
creased biodiversity in the agro-ecosystem. CA
also leads to an increase in soil organic matter in
a process known as recarbonization. This is the
foundation for improved soil health and results
in numerous benefits including enabling crops
to use the nutrients in the soil more effectively;
helping to control weeds, diseases and pests by
breaking their life cycles through the introduc-
tion of new crop species in the cropping system;
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What does it mean to have

25 million households
adopt CA?

DOUbIlng of cereal ylelds (e.g. 1.5 to 3 tonnes per hectare,
even in semi-arid areas); thus an increase of 37.5 million tonnes annually worth
6.375 billion USD, and a capacity development cost of USD 1.25 billion (USD 50
per farmer).

Significant improvement in mother
and child nutrition, contriouting to the Malabo Declaration

targets to reduce underweight to 5% and stunting to 10% from increased
production and access to legumes and oil seeds. Intercropping and relaying of
legumes (lablab, beans, peas, soya beans) and oil seeds (sunflower, simsim,
canola, etc.) is a pre-requisite under CA systems, thus resulting to more
consumption due to the improved access and support on awareness.

Surplus cereals, legumes and seed cake
form the basic ingredients for expansion of women controlled small-stock (e.g.
poultry, goats, aquaculture, etc.) livestock feeds and other agro-industries as well
as other income generating enterprises that will efficiently utilize time saved from
adopting CA.

An open but organised market of
Crop prOductlon Inputs (e.g. crop and cover crop seeds,

fertilizers, and agro-chemicals) worth USD 10 billion (USD 400 each farmer)
annually.

Decent rural employment for at least
500,000 farmers as ca mechanisation service providers

(contractors), agro-dealers and processors serving the 25 million households.

USD 25 billion worth of CA equipment

marketisan opportunity for locally adapted designs, manufacturing,
importation and the distribution industry. Weather related crop insurance
premiums of USD 1.25 billion annually (USD 50 per farmer or ha)

CI'mate Smal‘t agrlcu":ure. Not ploughing saves 16 litres of
diesel per hectare, i.e. a saving of 200 million litres of diesel for 50% of the 25
million farmers using tractors, equivalent to USD 200 million annually. At 2.62 kg of
carbon dioxide emissions per litre of diesel, 524,000 tonnes of CO, are saved
annually in addition to sequestered CO, from no-till, cover crops and stubble
retention.
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Fig. 1.2. What does it mean to have 25 million households in Africa adopt conservation agriculture?

Authors’ own figure.

and reducing the risk of total crop failure in
cases of drought and disease outbreaks.

Women in many countries in Africa gener-
ally fare worse on most social and economic
indicators than their male counterparts. Their
unequal status is shaped by the interlocking

factors of poverty and discriminatory treat-
ment in family and public life. Various studies
have indicated that CA reduces labour require-
ments compared with conventional practices,
and so it is attractive to women, who constitute a
large proportion (40%) of small-scale farmers
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and of the farm labour force. Women engaged
in CA have increased involvement in decision
making at household level, from agricultural
practices and crop use to household expend-
iture. Social status is heightened among women
engaged in CA because of improved, reliable
production and income (Owenya et al., 2011),
with a larger proportion reporting self-confidence
and an elevated status in their community
and within their extended families (Reid and
Chikarate, 2013). A clearer gender equality
perspective in CA and CSA investments gives
women the same access to production resources
as men, leading to effective poverty reduction
and an increase in both sustainability and prod-
uctivity in agriculture.

At a higher level, adoption of CA at the
magnitude of 25 million households will enable
the AU to attain the ambitious Malabo Declar-
ation goals described in section 1.1.2 and
the SDGs, at an investment of US$50 per
household.

1.4.3 Safe and Efficient Use of
Agrochemicals to Reduce Their
Environmental Impact

Recent research findings show that CA systems
are successful and profitable while using fewer
external inputs and expending less energy,
resulting in 40% and 50%-90% reductions in
energy and labour needs, respectively (detailed
in Chapter 7).

Smallholder agriculture in low- and medium-
income countries in Africa is often relatively re-
source efficient and less chemical intensive. The
need for a shift towards increased environmental
sustainability is considered prudent and not in
conflict with the poverty reduction agenda. On
the contrary, such environmentally adapted
agriculture can yield increased productivity and
a number of other gains in the form of ecosys-
tem services such as clean water and natural
pest control, and also provide animal feeds, in-
creased resistance to extreme weather and much
more to benefit the smallholder. The objective is
not to preserve smallholder agriculture, but to
give it scope to develop, including into more
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biological forms of CA systems that minimize or
avoid the use of chemicals.

1.4.4 Mechanization and Commercialization
of Smallholder Farming

Smallholder farming in Africa is largely subsist-
ence, with little or no market integration for
most farmers, and very few farmers satisfy their
living requirements from their farming income
alone. When farmers do not generate surpluses/
profits from farming, they are unable to invest in
acquisition of support services (such as mech-
anization or irrigation) or improved production
inputs. The land holdings of many smallholders,
however, could be sufficient to generate income
if used efficiently, but many farmers are not
able to increase production and productivity
without major capital investments, which keeps
their farm operations at low levels. Through CA,
even resource-poor farmers can improve pro-
duction and productivity drastically and with-
out capital requirements; this not only increases
the output but also offers an opportunity to
enter into viable market linkages as production
becomes more reliable. Thus, CA offers low-cost
entry into commercial farming, without the need
for unaffordable capital investments, giving
farmers an ideal opportunity to commercialize
their farming.

Commercialization of farming requires
organized responses not only to the challenges
of climate smart agricultural production, but
also to the issues involved in larger value chains
— input/output markets, financing, etc. In the
past these were a shared responsibility between
farmers, government, financial institutions and,
in some cases, the market. The recent history
of commercial industry in Africa has, however,
eroded the trust of smallholders owing to the
failure of farmer cooperatives. There are ‘is-
lands’ of success with some contract farming
models, savings and credit cooperative societies
(SACCOS) and producer organizations. While
these business models provide lessons to inform
designs for interventions of the next generation
of support to smallholders, African governments
have to overstretch to prove their commitment to
re-establish the technical capacity, infrastructure
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and financing to enable farmer cooperatives or
organizations to commercialize.

1.5 The Second Africa Congress
on Conservation Agriculture
and This Book

The Second Africa Congress on Conservation
Agriculture (2ACCA; https://africacacongress.
org/, accessed 30 June 2021) provided an op-
portunity for CA stakeholders in Africa and else-
where to come together and review the progress
in the transformation of traditional agriculture
into CA; to discover what new knowledge was
available to improve the performance by farmers
and service providers; and to learn what further
actions were needed from all stakeholders to
catalyse the implementation of CA initiatives in
the context of Agenda 2063.

As this book makes clear, a growing com-
munity of stakeholders is now working seriously
to enhance the adoption of CA in Africa, so
bringing tangible CSA benefits and hope to
millions of farmers, their households, youth and
society at large. The stakeholders come from the
public and private sectors and from civil society,
and they continue to innovate and experiment.
New approaches are being examined, including
in science and technology; development strat-
egies; mechanization along the value chain; ser-
vice provisioning; education and training; and
in mobilizing greater investments for longer-term
agricultural and economic development needs.

The materials presented in this book are es-
sentially based on the outputs/outcomes of the
Second Africa Congress, which also reaffirmed

the role of CA in making CSA with Agenda 2063
areality. The knowledge sharing and discussions
at the congress, and which are documented in
this book, focused on several critical areas:

1. Why and how CSA can be made a reality in
Africa through the use of CA, highlighting evi-
dence-based examples of progress in countries
in all regions of Africa.

2. What necessary conditions need to be estab-
lished for institutions and policies to create an
enabling environment for scaling and main-
streaming. This discussion drew on global evi-
dence, as well as on evidence from countries in
Africa where significant progress in CA uptake is
occurring.

3. Scientific and empirical evidence. This was
based on research and innovation shared and
discussed in depth to provide a guiding base for
CA uptake and spread in different farming sys-
tems and in different agroecological zones, with
particular attention to smallholder farmers.

4. The efforts that are needed and being ap-
plied in the area of education and training and
in capacity development for CA uptake; this
issue attracted considerable attention and
discussion.

5. The investments that must be directed across
agricultural sectors and institutions to drive
agricultural transformation in the coming
decades. In light of the information shared and
exchanged, and the ensuing discussions, con-
gress issued a stakeholder statement on the
critical importance of CA in the implementa-
tion of Agenda 2063, and on the need to
continue to direct greater attention and invest-
ments in the development of CA-based CSA
across Africa.
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Abstract

Climate change, food system complexity and changing international demands are creating new realities, chal-
lenges and opportunities. In this respect, unlocking Africa’s agricultural potential is both a vital and a daunting
aspiration to achieve commitments to the climate and development of the visionary and optimistic framework of
Agenda 2063. In response to these challenges and drivers, climate smart agriculture (CSA) was promoted by
governments and international organizations to functionally contribute to reducing vulnerability and increasing
adaptation to climate change while ensuring sustainable progress in living standards, value chains and mitiga-
tion capacities of farming systems. Remarkable benefits in terms of increased productivity and performances of
farming systems, enhanced farmers’ resilience, environment and value chain sustainability, and developments of
CSA in Africa and lock-in barriers exclusion are under way. These are because of investment in policy formula-
tion and planning, approaches, alliances, incentives, capacity development, research, knowledge sharing, net-
working and engagement in bold regional and local initiatives. Side benefits from CSA are numerous for Africans
in general and for producers and growers in particular. They include poverty alleviation through green growth,
just and ethical transformation, gender equity and empowerment, shared prosperity and entrepreneurship via
innovation. Overall, investing in CSA and particularly in Conservation Agriculture may greatly enhance a country’s
strategic thinking and capacity to meet the Sustainable Development Goals (SDGs).

Keywords: SDG, food security, climate change

2.1 Introduction and Background 2017a). In addition, these challenges are the

daily concerns of farmers and citizens at large,
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Over the past decade, Africa has witnessed sig-
nificant economic growth. However, food and
nutrition security and climate security are twin
crises that may delineate the future of the contin-
ent. In other concerns, eradicating hunger, alle-
viating poverty and sustaining economic growth
are among the highest transnational priorities of
decision makers and political leadership (FAO,

* rachid.mrabet@inra.ma

who are forced to adapt to their impacts and
stresses.

None of the global challenges stands alone
(Connolly-Boutin and Smit, 2016). Chronic
drivers for these threats are scale dependent,
interlinked and complex, and include poverty,
environmental shocks, poor market access, so-
cial vulnerability of communities, economic
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drawdown and food price volatility. The impact
of economic slowdowns on food production and
prices has exacerbated such challenges.

Throughout the continent, the cycle of deg-
radation is interlinked with rampant food inse-
curity and declining livelihoods, and associated
with a downward spiral of environmental deg-
radation (erosion, pollution, soil mining, etc.).
The annual costs of land degradation at the
global level were found to equal about US$300
billion, while the annual funds needed for climate
change adaptation are estimated to be US$20-30
billion per year for the next 10 to 20 years (FAO,
2017b). Sub-Saharan Africa (SSA) accounts for
the largest share (22%) of the total global cost of
land degradation (Nkonya et al., 2016).

In 2015, the world witnessed the adoption of
two major transformative policies: the UN Agenda
2030 on SDGs and the Paris Agreement on Cli-
mate Change. In this framework, SDG 2 is in-
tended to ‘End hunger, achieve food security and
improved nutrition, and promote sustainable
agriculture,” while SDG 13 pleads for us to ‘Take
urgent action to combat climate change and its
impacts.’ To unlock the agriculture sector in Africa,
achieve these goals and satisfy inclusive develop-
ment, differential paths are needed for profound
transition and transformation of food value
chains and farming systems. As such, sustainable
intensification is gaining greater importance in
discussion fora and can be a game changer for
desertification control (van Ittersum et al., 2016;
Rockstrom et al., 2017; Caron et al., 2018). In
other words, Africa needs to find more sustainable
ways to engage with its natural environments
while satisfying its food security and human devel-
opment obligations (Appiah et al., 2018).

Reducing trade-offs and capturing the
synergies (and nexus) between climate change
mitigation, food security strengthening and
inclusive development will certainly help to
alleviate poverty and contribute to economic
growth through nationally determined contri-
butions (NDCs), as clearly claimed by the Paris
Agreement. Such a framework will also ease the
interlinkages among sectors (i.e. food, energy
and water) and scales, and detect and consoli-
date co-benefits (Liu et al., 2018).

Food security is critically threatened by cli-
mate change, soil mining, degrading resources,
rapid population growth, limited household as-
sets and agricultural expansion at the expense of
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pastures and forest lands (FAO, 2019a, c). To stem
these impacts on farmers, governments have en-
acted emergency measures to provide funding
and other institutional support. However, the
quantum, speed and tenor of the response by
African governments have not yet been impres-
sive (Mbow, 2020). On the other hand, since
2014 the African Union (AU) has launched sev-
eral continental and regional programmes and
plans to end hunger, alleviate poverty and
globally to achieve the SDGs (FAO, 2017b).

In 2016, the Sustainable Development
Goals Centre for Africa (SDGC/A) was created to
support governments, civil society, businesses
and academic institutions in accelerating pro-
gress towards the achievement of the SDGs in
Africa (SDG Centre, 2019). However, according
to a report by the Alliance for a Green Revolu-
tion in Africa (AGRA, 2018a), more than half
the countries in Africa are not on track to meet
the Malabo targets to which they all subscribed.
In this regards African governments are oper-
ationalizing CSA as their pursuit of the SDGs but
a deep understanding of governance, synergies,
trade-offs and co-benefits of simultaneous im-
plementation is still needed (Newell et al., 2019).

Sustainability is tightly linked to changes in
innovation and systemic transformation of agri-
culture (Appiah et al., 2018). According to
Springmann et al. (2018) in the absence of
changes in technologies and mitigation meas-
ures, the negative environmental effects of cur-
rent food systems will increase by 50% to 90%
by 2050, reaching levels that are beyond
planetary boundaries. Hence, to achieve food se-
curity while increasing the adaptive capacity
and resilience of agricultural systems and miti-
gating climate change, it is necessary to rethink
the whole basis of food and farming systems and
develop a synergetic combination of mitigation
measures (FAO, 2017b).

Climate smart agriculture (CSA) is seen as a
key strategy for decision makers to capture these
paradigms and for farmers to strengthen their
households and businesses in Africa (FAO, 2013;
IPES-Food, 2016, 2017). In fact, concerns about
the sustainability of conventional and traditional
agriculture have promoted interest in CSA
that includes various traditional conservation-
minded farming methods blended with modern
and hi-tech farming technologies. This in-
cludes the Comprehensive Africa Agriculture
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Development Programme (CAADP) (2015-
2025) results framework, which targets at least
25 million smallholder households for practising
CSA by 2025, led by the AU Development Agen-
cy-New Partnership for Africa’s Development
(AUDA-NEPAD). However, so far African farmers
have either been slow to adopt or failed to sus-
tain the use of CSA.

Because of the scale and complexity of
farming systems in Africa (Dixon et al., 2020),
responding to demands for transformed farming
practices requires new forms of system thinking,
knowledge exchange, sharing and diffusion. The
adoption of starting points and pathways varies
considerably, depending on the type and inter-
actions of agriculture, environment and socio-
economic contexts. Such interactions merit
serious investigation which should make CSA
solutions and their benefits more accessible to all
partners in value chains.

This chapter aims to clarify the major issues
and the role that CSA can play in unlocking
agricultural potential and ensuring agricultural
development and transformation in Africa. It
provides examples of international and regional
initiatives and innovative approaches (such as
frontline implementation, policy alignment, re-
search and advocacy) to drive and support the
extension of CSA practices in Africa. It is also in-
tended to promote the development of Conser-
vation Agriculture (CA), a key CSA strategy,
across the continent and address the barriers
and growing challenges to implementing CSA
and CA. It illuminates potential drivers to its
rapid upscale and secure spread. On-going
programmes and initiatives are also of prime
importance to developing CSA on the continent
and should be strengthened. The chapter is
intended for a wide audience from producers to
policy makers and also to CSA specialists and
government, non-government and international
organizations.

2.2 Food Security and Climate
Change: Major Drivers of Agricultural
Transformation

Africa has a population of 1.27 billion; it has in-
creased 4.6 times from 1960 to 2019, and rep-
resents 18.3% of the world’s population (UN

Reports, 2017; FAOSTAT, 2020). The popula-
tion is projected to increase to about 2.5 billion
by 2050 and 4.4 billion by 2100 (Niang et al,
2014; UN Reports, 2017). Hence, food produc-
tion must increase by at least 70% before 2050
to support population growth and rapid urban
development (Smit, 2016). In particular, the
demand for cereals in SSA will approximately
triple.

Forty countries in Africa have poverty levels
exceeding 40% (AfDB, 2020a). In SSA, the num-
bers of people in extreme poverty are not falling,
but rather are persistent (approximately 48% of
Africa’s population — 450 million people — are
living on less than US$1.25 per day) (The World
Bank, 2015; Roser and Ortiz-Ospina, 2020).

Hunger is rising in almost all Africa’s
sub-regions. According to FAO et al. (2019),
the prevalence of undernourishment reaches
22.8% in SSA, 26.5% in Central Africa and
30.8% in Eastern Africa. Such high undernour-
ishment has an adverse impact on gender
inequalities, population health and economic
conditions and is inversely correlated to gross
domestic product (GDP) (AfDB, 2020a). The
main causes of increased hunger and food inse-
curity are climate change, population growth,
social deprivation, deforestation, overgrazing,
urbanization and mismanagement of agricul-
tural lands. In other terms, the multiple food
system challenges remain vast, suggesting
unsustainable forms of intensification in much
of the region (Tittonell and Giller, 2013; Dury
et al., 2019). Food-insecure households may in-
crease in coming decades because of the high
population numbers and low per capita income
growth (Thome et al., 2019).

Climate change is a unique global chal-
lenge in terms of magnitude, scale, urgency
and complexity of action. In many areas
droughts will become more frequent, more in-
tense and last longer. In others, new patterns
of rainfall will cause flooding and soil erosion.
Such extreme events may also occur in the
same locality or watershed (Awojobi and
Tetteh, 2017).

African agriculture is the most affected
sector as 95% of cultivated area is rainfed. The
continent will lose between 2% and 7% of agri-
cultural GDP annually from climate change
(Niang et al., 2014). According to FAO (2011b;
2019d), around 30% of the food produced was

Al'l use subject to https://ww.ebsco. coniterns-of-use



EBSCChost -

20 R. Mrabet and R. Moussadek

lost in SSA due to drought and extreme weather
during the period 2000-2017.

Africa confronts a growing scarcity of
water and land, and of soil fertility depletion
(Barbier and Hochard, 2016; Mekonnen and
Hoekstra, 2016), which result in insecure liveli-
hoods for marginalized and vulnerable farmers.
According to The Montpellier Panel (201 3), soil
degradation affects 65% of croplands, 30% of
grasslands and 20% of forest lands in Africa and
the situation could be worse by 2050 due to the
negative impact of climate change. In fact,
African societies have nearly reached a level of
abrupt and even irreversible changes in terms of
social and environmental degradation (Steffen
et al., 2015) and, without decisive and rapid
action, the lives of those living in Africa will be
devastated.

Food insecurity is not driven solely by popu-
lation growth and climate change, but also by
the rising urbanization of Africa, as about 40%
of the population is living in urban areas and the
process of urbanization will reach 56%—60%
by mid-century (UN, 2019). Competition from
cities for resources (food, water, energy, land,
food) will exacerbate the problems of agricul-
tural growth.

Per capita food consumption in Africa has
been rising ten times faster than per capita food
production. By 2030, meat and milk consump-
tion is projected to increase by 2.8% and 2.3%
per year, respectively, while the annual demands
for cereals, fruits and vegetables are anticipated
to grow by about 2.1%. To satisfy the dietary en-
ergy requirements of the African population,
food imports have grown consistently over time
(FAO, 2017b). They are estimated at US$3 5 billion
yearly and are projected to reach US$110 billion
by 2025. At the same time, the value of Africa’s
food market is projected to increase from
US$313 billion in 2010 to US$1 trillion in
2030, of which a non-marginal share will come
from the livestock sector (AGRA, 2018Db; https://
agra.org/our-strategy/, accessed 30 June 2021).
This dependence of Africa (and especially of the
Sub-Saharan region) on imports and hence on
international trade, however, may accentuate
food insecurity when restrictions, crises and dis-
turbance in food supplies and local production
occur (Bren d’Amour et al., 2016). Such issues,
which impact Africa’s trading position, should
be considered in the decisions of AfCFTA (African
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Continental Free Trade Area) (https://au.int/en/
cfta, accessed 30 June 2021).

2.2.1 Farming Systems and Natural
Resources: Diversity and Fragility

The total land area of Africa is about 30 million
km?, and represents 22% of the global area. SSA
is a large region of 24.6 million km? where forests
and woodlands occupy 6.7 million km?; arable
land is estimated at 8.1 million km?, of which
only 2 million km? is cultivated (UNEP, 2016).

Land is a critical component of the climate
system and its degradation disturbs the flows of
water, carbon, nitrogen and oxygen that are es-
sential building blocks in all farming systems
(Fuchs et al., 2019). Farming systems in Africa
are characterized by a high degree of diversity
and heterogeneity, livelihood resources, typolo-
gies and strategies, social and population
pressures, access to markets, institutions and
agroecological conditions (Dixon et al., 2020).
Hence, such high diversity implies that farmers
may respond differently towards any develop-
ment support or policy initiative (Tittonell et al.,
2011; Kansiime et al., 2018). On the other hand,
decision makers are confronted with sustainable
ways of targeting investments and developing
policies and programmes to maximize rural and
agricultural growth, taking in account socio-
economic and ecological variability within farming
systems (Tittonell, 2014).

The agriculture sector is critical to the
African economy, representing 25% of its GDP
and roughly 20% of its total exports, yet it faces
severe challenges — low soil productivity, stringent
water restrictions, low investment in terms of
mechanization and input, and recurrent drought
and floods. Agriculture and food systems are
resource intensive, using 70% of available water,
30% of total energy demand and 60% of the
labour force (FAO, 2015). Most African coun-
tries are dependent on agriculture, and a high
prevalence of hunger coincides with resource
scarcity and low crop yields.

Farmers are the stewards of our planet’s
precious soil but are at the mercy of diverse
threats (weather extremes, pests, diseases,
market, trade). Of the 608 million farms, 12%
are located in SSA and less than 3% in North
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Africa (Lowder et al., 2019). Eighty percent of
Africa’s farms are small and family operated
(Eastwood et al., 2010; Livingston et al., 2011;
Lowder et al., 2019). The average farm size is
1.6 ha in SSA (excluding South Africa) and 3.6 ha
in North Africa (Lowder et al., 2019). In addition,
women are the backbone of African agriculture
(Altieri et al., 2012; FAO, 2017b).

Agriculture is a mix of rainfed and irriga-
tion farming. However, in Africa, rainfed agri-
culture produces 90% of staple food needs and
the irrigated supply provides only 5%. This con-
tinent suffers the most from water scarcity,
which can be explained by a precipitation deficit
in more than two-thirds of the continent (Masih
et al., 2014) and by the lack of conveyance,
storage and distribution infrastructures in re-
gions endowed with water. For example, in the
Southern African Development Community
(SADC) only 6.6% of the cultivated area is
equipped for irrigation, which is a very small
percentage of the irrigation potential of the
region (SADC, 2014). In terms of geographic
distribution, Central Africa and West Africa
have the largest water resources (51% and
23%, respectively), as opposed to only 3% in
North Africa. However, the irrigable potential
area for the continent stands at 25% of arable
land, taking into account both irrigable land and
the available renewable resources (FAO Aquastat
Database, 2021). The opportunities for increased
water use efficiency should be prioritized through-
out Africa (Turral et al., 2011).

The majority of soils in Africa are under
cycles of weathering, erosion, leaching, con-
tinued nutrient mining and degradation (Lah-
mar et al., 2012; Bidogeza et al., 2015; FAO and
ITPS, 2015). Only 8% of land is of high-quality
soil with no significant constraints for agricul-
ture, 34% is of medium to low potential with at
least one major constraint for agriculture and
55% is unsuitable for any kind of agriculture
except nomadic grazing (Ussiri and Lal, 2020).
Over 60% of the soil types represent hot, arid
or immature soil assemblages: Arenosols (22%),
Leptosols (17%), Cambisols (11%), Calcisols
(6%), Regosols (2%) and Solonchaks/Solonetz
(2%). A further 20% or so are soils of a tropical
or subtropical character: Ferralsols (10%),
Plinthosols (5%), Lixisols (4%) and Nitisols
(2%) (Dewitte et al., 2013; Jones et al., 2013).
The majority of African soils are associated with

local soil-forming factors such as volcanic
activity, accumulations of gypsum or silica, or
waterlogging.

Aridity and desertification affects around
half the continent while more than half of the
remaining land is characterized by old, highly
weathered, acidic soils with high levels of iron
and aluminium oxides (hence the characteris-
tics colour of many tropical soils) that require
careful management if used for agriculture
(Jones et al., 2013). Estimates have shown that
35% of Ghana, 70% of Ethiopia, 80% of Kenya,
between 49% and 78% of Swaziland and 3,500 km?
of Nigeria is threatened by desertification
(UNECA, 2007). More than one-third of the
territory of Burkina Faso, Burundi, Lesotho,
Rwanda and South Africa are severely degraded.
Hence, there is a clear need to restore the de-
graded land in Africa and to preserve productive
land.

Africa is one of the world’s lowest con-
sumers of agricultural inputs such as improved
seeds, fertilizers and pesticides (FAO, 2015).
Overall, Africa uses only 3% (4 million tonnes
of fertilizers) of the world’s total consumption
while SSA uses less than 2% of global fertilizer
demand (The World Bank, 2006; AGRA,
2018a). Although the 2006 Abuja Declaration
on Fertilizer for the African Green Revolution
pledged to raise fertilizer use to 50 kg/ha by
2015 (fromless than 10 kg/hain 2006), average
fertilizer use in SSA remains significantly below
that level at around 18 kg/ha, and far below the
132 kg/ha global average (Roy, 2020). Only Bot-
swana, Egypt, Kenya, Morocco and South Africa
satisfied the Abuja fertilizer use threshold. In
fact, 70% of fertilizers are consumed by Egypt,
South Africa, Nigeria, Morocco, Ethiopia and
Kenya. The reduced use of fertilizers by small-
holder farmers is due to limited domestic
production, affordability, availability, access,
logistics costs and rainfed-type agriculture, and
also to lack of technological progress in the
production system, which influences whether a
farmer decides to adopt and use fertilizer.

In addition, annual nutrient loss in African
soils is estimated at 30—60 kg of nutrients per
hectare per year (Henao and Baanante, 2006).
Thus, not surprisingly, nutrient limitation is the
major bottleneck for increasing yields in Africa.
It is estimated that the continent loses over US$4
billion worth of soil nutrients each year (Chianu
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et al., 2008), severely eroding its ability to feed
itself. However, nutrient depletion rates vary sig-
nificantly spatially, depending on the overall
crop productivity level and farmers’ access to
fertilizer.

At the 29th session of the FAO Regional
Conference for Africa (Addis Ababa, 11 April
2016), the United Nations Economic Commis-
sion for Africa (ECA) reiterated the need for an
adequate use of fertilizers for sustained product-
ivity in the continent’s agricultural practices
(UNECA, 2021). To reach this goal, agricultural
productivity and growth policy should favour
sustainably intensified systems (i.e. CSA) and set
in place instruments such as macroeconomic,
monetary and trade policies, and investment in
national and transnational public infrastruc-
ture and services. It is also very important to
strengthen participatory research and advisory
services on soil fertility mapping and fertilizer
management with paradigm shifts through inte-
gration of ecological and sustainability metrics.
Agricultural mechanization is another vital
driver for boosting fertilizer adoption and use by
farmers. Hence, profitable and sustainable nu-
trient management is necessary to rebuild soil
capacities in sustaining farming systems. In this
regard the Abuja Declaration emphasized that
farmers need to shift from low-yielding, extensive
land practices to more intensive, higher-yielding
practices, with increased use of improved seeds,
fertilizers and irrigation.

2.2.2 Climate Change and Variability in
Africa: Challenges and Impacts

In Africa, climates are diverse and variable
owing to three dominant processes: tropical
convection, the alternation of the monsoons
and the El Nino Southern Oscillation of the Pa-
cific Ocean. The interaction of the processes
and effects of climate change still merit further
studies (Masih et al., 2014). The four major
agroecological zones are: arid, semi-arid,
sub-humid and tropical humid (Peel et al.,
2007). Approximately 26% of Africa, mostly
in SSA, is vulnerable to the desertification pro-
cess and nearly 47% of Africa is characterized
as desert (Jones et al., 2013).

Climate shocks can be either acute (e.g.
extreme weather events such as heatwaves,
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extreme droughts, landslides, hurricanes, cyc-
lones, floods, wildfire, hail) or chronic (e.g. in-
creasing temperatures, sea-level rise, desertification,
loss in biodiversity, land and forest degradation).
Masih et al. (2014) indicated that droughts have
intensified in terms of their frequency, severity
and geospatial coverage.

IPCC assessment reports suggest that the
warming of Africa is very likely to be greater than
the global annual mean warming throughout the
continent and in all seasons. Annual rainfall is
likely to decrease across much of Mediterranean
Africa and in the Northern Sahara region. It is
reported that rainfall in southern Africa is likely
to decrease in much of the winter rainfall
region, and there is likely to be an increase in
annual mean rainfall in East Africa (Pachauri
etal., 2014).

GHG emissions from agriculture, forest
and other land uses (AFOLU) in Africa account
for 15% of global emissions, with an annual in-
crease of 1.6% (FAO, 2016a), although the share
in global emissions is only 3.6% for the whole of
Africa (Tubiello et al., 2015). Demissew Beyene
and Kotosz (2019), in particular, concluded that
the economic activities in East African countries
do not lead to CO, emissions.

Crops, lands, biodiversity, forests and live-
stock are highly affected by rising temperatures
and by variable and intense extreme events
(droughts, floods, hot winds, etc.). Biomass
productivity has declined significantly in Africa,
and especially in North Africa, the region with
extensive irrigated agriculture (Le et al., 2016).

Over 80% of the African population de-
pends on firewood and charcoal for cooking, which
can threaten carbon sequestration (Neufeldt
et al., 2015). Africa had the largest annual rate
of net forest loss in 2010-2020, estimated at
3.9 million ha; this was due to conversion to
agriculture, use as fuelwood, timber harvesting,
and urban and rural development (FAO, 2020).
The FAO Global Forest Resources Assessment
showed a continuous loss of forest cover at a rate
> 0.6% a year in West and Central Africa and
> 0.4% in East and Southern Africa. The rate of
net forest loss has increased in Africa in each of
the three decades since 1990. African forest is
also highly threatened by human management,
fire, disease and pests.

Food availability in SSA has increased by
nearly 12% over the past two decades (FAO,

Al use subject to https://ww. ebsco.conlterms-of - use



EBSCChost -

Development of Climate Smart Agriculture in Africa 23

printed on 2/14/2023 5:57 AMvia .

2017b). Notably, cereal production has in-
creased by 125% and cultivated land by 70% in
30 years (FAOSTAT, 2020). In SSA, agricultural
production increased at an average annual rate
of 2.6% between 1961 and 2008, as measured
by gross agricultural output (Fuglie and Rada,
2013) but has stagnated in recent years (FAO,
2017b). However, yield gaps are still high in
most of Africa and for most crop and livestock
products.

Lal (2017; 2019b) reported that crop yields
in Africa have stagnated since 1960s for cereals
at 1-1.5 Mg/ha and for grain legumes (pulses)
at 0.2—0.5 Mg/ha. Globally, Africa’s crop yields
are only 56% of the international average.

Neumann et al. (2010) estimated that crop
yields are between 50% and 64% of their max-
imum potential, which translates to potential
yield improvements of between 56% and 100%.
In another study, Tittonell and Giller (201 3) esti-
mated that observed yields on moderately fertile
soils were between 36% and 61% of what could
be attained under local conditions, which sug-
gests that yields could be increased by between
64% and 178%. Henderson et al. (2016) re-
ported both crop and livestock yield gaps from
six Sub-Saharan countries, ranging from 16% to
209% and from 28% to 167%, respectively. The
authors also found reduced gaps through higher
efficiencies with decreased environmental im-
pact and mainly reduced GHG emissions from
mixed farming systems.

A report by van Ittersum et al. (2016), based
on yield statistics from ten Sub-Saharan countries,
found that rainfed maize yields during the period
2003-2012 ranged from 1.2 to 2.2 t/ha, which
represented only 15%—27% of the water-limited
yield potential. They also found that, to satisfy con-
sumption demands, the yield gap closure was not
sufficient. It is imperative to increase cropping in-
tensity and expand irrigated areas.

Climate change is also predicted to reduce
yields for most major crops and livestock (Schlen-
ker and Lobell, 2010; Knox et al., 2012; IPCC,
2019; Lal, 2019a), while growing demand for
food will accentuate the pressure on food systems
and land resources. Consequently, most countries
still rely on international aid to supplement pro-
duction deficits (Nhamo et al., 2019).

Across Africa, mean yield reductions of
17% (wheat), 5% (maize), 15% (sorghum) and
10% (millet) were predicted by Knox et al.

(2012). These authors did not detect a mean
change in yield for rice. Maize production, the
staple cereal of the region, is anticipated to suffer
production reductions of between 12% and 40%
by 2050 due to climate change (Roudier et al.,
2011; Calzadilla et al., 2013; Ramirez-Villegas
and Thornton, 2015). Other studies report that
yields of maize and beans, the most widely
planted crops in SSA, may decrease by 25% to
50% by 2050 (Challinor et al., 2014). Sultan
et al. (2014) found that yield losses due to
climate change varied between 16% and 20%
depending on the sorghum cultivar used in West
Africa. Using robust models, Schlenker and
Lobell (2010) found that, by mid-century, the
mean estimates of aggregate production decline
in SSA would be 22%, 17%, 17%, 18% and 8%
for maize, sorghum, millet, groundnut and cas-
sava, respectively. Rhodes et al. (2014) valued
yield reduction of between 5% and 2 5% of maize
and sorghum in West Africa if no action is taken
over the next decades.

The IPCC reports anticipated losses of be-
tween 27%-32% in the production of maize,
sorghum, millet and groundnut for a warming
of about 2°C above pre-industrial levels by 2050
(Porter et al., 2014; Niang et al., 2014; Mbow
et al., 2019). Estimates from previous studies
also show that crop and fodder growing periods
in southern Africa would shorten by an average
of 20% by mid-century, causing a 40% reduc-
tion in cereal yields and a decline in cereal bio-
mass for livestock (Calzadilla et al., 2013; Niang
et al., 2014). The empirical evidence of the
impacts of climate change in southern Africa
indicate extensive and direct consequences for
agriculture if no mitigatory measures are put
into practice.

Biodiversity, an essential resource for agri-
culture and food and feed production, is threat-
ened by climate change, deforestation, land use
conversion, diet changes, urbanization, pollution
and mismanagement of lands (IPBES, 2019).

In rural areas of Africa, the majority of
households are livestock keepers and are impacted
by climate change. Increased temperature and
water scarcity would reduce animal efficiency as
well as fodder production and digestibility. In-
crease in vector-borne diseases is observed due
to the increased vector population and decreased
resistance in livestock (Grossi et al., 2019;
Nicola, 2019).
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Although crop production is steadily in-
creasing in the region, the anticipated losses in
GDP, coupled with population growth and cli-
mate change, mean that agriculture would not
be able to feed the growing population if no
action is taken to mitigate the challenge and
reduce yield gaps (Kotir, 2011; Jury, 2013; van
Ittersum et al., 2016). In fact, climate change
should spur countries to lower carbon gaps and
invest in sustainable agricultural development
pathways. Hence, Africa cannot afford a low
level of ambition in tackling and mitigating cli-
mate change and rising sustainable economic
benefits to farmers.

2.2.3 High Commitment to
Ambitious and Sustainable Agricultural
Transformation

Farming systems have changed profoundly
throughout human innovation and are con-
stantly evolving as a consequence of develop-
ments and changes in technologies, policies,
societies, diets, preferences, income generation,
markets, energy sources, etc. (Tittonell, 2014).
However, these changes and developments are
not all desirable owing to heavy costs in terms of
negative externalities and hence adverse im-
pacts on environment, households and economy
(Poore and Nemecek, 2019). If left unchecked
and remaining in a ‘business as usual’ model,
farming systems will decline further in product-
ivity, leading to mass hunger and undermined
development (FAO, 2017b). These trends will
close the window of opportunity for avoiding cli-
mate change threats. It was estimated that to
feed the continent’s ballooning population, crop
production will need to increase by 260% by
2050 (FAO et al., 2019). van Ittersum et al.
(2016) showed that, by closing production gaps,
intensification options may allow accelerated
yield growth, greater cropping intensity and an
increased irrigated area. It is clear that Africa
should invest in ecologically intensifying pro-
duction systems to close production gaps with-
out jeopardizing and disrupting ecosystem func-
tioning (Pradhan et al., 2015).

Keeping global warming within or below
the 2°C threshold above pre-industrial levels de-
mands that the agriculture sector should be
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transformed and relationships with develop-
ment rethought (IPCC, 2018). In addition, tech-
nologies, ingenuity and resources exist to break
the link between agriculture and land degrad-
ation (IPCC, 2019; Smith et al., 2019). Policies
and political leadership — and intensified trans-
national cooperation — are still lacking in Africa.
Agenda 2063 is, however, giving great impetus
and aspiration for closing these political and in-
stitutional gaps and is supported by strong com-
mitment and strategies from governments and
international organizations (i.e. FAO, African
Development Bank (AfDB), World Bank).

In developing countries, about 80% of the
required increase in food and feed production
will need to come from higher yields and in-
creased cropping intensity, and only 20% from
expansion of arable land. Africa has tremendous
comparative advantages, potentials and re-
sources in terms of soils, biodiversity, water,
local knowledge and renewable energy that can
lead to sustainable intensification and cli-
mate-resilient agriculture. According to NEPAD
(2016), while 40% of the land in Africa is poten-
tially arable, only 9% is actually cultivated. In
fact, FAO projections are that most arable expan-
sion will be in SSA and Latin America (Living-
ston et al., 2011). Sixty percent of the planet’s
unexploited arable lands (800 million ha) are
found in SSA, but land must be protected from
degradation and exhaustion (The McKinzy
Global Institute, 2010; Livingston et al., 2011).
To reduce production and efficiency gaps in agri-
culture, CSA must be increased in both rainfed
and irrigated regions.

National agricultural research systems in
Africa continue to face numerous challenges, in-
cluding low levels of public investment, depend-
ence on external donors and volatility of funding
flows (Beintema and Stads, 2017). Research
pathways are still resistant to change, given that
most incentives (e.g. funding timeframes, insti-
tutional specialization and career opportunities)
favour conventional, specialized approaches
(Pardey et al., 2016; Beintema and Stads, 2017).
Research and innovation (R&I) are key drivers
in accelerating the transition to sustainable,
healthy and inclusive food systems from primary
production to consumption (Herrero et al.,
2020). Sustainable soil management, improve-
ments to local and specific seed varieties,
increase in use of fertilizers and expansions in
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irrigation could dramatically improve yields
(NEPAD, 2016).

Stringent transversal challenges should
also be tackled and relieved to promote the trans-
formation process; these mainly include land
tenure, market, finance, gender, youth and
equity. There is a wide awareness of the fact that,
through effective institutional development and
with South—South collaboration and communi-
cation — as well as by sharing experiences and
insights — African agriculture will certainly be
revitalized. In addition, widespread science-centred
CSA will enable African farming systems to turn
from generating misery and food insecurity to
creating prosperity and food security. Caron and
Treyer (2016) concluded that science should
help structure the political debate and effective
international coordination.

2.3 Climate Smart Agriculture (CSA):
Well-sequenced Strategy for Trans-
formation

The fact that large-scale industrialized agricul-
ture is not yet the norm in much of Africa has
been highlighted as a major opportunity for em-
barking on a de-risking agricultural investment
strategy and engagement in carbon neutral and
agroecological transition.

2.3.1 Evolving Concepts

Several linked concepts have been proposed to
establish new approaches and frameworks for
agricultural transformation, including Save and
Grow (FAO, 2011a), sustainable intensification
(Pretty, 2008; Pretty et al., 2011; Garnett et al.,
2013; Rockstrom et al.,, 2017), agroecology
(Altieri, 2002; Tittonell et al., 2012; AFSA,
2016; Nicholls et al., 2016; Saj et al., 2017),
eco-efficiency (Keating et al., 2010; Hershey and
Neate, 2013), nutrition-sensitive agriculture,
regenerative agriculture, ever-green agriculture
and CSA. HLPE (2019) presented the differences,
drivers and challenges of these approaches. CSA
is distinct from other approaches by the climate
change—food security nexus and especially by
its emphasis on food security as compared to
agroecology and sustainable intensification

(Moussadek and Mrabet, 2017; Liu etal., 2018).
The critical and underlining distinction for CSA
as compared to the other practices is that it is not
about more or better use of a specific technology
or set of technologies. CSA is fundamentally
about changing the way farming is conducted
across all farming systems and including arable,
livestock and forestry. CSA is not sustainable un-
less it is extended beyond a critical land size and
so can impose and enforce agricultural trans-
formation (Steenwerth et al., 2014).

Climate smart agriculture

The CSA concept is open, emphasizing outcomes
and impacts rather than means. It focuses on
human sustainability and needs in terms of
food, nutrition and well-being, environmental
integrity and climate risk reduction (Steenwerth
et al., 2014). In addition, diversity and hetero-
geneity in food production/farming systems and
household resources, pathways and scales to-
wards CSA adoption are diverse but should be
flexible, site-specific and specific to farmers’ cir-
cumstances (adapted to local social and biophys-
ical contexts) (Steiner et al., 2020).

The CSA concept was first proposed in
2009 by FAO and defined in 2010 (FAO, 2009a,b;
2013). During the same period, the World Bank
introduced CSA in its 2010 ‘World Development
Report: Development and Climate Change’ (The
World Bank, 2010).

CSA has been differently defined (Rosen-
stock et al., 2016; Chandra et al., 2017) but
is mostly founded upon the three pillars of
strengthening food security, climate change
mitigation and adaptation (Fig. 2.1) (FAO, 2013;
Lipper et al., 2014). It addresses inclusive devel-
opment through improving adaptive capacity
at multiple levels from farm to nation and ac-
celerating progress towards the SDGs and the
Paris Agreement. Food security cannot be in-
terpreted as a simple quantitative production
requirement, which would lead to productivist
drifts. Affordability, nutritional quality and regular
access to a diversified diet are equally essential
requirements.

Agenda 2063 is addressing simultaneously
the three dimensions of CSA to modernize Af-
rican agriculture while contributing to collective
prosperity and resilient economies. It also as-
pires to banishing the hand hoe by 2025, and
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Food Security

Increased crop yields and food availability
Augmented livestock performance
Increased soil productivity potential

Improved use and efficiency of seeds,
fertilizers and irrigation
Enhanced incomes and profitability
Better access to food and market
Increased food safety and diet diversity
Reduced pressure on the environment
Improved diets and feeding

Climate Change
Adaptation

Reduced exposure to risks
Enhanced adaptive capacity
Strengthened socio-ecological resilience
Increased resource optimization
Enhanced provision and protection of
ecosystem services
Natural resource preservation and development
Gender-responsive solutions and approaches

Climate Change
Mitigation

Reduced greenhouse gas emissions
Increased carbon sequestration in soils and
plants
Reduce the contribution of agriculture to
climate change
Reduced food wastes and losses

Fig. 2.1. Climate smart agriculture pillars and objectives. Adapted from FAO, 2013.

both science-based technologies and indigenous
knowledge will be intensively used to success-
fully ensure a people-centred modern and re-
silient agricultural sector (AUC, 2015).

Accordingly, CSA makes the best use of
nature-based, technological, digital and space-
based solutions to deliver better climate and en-
vironmental results, increase climate resilience,
and reduce and optimize the use of inputs (e.g.
seeds, pesticides, fertilizers and energy). According
to Neufeldt et al. (2013), any innovation or prac-
tice that liberally meet any set of the objectives
addressed in Fig. 2.1 can be designated as climate
smart (Chandra et al., 2017).

CSA can be applied at different scales and
contexts from farmers’ fields, landscape and food
value chains to a country’s food systems and
supply-side policy (De Pinto et al., 2020). It also
includes enabling policies and institutions as
well as the identification of financing mechan-
isms (Saj et al., 2017). CSA seeks not only to
preserve and maintain natural resources and
livelihood capitals, but also to develop them, as
future generations will make more quality and
quantity demands on agricultural and food
products. The ability of CSA to reach the object-
ives of the three pillars simultaneously has been
queried (Neufeldt et al., 2013; Chandra et al.,
2017). It is an opportunity to fuse farming
systems with the needs and aspirations of the
continent for healthy, equitable and environ-
mentally friendly food. Distinctively, CSA recon-
ciles trade-offs between farmers’ agricultural
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profits and environmental benefits for society at
large, as found by De Pinto et al. (2020).

Public policies based on the requirement of
simultaneity between the three pillars of the
CSA would have the merit of leading to a re-
newal of practices promoting agriculture com-
patible with the stakes of climate change and
capable of nourishing the planet (Frank et al.,
2017; Saj et al., 2017). Caron (2016) proposed
to develop a scientific framework for CSA to
guarantee evidence to stakeholders, as it lies at
the interface between science and policy making.
De Pinto et al. (2020) requested a useful frame-
work to tackle multi-objectives associated with
CSA across scale. According to Neufeldt et al.
(2013), agriculture and food systems are climate
smart when it can be shown that they bring hu-
manity closer to safe operating spaces (balancing
needs to outcomes within planetary boundaries).
Chandra et al. (2017) urged for a rethinking of
political and institutional dimensions of the CSA
discourse and enhancing knowledge production.
Taylor (2018) proposed an alternative ‘climatic-
wise’ framework to focus on the inherently polit-
ical dimensions of food and agriculture in an era
of climatic change.

An analysis of CSA concepts and contexts
by Chandra et al. (2017) concluded that, for
transformative CSA agenda to be effective, con-
ventional top—down and scientific-led research
should be complemented with the inclusion of
non-experts and community- and farmer-led
organizations. The authors claimed also to focus
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on vulnerable farmers and their associations
and networks.

Conservation Agriculture

The term Conservation Agriculture (CA) was first
used in late 1990 but CA principles were intro-
duced in the mid 1950s to counter the Dust Bowl
in the USA. CA is among the operational strat-
egies of CSA and has a history of being both con-
tentious and pragmatic (Powlson et al., 2014).

There is considerable diversity in what
constitutes CA throughout Africa (Brown et al.,
2017; Mtakwa et al., 2020). CA has different
incarnations depending on stakeholders, including
scientists, extension and communication offi-
cers, government managers, farmers and pro-
ducers. It can, however, be defined as the link
between three components or principles: (i)
elimination of mechanical seedbed preparation
and soil disturbance; (ii) permanent soil cover
through retention of crop residue mulch and
cover crops; and (iii) adoption of diversified
crop rotations along with other complemen-
tary good agricultural production and land
management practices (i.e. use of quality seeds,
and integrated pest, nutrient, weed and water
management). Each component requires inter-
pretation (Stevenson et al., 2014). Complemen-
tary practices are enablers for farmers to
increase CA feasibility and narrow yield gaps
(Thierfelder et al., 2018). CA was not initially
developed to harness biodiversity, and opti-
mizes ecosystem services through implementa-
tion of its underlying principles (Palm et al.,
2014).

The amount of research devoted to CA has
increased significantly and in 2015/16 crop-
land under CA had extended considerably to
reach 180 million ha worldwide (Kassam et al.,
2020). Prestele et al. (2018) showed that the
process of CA adoption can be speeded up while
alleviating institutional, social and economic
barriers, and that the potential of CA can be in
the range of 533-1130 M ha (38%—81% of
global arable land). Presently CA represents 1.5
million ha in Africa. The five leading countries
are South Africa, Zambia, Mozambique, Malawi
and Zimbabwe, representing 90% of the CA
acreage. Prestele et al. (2018) showed that the
potential CA area ranges from 28.41 to 124.40
million ha (12%—-53% of arable land in Africa).

2.3.2 Climate Smart Agriculture (CSA)
Imperatives and Synergies for Sustainable
and Inclusive Growth in Africa

Strategic reports agree that CSA unifies the
agendas of the agriculture, development and cli-
mate change communities under one category,
even though these often overlap and interact
(Chandra et al., 2017). Several CSA approaches
and frameworks have been proposed to sustain
the decision-making process in the agricultural
sector by taking into consideration the three pri-
mary principles and by copiously accounting for
the synergies and trade-offs among the out-
comes (FAO, 2019b; AfDB, 2020b).

Sustainable development is a challenging
goal for Africa and depends on the pursuit of path-
ways of development (Caron et al., 2018; FAO,
2018; Mbow, 2020). CSA interventions should
not be focused only on technologies and measures
but also on transformation across the personal,
practical and political spheres, and on the dy-
namics (including drivers of risks) and interactions
among these spheres (O'Brien et al., 2015). In
other terms, the feasibility and scalability of CSA
depend on interplay of the three dimensions. In
this respect, CSA contributions and operationaliza-
tion are not restricted to biophysical and environ-
mental factors, and achieving the SDGs is critical
and fundamental (FAO, 2019b; Mbow, 2020).

To reach the agreed SDGs, Africa as whole
and countries individually need mechanisms, le-
gislation, guidelines and plans for a high and
sustainable rate of CSA adoption by farmers. The
essence of CSA lines up with several SDG targets
(Rabobank, 2018; Roy et al., 2018). Rabobank
(2018) sees CSA as directly supporting SDGs 2,
8,9,12,13, 15 and 17 and indirectly supporting
SDGs 1, 2,5,7,8,9,10,13,15and 16.

FAO has proposed a five-step implementation
process for CSA: (i) expanding the evidence base;
(ii) supporting enabling policy frameworks;
(iii) strengthening national and local institutions;
(iv) enhancing financing options; and (v) imple-
menting locally appropriate and context-specific
practices and technologies for CSA on the ground
(FAO, 2019b).

There is no single generalizable model of CSA to
achieve the three core principles or dimensions. CSA
promotion should be based upon coordinated ac-
tions from farmers, researchers, private sector, civil
society and policy makers towards climate-resilient
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pathways through four main action areas:
(i) building evidence; (ii) increasing local insti-
tutional effectiveness; (iii) fostering coherence
between climate and agricultural policies; and
(iv) linking climate and agricultural financing
(Stevenson et al., 2014).

Because conditions vary extensively across
geographies, economies and societies in Africa,
any enhanced CSA should avoid ‘one size fits all’
and ‘business as usual’ approaches and consider
key characteristics of a country’s agriculture
sector (HLPE, 2019). This includes an examin-
ation of national production and consumption
trends of crops and livestock, as well as the types
and sizes of producers. In other words, the legit-
imacy and durability of CSA should account for
and integrate diverse perspectives, needs and
priorities. CSA differs from business as usual
approaches by emphasizing the capacity to
implement flexible and context-specific solu-
tions through its attractivity to value chain
policy support and investment financing action
(Lipper et al., 2014).

Drivers for small-scale farmers are diverse
and dependent on site-specific socio-economic
situations, resource endowment, mechanization
level and biophysical challenges. Establishing
and supporting enabling policy environment
and coherence is foundational for CSA align-
ment with a country’s development model.

Bringing about change in social contexts
and mindsets is often very difficult and involves
long periods of awareness raising to engage
farmers and policy makers in parallel. Equitable
benefit sharing and inclusive governance are
extremely important to build resilience and en-
hance adaptation of the agricultural sector in
any country. CSA could not be scaled up without
such critical changes, in addition to eliminating
inequalities.

2.4 Climate Smart Agriculture
(CSA) and Development Initiatives:
Supporting Bottom-up Alliances

2.4.1 Land Degradation
Neutrality (LDN)

Most agroecological zones in Africa have high
levels of vulnerability to climate change because
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they are affected by significant on-going
processes of degradation and desertification
(Spinoni et al., 2015; Pravilie, 2016) and high
levels of poverty and food and nutrition inse-
curity (FAO, 2017b; von Grebmer et al., 2017).
Prevalence of severe food insecurity varies
across sub-regions in Africa with the lowest in
North Africa (9.23%) and the highest in Middle
Africa with an average for SSA of 25.7% (FAO,
2017b). The same report noted that the average
per capita income was three times lower in
SSA than it was in other regions of the world
in 2014, although it saw a 30% increase be-
tween 1990 and 2014.

Land degradation has been speeded up by
human activities and mismanagement and uses
of natural resources. To curb this scourge and its
disastrous consequences, the United Nations
Convention to Combat Desertification (UNCCD)
launched the concept of LDN. LDN represents a
paradigm shift in land management policies and
practices and is an approach that counterbal-
ances the expected loss of productive land with
the recovery of degraded areas. It strategically
places the measures to conserve, sustainably
manage and restore land in the context of land
use planning (Cowie, 2020).

Cowie et al. (2018) explained that man-
agement of land degradation has co-benefits
for climate change mitigation and adaptation
and for biodiversity conservation, in addition
to enhancing food security and sustainable
livelihoods. In other words, achieving LDN tar-
gets would decrease environmental footprints,
support food security and sustain human
well-being (Stavi and Lal, 2015). These are the
founding objectives of CSA. In fact, the UNCCD
considered that the problems of slow adoption
of CSA could be addressed by inclusion of LDN
asaSDG (Lal etal., 2012). LDN is a key element
of SDG target 15.3, and is recognized as an ac-
celerator for achieving several other SDGs by
2030, including those on reducing hunger and
poverty and tackling climate change. Accord-
ingly, CSA is one of the main mechanisms to
achieve LDN (Sanz et al., 2017). CSA advances
LDN as it endeavours to minimize the risks of
land degradation, rehabilitates degraded lands
and ensures the optimal use of land resources
through improvement in soil quality (Lal et al.,
2012).
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2.4.2 Enhanced Nationally Determined
Contributions (NDC)

According to UNEP (2019), there should be a re-
duction in global emissions by 7.6% and 2.7%
every year for the next decade to meet the Paris
Agreement targets of 1.5°C and 2°C, respect-
ively. The UN report showed that even if all current
unconditional commitments under the Paris
Agreement are implemented, temperatures are
expected to rise by 3.2°C. Hence, collective ambi-
tion (mainly from developed countries) must
increase more than fivefold over current levels
to deliver the cuts needed in the period
2020-2030.

In support of the Paris Agreement imple-
mentation, NDCs were intended to set out the
ambitions of governments, in both developing
and developed countries, for a transition to a
growth-oriented, climate-resilient and low-
carbon development model. For African coun-
tries, NDCs provide opportunities to reduce
GHG emissions and present policies that pro-
mote growth while developing an agricultural
sector based on the three dimensions of sus-
tainability. They are also prospects for inter-
national cooperation and funds (FAO, 2016b).
However, according to IPCC (2018) and UNEP
(2018), current commitments in the NDCs
are inadequate to close the emission gap in
2030. It has been proposed that all countries
should substantially increase their ambition
and to triple their NDCs to get on track to 2°C
and increase fivefold to align with 1.5°C
(Fransen et al., 2017; NDC Partnership, 2019).

Enhancing and investing in NDCs through
CSA was claimed by several African countries to
tackle climate change impacts. Other solutions
have also been mentioned or associated with
CSA, such as sustainable land management
(SLM) and agroforestry, to optimize natural re-
source use and avert climate change loss and
damage (Richards et al., 2016). Many countries
in Africa included fertilizer use, soil fertility
management and agricultural inputs as part of
their contributions to the Paris Agreement.
Plans and policies are in progress for widening
appropriation by farmers of such resilience-
based systems (FAO, 2018). IPCC (2019)
reported that increased soil carbon using SLM
systems and CSA are the most cost-effective

options for climate change adaptation and
mitigation, and to combat desertification, land
degradation and food insecurity.

2.4.3 Climate Smart Agriculture (CSA)
Central to Gender and Equity

Agriculture and women’s empowerment are
central to the new SDGs. It is well known that
gender inclusion through gender diversity and
equality contributes enormously to economic
growth. However, women and youth are in the
front line of climate and land challenges. In a re-
cent study by the World Food Programme, a set
of indicators across 17 countries indicated a
clear relationship between gender inequalities
and food insecurity, to the detriment of women
(WFP Gender Office, 2020). It was also found
that hunger cannot be reduced or eliminated
solely through provision of adequate food, but
rather through women’s empowerment and
gender equity.

Across the continent, women tend to have
less access to resources, capital and services
compared to men (IFPRI, 2020). CA develop-
ment in North Africa differs from that in SSA in
that the ‘tillage mindset’ is difficult to change in
most North African farmers. The other issue of
singular importance is gender vulnerability, as
hand hoe-based Sub-Saharan agriculture is led
by women (FAO, 201 7b). Women from marginal
households face greater workloads and are more
vulnerable to climate change (WFP Gender Of-
fice, 2020). In addition to migration and health
issues, rural women have increased roles and
tasks (United Nations, 2015).

Enhancing opportunities and benefits for
women and men in the agricultural sector is
vital for promoting gender equity and enhan-
cing well-being in SSA. The specific needs, real-
ities and priorities of women and men should be
recognized and adequately tackled. Immediate
benefits include reduced labour time, access to
subsidies, training and markets as well as use of
inputs and technologies. Opportunities are
linked to sustainable results from CSA and may
give women access to cash, spending and in-
vesting ability, resource use and management,
and access to and control of land.
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Several CSA programmes and projects were
designed to include gender and labour productivity
analysis and be gender sensitive (Murray et al.,
2016). To scale-up CSA in Africa, it is imperative
that women get access to resources and inputs,
and avoid differential impacts or co-disadvantages
that burden women’s labour and productivity
(Kaczan et al., 2013; Nyamangara et al., 2014;
Thierfelder et al., 2015). Women bring new skills
and capabilities when male-to-female employment
is reduced. However, to rely on women for CSA
adoption, the gaps in significant knowledge, tech-
nology, energy and capacity building should be
bridged and closed (MICCA programme by FAO;
http://www.fao.org/climatechange/micca, accessed
1 July 2021). This approach will allow the progress
of CA adoption to be assessed and monitored, based
on gender-sensitive indicators. In addition, gender-
based barriers should be relieved and women
should not be taken away from opinion- and
decision-making processes, and should receive
equal opportunities for financial instruments,
skill development and empowerment (Lipper
et al., 2014). Education, training, information
technology and digital development should re-
solve the gender gap and awareness deficit within
African societies and consequently be used to
strengthen the equal access of women and men
to CSA solutions, benefits and opportunities.

All three pillars or dimensions of CSA are
gender sensitive and hence gender impact should
be included or augmented. If CSA systems are to
be sustainably adopted and tangible benefits real-
ized, it is imperative to raise the level of leadership
evenly, and engage women and men in super-
vising and managing agricultural projects and
enterprises. Policy orientations should be devel-
oped to allow gender parity and productivity, and
to acquire for women the rights to access and con-
trol resources, information and get involved in
farmer-led organizations and public institutions
linked to agricultural services (Collins, 2018).

2.5 Fostering and Enhancing
Conservation Agriculture (CA) Science
and Technology as a Foundation for
Climate Smart Agriculture (CSA)

The largest existing model of CSA worldwide
in terms of surface area is that of CA (about
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180 million hectares of cropland in 2015/16).
In addition, CA as a CSA core objective is to miti-
gate climate change while regenerating land
degradation in order to reduce food gaps. In fact,
worldwide scientific evidence from research
and empirical evidence from farmers’ practice
shows that CA is an effective strategy for achieving
CSA dimensions (Kimaro et al., 2015; Kassam
et al., 2020). However, the transformational
power of CA systems and related technologies
depends on the economic and political context,
the needs of the farming communities and soci-
ety at large and a country’s socio-economic and
institutional conditions. CA is much concerned
with farming and production systems, while
CSA is broader as it deals with entire agricul-
tural value systems; that is, from production,
processing (agro-industry) and storage through
to consumption. However, CA impacts can be
sensed through the value chains and any techno-
logical development will certainly increase its ac-
ceptance, adoption and scale-up.

In Africa, soil erosion in SSA is considered
one of the root causes of stagnating or declining
agricultural productivity. Hence, the relevance
of CA has been emphasized through research on
soil erosion control and soil surface manage-
ment at IITA since 1976 (Lal, 1975; 1979). Re-
search into CA has also been conducted in the
dry areas of North Africa by the International
Center for Agricultural Research in Dry Areas
(ICARDA) and national research institutes (Mra-
bet et al., 2012; El Gharras et al., 2017); in sub-
tropical regions of southern Africa (Thierfelder
et al., 2014; Wall et al., 2014) by the Inter-
national Wheat and Maize Improvement Center
(CIMMYT) (Wall, 2007); and by ICRISAT (Inter-
national Crops Research Institute for the Semi-
Arid Tropics) in southern and West Africa. An
increasing number of countries and regions are
adopting CA systems, but the dynamics, scale
and pace should be enhanced (Kassam et al.,
2020).

The FAO report on regional overviews of food
security and nutrition suggests that increasing
the resilience of agricultural livelihoods, and
promoting and financing CSA practices, would
be a powerful lever to reach the pledge of the
SDGs ‘to leave no one behind’ (FAO, 2019Db).
Translation of commitments and declarations
into effective programmes and plans is both ur-
gent and mandatory, in addition to fundamental
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reformatting of the values, trade-offs, regula-
tions, policies, markets and governance related
to CA systems.

The transformative potential of CA in its
ability to raise agricultural productivity and
resilience, and to improve livelihoods and
empower communities, has increasingly been
recognized. There has been growing appreci-
ation and documentation of CA’s potential to
increase and stabilize long-term production in
Africa by optimizing biological regulation pro-
cesses, recycling nutrients and promoting diver-
sified agroecosystems (Pretty et al., 2011), as
well as providing a buffer against environmental
and economic risks and accelerating climate
adaptation (IPES-Food, 2016). CA is an oppor-
tunity for each country to unveil an ambitious
plan for ‘aresilient and robust food system’, with
emphasis on sustainability, resource optimization
and socio-ecological resilience (Pisante et al., 2020).

Thornton et al. (2018a) proposed a frame-
work for setting priorities for CA research and
development in order to set metrics of benefits at
contrasting scales and in time and space. The
framework also recommended adding iterative
and long-term research on CA to cycles of evalu-
ation and learning. Such a framework necessi-
tates appropriate resources, funds and capacities
as well as support from farmers, private sectors
and organizations, and policy makers.

2.6 A New Legacy of Sustainability

Kassam et al. (2017) have stated that tillage,
irrespective of whether it is mechanized, animal
or human drawn, has caused widespread
degradation of croplands. Such degradation has
affected crop productivity and enhanced the
impact of climate change, particularly in devel-
oping countries. Cycles of unsustainability and
vulnerability have led to falls in the stability of
farming systems owing to increased yield gaps
and reduced farmers’ incomes (Lal, 2020b).

To be sustainable a farm must satisfy four
major goals: productivity and quality, financial
feasibility and viability, environmental sustain-
ability, and human welfare and security. Most CA
practices indigenous to SSA merit development
and enhancement following historical success
(Zai pits, half-moons, tassa water harvesting,

agroforestry parklands). CSA practices are linked
to biodiversity conservation, forest management
and integrated livestock with crops and trees.

For recovering and (re)building resilient
food systems in Africa, it is important to leverage
the power and dynamism of CSA in shifting
concepts to sustainability and resilience. Main-
streaming CA in Africa will allow the balancing
of farmers’ goals and countries’ challenges and
hence support the interaction between food and
ecosystem security.

Across Africa, growing evidence from many
studies has revealed better performance of CA
than of conventional systems on various sus-
tainability metrics: crop productivity, soil micro-
bial species richness and abundance, soil fertility,
nitrogen uptake by crops, water infiltration and
holding capacity, energy use and efficiency, and
many other ecosystems services (Thierfelder
et al., 2013c; Boulal et al., 2014; Nana et al.,
2014; Ndah et al., 2014; Wall et al., 2014; Thier-
felder et al., 2015; 2016; Mupangwa et al., 2016).
CA helps to enhance below- and above-ground
ecological interactions through integration of crop
residue, soil and pest management practices,
which constitutes a robust and sustainable path
for optimizing a farming system’s functions and
productivity. CA also ensures ecosystem services
and hence the creation of healthy ecosystems.

2.6.1 Doing More with Less by
Leveraging and Harnessing Technology

Under traditional farming systems, the benefit—
cost ratio is often too low to encourage farmers to
apply fertilizer and pesticides, because of the rela-
tively high prices at the farm gate, the low market
price of food crops like maize and the high year-
to-year variability of the agronomic efficiency of
applied inputs. Such unsustainable farming
systems should be redesigned for increased profit-
ability and efficiency, and accompanied by in-
novative policy measures. Sommer et al. (2013)
considered CA, integrated soil fertility manage-
ment and N-fixing legume-based rotations as
proven alternative options for profitable and sus-
tainable nutrient management for smallholder
farming systems in East and southern Africa.

A variety of CA practices are used in Africa,
ranging from hand planting with pointed sticks

Al'l use subject to https://ww.ebsco. coniterns-of-use



EBSCChost -

32 R. Mrabet and R. Moussadek

and digging permanent narrow planting basins
with specialized hoe and rippers to animal- and
tractor-mounted seed drills (Thierfelder and
Wall, 2012; Thierfelder et al., 2015). However,
research for development and technology
transfer programmes, projects and other inter-
ventions are still struggling to make CA innov-
ations go to scale in Africa. In fact, asymmetric
or limited access to CA technologies and prac-
tices, knowledge, information and advice leads
to inequality in farmers’ decision making, reach-
ing benefits and reducing trade-offs (Holden
etal., 2018).

To secure sustained CSA success, CA tech-
nologies have developed and improved substan-
tially over the years but their use and integration
in farming systems differ considerably according
to farm size, crop type, geography, investment
availability, advisory systems and farm assets.
CA technologies comprise a vast range of appli-
cations including farm management (soil, cover
crops, quality seed, crop health, pest moni-
toring), seeding and spraying as well as inte-
grated pest and weed management, crop residue
management, harvesting and post-harvest
management. Investing in seed and machinery
innovations through private sector and research
institutes will have a considerable impact on Af-
rican agriculture and enable several SDGs to be
reached.

Development of the seed sector is of im-
mense importance to fully benefit from CA out-
comes. Cultivar adjustment is an important
strategy to climate change adaptation. Climate
smart varieties with adaptations to new climatic
conditions such as drought and heat tolerance,
or the ability to withstand floods, are needed.
The seed system (i.e. the institutions and pol-
icies) involved in the breeding, delivery and
adoption of these new generations of varieties
should be renovated and upgraded (Challinor
et al., 2014; Porter et al., 2014).

In advanced CA, technology solutions may
also involve satellite imagery and sensors, edge
computing, robotics and automation, digitalization
and big data, as well as biological therapeutics.
The young generation of farmers, emerging
start-ups and crowdfunding in rural areas are
instrumental and should play a role in attracting
CA technologies.

Unsurprisingly, technology heavyweights
and industries are supporting and developing
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CA across the world and in Africa. Machinery,
seed, fertilizer and herbicide companies have
long been instrumental in advancing and
adopting CA. Such companies and industries
should develop farming ecosystems and main-
tain their support to increase rates of attraction,
adoption and spread of CA in Africa. The use of
advanced technologies such as artificial intelli-
gence, machine learning and blockchain in CA
ecosystems should be further developed, enab-
ling farm management and operations to be
more integrated and facilitated. These tech-
nologies will become less risky in the future, al-
though they were more costly in the early phase
of adoption. CA systems, with opportunities
from digital technologies, should also help to
tackle Africa’s pressing agricultural develop-
ment challenges (The World Bank, 2019). Strin-
gent investments are required in digital green
and precision agriculture to realize the potential
benefits of CA systems and to address the multiple
constraints and barriers faced by farmers, mainly
those managing smaller and vulnerable farms.
Policy improvements are needed to convey CA to
farmersthrough networking, e-extension, start-ups,
incentives, financial services, etc. (Rasoanindrainy,
2017; HLPE, 2019).

2.6.2 Rising Crop Productivity and
Reducing Yield Gaps During Climate
Variability

Crop yields in developing countries are stagnat-
ing or the growth in yield rates are lower than
required to meet global food demand (Ray et al.,
2013). In addition, the perception by farmers of
high risks in adopting and applying advanced
technologies (e.g. CA) has been the major driver
for crop yield gaps (Tittonell and Giller, 2013;
George, 2014).

Numerous individual studies have com-
pared crop yield and quality differences between
CA and conventional systems. These data have
been synthesized in several meta-analyses or re-
views. Most of these studies support the CA prin-
ciples and showed that CA either out-yielded or
had similar yields to conventional systems. In
particular, it was found that CA helped to close
yield gaps in dry years, permitting higher yields
than conventional tillage owing to the higher
water-holding capacity of CA-managed soils
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(Mrabet, 2011a; Altieri et al., 2012; Bayala et al.,
2012; Kutu, 2012; Thierfelder et al., 2013b;
Boulal et al., 2014; Swanepoel et al., 2017).In a
meta-analysis study, Lamanna et al. (2016)
showed that, among CSA practices applied in
East Africa, CA doubled the yields of maize.

Steward et al. (2019) showed that crops in
CA systems expressed higher resistance to cli-
matic stress and increased in overall adaptive
capacity to enhanced risks due to global
warming. In a review summarizing results from
eight countries in East and southern Africa, Wall
et al. (2014 ) showed marked maize yield benefits
under CA systems compared to conventional
tillage practices (CT) in both research and
farmers’ fields. The same authors reported that
sorghum, cotton, wheat, cowpea and teff yielded
comparable results under CA and CT. Assess-
ments by Mrabet (2011a), Boulal et al. (2014),
El Gharras et al. (2017) and Babhri et al. (2019)
revealed that grain yields of annual crops out-
yielded in CA systems and that the benefits were
higher and with greater crop residue retention.
Reduced yields under CA compared to CT sys-
tems were mostly explained by partial adoption
of CA components (Guto et al., 2011; Erenstein
etal., 2012; Wall et al., 2014; Bahri et al., 2018;
Souissi et al., 2018; Stevenson and Vlek, 2018)
or by the need for a transition phase for soil re-
covery and yield improvement vis-a-vis rainfall
variability (Loke et al., 2012; Pittelkow et al.,
2015; Brown et al., 2017).

Intercropping, crop rotations and diversifi-
cation (i.e. using pulses/food and oilseed leg-
umes; forage crops) are, overwhelmingly, the
main management practices that CA farmers
should use. These influence input use efficiency,
grain and forage production and quality, and soil
fertility building, and are an integral part of
weed, pest and disease management strategies
(Wall et al., 2014; Steward et al., 2019). Optimal
crop/animal assemblages and integration,
skillful crop residue maintenance, cover cropping
and well-planned rotations are instrumental for
successful CA design and implementation, and
allow the farming system — over time — to sponsor
self-enrichment of soil nutrient pools, crop
protection and yields. Farmers’ awareness
and perceptions of the function of legumes in
crop rotations and intercropping systems
should further be emphasized (Muoni et al.,
2019).

It is extremely important to examine crop
varieties and the seed sector in Africa (Muoni
et al., 2019). Crop rotations should be enforced
by use of improved varieties that carry genetic
attributes boosting the success of CA. The var-
ieties used should enable resistance to biotic and
abiotic stress, and allow water and nutrient use
efficiency and adaptation to climate variability
and extremes.

Crops cannot produce in environments
stressed by weeds and pests. Integrated weed/
pest management strategies and practices are
needed to guarantee higher and stable perform-
ance from CA systems.

2.6.3 Recarbonization and Enhancing
the Resilience of African Soils

At the national scale, carbon benefits are pri-
marily concerned with improved food security
and agricultural sustainability, while at the glo-
bal level the anticipated benefits from improved
soil carbon management are mainly enhanced
biodiversity, increased carbon offsets and cli-
mate change mitigation (Banwart et al., 2015).
International and national research has re-
vealed that agroecological farming and live-
stock systems can both sequester and reduce
direct agricultural GHG emissions (Abdalla
et al., 2016). Climate solutions that enhance
land-based carbon sinks cluster around food
waste and diets, ecosystem protection and res-
toration, improved agricultural practices and
prudent use of degraded land (Smith et al.,
2016; Griscom et al., 2017; IPCC, 2018). It is
estimated that the land-based mitigation po-
tential is 265 million tons CO, per year up to
2030 through cropland management, grazing
land management and the restoration of de-
graded lands (Smith et al., 2013; Smith et al.,
2014; Mbow, 2020). In addition, 812 million t
CO,/year can be mitigated by reducing deforest-
ation and promoting forest conservation com-
bined with sustainable intensification practices
(Mbow, 2020). Applying and adopting climate
smart agricultural production systems has the
potential to mitigate or curb climate change
trends.

To limit global warming to 1.5°C, the world —
including Africa — should shift and/or adopt a
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technique of removing CO, from the atmosphere
or implement negative emission technologies
(NET) (Fuss et al., 2016; Williamson, 2016; Fuss
et al., 2018). However, for these techniques to
deliver such targets and at the scale needed, de-
pends on efficiency, viability, feasibility, accept-
ability, safety and costs/benefits (Wezel et al.,
2014; Kartha and Dooley, 2016). In addition,
the options should both assure CO, removal
or storage and non-climatic impacts such as
healthy ecosystems, biodiversity protection, food

security and environmental sustainability
(Wezel et al., 2014; Smith et al., 2016; IPBES,
2019).

In Africa, long-term investments in up-
scaling soil fertility and carbon management are
critical for food security and essential instru-
ments for climate change mitigation (Garrity
etal., 2017; Wiesmeier et al., 2019). Soil carbon
sequestration is one of a few strategies that
could be applied at a large scale and low cost
(Paustian et al., 2016). Most reviews and re-
search support the view that CA systems are
more energy efficient and environmentally
friendly, and particularly useful in reducing land
erosion and degradation, restoring soil functions
and storing soil carbon (Baggs et al., 2006;
Mchunu et al., 2011; Thierfelder et al., 2012;
2013a, b; Swanepoel et al., 2017).

Gonzalez-Sénchez et al. (2019) conducted a
meta-analysis on potential sequestration by CA
in Africa and estimated the amount as being
143 Tg of carbon/year; that is, 524 Tg of CO,/
year. This figure represents about 93 times the
current sequestration figures. It is also almost
threefold that found for Europe by Gonzalez-
Sanchez et al. (2017), which amounted to 189
Tg CO,/year.

A meta-analysis by Powlson et al. (2016)
found that, in SSA, increases in carbon stocks
were between 0.28 and 0.96 Mg C ha! yr!, but
with much greater variation and a significant
number of cases showed no measurable in-
crease. Thus, increasing net soil carbon storage
by even a few percentage points represents a sig-
nificant carbon sink potential for the tropical
region of Africa.

Recarbonization is essential for all soil pro-
cesses that impact agronomic productivity and
the environment (FAO, 2019d). Persistence of
a soil carbon pool as an ecosystem property
depends on a range of environmental and
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biological controls (e.g. nutrient availability)
(Mrabet et al., 2017). While nitrogen is the most
limiting nutrient for crop production, many
agricultural soils in Africa are deficient in phos-
phorus, potassium, sulfur and micronutrients
(Sommer et al., 2013), which makes balanced
nutrient inputs critical to carbon sequestration
in soils. Integrated plant nutrient management
is a challenge for low-capacity soils in Africa,
and the 4R approach proposed by the Inter-
national Plant Nutrition Institute (IPNI) can be
used to maximize fertilizer use efficiency, reduce
N,O emissions from fields and, at the same time,
guarantee better production and environmental
stewardship (IPNI, 2012; Johnston and Bruul-
sema, 2014). Improving fertilizer management
under CA is one of the most effective strategies
that farmers can adopt to both increase crop
yields (Mrabet et al., 2001b; Kimaro et al., 2015;
Kabirigi et al., 2017) and reduce GHG emissions
(Mrabet et al., 2012; Shcherbak et al., 2014;
Powlson et al., 2016). Locally blended fertilizers
should be encouraged to reduce the costs of
fertilization associated with incorporating
nitrogen-fixing crops, cash crops and manure. It
is extremely important to shift from monocrop-
ping (e.g. maize) to diversified crop sequences.

Carbon storage and sequestration are widely
recognized to permit co-benefits for the soil and
environment, such as improvements in hydro-
logical processes and the soil-water balance (in-
filtration, runoff and evaporation control, water
conservation and soil water-holding capacity,
etc.) (Mrabet et al., 2012; Wall et al., 2014;
Mtakwa et al., 2020). It has also been reported
that efforts to sequestrate carbon in agricultural
land, to reduce climate impact below 1.5°C, may
even reduce calorie loss by 65% and so limit
undernourishment (Frank et al., 2017).

The review by Wall et al. (2014) showed
that infiltration improved by 67% under CA
compared to CA in 39 sets of data from East and
southern Africa. The review also outlined that,
in erosion studies from Ethiopia, Kenya, Zim-
babwe and South Africa, CA helped to reduce
runoff by 51% (range 14%—-95%) and erosion by
71%. Such benefits are confirmed in North
Africa by Mrabet (2011a), Moussadek et al.
(2011a) and Mrabet et al. (2012). Corrections
and enhancements in soil biological and hydro-
logical processes of this kind enable resilience in
farming systems.

Al use subject to https://ww. ebsco.conlterms-of - use



EBSCChost -

printed on 2/14/2023 5:57 AMvia .

Development of Climate Smart Agriculture in Africa 35

2.6.4 Livestock Performance and
Synergistic Integration with Crops

Livestock use 30% of the entire land surface of
the Earth as permanent pasture and 33% of ar-
able land is used to produce feed for the livestock
(FAO, 2006). In Africa the livestock sector is
highly dynamic but, globally, has negative im-
pacts on production efficiency and environmen-
tal sustainability (Lal, 2020a). Mixed farming
systems contribute to the livelihoods of a large
population by providing most of the staples con-
sumed by many millions of poor people in Africa:
between 41% and 86% of the maize, rice, sor-
ghum and millet; 90% of the milk; and 80% of
the meat (Thornton and Herrero, 2015). In add-
ition, demand for livestock products is expected
to increase due to population growth, shifts
in living standards and diets, and urbanization.
On one hand, the African livestock sector has
been hit by climate change owing to its impact
on the quality of feed crops and forage, water
availability, animal and milk production, live-
stock diseases and outbreaks, animal reproduc-
tion, composition and productivity of pasture
and rangelands, and biodiversity (Grossi et al.,
2019).

On the other hand, in Africa, livestock-
related GHG emissions from enteric fermenta-
tion and manure contribute nearly two-thirds of
the agriculture sector’s emissions (about 69%).
Manure left on fields itself contributes about
28% (FAO, 2016a). Sustainable livestock sys-
tems should find a point of balance between
stable production and a good income for farmers,
build-up of resources, ecological and climate
change benefits and demands for more animal
health and welfare (Thornton and Herrero,
2015). These systems provide 15% of the nitrogen
inputs for crop production via manure amend-
ments (Thornton and Herrero, 2015).

Livestock is characteristically integrated
with cropping systems through weedy fallows,
residue and stubble grazing, and the use of
woodlands and rangelands. Crop-livestock
integration means durable relationships be-
tween the animal component through health
and feeding, plants in terms of productivity
and performance, and soil for its quality and
resilience. Synergistic integration is needed
for CA systems to be adopted at stable rates in
Africa.

Numerous reports and studies have pointed
to the problems of crop residue retention and
the trade-offs between different uses in crop—
livestock farming systems (Palm et al., 2014; Val-
buena et al., 2012). Crop stubbles and residues
are important forage for ruminants and sources
of income for farmers (Mueller et al., 2003). In
addition, animal manure is the most important
soil fertility amendment. Owing to low biomass
production, returning crop residues to soils is the
major barrier for CA adoption in Africa. Main
benefits from CA are due to crop residue manage-
ment which improves the functioning of the soil—
water—plant system (Wall et al., 2020), which al-
lows farmers to understand the system and so
make sound and relevant decisions. Adopting CA
does not mean uncoupling grain and livestock
but ensures simultaneous production and eco-
logical efficiencies (reduced erosion, increased
carbon storage, etc.). Crop residue management
is a long-term engagement and should be re-
solved and agreed upon at the community level to
ensure benefits to soils, crops and farmers. In
addition, enabling policies and effective commu-
nication on residue management under CA are
prerequisites for CA uptake and adoption.

Improved skills and options are needed for
synergistic crop—livestock integration under CA
systems to minimize financial risks, improve
livestock performance and regenerate degraded
soils. Such integration would be enhanced
mainly through the feed (fodder and grain)
supply from encouraging the use of diversified or
multi-cropping cropping systems. Other alternate
options are spatial management and control of
grazing, livestock mobility and agricultural in-
surance to avoid yield penalties through exces-
sive residue removal and associated adverse
effects on soils (De Leeuw et al., 2019). Further
options are explained in Box 1 (Mrabet, 2008b;
Thornton et al., 2018b; Lal, 2020a).

2.6.5 Knowledge Economy

The knowledge economy is driven by innovation
and creativity. While developed nations have
benefited from advanced CA technologies since
the early to middle 1900s, many subsistence
and traditional farmers across Africa are suffer-
ing from soil mining techniques using stage 1
agricultural mechanization (human and animal
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Box 1. Conservation Agriculture options for climate-resilient integrated crop—livestock systems

Policies for preventing/reversing rangeland degradation.

Revaluing competition for crop residues and stubbles.

Replacing (weedy) fallow with fodder crops to produce a greater quantity of higher-quality feed for
livestock.

Introducing forage legumes and dual-purpose crops.

Partially removing crop residues, ensuring that enough residues are left for soil protection and
enrichment.

Flexibly controlling seasonal grazing on stubble with appropriate stocking rates.

Establishing perennial forages for direct grazing and for cut-and-carry (use of fodder trees, shrubs
and cactus).

Introducing row crops (cash crops) for generating higher returns to guarantee feed purchase,
especially if supplementary irrigation is possible.

Improving food resources and nutritious diet supplements.

Using silage and feed blocks to give more efficient use of a wide range of agro-industrial by-products.
Temporarily displacing animals to pastures; soil physical condition of degraded lands may recover
faster under CA conditions when animals are excluded for a period of time.

Increasing crop biomass yields and soil quality through integrated soil fertility management and best
management practices.

Producing better-quality (more nutritious) straw through genetic improvements and crop nutrition.

* Developing index-based livestock insurance.

¢ Managing manure for nutrient soil supply and resilience.
* Improving livestock diets and using feed additives to mitigate methane emissions.
» Substituting livestock species and changing breed strategy.

tools) to grow food and raise livestock (FAO &
AUC, 2018; de Araujo et al., 2020). In addition,
CA depends more on knowledge than on labour.
Hence, disruptive pathways to the CSA revolution,
and specifically to CA, are needed for Africa’s
food security and climate change mitigation. These
should generate the co-benefits of increased
agricultural production and efficiency, reduced
environmental footprints, enhanced economic
returns and farmers’ well-being.

Investing in intellectual capital through
education, training, skills and communication
development is critically important for changing
paradigms and closing knowledge gaps on CA
systems. The entire system of education and
training should be enhanced in terms of resources,
capacities and competences. NEPAD’s Agricul-
tural Education and Skills Improvement Frame-
work 2015-2025 will certainly allow such
dynamism and development.

CA has changed the way knowledge is
shared, developed and spread, as resource- and
profit-dependent paradigms are being replaced
by sustainable development paradigms. At the
same time, adopting and promoting CA systems
requires the continuous production of scientific
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knowledge and the development of skills and
training by CA users so they can face and ex-
plain emerging challenges and address farmers’
evolving concerns. CA development entails
strengthening knowledge for all stakeholders and
the creation of information-sharing mechanisms
and channels to replace the usual research—
extension systems (Altieri et al., 2012). More
public—private investment and farmer engage-
ment in CA research and information sharing
should be encouraged and valued, and invest-
ment in national research and education systems
can help revitalize sustainable agriculture.

The potential of information communica-
tion technology (ICT) to support access to and
exchange of information and knowledge of CSA
for smallholder farmers is huge. ICT, and espe-
cially mobile technologies and social media, can
enhance and expand the networking of farmers,
non-governmental organizations (NGOs) and
agribusiness. It can also facilitate the provision
of services such as weather information and
forecasts, advice and financial payments. ICT
will also reduce the literacy and gender gap and
allow community learning, awareness and de-
velopment by improving the access of women
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and youth to information and knowledge of CSA
and CA. ICT is of paramount importance in fa-
cilitating up-to-date knowledge and continued
information generation and documentation, as
well as farmer-to-farmer communication and
real-time information sharing. It also reduces
barriers to CSA adoption related to local lan-
guage and forms of communication in remote
rural areas. To facilitate access to ICT and its
services, public—private partnership is essential,
mainly to expand network and electricity coverage.
ICT-based platforms include VERCON developed
by FAO (Treinen, 2010), ESOKO (http://www.
esoko.com, accessed 1 July 2021), Prolinnova
(http://www.prolinnova.net, accessed 1 July 2021)
and CropLife (http://www.croplifeafrica.org/,
accessed 1 July 2021).

2.6.6 Economic and Social Benefits
for Green Growth

Since the turn of the millennium, the African
continent has been one of the fastest-growing
regions of the world. However, recycled green
revolution cannot sustain and boost food pro-
duction while permitting food and nutrition se-
curity and eliminating hunger against climate
change for small holder farmers in Africa (Turral
et al., 2011). Publications indicate that the eco-
nomic and social benefits from CSA are wide and
include savings in inputs, labour, time, fuel and
machinery wear; more machinery productivity;
timely sowing; and less drudgery (Wall et al.,
2020).

Most agricultural land in Africa is currently
producing below its capacity. Using CA systems
to increase the productivity of its fragile soils is
cost effective, resource use-efficient and implies
closing the whole-farm performance gaps (Wall
et al., 2020). Pretty et al. (2011) concluded that
the impact of CSA on domestic food budgets,
social infrastructure, business development and
the well-being of both the rural and the urban
populations can be huge.

Large-scale farmers are better positioned to
take advantage of economies of scale and size.
The adoption of CA systems (either reduced
tillage or no-till) represent opportunities for all
farmers to reduce machinery investment and
lower their cost of production. Griscom et al.

(2017) found that CSA solutions (agroforestry,
CA and crop nutrient management) are the
most cost-effective land-based climate options in
mitigating climate change and addressing issues
related to water and air quality and biodiversity
protection.

In a recent study, De Pinto et al. (2020)
showed that widespread adoption of CSA prac-
tices can increase production and lower the
world prices of wheat, maize and rice under fu-
ture unfavourable climatic conditions. It was
also found the reduction in prices is projected to
make food products more accessible to millions
of people, thereby lowering the number of
people at risk of hunger and that of undernour-
ished children. These gains can be obtained
while improving soil fertility and with a reduc-
tion in GHG emissions.

The level of mechanization in Africa is
dominated by hand tools (65%) with animal and
engine power sources contributing 25% and 10%,
respectively. To increase agricultural and labour
productivity, alleviate poverty and raise employ-
ment in rural areas, it is imperative to modernize
farming systems through mechanization.
The development of the agricultural machinery
sector in Africa is critically important to fuel
farming systems, increase financial growth and
act as a vehicle for CA up-scaling for both small-
scale and modernized farmers (Collier and
Dercon, 2014). In other words, the viability of
CA depends on farmers shifting from outdated,
traditional methods to modern, well-tested and
knowledge-based methods of land use. A policy
framework for sustainable agricultural mechan-
ization has been developed (FAO & AUC, 2018)
and deployment of mechanization should be
along the complete value chain including seeding,
fertilizer application, weed and pest control, har-
vest and post-harvest activities. African farmers
should then benefit from technological develop-
ment and diversity in drills, tractors, harvesters,
sprayers, etc. Governments should develop local
industry and service providers. In this way both
small and large-scale farmers engaged in CA
could improve their crop yields and profits while
achieving more efficiencies in labour, water,
input and energy. CA systems will also confer
natural resource conservation and mainstream
ecosystem services.

A market systems approach should be also
developed to boost adoption of CA technologies
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and outcomes by farmers. Access to modern and
structured markets is essential to improve CA
uptake, lower the costs of inputs and guarantee
that farmers innovate. The higher returns
achieved by converting to CA systems should
allow increased investment and use of credits
and available funds, as well as providing an eco-
nomic incentive for adoption. Entrepreneurship
is then possible in rural areas as well as in off-
farm services and benefits.

2.7 Barriers Impinging on Adoption
and Diffusion of Conservation
Agriculture (CA)

In Africa, CA was first introduced in large farms
in Zimbabwe in the late 1960s (Andersson and
D’Souza, 2014). Hence, in the history of CA, the
difficult part is not the innovation itself but the
changing of perceptions, habits and paradigms.
The effort to adopt and promote CA across the
agroecologies has been under way for five dec-
ades but it is only recently that technologies are
being accepted by farmers and producers. Des-
pite the many successes of CA across Africa,
adoption is still low (1.5 million ha; Kassam
et al., 2020) compared to other regions with a
similar climate and soils (e.g. Asia). Monitoring
failures and successes is critical to guide the CA
transition towards sustainable food and agricul-
tural systems.

Mainstreaming the ‘triple win’ of CSA in
Africa faces diverse types of challenges and
barriers (James et al., 2015; Shilomboleni,
2020). It can be hypothesized that the barriers
for the implementation of CA are related to
technological, ecological, institutional, eco-
nomic and socio-cultural aspects. However,
one of the major barriers to CA adoption by
communities is the difficulty in fully under-
standing the tensions, relationships and syner-
gies among the three CA dimensions or principles
in both the research and farmers’ communi-
ties. It is necessary to shift from the ‘damage
and fix’ type of approach to systemic and inclu-
sive approaches. CA farmers should not simply
correct deficiencies and repair damage caused
by mismanagement or use of CA practices and
principles and imposed by recurrent environ-
mental stresses.
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Two of the most prominent lock-in factors
identified were both social and institutional.
Challenges to CA adoption in Africa include the
retention of sufficient crop residues, crop rota-
tion, weed control, pest and diseases, farmer per-
ception and economic limitations, including
poorly developed markets (Wall et al., 2020).
According to Lahmar et al. (2012), the organic
resources are the most limiting factor in Sahelian
agroecosystems owing to low biomass product-
ivity and the multiple uses of crop residues,
chiefly to feed livestock. The authors proposed to
first enhance soil fertility and nutrition, develop
alternative sources of biomass and integrate
traditional farming methods and cereal inter-
cropping in CA systems.

African farmers, and especially smallholder
and vulnerable farmers, make decisions in com-
plex and variable contexts within which are fac-
tors such as markets, policies and programmes,
and other social institutions are critically im-
portant. Such contexts may facilitate or constrain
adoption decisions by farmers and impact their
behavioural change. Farmers and their organiza-
tions need to develop strong networking and
permit social learning in order to get the best
determinants of CA adoption and receive state-of-
the art knowledge and the skills they need.

It was concluded that CA is not a ‘one size
fits all’ solution and often needs significant adap-
tation and flexibility when it is implemented
across farming systems (Holden et al., 2018).
However, CA may potentially reduce a future de-
cline in soil fertility and the effects of seasonal
dry spells, and may have a large impact on food
security and farmers’ livelihoods if the chal-
lenges can be overcome (Thierfelder et al., 2015;
El Gharras et al., 2017).

The ambitious objective of limiting climate
change while ensuring food security and envir-
onmental sustainability through CSA triggered
profound changes in the food and farming sys-
tems in the continent (Mbow et al., 2019) and
more space should be allowed for debate and
discussion (Taylor, 2018). In this respect, CA
adoption and diffusion in Africa needs to be
rethought, and based upon a systemic but con-
certed change involving all stakeholders (farmers,
land managers, researchers, NGOs, businesses,
decision makers, communication media and citi-
zens) (Glover et al., 2016). Extensive cooperative
networks and a high level of international
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collaboration exists in Africa and should
facilitate and implement such changes and
developments.

Building trust among the actors and stake-
holders is central to pan-African adoption and
spread of CA. Such trust requires broad-based
partnership and collaboration as well as shared
values and insights into the acceptability and
appropriateness of CA. Developing policy experi-
ence and research—training-linkages expertise
in relation to CA ecosystems is of paramount im-
portance in changing paradigms within the
complex sphere of stakeholders. This will open
space for transformation.

Barriers should be replaced by CA adoption
accelerators in a way that mind-sets and atti-
tudes are changed and transformed among
stakeholders. CA mainstreaming and decision-
making abilities are mainly improved and accel-
erated through public awareness, social license
and stakeholder dialogue, knowledge and in-
formation sharing intensive mechanisms, stable
funding and investment. Other facilitators can
be better problem-solving capacities, regula-
tions, encouragements and incentives for value
chain actors and risk repulsion against undesir-
able and indirect effects. Failure to engage in
such systemic change will keep CA at an embry-
onic stage of adoption and a spiral of degrad-
ation will begin. Research into CA adoption
should use comprehensive theoretical lenses
and examine factors at both individual and
structural level.

2.8 International Cooperation,
Political Statements and Bold
Initiatives: Shift Towards Long-term
Funding Models

African agriculture is at a crossroads and trans-
forming at a breathtaking pace owing to climate
change, demography, hunger, urbanization,
pandemics, youth, innovation, etc. Interven-
tionist policies to solve emergencies are not effi-
cient and durable in the face of such complex
and pressing challenges. As early as 2010 CSA
received the support of several countries and in-
stitutions, international organizations and de-
velopment agencies, in particular the World
Bank and FAO (Chandra et al., 2017).

In 2002 the CAADP, prepared jointly by
FAO and NEPAD, was launched in Abuja (Nigeria)
as Africa’s policy framework for agricultural
transformation, wealth creation, food security
and nutrition, economic growth and prosperity
for all. A year later, in Maputo, Mozambique,
the AU Summit made the first declaration on
CAADP as an integral part of NEPAD (NEPAD,
2003). In addition to an agricultural growth
target of at least 6%, the CAADP also aimed
for at least 10% of government budgets to be
allocated to agriculture (Maputo Declaration,
2003).

The AU Agenda 2063 set both the vision
and the action plan for the development of the
continent over the next 50 years. Adopted in
June 2014, the first 10-year implementation
plan (2015-2025) covers seven priority areas
aligned with the SDGs. These priorities are de-
fined in the 2014 Malabo Declaration on ‘Accel-
erated Agricultural Growth and Transformation
for Shared Prosperity and Improved Livelihoods’
and positioned CSA as a priority on the contin-
ental development agenda.

Accordingly, African heads of state and
government pledged, among other goals, to end
hunger by 2025, focusing on the triple targets of
increased production, reduced losses and waste
and improved nutrition. Commitment 6 of the
Malabo Declaration calls for AU Member States
to ‘enhance resilience of livelihoods and produc-
tion systems to climate variability and other
related risks’. AU Member States are expected to
‘ensure that at least 30% of farm, pastoral and
fisher households are resilient to climate and
weather related risks’.

At a Dakar conference in October 2015,
while defining a roadmap for the transformation
of agriculture in Africa, five priorities were es-
tablished: (i) set up multiple nutrition pro-
grammes; (ii) improve agricultural productivity;
(iii) develop agricultural activities (value chain
approach); (vi) increase funding for agriculture;
and (v) support the inclusion of women and
young people.

In April 2016, the Abidjan Declaration
aimed at ensuring resilient agricultural develop-
ment in Africa through three opportunities for
action: (i) build government capacities; (ii) de-
velop climate-resilient agricultural policies; and
(iii) reinforce financial and technical support to
adaptation.
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The same year the AfDB, echoing the com-
mitments made under the CAADP as articulated
in the Maputo and Malabo Declarations, adopted
the ‘Feed Africa’ strategy (2016—2025) to en-
hance a competitive and inclusive agribusiness
sector that creates wealth, improves lives and
protects the environment. The strategy, which is
one of the main five priorities of the AfDB, aims
to end hunger and rural poverty in Africa in that
decade by focusing on transformation, scal-
ing-up agriculture as a business through value
addition (led by the private sector and enabled by
the public sector) and using innovative finan-
cing mechanisms. It also seeks to bring to scale
existing and successful initiatives across Africa
and beyond. The strategy clearly states that,
owing to the escalating challenge of climate
change, CSA is no longer an option but a core
necessity. The AfDB then intends to promote and
finance the use of CSA practices and better pre-
pare farmers and other vulnerable populations
for climate risks.

African countries have made efforts to im-
prove agricultural adaptation to climate change
through engagements at various levels and in
different fora. These include the Ministerial Dec-
laration on food security and the agriculture
sectors in the changing climate at the 29th FAO
Regional Conference for Africa, and the Adapta-
tion of African Agriculture (AAA, or Triple A)
initiative discussed and launched during COP22.

The West African Initiative for Climate-
Smart Agriculture (WAICSA) is the only West
Africa-led blended finance fund with a specific
focus on increasing the uptake of CSA practices
by smallholder farmers. WAICSA has the poten-
tial to improve the food security of 90,000
smallholder farming households in the region
and convert over 185,000 hectares to climate
smart agriculture. The fund can also contribute
to mitigating up to 2 million tons of CO, emis-
sions a year (Table 2.1).

Over the last 10 years, CSA, in its various
models, has attracted international cooperation
and mobilized partnerships and resources to re-
duce tensions on the agricultural sector, house-
holds and farmers. To promote and scale-up
CSA, and secure investment in it, several strat-
egies, programmes and initiatives have been
launched to guarantee planning, coordination
and investment. A range of new Africa-based
initiatives and non-profit organizations has
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emerged quite recently, and NGOs in particular
play an increasingly important role in pro-
moting the increased adoption of CSA (Dinesh
etal.,, 2015;2017).

Seeking increased agricultural product-
ivity, enhanced adaptive capacity, improved soil
security and carbon sequestration, organiza-
tions such as the Food and Agriculture Organ-
ization of the United Nations (FAO), the World
Bank and the research programme on Climate
Change, Agriculture and Food Security (CCAFS)
of the Consultative Group on International
Agricultural Research (CGIAR) employ a ‘cli-
mate smart agriculture’ framework in various
countries and sub-regions of Africa (FAO, 2013;
Neate, 2013). These organizations, with a coun-
try’s institutions, have implemented various ini-
tiatives and programmes on CSA (including CA)
to curb the spiral of degradation, recarbonize
soils, impede climate change and improve liveli-
hoods and food security. The Green Climate
Fund (GCF) named CSA in Africa and Asia as
one of its five priority investment areas, and the
Global Environmental Facility GEF) has a focal
area on CSA and food security in Africa (Rosen-
stock et al., 2016; Dinesh et al., 2017).

The United Nations climate summit in
2014 saw the launch of the Global Alliance for
Climate-Smart Agriculture (GACSA), a platform
for knowledge exchange and inter-regional
cooperation on CSA with over 465 members
including multilateral agencies, governments,
research institutions, farmers’ organizations,
the private sector and NGOs (GACSA, 2016;
2020; Dinesh et al., 2017). The aim of GACSA is
to support the scaling-up of CSA around the
world, as well as to maximize the impact of the
CSA approach, accelerate its implementation,
identify financing mechanisms, and create and
catalyse partnerships (http://www.fao.org/
gacsa/en/, accessed 2 July 2021). It is intended
that this partnership will empower 6 million
smallholder farmers in SSA by 2021.

There is no blueprint for CSA, and the
specific contexts of sub-regions, countries and
communities would need to shape how it is ul-
timately designed, planned and implemented.
CSA plans for selected countries are presented in
Table 2.1. CSA initiatives and projects for other
countries are presented by Nyasimi et al. (2014).
This growing CSA momentum should be better
acknowledged in high-level decision-making
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Table 2.1. Selected CSA strategies, initiatives and programmes globally and in Africa. Authors’ own table.

Programme/initiative Partnership Goals References/URL
Global
Global Alliance for Over 140 members including GACSA is an inclusive, voluntary and UN (2014)

Climate-Smart
Agriculture (GACSA)

Research Program on
Climate Change,
Agriculture and Food
Security (CCAFS)

4 per 1000 initiative

NDC Partnership

IFAD: Adaptation for

Smallholder Agriculture
Programme (ASAP)
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governments, research institutions,
farmers’ organizations, the private
sector and NGOs

East-West Africa, Latin America
and South-east and South Asia

Gilobal

Hosted by World Resource Institute &
UN Climate Change. Supported by
World Bank, UNDP, Inter-America
Development Bank. 104 countries,
35 international institutions and 23
associate members work together
to deliver the world’s commitments
and goals under the Paris
Agreement

8 million smallholder farmers
from 13 countries in Asia,
Sub-Saharan Africa and
Latin America

Al use subject to https://ww.ebsco.conltermns-

action-oriented multi-stakeholder platform on climate
smart agriculture (CSA) hosted by FAO

Overall goal of CCAFS: to catalyse positive change
towards climate smart agriculture, food systems and
landscapes

Ambition of the initiative is to encourage stakeholders
to transition towards a productive, highly resilient
agriculture, based on the appropriate management of
lands and soils, creating jobs and incomes, hence
ensuring sustainable development

Works directly with developing country governments on
NDC implementation, helping mainstream climate
action into domestic sustainable development
agendas, enhancing countries’ climate ambitions and
mobilizing finance for transition to low-carbon,
climate-resilient economies

Multi-year and multi-donor financing window for
mainstreaming climate change for resilience and food
security and promoting adaptive technologies such
as agroforestry, Conservation Agriculture and water
harvesting

of -use

GACSA (2016)

http://www.fao.org/gacsa/en/,
accessed 2 July 2021

https://ccafs.cgiar.org,
accessed 2 July 2021

https://ccafs.cgiar.org/
ccafs-phase-ii, accessed
2 July 2021

Chabbi et al. (2017)

Minasny et al. (2017)

https://www.4p1000.0rg,
accessed 2 July 2021

http://ndcpartnership.org/
caep
NDC Partnership (2019)

IFAD (2014)
www.ifad.org/climate/asap,
accessed 2 July 2021

Continued
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Table 2.1. Continued

Programme/initiative

Partnership

Goals

References/URL

World Business Council
on Sustainable
Development -
WBCSD CSA Initiative

Food Security Climate
Resilience Facility
(FoodSECURE)

Inter-Agency Working
Group on Climate
Smart Agriculture in
International
Development

Africa
Feed Africa strategy
(2016-2025)

The African Agriculture
Adaptation Initiative
(AAA Initiative)
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WBCSD convened companies from
the food and agriculture sectors to
address the dual challenges of
climate change, and the need to
satisfy the nutritional requirements
of a growing global population

World Food Programme, IRl and
financed by Norway and
Luxembourg

Since 2010 the CSA working group
seeks to strengthen integration of
environment and climate change
considerations into the
implementation of Feed the
Future, the US government’s
flagship food security initiative

African Development Bank

Initiative developed as a foundation
to serve Africa as a whole

Building smallholder/family farmer resilience; scaling-up
investment in CSA; improving business ability to
trace, measure and monitor CSA progress

For countries in Africa, South Asia and Latin America

CSA working group’s goal is to improve the
effectiveness and sustainability of food security
programmes by promoting climate smart agriculture
policies and practices

Enhancing a competitive and inclusive agribusiness
sector that creates wealth, improves lives and
protects the environment

Launched upstream of COP22 organized in Morocco,
AAA aims to reduce the vulnerability of Africa and its
agriculture to climate change. Promotes and fosters
the implementation of specific projects to improve soil
management, agricultural water control, climate risk
management and capacity building and funding
solutions. An important response to climate change
and food insecurity. Objective is to place AAA at the
heart of climate debates and negotiations, and to
attract a substantial share of climate funds. Aims to
contribute to the roll-out of specific agricultural projects
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WBCSD (2015)

https://www.wbcsd.org/
Programs/Food-and-
Nature/Food-Land-Use/
Climate-Smart-
Agriculture, accessed 2
July 2021

https://www.wfp.org/
publications/foodsecure,
accessed 2 July 2021

https://rmportal.net/groups/
csa/about-csa, accessed
2 July 2021

https://www.afdb.org/
fileadmin/uploads/afdb/
Documents/Policy-
Documents/Feed_Africa-
Strategy-En.pdf,
accessed 2 July 2021

Badraoui et al. (2018)

Lal (2019b)

http://www.aaainitiative.org,
accessed 2 July 2021
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Alliance for a Green
Revolution in Africa
(AGRA)

Technologies for African
Agricultural
Transformation (TAAT)

Sustainable
Development Goals
Center for Africa
(SDGC/A)

Pilot Programme for
Climate Resilience
(PPCR)

The African Soil Health
Consortium (ASHC)
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Committing grants across all 11

priority countries and in support of

continental agencies

Being implemented in 22 countries;

focuses on nine priority commaodity

agricultural value chains (maize,
wheat, rice, sorghum/millet,
cassava, high-iron bean,
orange-fleshed sweet potato,
aquaculture and small livestock)
with the support of enablers

Began in July 2016 to serve all
Africa

AfDB in Niger, Zambia and
Mozambique for three priority
areas: agriculture and landscape
management, water resources
management, and climate
information services and disaster
risk management

Coordinated by CABI in partnership
with international and national
research and development
organizations, supported by
the Bill & Melinda Gates
Foundation

Al use subject to https://ww.ebsco.conlterns-of-use

Strategic focus on (i) policy and state capacity to

strengthen agricultural sector leadership; (ii) systems
development to ensure functional inputs and off-taker
systems; (iii) partnerships to ensure value and
alignment with government priorities through
improved coordination

Funded by the AfDB. A knowledge- and innovation-

based response to the need to scale-up proven
technologies across Africa, to boost productivity and
make Africa self-sufficient in key commodities

An international organization that supports

governments, civil society, businesses and academic
institutions to accelerate progress towards the
achievement of the SDGs in Africa

Funded by the Strategic Climate Fund (SCF), one of

the two climate investment funds (CIF). Designed to
demonstrate ways that developing countries can
make climate risk and resilience part of their core
development planning. Helps countries build on their
national adaptation programmes of action (NAPA)
and helps fund public and private sector investments
identified in climate-resilient development plans

Works with initiatives in SSA to encourage the uptake

of integrated soil fertility management (ISFM)
practices, primarily by supporting development

of down-to-earth information and materials designed
to improve understanding of ISFM approaches

https://agra.org, accessed
2 July 2021
AGRA (2018b)

https://www.afdb.org/fr/
news-keywords/
technologies-african-
agricultural-
transformation-taat,
accessed 2 July 2021

https://sdgcafrica.org,
accessed 2 July 2021

PPCR (2016)

https://www.afdb.org/en/
topics-and-sectors/
initiatives-partnerships/
climate-investment-funds-
cif/strategic-climate-fund/
pilot-program-for-climate-
resilience-ppcr, accessed
2 July 2021

https://africasoilhealth.cabi.
org/, accessed 24
September 2021
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Table 2.1. Continued

Programme/initiative

Partnership

Goals

References/URL

TerrAfrica

African Fertilizer and
Agrobusiness
Partnership (AFAP)

AfricaFertilizer.org

The R4 Rural Resilience

Initiative

FertiMap

AFS4Food
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African member countries; bilateral
development partners Norway,
France, Netherlands, European
Union; multilateral development
partners World Bank, AU, IFAD,
FAO, AfDB, UNDP and UNEP;
UNCCD) (secretariat and global
mechanism), GEF; civil society

Since 2012 has implemented
projects/programmes and advised
public, private sector clients,
NGOs and donors in Ghana,
Tanzania, Mozambique, Malawi,
South Africa, Ilvory Coast, Nigeria,
Senegal, Rwanda, Kenya,
Ethiopia, Democratic Republic of
Congo and Uganda

Run by the AFAP, the International
Fertilizer Industry Association
(IFA), FAO and the AU
Commission

World Food Programme and Oxfam
for pilot countries Ethiopia,
Kenya, Malawi, Senegal, Zambia
and Zimbabwe

In use in several African countries as
part of South—South cooperation

Coordinated by CIRAD and funded
by AU and EuropeAid in
Cameroon, Kenya and
Madagascar

A regional initiative to enable governments of SSA, the
international development community and other
global, regional and national stakeholders to better
coordinate efforts to scale-up the financing and
mainstreaming of effective and efficient country-
driven sustainable land and water management
(SLWM)

Adds value to agriculture inputs and agribusiness value
chain by building capacity and linking African hub
agrodealers and smallholder farmers to global inputs
and output market companies, promoting use of
high-quality and affordable balanced crop nutrition
products, partnering with technology and equipment
providers and facilitating trade finance for fixed
assets and inventory via the Agribusiness
Partnership Contract (APC) mechanism

Supports dissemination of information on the fertilizer
sector for the public and private sectors, including
fertilizer industry, distributors and farmers

To enable vulnerable rural families to increase their
food and income security by managing climate-
related risks

Concerned with the fertility of cultivated soils in
Morocco; an on-going partnership project between
the Moroccan Ministry of Agriculture and the OCP
Group since 2010. Work is carried out by a
consortium of Moroccan research and agricultural
education institutions led by the National Institute of
Agricultural Research (INRA Morocco)

Enhancing food security and well-being of rural African
households through improved synergy between
agroforestry systems and food crops
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https://www.nepad.org/
programme/terrafrica,
accessed 2 July 2021

https://www.afap-
partnership.org,
accessed 2 July 2021

AfricaFertilizer.org,
accessed 2 July 2021

https://www.wfp.org/
r4-rural-resilience-
initiative, accessed
2 July 2021
http://www.fertimap.ma/,
accessed 24 September
2021

https://afs4food.cirad.fr/en,
accessed 2 July 2021
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West African Initiative for
Climate-Smart
Agriculture (WAICSA)

VUNA (climate smart
agriculture
programme)

Soil Carbon Network for
Sustainable Agriculture
in Africa (CaSA)

Partnership for
Agricultural Water for
Africa (AgWA)

ACT (African
Conservation Tillage)
network

Platform for an Africa—
Europe Partnership for
Agricultural Research
for Development
(PAEPARD)
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Initiated in 2015 and led by the

Commission of the Economic
Community of West African
States (ECOWAS) and funded by
the European Union, World Bank
and the AU’s NEPAD in 15
countries in West Africa

UK-Aid-DFID-funded programme,

implemented by Adam Smith
International; aimed to transform
agricultural systems in five
countries in East and southern
Africa to be suitable for the
changing climate from 2015 to 2018

An open scientific group for a better

consideration of CSA in Africa.
Network mainly driven by four
research teams from the South and
the IRD. Comprises 21 research
teams from 11 African countries

Hosted by FAO at its sub-regional

office for Eastern Africa (SFE) in
Addis Ababa. AgWA main
partners are AfDB, AMCOW, FAO,
IFAD, IWMI, NEPAD/NPCA, and
World Bank

Premier pan-African network of

excellence in promoting
sustainable natural resource
management for improved
livelihoods and wealth creation in
Africa and beyond

Supported by European

Commission and co-managed by
FARA and AGRINATURA

Builds climate resilience among smallholder farmers by
providing financial and technical support to
incentivize the adoption of climate smart agriculture
and increasing local financial institutions’ capacity for
climate smart lending

Support to smallholder farmers to adapt to climate
change, and supporting achievement of national and
regional priorities to transform agriculture in the face
of climate change (aligns with the CAADP pillars)

Mobilization of African and European researchers to
promote soil carbon sequestration for sustainable
management of soil fertility and productivity

To increase investment in agricultural water
management that is socially equitable, profitable at
the farm level, economically viable, environmentally
friendly and sustainable, while contributing to
implementation of the CAADP national process, in
particular to its Pillar 1 on sustainable development
of land and water and the achievement of the SDGs

To enhance agricultural productivity, sustainable land
management (SLM) and environmental conservation
through promotion of CA principles and practices in
Africa

Aims to facilitate multi-stakeholder Africa—Europe
partnerships in agricultural research for development
(ARD) to contribute to the achievement of the
Millennium Development Goals (MDGs, now SDGs)
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https://
climatepolicyinitiative.
org/wp-content/
uploads/2019/10/
WAICSA-v16_18092019-
_Final.pdf, accessed
2 July 2021

https://
adamsmithinternational.
com/projects/building-
smallholder-farmers-
climate-resilience-in-east-
and-southern-africa/,
accessed 6 December 2021

https://www.reseau-
carbone-sol-afrique.org,
accessed 2 July 2021

http://www.act-africa.org,
accessed 2 July 2021

https://faraafrica.
community/paepard,
accessed 24 September
2021
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https://climatepolicyinitiative.org/wp-content/uploads/2019/10/WAICSA-v16_18092019-_Final.pdf
https://adamsmithinternational.com/projects/building-smallholder-farmers-climate-resilience-in-east-and-southern-africa/
https://adamsmithinternational.com/projects/building-smallholder-farmers-climate-resilience-in-east-and-southern-africa/
https://adamsmithinternational.com/projects/building-smallholder-farmers-climate-resilience-in-east-and-southern-africa/
https://adamsmithinternational.com/projects/building-smallholder-farmers-climate-resilience-in-east-and-southern-africa/
https://adamsmithinternational.com/projects/building-smallholder-farmers-climate-resilience-in-east-and-southern-africa/
https://adamsmithinternational.com/projects/building-smallholder-farmers-climate-resilience-in-east-and-southern-africa/
https://www.reseau-carbone-sol-afrique.org
https://www.reseau-carbone-sol-afrique.org
http://www.act-africa.org
https://faraafrica.community/paepard
https://faraafrica.community/paepard
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Table 2.1. Continued

Programme/initiative

Partnership

Goals

References/URL

West Africa Agricultural
Productivity Program
(WAAP/PPAAOQ)

Africa Climate Business

Plan (ACBP)

CSA Framework
Programmes
(CSA-FPs)

National Agricultural
Resilience Framework

National CSA and food
security action plan

Climate Resilient Green
Economy (CRGE)
initiative

Climate Smart
Agriculture
Programme 2015-2025

World Bank

World Bank

Joint initiative supported by CCAFS,
the World Agroforestry Centre
(ICRAF), the International Centre
for Tropical Agriculture (CIAT),
NEPAD and COMESA. It
concerns Kenya, Uganda,
Tanzania, Botswana and Namibia

Nigeria

Ghana (2016-2020)

Ethiopia

Uganda

Objective was making agriculture more climate smart
across 16 West African countries so the agriculture
sector remains sustainable for future generations

Aims to raise awareness and accelerate resource
mobilization for priority climate-resilient and
low-carbon initiatives in Africa

Aim to support countries to synergize their national
agricultural investment plans (NAIPs) and agricultural
sector programmes with national climate change
strategies and action plans to ensure a common and
holistic approach

Seeks to minimize climate risks associated with
Nigeria’s ambitions to promote rural development
through export-led agriculture

Aims to translate the national goals and objectives on
CSA into action on the ground through sound
implementation of programmes in agroecological
zones and various districts

Supported by Green Economy Strategy (GES) and the
Climate Resilience Strategy (CRS); focuses on
improving crop and livestock production practices for
greater food security and better income for farmers,
while reducing emissions

Jointly implemented by Ministry of Agriculture, Animal
Industry and Fisheries, and Ministry of Water and
Environment

http://www.waapp-ppaao.
org/en/content/who-we-are,
accessed 2 July 2021

https://www.worldbank.org/
en/programs/africa-
climate-business-plan,
accessed 2 July 2021

https://ccafs.cgiar.org/blog/
ready-take-east-african-
countries-develop-
climate-smart-agriculture-
frameworks#.
X38Je1y17TxsCSA
Framework Programmes
(CSA-FPs), accessed 2
July 2021

Girvetz et al. (2017)

Vermeulen et al. (2014)

Essegbey et al. (2015)

CRGE (2011)

https://www.undp.org/
content/dam/ethiopia/
docs/Ethiopia%20CRGE.
pdf, accessed 2 July
2021

Eriksen et al. (2019)

IRD, Institut de Recherche pour le Développement; IRI, International Research Institute for Climate and Society; NDC, nationally determined contributions.

printed on 2/14/2023 5:57 AMvia .

Al use subject to https://ww.ebsco.conlterns-of-use

514

NOpeSSNO 'Y pue 1oqel|\ 'y


https://paepard.org/?HomePage
https://paepard.org/?HomePage
https://paepard.org/?HomePage
http://www.waapp-ppaao.org/en/content/who-we-are
http://www.waapp-ppaao.org/en/content/who-we-are
https://www.worldbank.org/en/programs/africa-climate-business-plan
https://www.worldbank.org/en/programs/africa-climate-business-plan
https://www.worldbank.org/en/programs/africa-climate-business-plan
https://www.undp.org/content/dam/ethiopia/docs/Ethiopia%20CRGE.pdf
https://www.undp.org/content/dam/ethiopia/docs/Ethiopia%20CRGE.pdf
https://www.undp.org/content/dam/ethiopia/docs/Ethiopia%20CRGE.pdf
https://www.undp.org/content/dam/ethiopia/docs/Ethiopia%20CRGE.pdf
https://ccafs.cgiar.org/

EBSCChost -

Development of Climate Smart Agriculture in Africa 47

printed on 2/14/2023 5:57 AMvia .

spaces and more reflected in farmers’ fields across
the continent.

2.9 Africa Climate Smart
Agriculture (CSA) Vision 25x25 and
the Adaptation of African Agriculture
(AAA) Initiative

2.9.1 Africa Climate Smart Agriculture

(CSA) Vision 25x25: Turning Challenges

into Balanced Motivation and Concrete
Opportunities

Overcoming barriers to adoption and up-scaling
of CSA technologies while releasing farmers’
constraints to sustainably produce field crops is
a lengthy process and requires a clear and
long-term vision. At the same time, the ambi-
tions of Agenda 2063 from the agricultural sec-
tor to attain higher levels of production of safe
and high-quality food while preserving natural
resources and mitigating climate change, should
make adoption of CSA highly feasible.

In its 31st AU Summit in Malabo in 2014,
African leaders and Member States adopted
the Africa Climate Smart Agriculture Vision
25x25 which aims to support at least 25 million
farm households in practising CSA by 2025.
Several countries, such as Kenya, Uganda, Na-
mibia, Botswana and Tanzania, drafted country
programmes that set national agendas on CSA
(CANA, 2020). In North Africa, several projects
were mainstreaming CA as a climate smart
solution for alleviating climate change impacts
on agriculture and food security (Cheikh
M’hamed et al., 2018). In particular, the recent
Green Generation Plan (2020-2030) clearly
showed a vision based on CSA including CA,
agroforestry and organic farming systems. Across
Africa, several million smallholder family mem-
bers are already benefiting from CA land uses
and this number may increase many fold with
the CSA vision and support from government
initiatives, international organizations, NGOs,
civil societies and grassroots organizations. It
is expected that the vision will serve as an
engine of growth while assuring a continuous
food supply for growing populations under
climate change.

2.9.2 Adaptation of African Agriculture
(AAA) Initiative for Scaling-up/out Climate
Smart Agriculture (CSA)

Most Africans derive their livelihoods from
natural resource-based occupations, including
agriculture, livestock, pastoralism and fishing.
Low productivity, low efficiency and policy weak-
nesses prevail and continue to challenge food se-
curity for both the rural and urban populations.
In order to remedy to such inefficiencies, AAA
(which is now a foundation), was launched and
promoted by Morocco during the COP22 sum-
mit held in Marrakesh, Morocco, from 7 to 18
November 2016. AAA aims to raise more
funding for the adaptation of small-scale African
agriculture while supporting transformation,
structuring and acceleration of agricultural de-
velopment, based on four mega-programmes:
(i) sustainable and resilient soil management;
(ii) improved and efficient agricultural water
management; (iii) climate risk aversion and
management; and (iv) solidarity financing of
small project holders (Fig. 2.2).

The initiative concerns all agricultural sys-
tems in Africa (rainfed, irrigated, agroforestry
and rangelands) to which scientifically and tech-
nically based adaptation measures, technologies
and innovations are applied. The aim is to simul-
taneously improve and diversify production and
incomes to farmers while protecting natural re-
sources (soil, water and biodiversity).

The initiative provides assistance, advice,
expertise, assessment, audit and inspection ser-
vices related to the AAA on climate change, food
security and mitigation through carbon seques-
tration (Badraoui et al., 2018). Its aim is to put
AAA, food security and poverty alleviation at
the heart of climate debates and negotiations.
The initiative contributes to the attainment of
SDGs, mainly SDGs 1, 2, 13 and 15; directly
SDGs 3-6, 8-12 and 16-17; and indirectly SDGs
7 and 14 (Lal, 2019b).

Novel projects include but are not restricted
to agroecology, agroforestry, CA, soil fertility stew-
ardship, water-energy efficient systems and improved
rangeland management. Increased resilience and
climate risk management systems will be ensured
through early-warning systems, contingency
plans and insurance. In addition, payment for eco-
system services will be an important measure to
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Fig. 2.2. Adaptation of African Agriculture (AAA) initiative: solutions, instruments and funding programmes.

Courtesy of Mohamed Ait Kadi, 2015.

ensure adoption of adaptation actions. The AAA
initiative is also integrating cross-cutting issues
such as nutrition, gender and youth to develop
sustainable food value chains.

The initiative also plans to limit GHG emis-
sions through adoption of mitigation schemes
(carbon management and sequestration, use of
solar energy in agriculture, resource use effi-
ciency, improved feed management, etc.).

Three instruments are used to boost imple-
mentation of the AAA goals: (i) technical ex-
pertise, knowledge sharing and technology
transfer; (ii) capacity building, empowerment and
development; and (iii) South—South cooperation.

Key international organizations involved in
the design and promotion of AAA, contributing
internal expertise and resources, include: Is-
lamic Development Bank, FAO, AfDB, the World
Bank, UNCCD, (Global Mechanism, land degrad-
ation neutrality (LDN) fund), International Fund
for Agricultural Development (IFAD), Deutsche
Gesellschatft fiir Internationale Zusammenarbeit
(GIZ), French Development Agency (AFD), GEF
and Adaptation Fund. The initiative is also sup-
ported by scientific and education institutions
(Institut National de la Recherche Agronomique
INRA Morocco, CGIAR, Institut national de
recherche pour l'agriculture, 1'alimentation et
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I'environnement (INRAE), Agricultural Re-
search Centre for International Development
(CIRAD), Ohio State University, Massachusetts
Institute of Technology (MIT) and Wageningen
University) in addition to the private sector, civil
society and NGOs. It is a global alliance that is
supported by 33 African countries and also by
the USA, France, Spain and other countries.

2.10 Suitability of Conservation
Agriculture (CA) in Morocco

CA systems based on no-till (NT) technologies
were introduced into Morocco by INRA in the
1980s, when long-term research trials began;
and later, in 1990, field demonstrations were
implemented (Mrabet et al., 2012). Moroccan
farmers in general have yet to adopt these prac-
tices (Mrabet, 2017). CA systems have been ap-
plied across approximately 20,000 ha in various
cereal-producing regions with contrasting soils,
climates and land features. The promotion of CA
requires a clear understanding of its relative
suitability, costs and benefits. Much of the re-
search conducted in the country has shown the
large environmental, economic and production
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benefits of CA (Mrabet, 2000; 2002; 2008a, b, c;
2011a,b, c; Mrabetetal., 2001a,b; 2010;2017;
Moussadek et al., 2011a, b; 2014). It is, there-
fore, important to complete this by developing
a suitability study of CA. INRA and ICARDA
launched a pilot study in central Morocco (the
largest cereal basin in the country) using a ‘tar-
get’ area and ‘match’ location to better assess
which areas in Morocco could be optimized for
CA. A land suitability approach is used, based on
biophysical factors including soil properties,
regional climate and land use, which are com-
pared and analysed.

Soils with a fine texture, well drained and
with low salinity are more adapted and hence
suitable (S1) for NT in cereal systems. Moder-
ately suitable lands for NT (S2) have soils with a
fine texture but with drainage problems. Un-
suitable soils for NT (N1 and N2) are saline and
poorly drained with sub-compaction problems
(plough pan). Use of reduced tillage is more re-
commended for shallow soils and those with a
high gravel content (less suitable to NT, S3)
(Fig. 2.3).

According to suitability map analysis
(Fig. 2.3), 63% of total arable land in central
Morocco is highly to moderately suitable for CA,
and could benefit nearly 10 million people if
adopted and scaled up.

Additional data — including, for example, the
number of farmers and households in a region,
and the machinery available — could make the
technology an excellent tool in facilitating greater
CA adoption in the region. A pilot study was
funded through the Conservation Agriculture for
North Africa (CANA) Project, the Australian
Centre for International Agricultural Research
(ACIAR) and the INRA-ICARDA Program III-
Integrated Natural Resource Management (INRM).

2.11 Conclusion: Riding the Wave
of Greater Success

In Africa, farming systems are at a critical junc-
ture, and economies and livelihoods are bearing
the brunt of climate shocks and disrupted by
land challenges (Mbow, 2020). In addition, in-
creased use of (relatively abundant) land, rather
than improved technical efficiency, has been the
main driver of agricultural production growth

in Africa. The African population has increased
more than in any other place in the globe and is
putting excessive stress on land resources (soil
fertility, water resources and biodiversity).
Smallholder cropping systems experience chronic
low productivity due to lack of investment in
sustainable soil management, input use effi-
ciency and management strategies to cope with
droughts and other externalities. Consequently,
transformation in Africa’s agriculture will
happen only when innovation (including tech-
nology) gets to the end users. Countries should
develop sound policies that enhance the research
capacities of Africa to develop and promote
innovation in agricultural and agribusiness
sectors.

Conventional views of agricultural trans-
formation (e.g. the Green Revolution in Asia and
Latin America) have often focused on the intro-
duction and spread of adoption of new tech-
nologies to increase productivity and to feed the
growing population. For Africa, and in the case
of CSA and especially of CA, transformation of
farming systems requires inclusive and partici-
patory forms of innovation, governance, net-
working, knowledge production, co-sharing
mechanisms and platforms, and social and soci-
etal actions including issues of equity and
gender (Collins, 2018; Karlsson et al., 2018). In-
cremental transitions in the short term, and
structural changes to institutions and norms in
the medium and long term, need to take place in
a harmonized and integrated way to achieve the
expected transformation of farming systems (De
Pinto et al., 2020). CSA should be implemented
and developed in a continuum of scale: global
(e.g. international public goods, climate agree-
ments, SDGs), regional (e.g. agendas, declar-
ations, development mechanisms and trans-
national pacts including pan-African trading),
national (e.g. enabling environments, policies
and incentives) and local (e.g. capacity and skill
development, market opportunities, empower-
ment, gender-responsive and farmer-based in-
novation platforms and networks). A large array
of strategies, policies, partnerships and invest-
ments exist for CSA development in Africa;
however, they should be complemented with
targeted implementation on the ground, sus-
tainable financing, institutional coordination
and metrics to assess the efficacy of interven-
tions (Dinesh et al., 2017).
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Robust agricultural growth is highly de-
pendent on urgently regenerating soil fertility
and health (Garrity et al., 2017). Sustainable in-
tensification based upon CSA solutions aims to
unlock the potential of land for productivity and
resilience and to increase farmers’ incomes and
reduce upfront costs. CSA permits smart and op-
timal use and management of resources in-
cluding fertilizers, pesticides, seeds, energy and
labour, and enables conservation and recarboni-
zation of soils. Notably, CA practices optimize
water use efficiency either in rainfed or irrigated
systems, and maximize crop productivity and
livestock performance.

Through the construction of resilient and
inclusive food systems, CSA can help to create
a wide range of benefits and opportunities for
downtrodden and resource-poor smallholder
farmers. In addition, innovative pathways are
possible through implementation of CSA to
break intergenerational cycles of poverty and
hunger. Governments and international organ-
izations, as well as grassroots farmer organiza-
tions and NGOs, are paving the way for sound,
evidence-based CSA programmes and policies.

The adaptation of existing indicators of agro-
nomic and economic performance, as well as the
development of integrative indicators adapted
to the African context through science-based,

bottom-up participatory approaches, will be crit-
ical to assess the overall performance and benefits
of CSA (and especially CA) in its multiple dimen-
sions of action and impact.

The limited coverage of CA in Africa is likely
to be the result of insufficient policy advocacy,
and the lack of enabling policies, technical
support, financial assistance and private sector
involvement, and of incentives for vulnerable
farmers working on fragile soils to produce
sustainably. Hence, more ambitious policy
mechanisms are needed to create incentives for
farmers to shift to CA at a large scale. However,
this ambition must be met with financial, re-
search, technological, institutional and capacity-
building support. Stable funds from both
national budgets, and from institutions and
development agencies, should be maintained to
out-scale CSA and CA.

To advance and indemnify the adoption of
CSA (CA) in Africa, each country should expand
its macroeconomic objectives and also develop
supply-side policies to improve the long-term
structural performance and productivity of its
economy, including incentives, market, labour
and capital productivity, research capacity
and innovation, employment and job creation,
entrepreneurship and risk management vis-a-vis
externalities.
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Abstract

To achieve the challenges raised in Agenda 2063 and the Malabo Declaration, new agricultural techniques need
to be promoted. Practical approaches to implement climate smart agriculture and sustainable agriculture, able to
deliver at field level, are required. These include sustainable soil and land management that allows different user
groups to manage their resources, including water, crops, livestock and associated biodiversity, in ways that are
best suited to the prevailing biophysical, socio-economic and climatic conditions. The adoption of locally adapted
sustainable soil management practices is needed to support climate change mitigation and adaptation from the
agricultural perspective. In this sense, Conservation Agriculture (CA) can be adapted to local conditions, and help
achieve the key objectives.

The application of CA principles brings multiple benefits, especially in terms of soil conservation, but also
for mitigating climate change. In fact, CA has the ability to transform agricultural soils from being carbon emitters
into carbon sinks, because of no-tillage (NT) techniques and the return to the soil of diverse crop biomass from
above-ground parts of plants and from diverse roots systems and root exudates. Similarly, fossil energy use
decreases due to the reduction in agricultural operations, and so less CO, is emitted to the atmosphere. Lower
greenhouse gas (GHG) emissions in CA also result, because of reduced and more efficient use of inputs.

Scientific studies confirm the sequestration potential of increased soil organic carbon (SOC) stocks on
croplands in Africa on each of the continent’s major bioclimatic areas. Coefficients of SOC sequestration for
Africa are presented in this chapter.

Keywords: No-till, climate change mitigation, coefficients, greenhouse gas, soil organic carbon, soil
organic matter
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3.1 Introduction

Greenhouse gas (GHG) emissions occur naturally
in the Earth’s atmosphere. However, the atmos-
pheric concentrations of CO,, CH, and N,0 have
increased significantly since the industrial
revolution began. In the case of CO,, the average
concentration has risen from 316 parts per
million (ppm) in 1959 to 410 ppmin 2019 (WMO,
2020). Additionally, since the 1970s, CO, emis-
sions have increased by about 90%, with emis-
sions from fossil fuel combustion and industrial
processes contributing about 78% of the total
GHG emissions increase from 1970 to 2016
(EPA, 2016).

The Paris Agreement seeks to hold the in-
crease in the global average temperature to well
below 2°C above pre-industrial levels while pursu-
ing efforts to limit the temperature increase to
1.5°C above pre-industrial levels. At 1.2°C above
the pre-industrial (1850-1900) levels, the global
average temperature in 2020 was already ap-
proaching the lower limit of temperature increase
the Paris Agreement seeks to avert. There is at
least a one in five chance of the average global
temperature temporarily exceeding 1.5°Cby 2024,
according to World Meteorological Organization’s
(WMO) Global Annual to Decadal Climate Up-
date, led by the United Kingdom's Met Office.

The lockdown due to COVID-19 has cut emis-
sions of many pollutants and GHG, such as CO,.
But any impact on CO, concentrations — the re-
sult of cumulative past and current emissions — is
in fact no bigger than the normal year to year

NOAAGIobalTemp
1.2 9—— HadCRUTS analysis
GISTEMP
1.0 ERA-5

— JRA-55

fluctuations in the carbon cycle and the high
natural variability in carbon sinks like vegeta-
tion. The Met Office annual global temperature
forecast for 2021 (Fig. 3.1) suggests that it will
once again enter the series of the Earth’s hottest
years, despite being influenced by the temporary
cooling of La Nifa, the effects of which are typ-
ically strongest in the second year of the event
(WMO, 2021).

3.1.1 Impact in Africa, in brief

Africa has been the lowest emitter of GHGs in the
world; however, the continent is the most vulner-
able to the impacts of climate change. Indeed,
the Intergovernmental Panel on Climate Change
(IPCC) has alerted that temperatures across Africa
are expected to increase by 2—6°C within the next
100 years (IPCC, 2014a). The effects will not be
limited to a rising average temperature and
changing rainfall patterns, as an increasing se-
verity and frequency in droughts and floods is
expected (Niang et al., 2014; Hummel, 2015).

Ecosystems are known to play an important
role in climate change adaptation processes,
since some of the services they provide may reduce
the impacts of extreme events and disturbance,
such as wildfires, floods and droughts. This role
is especially important in regions vulnerable to
climate change such as the African continent,
whose adaptation capacity is limited by many
geographic and socio-economic constraints (Leal
Filho et al., 2021).

1850 1875 1900

1925

1950 1975 2000 2025

Year

© Crown Copyright. Source Met Office

Fig. 3.1. Global mean temperature difference from 1850 to 1900 (°C). From Met Office, 2021.
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It is expected that climate change will lead
to a reduction in food production due to changes
in rainfall patterns and temperature in Africa
(Awojobi and Tetteh, 2017). Changing weather
patterns in recent years are producing a detrimen-
tal impact on food security. There is evidence of
impacts such as flooding, drought, deforestation
and land degradation leading to migration in
Africa (Abebe, 2014; Science for Environmental
Policy, 2015). There is also increasing evidence
that climate change is affecting forests and forest
ecosystems in Africa, as well as the livelihoods of
the forest-dependent communities (Chidumayo
etal., 2011).

Africa has a limited capacity to deal with
further disasters from climate change. Around
90% of people depend on agriculture for their
livelihoods. Therefore, any decrease or change in
rainfall patterns could mean crop failure and,
consequently, produce serious food shortages or
even famine. There is a strong correlation between
climate change and East African livelihoods
(Worldwide Fund for Nature, 2006). Records show
a reduction in rainfall in the period 1996-2003
of 50-150 mm for each season, and a correlated
reduction in maize and sorghum production
across most eastern African countries (Funk
et al., 2005).

African countries will be among the worst
affected by climate change, where it is an increas-
ing threat (UN, 2020). High levels of poverty and
underdevelopment combined with insufficient
infrastructure exacerbate the already severe
impact of global warming on resources, develop-
ment and human security. Tangible actions are
needed to allow adaptation to and mitigation of
the effects of climate change.

3.2 Climate Change and Agriculture

Global GHG emissions were estimated to be 49
(£4.5) Gt CO, -eq in 2010 (IPCC, 2014a), with
approximately 24% (10.3-12 Gt CO,-eq) of
emissions coming from agriculture, forestry and
other land use (AFOLU) (IPCC, 2014a; Tubiello
et al., 2015). Annual non-CO, GHG emissions,
primarily CH, and N,O from agriculture, were
estimated to be 5.2-5.8 Gt CO,-eq yr~" in 2010
(FAOSTAT, 2014; Tubiello et al., 2015), with
approximately 4.3-5.5 Gt CO,-eq yr! attributable
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to land use and land-use change activities (IPCC,
2014a) (Fig. 3.2).

Agriculture both contributes to and is af-
fected by climate change. The food we consume
has been produced, stored, processed, packaged,
transported, prepared and served. In each of these
phases, GHGs are released into the atmosphere.
GHG emissions from agriculture come mostly
from the cultivation of crops and livestock, and
from deforestation (IPCC, 2014a). In addition
to CO, agriculture, in particular, releases sig-
nificant amounts of CH, and N,0, two potent
GHGs. CH, is produced by livestock during
digestion, due to enteric fermentation, and is
released by belching. It can also be released by
manure and organic waste stored in landfills.
N,O emissions are an indirect product of or-
ganic nitrogen and mineral fertilizers. Poorly
drained soils tend to have higher levels of CH,
and N,0 emissions.

Agricultural practices regulate soil nitro-
gen and carbon dynamics and thereby affect the
fluxes of GHGs like N,0 and CO, (Adviento-Borbe
etal., 2007; Mutegi et al., 2010). Natural factors
also affect or interact with farming practices,
thereby influencing N,0, CH, and CO, emissions
(Chatskikh et al., 2005; Jansen, 2009; Gu et al.,
2013; Vidon et al., 2016). In recent decades, many
site-specific studies have been conducted to ex-
plore the impacts of fertilization (Yan etal., 2015;

Electricity and
Heat Production
25%

Agriculture, Forestry
and Other Land Use
24%

Transportation

Fig. 3.2. Global greenhouse gas emissions by
economic sector. This estimate does not include
the CO, offsets from soils. Courtesy of IPCC
(2014a); based on global emissions from 2010.
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Tan et al., 2017), tillage (Wei et al., 2012) and crop
residues (Hu et al., 2013; Huang et al., 2013).
Land-use changes such as deforestation,
overgrazing and burning of vegetation —
particularly in Africa —not only add to the carbon
load but also cause a change in energy and mois-
ture fluxes, with noticeable consequences on wea-
ther and climate patterns at local and regional
levels (Ngaira, 2003). GHG fluxes in Africa play
an important role in the global GHG budget
(Bombelli et al., 2009; Hickman et al., 2014;
Valentini et al., 2014). In recent years, conver-
sion rates of African natural lands (including
forest, grassland and wetland) to agricultural
lands have increased (FAO, 2010; Gibbs et al.,
2010). The dominant type of land-use change
has been the conversion of forest to agriculture
with average deforestation rates of 3.4 million ha
yr! (FAOSTAT, 2014). This land-use conversion
results in an estimated release of 0.32 £ 0.05
Pg Cyr™! (Valentini et al., 2014)or 157.9 £ 23.9
Gt CO,-eq from 1765 to 2005 (Kim and
Kirschbaum, 2015), higher than fossil fuel emis-
sions for the continent (Valentini et al., 2014).
Even if agriculture were not the only pro-
ductive sector affected by global warming, the
impacts on it would definitely have negative
effects on food security and social welfare. Crops
need adequate land, water, sunlight and heat to
grow and complete their production cycles. Glo-
bal warming has already altered the duration of
the growing season in some areas. The periods
of flowering and harvest of cereals are already

several days ahead. It is foreseeable that these
changes may continue to occur in many regions
(EEA, 2015).

Changes in temperature patterns and pre-
cipitation, and an increase in the concentration
of atmospheric CO,, will significantly affect crop
development. Global climate variabilities are
now estimated to be responsible for 32%-39% of
yield variability (Ray et al., 2015), so even higher
CO, levels may affect crop yields even more.

Elevated CO, levels can increase plant growth.
However, other factors, such as changing temper-
atures, ozone, and water and nutrient constraints,
may counteract these potential increases in
yield. For example, if the temperature exceeds a
crop’s optimal level, and if sufficient water and
nutrients are not available, yield increases may be
reduced or reversed. Also, elevated CO, has been
associated with reduced protein and nitrogen
content in alfalfa and soybean plants, resulting
in a loss of quality.

The flow of the impacts of climate change on
the agricultural sector are illustrated in Fig. 3.3.
The impacts of climate change on crops include
the change in flowering and harvesting seasons,
quality change and shift in areas suitable for
cultivation (Kim et al., 2009). Climate change
affects the agricultural ecosystem, giving rise to
blights and pests, and causing population move-
ment and change in biodiversity.

Among the positive impacts of global warm-
ing include the increase in crop productivity due
to the fertilization effect caused by the increase

Climate
change

Changes in the agricultural climate
> resouces (temperature, precipitation,
sunlight etc.)

Arable/livestock sector

Hydrology sector

Change in agricultural
production
— Biological changes (blooming
season, earing season)
— Quality change
— Change of areas suitable for
cultivation

Changes in ecosystem
— Blights and pests
— Population migration
— Change in biodiversity

Changes in livestock productio

— Biological changes (fertilization,
breeding)
— Change in pasture production

- Underground water

(level, temperature)
<:| - River flow
- Water quality of lakes

and marshes, etc.

Change in productivity
« Change in asset value

Change in the agricultural
system

-« Cha}nge in
available water

Change in the agricultural
infrastructure

Fig. 3.3. Flow of the climate change impact on the agricultural sector. Courtesy of Kim et al. (2009).
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Table 3.1. Comparison of relative production changes for a variety of African crops under climate change
in different regions. The results are probabilistic projections of production impacts in 2030 as a percentage
of 1998—-2002 yields. From: Pereira (2017).

Region Projection Wheat Rice Maize Sorghum Groundnut
Northern Africa worst -14.53 -6.62 -6.79 -15.33 -9.19
median =771 -1.73 -1.11 -4.29 -0.38
best -2.72 3.7 742 6.18 8.77
Western Africa worst -11.03 -5.92 -9.64 -5.51 -16.6
median -1.26 -1.91 -3.51 -0.19 -7.32
best 9 0.75 1.09 4.65 -2.01
Central Africa worst -8.33 -6.52 -4.18 -16.69 -8.14
median -1.76 -1.9 -1.39 -4.02 -2.54
best 4.82 1.23 0.7 5.56 1.51
Eastern Africa worst -4.75 -3.24 -5.78 =717 -2.52
median 5.45 3.31 -0.97 0.84 2.9
best 17.73 12.27 4.42 6.23 10.72
Southern Africa worst -32.34 0.39 -46.56 -16.86 -8.09
median -15.79 5.23 -28.49 -1.49 2.21
best -4.78 12.05 -12.27 14.66 13.2

in CO, concentration in the atmosphere;
expansion of the areas available for production
of tropical and/or subtropical crops; expansion
of two-crop farming due to the increased culti-
vation period; reduction in damage to winter
crops by low temperature; and reduction in
heating costs for agricultural crops grown in
protected cultivation facilities. Fig 3.4 shows the
positive and negative impacts of global warming
on the agricultural sector.

Negative impacts of global warming include
reduced crop quantity and quality due to the
reduced growth period following large tempera-
ture rises; reduced sugar content, bad coloration
and reduced storage stability in fruits; increase
in weeds, blights and harmful insects in agricul-
tural crops; reduced land fertility due to the ac-
celerated decomposition of organic substances;
and increased soil erosion due to increased rain-
fall. However, according to the IPCC (2014a),
more regions will be negatively impacted by
climate change than will benefit. Feeding a growing
global population in a changing climate presents
a significant challenge to society.

According to a UN Environment report, no
continent will be struck as severely by the impacts
of climate change as Africa. Given its geographical
position, the continent will be particularly vul-
nerable as its adaptive capacity is very limited,
and this will be exacerbated by widespread poverty.
Climate change is a particular threat to continued

printed on 2/14/2023 5:57 AMvia .

economic growth and to the livelihoods of
vulnerable populations (UN, 2020). In addition,
African countries would be more affected by
climate change because of their reliance on agri-
culture as well as their lower financial, technical
and institutional capacity to adapt to it (Huq
et al., 2004; Nordhaus, 2006; Singh and Purohit,
2014; Rose, 2015). Eastern African countries
(Burundi, Eritrea, Ethiopia, Kenya, Uganda, Tan-
zania, Rwanda and Somalia) are among those
countries vulnerable to the effects of drought
because of their dependency on rainfed agricul-
ture. Feyssa and Gemeda (2015) reported that
climate change mainly affects the rainfed agri-
cultural sectors in technological and economic-
ally less developed countries in Africa. By 2100,
drought is expected to result in the expansion of
arid and semi-arid lands (ASALs) of Africa by
5%—-8%, or 60-90 million ha, resulting in agri-
cultural losses of between 0.4% and 7% of gross
domestic product (GDP) in North, West Central
and southern Africa (IPCC, 2007).

3.3 Climate Smart Agriculture,
Agenda 2063 and the Malabo
Declaration

As defined by FAO (2021), climate smart agri-
culture (CSA) is an approach that helps to guide
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Fig. 3.4. Potential impacts of global warming on the agricultural sector. Courtesy of Kim et al. (2009).

actions needed to transform and reorient agri-
cultural systems to effectively support develop-
ment and ensure food security in a changing
climate. CSA aims to tackle three main objectives:
sustainably increasing agricultural productivity
and incomes; adapting and building resilience to
climate change; and reducing and/or removing
GHG emissions, where possible.

Agenda 2063 is Africa’s blueprint and master
plan for the sustainable development and eco-
nomic growth of the continent. It is an affirm-
ation by African heads of state and government
of their commitment to transforming Africa into
a global powerhouse. The Ten-Year Implementa-
tion Plan (2014-2023) is the first in a series that
aims to fast-track implementation of Agenda
2063 over 50 years. The Agenda 2063 funding
needs and related sources of funding identifies as
Goal number 7 the environmentally sustainable
and climate resilient economies and communi-
ties. The Africa Union (AU) informed about the
establishment of an African Climate Fund by 2025,
where the potential sources of funds could be
AU’s member states by the creation of carbon
credits; namely through implemented carbon
emission/climate change mitigation projects,
where CSA based plans should be at heart of the
agricultural initiatives. CSA objectives also dir-
ectly contribute to achieving the 2014 Malabo
Declaration goals, which include commitments
to: (i) end hunger in Africa by 2025; (ii) halve
poverty by 2025 through inclusive agricultural
growth and transformation; and (iii) enhance

the resilience of livelihoods and production sys-
tems to climate variability and other related
risks. These linkages underscore the importance
of including CSA in country and regional plans
to achieve overarching development objectives
in Africa, in particular food security and poverty
reduction.

The 2014 Malabo Declaration made seven
specific commitments to achieve accelerated agri-
cultural growth and transformation for shared
prosperity and improved livelihoods. Commitment
6 relates to enhancing resilience in livelihoods
and production systems to climate variability
and other shocks. Its aim is to ensure that, by
2025, at least 30% of farm/pastoral house-
holds are resilient to shocks; that investments
for resilience building initiatives are enhanced,
including social security for rural workers and
other vulnerable social groups, as well as for vul-
nerable ecosystems; and that resilience and risk
management in policies, strategies and invest-
ment plans is mainstreamed.

New agricultural techniques should be
promoted to meet these challenges. Practical
approaches to implement CSA and sustainable
agriculture, able to deliver and aligned with the
Agenda 2063 objectives and the Malabo com-
mitments at field level, are required. In particular,
sustainable soil and land management should
allow different user groups to manage their
resources (including water, crops, livestock and
associated biodiversity) in ways that are best
suited tothe prevailing biophysical, socio-economic
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and climatic conditions (FAO, 2021). The adop-
tion of locally adapted sustainable soil manage-
ment practices is needed to support climate change
mitigation and adaptation from the agricultural
perspective. In this sense, Conservation Agricul-
ture (CA) can be adapted to local conditions, and
help achieve the above objectives.

3.4 Conservation Agriculture: The
Three Principles

CA is an alternate paradigm of agricultural pro-
duction and land use that is applicable to all land-
based agricultural production systems in rainfed
and irrigated farming, including annual, peren-
nial and mixed systems; orchards; agroforestry
and plantation systems; crop-livestock systems;
and pasture and rangeland systems. Accord-
ing to FAO (http://www.fao.org/conservation-
agriculture), CA is an ecosystem approach to
regenerative sustainable agriculture and land
management based on the practical application
of three context-specific and locally adapted
interlinked principles, namely:

1. Continuous no (or minimum) mechanical
soil disturbance: this principle is implemented by
the practice of no-till seeding or broadcasting of
crop seeds; direct placement of planting material
into untilled soil and no-till weeding; and caus-
ing the minimum soil disturbance possible from
any cultural operation, harvest operation or farm
traffic. Sowing seed or planting crops directly
into untilled soil reduces erosion; reduces the
loss of soil organic matter (SOM) and disruptive
mechanical cutting and smearing of pressure
faces; promotes soil biodiversity and microbio-
logical processes; protects soil structure and
connected pores; avoids impairing movement of
gases and water through the soil; and promotes
overall soil health and functions including
improved retention of soil moisture, plant nutri-
ents and soil carbon; reduces labour and energy
requirements and reduces GHG emissions; and
contributes to integrated weed, insect pest,
pathogen and nutrient management as well as
overall resilience and sustainability.

2. Permanent maintenance of a vegetative mulch
cover on the soil surface: this principle is imple-
mented by retaining crop biomass, root stocks
and stubbles and biomass from cover crops and
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other forms of biomass from ex situ sources. Use
of crop residues (including stubbles) and cover
crops reduces soil erosion; protects the soil sur-
face; increases water infiltration rates, reducing
run-off; conserves water and nutrients; supplies
organic matter and carbon to the soil system;
promotes soil biodiversity and microbiological
activity to enhance and maintain soil health and
functions including structure and aggregate
stability (resulting from glomalin production by
mycorrhiza), improved capture and retention
of water, plant nutrients and soil carbon; and
contributes to integrated weed, insect pest, patho-
gen and nutrient management as well as to over-
all resilience and sustainability.

3. Diversification of species in cropping system:
this principle is implemented by adopting eco-
nomically, environmentally and socially adapted
crops in rotations, and/or sequences and/or
associations involving annual and perennial
crops, including a balanced mix of legume and
non-legume crops and cover crops. Use of diver-
sified cropping systems contributes to diversity
in rooting morphology and root composition;
enhances soil biodiversity and microbiological
activity; builds up SOM; enhances crop nutrition
and crop protection through the suppression of
pathogens, diseases, insect pests and weeds; and
contributes to integrated weed, insect pest,
pathogen and nutrient management as well as
to overall resilience and sustainability. Crops can
include annuals, short-term perennials, trees,
shrubs, nitrogen-fixing legumes and pastures, as
appropriate.

The above principles and associated reference
core practices are applied, along with other com-
plementary good agricultural production and
land management practices of integrated crop,
soil, nutrient, water, pest (weeds, insects, patho-
gens) and energy management, to optimize the
whole production system at the farm level. At
the landscape and watershed levels, CA systems
enable the harnessing of a range of ecosystem
functions and societal services including clean
water; carbon sequestration; carbon, water and
nutrient cycling; surface and groundwater regu-
lation; control of erosion; increased biodiversity
and food webs; and pollination services. CA
systems are present in all continents and across
a wide range of agroecologies in temperate,
subtropical and tropical regions.
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The application of CA principles brings mul-
tiple benefits, especially in terms of soil conser-
vation, and also for mitigating climate change. In
fact, CA has the ability to transform agricultural
soils from being carbon emitters into carbon
sinks, because of no-tillage and the return to the
soil of diverse crop biomass from above-ground
parts of plants and from diverse roots systems
and root exudates. Owing to the reduction in
agricultural operations, fossil fuel energy use
also decreases, thus less CO, is emitted to the at-
mosphere. Lower GHG emissions in CA also arise
from reduced and more efficient use of inputs.

3.5 The Role of Agricultural Soils
in Climate Change Mitigation;
Consequences of Tillage

The ‘4 per Thousand’ and ‘Adapting African
Agriculture’ are bold and innovative initiatives
adopted at COP21 in Paris and COP22 in Marra-
kesh, respectively. These initiatives are soil-centric
and based on adoption of soil-restorative and
improved agricultural practices (Lal, 2019).
Indeed, soil is one of the most relevant natural
resources for combating climate change. It is
broadly accepted in the literature that improved
soil management practices can help reduce GHG
emissions from agriculture. Soil’s potential for

capturing CO, from the atmosphere and incorp-
orating it in the form of organic carbon makes it
a powerful climate change mitigation tool. Proof
of this is that soil is the greatest reserve of carbon
in terrestrial ecosystems (Lal, 2008) and the
second in the world behind the oceans, accumu-
lating three times more carbon than the atmos-
phere (Smith, 2004) and aerial biomass (Sommer
and Bossio, 2014).

Improving SOM in agricultural soils is essen-
tial for sustainable crop production. Organic matter
is composed of soil microbes including bacteria
and fungi, and decaying material from once-living
organisms (such as plant and animal tissues) and
products formed from their decomposition.
Organic matter is a heterogeneous mixture of
materials that range in stage of decomposition
from fresh plant residues to highly decomposed
material known as humus (Table 3.2).

Even if organic matter is just 2%—10% of
the mass of most soils, it has an important role
in the physical, chemical and biological function
of agricultural soils. In fact, it contributes to
nutrient retention and turnover, soil structure,
moisture retention and availability, degradation
of pollutants, carbon sequestration and soil
resilience.

Conversely to conventional agricultural
systems that are based on tillage, and which lead
to a reduced organic carbon content and higher
CO, emissions, improved soil management

Table 3.2. Size, turnover time and composition of soil organic matter fractions. Source: Griffin and

Edwards, 2020.

Fraction Size

Turnover time

Composition

Dissolved
organic matter

< 45 pm (in solution)

Particulate 53 pm—2 mm
organic matter
Humus <53 pym

Resistant organic <53 ym-2 mm
matter

Minutes to days

2-50 years
Decadal (10s to
100s of years)

100s to 1000s
of years

Soluble root exudates, simple sugars
and decomposition by-products. It
generally makes up less than 5% of
total SOM

Fresh or decomposing plant and animal
matter with identifiable cell structure.
Makes up 2%—25% of total SOM

Older, decayed organic compounds that
have resisted decomposition. Can
make up more than 50% of total SOM

Relatively inert material, such as
chemically resistant materials or
organic remnants (e.g. charcoal). Can
be up to 10% of SOM

SOM, soil organic matter.
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systems have a great deal of mitigation poten-
tial. There is a general agreement in the litera-
ture that soil disturbance from tillage is one of
the major causes of losses of soil organic carbon
(SOC) (Balesdent et al., 1990; Six et al., 2000;
Olson et al., 2005). Indeed, scientific studies
confirm that intensive farming contributed to a
loss of between 30% and 50% of organic carbon
in agricultural soils (Reicosky, 2011). Kinsella
(1995) estimated that, in only 10 years of tillage,
30% of the original organic matter was lost.

Taking into account soil’s carbon storage
capacity and the ongoing systematic loss of car-
bon over decades, any strategy aimed at increas-
ing the organic carbon content of soil, however
small those increases may be, will have a positive
impact on mitigating climate change. At this
point, it is worth bearing in mind that the soil’s
capacity to store carbon is limited and that a
point comes when a balance is reached between
the carbon captured and the carbon released
through decomposition of organic matter (Ogle
etal., 2019). Given the low SOC in many regions
of the world, that balance in agricultural ecosys-
tems will not be reached in the short term. It will
take a considerable time to even reach a plateau,
and more than 10-15 years before a deceler-
ation in the rate of carbon increase is observed
(Gonzalez-Sanchez et al., 2012).

Another consequence of tillage-based agri-
culture is higher CO, emissions. Tillage has a
direct influence on soil CO, emissions both in the
short term (immediately after tillage) and in the
long term (during the growing season). It stimu-
lates the production and accumulation of CO, in
the porous structure of the soil through the
processes of mineralization of organic matter. The
mechanical action of the tillage involves a break-
down of the soil aggregates, with the consequent
release of CO, trapped inside the soil; this is then
emitted into the atmosphere. Among the first
studies of CO, emissions during tillage are those
carried out by Reicosky and Lindstrom (1993)
and Reicosky (1997) in the central area of the
USA. These authors showed that the increase in
CO, observed just after tillage was the result of
changes in soil porosity and, therefore, it is
proportional to the intensity of the tillage (gen-
erated by the depth and roughness of the soil).

Different agricultural practices (tillage,
application of fertilizers and amendments,
irrigation, plant protection treatments, etc.) are
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mostly carried out with the use of fossil fuels, es-
pecially diesel, implying energy consumption and
unavoidable GHG emissions. Thus, conven-
tional tillage implies high consumption of fossil
fuels, which leads to higher atmospheric pollu-
tion due to the emissions of CO,, with the conse-
quent negative effect on climate change. It is well
known that all energy processes lead to the emis-
sion of CO,.

Agricultural soils can also play a relevant
role in relation to the adaptation of agrarian
ecosystems to climate change. The IPCC, in its fifth
evaluation report (IPCC, 2014a), warns of the
increase in the occurrence of episodes of extreme
rainfall, the presence of new pests and diseases,
and the lower availability of water resources
for crops. Soils of higher quality are needed
to achieve a more resilient ecosystem, which
means they must have more organic matter and
be better structured, with a greater capacity for
water retention and with a greater degree of
biodiversity. There is a broad consensus that
conventional farming systems, based on inten-
sive tillage, have adverse environmental effects,
with the potential to put natural ecosystems at
risk (Duru et al., 2015). Some of the main risks
of such systems are depletion of water sources,
pollution of soil and water resources, air pollution,
GHG emissions, depletion of SOC, erosion of the
fertile soil layers by wind and water, and soil
salinization (Horrigan et al., 2002).

These considerations mean that mitigation
measures in the agricultural sector should involve
fixing the carbon found inside the oxidized com-
pound in the soil while reducing GHG emissions
in general. In turn, if —as well as mitigating climate
change — the measures also improve water
balance and soil quality, as well as increasing
biodiversity, they will help crops adapt to future
climate scenarios involving lower availability of
water resources, higher incidence of extreme
weather conditions that increase the risk of ero-
sion and the incidence of new pests and diseases.

3.6 Climate Change Mitigation with
Conservation Agriculture: Climate
Smart Agriculture

CA can be seen as a system that mitigates climate
change and contributes to the adaptation of
crops to the effects of global warming. In its fifth
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assessment report, the IPCC defines climate
change mitigation as ‘a human intervention to
reduce the sources or enhance the sinks of
greenhouse gases’ (IPCC, 2014b). In this con-
text, CA could be understood as a mitigation
measure, by fulfilling the double premise set out
by the IPCC of reducing sources and enhancing
sinks. For this reason, CA can be considered a
system that enhances soil’s carbon sink effect.
On the other hand, the drastic reduction in soil
tillage and the non-mechanical alteration of the
soil means lower CO, emissions resulting from
the energy saved and the reduction in organic
matter mineralization processes (Fig. 3.5).

SOM and SOC are closely linked. Organic
matter is made of organic compounds that are
highly enriched in carbon (Ontl and Schulte,
2012), and so carbon is the main component of
organic matter. As an indicator for soil health,
SOC is important for its contributions to food
production, mitigation and adaptation to climate
change, and the achievement of the Sustainable
Development Goals (SDGs) (FAO, 2017).

While organic matter is difficult to measure
directly, SOC is a measurable component of SOM,
and so laboratories tend to report SOC. SOC refers
only to the carbon component of organic com-
pounds. The concentration of SOC is generally
considered an indicator of soil quality because of
its agronomic and ecological functions. Factors
that influence SOC content include land use, soil
properties, rainfall, temperature, crop character-
istics (such as the amount and fate of crop
residues or root distribution) and soil manage-
ment practices like no-tillage (Carbonell-Bojollo
etal., 2011).

Thus, organic matter stock can be estimated
from SOC. Considering that about 58% of the
mass of organic matter can be counted as car-
bon, we can estimate the percentage of organic
matter from the percentage of carbon by using
the Van Bemmelen conversion factor 1.724
(obtained from the relation 100/58) (Tabatabai,
1996). This conversion factor can vary in different
soils, but 1.724 provides a reasonable estimate
of organic matter for most agricultural purposes
(Eqn 3.1):

SOM (%) = SOC (%) x 1.724. (3.1)

If a quantity is needed rather than a per-
centage, we would need to convert percentage to
weight for a given depth and area (Eqn 3.2):

SOC stock in tonnes (t) of carbon per
hectare (t C/ha) = (SOC%) X (mass of soil
in a given volume). (3.2)

For example, a soil witha SOCof 1.2%(0.012)
and a bulk density of 1.25 g/cm? (equivalent to
1.25 t/m?) would have SOC to a depth of 20 cm
(0.2 m) per hectare (10,000 m?) (Eqn 3.3) of:

(0.012C) x (1.25t/m? x 0.2 m X

10 000 m*/ha) = 30 t C/ha. (3.3)

Using the conversion factor of 1.724, the
amount of SOM would be: 30 x 1.724 =51.72 t.

Tebruegge (2001) stated that, through the
processes of microbiological oxidation which
occur in the soil, 3.7 t of CO, are generated from
1 t of carbon decomposition. From the increases
in organic matter observed in CA management
systems in comparison with conventional tillage
management systems, it is possible to determine,
based on organic carbon, what these increases
mean in terms of CO, amounts. This makes
it possible to provide a range of values on the
potential of CA with regard to atmospheric car-
bon fixation compared to tillage agriculture.

3.6.1 Soil as a Carbon Sink in
Conservation Agriculture

Recent modelling approaches confirm the
positive effect of CA with carbon sequestration
(Valkama et al., 2020), which has been broadly
studied in fieldwork. This is due to the soil man-
agement in CA, that leads to alterations in the
dynamics of carbon in the soil, increasing both
amount and concentration. There are two reasons
for this. First, by leaving crop residues on top
of the soil, and root biomass in the soil, CA pro-
duces a dynamic in the organic matter that is
similar to how natural ecosystems behave. The
result of these practices is an increase in organic
matter accumulation in the vertical dimension.
This carbon accumulation is used as the recovery
index in the quality of agricultural soil degraded
by tillage (Franzluebbers, 2002; Moreno et al.,
2005). A significant part of this surface organic
matter is incorporated into the soil by earth-
worms which are, incidentally, more abundant
in CA than in tillage systems (Cantero et al.,
2004; Bescansa et al., 2005). Second, the less
the soil is tilled, the more carbon it absorbs. As a

Al use subject to https://ww. ebsco.conlterms-of - use



EBSCChost -

76 E.J. Gonzalez-Sanchez et al.

A1

==
Permanent
soil cover

@C\@

—_—
e

/

Suppression of
soil disturbance

AN

A} Reduction in the

(©6 number of operations

—  » Increasein CO,
—— sequestration in soil
(sink effect)

-

of CO, €0.50:

Increase in organic
matter level

» No rel

% No breakage of o
soil aggregates —— trapped in the soil 2

Reduction in
:g) CO, emissions

= into the

/ atmosphere

——————Reduction in energy
—

consumption El -y

Fig. 3.5. Climate change mitigation mechanisms used in Conservation Agriculture (CA). Courtesy of
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result it synthesizes more organic matter, which
in the long term increases its productive capacity,
while also reducing the CO, released into the
atmosphere.

It is important to consider that the magni-
tude of response of CA systems to carbon se-
questration varies considerably depending on
the soil and weather conditions of the region,
the amount of crop biomass left on the ground
and how long the CA system has been in place.
There are studies that suggest that the organic
carbon content of the soil rapidly increases over
the first 10 years of CA practice, after which it
slows down until reaching almost zero growth,
as the soil reaches a new equilibrium (Franzlueb-
bers and Arshad, 1996; Puget and Lal, 2005).

CA promotes sequestration of CO, into the
soil owing to the presence of stubble and root
biomass, and reduces CO, release as there is less
tillage, which in turn results in an increased sink
effect. Many articles in the literature demonstrate
how CA effectively boosts the soil’s capacity to
sequester atmospheric carbon in agricultural
soils in CA. Ranaivoson et al. (2017) found that
the organic carbon in soils under CA increased
by 0.38 t ha! yr'. In a meta-analysis studying
the carbon capture capacity of different crop
management systems, Aguilera et al. (2013) ob-
tained carbon sequestration rates of 0.44 t ha™!
yr! in the case of no-till systems in herbaceous
crops, and 0.27 t ha! yr! in the case of ground-
covers in woody crops, an increase in soil carbon
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content of 11.4% and 10%, respectively, compared
with conventional farming methods. In Europe,
the increase in SOC sequestration of no-till fields
in comparison with conventional tillage was
found to be 0.4 t ha! yr! (Freibauer et al., 2004;
Smith et al., 2005). For woody crops, groundcov-
ers are permanent grass or grass—legume cover
crops between rows of woody crops. In this case,
Vicente-Vicente et al. (2016) determined that
groundcovers improve the SOC contents by 1.1 t
ha yr! in olive groves, 0.78 t ha! yr! in vine-
yards and 2.0 t ha'! yr! around almond trees.
Carbon sequestration values may vary, depending
on the pruning residue management in woody
crops; if residue is spread over the soil, higher
carbon sequestration can be expected than in
the case of grasses alone.

Several studies confirm the sequestration
potential of increased SOC stocks on croplands
in Africa on each of the continent’s major bio-
climatic areas. Thus, in an equatorial climate,
Barthes et al. (2004) obtained mean rates of
carbon capture in no-till CA soils of 1.50 t ha™!
yr'. In a tropical climate, mean carbon increase
rates in no-till CA soils range from 0.33 t ha!
yr'! obtained on farms in Kenya (Okeyo et al.,
2016) to 2.76 t ha! yr! obtained on farms
in Zimbabwe (Gwenzi et al., 2009). Gonzalez-
Sanchez et al. (2019), using the results of peer-
reviewed papers, provided coefficients of SOC
sequestration for Africa (Fig. 3.6) and addressed
the high potential of CA for the continent,

Al use subject to https://ww. ebsco.conlterms-of - use



EBSCChost -

Climate Smart Agriculture for Africa 77

printed on 2/14/2023 5:57 AMvia .

MEDITERRANEAN o—eo—o
SAHEL *r——o—o
TROPICAL [ ° ®
EQUATORIAL — o o
T T T T T T T
0 0.5 1 1.5 2 2.5
Mg C ha~ yr

Fig. 3.6. Carbon sequestration rates in no-tillage for Africa’s climate regions. Figure represents the 95%
confidence intervals. Authors’ diagram, based on Gonzalez-Sanchez et al., 2019 and Zomer et al., 2017.

which may be almost 100 times higher than
current sequestration.

Table 3.3 summarizes results for the seques-
tration potential of increased SOC stocks on
croplands for Africa (Zomer et al., 2017). In the
study the authors identified where carbon might
be sequestered and by how much, if (through
improved practices and management) SOC could
be improved on agricultural land by a generally
accepted (as attainable) moderate to optimistic
amount, based on the medium and high seques-
tration scenarios of Sommer and Bossio (2014).

However, some studies stress that low carbon
input, as a result of limited biomass production,
may limit soil carbon increase (Cheesman et al.,
2016). This is an interesting and ongoing topic of
research. Best results are most probably achieved
where no stubble is retained for feeding animals,
and minimal soil disturbance takes place; poor
results may be found where tillage is reduced and
residues are removed. It is important to reinforce
the need to standardize no-tillage and CA research.
Although no-tillage suggests merely the absence
of tillage, in reality several components need to
be applied to a CA system to guarantee equal or
higher yields and better environmental perform-
ance than with conventional tillage systems. Broad
understanding is lacking of what CA systems

research means. This has led to a situation of
conflicting research results because different tech-
nologies, methodologies and definitions of CA
systems have been applied (Derpsch et al., 2014).

3.6.2 Saving CO, Emissions with
Conservation Agriculture

There are many factors involved in the release
of CO, emissions from the soil, such as the type
of soil management, SOM, soil temperature and
moisture conditions, crop phenological stage,
weather conditions and residue management.
Adopting CA means a drastic reduction in or
complete elimination of any mechanical actions
that alter the soil profile. This reduction affects
the volume of CO, emissions produced because
on the one hand there is less fracture of soil ag-
gregates and the subsequent gas exchange that
occurs following tillage and, on the other, the re-
duced consumption of fuel required for the land
to be tilled.

To quantify GHGs in agriculture and forestry
Ogle et al. (2014) use 100-year global warming
potentials reported in the IPCC (2014a). A posi-
tive CO,-eq flux indicates a net increase in GHG
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Table 3.3. Regional analysis of available soils. Soil organic carbon (SOC) for all available cropland soils by region (i.e. those not excluded from the analysis as
high SOC or sandy soils), showing both the regional totals and the regional averages per hectare, at current status (T ), and after 20 years for both the medium
and high sequestration scenarios, and their annual increment. Adapted from Zomer et al., 2017.

Soil organic carbon Average soil organic carbon
Cropland soils
(80cm depth) Current After 20 years Annual increase Current After 20 years Annual increase
Scenario T, Medium High Medium High T, Medium High Medium High  Cropland area
Region PgC Pg C yr! t C/ha tChayr! km?
Ea::rfcr;d southern 5.64 6.80 8.02 0.06 0.12 53.00 64.00 76.00 0.55 113 1,055.461
North Africa 1.51 1.83 2.17 0.02 0.03 58.00 71.00 84.00 0.63 1.28 258,602
Westand 483 6.35 795 0.08 0.16 37.00 49.00 61.00 0.58 119 891,532

Central Africa

Soil organic carbon Average soil organic carbon
Cropland soils
(80cm depth) Current After 20 years Annual increase Current After 20 years Annual increase
Scenario T, Medium High Medium High T, Medium High Medium High Cropland area
Region PgC Pg Cyr! t C/ha tChayr' km?
Ea::ri';d southern 5 64 6.80 8.02 0.06 012  53.00 64.00 76.00 0.55 113 1,055.461
North Africa 1.51 1.83 217 0.02 0.03 58.00 71.00 84.00 0.63 1.28 258,602
West and Central 4.83 6.35 795 0.08 0.16 37.00 49.00 61.00 0.58 119 891,532

Africa
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emissions from the soil to atmosphere, while a
negative flux indicates a net CO,-eq decrease
from atmosphere. Therefore, a positive (increas-
ing) SOC change represents a negative CO,-eq flux
(Eqn 3.4):

CO, flux (kg CO,-eq ha™ yr™') = -1 x
dSOC x 44 kg CO,/12 kg C X GWPco,,
N,O flux (kg CO,-eq ha™" yr™') = N,0-N x
44 kg N,0/28 kg N X GWPx,0,

CH, flux (kg CO,-eq ha™' yr™') = CH,-C x
16 kg CH,/12 kg C x GWPan, (3.4)

where dSOC is the average annual SOC change
in kg C ha™' yr™'; N,O-N is average annual N,0
emissions in kg N ha™' yr~'; CH —Cis average an-
nual CH, soil fluxes in kg Cha™" yr~'; and GWP is
the 100-year global warming potential of
CO, (GWP = 1), N,O (GWP = 165) and
CH, (GWP = 28). GWP is an index measuring
the radiative capacity of a GHG over a given
time horizon relative to that of CO,. It represents
the combined effects of the different lengths of
time that the gases remain in the atmosphere, and
the relative effectiveness of the gases at absorb-
ing infrared radiation.

There is ample scientific evidence that tilled
soils emit a greater amount of CO, than CA soils.
In research carried out in the USA, Sainju et al.
(2008) observed that tillage-based practices
increased the CO, emissions in comparison with
no-till systems from 62% to 118%. Reicosky and
Archer (2007) assessed the short-term effects on
CO, emissions of two soil management systems,
one based on the use of mouldboard ploughing
and the other using no-till methods. The result
was higher emission levels from tilled plots than
from no-till plots, in both the short and medium
term, with values ranging from emissions 3.8 times
higher for shallow tillage (10 cm) to 10.3 times
higher for deep tillage (28 cm) compared with no-
till plots. The research was also able to quantify
the emissions associated with the different types
of equipment used in each of the assessed
soil management systems. These results are in
agreement with other studies in Europe by Car-
bonell-Bojollo et al. (201 1), who studied not only the
reduction in CO, emissions in soil when changing
the management system, but also the behaviour
of these emissions after each operation. In all of
these operations, an emission peak was observed
2—4 h after tillage, with the maximum difference
between the two management systems (no-till

versus conventional tillage) occurring during
that period. This difference was greater the more
deeply the soil was altered in the operation, indi-
cating how tillage intensity has a direct relation-
ship with the level of CO, emissions, although
other edaphoclimatic factors such as soil humid-
ity, temperature and incidence of rainfall can
also have an influence. Several studies have also
addressed the effect of energy consumption in
operations to prepare the soil for sowing in terms
of equivalent carbon emissions. Some studies
have estimated carbon emissions equivalent to
35.3 kg ha! in conventional tillage, 7.9 kg ha'! in
minimum tillage using a chisel plough and 5.8
kg ha! in no-till farming, making for a reduction
of 84% of emissions in comparison with conven-
tional agriculture (Lal, 2004). Similarly, in studies
conducted over 20 years in an irrigated wheat
and rice rotation on the Indo-Gangetic plains,
reductions of CO, emissions linked to lower fuel
consumption due to no-till farming reached
67% a year (Grace et al., 2010).

In Africa, O'Dell et al. (2020) — after over 3
years of measurement — found that the mean
and standard error (SE) of CO, emissions for the
plot with the most consistent CA practices was
0.564 +0.0122 g CO, m > h™", significantly less
(=61%) than 0.928 £ 0.00859 g CO, m~>h~" for
the conventional tillage practice. Overall, the CA
practices of no-till with the use of cover crops
produced fewer CO, emissions than conven-
tional tillage and fallow.

3.7 Conclusions

The impact of human activities, such as the
burning of fossil fuels, tillage-based agricul-
tural land use, burning of agricultural bio-
mass and deforestation are increasing the
levels of GHGs in the atmosphere, causing
global warming and climate change. Africa
has been the lowest source of GHG in the
world, but is the most vulnerable continent to
the impacts of climate change. It is expected
that climate change will lead to a reduction in
food and agricultural production owing to
changes in rainfall patterns and temperature
regimes in Africa.

Soil management of agricultural land has a
direct effect on climate change. Appropriate soil
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management is one of the best tools for climate of GHGs in the atmosphere. Our research has
change mitigation and adaptation. CA transforms  found that, even if carbon sequestration rates
soils into an important pool of active carbon and  differ depending on the agroclimatic region con-
plays a major role in the global carbon cycle that  sidered, promising results for CA in Africa with
may contribute to changes in the concentration regard to climate change may be achieved.
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Abstract

This chapter provides a justification for mainstreaming Conservation Agriculture (CA) in Africa. It describes the
rationale for total transformation of agriculture that is needed in the future. Mainstreaming CA requires not only
nation-wide adoption of the new paradigm of agriculture but also the necessary policy and institutional align-
ment to ensure that CA maintains its quality and full range of benefits to the farmers and to society. CA is a core
component of climate smart agriculture and has been endorsed by the Malabo Declaration and Agenda 2063 for
agricultural development. Thus, it is essential that everything possible is done by all stakeholders to support the
implementation of Agenda 2063 with CA at its core. The chapter elaborates five major areas of change that are
necessary to create the appropriate conditions for mainstreaming CA in Africa.

Keywords: adoption, political economy, climate smart agriculture, Malabo Declaration, Agenda 2063, champion

4.1 Introduction important area of human endeavour. It calls for
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There are two words in the title of this chapter
which require some elaboration. The first is
mainstreaming, which in the agricultural devel-
opment context refers to the establishment of an
ongoing national development process aimed at
making the application of Conservation Agri-
culture (CA) by farmers and their communities
the new normal, and for all relevant institutions
and stakeholders to support this transformation.
Such a change requires that the change process
also involves aligning and mobilizing the sup-
port of all the key institutional stakeholders in
the public, private and civil sectors to work to-
gether for this common objective.

The second word is paradigm, which means
a new way of thinking and acting about an

*amirkassam786@googlemail.com

a different mindset and behaviour compared to
what was in place before; for example flat earth
versus round earth, or monarchy versus repub-
licanism. In the case of CA, it requires shifting
from the tillage and high chemical input mind-
set to the CA and high biological input mindset
by all concerned individuals and institutions,
and building a new ecological foundation for
best practice and knowledge as well as a policy
environment and institutional services.

It has been said that preparing an effective
article on the subject of mainstreaming anything
requires the courage to be candid about the past
and the present, and to make some bold state-
ments about the future. We would like to offer
our personal views about some of the issues re-
lated to mainstreaming an alternative agricultural
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paradigm such as CA, based on what we have
observed, experienced and learnt over the past
five decades or so.

Looking back over these 50 years, it is sim-
ply amazing and exciting to see the breadth and
depth of developmental changes that have oc-
curred everywhere in the world in the quality of
our material life, in the growth of public, private
and civil institutions, and in our abilities to gen-
erate new knowledge and invent and apply all
kinds of technologies and skills to advance na-
tional economies, reduce poverty, improve liveli-
hoods and quality of life. It is also amazing that
within our lifetimes, during which much of the
European colonial rule came to an end, agricul-
ture and land use systems have developed to a
point where, at the global level, enough food is
being produced to feed more than 10 billion
people (Holt-Gimenez et al., 2012).

Alongside this global phenomenon of exces-
sive primary production, however, we have un-
equal access to food and nutrition so that 820
million people are chronically hungry and
undernourished while 2 billion are obese or over-
weight and 150 million children are stunted
(FAO, 2019). Globally, more than 50% of the
grain is used to feed livestock and some 150 bil-
lion land-based animals and 2 trillion aquatic
creatures are killed every year. Two-thirds of the
global agricultural land is used for animal pro-
duction, causing losses in biodiversity and nat-
ural vegetation, and land degradation (Kassam
and Kassam, 2020a). It has been reported that
some 30%—40% of the food produced is wasted.
In addition, some 90% of global ecosystems are
degraded (MEA, 2005), two-thirds of them se-
verely; and up to 0.5 billion hectares (ha) of agri-
cultural land have been lost since the end of
WWII, owing to intensive tillage-based industrial
production practices in the industrialized world
and to tillage-based, low-output agriculture
based on mining natural fertility.

Thus, the unprecedented increase in global
agricultural output and economic wealth over
the past 70 years has been accompanied by
equally unprecedented widespread malnutrition
and food insecurity, as well as by degradation of
agricultural land resources, biodiversity and the
environment. The latter has resulted in the
abandonment of up to some 0.5 billion ha of
agricultural lands globally (Montgomery, 2007)
and degradation of many of the ecosystem
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functions and land-mediated societal services
such as clean water; carbon, water and nutrient
cycling; regulation of streams and rivers; control
of erosion, runoff and floods; pollination; and
control of insect pests and pathogens (MEA,
2005; Juniper, 2013; Nkonya et al., 2016).

According to researchers such as H.E.
Dregne, David Pimentel and David Montgomery,
over the last 70 years — in addition to the aban-
doned agricultural land globally — we have se-
verely degraded even more land due to the way
our farming and agricultural systems have
evolved, particularly since WWII. This process of
degradation has been clearly described by David
Montgomery in his book Dirt (Montgomery,
2007), which shows that tillage is the root cause
of soil and land degradation and erosion, and loss
of soil health and its functions, physical structure
and ecological productivity. In modern agricul-
ture, as well in traditional agriculture, tillage is
accompanied by maintenance of bare soils and
low or no return of vegetative biomass to physic-
ally protect the soil surface and feed soil micro-
organisms. Tillage is also accompanied with
cropping systems that are poor in diversity and
therefore vulnerable to biotic and abiotic stresses.
Under the dominant Green Revolution agricul-
ture, intensive tillage is also accompanied by ex-
cessive application of fertilizer and pesticides, and
high use of fossil energy and heavy investment in
mechanization for on-farm operations.

Indeed it is known that, in many parts of
the world (including in the industrially advanced
nations of Europe), cereal yields have plateaued
at a suboptimal level for the past three decades
(Brisson et al., 2010) and inefficiency in the use
of fertilizer hasincreased (Carvalho et al., 2012).
The continent of Africa also suffers from its own
share of severe agroecosystem degradation, and
loss in crop and land productivity, even in areas
where tillage is performed using hand hoes or
animal-drawn ploughs.

So, in this chapter, we will not focus on
‘doom and gloom’ stories about the state of our
planet’s and continent’s agroecosystems, or on
the out-of-date knowledge and support services
that are maintaining the suboptimal status quo
(Kassam and Kassam, 2020a). We would rather
focus on another — and much richer and inspir-
ing — set of stories to tell with confidence and
pride, and to be reflected upon. These stories are
about the innovative and sustainable agricultural
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achievements that have been occurring inter-
nationally and especially in the Africa region.
The number of countries in Africa choosing to
adopt CA as a core production component of cli-
mate smart agriculture (CSA) has been increas-
ing exponentially, from 9 to 14 to 25in 2008/09,
2013/14 and 2018/19, respectively. Likewise,
the area under CA has also increased expo-
nentially from 485,230 ha to 993,440 ha to
2,712,203 ha over the same period, an increase
of more than fivefold over a period of 10 years
(Fig. 4.1 and Table 4.1). These achievements in
sustainable production intensification can also
be seen over large areas in South and North
America; Australia; more recently in Asia in-
cluding in Iran, India, Pakistan, Kazakhstan and
China; and in Europe including in Spain, the UK,

CA Adoption trends by countries
in past decade

)

2008/09 2013/14  2018/19

France, Germany, Italy, Poland and Romania
(Kassam et al., 2019). The stories of such
achievements, which are not regularly found in
the mainstream agricultural and environmental
policy discourse, should be replacing the fear
and ignorance with hope, excitement and com-
mitment for the future development of agricul-
tural systems in the Africa region and around
the world (Kassam et al., 2020).

The above notwithstanding, there have also
been the development of effective responses over
the years by farmers and concerned stakeholders
in a growing number of countries, which are
providing the international community with
successful examples and models to emulate. Sev-
eral countries in all continents have now suc-
cessfully shown that it is possible, using the new

.

CA Adoption in Africa is on
an Exponential Increase

485

CA Adoption/000 ha

0
2008/09 2013/14 2018/19

The next transformation phase to have critical mass of adoption of CA calls for
mainstreaming CA into national government, public and private sector agendas

This further strengthens the need to transform to CA systems to minimize the adverse
impact on the resource base and the environment, and sustainably enhance
productivity, economic, ecological and social benefits to farmers and society.

Fig. 4.1. The number of countries and area under Conservation Agriculture in Africa has been increasing

exponentially. Authors’ own figure.
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Table 4.1. Countries that have adopted Conservation Agriculture (CA) and cropland area (ha) under CA.

Authors’ own table.

Area (ha) Area (ha) Area (ha)

No. Country 2008/09 2013/14 2018/19
1 South Africa 368,000 368,000 1,176,200
2 Zambia 40,000 200,000 552,667
3 Mozambique 9,000 152,000 289,000*
4 Zimbabwe 15,000 90,000 100,000*
5 Kenya 33,100 33,100 33,100*
6 Tunisia 6,000 8,000 14,000
7 Morocco 4,000 4,000 12,826
8 Sudan 10,000 10,000 10,000*
9 Lesotho 130 2,000 2,000*
10 Ghana 30,000 235,000
11 Malawi 65,000 211,000*
12 Tanzania 25,000 32,600
13 Madagascar 6,000 9,000*
14 Namibia 340 800
15 Uganda 7,800*
16 Algeria 7,000
17 Swaziland 800
18 Ethiopia 7,500
19 Niger 5,000
20 DR Congo 2,060
21 Cameroon 2,000
22 Burkina Faso 1,000
23 Guinea 400
24 Rwanda 250
25 Burundi 200

Total 485,230 993,440 2,712,203

Increase since 2008/09 (%) 105 459
*Data for 2015/16.

sustainable agriculture paradigm of CA, to re-
verse the trends in agricultural land degradation
and destruction of biodiversity and the environ-
ment. They have also shown how, with this
reversal, rural communities and nations can
become economically thriving, thus offering
decent and dignified livelihoods to hundreds of
thousands of farming families and the families
of their service providers, and for the environ-
ment to be managed sustainably.

During the past two decades or so, farmers
in Brazil, Argentina, Paraguay, Uruguay, the
USA, Canada, Australia, Russia, Ukraine, Kaz-
akhstan, Iran, Syria, China, India, and also in
countries of the Africa region such as Morocco,
Tunisia, Algeria, Ghana, Tanzania, Kenya, Zim-
babwe, Zambia, Mozambique, Malawi, South
Africa and Madagascar have demonstrated that
a different kind of agricultural intensification
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and development paradigm is possible (Kassam
etal., 2019). This paradigm is available to all na-
tions and peoples and allows them to build a
more efficient, resilient, affordable and equitable
food and agriculture system.

The story of the journey of global agricul-
tural transformation began in the 1950s and
1960s in North America, and in the 1970s and
1980s in South America, Australia and New
Zealand, with pioneer and champion farmers
working with champion technical experts. This
also occurred in Africa in the 1970s and 1980s.
These pioneers and champions showed that a
very different and much improved way of farm-
ing was possible by all types of farmers.

This new and alternate paradigm is CA.
It offers higher, more stable and sustainable
productivity and output, and greater economic,
environmental and social benefits than the
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conventional tillage farming with its poor soil
health management and limited crop diversity.
This innovation has been applied in all contin-
ents to production systems in rainfed and irri-
gated agriculture involving annual cropland
systems, perennial systems including orchards
and plantations, agroforestry systems, mixed
crop-livestock—tree systems, rice-based systems,
grassland and rangeland systems, and organic
systems. It is being practised by smallholder
farmers and large-scale farmers, by rich and
poor farmers and by women and men farmers
with production systems relying on manual la-
bour, animal traction or motorized power.

As a result of the spread of this new para-
digm of CA, we have also come to know that a
productive and sustainable agriculture system
can also simultaneously deliver large-scale eco-
system services to farming communities and to
societies from landscapes comprising large
watersheds and whole provinces. It is simply im-
possible to achieve these soil-mediated services
with conventional, intensive tillage-based agri-
culture, including tillage-based organic farming
or tillage-based agroecology.

This chapter elaborates the justification for
mainstreaming CA within the guiding frame-
work of Agenda 2063 in terms of: (i) the political
economy of CA; (ii) why Africa should adopt
and promote CA as the core of its preferred para-
digm for CSA; (iii) the enabling environment
for mainstreaming; and (iv) the development of
institutional capacity and policy support for
mainstreaming.

4.2 Agenda 2063: Justification
for mainstreaming Conservation
Agriculture (CA) in Africa

Agenda 2063 now provides the guiding
framework for the mainstreaming of CA and
confirmation of political goodwill from the
African continent. The Malabo Declaration
and Agenda 2063 provide the justification to
move away from the other agricultural para-
digms that have been promoted earlier —
including the Green Revolution — and which
have not worked. This section elaborates on the
political economy of CA and the adoption sta-
tus of CA across Africa.

4.2.1 Political Economy of Conservation

Agriculture (CA)

Given the history and nature of the political
economy of agriculture development globally,
and particularly in Africa, most of the inherited
national and international institutional and pol-
icy support strategies still continue to push for-
ward agricultural development strategies based
on the conventional tillage-based Green Revolu-
tion agricultural paradigm, with its inherently
poor soil health management practice and
limited crop diversity. We consider this to be
‘business as usual’ agriculture. Applying CA
practices essentially means altering generations
of traditional farming practices, including the
use of mechanical implements, which have de-
termined the social and cultural fabric of Afri-
can rural societies. CA must be understood in
the context of change in farming and livelihood
systems that is much more fundamental than
just a change in a crop production technique.
This largely explains why the adoption and
spread of CA as the foundation for CSA, as well
as the institutional mainstreaming of CA, can-
not be expected to occur automatically in any
country in Africa. Indeed, the full potential of
CA to address issues ranging from poverty allevi-
ation and food insecurity to global climate
change cannot be fully realized until the con-
straints to increasing CAs wide-scale uptake
across Africa are resolved. Experience from
countries that now have a significant extent of
agricultural land under CA systems, both out-
side Africa such as Brazil and Paraguay, or in
Africa such as South Africa and Zambia, shows
that there can be a long gestation period of some
15 years or more. In this period pioneer farmers,
extension agronomists and researchers are able
to champion the cause and generate the needed
proof of concept and application models to lay
the foundation for effective expansion and expo-
nential growth in the uptake and spread of CA.
This is because time is a necessary resource
required to establish critical levels of research
activities, farmers’ engagement and private sec-
tor involvement to generate the mainstreaming
drive and momentum with government support
and with all stakeholders working together.
Farmers, researchers and extension agrono-
mists in Africa have also been working on CA
since the early1970s, particularly in eastern
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and southern Africa and in North Africa. There
is now substantial accumulated empirical and
scientific evidence to show that CA systems
adapted to local biophysical and socio-economic
conditions and supported by service providers
work profitably and sustainably on all farm sizes
and with different farm power sources. This is in
line with the global scientific and empirical evi-
dence and experience which has led the global
CA area since 2008/09 to increase at an annual
rate of 10.5 M ha of cropland to 180 M ha in
2015/16, corresponding to about 12.5% of the
global cropland area (Kassam et al., 2019).
There is also a substantial area of CA-based per-
ennial systems such as orchards, plantations
and agroforestry in all continents, but the exact
extent is not known.

4.2.2 Adoption of Conservation
Agriculture (CA) in Africa

The African Union (AU), through its Malabo Dec-
laration and Agenda 2063, plans to end hunger
in Africa by 2025 by aiming for 25 million
households to be practising CSA (Vision 25x25)
by the same date. CA systems that include
multi-purpose trees are increasingly considered
to be a ‘foundational practice’ for use on all farms
in the dryland regions of Africa, since they com-
plement all other improved farming practices
and cropping and livestock systems, and add
about US$200 to the value of each household
(Garrity, 2017). The value of CA cropping sys-
tems with trees is reinforced by the fact that they
require relatively little cash investments by farm-
ers and thus have enormous advantages com-
pared with the costs and establishment risks of
producing monocrops on their own in semi-arid
and dryland environments. The UN Convention
on Combating Desertification (UNCCD) is cham-
pioning the goal of attaining a land degradation-
neutral world. The restoration of degraded
agricultural land is a major part of this effort and
the incorporation of treesinto CA cropping systems
is now becoming recognized as an important
vehicle to achieving this goal.

The CA cropland area in Africain 2008/09
was 0.48 M ha spread across nine countries.
Over the next 5 years the area doubled to 0.99 M
ha in 2013/14, an increase of some 105%
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spread across 14 countries. Over the following
5 years the area increased to 2.71 M ha in
2018/19, an increase of 174%, corresponding
to an increase of 459% since 2008/09, spread
across 25 countries (Table 4.1). As the CA cropland
areas in several countries could not be updated,
the total area of 2.71 M ha is a conservative
figure. In addition, CA cropland systems with
trees are reported to cover several million hec-
tares across the semi-arid areas of Sub-Saharan
Africa! (Garrity et al., 2010; Garrity, 2017;
Kassam et al., 2020). There has been a consider-
able increase in the area under CA cropping
systems since 2015/16. Taking into account the
crop production systems with trees in the semi-
arid and Sahel areas, as well as possible similar
systems in the humid areas, it now appears that
the total area of cropland under CA in Africa
may be closer to 10 M ha, or some 10% of the
total cropland area. This has brought productiv-
ity, economic, environmental and social benefits
to several million smallholder family members in
some 25 countries across Africa.

Furthermore, there are mixed systems in
humid areas in countries of West and Central
Africa in which annual crops are grown in asso-
ciation with perennial crops such as coffee,
cocoa and oil palm. Such systems also appear to
be applying CA principles, but their area extents
are not known.

The rate of adoption of CA systems in
Africa and globally is expected to continue to in-
crease in coming years as more policy and insti-
tutional attention, and public and private sector
support, is directed towards their promotion at
the grassroots level. African governments must
now make a firm and sustained commitment
to encourage and support the CA paradigm,
through contextualized CA systems in the differ-
ent climatic zones, as the desired CSA for achiev-
ing the agricultural development vision of the
Malabo Declaration (specifically, Vision 25X25)
and the goals set by Agenda 2063. This should
be expressed in government and institutional
policies that are consistent and mutually rein-
forcing across the spectrum of government
responsibilities, including mainstreaming CA in
public advisory, research and education services,
and sufficiently flexible to accommodate vari-
ability in local ecological and socio-economic
characteristics. Any financial and structural as-
sistance and incentives needed by farmers can
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be justified by the recognition of the public goods
value of environmental and socio-economic
benefits generated by CA-based land use.

4.2.3 Conservation Agriculture (CA)
as a Core Component of Climate
Smart Agriculture (CSA)

CA represents a different ‘paradigm’ of agricul-
ture, comprising a fundamental operational
change in agricultural production systems man-
agement, both technically and managerially.
It requires a deeper awareness of ecosystem
functions, and the societal services they offer in
agricultural landscapes, so that they are least
disrupted when landscapes are altered or used
for agricultural production. A large range of
productivity, economic, environmental and so-
cial benefits that accrue from CA land uses, most
of which are not possible in tillage-based agri-
culture, provide an indication of why so many
farmers globally, as well as in Africa, have
adopted CA systems. They also provide a justifi-
cation of why CA deserves greater attention
from the development community, including
government, corporate and civil sectors. Studies
in Africa and globally have indicated that CA
can facilitate the development of CSA because,
at the production level, it has the ability to adapt
and mitigate climate change and also contribute
to enhancing food security (Kassam et al., 2017;
Gonzalez-Sanchez et al., 2019; Kassam, 2021).
The promotion of CA needs, therefore, to be
based not merely on the commercial value of
farm produce, but also on the transformative yet
unseen ecosystem- and sustainability-enhancing
societal services CA provides in addition to the
regenerative and climate smart nature of CA
systems.

Analysis of the global empirical and scien-
tific evidence, including that from Africa, shows
conclusively that conventional tillage-based
agriculture (at any level of development or type
of farm power) is unable to maintain soil health
and functions in crop fields and over agricultural
landscapes (Kassam et al., 2017; Kassam, 2021).
Because of continuous mechanical soil dis-
turbance (which leaves soils bare and without a
biomass substrate to feed the soil life) and poorly
diversified cropping, all tillage-based agricultural

systems lead over time to soil erosion and land
degradation, loss of soil and ecosystem health,
increased biotic and abiotic stresses and damage,
and poor adaptability to climate change. These
weaknesses contribute to a significant loss in at-
tainable agroecological land and crop potentials;
suboptimal actual crop yields, factor productiv-
ity and profit; and poor system resilience. There
is also a loss in ecosystem functions and societal
services such as clean and regulated water supply;
carbon sequestration in soils; nutrient, carbon
and water cycling; and pollination services.
According to a recent preliminary continental
assessment, the carbon sequestration potential
of Africa with annual and perennial CA systems
is considerable (Gonzalez-Sanchez et al., 2019).

CA systems, underpinned by the three
interlinked principles of continuous no or min-
imum mechanical soil disturbance; permanent
soil mulch cover; and diversified cropping, are
known to be regenerative in terms of soil health
and capable of reversing land degradation and
minimizing soil erosion. They also offer greater
resilience to biotic and abiotic stresses and are
climate smart. Thus, established CA systems
generally confer a range of productivity, eco-
nomic, environmental and social benefits to all
land-based production systems and to producers
(whether they operate on a small or on a large
scale) and to society at large. These include:
(i) higher stable production, factor productivity
and profitability with lower production input
and capital costs; (ii) greater capacity for climate
change adaptation and reduced vulnerability to
extreme weather conditions such as drought,
leading to more reliable harvests and reduced
risks; (iii) enhanced soil and landscape health
as well as ecosystem functions and services;
and (iv) reduced greenhouse gas (GHG) emis-
sions and increased soil carbon sequestration
(Kassam, 2021).

In the case of the last two benefits, we are
referring to the two well-known examples of
large-scale harnessing of ecosystem services in
Brazil. The first example is the Cultivating Good
Water (Cultivando Agua Boa) programme in
Parana Basin III whose water drains into the res-
ervoir of the Itaipu Dam, which generates hydro-
electric power for Brazil, Paraguay and Argen-
tina (Mello et al., 2020). The second example is
the carbon offset trading scheme operated by the
Alberta Government in Canada, where farmers
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are paid 24 Canadian dollars per tonne (t) when
the sequestered carbon offsets are purchased by
industries that are releasing carbon emissions
greater than their maximum allowable amounts
(Swallow and Goddard, 2016). The two ecosys-
tem service programmes in Brazil and Canada
are worth many millions US$ to those nations
and their peoples, and were made possible only
because of the successful integration of the new
paradigm of CA into their national and provin-
cial agricultural systems. These programmes
have succeeded under the stewardship of hun-
dreds of thousands of small and large farmers
and their local no-till (NT) associations, sup-
ported by many public and private institutions.

The Cultivating Good Water Programme in
the Parana Basin III led to adoption of CA sys-
tems and their improvement, leading to redu-
cing levels of soil erosion, land degradation,
chemical and sediment water pollution, and im-
provements in the quality of the water draining
into the Itaipu Dam and passing through the
hydroelectric generating turbines. This has led
to a considerable increase in crop yields and sig-
nificant increase in the operating life of the
Itaipu Dam complex (Mello et al., 2020).

In 2007 the Government of Alberta,
Canada, amended its earlier climate change pol-
icy that required large final emitters to reduce
their annual GHG output. To reach their compli-
ance targets, facilities had options, including
one of purchasing offset credits from Alberta
sources using government-approved protocols.
One of the agricultural opportunities at the time
was the development and application of a CA-
based NT annual cropping protocol that recog-
nized the increase in soil carbon sequestration
with the adoption of NT cropping systems
(Goddard et al., 2008). The updated version,
now named the Conservation Cropping Protocol
(CPP), also includes a provision for reduction in
summer fallow.

Possibilities of operating such ecosystem
service programmes in African countries,
based on CA land management, have been re-
ported over the past two decades. With regard
to improving water resource management or
soil and water conservation, work has been
done in several countries in southern Africa
(e.g. Thierfelder et al., 2015; Wall et al., 2020),
eastern Africa (e.g. Lanckriet et al., 2012; Assefa
et al., 2018) and North Africa (e.g. Mrabet
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et al.,, 2012) that shows substantial benefits
offered to farmers and communities. The po-
tential of carbon sequestration is substantial,
as shown in the preliminary study conducted
by the African Conservation Tillage Network
(ACT) and the European Conservation Agricul-
ture Federation (ECAF) (Gonzalez-Sanchez
etal.,, 2019; 2020) and other studies (e.g. Sim-
one, 2018). Pilot schemes involving payment
to farmers for carbon sequestration have been
tested (e.g. Lufafa, 2013). As more research
evidence becomes available, schemes involving
payments for ecosystem services, such as for
the provision of clean water and increased car-
bon sequestration, are likely to appear. Con-
straining factors are not always concerned
with difficulties in overcoming biophysical or
agronomic aspects, but may involve setting up
enabling mechanisms (e.g. Demenois et al.,
2020).

The wider global bioeconomic impact of the
CA paradigm has been that countries that have
adopted and are mainstreaming CA at the na-
tional level have a thriving agricultural and
rural economy, and have become competitive
‘bread baskets’, contributing to national and
international food security and to economic
growth. Their agricultural sectors are generat-
ing employment and livelihoods, offering hope
to youngsters and opportunities to stay in the
farming sector, and establishing a wide range of
professional and business careers in the rural
sectors.

The colossal success of CA land use pro-
grammes has not made these nations and their
agricultural stakeholders complacent, nor have
the scientific research and development com-
munities and the NT farmers lost any of their
original enthusiasm and commitment to sus-
tainability. In fact, nations such as the USA,
Canada, Brazil, Argentina, Paraguay, Uruguay,
Spain, Russia, Kazakhstan, India, China and
Australia, that have significant areas under CA
systems, have continued to improve the quality,
richness and profitability of NT farming sys-
tems, including the development of mixed and
diversified CA systems. In Africa, countries
such as South Africa, Zambia, Mozambique,
Malawi, Zimbabwe, Kenya and Morocco have
been providing effective leadership during the
past two decades, but much remains to be
accomplished.
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4.2.4 Enabling Environment for
Mainstreaming Conservation
Agriculture (CA)

So, what have we learnt from those countries
that have moved towards mainstreaming the CA
paradigm of sustainable intensification in the
context of CSA?

Perhaps one way to the answer is to high-
light the underlying criteria for success drawn
from these diverse experiences (Kassam et al.,
2014) that highlight the necessary conditions
that need to be present to establish the sufficient
conditions for mainstreaming.

There are obviously many issues and fac-
tors involved in making any fundamental
change of the kind we are talking about, but we
will mention five key criteria which appear to
us to be the most crucial for changing com-
pletely the way we approach the business of
taking care of our agricultural lands and nat-
ural resources, and which can serve to main-
stream CA and reconnect people, land and
nature. They also serve to help achieve a para-
digm change from a degrading and vulnerable
tillage-based agricultural land management
system to a sustainable system of CA that is
more productive and profitable, efficient and
resilient, delivers societal ecosystem services
and is regenerative and self-repairing — a sys-
tem that is not only climate smart but also
smart in many other ways.

The five critical ‘criteria of success’ for
mainstreaming CA, where the agricultural para-
digm is shifting successfully towards CA, are:

1. The presence of champions and pioneer
farmers, and champion institutions and cham-
pion institutional leaders.

In the Africa region there are champions and
pioneer farmers but not as many as in the coun-
tries where CA is dominant. Similarly, there are
champion institutions such as ACT and conservation
farming units (CFUs), and institutional leaders,
but to nowhere near the extent found in the
countries where CA is widely spread. Without ad-
equate numbers of individual and institutional
pioneers and champions, including farmers and
extension agronomists and engineers, there will
never be enough momentum to achieve and sus-
tain uptake of CA or to address the challenges
that can be expected to arise. Thus, a major

effort must be made to inspire new generations
of farmers, graduates, scientists, extensionists,
institution heads and stakeholders in the pri-
vate, public and civil sectors to become engaged
at all levels in generating the momentum for
change and CA-based transformation and agri-
cultural development.

2. The presence of farmers coming together to
form powerful farmer organizations for pro-
active actions and greater self-reliance.

There are some NT or CA farmer organizations?
across the Africa region but not as many as in the
countries where CA is dominant. Fortunately, this is
beginning to change, but little will happen to spread
quality CA if farmers themselves do not work to-
gether, empower themselves, and find a strong
voice and visibility to accelerate the mainstreaming
of CA in each country and across Africa. Govern-
ments can provide support in enabling farmers to
come together and establish associations to capture
economies of scale in many areas within the value
chains; these would generate momentum and effi-
ciency in bringing about the needed agricultural
transformation. Increased levels of government
support in terms of development investment could
enable farmers to establish associations; work
together and improve their capacities to gain or
generate new knowledge; apply new methods
including mechanization; and improve market ac-
cess and returns. When working together, farmers
can deliver public goods to society more effectively
in response to incentives, including payments for
environmental services where extra costs to farm-
ers may be involved. Such public goods include
clean water supplies, reduction in flood risks, car-
bon sequestration, and reductions in soil erosion
and biodiversity loss.

3. The presence of education, research and innov-
ation systems supported by new communication
technologies that have aligned themselves to
promoting the new paradigm.

Throughout the Africa region there are univer-
sities offering courses on sustainability, environ-
ment, soil, climate change adaptability and miti-
gation, CSA, global food security, how to feed the
world and how to reduce wastage. Only a few
universities in the Africa region teach CA. The
same lack of emphasis on CA systems and prac-
tices applies to research and innovation and to
new communication technology. This is why
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ACT and its partners have launched pan-African
curriculum development and quality assurance
initiatives to ensure that CA and development
standards are maintained at the best possible
level. CA requires users to embrace and internal-
ize new knowledge and skills that can be built in
partnership with other knowledge systems. The
skills, insights and abilities of teachers and
learners need to be raised at all education levels,
and these efforts should be linked with wider glo-
bal and national social movements to empower
local, self-reliant CA development efforts.

It is thus important to establish long-term
CA demonstration sites at field scale (e.g. over
approximately 50 ha) in such areas to gener-
ate evidence that regenerative and more pro-
ductive community-based crop-livestock
management is possible, and would benefit
both crop farmers and livestock owners, as
well as reduce land degradation and improve
the overall environment.

4. The presence of governance that creates pol-
icies and institutional support for CA paradigm
change.

The Africa region struggles with policies and in-
stitutional strategies to support a more sustain-
able way of farming. Only a handful of countries
such as South Africa, Namibia, Zambia, Zim-
babwe, Mozambique, Namibia, Kenya, Tanza-
nia, Ethiopia and Morocco have attempted to
develop a governance structure that supports
the promotion, adoption and spread of CA, and
the public and private institutional support it
needs to improve its quality, generate graduates
with CA knowledge and promote CA participa-
tory research and training. But there is good
news because:

O  The Food and Agriculture Organization of
the United Nations (FAO) continues to ex-
pand its support for CA in Africa and
launched the CA-based Sustainable Agri-
cultural Mechanization for Africa initiative
at the Second Africa Congress on Conserva-
tion Agriculture (2ACCA) with ACT as its
strategic partner to assist in operationaliz-
ing the initiative.

O  The African Development Bank (AfDB) is
promoting a pan-African initiative based on
CA to develop agriculture in the Guinea Sa-
vannah region.
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O  The International Fund for Agricultural Devel-
opment (IFAD) is increasingly including a CA
component into its loan programmes as it main-
streams climate change resilience approaches
through the Adaptation for Smallholder Agri-
culture Programmes (ASAPs).

O The Rwanda Institute for Conservation
Agriculture (https://www.rica.rw/, accessed
8 July 2021) was established in 2018.

O The Government of Morocco launched the
Adaptation of African Agriculture (AAA)
initiative at COP 22 in 2016.

O  ACT has established an initiative to create a
network of 25 CA Centres of Excellence
across Africa; each complex will comprise a
group of collaborating institutions from the
education, research, extension and private
sectors, all working closely with farmers on
CA adoption and uptake.

5. There s effective capacity to partner with the pri-
vate sector in ways that benefit farmers, communi-
ties and society at large, including nature.

If we look at the Africa region in terms of part-
nering with the private sector for sustainable
agriculture, all we have to do is ask why birds and
bees are disappearing; why deforestation, ero-
sion, land degradation, droughts and desertifica-
tion are occurring; and why farmers must be
forced to use more than 200 horsepower tractors
when 50-120 horsepower would be sufficient in
most cases. There is hardly any meaningful dia-
logue with the corporate-dominated agricultural
private sector. This is why it is exciting to note the
recent launch of a sustainable agricultural
mechanization initiative for Africa led by FAO,
ACT and partners, under the auspices of the AU,
to accelerate the modernization and develop-
ment of agriculture with CA. However, similar
initiatives are needed to help minimize the use of
agrochemicals while intensifying productivity
and ecosystem services with CA. It is generally
true that established CA systems use considerably
less seed, water, nutrient, pesticide, energy and
time than do tillage systems and, with increased
productivity, they generate employment along
the value chain. These five criteria are useful in
examining the prospects for success in changing
from conventional agriculture to CA. They may
enable us to see where the gaps or weak points
are, directing our attention to where we need to
focus our energies for change.
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The models of countries such as Brazil, Ar-
gentina, Paraguay, Uruguay, the USA, Canada,
Australia and, more recently, Kazakhstan,
China, India, South Africa, Zambia and Mo-
rocco show that that the policy and institutional
environment in the public and private sector in
African countries needs a fundamental reform
to allow transformation of conventional tillage
farming to CA.

These five core criteria, which seem to us to
be the key drivers or conditions for agricultural
change in each country and region across
Africa, together constitute the sufficient condi-
tions. They can be used to monitor and evaluate
where we need to focus our attention and where
we need to make a faster, bigger difference in
shifting to the CA paradigm. All five work to-
gether and create a foundation for maintaining
and enhancing the momentum for change, in-
novation and impact.

Finally, by promoting the adoption of CA
systems across Africa in each country and re-
gion, a foundation for creating the much-needed
harmony between nature and humankind will
be laid. Also, the adoption of CA is a response to
underpin the development of sustainable food
and agricultural systems ecologically and bio-
logically in African nations, to meet future
human needs in line with the Malabo Declar-
ation and Agenda 2063.

4.2.5 The Africa Conservation
Agriculture (CA) Congresses

It is in recognition of the dire consequences out-
lined above that all the regional and global con-
gresses on CA are extremely important because
they are providing an opportunity to main-
stream the CA paradigm as a core component of
CSA. They also serve to counterbalance and
challenge the attachment to the idealized version
of conventional tillage-based industrial Green
Revolution agriculture. Congresses on CA,
including the 2ACCA held in October 2018 in
Johannesburg, South Africa, provide a clear way
forward, as reflected in the following quotation
from the statement justifying the need for
2 ACCA for Africa:

Conservation Agriculture (CA) is an alternate
paradigm for sustainable agriculture system

that is agro-ecological, productive and
profitable, and regenerative. CA is also climate
smart, as well as smart in many other ways, in
serving economic, environmental and social
needs of societies worldwide. CA is transforming
the way farmers practice agriculture worldwide
and has replaced conventional agriculture (in
2015/16) on more than 180 million ha of
cropland, corresponding to 12.5% of ‘global
arable’ lands. Since 2008/09, the global rate of
CA expansion has been some 10.5 million ha
per year. During the past 10 years, CA area in
Africa has more than doubled to about 1.5
million ha, benefitting several million farming
households. Increasing numbers of
governments as well as public and private
institutions in Africa are supporting climate
smart agricultural development based on CA
systems.

ACT is a leading pan-African institution
dedicated to the promotion of CA systems as an
essential core component of investment in
agricultural development in Africa through:
institutional capacity building; mechanization
and commercialization of value chains;
participatory research and innovation,
education and extension; knowledge
management and communication; national and
international partnerships; and technical
assistance support to governments and regional
organizations.

The direction of 2ACCA, in support of the
Malabo Declaration and Agenda 2063, is grounded
in the experiences of NT CA systems which
many farmers in many countries began in the
1970s and 1980s in North and South America,
Europe and Africa, and which have continued in
ever-increasing numbers in all continents and in
all land-based agroecologies.

Production systems of significance in the
Africa region such as orchards, plantations and
agroforestry systems, and mixed production
systems including crop-livestock—forestry
systems, can all be converted to NT CA systems
as is happening in other continents. All these CA
systems — annual, perennial and mixed — are
applying an ecosystems approach to sustain-
able production intensification that is regen-
erative and which is also becoming increasingly
recognized as a core production component of
CSA envisaged in the Malabo Declaration and
Agenda 2063.

Congresses such as 2ACCA are essential
in providing much-needed fora for all CA
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stakeholders, including farmers, to meet face-
to-face periodically to share experiences, ex-
change information and put greater ener-
gies and resources into supporting the adoption
and mainstreaming of CA.

4.2.6 Institutional Capacity and Policy

Support for Mainstreaming

Despite all the known advantages of CA systems
and the known disadvantages of conventional
tillage-based agriculture, currently most of the
knowledge and development service institutions
in the public and private sectors in Africa tend to
align themselves in supporting the conventional
tillage-based production systems. There is also
limited policy experience and research—training—
linkages—expertise to assist the small-scale and
large-scale farmers in the different ecologies and
national contexts in the transformation of con-
ventional tillage systems to CA systems. Conse-
quently, a concerted effort is needed to create
and sustain an enabling policy and institutional
environment in each country to be able to pro-
mote the adoption and spread of CA across
Africa more effectively.

Without this strategic policy and institu-
tional alignment to support the spread of CA,
mainstreaming CA across Africa will not be
possible. There is now an urgent need to move
away from the current situation, dominated by
NGO-driven pilot projects, and from research ex-
perimentation on CA and CA test scaling, which
will not provide an adequate basis for meaning-
ful pan-African adoption even in 40-50 years.
We must move to government-supported CA
capacity development strategies, plans and pro-
grammes involving all CA stakeholders in the
public, private and civil sectors. This requires
systematic CA capacity development within the
governments and their institutions and in the
private sectors in terms of: (i) structures, systems
and roles; (ii) staff and facilities; (iii) skills; and
(iv) tools that would include the R&D, training,
and extension/outreach departments of all na-
tional governments.

Key limiting factors that constrain CA
adoption and up-scaling are: the paucity of
knowledge across agricultural and related sectors
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including farmers, expertise, inputs (especially
machinery and equipment), adequate financial
resources and infrastructure, and poor policy
and institutional support. Where a country is
not currently generating the knowledge needed
for transforming tillage production systems
towards CA systems, it must rely on successful
experience from outside its borders and support
a network of on-farm operational research con-
ducted by pioneer farmers, backed by public and
private sector advisory services, NGOs and
research establishments. Given the limited in-
volvement of national research establishments
in CA, NGOs and networks (such as ACT) have
had significant contributions in capacity devel-
opment, knowledge management and informa-
tion sharing.

The engagement of the agricultural ma-
chinery sector is necessary to facilitate the sup-
ply of needed equipment. Commercial CA farm-
ing for the smallholder African farmers is
possible, but with a prerequisite investment in
farmer organization and linkages to markets.
This is not of initial interest to the private sec-
tor dealing with production inputs. Also, social
capital development in terms of CA farmer as-
sociations is seen as an important prerequisite
to the large-scale adoption of sustainable be-
haviours and technologies. Where such social
capital is high in formalized groups, people
have the confidence to invest in collective activ-
ities, knowing that others will also do so.
Farmer participation in technology develop-
ment and participatory extension and innov-
ation approaches has emerged as a response to
such new thinking.

Policy support and cohesion to meet these
aims is critical, as most governments have a
variety of institutions involved in natural re-
source management (e.g. agriculture, forestry,
national parks, energy, water). The fragmented
nature of their mandates often inhibits full ef-
fectiveness. On the other hand, a commonality
of underlying concern with the care of land,
underpinning policy cohesion, will facilitate the
needed interdisciplinary collaborations to be
undertaken with farmers and other land users.
An agricultural development policy should,
therefore, have a clear commitment to CA as a
basis for sustainable CSA; many nations have
now done this, and more are beginning to do so.
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All agricultural development activities
dealing with agricultural production ‘intensifi-
cation’ and commercialization should be as-
sessed for their compatibility with ecosystem
functions and their desired societal services. The
necessary policy driver is the promotion of small-
holder CA as a sustainable livelihood programme,
incentivized for the good of the planet, by govern-
ment strategies, programmes, policies and skills,
and involving public—private—producer sectors.
Any environmental management schemes for
agriculture (e.g. certification protocols, pay-
ments for environmental services) that do not
promote the integration of CA principles and
practices into farming systems are unlikely to be
economically, environmentally and socially sus-
tainable in the long run.

4.3 Conclusions

Conventional tillage agriculture is no longer fit
for purpose and should no longer be considered
appropriate as a basis for sustainable intensifica-
tion in Africa. The focus of all governments in
Africa should be on agricultural development in-
vestment and policy efforts to mainstream CA-
based CSA within all agricultural institutions,
across all agricultural sectors and in all govern-
ment systems to support agricultural develop-
ment, as envisaged by Agenda 2063 and the
Malabo Declaration.

At the practical development level, main-
streaming CA means that all relevant stake-
holders, comprising agricultural development
institutions, sectors, and government systems,
must:

1. strategically align themselves to provide ef-
fective support for promoting the adoption and
spread of good quality CA systems;

2. develop and sustain capacity for CA research,
education and extension, including that of CA
service providers along the value chains across
agriculture sectors; and

3. mobilize government systems policy support
for investment, infrastructure development,
mechanization and incentives for the commer-
cialization of CA-based CSA.

These are major tasks for all CA stake-
holders across Africa within the context of

the Malabo Declaration and Agenda 2063 im-
plementation. If they are not taken seriously,
and with a long-term political commitment,
there will be disastrous economic, environ-
mental and social consequences at all levels
of development.

As noted earlier, the new paradigm of CA is
now spreading across all continents, at an an-
nual rate of 10.5 M ha, an area the size of Portu-
gal. In the Africa region an area of probably
more than 10 M ha is already being managed
under CA, mainly in rainfed lands across all
agroecologies, and benefitting several million
people. In Africa, estimates show that the area of
CA has increased exponentially since 2008/09
and is approaching 3 M ha of cropland, with
several additional CA areas growing trees. This
is a source of hope and confidence that we are
winning the battle to change the agricultural
paradigm.

The need for change is urgent everywhere.
Change is possible because, as other countries
have shown, solutions to the constraints of im-
plementing the spread of the new paradigm are
being applied. Knowing that the change to CSA
is inevitable and possible is a tangible source of
hope and confidence.

All stakeholders, including many farmers,
development experts, researchers and aca-
demics, private and public sector leaders,
government and political officials, donors and
philanthropists have shown themselves to be
courageous and persistent, innovative and
bull-headed in promoting and implementing the
shift of paradigm to NT CA in all types of pro-
duction systems. They have kept the goal of
making a better future for African farmers in
front of them at all times. This is a source of
hope and confidence to keep them going and al-
locate even greater investment into this change
process across Africa.

Finally, by promoting the adoption of CA
systems across Africa in each country and re-
gion, a foundation for creating the much-needed
harmony between nature and humankind will
be laid. The adoption of CA is also a response
that underpins the development of sustainable
food and agricultural systems ecologically and
biologically in African nations, to meet future
human needs, in line with the Malabo Declar-
ation and Agenda 2063.
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Notes

" Garrity (2017) reports that in the semi-arid regions in Africa, CA-based cropping systems with sorghum
and pearl millet include Faidherbia and other indigenous tree species at low to medium densities across
more than 5 M ha in Niger and across undreds of thousands of hectares in Mali, Burkina Faso, Senegal
and Ethiopia. In Zambia, the conservation farming unit (CFU) has promoted the incorporation of Faid-
herbia trees into CA-based maize production systems. In 2014, some 68,000 farmers are estimated to
have Faidherbia trees on their farms. Similarly, through support from government and International
Centre for Research in Agroforestry (ICRAF) activities, Malawi has many farmers who intercrop maize
and pigeon pea with nitrogen-fixing trees such as Faidherbia, Gliricidia and Sesbania. In the West Afri-
can Sahel from Mali to Ethiopia, crop production in combination with Faidherbia and the indigenous
shrub Guiera is practised with the Zai practice of soil-water management or with minimum soil disturb-
ance over large areas.

2 These include the KwaZulu-Natal no-till club and the association for sustainable agriculture in Tunisia
(Association pour la Promotion d’une Agriculture Durable, APAD).
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Abstract

Over the past few decades the concept of Conservation Agriculture (CA) has spread globally, and almost exponen-
tially, with an adoption rate of around 10 M ha per year in the past few years. This uptake has, however, been
experienced rather unequally throughout the different regions. Whereas in the Americas and Australia the share
of cropland under CA is considerable, in Africa and Europe both the area under CA and its share of total cropland
lag far behind. This chapter provides an overview of the most recent figures available on CA adoption for Africa
and Europe, and identifies the major challenges faced by the spread and adoption of CA. Different reasons are
identified for the lagging behind of these two continents as a result of huge contrasts between Africa and Europe
in terms of agroecological conditions, infrastructure, education and agriculture. Other challenges, however, such
as farmers’ mindsets, missing or inadequate policy frameworks and institutional support, are common. Yet en-
couraging opportunities do exist, namely with regard to the political agenda that, if followed up subsequently,
could result in concerted efforts towards the expansion of truly sustainable agriculture, including the concept of
CA. To be successful in the two continents, however, approaches to mainstream CA need to be tailored to the dif-
ferent regions, and even locally.

Keywords: No-tillage, out-scaling, climate smart agriculture, policy and institutional framework,
opportunities

5.1 Introduction Kassam et al., 2013). Its origins go back to the

desperate need for soil and water conservation

Conservation Agriculture (CA) developed as a  as a consequence of devastating dust bowls in
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farming system approach as a response to the
negative impacts of conventional and traditional
(and often highly mechanized) agriculture, and
is founded on the quality of key natural resources
such as soil, water, landscape, biodiversity and
the associated ecosystem services provided
by natural ecosystems (Montgomery, 2007;

*gb@uevora.pt

the Canadian prairies and in the mid-western
and northern USA in the so-called ‘dirty thirties’
during the 1930s (Awada et al., 2014), caused
by intensive tillage and the subsequent bare and
disaggregated soils (Basch et al., 2015). As a re-
sult, conservation tillage systems started to de-
velop from the middle of the 20th century and to
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gradually replace conventional plough tillage,
which for many centuries was seen as the most
effective way to guarantee satisfactory weed
control, nutrient mineralization and seed bed
preparation. This development, described thor-
oughly by Lindwall and Sonntag (2010) in their
book Landscapes Transformed, did not, however,
occur simultaneously — nor to a similar extent —
in the different regions of the world. Conserva-
tion tillage and direct seeding or no till (NT)
started in the USA and Canada and was intro-
duced gradually into South America, Australia
and New Zealand during the 1980s. Even in
Europe, early attempts were made in the 1960s
to introduce direct-drilling techniques in the UK,
based on the availability of the herbicide Para-
quat to control weeds. However, the increase in
grass weeds and a straw burn ban led to the end
of this practice and its further development
(Christian, 1994).

The early development of conservation till-
age was based mainly on any form of reduced
tillage when compared to the conventional disc
or mouldboard plough. Soon, however, the im-
portance of protective soil cover, through crop
residues at the soil surface, started to be recog-
nized as key element for soil conservation and to
help control wind erosion (Chepil, 1944). At the
turn of the millennium, and after already using
the concept of residue-based zero tillage in Brazil
(Sorrenson and Montoya, 1989), the term ‘Con-
servation Agriculture’ was coined in a meeting
sponsored by the Food and Agriculture Organ-
ization of the United Nations (FAO) in 1997
(Reicosky, 2015). This took place a few years
before the 1st World Congress on Conservation
Agriculture held in Madrid in 2001, organized
by FAO and the European Conservation Agricul-
ture Federation (ECAF). The key elements of this
concept were the simultaneous application of
minimum soil disturbance, permanent organic
soil cover and the practice of crop rotation and
diversification. A few years later FAO established
an official definition for CA, based on the known,
following principles (FAO, 2014):

e Continuous no or minimal mechanical soil
disturbance (implemented by the practice
of NT seeding or broadcasting of crop seeds,
and direct placing of planting material into
untilled soil; and causing minimum soil
disturbance from any cultural operation,
harvest operation or farm traffic).
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e Maintenance of a permanent biomass soil
mulch cover on the ground surface (imple-
mented by retaining crop biomass, root
stocks and stubbles, cover crops and other
sources of ex situ biomass).

e Diversification of crop species (imple-
mented by adopting a cropping system with
crops in rotations, and/or sequences and/or
associations involving annuals and peren-
nial crops, including a balanced mix of leg-
ume and non-legume crops).

Today, FAO also describes each of these
principles in quantitative terms, which can be
retrieved from the current FAO CA website (FAO,
2020a).

At the very beginning of conservation
tillage development the key driver for reducing
tillage intensity was clearly the threat of soil ero-
sion by wind and water. Soon, however, the
economic benefits of reduced and NT crop pro-
duction systems became as relevant as the con-
cern for soil conservation. Lower production
costs associated with machinery, fuel, time and
labour, apart from severe erosion problems, are
considered to have been the main driver for the
adoption of NT in Brazil in the early 1970s (IA-
PAR, 1981). Today, the full range of benefits that
can be harnessed through the successful imple-
mentation of the principles of CA is well known
and documented, and is the reason for CA being
promoted by FAO as a farming system approach
allowing for sustainable production intensifica-
tion (FAO, 2011), while being an important ele-
ment of climate smart agriculture.

Globally, in 2015/16 CA was practised on
180 M ha of cropland, with the three regions of
North and South America and Australia (in-
cluding New Zealand) accounting for around
85% of cropland under CA. In absolute terms of
area under CA the continents of Europe and
Africa are lagging far behind, with 3.56 M ha
and 1.51 M ha under CA, respectively (Kassam
et al., 2019). Despite the huge differences be-
tween Africa and Europe in terms of agroecolog-
ical conditions, infrastructure, education and
agriculture, both continents can be considered
as developing regions in terms of the adoption of
CA. Therefore, this chapter tries to analyse the
reasons for these two continents lagging behind.
The following sections describe the current CA
situation in them both, and try to identify the
main challenges, opportunities and promising
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approaches to mainstream CA adoption in terms
of its implementation.

The Malabo Declaration and Agenda 2063
call for the accelerated uptake of CA systems
across Africa. Similarly, in Europe, the European
Common Agricultural Policy (CAP) increasingly
calls for sustainable production systems that are
climate smart, productive and profitable, and
greener. This is leading to greater attention being
paid to CA systems and practices. This chapter re-
views the challenges and approaches to acceler-
ating the uptake of CA in Africa and Europe.

5.2 Current Status of Conservation
Agriculture (CA) Spread and Adoption

5.2.1 Africa

The application of at least one of the principles
of CA, mainly the use of minimum soil disturb-
ance, has been practised for many decades due
the widespread lack of animal power for plough-
ing the land, and thus the reliance on pointed
sticks or simple hoes to loosen the soil surface
and cover the seeds. Crop rotations and/or asso-
ciations were also a common feature of trad-
itional farming in Africa during precolonial
times (Page and Page, 1991). Later, colonial
powers and missionaries introduced mechaniza-
tion and tillage implements, with extensionists
and learning institutions promoting the deep
hoe, ridging and ploughing (Thiombiano and
Meshack, 2009); this continued even after inde-
pendence, through agricultural development
projects (Starkey, 2000). Practices seen today as
able to improve soil fertility, such as crop rota-
tion and reducing tillage intensity, were per-
ceived by colonial science as backward (Elkins,
2005). Today, people are pushed to reacquire old
practices once recommended to be abandoned,
and farmers using tillage are now portrayed as
backward (Sousa et al., 2020).

In Africa, the simultaneous application of
the three principles of CA started recently in
several regions, and South Africa, Zambia,
Mozambique, Malawi and Zimbabwe were the
most noteworthy adopters. Other countries, such
as Kenya, Tanzania and Ghana, also have areas of
30 kha and more (Table 5.1) (Kassam et al.,
2019). There is also a concentration of annual

cropland under CA in the southern and south-
eastern part of the African continent. Among the
northern countries of Africa only Morocco and
Tunisia have some areas under CA, although this
has seen some increase in recent years.

5.2.2 Europe

In northern European countries, the combined
negative effects of excessive tillage (particularly
in wet soils), the decline in the rural population
and the increased costs of machinery, led many
researchers to consider a reduction of tillage and
to start experiments in Germany (Bdumer,
1970), the Netherlands (Van Ouwerkerk and
Perdok, 1994) and the UK (Christian, 1994).
The first real attempts to introduce conservation
or zero tillage (i.e. NT) were triggered by eco-
nomic objectives: to reduce the production costs
associated with tillage, namely machinery, fuel
and labour (Basch et al., 2015). These early at-
tempts were assisted by the availability of re-
cently discovered plant growth regulators and
herbicides (Phillips and Phillips, 1984). After an
initial take-off of NT, mainly in the UK where the
area of adoption reached almost 300,000 ha in
the early 1980s, increasing problems with weed
control and volunteer cereals and the straw
burn ban practically stopped its use (Christian,
1994). Before the period represented in Table
5.2 only a few European countries reported
noteworthy areas under CA. It was not by
chance that these were among the founding
members of ECAF: Spain, the UK, France, Ger-
many, Italy and Portugal. Other countries like
Finland (2008/09) and Romania and Poland
(2015/16) joined the list of countries practising
CA that already had astonishing areas under
this system.

In western and central European countries,
with the exception of the Netherlands, it was
mainly scientists who believed and insisted in
NT-based crop establishment, and visionaries
like Tebriigge (2003) engaged themselves in
showcasing NT as a viable option in annual
cropping systems. Publication of workshop pro-
ceedings of a EU project on the ‘Experience with
the Applicability of No-tillage Crop Production
in the West-European Countries’ provided a
credible testimony of these efforts (Tebriigge and
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Table 5.1. CA adoption (000 ha) in Africa: recent
evolution (adapted from Kassam et al., 2019).

Table 5.2. CA adoption (000 ha) in Europe: recent
evolution (adapted from Kassam et al., 2019).

Country 2008/09 2013/14 2015/16  Country 2008/09 2013/14 2015/16
South Africa 368 368 439 Spain 650 792 900
Zambia 40 200 316 Romania n.d. n.d. 583.82
Mozambique 9 152 289 Poland n.d. n.d. 403.18
Malawi n.d. 65 211 Italy 80 380 283.92
Zimbabwe 15 90 100 Finland 200 200 200
Kenya 33.1 33.1 33.1 France 200 200 300
Tanzania n.d. 25 32.6 Germany 354 200 146
Ghana n.d. 30 30 United Kingdom 25 150 362
Tunisia 6 8 12 Slovakia 10 35 35
Morocco 4 4 10.5 Portugal 28 32 32
Sudan 10 10 10 Switzerland 9 17 17
Madagascar n.d. 6 9 Hungary 8 5 5
Uganda n.d. n.d. 78 Ireland 0.1 0.2 0.2
Algeria n.d. n.d. 5.6 Moldova n.d. 40 60
Lesotho 0.13 2 2 Greece n.d. 24 24
Swagziland n.d. n.d. 1.3 Netherlands n.d. 0.5 7.35
Namibia n.d. 0.34 0.34 Belgium n.d. 0.27 0.27
491.23 1001.44 1526.84  Estonia n.d. n.d. 4214
Czech Republic n.d. n.d. 40.82
n.d. = no data available. For equal figures in different Austria n.d. n.d. 28.33
periods, no changes were reported. Lithuania n.d. n.d. 19.28
Croatia n.d. n.d. 18.54
Bulgaria n.d. n.d. 16.5
Bohrnsen, 1994; 1995; 1996; Tebriigge and Sweden n.d. n.d. 15.82
Bohrnsen, 1997a; 1998). Whereas some coun-  Latvia n.d. n.d. 11.34
tries show a recent steady increase in their area Denmgrk n.d. n.d. 25
under CA, others stagnate or show declining fig-  Slovenia n.d. n.d. 2.48
ures. Surprisingly, in Germany, where very posi- Luxembourg n.d. n.d. 0.44
tive research findings would support strong Cyprus n.d. n.d. 0.27
1564.1 2075.97 3558.2

adoption, the area between 2008/09 and
2015/16 decreased by almost 60%. In Spain,
where we found the greatest area under CA, the
first studies on CA in annual crops date back to
1976 and were performed in the ‘Haza del
Monte’ farm in Seville. These studies aimed at
anticipating the sowing date of a second crop,
which was NT soybeans sown into the res-
idues of a previous winter crop (Fernandez-
Quintanilla, 1997). In February 1995, a group
of farmers, technicians and scientists, many of
them participants of the above-mentioned ex-
periments, founded the Spanish Association for
Conservation Agriculture and Living Soils.
Thanks to the development of European-funded
projects such as LIFE 99ENV/E/308 and LIFE
96ENV/E/338, and the support of manufac-
turers of NT machinery and the industry of
plant protection products, a number of activ-
ities that required technical-scientific know-
ledge were conducted with a high degree of
regularity, and these are still currently in place.
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n.d. = no data available. For equal figures in different
periods, no changes were reported.

The considerable areas under CA in Romania
and Poland, reported for the first time in
2015/16, are likely to be the result of the re-
structuring of land tenure, creating large-scale
conditions for the implementation of CA. They
were applied to rather drought-prone condi-
tions when compared to western and central
European countries, under which CA shows an
enhanced resilience. Also, in the initial phase
of adoption — and still today — the spread of CA
in Europe was strongly influenced by the exist-
ence or absence of specific subsidies, whether
in the form of investment subsidies (e.g. NT seeders
in Spain and Portugal) or on an area basis
(Basch et al., 2015). This may explain, at least
partially, different adoption rates throughout
Europe.

Al'l use subject to https://ww.ebsco. coniterns-of-use



EBSCChost -

Accelerating the Uptake of CA in Africa and Europe 105

printed on 2/14/2023 5:57 AMvia .

5.3 Challenges and Approaches
to the Adoption of Conservation
Agriculture (CA)

CA has been proven to work and to be feasible
under the most diverse agroecological condi-
tions, being applicable in all agricultural cropping
systems, but needs to be adapted to the specific
crop requirements and the local conditions of
each agricultural region (ClimateADAPT, 2019).
Global empirical evidence, documented in sev-
eral recently published books (Jat et al., 2014;
Farooq and Siddique, 2015; Kassam, 2020a, b),
and the fact that CA is practised today on over
180 M ha of annual cropland, corroborate this
conclusion.

Furthermore, CA has been described as
a crop management and farming systems’
approach that can contribute decisively to
climate change mitigation through soil car-
bon sequestration, especially in warmer
climates that are both arid and humid (Sa
et al., 2014; Moreno-Garcia et al., 2020; Sun
etal., 2020), and adaptation through higher
infiltration, reduced evaporation losses and
more water retention, thus alleviating
drought stress conditions under increas-
ingly erratic rainfall patterns (Thierfelder
and Wall, 2009; Ussiri and Lal, 2009; Verhulst
et al., 2010; Basch et al., 2012; Dendooven
etal., 2012).

Yet, despite the well-documented benefits,
the applicability of CA farming systems under
different agroecological conditions, and — above
all — the need to mitigate and to adapt to climate
change, the adoption of CA in Africa and Europe
lags far behind the adoption rates in other re-
gions of the world. This calls for an analysis of
the specific challenges and drivers existing in
these two continents so approaches to overcome
those challenges can be formulated. The chal-
lenges, opportunities and approaches for both
continents are summarized in Tables 5.3 and
5.4 in the respective sections.

5.3.1 Africa

While analysing the challenges for CA adoption
in Africa, an important reality to take into ac-
count, especially in Sub-Saharan Africa (SSA),
is the predominance of smallholder farms with

around 80% of farms being below 2 ha in size
(Nagayets, 2005). Furthermore, these farms
can be considered as resource poor, resulting,
obviously, in a reduced capacity or motivation
to experiment and to risk even a part of their
available land. Testing new technologies may
represent a considerable risk to short- and medi-
um-term household food security (Pannell et al.,
2014), especially if the new technologies do not
necessarily provide immediate benefits in term
of productivity, and even may require additional
initial inputs such as in the case of specific CA
planting equipment and eventually herbicides.
For resource-poor farmers the immediate costs
and benefits considerably outweigh those that
might incur in the future (Pannell et al., 2014).
Benefits from the practice of CA are often not
experienced right from the first year of imple-
mentation (Rusinamhodzi et al., 2011), which
is no surprise considering the absence of experi-
ence, advice, and adequate equipment and in-
puts, and where farmers are often starting on
degraded land with poor soil conditions (Mbow,
2020).

Another, widely experienced trade-off with
the correct implementation of CA, and a strong
handicap for harnessing the full benefits of CA,
is competition for the use of crop residues. These
serve multiple purposes such as fencing, thatch-
ing, bedding in kraals, fuel and, above all, fodder
for livestock. In many regions of Africa livestock
plays an essential role even for smallholder farm-
ers, as it can be used as draft power, but also rep-
resents cash income or at least risk insurance
and a form of investment into an uncertain fu-
ture (Herrero et al., 2013; Ndah et al., 2017). In
sub-humid and semi-arid regions in particular
animal feed is often short and crop residues are a
welcome source to complement any shortages in
critical times, thus very little biomass remains as
mulch soil cover. Pathways for enabling imple-
mentation of CA that isnot in conflict with other
goals of farmers’ livelihoods (e.g. livestock farm-
ing) need to be identified (Ndah et al., 2017). An-
other threat to maintaining reasonable amounts
of crop residues on cropland are grazing systems
where communal use or free-grazing livestock,
whether of herders or other crop farmers, is
tradition. In many regions, crops are only ‘pro-
tected’ until harvest, allowing crop residues to
be grazed by animals belonging to other mem-
bers of the community. Even fencing of plots to
protect the crop residues as mulch would need
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Table 5.3. Challenges, opportunities and approaches for the adoption of CA in Africa. Authors’ own table.

Challenges
Smallholding/farm size:

o Resource-poor (limited opportunities for mechanization and other inputs) (Grabowski and Kerr, 2014;

Pannell et al., 2014)

o Benefits often limited to improved food security, not necessarily to improved farm income (Harris and

Orr, 2014)
o Lack of equipment
Willingness to try (Pannell et al., 2014)

Livestock/competition for crop residues for soil cover (Ganou, 2012; Lamantia, 2012; Herrero et al.,

2013)

Labour demand for weeding if no herbicides (Ouédraogo, 2012; Zerbo, 2012)

Lack of and access to markets (Dorward, 2009; Giller et al., 2009; Ndah et al., 2015)

Missing or inadequate policy framework (Boulal et al., 2014; Djamen et al., 2014)

Conflicts with other agricultural development strategies (Devéze, 2006)

Extremely poor soil conditions that may cause yield penalties (Lal, 2007; Thiombiano and Meshack,

2009; Ganou, 2012)

Land tenure system (Boahen et al., 2007; Ganou, 2012)

Education and extension (Ganou, 2012)

Mindset: CA is for the poor, also because labour-intensive (ECAF, 2020)

Opportunities/Approaches

Potential to address shortage of labour and production cost (ECAF, 2020)

Aligned with sustainable land management strategy (Thiombiano and Meshack, 2009)
Mechanization framework in progress (FAO and AUC, 2018; FAO, 2020b)
International and African frameworks in place to support transition

Response to soil degradation and climate change

Targeting promotion of CA to adoption-prone agroecological conditions and farm types (Corbeels et al.,

2015)

Involvement of all major stakeholders (policy makers, donors, private sector, education and research

such as academia, extensionists, trainers)

Build-up of infrastructures and markets along the value chain (Wall et al., 2014)
Identification of pathways and implantation of strategies to allow livestock raising and crop residue

retention (Ndah et al., 2017)

Promotion based on truthful information on CA, including advantages and disadvantages (ECAF, 2020)
Implementation of participatory and transformative learning strategies for thorough engagement in CA

(Probst et al., 2019)

negotiation within the community to overcome
traditional rules (Brown et al., 2017).

Despite not ploughing the entire field, thus
allowing for the timely planting of crops, labour
demands through the practice of CA have been
reported to eventually outweigh the savings
gained by direct planting. The higher require-
ments for labour may result from increased
needs for weeding in case no herbicides are used.
Nevertheless, the practice of crop associations
instead of crop rotations may also increase the
demand for labour as they require more time for
planting, weeding and harvesting operations. In
addition, sowing crops by hoe into a mulch cover
of 4 t ha! has been reported to increase labour
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by 54% (Ouédraogo, 2012; Zerbo, 2012). By us-
ing appropriate direct seeding equipment such
as a jab planter or animal-drawn direct seeder,
however, improvements in labour productivity
have been reported (M'Biandoum et al., 2010;
Bougoum, 2012).

Economic and market-related challenges
also play a decisive role in hampering the adop-
tion of CA. Poorly functioning or inaccessible
markets often complicate the investment in in-
puts such as quality seeds, fertilizers, herbicides
and NT equipment, essential for CA perform-
ance (Giller et al., 2009). Depending on the farm
type and its livelihood strategies, missed credit
opportunities and lack of access further aggravate
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Table 5.4. Challenges, opportunities and approaches for the adoption of CA in Europe. Authors’ own table.

Challenges

Mindset and cultural entrenchment of tillage practices (Friedrich et al., 2014)
Crop residues (excess and lack) (Basch et al., 2008; Friedrich et al., 2014)
Lack of condition-specific machinery, equipment and inputs (Friedrich et al., 2014; Basch et al., 2015)

Productivity rather than economist approach

Reduced economic pressure through considerable income support to farming

Lack of policy commitment towards effective soil conservation

Economic limitations to diversify crops and their rotation

Mismatch between academic and problem-driven and solution-oriented CA research

Weed, insect pest and disease issues (Soane et al., 2012)

Widespread rejection of commercial, highly productive agriculture and inputs of agrochemicals
Potential ban on glyphosate, even for pre-seeding weed control

Opportunities/Approaches

Soil recognized as key element to achieve climate action (EU, 2019)
Soil quality and its recovery and protection highly ranked in the political agenda (EC, 2020)
EU member states to propose eco-schemes for enhanced environmental protection and climate action

(ENRD, 2020)

Push and pull policies to enhance and create opportunities for CA adoption
Shift towards subsidies for ecosystem services delivering farming practices
Establishment of an educational, institutional and policy framework to mainstream the perception of

effective soil conservation (living labs) (EC, 2020)

the shift of resource-poor farmers to CA (Dor-
ward, 2009).

Changing from conventional, traditional
practices and technologies to new ones, often
breaking completely with deeply rooted convic-
tions and habits, requires tremendous efforts
and acquisition of new knowledge and skills by
those applying the innovations as well as by
those assisting and supporting the transform-
ation. Therefore, the shift to a knowledge-intensive
CA is amajor challenge in an environment char-
acterized by low education and literacy stand-
ards of the farming community, and a clear lack
of information and technical support through
official extension services (Erenstein et al.,
2012).

These challenges are far from providing the
full picture of issues hampering the uptake of
CA on a regional scale and even less on a local
scale in the diverse African agroecological,
socio-economic, cultural and institutional con-
texts. However, they summarize the key chal-
lenges acting throughout the African continent
as forces hindering the use of CA as the solution
to the major concerns African agriculture is fa-
cing. Many other challenges have been described
and discussed in more detail in numerous papers
and are also referred to in Table 5.3 (Wall, 2007;

Giller et al., 2009; Erenstein et al., 2012; Ndah
et al., 2012; Corbeels et al., 2014; Ndah et al.,
2014; Thierfelder et al., 2014; Wall et al., 2014;
Ndah et al., 2018; Probst et al., 2019; Ndah
etal., 2020).

CA has been demonstrated throughout
Africa to have a considerable potential to address
the manifold aspects of sustainable land use and
to provide increased agronomic, environmental
and climate change-related outcomes (Boulal
et al., 2014; Ndah et al., 2014; Thierfelder et al.,
2015; Mupangwa et al., 2016; Thierfelder et al.,
2016; Thierfelder et al., 2017). At the same time
many scientific results prove the disastrous ef-
fects of tillage-based agriculture on soil degrad-
ation, soil organic matter and biological activity
decline and — what matters most in water-deficit
regions — water infiltration, retention, runoff
and erosion (Holland, 2004; Montgomery, 2007;
Pretty, 2008). It is well known that all profound
changes in agricultural practices, including CA
systems, may bear the risk of failure, especially in
less favourable environments. The details of CA
systems reported to have failed are often unclear
and so, sometimes, are the reasons why they
failed. Some authors prefer to stress and high-
light these failures and pitfalls of CA systems in
Africa, concluding they are inappropriate for
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resource-poor smallholder farmers (e.g. Giller
et al., 2009; Baudron et al., 2012), which might
suggest that business-as-usual soil management
would be a better option under the given condi-
tions in Africa. Others even consider that the
achievements of successful CA adoption lack the
necessary evidence, interpreting the low CA
adoption rates as proof of the inappropriateness
of CA principles to the African reality and sug-
gesting that its promotion and insistence upon
are inherently politically motivated (Whitfield
etal., 2015).

Fortunately, however, there are others
who, seeing the undeniable and proven bene-
fits of successfully implemented CA systems for
soil and water conservation, climate change
mitigation and adaptation, improved liveli-
hoods in the medium and long term, etc., and
the many cases of success from all around
Africa (see above and also Mrabet et al., 2012;
Ngwira et al., 2013; Thierfelder et al., 2013;
Kassam et al., 2017; Lalani et al., 2017), iden-
tify opportunities and search for approaches to
improve systems based on the principles of CA.
Politically supported initiatives can be very
valuable, as the considerable adoption rates in
Zambia, Zimbabwe, Mozambique and Malawi
show, and where CA is today supported by gov-
ernment policy (Corbeels et al., 2015). The
Adaptation of African Agriculture (AAA)
initiative aims to reduce the vulnerability of
Africa and its agriculture to climate change.
Launched upstream of COP22, to date this
initiative is actively supported by 33 African
countries, the United Nations Framework Con-
vention on Climate Change (UNFCCC) and the
FAO. In its proposals for soil management solu-
tions, CA is mentioned as being supported in its
development and implementation (Adaptation
of African Agriculture, 2020), also Badraoui
etal., 2018; Lal, 2019.

Scaling up CA requires, in the first place,
the identification and addressing of the main chal-
lenges encountered in each specific agroecologi-
cal, socio-economic, cultural and institutional/
political environment (Ndah et al., 2014). In the
second place, up-scaling approaches need to
identify the specific demands of the different
target groups to differentiate the approaches ac-
cordingly. For example, the needs and concerns
of resource-poor smallholder farmers are com-
pletely different from those of medium- or even
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large-scale farmers; or the training of extension
workers would need a different approach than
the training of decision makers or private sector
stakeholders (Corbeels et al., 2014).

A third pillar on which up-scaling of CA
must be based is the creation of an innova-
tion-oriented enabling environment. Such an
environment must include the involvement of
all of the major stakeholders: policy makers, pri-
vate sector, supply chain and markets, donors,
extensionists, educational institutions, etc. In
this context, the example of Zambia is often re-
ferred to as an approach to be followed in the
up-scaling of CA (Baudron et al., 2007). The ac-
cess to inputs both in terms of market availabil-
ity and capacity to invest is a crucial aspect for
testing and implementing CA. Manual as well as
mechanized CA requires specific implements
such as jab-planters, animal-drawn or two-
wheel tractor-drawn NT seeders, cover crop seed
and other inputs (fertilizers, herbicides). There
are often claims for initial incentives and subsid-
ies for investments in equipment and inputs,
particularly for small-scale/resource-poor farm-
ers, and programmes have been put in place to
facilitate the shift towards CA. Yet, in this con-
text, the initial interest and further implementa-
tion of CA should be the result of its potential
and perceived benefits, and not the result of a
continuous financial expectancy (Brown et al.,
2018), unless successful CA farmers receive pay-
ments for environmental services generated.
Otherwise, as observed by Pedzisa et al. (2015) in
Zimbabwe, the initial adoption of CA during the
period of active promotion could result in its
abandonment in the absence of support from
non-governmental organizations (NGOs).

Education and training of extension ser-
vices to overcome cultural entrenchment and
beliefs regarding traditional practices contribute
to this enabling environment, as well as policies
fostering directly or through private sector en-
gagement the conditions for CA uptake. Today,
numerous efforts throughout Africa are under-
taken to promote participatory approaches to
mainstream CA (Kassam et al., 2019). These can
envisage the development of supply chains for
smallholders to access CA equipment, and also
participatory learning approaches in the form of
farmer field schools (FFS), networks of lead
farmers (champions) and farmer to farmer ex-
tension (F2FE). These approaches have found to
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be helpful in creating awareness and familiarity
with the CA system, but cannot replace other
forms of agricultural extension (Fisher et al.,
2018). Further, other instruments such as the
Qualitative Expert Assessment Tool for CA adop-
tion in Africa (QAToCA) (Ndah et al., 2012) and
a Transformative Learning Approach (TLA)
have been proposed to: (i) allow for a system-
atic evaluation of factors influencing the CA
adoption process at the field, farm and regional
scale in a variety of regional contexts in Africa;
and (ii) stimulate and nurture a joint learning
process around CA, to diagnose hindering and
supporting factors for up-scaling CA and to de-
velop options for changes in promotion (Ndah
etal., 2020).

Another important cornerstone for the
adoption of CA is the flexibility and adaptability
with which CA systems are promoted and being
adopted, thus responding to the great diversity
of agricultural practices and cropping systems
in Africa. Underpinning the need for adaptabil-
ity, Erenstein et al. (2012) insist that CA systems
are best developed in situ through a multi-stake-
holder adaptive learning process to create viable
CA-based options that are technically sound,
economically attractive and socially acceptable.
This, of course, opens the door for criticism and
the argument that CA adoption figures are just
claims and far from corresponding to reality:
that is, they do not represent the area in which
the application of the three basic CA principles
occurs. Brown et al. (2019) analysed a survey of
58 farmers in eastern and southern Africa
showing interest in CA and concluded that pro-
gressing from interest to implementation of CA
will need adaptation to fit within the contextual
realities of the farmers, and that a more flexible
and transitional promotion and pathway to-
wards CA is needed and would benefit from
greater community participation in research
and extension. The respondents also highlighted
that the major issues that needed to be addressed
were financial viability, small-scale mechaniza-
tion, information exchange and the competition
for crop residues.

This latter aspect of reduced soil cover by
crop residues has been an obstacle throughout
Africa to the successful implementation of CA
and to the harnessing of the benefits of soil and
water conservation and improved soil structure
that effective soil cover can provide. Identifying

and implementing locally adapted options to
produce additional forage, its conservation for
times of shortage and the establishment of local
agreements to limit the access of free-grazing
livestock would be a breakthrough towards the
performance of CA systems (Ndah et al., 2017).

The mechanization efforts of CA systems
obviously need to be tailored to site-specific con-
ditions. It is hoped that the Sustainable Agricul-
tural Mechanization Framework for Africa,
established between FAO and the AUC (FAO and
AUC, 2018), offers the necessary options to
boost small-scale mechanization of CA systems.

Complementary practices to support CA
systems, despite benefitting conventional sys-
tems as well, are suggested by Thierfelder et al.
(2018). The authors stress equally the need for
adaptation to local farmer contexts of what they
call practices and enablers, and suggest that CA
systems should be implemented either at small
scale (and grow from there) or in a sequential
approach. The latter, however, bears the risk
that the benefits potentiated and harnessed only
by the concomitant application of all three CA
principles may not be revealed.

Finally, looking at the known performances
of CA systems under different environments and
its low but widespread implementation, it is
argued that research efforts should now be tar-
geted preferentially to adapt and improve CA-
based systems rather than to compare them
with conventional tillage systems. There is no
further need to justify or legitimate CA for it to be
acknowledged and recommended as a promis-
ing approach to address the needs of African
agriculture (Wall et al., 2014).

5.3.2 Europe

Adoption of new farming systems or agricul-
tural practices are normally the response to driv-
ing forces or pressures to improve the current
state, or to avoid or alleviate the impact (nega-
tive) of changes, whether of natural or other ori-
gin (technological, knowledge, etc.). The conser-
vation tillage concept had its origin in disastrous
events causing severe soil degradation mainly
through erosion by wind and water in North and
South America (see above). Elsewhere, the need
for cost reduction was also an important driver
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to maintain feasible agricultural production.
Western Australia, with almost 95% of CA on
annual cropland (Rochecouste and Crabtree,
2014), is certainly a clear example of how only
the shift to CA-based farming practices allowed
annual cropping systems to survive. In most of
Europe such extreme and adverse natural condi-
tions and events are rarely experienced, thus the
need for change is not triggered. In general,
agroecological conditions, especially rainfall
patterns and variability, and soil status, can be
considered rather favourable when compared to
other regions of the planet. However, the recog-
nition and gradual perception that European
soils are threatened, and that climate change is
also having a growing effect on the European
continent, may slowly increase the pressure to
change. European agriculture continues to be
strongly subsidized, however, and so there is cur-
rently no drive to adopt CA as a solution to work
more cost-efficiently on farms.

Often, in Europe, the diversity of conditions
is blamed for the resistance to adoption of NT or
CA-based production systems, owing to difficul-
ties in adapting the seeders. These systems have
frequently been found not to be suitable for cer-
tain crops, timing of sowing (winter- or spring-
sown cereals), soil types, variable seasonal
conditions, etc. Such unfavourable conditions
include spring-sown cereals, badly drained clay
soils and crops not suited to NT in the rotation
due to heavy soil movement at harvest (e.g. pota-
toes) (Soane et al.,, 2012). Unstable, weakly
structured soils, whether sandy or sandy loams,
especially when low in soil organic carbon (SOC)
(Ehlers and Claupein, 1994; Munkholm et al.,
2003) or even loams and clays (Van Ouwerkerk
and Perdok, 1994) have been excluded from
soils considered to be suitable for NT. However,
CA can contribute to the rehabilitation of those
type of soils, building a better structure and im-
proving SOC owing to permanent organic soil
cover (Neufeldt, 2005; Dal Ferro et al., 2018).

The south-eastern European region was
one of the cradles of agriculture and arable
farming. Thus, history may play a role in the
deep cultural entrenchment of ploughing and
preparing a clean seedbed for sowing. Conven-
tional tillage in modern European agriculture is
still widely based on the mouldboard plough,
which replaced the ancient Roman plough in
the 18th century. The perfect inversion of the
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upper soil layer effectively controlled perennial
grass weeds and the plough was therefore the
preferred tillage implement. Yearly ploughing
championships are still held in several European
countries.

Another challenge frequently raised to the
well-functioning of CA is the issue of crop res-
idues. Some regions with low productivity
levels (e.g. rainfed conditions in the Mediterra-
nean region) do not even produce enough
residues to provide a good soil cover for erosion
protection and soil moisture conservation. Other
regions, with quantities of residues of 10 t of
straw ha"! or more, often experience difficulties
in warming and drying the soil sufficiently in
spring, thus delaying crop emergence or initial
development. While in former times the alterna-
tive uses for straw were for animal bedding and
less for feed and only locally for other uses such
as the mushroom industry, today the production
of plants for producing bioenergy is an import-
ant competitor for straw, which is used as a car-
bon source for soil carbon sequestration. An
additional challenge of excess residues is their
adequate management (Basch et al., 2008).
Leaving high stubble where possible and uni-
form distribution of the chopped residues are
key to facilitate the performance of the seeding
equipment to establish the following crop (Friedrich
et al., 2014). Row cleaners in wide-row crops
may also facilitate seed/soil contact, the warm-
ing up of the soil and overall emergence. In
purely rainfed conditions in the drier regions of
Europe an old recommendation of South Ameri-
can CA farmers ‘the grain for the man, the straw
for the soil’ (Crovetto, 2006) would certainly be
the best approach to achieve a satisfactory level
of soil cover. But, here also, the economic value
of the straw — even if small — is easier to be
perceived as the added value it might have in the
future through higher SOM levels.

Although highly and frequently over-mech-
anized, the European market for agricultural
machinery and equipment lacks solutions for
CA-specific implements, especially those capable
of handling higher amounts of residues in the
wetter regions of Europe. Most purely di-
rect-drilling seeders available on the European
market are brands from overseas. European
manufacturers were long reluctant to focus on
this type of equipment as it could reduce the
sales of other tillage implements most of them
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were also producing. Only a strong demand
could probably overcome this situation. Surpris-
ingly, two European enterprises have focused al-
most exclusively on the manufacturing of NT
seeders. In the 1990s a Finnish brand was quite
successful in selling its equipment, boosting the
uptake of CA in Finland quite early, to over 7% of
the annual cropland under CA. More recently, a
manufacturer in the UK appeared on the market
with a strongly inclined disc-coulter-type NT
seeder, which also seemed to help in boosting CA
adoption in that country. For a long time the
small average farm size in many European coun-
tries also limited the investment of individual
farmers in the substantially more expensive NT
seeding technology. Today, increasing farm sizes
and the broader availability of service providers
may overcome this challenge. A similar situ-
ation exists when it comes to other inputs that
could improve the performance of CA-estab-
lished crops. Varieties/genotypes of the main
crops better adapted to the different NT condi-
tions (lower temperatures, N dynamics, higher
initial bulk density, etc.) as well as site- and rota-
tion-specific cover crops may also help in creat-
ing more options and interest in CA adoption
(Friedrich et al., 2014).

In Europe, the evaluation and acceptance
of new farming practices and technologies still
strongly depends on their impact on yield per-
formance of the crops and less on the overall
performance of the system. Therefore, yields are
compared on a productivity basis (production
per unit of area), but rarely on a cost basis (costs
per unit of produce). Also, the fear of potential
yield losses, even if production costs are reduced
considerably, weighs heavily in the process of de-
ciding whether or not to try to shift towards
what is perceived as the ‘unknown’. Several au-
thors report some yield penalties in the first
years after adoption, due to soil structural condi-
tions, but with clear improvement after 3 years
(Ball et al., 1989; Christian and Ball, 1994; Six
et al., 2004; Anken et al., 2006), yet others con-
clude that crop yields can be similar right after
the shift to CA (Basch and Teixeira, 2002).
Under drier climatic conditions the yields of
CA-based systems are frequently higher than of
conventional systems (Soane et al., 2012). Yield
reductions under CA have often been reported
to have originated in problems related to weed
control, compaction or residue management. In

general, yield penalties can be avoided or minim-
ized in the transition phase when good advice is
available, or when soil structural deficiencies
can be overcome and restored without the help
of tillage. Over time, however, initial yield reduc-
tion disappears even under less favourable con-
ditions (Soane et al., 2012), or may improve and
surpass conventional yields as soil structure, N
availability and other soil physical, chemical and
biological properties improve (Carvalho and
Lourenco, 2014).

One of the major challenges frequently re-
ported with pest or disease problems under CA is
the higher incidence of slugs. Although man-
ageable with molluscicides, increased costs and
their detrimental effects on beneficial fauna that
could help control this very problem recommend
the restriction of this solution to very extreme
cases. Recent studies, however, found that insect
and slug pests were not more abundant in re-
duced-tillage systems than in high-disturbance
tillage systems, and that foliar pests were more
abundant in systems with more intense tillage
practices (Rowen et al., 2020). Slugs were found
to be even more abundant in conventional plots
than in conservation plots, possibly due to the
lower presence of natural enemies such as
ground beetles (Scaccini et al., 2020). Regardless
of the intensity of tillage adopted, which can re-
sult in higher or lower antagonistic pressure on
different pests and diseases, multiple control
mechanisms should be employed to avoid yield
loss and the economic consequences (Leake,
2003). Crop residues remaining at the soil sur-
face may bear the risk of carry-over of patho-
gens from one season to another (Mikkola et al.,
2005). On the other hand, concentration of or-
ganic matter at the soil surface was suggested to
suppress some soil-borne fungal crop diseases
(Ehlers and Claupein, 1994), and that residues
at the soil surface favour the presence of benefi-
cial polyphagous predators (Jordan et al., 1997).
Minimum soil disturbance, together with
well-chosen crop rotations, has been reported to
help develop disease-suppressive soils (Peters
etal.,, 2003).

A very specific and important challenge for
the acceptance and adoption of CA in Europe is
the widespread opinion that minimum soil dis-
turbance is synonymous with increased herbi-
cide use. Misinformation and misperception has
led to a kind of distancing of the broad public,
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administration, decision makers and politicians,
and even of farmers, that prevents them from
considering CA as a promising farming ap-
proach. Especially critical in several central and
northern European countries is the issue of gly-
phosate (Deutsche Welle, 2020). This became a
‘red rag’ to some environmentalists, as it was seen
to represent all the evil modern agro-industry
has brought about, although the need to care for
the soil, to be resource efficient (water, nutrients,
energy, etc.), to be the steward for entire land-
scapes and ecosystems, and to mitigate climate
change and help adapt to it, still need to be
addressed (Holland, 2004). A potential ban on
glyphosate in Europe may have considerable
impacts on weed management and more gener-
ally on farm operations (Mahe et al., 2020).
Although equally used in conventional agricul-
ture, NT farming/CA would face severe problems
without glyphosate to control weeds before sow-
ing and to terminate cover crops (Kudsk and
Mathiassen, 2020).

There is, however, enough scientific evi-
dence that applying the principles of CA does not
increase the need for more chemical weed con-
trol when compared to conventional farming
(Friedrich and Kassam, 2012). At most, a shift
from post-emergence to pre-emergence or
pre-seeding application of herbicides may occur;
but, over time, a reduction in herbicide inputs
(number of applications and rates) is even being
observed (Brdutigam and Tebriigge, 1997;
Barros et al., 2007; 2008; Calado et al., 2010).
While overall weed numbers normally decline
under CA, certain weeds — mainly perennials
and some grass weed species — may become
more abundant (Basch et al., 2015). Methods for
their effective management in CA systems have
been comprehensively described by Basch et al.
(2020). In general, CA cropping systems facili-
tate the integration of several weed control
strategies based on crop rotation, residue cover,
cover crops (including the ‘planting green con-
cept’; Kassam et al., 2019) and better timing of
application, thus leading over time to less herbi-
cide use. Knowing about the benefits of CA,
some pioneer organic farmers succeed in carry-
ing out CA without any chemical herbicide in-
puts (Peigné et al., 2016).

Despite extensive pioneering research in
Europe on NT, particularly during the period
1960-1990 and including long-term trials
comparing different soil management systems
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(Tebriigge and Bohrnsen, 1997b), CA adoption
did not follow the encouraging results obtained
by most researchers in many parts of Europe.
However, CA research is partly focusing on min-
imum tillage and many NT experiments have
been conducted in monoculture cropping sys-
tems that have accentuated weed and pest prob-
lems (Derpsch and Friedrich, 2009). Long-term
studies, including crop rotations, cover crops
and the systematic monitoring of changes in soil
properties, crop performance, etc. would be
needed to capture the real potential of good and
locally adapted CA systems. Such long-term ef-
forts, however, are hardly compatible with most
of today’s short-cycle national and EU research
programmes. On the other hand, it also appears
that NT or CA research has mainly been driven
by academic interest with little focus on practical
and solution-oriented research; that is, top—
down instead of bottom—up, demand-driven
research. Only strong (CA) farmers’ organizations
could make this happen, demanding long-term
support for the necessary applied research from
decision and policy makers and administration;
and, on the other hand, to call upon researchers
and extension workers (where they still exist in
Europe) to provide solutions to fine-tune and im-
prove CA at the regional level. Good examples of
the importance of farmers’ organizations-driven
bottom—up approaches could be found in South
America some decades ago, but more recently
also in Spain, where there is the largest area of
annual crops under CA in Europe. This includes
1.3 M ha of CA in perennials (mainly olives)
(AEAC/SV, 2020). In the UK, a promising grass-
roots initiative (Groundswell) started in 2016
and is having an impact on CA adoption rates in
the UK.

For more than five decades European agri-
culture has been subject to the strong influence
of the CAP framework. Until the early 2000s in-
come support to the farming sector was mostly
production oriented, favouring high productiv-
ity levels obtained with massive external inputs,
instead of promoting competitiveness and sus-
tainability. Since 2003 the so-called decoupling
process led to the shift of income support to an
‘area-based’ support system through direct
payments based on the historical income support
of farms. Nevertheless, the enormous welfare
transfer to the farming sector continues, justi-
fied by the high standards (environmental
and animal welfare) European farmers have to
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comply with. On top of the direct payments,
which supposedly oblige all farmers to respect
minimum standards, with respect to soil conser-
vation, some EU Member States (MS) promoted
and still promote the practice of CA with add-
itional payments from the rural development
funds. In some MS or regions within MS these
additional supports indeed resulted in increased
CA adoption rates. However, there are examples
(e.g. Portugal) where considerable initial adop-
tion rates were triggered by attractive temporary
support schemes, but which decreased substan-
tially after the continuous support ceased. This
clearly indicates that temporary financial sup-
port alone, with the objective of facing potential
risks during the transition phase, may not sustain
an enduring shift towards CA farming (Goddard
etal., 2020).

Despite the fact that awareness about
threats to soil and the need for its conservation
has clearly risen at European policy and admin-
istration levels, and numerous studies and re-
search projects on soil quality and sustainable
soil management have been financed, there ap-
pears to be little feedback and effect on the defin-
ition of clearly soil-oriented agricultural policy.
However, unless the public in general and often
even the farming community do not recognize
clearly the extent of damage, loss of ecosystem
services and costs of tillage-based agriculture
(whether conventional or not) it will be difficult
to convince politicians and decision makers to
embrace CA as a preferred option to achieve the
Sustainable Development Goals (SDGs), climate
goals, ecosystem services, food security, com-
petitiveness and many more objectives. Perhaps
the newly created EU Mission Board for Soil
health and food with its slogan ‘Caring for soil is
caring for life’, and the objective of ensuring that
75% of soils are healthy by 2030, can make a
difference through citizen engagement and fi-
nally result in actions — not just for the upcom-
ing research agenda, but also for a sound,
soil-oriented CAP.

5.4 Outlook

CA represents a fundamental change in produc-
tion system thinking. It is counterintuitive, novel
and knowledge intensive. Yet its roots lie in the
farming communities, and its spread has been
largely farmer driven. The shift from tillage-based

to CA systems requires a large and long-term
vision and effort. Both African and European
farmers must find the right supportive environ-
ment to shift towards CA, and an institutional
framework is an essential corner stone.

Adoption rates of CA in Africa and Europe
are relatively low when compared to other re-
gions and continents. The reasons behind this
are manifold and the major challenges to adop-
tion have been described in this chapter.
Some are common to both continents; others
are region specific. Owing to the great variety of
agroecological conditions and different socio-
economic, cultural and institutional contexts
(including land tenure), CA out- and up-scaling
approaches have to take these different environ-
ments into account, identify the main local chal-
lenges and tailor strategies accordingly. Know-
ing that CA is working in different agroecological
environments when applied correctly, it is up to
the research community, administration and
extension to help tailor and fine-tune the CA sys-
tem and to provide solutions to whatever chal-
lenges may appear, rather than comparing the
performance of CA with the obsolete conven-
tional system.

Common to both continents is the issue of
applying the three principles of CA concomi-
tantly. Whereas minimum soil disturbance is
generally the entry point in the shift towards CA,
the principles of permanent soil cover plus crop
rotation/diversity seem often to be more difficult
to comply with. Whether alternative, apparently
more rewarding uses of crop residues, including
feeding livestock, (more common in Africa) or
poor crop rotations due to missing economically
interesting crops (Europe), it must be under-
stood that failing one of the principles of CA may
jeopardize the success of transition and lead eas-
ily to wrong conclusions regarding the applic-
ability of CA as a system approach under the
given conditions. Despite the necessity for flexi-
bility and adaptation of CA to local needs and
conditions, this understanding must be clearly
addressed and alternatives found to guarantee
minimum soil cover, crop diversity and min-
imum soil disturbance.

The adoption rates may lead to the conclu-
sion that both continents have failed to create an
enabling environment that helps to recognize
and adopt CA as a promising response to the fail-
ures of conventional agriculture. Creating such
an environment requires a multi-actor approach
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including the different sectors potentially in-
volved in this process. Those sectors include: 1)
the civil society through education and awareness
raising about what really matters; ii) the private
sector by providing business opportunities and
necessary means; iii) the administration level to
reduce legal and institutional constraints and
provide the necessary advice and training; iv)
policy and decision makers to set the framework
of incentives, restrictions and thresholds agri-
culture has to comply with and, finally; v) the
farming community being aware of its most
valuable resource and how to conserve/improve
it, and being convinced to embrace CA for its
benefits rather than an additional source of sup-
port/income through incentives or whatever
subsidies are received.

Mechanization is key to the development of
sustainable agriculture and for keeping younger
people active in this sector. This is less the case
in Europe, but more so in Africa. Bearing in
mind what conventional tillage-based agricul-
ture has done and is still doing to our major
resource — the soil — all attempts to boost mech-
anization of African agriculture should be
streamlined with the concept of CA, to avoid the
global soil degradation caused by intensive
mechanized tillage. It is hoped that the CA-
based Sustainable Agricultural Mechanization
for Africa framework, SAMA (FAO, 2020b),
launched at the 2nd Africa Congress on CA and
supported by AU, FAO and the African Conser-
vation Tillage Network (ACT), will take the lead

in this direction within the context of the
Malabo Declaration and Agenda 2063.

There is no doubt that accelerating the adop-
tion of CA would contribute to achieving many of
the goals set out in past, current and upcoming
initiatives, including the SDGs, CAP, 4 per 1000
initiative (4p1000, 2017) AAA, the African
Union (AU) Green Transition, the European
Green Deal and Farm to Fork, Carbon Neutrality
2050, Africa CSA Vision 25x25, FEED AFRICA:
Strategy for Agricultural Transformation in
Africa 2016-2025 and NDCs. Key to achieving
all these objectives are soil-mediated deliverables.
CA has been recognized by the European Com-
mission as an effective practice to protect soil, and
has been identified as a solution to serious envir-
onmental problems that affect European soils,
and whose annual costs total EUR 38 billion (Van-
Camp et al., 2004). CA has also been demon-
strated as being capable of contributing decisively
to the AU’s Green Transition objective by po-
tentially sequestering tremendous amounts of
carbon in both European and African soils (Smith,
2006; Gonzalez-Sanchez et al., 2019).

It is hoped that the dialogue already exist-
ing between the EU and AU — and especially the
Memorandum of Understanding between ECAF
and the ACT network, signed in 2017 — can
boost the effort to accelerate the uptake of CA in
both continents. If both Africa and Europe could
be described as ‘CA-developed’ instead of ‘CA-
developing’, both the soils and people of both
continents would benefit considerably.
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Abstract

Since its introduction into the Southern Highlands of Tanzania by researchers 25 years ago, Conservation
Agriculture (CA) has been well received, researched and the concept proven to be increasing productivity and
incomes, enhancing resilience of livelihoods and contributing to reducing greenhouse gas emissions. CA
research, as defined by the three interlined principles, was introduced into the Southern Highlands by the Tanza-
nia Agricultural Research Institute (TARI) Uyole, formerly Agricultural Research Institute (ARI) Uyole around
1995. Research results showed a labour saving of up to 70% in CA compared to conventional tillage, yield
increases of 26%—-100% and 360% for maize and sunflower, respectively, partly attributed to higher moisture
content (18%-24%) in CA systems. CA was also found to be much more effective in mitigating dry spells and
increasing productivity in maize production in areas where average annual rainfall is less than 770 mm.
Economic analysis of maize production showed that profits in CA were three times more than in conventional
tillage production at US$526.9 ha' and US$ 176.6 ha™', respectively. Profits were twice as much for beans under
CA at US$917.4 ha'! compared to US$376.3 ha'! for conventional practice. Studies confirm that 5% of farmers
in the Southern Highlands have adopted CA. Increased uptake requires addressing challenges including resistance to
change in mindset, inaccessibility of appropriate mechanization and cover crop seeds, traditions of free-range
communal grazing of livestock (which makes it difficult for farmers to retain crop residue in their farms) and
shortage of investment capital. A holistic value chain approach is recommended in CA interventions, bringing
together various stakeholders including scientists, trainers, extension workers, administrators, policy makers,
agro-inputs and machinery dealers, machinery service providers, agro-processors and financial institutions. The
innovations adaptation set-up brings service providers closer to farmers for co-innovation. Long-term CA
programmes are recommended, with farmers being taken through the complete learning cycle in testing CA
technologies under their own farm environments. This should be complemented by entrepreneurial CA machin-
ery hire services provision to increase the availability of farm power to smallholders unlikely to have the capital
or skills to buy and manage their own machinery. The proof of application of the CA concept in the Southern
Highlands has set the stage for further scaling the adoption of CA through support from national policies and
programmes.

Keywords: cover crops, no-till implements, labour, productivity, adoption
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6.1 Introduction

Agriculture is the main economic activity in the
Southern Highlands of Tanzania, with over 80%
of the people depending on farming for their sus-
tenance and livelihoods. Agriculture in the zone
is dominated by smallholder farmers who culti-
vate between 0.2 and 2.0 ha, with an average
per capita holding of only 0.2 ha per household.
Farming generally is subsistence, characterized
by low levels of technology use and poor man-
agement, leading to low crop yields.

The Southern Highlands of Tanzania com-
prise seven administrative regions (Ruvuma,
Iringa, Njombe, Mbeya, Songwe, Rukwa and
Katavi); has a total area of 245,000 km?, equiva-
lent to 28% of the area of mainland Tanzania;
and an estimated population of 7.2 million (URT,
2012). The altitude ranges from 400 to 3000 m
above sea level (masl); and rainfall varies from
750 mm per annum in lower altitude areas to
2600 mm in the mountains and along Lake
Nyasa. Tropical and temperate climates are
experienced in the zone, favouring livestock and
crop production.

The Southern Highlands of Tanzania oc-
cupy approximately 26% of Tanzania’s maize-
producing area and account for nearly 50% of all
the maize produced in the country. With a GDP
growth greater than 7% p.a., and a vast and
vibrant agricultural sector that contributes 23%
to the gross domestic product (GDP) and employs
more than 65% of the country’s population, Tan-
zania has developed its new agricultural strategy
(ASDP II) and is well positioned to transform its
agricultural systems and increase the productivity
and income of smallholder farmers. The country
has high agricultural potential and increasing
private sector interest to invest in agriculture.

However, the Tanzania agricultural sector
still needs improvement to become more com-
petitive and foster inclusive economic growth.
There is growing concern over the decline in the
productive capacity of soils (Mkonda and He,
2017) in the Southern Highlands and in Tanzania
in general, caused by — among other factors —
unsustainable land use practices. Conventional
tillage agriculture, which is most commonly
practised in the zone, involving continuous use
of ox-drawn mouldboard ploughs (on 27% of the
cultivated area) and tractor-drawn disc ploughs
and harrows (on 20% of the cultivated area) at
the same cultivation depth builds up layers of

compacted soils leading to the formation of hard-
pans or plough pans 10-15 cm below the sur-
face of the soil. The hardpans restrict root
growth and reduce root capacity to extract water
and nutrients from deeper layers. Hardpans also
reduce water infiltration and percolation rates,
which increases surface runoff, thus accelerating
soil erosion. The major causes of land degrad-
ation are overgrazing (49%), deforestation
(27%) and unsustainable agriculture practices
(24%) resulting in declining soil fertility and
hence low agricultural productivity (URT, 2011).

To help achieve Vision 25%25 of the Afri-
can Union Malabo Declaration, the Africa We
Want (Agenda 2063) and the core objectives of
development (especially poverty reduction, food
security and sustainable natural resource man-
agement), measures to stabilize and increase soil
productivity need to be taken without delay.
However, this cannot be achieved using conven-
tional tillage methods, which promote soil deg-
radation and thus reduce soil productivity.
Therefore, best farming systems and practices
such as Conservation Agriculture (CA) should
be promoted in the country, adopted and scaled
up. The economic appeal of no-till (NT) to farm-
ers consists in the reduction of production costs,
above all as a result of considerably lower expend-
iture on energy and labour. In the medium and
long term, CA leads to appreciable increases in
yield accompanied by reductions in the need for
agricultural inputs (fertilizers, pesticides). As a
consequence of the enrichment of surface soil
organic matter (SOM) and of the reduced energy
requirements, CA techniques exhibit a positive
CO, balance. The soil becomes a CO, sink instead
of a CO, source. CA enhances soil fertility and
structure; facilitates better infiltration of rain-
water and reduces soil erosion; and enhances
desirable biodiversity, thus contributing to envir-
onmental conservation as well as to enhanced
and sustained agricultural production.

6.2 Conservation Agriculture (CA)
Initiatives in the Southern Highlands
of Tanzania

6.2.1 Indigenous Practices and

Mechanical Measures

Farmers in the Southern Highlands have been
practising several traditional soil and water
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conservation techniques. Some of these tech-
niques include the matengo pits (ngoro) in Mbinga
district, mounding (ntumba) in Sumbawanga
district, terracing in Mporoto in Mbeya district, and
ridging and reduced soil disturbance (kukomolea)
in most of the semi-arid areas. These techniques
have shown immense benefits in terms of soil
and moisture conservation for crops as well as
fertility improvements (Temu and Bisanda, 1996).
Under the ngoro system, for example, farm
residues from the previous cropping season are
arranged into square grids of around 1.5 m edge
length and subsequently covered with soil
dug up from the pits in the centre of the grids
(Fig. 6.1). The residues increase soil fertility while
the pits retain rainwater, thus considerably
increasing soil moisture.

Overall, the system has succeeded in the
control of erosion, maintenance of soil fertility
and increase in productivity on the steep slopes
of the Matengo Community in the Southern
Highlands of Tanzania for more than a century.
However, most of these traditional soil and water
conservation practices, being hand-hoe based,
are labour intensive and thus severely limit the
cropped land area and scaling.

In the early 1970s the Tanzania Government,
in collaboration with development partners, ini-
tiated various programmes to combat land deg-
radation in most affected areas such as Kondoa,
Usambara, Shinyanga, Arusha, Babati and Iringa.
Some of the measures that were introduced
included contour farming, terracing, afforest-
ation/agroforestry, gully control, soil fertility
restoration, reduced tillage, sub-soiling, green
manures and crop rotation. One of the notable
projects in the Southern Highlands was HIMA
(Hifadhi Mazingira), which was implemented
in Iringa rural district (Iringa region) and in
Njombe and Makete districts in Njombe region.
The major activities that were undertaken

included afforestation, gully control, soil fertility
restoration, crop diversification, protection of
water catchments, institutional building and
farmer training (Mkoga et al., 2001; Shetto
et al., 2001).

6.2.2 Conservation Agriculture (CA)
Research in the Southern Highlands

Conservation activities at the Agricultural
Research Institute (ARI) Uyole, serving the
Southern Highlands of Tanzania, started way
back in the late 1970s and up to the late 1990s.
Research concentration was on reducing mech-
anical soil disturbance, mulching, and on contour
and ridge experiments which aimed at address-
ing soil and water conservation.

Early efforts in soil conservation

A number of animal-drawn soil management
implements such as tine rippers, ridgers and tie
ridgers were evaluated in comparison to the con-
ventional mouldboard plough, as animal trac-
tion was one of the main sources of power used
by smallholder farmers, the main target group
of ARI Uyole (Shetto and Mkomwa, 1996). The
main parameters under observation included
moisture retention, soil erosion control, grain
yield, labour requirement, field capacity and im-
plement draught requirement. Both on-station
and on-farm trials were conducted, with replicated
completely randomized block design treatments
being laid. The trials started with two villages,
Iyawaya and Njelenje villages in Mbeya district,
and expanded to 18 villages in the early 2000s
in Njombe, Mbarali and Sumbawanga districts
(Table 6.1).

Research results showed that the ox-drawn
tine ripper is cost effective, facilitates spreading

Fig. 6.1. Aerial view of Matengo pits (ngoro) (left); and enlarged view of beans planted on ngoro (right).

Figure courtesy of Henry Mahoo, 2015.
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Table 6.1. The effect of tillage implements on effective field capacity, ox-team hours, labour input and
yield at Wanging’ombe in 2002/03 season. Authors’ own table.

Effective field capacity

Ox-team hours

Labourinput  Maize grain yield

Treatment (ha h) (ha) (person-h ha') (kg ha)
Mouldboard plough 0.07¢ 14.642 21.87¢2 3425
Magoye tine ripper 0.132 7.85° 14.99¢ 3619
Ridger 0.132 7.76° 15.08° 3322
Tie ridger 0.08° 11.46° 20.28° 3126
Mean 0.10 10.43 18.06 3373 NS
CV (%) 1.5 8.33 11.76 20.0

abe Figures with the same letter in a column e.g. “@” denotes the results are not statistically significant at the 0.05 level.

NS, not significant; CV, coefficient of variation.

of the labour peak and reduces labour input by
about 70% compared to the hand hoe. Maize
yields in ripping treatments were always higher,
although they were not significantly different.
Farmers who continue practising ripping were
perhaps encouraged by the reductions in the
arduousness of labour and efficient utilization
of saved labour for expansion of farmed land or
other income-generating activities. In on-farm
trials, farmers evaluated different tillage systems
with respect to ease of operation, adjustment,
durability, ease of penetration, moisture reten-
tion and effective soil erosion and weed control.
The participatory research evaluation tools used
included pairwise and matrix ranking. Field
days were also organized yearly to allow farmers
to make visual observation of the crop stand and
test the implements.

Apart from animal traction-based trials,
several other studies were carried out during
that period to address basic needs of other seg-
ments such as tractor-powered technologies for
the then National Agriculture and Food Corpor-
ation farms in Mbarali and Mbozi for paddy and
maize production respectively, and the Tangan-
yika Wattle Company (TANWAT) in Njombe for
maize and wheat. At TANWAT, tillage studies
were done in response to reduced yields in
maize and wheat production. It was observed
that the production of maize declined from 5
tonnes (t) ha! to 1.2 t ha in a period of 10 years
consecutively from 1980 to 1989, despite using the
same levels of fertilizers. The field trials conducted
established that the main cause of the declined
production was formation of hard pans (2-10
cm below the surface), formed as a result of con-
ventional tillage continuously using heavy disc

trailed harrows (Shetto and Kwiligwa, 1989).
Other investigative studies undertaken in col-
laboration with ARI Mlingano confirmed the
presence of tillage-induced hardpans in Njombe
district and several other areas in the Southern
Highlands zone (Ley et al., 2003).

Development and evaluation of reduced
soil disturbance implements

In 2000/2001 new dimensions on NT and vege-
tative soil cover were introduced as a follow-up to
the International Workshop on Conservation Till-
age which was held by the Food and Agriculture
Organization of the United Nations (FAO) in June
1998 in Harare, Zimbabwe, and also due to new
experiences acquired from Brazil. New CA imple-
ments were introduced, including jab planters and
animal- and tractor-drawn knife rollers and direct
seeders. Furthermore, in addition to the NT equip-
ment exploration journey, the new regional net-
working initiative African Conservation Tillage
Network (ACT) (www.act-africa.org, accessed 10
July 2021) wasbornin June 1998 at the International
Workshop in Harare, Zimbabwe (ACT, 2018).
Work conducted at the ARI Uyole to evalu-
ate the performance of different NT equipment
concluded that there was considerable labour
saving in tractor- and ox-drawn direct seeding
compared to manual hand hoe or ploughing.
While the labour requirement/input for the hand-
hoe system was 143.7 person-h ha' for the
2001/02 season, it was 46.2 person-h ha'! for the
jab planter, 17.9 person-h ha! for the ox-drawn
seeder system and only 0.55 person-h ha™! for the
tractor-drawn direct seeder system. Similar results
were observed in the 2002/03 season (Table 6.2).
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Table 6.2. Labour input and maize yield with various planting equipment treatments at TARI Uyole.

Adopted from Mkomwa and Mkoga (2010).

Effective labour input

Maize grain yield

(person-h ha'') (kg ha')

Treatment 2001/02 2002/03 2001/02 2002/03
Hand hoe (pot holing) 143.72 113.12 18532 3469.5
Jab planter 46.2° 46.6° 108° 32575
Ox-drawn direct seeder 17.9¢ 6.88° 19662 3446
Tractor direct seeder 0.55° 0.56° 20922 3344.9
Significance * * * NS
Mean 52.1 417 1700.5 3379.5
cv 39.30% 46.70% 64% 12.10%

*significant at p < 0.05.

abe Figures with the same letter in a column e.g. “@” denotes the results are not statistically significant at the 0.05 level.

NS, not significant; CV, coefficient of variation.

Generally, no significant differences (p > 0.05) in
the effects of different planting implements on the
grain yield was observed (Mkomwa and Mkoga,
2010). It was also observed that, at 0.13 ha h!,
the field capacity for rippers was higher than that
of the plough (0.07 ha h).

Cover crops

Cover crop screening trials were also initiated to
capture the wider spectrum of CA in conjunc-
tion with minimum soil disturbance practice.
About 59 cover crops, including legumes, grasses
and leguminous shrubs, were locally sourced
and an additional 26 cover crops were obtained
from Brazil. Seeds of the imported cover crops
were subjected to a rigorous laboratory test and
were later screened in the field under strict open
quarantine managed in collaboration with the
Tanzania Pesticides Research Institute (TPRI)
before they were released for on-station and
on-farm trials.

The cover crops were evaluated on soil fertility
improvement; agronomic establishment (biomass
production and ground cover); weed management
through smothering; susceptibility to pests and
diseases; suitability as forage feed and edibility by
humans; and ability to maintain a vegetative cover
over a longer part of the dry season. On-farm trials
were conducted in four villages representing
different agroecological zones in the Southern
Highlands with 21 participating farmers.

It was found out that canavalia (Canavalia
ensiformis), vetch (Vicia villosa), lablab (Lablab
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purpureus), lupines and mucuna (Mucuna pruriens)
had the highest biomass, greater than 15,000
kg ha'; while desmodium, mucuna, lablab, lu-
pines and lucerne had the highest smothering or
weed suppression effect (Table 6.3). The test re-
sults are from the ARI Uyole site at an altitude of
1850 masl and an annual rainfall of 965 mm. It
was also established that pigeon peas and lablab
penetrated plough pans or hard-set layers to a
depth of up to 1 m in a period of 4 months, thus
effectively improving the soil water storage and
crop root development. It was also established
that lablab and pigeon peas had higher soil mois-
ture retention at different soil horizons compared
to the plough at 1.60%, 1.43% and 1.27%, re-
spectively (ARI Uyole, 2003; ARI Uyole, 2004).

6.2.3 Local Capacity Building
and Promotion of Conservation
Agriculture (CA)

Several institutions were involved in capacity
building and promoting CA in the Southern High-
lands, either in collaboration with ART Uyole, or
independently through a number of short-term
projects (in most cases of 3 years or less).

Training of technical staff

Capacity building was undertaken through
formal training of extension officers from the
government and other institutions, and from
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Table 6.3. Cover crop biomass yield and smothering effect. From Mkomwa, 2004.

Biomass of maize + cover crop

Smothering effect weed weight
(g m?)

Cover crop species (kg ha')

Mucuna pruriens 15,150°
Lablab purpureus 19,210%
Canavalia ensiformis 14,610
Vicia villosa 20,4402
Local lupine 16,020
Desmodium uncinatum 10,8609
Crotalaria ochroleuca 12,84(0¢d
Cajanus cajan 10,9609
CV (%) 1743

206
300

na

na
517
432
554

na

63 NS

na, not available.

abe Figures with the same letter in a column e.g. “@” denotes the results are not statistically significant at the 0.05 level.

NS, not significant; CV, coefficient of variation.

non-governmental organizations (NGOs), to
broaden their knowledge of CA concepts, cover
crops, weed management and implements. ARI
Uyole trained some 200 extension workers by
2018 and various technicians in the fabrication
of CA equipment including jab planters and
animal-drawn rippers, rollers, subsoilers and
direct seeders.

The Zambia Conservation Farming Unit,
through its in-country partner Hanns R. Neumann
Stiftung (HRNS), trained 52 MoA extension offi-
cers in Mbozi, Mbeya Rural, Rungwe and Ileje
districts in Mbeya region in 2013-2015. ACT
also trained 50 extension officers in the South-
ern Highlands and ten artisans/manufacturers
on the fabrication of rippers, subsoilers, knife
rollers, jab planters and direct seeders for use in
CA. The Conservation Farming Unit Tanzania
(CFU), in collaboration with the Agricultural
Council of Tanzania, also trained 12 tractor-based
mechanization service providers and 26 herbi-
cide spray service providers. CFU is also support-
ing the establishment of ARI Uyole as a centre of
excellence on CA in collaboration with ACT.

Workshops were also conducted in the
Southern Highlands involving various stakeholders
including policy makers, researchers, extension
workers, trainers, agricultural machinery deal-
ers and manufacturers, agro-inputs dealers,
agro-processors and financial institutions to cre-
ate awareness of CA, discuss arising opportun-
ities and challenges, and to enhance networking
and the capacity for providing CA services to
advance the technology in the country.

In 2014 the Ministry of Agriculture Train-
ing Institute (MATI) Uyole, supported by ARI
Uyole and ACT, developed a draft CA curriculum
for students pursuing an Ordinary Diploma in
Crop Production under the MATI system. The
CA curriculum was formally approved in 2020
for inclusion in the National Council for Technical
Education (NACTE).

Training of farmers

Local training was also provided to farmers
through farmer field schools (FFS) where farm-
ers were practically trained stage by stage on a
0.5-1-ha test plot in validating various CA
options or treatments, from land preparation to
harvesting in their own farm environment. The
CA options tested include ripping, direct seeding
or use of cover crops, etc., in comparison to con-
ventional tillage practices. Groups of 15-25
farmers were formed in selected villages; these
usually met weekly to practice, learn, observe
crop development and discuss CA concepts,
challenges, opportunities and options suitable to
their own local environments. ARI Uyole trained
about 400 farmers (22% female) on various CA
technologies through FFS in 1998-2003 under
both the FAO Technical Cooperation Project and
the World Bank-supported Ministry of Agricul-
ture soil fertility improvement project. ACT and
ARI Uyole were also able to target and reach an
additional 5000 farmers through radio pro-
grammes and through study tours to sites
demonstrating the best field-level climate smart
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agricultural practices. The HRNS have trained
259 farmer groups (producer groups or FES)
involving 8331 farmers (17% female) and helped
to link them with input suppliers for bulk purchase,
credit links to commercial financial institutions
and to mechanization service providers. Mean-
while the CFU, in partnership with the Tanzania
Agricultural Partnerships II, trained 808 service
providers on mechanization service provision.

The Sokoine University of Agriculture (SUA)
used 25 FFS to train 116 farmers on planting
basins in 13 villages in Njombe and Wang-
ing’ombe districts. In April 2013 the Institute of
Agriculture at the University of Iringa introduced
47 demonstration plots highlighting improved
production practices (including CA) through a
companion village project which enabled farmers
to see increased yields in the improved produc-
tion practices compared to conventional tillage
practices. CARITAS also trained several farmers
on planting basins with manuring and contour
bunds in Iringa district.

Through the CA centre of excellence con-
cept, in the period 2018 to date TARI Uyole has
formed a new consortium with ACT and CFU-
Tanzania to undertake CA demonstrations in
nine villages of Mbeya and Wanging'ombe dis-
tricts. They have jointly trained about 1000
farmers (46% female) on different aspects of CA
technologies including land preparation, plant-
ing, basin making, animal-drawn implements
and tractor service provision.

Promotion of CA

CA promotional events have been held in the
Southern Highlands involving various actors
such as ARI Uyole, ACT, HRNS and CFU. These
included field demonstrations of CA implements
and machinery, and field days and agricultural
shows with 300-500 farmers participating in
each event. A number of leaflets on CA have been
prepared and distributed widely to create aware-
ness of the technology. On-farm demonstrations
have also been held to promote some CA compo-
nents such as minimum soil disturbance, fertility
improvement, crop rotation and cover crops,
based mostly on farmers’ requirements, to en-
able farmers to see for themselves and to monitor
the crop through the cropping calendar.

ARI Uyole, in partnership with ACT as the
Secretary of the National Conservation Agriculture
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Task Force (NCATF), have over the years organ-
ized several other CA promotional activities
which are likely to have contributed to the
achievements of CA in the region, including:

e Organization of Tanzania CA stakeholders’

events.

International CA training courses.

NCATF members’ awareness-creation
study tours.

e Participation in the Zonal National Tanza-
nia Agricultural Shows (Nanenane).

e Cover crop seed (mucuna, canavalia, crota-
laria) exchange with an inorganic fertilizer
programme intended to publicize biological
soil fertility improvement options.

ACT, in partnership with FAO under the CA-SARD
project, has promoted local CA equipment
manufacturing. There is now a budding indus-
try in Kenya and Tanzania as result of exposure
to Brazilian equipment and specialist technical
training of East Africans in Brazil and Paraguay.
Machinery manufactured commercially includes
Draught Animal Power (DAP) rippers and NT
planters, manual jab planters and sprayers. In
2013 ACT initiated the formation of a commu-
nity of practice of CA equipment manufactur-
ers, to assist in the sharing of lessons in tackling
the challenges of access to equipment. This was
followed by the CA equipment manufacturers
workshop held in Dar es Salaam, Tanzania,
attended by 29 stakeholders from Africa, Asia
and Brazil (ACT, 2013). Several donors have
supported district councils in the Southern
Highlands, including Finnish International
Development Agency (FINNIDA), Norway,
Sweden, the International Fund for Agricultural
Development (IFAD), FAO, United Nations Chil-
dren’s Emergency Fund (UNICEF), the United
States Agency for International Development
(USAID), the Netherlands and the World Bank by
funding some short-term projects that included
training farmers and setting up demonstrations
of various CA technologies.

6.2.4 Main Benefits of CA in the
Southern Highlands

Several benefits of CA have been reported else-
where in Tanzania and in the world in general.
Some of these were observed in the Southern
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Highlands and included increased crop yields,
reduced on-farm costs in terms of savings in time,
labour and machinery use at the farm level,
increased soil fertility and protection from soil
erosion.

Increased and stable crop yields

Increased yield in maize by 26%-100% and in
sunflower of up to 360% have been reported
in the Southern Highlands in CA compared to
conventional tillage agriculture (Mkomwa et al.,
2007; Shetto and Owenya, 2007; Mwakimbwala
etal., 2013). Farmers in Mshewe Ward in Mbeya
district observed that the yield of maize in-
creased by 20% in 2-3 years in reduced tillage
with cover crops (mucuna, lablab or pigeon
peas), even without use of inorganic fertilizers
(Banjarnahor, 2014). An increase in yield of
70% was observed in maize from 2.5 t ha in trac-
tor-ploughed fields to 4.2 t ha! in tractor-ripped
fields in Mbeya region in 2015 under the ZCFU
project (ZCFU, 2015).

Experiments conducted in the Mkoji sub-
catchment of the great Ruaha river basin in
Mbeya district in the 2007/08 season by ARI
Uyole and SUA showed that ripped plots with
crop residue yielded 3.8 t ha! of maize compared
to 1.7 t ha! for conventional tillage treatments.
This was an increase of 124% while the soil
moisture was higher by 6%. The Agricultural
Production Systems Simulator (APSIM) crop
simulation model run over a 24-year period
(1985/1986 to 2007/2008), to simulate long-
term production series of soil moisture and grain
yield based on the soil and weather conditions in
the area, showed that maize yields were signifi-
cantly higher with conservation practices than
with conventional tillage practices by 22% at
4.4 tha' and 3.6 tha, respectively, and the mois-
ture content was higher by 18%—24%. It was es-
tablished that, generally, conservation practices
with tine ripping and surface crop residues are
much more effective in mitigating dry spells and
increasing productivity in maize production in
areas where the seasonal average annual rainfall
isless than 770 mm (Mkoga et al., 2010).

Apart from increased yields, farmers have
observed more stable yields over the years when
they practised CA compared to conventional
tillage agriculture (Mkomwa et al., 2007). How-
ever, complementary good agronomic practices

are essential to enable farmers to reap the bene-
fits of CA. These include use of improved crop
varieties, timely planting, good pest and disease
control and use of fertilizer where soils are nutri-
ent deficient, especially in the early years of
transformation.

Reduced labour and smoothing
labour peaks

Results from ARI Uyole indicate a labour saving
of 57% with jab planters, 60% when animal-
drawn rippers are used and 72% with the
animal-drawn direct seeder compared to con-
ventional flat cultivation using the ox-drawn
mouldboard. Some farmers who have adopted
tine ripping have gainfully utilized the time and
labour saved to increase their cropped land by
20%-50% (Mkomwa et al., 2007). Tine ripping
has brought forward the planting time to
November in the Southern Highlands, just
before the onset of the rains, thus productively
utilizing the idle time and smoothing the labour
peak for planting and weeding in December/
January, as planting is done immediately after
ripping in November. This has led to some farm-
ers reducing their dependence on hired labour
and hence lowering their production costs.

Economic benefits and improved livelihoods

Several studies have carried out comparative
economic analysis of conventional tillage agri-
culture and CA in the Southern Highlands.
Mlengera et al. (2018) showed that the profits in
CA maize production were three times greater
than in conventional tillage agriculture, at
US$526.9 and US$176.6, respectively. For
beans the profits in CA were twice as much, at
US$917.4 compared to conventional practice
profits of US$376.3 (Table 6.4). Such high
profits were the result of reduced cost of produc-
tion and increased yield under CA, as reported
by most respondents who were interviewed in
the survey.

Mkomwa et al. (2007) also reported that
net benefits increased more than threefold for
sunflower and fivefold for maize under CA com-
pared to conventional tillage agriculture in
Njelenje village, Mbeya district, as a result of
increased yields in CA despite a 50% reduction
in the use of inorganic fertilizer. Increased maize
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Table 6.4. Costs of bean and maize production under conventional and Conservation Agriculture

practices.

Bean production cost (US$ha'') Maize production cost (US$ha")
Operations Conventional practice ~ CA practice Conventional practice  CA practice
Land preparation 65.2 86.2 56.8 32.5
Ploughing 66.6 - 71.2 -
Ripping - 33.8 - 25.6
Harrowing 414 - 45.5 -
Fertilizer 93.2 93.2 204.6 204.6
Seeds 113.6 142.1 477 54.6
Planting 80.5 80.2 75.1 93.9
Weeding 78.3 56.4 92.1 62.9
Control of insect pests 51.6 30.2 34.7 24.3
Harvesting 62.2 59.9 61.0 85.2
Total production costs 652.7 623.5 688.7 583.6
Yield (t ha) 1.5 2.3 5.6 71
Total revenue 1029.0 1540.9 865.2 1110.6
Profit 376.3 9174 176.6 526.9

yield was attributed to improved soil fertility as a
result of continuous use of soil-enriching cover
crops such as mucuna, lablab and canavalia.
Farmers using cover crops in Njelenje village
reduced the use of inorganic fertilizers from 125
kg ha! to 60 kg ha!, while the maize yields
increased from 1125kg ha to 2250 kg ha?,
leading to increased net benefits as a result of re-
duced maize production costs and more revenue
accrued from the increased sales of maize.

6.2.5 Adoption of Conservation Agriculture
(CA) in the Southern Highlands

CA adoption studies are scanty and hence it is
difficult to generalize as most of them have been
based on small localized areas only. However,
they depict the general trend of CA adoption in
the country. A study conducted in Mshewe Ward
in 2014 indicated that, of the 43 households
participating in CA FFS, only 5% were early
adopters who practised CA on their own farms;
65% were at a ‘Try and Observe’ stage, including
37% who were trying reduced soil disturbance
with cover crops on 0.1-0.4 ha only, with the
rest of their farms being tilled conventionally
with ploughs; 16% were testing reduced soil dis-
turbance with tine rippers on 0.1-0.7 ha only;
and 12% were trying use of cover crops only
(mucuna, lablab or pigeon peas) on 0.1-1.2 ha,
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with the rest of their farms being tilled conven-
tionally with ploughs (Banjarnahor, 2014).

Mkomwa et al. (2007) found that 20% of
the 143 households that started practising CA in
small plots of their farms when it was introduced
in 1998 in Mshewe Ward were still practising
in 2002; others had dropped out, probably be-
cause they were looking for quick returns, had
difficulty using harvested cover crop seeds (espe-
cially mucuna) or had insignificant increase in
maize yields as the rainfall was high in the area
and there was less risk from drought as the
average annual rainfall was 900-1200 mm.
A baseline survey conducted by the ACT in the
six districts of Mbarali, Njombe, Karatu, Kongwa,
Bukoba Rural and Kwimba in 2011/12 indicated
that only 3% of the interviewed households in
Njombe implemented the three principles of CA
(i.e. minimum soil disturbance or NT, soil cover
and crop rotation or associations), while in
Mbarali it was almost negligible (non-existent)
and adoption in the other four districts was
standing at 5% (Lugandu, 2015).

On the other hand, a study carried out in
2018 involving a survey of 58 (18 female) farm-
ers out of 120 farmers who were farming
around ARI Uyole revealed increased adoption
rates of CA technologies (mainly reduced soil
disturbance and crop rotation) at the rate of
52%, 55% and 65% for the 2015/16, 2016/17
and 2017/18 cropping seasons, respectively.
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Farmers usually adopt the most ‘doable’
technology first and, with time, others follow
as more tangible benefits unfold. Key entry
points differ from one farmer to another; to
one it might be reduced labour, to another it
might be improved soil fertility, rainwater har-
vesting or compatibility with the intercrop-
ping system. The increased adoption rate of
CA technologies around ARI Uyole was a re-
sult of the sharp increase in labour costs in
conventional tillage agriculture in bean pro-
duction. In Wanging’ombe Ward the animal-
drawn tine ripper was adopted first, unlike the
hand-powered jab planter, because farmers in
the area have been using oxen for a long time
and they felt that using the jab planter was
retrogressive (Mkomwa et al., 2007; Mlengera
etal., 2018).

6.3 Main Achievements and
Challenges of Conservation
Agriculture (CA) Adoption

6.3.1 Main Achievements

Among the achievements of the work under-
taken by ARI Uyole and other organizations
are CA-awareness creation in the farming
community, administrators and policy makers
in the Southern Highlands through both on-
station and on-farm trials, field demonstrations,
public or contact meetings and agricultural
shows. Under the Common Market for Eastern
and Southern Africa (COMESA) climate change
project funded by Norwegian Agency for Devel-
opment Cooperation (NORAD), for example, ACT
invited the Mbeya District Authorities (District
Executive Director and District Commissioner) to
a CA study tour in Zambia and Zimbabwe, and
to the first Africa Congress on Conservation
Agriculture (1ACCA) held in Lusaka, Zambia,
respectively.

Most farmers around ARI Uyole (79%)
mentioned the institute as the main source of
CA technologies and know-how; very few ac-
knowledged that they obtained the information
from other sources such as the internet (5%),
printed or published materials (8%) and learn-
ing in school/college/universities (about 8%)
(Mlengera et al., 2018). Training of extension

officers and lead farmers has been conducted;
these have formed core teams for training farm-
ers in their respective villages in a more continu-
ous and sustainable manner. Other research
centres in the country are involved, such as
Selian Research Institute, TARI Mlingano and
TARI Ilonga as a spillover effect from ARI Uyole.
Various CA technologies have been tested
and promoted by these institutions, including
reduced soil disturbance, cover crops and crop
rotation patterns.

Suitable cover crops for the Southern High-
lands have been established after extensive
screening of both locally available and imported
cover crops. The farmer-preferred tropical cover
crops are canavalia, pigeon peas, lablab, cowpeas,
crotalaria and mucuna. The preferred temperate
cover crops are vetch and lupines. It has also
been established that some of the cover crops —
like pigeon peas, canavalia and lablab — have the
capability of penetrating hard pans, thus loosen-
ing the soil up to a depth of 1 m below the sur-
face. This reduces the need for mechanical
means such as subsoilers, and the effect becomes
stronger with optimal spacing.

However, the use of mucuna was limited as
it requires special processing — such as continu-
ous boiling for 6 h — to detoxify it before it can be
used as food or feed for livestock. Research
carried out by SUA and ACT (Aboud et al., 2010)
on the detoxification of mucuna concluded that
thermo-extrusion at 165°C and slow screw
speed (10 rpm) reduces concentration of L-DOPA
in mucuna seed to levels safe for human and ani-
mal consumption. Furthermore, in local chicken
feeds, thermo-extruded mucuna seed meal can
be incorporated in diets at up to 30% without
any deleterious effects.

Related work was carried out in Muheza
district, Tanga, Tanzania, by TARI Mlingano, to
determine options for enhancing use of Cana-
valia ensiformis. The canavalia seed materials
have been reported to contain appreciable
levels of protein, desirable amino acids, fatty
acids, starch and minerals. Despite the desir-
able nutritive features, the canavalia seeds
are not extensively used as food/feed, mainly
owing to the presence of certain anti-nutritional
compounds. Limited information is avail-
able on the effect of the level of substitution
of processed canavalia seeds as a protein
source in common animal feeds. Maulaga
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et al. (2014) studied treatments containing
varying combinations of soaked, boiled cana-
valia beans and soaked, toasted canavalia
beans to replace sunflower seed meal and fish
meal at 0, 25%, 50% and 100% levels as pro-
tein sources. Maize meal and maize bran were
used as a source of energy. The study showed
that the diets based on soaked and toasted
beans at 25% and 50% substitution level gave
good results, indicating that substitution of
sunflower seed meal and fish meal with pro-
cessed canavalia beans has potential in
poultry diets. This was exhibited through its
protein and basic amino acid content, relatively
low fibre, good energy level and good mineral
contents. The potential of canavalia beans as a
human food has been demonstrated by Ndabi-
kunze et al. (2014). Canavalia bean treatments
have included soaking, treatment with trona
and germination. Soaking had minimal effect
on reducing phenolic compounds but germin-
ation of canavalia beans for 48 h had the high-
est (82%) reduction effect. Acceptability tests
were performed on products prepared from
composite flour made from canavalia beans
germinated for 48 h. The products included
breads, buns and porridges. Panellists liked the
buns much more than the breads and porridg-
es. These two studies sought to increase options
for canavalia use that will overcome constraints
to the adoption of green manuring and cover
crop technologies.

There is also involvement of the private
sector, including small-scale CA implement
manufacturers like Intermech Engineering
Ltd, Nandra Engineering and SEAZ Ltd; and
agro-input dealers, agro-processors, medium-
and large-scale farmers in the promotion or
up-scaling of CA. Large-scale farmers like
Otto Ulyette in Kilolo District, Iringa Region,
manage 500 ha under CA. He is providing
training and supply of agro-inputs such as
herbicides, fertilizers and some ripping ser-
vices to smallholder farmers around his
farm. A number of agro-input dealers and
agro-processors have been trained and are
also supporting smallholders with supplies of
agro-inputs. By facilitating this linkage
to input suppliers, farmers can gain access to
genuine inputs and the option to procure in-
puts on credit through their farmer group
structures.
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Medium-scale farmers owning tractors
have been trained on CA and use tractor-drawn
tine rippers and direct seeders to reduce soil dis-
turbance, and provide direct seeding services to
other farmers in their localities. The introduction
of tractor-based mechanization service providers
has increased accessibility of the very expensive
CA equipment to a wide spectrum of smallholder
farmers who do not have the capital or skills to
buy and manage the implements. About 120 ha
were put under minimum soil disturbance prac-
tice in the Southern Highlands in 2015 when this
programme started serving about 90 small-
holder farmers. Some local manufacturers —
such as Intermech of Morogoro, Nandra Engin-
eering of Moshi and SEAZ of Mbeya, and local
artisans — have also acquired skills in the fabri-
cation of CA equipment like jab planters and
animal-/tractor-drawn rippers, subsoilers, knife
rollers and direct seeders, thus increasing the
availability of such equipment locally.

6.3.2 Challenges of CA Adoption

The adoption of CA in the Southern Highlands
has been slow because of a number of chal-
lenges such as change in mindset; the difficulty
of weed control particularly during the first
2 years; inaccessibility of appropriate mechan-
ical equipment and cover crop seeds; crop resi-
due use for livestock feed competing with soil
cover needs; and lack of capital investment. It
was observed that farmers in Mshewe Ward
and elsewhere in Mbeya perceived that plough-
ing is necessary to loosen the soil for proper crop
development and weed control. Thus, farmers
could not mentally switch to tine ripping, espe-
cially when the availability of herbicides was
questionable (Banjarnahor, 2014).

The limited use of introduced cover crops
such as mucuna to improve their livelihoods,
including edibility and marketability; free-
range communal grazing of livestock which
made it difficult for farmers to retain the crop
residue on their farms; and lack of pronounced
yield increment, especially in the first few years,
made farmers more hesitant to adopt the tech-
nology. In the Southern Highlands, there were
no established markets for cover crop seeds, such
as lablab, unlike in the Northern Highlands
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where there was a ready market in neighbour-
ing Kenya.

Lack of capital to purchase inputs such as
cover crops, herbicides, improved seeds, fertil-
izers and CA equipment makes change difficult
for cash-strapped smallholder families. These
mostly depend on income from sales of their
crops, which in most cases are not even enough
to meet their household obligations and last only
for a short time, probably 2—3 months a year.
Further, limited opportunities in investing saved
time from the adoption of CA to other economic
productive activities, such as value addition or
agro-processing, has made it difficult to spread
the higher investment costs in CA over a number
of enterprises and thus absorb the additional
requirements.

It may be difficult for farmers who have
been practising conventional tillage agricul-
ture for many years to comprehend the new
concept of CA easily, as it contradicts much of
their conventional farming knowledge and tra-
ditions. Thus, more time is needed on the
learning curve, including trying and observ-
ing for tangible benefits in farmers’ small plots,
before up-scaling. The duration of most CA
donor-funded interventions has been short
(3 years or less) which has not been enough to
allow farmers to complete the learning cycle
and allow them to make informed choices be-
tween the various introduced technologies. It
has been reported that, when adoption occurs,
farmers might apply the proposed CA practices
in only a small plot of their land or adopt it
partially and in a stepwise manner, adopting
only the most relevant and doable components
in their environments (Kassam et al.,, 2009;
Derpsch et al., 2010; Nkala et al., 2011; Umar
etal.,2011).

The fragmented project approach in the
promotion of CA as practised by many donor-
funded projects and NGOs has further exacer-
bated the situation, as they were location-specific
and covering few farmers only in a district, and
dealing only with specific aspects of CA such as
training or skills development. Such interven-
tions have been short lived and many activities
were abandoned by farmers as the projects
ended. Many farmer groups disintegrated after
the project as sometimes farmers were motiv-
ated only by the package they were given, such
as free seed or fertilizer.

6.4 Conclusions and
Recommendations

6.4.1 Conclusions

CA is a promising sustainable system in small-
holder farming in the Southern Highlands of
Tanzania. It is cost effective, with net benefits
that sometimes increase threefold, compared to
conventional tillage agriculture involving use of
animal- or tractor-drawn ploughs. High net
benefits in CA are obtained as a result of reduced
cost of production and increased yield.

The inclusion of other economic invest-
ment opportunities, apart from crop production,
enable smallholder farmers to utilize more effi-
ciently the time saved with CA interventions,
which increases their household incomes and
improves their livelihoods. The investment oppor-
tunities may include poultry farming, rearing of
small ruminants or other investment opportun-
ities in their localities.

The use of cover crops is important in im-
proving soil fertility and increased yields. Some
deep-rooted cover crops such as pigeon peas,
canavalia, mucuna and lablab are useful in com-
pacted soils as they penetrate the hard pans and
break up the soil. This increases rainwater infiltra-
tion and improves in situ water harvesting. How-
ever, the extensive use of some cover crops such
as mucuna, canavalia and lablab in the South-
ern Highlands has been hampered by lack of
immediate tangible benefits such as edibility or
marketability to improve household incomes.
Options for treatment of these non-edible cover
crops, such as extrusion, should be promoted.

The adoption of CA has been low in the
Southern Highlands, like elsewhere in Tanzania,
due to a number of challenges such as change in
mindset; the difficulty of weed control particu-
larly during the first 2 years; inaccessibility of
appropriate mechanical equipment and cover
crop seeds; crop residue use for livestock feed
competing with soil cover needs; and lack of
capital investment.

Inclusive discussions between farmers and
CA researchers and promoters on the challenges
of CA are important in seeking possible solutions
suitable for and applicable to their own local en-
vironments. Many problems are localized and
mostly site-specific, depending on the biophysical
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and socio-economic context, and no solution
can cut across the diversified geographical and
socio-economic conditions in the Southern
Highlands.

Short-term interventions in CA, sometimes
of less than 3 years by ARI Uyole researchers,
NGOs, academic institutions and other donor-
funded projects have been effective in creating
CA awareness. However, farmers need more
time in assessing and evaluating new technolo-
gies in their own farm environments as, to the
majority, it is very difficult to be convinced abruptly
that ‘farming without ploughing’ works com-
pared to conventional tillage, a technology which
has been inherited from ancestors and practised
from time immemorial. More participatory
approaches give farmers a free mandate in se-
lecting and testing a technology of their choice
in their small plots. In practice, farmers’ ability
or willingness to implement or partly adopt CA is
based on their perception of what is feasible in
their particular circumstances, as individual
and site-specific potential constraints still play a
role in the continuity and spread of CA.

The involvement of medium- and large-
scale farmers and other private sector players
like agro-input dealers, processors, machinery
dealers, financial institutions and structured
markets are important to bring closer services
and ready markets for crops in the up-scaling of
CA. Once convinced, medium- and large-scale
farmers will practise the technology at a larger
scale, demonstrating CA visually, and may facili-
tate smallholder farmers with support services
like machinery hire and supply of agro-inputs
closer to their localities. Medium-scale farmers
owning tractors may also offer minimum soil
disturbance seeding services to smallholder
farmers, thus bringing closer the availability of
the much-needed CA equipment.

6.4.2 Recommendations

A holistic value chain approach is recommended
in CA interventions, bringing together various
players including scientists, trainers, extension
workers, administrators, policy makers, agro-
input and machinery dealers, machinery service
providers, agro-processors and financial in-
stitutions to bring services closer to farmers.
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A market pull approach should be emphasized,
rather than the technological push approach
which has commonly been practised. Business
models such as contract farming should be
encouraged, as they offer ready markets for
farmers and provide support services such as
agro-inputs, machinery hire, short-term
credit and technical advisory services, which
are important in propelling agriculture forwards
in the country.

Collaborative activities among the various
actors promoting CA should be emphasized, as
more tangible results may be obtained through
pooling of resources and expertise while avoid-
ing duplication of efforts and sending different
messages which sometimes may be conflicting.
Champion organizations like ARI Uyole should
be supported and the centre for excellence under
development should be facilitated as it may be-
come the hub for CA promotion and up-scaling
in the Southern Highlands as the basic infra-
structure is already established. CA knowledge
management, information flow and networking
should also be improved.

Long-term CA interventions or programmes
are recommended and farmers should be taken
through the complete learning cycle in testing
CA technologies in their own farm environ-
ments. CA learning FFS plots should be worked
first, such as breaking hard pans before treat-
ments are imposed, as crop development may be
hampered, especially when ripping does not go
beyond the hard pan. In Brazil this is known as
‘treating the soil’; and, together with breaking
hard pans, liming is done in acidic soils.
Aspects of financing such as promotion of
savings and credit societies (SACCOS) and
village community banks such as ‘VIKOBA
should also be incorporated in FFS. These have
been influential in supporting small busi-
nesses in the villages and may partly cover the
financing of CA equipment procurement while
ensuring sustainability and continuity of activ-
ities even after the end of projects.

Entrepreneurial CA machinery hire services
should be promoted, especially to youth, as they
increase the availability of power to the small-
holders who do not have the capital or skills to
buy and manage the machinery. Through this
arrangement, smallholders will be required to
meet only the machinery hire charge, which is
affordable to the majority.
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Note

" Until 2016 the Tanzania Agricultural Research Institute (TARI) Uyole was known as the Agricultural
Research Institute (ARI) Uyole.
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