1

Biennial Africa
Climate Smart Agriculture
Stakeholders Conference

Proceedings

EDITORS:
Oluwole A. Fatunbi
Paolo Sarfatti

1st – 2nd December 2020
Online: Via ZOOM

2

3

Biennial Africa Climate Smart
Agriculture Stakeholders Conference

Proceedings
1st – 2nd December 2020
Online: Via Zoom

Editors:
Oluwole A. Fatunbi
Paolo Sarfatti

4

Citation
FARA (2021). Proceeding of the First Biennial Africa Climate Smart Agriculture Stakeholders
The conference, Accra, Ghana. 1-2 December 2020. Fatunbi AO and Sarfatti P (Eds). P245.
Layout and Design
Daniel Peprah ( Communications Assistant)
Knowledge Management, Learning and Communications Cluster, FARA
Contact
publications@faraafrica.org

FARA encourages fair use of this material; proper citation is required
Forum for Agricultural Research in Africa (FARA)
No 9, Flower Avenue, New Achimota,
PMB CT 173, Accra Ghana
Tel: +233 302 772823 / 302 779421
Fax: +233 302 773676
Email: info@faraafrica.org
Website: www.faraafrica.org
ISBN: 978-9988-8373-3 – 8

FARA Disclaimer
Opinions expressed in the articles, studies and other contributions in this conference proceeding is solely that of the
authors. It does not represent the opinion of FARA nor signifies its endorsement.

EC Disclaimer
This project has received funding from the European Union / IFAD Grant Number 2000002984 This output only reflects
the views the author(s), The European Union and IFAD cannot be held responsible for any use which may be made of the
information contained therein.

5

Table of Contents
Acknowledgement -------------------------------------------------------------------------------------------------------------------6
Foreword-------------------------------------------------------------------------------------------------------------------------------7
Openning Session .......................................................................................................................................................................................9
Lead Paper .................................................................................................................................................................................................12
Commissioned Paper 1............................................................................................................................................................................17
Commissioned Paper 2............................................................................................................................................................................22
Commissioned Paper 3............................................................................................................................................................................26

Parallel Session 1
Spate of Technology Development and Adaptation in Climate Smart Agriculture (CSA)
Paper 01: A review of current Climate Smart Agriculture Technologies: Adoption and Impact in Integrated Smallholder Farming Systems of Zimbabwe.
.................................................................................................................................................................................................................................................................................3 2
Paper 02: Adaptation Strategies of Poultry Farmers to Climate Change in Egbeda Local Government Area of Oyo State............................................... .........55
Paper 03: Towards a Framework for Global Stocktaking of Adaptation: Insight from Stakeholders Consultation and review of Climate Ambitions of Africa
Countries....................................................................................................................................................................................................................................................... .........68
Paper 04: Access and Dissemination of Climate Smart Agriculture Information and Technologies Using Telephone Applications Among Field Workers in
Edo State, Nigeria........................................................................................................................................................................................................................................ .........72
Paper 05: Information Sharing for Climate Change Adaptation: Mozambique Small Scale Farmers..................................................................................... .........74
Paper 06: Adaptive Capacity and Adoption of Climate Smart Agricultural Practices among Smallholder Farmers in Northern Benin............................ .........77

Parallel Session 2
Foresight, Projections And Futures Of CSA In Africa
Paper 07: Foresight, Projections and Futures of CSA in Africa Vulnerability of Smallholder Farmers to

Climate Change in East Hararge Zone, Ethiopia

................................................................................................................................................................................................................................................................................. 79
Paper 08: Institutional Interventions, Socioeconomic Status and Climate-Smart Practices of Farmers in South East, Nigeria ........................................ ........97
Paper 09: Aligning Long-Term low Carbon Climate-Resilient Development Strategies with Nationally Determined Contributions (NDCS) and National
Adaptation Plans (Naps) in the Agriculture Sector in Africa: The Case of Kenya, Ghana, Uganda and Zambia .................................................................... ......107
Paper 10: Analysis of Factors Determining the use of Climate-Smart Agriculture (CSA) Technologies: Case of Benin....................................................... ......123
Paper 11: Apomictic Climate- Smart Brachiaria and Panicum Maximum for Improving Livestock Production: Opportunities for Africa........................ ......124

Parallel Session 3
Innovative CSA Technologies and Practices in Smallholder's Systems
Paper 12: Innovative CSA Technologies and Practice for Africa Smallholder Farmers Enhancement of Rice Husk for Finisher Broiler Diet: A Panecea
Towards Climate Smart Agriculture in Africa......................................................................................................................................................................................... .......126
Paper 13: Exploring Smallholders’ Preferences for Climate Smart Seed Innovations in Ethiopia: Stated Choice Analysis.................................................. .......132
Paper 14: Soiless Farming; The Smart Climatic Agriculture for Youth Perception :Reformation and Food Security .......................................................... .......147
Paper 15: Carbon Farming Opportunities for Crop Cooperatives in Uganda............................................................................................................................... .......155
Paper 16: Assessment of The Pfumvudza Model as Climate Smart Agriculture Concept in Zimbabwe................................................................................. .......165
Paper 17: Enhancement Of Rice Husk For Finisher Broiler Diet: A Panecea Towards Climate Smart Agriculture In Africa.......................................................167
Paper 18: Implications for capacities for climate resilient agricultural extension and advisory services in Uganda.................................................................... 174

6

Parallel Session 4
Synergies and Trade-Offs among the CSA Pillars, Productivity, Adaptation Mitigation
Paper 19: Analysis of Usage and Determinants of Climate Smart Agriculture among Farmers in Ebonyi State, Nigeria.................................................... 190
Paper 20: Assessing Effect of The Fungus Beauveria Bassiana on Yield of Cotton Variety Okp 768 Resilient to Climate Change.................................. 199
Paper 21: Determinants of Smallholder Farmers Adaptation Strategy to Climate Change in Nigeria..................................................................................... 207
Paper 22: Climate Change Adaptation Methods and Quality Delivery of Federal Universities in North Central Nigeria................................................... 218
Paper 23: Adoption of Climate Smart Agriculture Technologies by Smallholder Farmers in Zambia....................................................................................... 223

Lead Paper One: Pathways for Transforming Africa’s Agriculture in the face of a Changing Climate .................................................................................... 226
Lead Paper Two: Mobilization of financial ........................................................................................................................................................................................... 228

Panel Discussion
Joint Development of Continental Direction for Action on CSA.................................................................................................................................................. 232
Priorities for Knowledge Sharing and Capacity Development for Advancing CSA in Africa.................................................................................................. 234
Implication of Policy, Advocacy, and Resource Mobilization for Advancing CSA in Africa..................................................................................................... 237
Key Summaries, Take Home Information’s, The Way Forward, Closing Remarks and Conclusions...................................................................................... 239

7

Acknowledgements
The Forum for Agricultural Research in Africa (FARA), working with the implementing partners of the CAADP-XP4 project
(AFAAS, CORAF, CCARDESA and ASARECA), wishes to acknowledge the contribution of the various organizations that
partnered to develop and implement the Biennial Africa CSA Stakeholders Conference. FARA particularly recognizes the
great partnership with AUDA/NEPAD, FAO, AGNES, CCAFS, GACSA, CSAYN. The contribution of the high-level professionals from various organizations that served as panelists or helped to facilitate the different sessions of the conference is
acknowledged.
The conference received immense support from the IT officers and the team of interpreters from Symposia Consult Ghana
Ltd for the virtual conference. FARA also wishes to acknowledge the huge contribution of its donors, viz., the European
Commission (EC) , and the international Fund for Agricultural Development (IFAD).
Executive Organizers
Name

Organization

Dr. Yemi Akinbamijo

Executive Director, FARA

Dr. Aggrey Agumya

Director of Research and Innovation, FARA

Technical Organizers
Name

Organization

Prof. Oluwole Fatunbi

FARA

Mr. Richard Kombat

FARA

Ms. Karen Munoko

FARA

Dr. Paolo Sarfatti

Independent Consultant

Dr. Baitsi Podisi

CCARDESA

Mr. Max Olupot

AFAAS

Dr. Moses Odeke

ASARECA

Mr. Maurice Lorka

CORAF

Dr. Robert Zougmore

CCAFS

Dr. George Wamukoya

AGNES

Dr. Manyewu Mutamba

AUDA-NEPAD

Mr. Divine Ntiokam

CSAYN

Berrahmouni, Nora

(FAORAF)

Invited Section Facilitators and Panelist
Name

Organization

Dr. Mwamakamba, Lufingo

GACSA

Dr. Caren Ouma

United State International University, Kenya

Ms Sithembile Mwamakamba

FARNAPAN

HE Hans Hoogeveen

GACSA

Dr. Felister Makini

KALRO, Kenya

Dr Linah Muhonja

KALRO, Kenya

Madam Bonjiwe Njobe

Board Chair, GFAR

Dr. Majola Mabuza

SACAU

Dr. Nassirou Ba

ACPC (UN-ECA)

Prof. Oladele Idowu

AFAAS/ Nigeria Fora

Dr. Patrick Kalas

FAO

Prof. John Morton

AGRINATURA

Dr. Ade Freeman

FAO

Dr. Harsen Nyambe

AU-DREA

Dr. Martins Fregene

AfDB

Christophe Larose

European Commission

Malu Ndavi

IFAD

8

Foreword
Climate Smart Agriculture (CSA) has been promulgated as the framework to ensure the sustainability of African agriculture
in the face of the ravaging effects of climate change. Latest IPCC, AR5 (2014); AR6 (2021) predictions suggest that there
will be a 22% drop in crop yield in Africa by the year 2050 if a significant effort is not channeled to stop the effects of climate
change. The FAO defined the three pillars of CSA to include: (1). Sustainably increase agricultural productivity and income,
(2) Adapt and build the resilience of people and food systems to climate change, and (3). Reduce and or remove greenhouse
gas emissions where possible. These have guided the various efforts aligned to CSA in Africa. Apparently, there is already
a proliferation of actions at different societal and organizational levels and therefore duplication is not far-fetched. Active
coordination of the different actions is imperative if the continent is to have a coherent solution to the scourges as they
emerge.
The Forum for Agricultural Research in Africa (FARA) plays a significant role in coordinating agricultural research and development activities in Africa. It thus aims to give attention to the issue of coordinating CSA action, starting from carrying out
a scoping study and mapping of the various initiatives to identifying the state of knowledge, technologies, and institutional
arrangements. This will contribute to the development of adaptation and mitigation actions as well as recommendations for
policy actions. FARA will further create an interactive climate-smart portal for knowledge and technology exchange among
stakeholders. The portal will have an analytical segment to provide data. It will also be interoperable with other platforms
within the FARADataInforms .
The second strategic action is the organization of the Biennial Africa CSA Stakeholders Conference. The conference aims
to create a forum for discussion among the different practitioners of Climate-Smart Agriculture. The first conference was
organized from 1st to 2nd December 2020 as part of the CAADP-XP4 project in close collaboration with AFAAS and the
SROs (CORAF, CCARDESA and ASARECA). The CAADP-XP4 organizations partnered in this conference with FAO, CCAFS,
AGNES, GPCSA, CSAYN and AUDA/NEPAD. This conference is proposed to take place on a biennial basis for stocktaking,
reporting on initiatives, and joint identification and prioritization of the next line of action. It also engaged in policy and
advocacy discussions.
This proceedings report contains different policy and technical presentations from the 2020 biennial conference. It documents the technical and scientific presentations made and gives a summary of the different panel discussions and high-level
dialogues. It provides a rich overview of the state of technology development on the CSA and the prospective technical and
policy action to advance the course of CSA towards the achievement of the CAADP productivity and sustainability goals.
I gladly recommend this material to all stakeholders in African agriculture as reference material and potent tool to foster the
development of CSA as an enabler framework to ensure the sustainability of African agriculture.

Yemi Akinbamijo, PhD
Executive Director, FARA
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Day One

Openning
Session
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Introduction
In the wake of climate change, the agricultural sector is seen as the prime contributor and the sector to be most affected by
the global evil. In 2009, Climate-Smart Agriculture was developed and introduced to mitigate the effect of climate change
on the agricultural sector. The CSA framework gained acceptance, and its implementation seems to have gained ground
among stakeholders in African agriculture. More than ten years after the promulgation of the CSA framework, the Forum for
Agricultural Research in Africa (FARA), the Centre for Coordination of Agricultural Research and Development for Southern
Africa (CCARDESA), the West and Central Africa Council for Agricultural Research and Development

(CORAF), the As-

sociation for Strengthening Agricultural Research in East and Central Africa (ASARECA), the African Forum for Agricultural
Advisory Services (AFAAS), the Food and Agriculture Organization of the United Nation (FAO) and other major partners
jointly organized a conference dabbed “Biennial Africa Climate-Smart Agriculture Stakeholders’ Conference”. The central
objective of the conference was to foster a continental and national CSA readiness to avert the negative effects of climate
change and ensure the sustainability of agriculture, food, and nutritional security using the food systems approach. The
specific objectives were to discuss and update progress on the state of CSA initiatives and contributions of science; present
a foresight analysis relevant to CSA; provide a continental direction for action based on a bottom-up approach; and foster
discussion on policy and advocacy on CSA actions.
The concept of “Climate-Smart Agriculture” (CSA) has gained ground as a keyword in agricultural development projects.
FAO [http://www.fao.org/climate-smart-agriculture/en/] defined CSA as “an approach that helps to guide actions needed to
transform and reorient agricultural systems to effectively support the development and ensure food security in a changing
climate” with the aim of tackling three main objectives: sustainably increasing agricultural productivity and incomes; adapting and building resilience to climate change; and reducing and or removing greenhouse gas emissions, where possible.
The conference delivered the following outputs: i). Provide and analyze progress on CSA initiatives across the continent, ii).
Collate report on foresight analysis on CSA, iii). Engage in policy discussion and produce a brief on CSA in Africa. iv). Produce
key publications on advances in CSA and v). Provide a biennial roadmap for continental action on CSA. The conference
was held from the 1st to 2nd December 2020 and attracted many stakeholders across the continent and other part of the
globe with over 850 participants joining on Zoom, FARA Facebook page, and YouTube channel. The conference featured a
two-day packed program with three (3) Opening remarks, one lead paper presentation, and discussion, three commissioned
studies and discussions, and a breakout session for research paper presentations on four (4) different themes on the first
day. The second day featured two (2) lead paper presentations, three different panel discussions on different themes, a
take-home message, and closing remarks.
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Opening Remark – Dr. Yemi Akinbamijo, Executive Director, FARA
In his opening remarks, Dr. Yemi Akinbamijo, the Executive Director (ED) of FARA welcomed all participants and attendees
to the conference. He reiterated that the conference is organized as part of the activities of CAADP-XP4 program supported by the European commission (EC) within its DeSIRA initiative. The CAADP-XP4 organizations include FARA, CORAF,
ASARECA, CCARDESA, and AFAAS. These organizations partnered with other front-line organizations that are promoting
Climate-Smart Agriculture in Africa, viz., AUDA-NEPAD, CCAFS, AGNES, FAO, Global Alliance for CSA (GACSA), CSA-Youth
Network, LED-Partnerships, and AgriNATURA. Dr. Akinbamijo added that CSA is an important issue and there is no better
time to give priority attention to it than now when the negative impact is affecting the global food system. For more than a
decade, Africa has been at the receiving end of the scourge of this change ranging from excessive rainfall leading to flooding, shortage of water in some instances, drought, increased desertification, and incidence of strange pests and diseases.
The effects of climate change on African agriculture are further acerbated by old and systemic constraints that affect the
functionality of the African agricultural sector. While the concerted efforts are beginning to yield results; the sector lately
got attacked indirectly by the global COVID-19 pandemic. The pandemic seems to be slowing down the pace of agricultural transformation as it directly affects health and the, and well-being and decimates economies. COVID-19 appears to
be getting all the attention and resources at the moment. The CSA is developed as a framework to foster the adaptation
and/ or mitigation of the effects of climate change to ensure sustainable production and productivity of African agriculture.
The objective of this two-day gathering is to foster continental and national CSA readiness to avert the negative effects of
climate change and ensure the sustainability of agriculture, food, and nutritional security by using a food systems approach.
He added: “I reckon that based on this objective, we will need to first assess the state of events with the various CSA actions
across Africa and then project the way forward. I observe that the organizers have taken a lot of time and due diligence to
bring key individuals and stakeholders’ organizations together to achieve this feat”.
Let me place my personal sentiment on records in this conference. Firstly, the issue of technology mismatch in African agriculture is still puzzling! We must work hard to develop a system for technology generation such that every technology that
is developed will meet an expressed need by the end-users. The obvious answer is to foster the linkages between technology users and developers. An opportunity exists with the current drive to ensure that all technologies are CSA- compliant.
Secondly, may I ask? who determines the focus of CSA drive in Africa? Who is accountable for the things we do? I put this
to the technocrats in this conference to think carefully about these questions and generate answers to help African agriculture.” Finally, Iwished all participants a very successful meeting.
.

Opening Remark – Mr. Malu Ndavi, Lead Technical Specialist at IFAD
Mr. Malu Ndavi the lead technical specialist at IFAD stressed in his opening remarks the following;
1. I find it a great pleasure to be part of this important conference that brings climate-smart agriculture (CSA) stakeholders
across Africa countries together to deliberate on the state of knowledge and technology generation.
2. As indicated in the conference guide, the objective of this conference is to: (1) Present and discuss progress on the state
of CSA initiatives and the contributions of science. (2). Present a foresight analysis on the futures of CSA in Africa, (3).
Jointly develop a continental direction for action based on a bottom-up approach and (4). Carry out policy and advocacy
discussions on CSA actions.
3. These objectives are pertinent to inform the direction of action to advance the development of African agriculture. I
think that all technologies should also be CSA-compliant.
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4. IFAD is committed to the development of African agriculture through its numerous programs and investment in the
sector. In the case of this conference, IFAD is contributing to and managing the funding of the CAADP-XP4 program.
This program is aimed at strengthening the ex-pillar 4 organizations in the early days of CAADP implementation. These
organizations include FARA, CORAF, ASARECA, CCARDESA and AFAAS. The fulcrum of this support is to ensure a
climate-smart compliant development for the sector.
5. I reckon that this biennial conference signifies the take-off of a process in smart alignment with various efforts across
the continent. The process should coalesce into a renewed commitment and joint development of the next level of
action especially around leveraging science for technology development, dissemination, utilization, and stewardship.
6. Let me express my gratitude to you all for your good effort and contribution to the development of African agriculture.
I wish you a very fruitful deliberation.

Opening Remark – Mr. Christoph Larose, Head, Sector in Charge of Sustainable
Agriculture Including Innovation, Research, and Digitalization in Agriculture at
the EC.
In his opening remarks, he expressed the European Commission’s pleasure to be part of the conference. The European
Commission believes in the roles that these organizations can play. He was pleased with the presence of the different
organizations in the meeting. Mr. Larose indicated that climate change is affecting all of us and we will have to deal with
this issue in the coming years. He added that the European Union is positioning itself strongly and is trying to help address
climate change.
He further stressed that we needed to ensure that the solution that we put forward must be sustainable in terms of economics, social, and environmental. This suggests that we must accept the complexity of the issues to tackle and that many
of the solutions options are context-based. We must accept that science has a key role to play in providing knowledge but
actors on the value chain are important as well. It should be moving forward and it calls for a very broad understanding
and vision of what innovation is all about, making the best use of what technologies can bring in terms of knowledge that
is gathered on the continent. He then declared the two-day conference duly opened
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Abstract
Achieving food security in the face of accelerating food demand, competition for depleting resources, and the failing ability
of the environment to buffer increasing anthropogenic impacts is now widely seen as the foremost challenge of our time
(Beddington et al., 2012). Current food systems are not on a sustainable trajectory that will enable us to reach the Sustainable Development Goals by 2030, and major failures are related to production and nutritional targets, inclusivity, and environmental footprint (Loboguerrero et al., 2020). Moreover, climate change is one among a set of interconnected trends and
risks facing agriculture and food systems (Pielke et al., 2007). According to Loboguerrero et al. (2020), in relation to climate
resilient food systems, we are falling short on taking the actions needed to limit global warming and we may be on track to
a 3.1–3.7 ◦C warmer world, which is over the target of the Paris agreement and would be disastrous for food systems (du
Pont and Meinshausen, 2018). Many food system actors are highly vulnerable: there will be at least 700 million small-scale
agricultural producers in 2030, for example, and we are not on the right pathway to build their resilience to extreme events
within a short period of time. Also, according to FAO (2018), climate change will cause 71 million food-insecure people, with
half from sub-Sahara Africa, and with corollary issues such as loss of employment, income, nutrition, well-being, degradation
of lands and natural ecosystems, etc.
In Africa particularly, low-income producers and consumers of food will be more vulnerable to climate change owing to
their comparatively limited ability to invest in adaptive institutions and technologies under increasing climatic risks. There
is an urgent need to change the way we manage our food systems if the goal is to achieve food security and sustainable
development more quickly. While the growth in strategies, policies, partnerships and investments is positive and creates
a favourable enabling environment for Climate-Smart Agriculture (CSA), these need to be complemented with targeted
implementation on the ground, sustainable financing, institutional coordination and metrics to measure the efficacy of
interventions (Dinesh et al., 2017). Indeed, there is a need for a “safe operating space” for agricultural and food systems to
set up conditions that demonstrably better meets human needs in the short and long term within foreseeable local and
planetary limits and holds ourselves accountable for outcomes across temporal and spatial scales (Neufelt et al., 2013). This
will definitely help make agriculture and food systems climate-smart, i.e. when it can be shown that they bring us closer to
safe operating spaces. CSA has been a powerful concept to direct a focus on the climate change–agriculture nexus and has
united the agriculture, climate change and development communities under one brand.
This paper is a review of publications that cover the topic of climate-smart agriculture, food systems and sustainable development, focusing on Africa.

Results and Discussion
Generating knowledge on CSA technologies and practices for their scaling: lessons from the climate-smart village approach
One factor that contributes to low uptake of new technologies is that development practitioners lack evidence of how the
innovations can be practically incorporated into agricultural systems. They need to know how farmers can achieve synergies
and minimize trade-offs in implementing multiple interventions on real farms. Climate change complicates this because its
impacts will vary across locations. Effective implementation therefore requires an integrated approach in which science,
technology, and decision making interact with local socioeconomic conditions and cultures (Steenwerth et al. 2014).
As a pilot, the CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS) has supported the
setup of about 36 CSVs around five regions in the world, of which about 10 are located across East and West Africa (Bonilla-Findji et al., 2018).
In a study aiming to prescribing context-specific solutions that foster the scaling up of CSA technologies and practices in
West Africa, Ouédraogo et al. (2018) determined the top ten CSA technologies and practices adopted in the CSVs of Ghana,
Mali and Niger, and analysed the reasons and constraints to their adoption.
In the context of current and projected impact of climate change, experts have proposed several technological, institutional,
and policy interventions to help farmers adapt to current and future weather variability and to mitigate greenhouse gas
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(GHG) emissions. The climate-smart village (CSV) approach is a means of performing agricultural research for development
that robustly tests technological and institutional options for dealing with climatic variability and climate change in agriculture using participatory methods. CSVs are seen as ground laboratories and learning sites where we test & validate in an
integrated manner with the communities and other partners several agricultural interventions. Lessons learned from the
CSV are used for scaling up /out to other sites and for policy makers. The approach incorporates evaluation of climate-smart
technologies, practices, services, and processes relevant to local climatic risk management and identifies opportunities for
maximizing adaptation gains from synergies across different interventions and recognizing potential maladaptation and
trade-offs. It also ensures that these are aligned with local knowledge and link into development plans (Aggarwal et al.,
2018).
Table 1: Top ten adopted CSA technologies and practices in the 3 countries
Rank

Ghana (N=270)

Mali (N=300)

Niger (N=300)

1

Intercropping (95.1)

Farm mechanization (96.7)

Crop association (94.3)

2

Crop rotation (95.1)

New crop (95.3)

Organic/ compost manure (89.0)

3

Organic/ compost manure (90.2)

Organic/ compost manure (90.0)

Farmer managed natural regeneration
(88.7)

4

Early sowing/planting (81.8)

Monoculture (84.0)

Mulching (77.7)

5

Agroforestry/tree planting (61.5)

Crop association (78.0)

Early sowing/planting (64.7)

6

Use of climate information (59.7)

Farmer managed natural regeneration

Improved Variety (53.3)

(73.3)
7

Contour farming (57.7)

Crop rotation (72.7)

New crop (48.3)

8

Minimum tilling (56.4)

Micro-dosing (71.0)

Monoculture (46.7)

9

Late sowing / planting (50.2)

Improved Variety (66.0)

Agroforestry/tree planting (43,7)

10

Monoculture (46.5)

Use of climate information (65.3)

Zai/tassa (42.6%)

After Ouédraogo et al. (2018)

Results from Table 1 show that the type of CSA options as well as the level of its adoption vary from a site to another,
therefore, indicating that the adoption of CSA may be context specific and based on the needs and priorities of farming
communities. The most adopted technologies in all three countries were the use of organic manure/compost and crop
association/intercropping which were adopted by more than 90% and 78% respectively in all the three CSV site. In the
CSV site of Ghana, the most adopted CSA options were intercropping, crop rotation, organic/ compost manure, early
sowing/planting, with more than 80% of adoption rate. In Niger the most adopted options are crop association, organic/
compost manure, assisted natural regeneration with more than 80% of adoption rate. In Mali, significant differences in
the observed and potential adoption rates of the CSA technologies and practices, notably drought tolerant crop varieties, micro-dosing, organic manure, intercropping, contour farming, farmer managed natural regeneration, agroforestry
and climate information service (Ouédraogo et al., 2019). The most adopted technology was the organic manure (89%)
while the least adopted was the intercropping (21%). The observed adoption rate varied from 39% to 77% according
to the CSA options while the potential adoption rates of the technologies and practices ranged from 55% to 81%. This
implies an adoption gap of 2% to 16% due to the incomplete diffusion (lack of awareness) of CSA technologies and
practices which must be addressed by carrying out more actions to disseminate these technologies in the CSV. Results
showed that education, number of workers in the household, access to subsidies, and training have a positive effect on
the adoption of most of the CSA technologies and practices. The adoption of drought tolerant varieties and micro-dosing
are positively correlated with access to subsidies and training (Table 2).
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Table 2: Reasons for adopting CSA options (%)

Using climate information services to build resilience
In the quest to improve the capacity of farmers to better manage climate-related risks and build more resilient livelihoods
in West Africa, there have been various initiatives focusing on: (i) designing tailored climate information services and (ii)
communicating the results appropriately to farmers for their farm management decision-making (CCAFS, 2015). Since
2011, substantial successes have been achieved, particularly in Senegal and Ghana. In Senegal, a collaboration between
scientists, the national meteorological agencies and 105 rural community-based radio stations, resulted in the promotion of
economic development through communication and local information exchange, and seasonal forecasting, which allowed
to reaching about 7 million rural dwellers across the country (CCAFS, 2015). Climate information Services have benefited
fisher-folks, pastoralists and crop producers in managing farm-related, and other livelihood, activities. A study by Diouf et
al. (2020) reported that users (men and women) of the seasonal forecast in Senegal gained on average 158 kg/ha and 140
kg/ha more yield than the non-users, respectively, for millet and rice crops. The impact of the use of SF is greater for men
on millet (202.7 kg/ha vs. 16.7 kg/ha) and rice (321.33 kg/ha vs. 25.3 kg/ha).
In Ghana, a public-private partnership (PPP) business model was developed in 2017 to sustain the delivery of climate information services to farmers through mobile phone platforms. Preliminary results show that more than 300,000 farmers
(21% women) are paying an agreed $US0.2 monthly subscription fee to receive CIS through the PPP. The PPP has been
strategically linked to the Planting for Food and Jobs initiative of the Government of Ghana to make a strong case for the
mainstreaming of climate information services into agricultural development plans, programs, strategies and policies in
Ghana (Partey et al., 2018).
Science-policy interfacing to mainstream CSA into development policies and plans
Science-policy engagement efforts are crucial to ensure that scientific findings from agricultural research for development
inform actions of governments, private sector, non-governmental organizations (NGOs) and international development
partners, accelerating progress toward upper level goals (Dinesh et al., 2018). This section resumes key findings from
Dinesh et al. (2018) who synthesised CSA initiatives existing in East, West and Southern Africa sub-regions. Most of them
are closely linked with continent-wide initiatives. The New Partnership for Africa’s Development (NEPAD) agency is leading
the implementation of the African Union-NEPAD Agriculture Climate Change Programme, which aims to have 25 million
farm households practising CSA by 2025 (GACSA, 2016). A key continental initiative supporting this effort is the Africa
CSA Alliance, a partnership between NEPAD Agency and five international NGOs (CARE, Catholic Relief Services, Concern,
Oxfam, and World Vision), and linking closely with previous continental initiatives to transform agriculture in Africa, such
as the Comprehensive Africa Agriculture Development Programme (CAADP). The Alliance aims to reach at least 6 million
farm households with CSA thus contributing to NEPAD’s 2025 goal of reaching 25 million farm households (GACSA, 2016).
Conclusion
This review showed that it is possible to transform food systems in Africa, provided sound mechanisms and enabling condi-
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tions are followed. We need to reroute farming trajectories; increase the resilience of all the agents involved in rapid change
(reducing risks); minimise the environmental footprint of food systems (from a climate change perspective, a focus on reducing emissions); and realign the enablers of change. Climate-smart agriculture can play a key role in driving the change
through the implementation of the 3 pillars-productivity/adaptation/mitigation. In this perspective, researchers must engage with relevant partners to generate the knowledge evidence on potential CSA technologies, but must also communicate them in appropriate formats together with capacity building efforts to raise capacity for implementation (i.e., outreach).
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Introduction
Agriculture, particularly smallholder farming, plays a crucial role in providing food and employment in many African countries (Simelane, 2017). Smallholder agriculture is critical to household food security and rural development in Africa (Gollin,
2014). Msangi (2014) points out that many developing countries have identified small-holder farming as a viable platform
to combat food insecurity and rural poverty. For example, by 2014, about 20.7 per cent of the households in South Africa
were already involved in agriculture and 65 per cent of these farming households were smallholder farmers (Republic of
South Africa, 2014).
However, despite the potential of smallholder agriculture in Sub-Saharan Africa, there is the challenge of the vulnerability
of smallholder farmers to climate change and variability (Serdeczny et al., 2017). There is increasing pressure on land and
water resources due to climate change and variability, with much adverse impact on farming activities, thereby affecting
smallholder farmers (Pillay, 2016). Food and Agricultural Organisation of the United Nations, FAO, (2016) already revealed
that extreme weather conditions have facilitated much damage to crop production on smallholding farms in South Africa.
According to the report, 226 583 smallholder farms in South Africa were affected by the scourge of drought.
Climate-smart agriculture (CSA) has been recommended as a way out for farmers to cope with the challenges of climate
change and variability (Onyeneke et al., 2018). Climate-smart agriculture jointly handles food security, climate change and
ecosystem management (Lipper & Zilberman, 2018).
The concept of CSA pays ample attention to adequate use of land, residual management, and conservation of soil and water,
which are critical to productivity and are influenced by climate change and variability (Kitsao, 2016).
There is a triple-win benefit with CSA in the form of increase in productivity, climate change adaptation and reduction
or total removal of greenhouse gas (GHG) emissions (Mango et al., 2018). Climate-smart agriculture includes agricultural
adaptation techniques that can sustainably increase productivity, reduce or remove GHGs and enhance food security.
Climate-smart agriculture as a concept would maximize benefits and minimize undesirable trade-offs. Smallholder farmers
can incorporate CSA practices into a single farming system to open channels of benefits that can improve their livelihoods.
Climate-smart agriculture can enhance farmers’ resilience to climatic shocks and food security at household level (Maguza-Tembo et al., 2017). This paper investigates the contribution of CSA to the productivity of South African smallholder
farmers. The paper conceptualizes farming practices that fit into the profile of CSA as CSA practices.

Materials and Methods
This study was conducted in Mthonjaneni Local Municipality in KwaZulu-Natal Province of South Africa. The study area was
selected using the multi-stage sampling technique. KwaZulu-Natal Province was purposively selected based on its record
of high agricultural production and high proportion of smallholder farmers. The province has the highest number of farming
households in South Africa (Lehohla, 2016). King Cetshwayo District Municipality was selected at random from the province, while Mthonjaneni local Municipality was selected based on its high agricultural potential (Municipal Directory, 2019).
The paper adopts positivism and quantitative approach as research philosophy and approach. A cross-sectional research
design was adopted, given its allowance for time and cost efficiency. This paper adopts both descriptive and inferential
analytical techniques for robust conclusions. A composite score analysis was used to analyse CSA adoption intensity among
the sampled smallholder farmers, while a multiple regression analysis was used to analyse the effect of CSA adoption on the
productivity of the smallholder farmers.
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Results and Discussion
Descriptive evidence from the study reveals that 49.5 per cent of the sampled smallholder farmers were between the ages
of 41 and 50 years, about 56 per cent were female, while up to 39.5 per cent had no formal education. About 41.3 per cent
of the sampled farmers had more than 15 years of farming experience and the majority (66.1%) had up to 5 to 10 members
in their households. Table 1 shows the socioeconomic characteristics of the sampled smallholder farmers.

Table 1. Socioeconomic characteristics of sampled farmers
Variablest

Frequency

Percentage

< 30

1

0.9

30 – 40

10

9.2

41 – 50

54

49.5

51 – 60

31

28.4

> 60

13

11.9

Mean = 48.2 (±13.1)
Gender
Female

61

56.0

Male

48

44.0

No Formal Education

43

39.5

Primary

35

32.1

Secondary

29

26.6

Tertiary

2

1.8

Household Size
<5

7

6.4

5 – 10

72

66.1

11 – 15

28

25.7

> 15

2

1.8
Mean = 8.7 (±3.5)

<5

14

12.8

5 – 10

36

33.0

11 – 15

14

12.8

45

41.3

> 15

Mean = 13.3 (±10.5)
Source: Survey Data (2018/19)

These results confirm the findings of Kutya (2012) and Simelane (2016) that smallholder agriculture in South Africa is mainly
practiced at local level by groups of individual household members that are mostly older women. Figure 1 shows the categories of the sampled farmers based on their adoption intensity of CSA practices.

Results on the effect of CSA adoption on the productivity of the sampled smallholder farmers show that the adoption of
CSA was statistically significant at 1 percent level (p = 0.000) and positively correlated with the total value product (TVP) of
the farmers. The regression model predicts that the adoption of an additional CSA practice would increase the TVP of the
smallholder farmers by about US$ 21.02.

21

Figure 1: Categories of sampled farmers based on CSA adoption intensity

Conclusion
This paper, as a matter of contribution to the body of knowledge, empirically informs policymakers on the potential of the
uptake of multiple CSA techniques in enhancing agricultural productivity. The adoption of multiple CSA techniques can
help in building a sustainable agricultural production system, particularly in the smallholder farming system. The positive
correlation of the adoption of CSA with agricultural productivity establishes one of the objectives of CSA, which is improving productivity. This study, based on its findings, therefore argues that mainstreaming CSA in agricultural-oriented policies
and programmes will help promote agricultural development and sustainability, particularly in smallholder agriculture in this
era of climate change. Policy makers and stakeholders should, therefore, intensify the campaign on CSA adoption among
farmers, particularly smallholder farmers.
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Abstract
The Africa continent hosts six of the fifty-two world Small Island Developed States (SIDS). Climate Change has exacerbated
the vulnerability of the SIDS due to their small geographic area, isolation and exposure to weather hazards. Based on information documented in Climate Smart Agriculture profiles of three African SIDS (Cabo Verde, Guinea Bissau, Seychelles)
published by FAO and partners, the present paper highlights the communalities in terms of challenges in the Agriculture,
Forestry and Other Land Use Sectors (AFOLU). It also describes the crop production landscape in the three countries and
identifies innovative Climate Smart Agriculture practices, which could be scaled up to address effectively the specific challenges caused by climate change.
Long term data (1900- 2018) on the occurrence of natural hazards in the Cabo Verde, Guinea Bissau and Seychelles indicate that these countries are among the most vulnerable to drought, storms and to some extend flooding for Guinea Bissau.
Considering the ecological situation and vulnerability context of the three SIDS, entry points for Climate-Smart Agriculture
interventions were identified to address these negative climate change impacts and improve resilience in agriculture. innovative and adapted CSA interventions may include: (a) Developing a climate-smart food and nutrition system for households and community (b) Solar Powered Irrigation System, (c) Cisterns for rainwater harvesting and (d) Climate Information
Services for the benefit of farmers, pastoralists, fisher folks, as well as agriculture extensionists and policy decisions makers.
Introduction
Small Island Developing States (SIDS) are among the most vulnerable countries to climate change due to their small geographic area, isolation and exposure to weather hazards. Investment on climate change adaptation and mitigation require
baseline information on the ground and a good knowledge of the priorities identified by the governments and stakeholders.
FAO and partners are collaborating to help countries gather and summarize the data necessary to support climate smart
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agriculture scaling up. The CSA country profiles published by FAO, CCAFS, and CIAT, present a good overview of important
baseline information as well as challenges and opportunities for climate change adaptation and mitigation in the agriculture
sectors. The present paper highlights major findings in three SIDS (Cabo Verde, Guinea Bissau and Seychelles) and suggest
actions for agriculture transformation through scaling up of CSA options.
I. Major common climate-related challenges in Cabo Verde, Guinea Bissau and Seychelles
Drought: In semi-arid Cabo Verde with an average of 225 mm/year rainfall, approximately 20% of which is lost through
surface runoff, 13% infiltrates, recharging aquifers, and 67% lost through evaporation (World Bank, 2020) making it highly
vulnerable to drought. In Guinea Bissau, 100,000 and 32,000 people were affected by drought in the years 2002 and 2004
respectively. The recent three consecutive years of drought (2017-2020) in Cabo Verde have severely affected both crops
and fishery productions; and led to a reorientation of government priority interventions towards actions aimed at providing
immediate/emergency assistance responses to reinforce the livelihoods of vulnerable farmers most affected by the long
period of drought (country report, October 2020). The situation in the other two countries has been less dramatic.

Flood: Flooding is a recurring natural hazard in Guinea Bissau while Cabo Verde and Seychelles experience it at periods
of high tides. The World Bank reports that in 2003, 2004, and 2005, flooding damaged bridges and makeshift housing in
the eastern region of GuineaBissau, resulting in a loss of 63 hectares of food production, and displaced people from their
communities. Whereas in Seychelles, very high tides resulted in flooding up to 50m inland in 2007. Apart from the direct
damage to agriculture and infrastructure, flooding also has negative impacts on public health and tourism.
Storm: Due to their location in tropical and sub-tropical oceans, the climate of SIDS is influenced by ocean-atmosphere interactions that manifest themselves in extreme weather events such as hurricanes and cyclones, which are associated with
storm surges (UNFCCC, 2007). This situation is further exacerbated by climate change resulting in damaging consequences
on agriculture, biodiversity, infrastructure and human habitat. In Seychelles, for instance a storm in 2001 resulted in the loss
of over 1,000 endemic palms (UNFCCC, 2007).
II. Land use pattern for Agriculture and Forestry in the SIDS

Figure 1. : Land use for agriculture and forest in the three SIDS country (% of agricultural land)
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The percentages of lands classified as agricultural land are 19.6%, 58% and 3.4% for Carbo Verde, Guinea Bissau and Seychelles respectively (figure 6), which reflects the level of agriculture contribution to the GDP of the countries as well as
the number of people involved in primary agricultural production. Forest land makes up the largest percentage of land in
Seychelles with 88.7%, 71% in Guinea Bissau with the least covered by forest being Carbo Verde with 22.07%. Although
the short-term prospects for forest production intensification in terms of wood production in natural forests is limited in
most SIDS, the indirect economic and environmental benefits of the sector are considerable.

III. The major crops in the three SIDS and land occupation
Major crops include maize and pulses covering 87% of the harvested area in Cabo Verde. Cashew nuts (49%) and rice
(21%) dominate the harvested area in Guinea Bissau; while vegetables and fruits take the lead in Seychelles with 31%
and 6% respectively (see Figure 2 below).

Figure 2: Majors crops and their proportional harvested area (in %) in Cabo Verde (a), Guinea Bissau (b) and Seychelles (c)
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IV. Conclusion and suggestions for addressing the major Climate Change challenges in the targeted SIDS
To address impact of drought in the three SIDS, the following innovative adaptation practices were observed at farm
level: (1) Rainwater harvesting; (2) Use of organic mulch; (3) Use of drought adapted /improved seeds or breeds; and (4)
water use efficiency through drip irrigation. These practices can effectively help mitigate drought in crops production and
boost productivity. They can be scaled up through integrated climate smart agriculture, using a programmatic approach
that allows collaboration and synergies between the SIDS. Forward-looking ideas for SIDS programmatic projects include
(1) Sustainable and efficient water resources mobilization and use (Solar Powered Irrigation System, Cisterns for rainwater
harvesting); and (2) Research based, extension service support to famers for adoption of climate adapted seeds/ breeds.
Furthermore, the integration of trees through agroforestry forestry practices will not only increase resilience but also crop
productivity and fertility.
The importance of forest area as compared to agriculture land is a testimony of the efforts made by the three SIDS to
preserve existing forest and or undertake reforestation programmes. This opens avenues for resilience building and presents further sustainable management and restoration opportunities for increasing the country Green House Gas reduction while supporting adaptation of communities, and landscapes.
As for the recurring climate hazards in the three SIDS, flood can be addressed through effective collaboration and synergy
to allow effective information and experience sharing. The same will apply for storms although this may be more relevant
for the SIDS in the pacific. Information gathered in the CSA country profiles of Cabo Verde, Guinea Bissau and Seychelles
indicates that Climate smart practices and innovations addressing storms and floods include use of weather information,
wind breaks and shelters. These findings call for adequate Climate Information Services to support and capacitate the
producers including farmers, pastoralists and fisher folks.
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Abstract
Agriculture is the backbone of Africa’s economy and accounts for the majority of livelihoods across the continent. Africa
is therefore an exposure and vulnerability “hot spot” for climate variability and change impacts. Drought due to climate
change impact is the natural hazard with perhaps the most widespread significance in Africa. Past droughts, particularly
in areas with high vulnerability, such as the semi-arid regions of the Horn of Africa and the Sahel, have had very severe
impacts, including contributing significantly to famine in some cases. Indeed, the loss of the productive capacity of soils
characterized by loss of soil fertility, biodiversity and overall deterioration of natural resources is a result of land degradation. Land degradation processes occur through soil, water and biota. One of the principal signs of land degradation is the
loss of soil organic carbon, making the process one of the biggest contributors to climate change, by increasing emissions
and reducing carbon sinks.
In this review paper, we will combine in between relevant finding in the Moroccan AAA initiative’s white paper presented
on the margin of COP22 in Marrakech in 2016, and Chapter 4 of the IPCC Special Report on Climate Change and Land
degradation, 2019. The status and drivers of land degradation and their interaction with climate change along with the
challenges and opportunities to address this issue will be discussed and recommendations will be provided.
A-Introduction
Our Continent Africa is responsible for only 4% of global greenhouse-gas emissions, however it is particularly affected
by climate change. Six out of the 10 most affected countries in the world are in Africa, 65% of the African population are
affected, not to mention that there are already 10 million climate refugees in Africa. According to a report by the European Commission (2014), the negative effects of climate change are reducing Africa’s GDP by 1.4% and inducing adaptation
costs that can reach up to 3% of GDP, each year, until 2030. This GDP value loss is largely attributed to the degradation
of the agricultural sector under the effects of climate change (temperature rise, extreme weather events, droughts, floods,
etc.). Agriculture is a vital sector in Africa, concentrating between 25% and 35% of direct jobs depending on the country,
and is a source of revenue for about 70% of the African population. Yet the sector is extremely vulnerable to the effects
of climate change. Two thirds of Africa’s arable lands could be lost by 2025 because of climate change, which deepens the
effects of human practices that can be inappropriate at times (overexploitation of lands, use of outdated techniques, insufficient irrigation, etc.), leading to desertification. The direct consequence of land degradation is loss of the soil’s productive
capacity. The slump in agricultural yields could reach 20% in 2050, even if we manage to contain the average temperature
rise under 2°C.1
By definition, land degradation refers to the loss of the productive capacity of soils characterized by loss of soil fertility,
biodiversity and overall deterioration of natural resources. Land degradation processes occur through soil, water and biota.
One of the principal signs of land degradation is the loss of soil organic carbon, making the process one of the biggest
contributors to climate change, by increasing emissions and reducing carbon sinks.
B- The Status of Land Degradation in Africa
Available estimates show that land degradation affects 46% Africa’s land area with at least 485 million (65%) people affected, which translates to US$9.3 billion annual cost. Additional estimates show that 75-80% of the continent’s cultivated area is reportedly degraded, with a loss of 30 to 60 kg of nutrients per hectare per year2.
There is a high spatial variability in the extent and trend of the degradation process according to the nature of soil, the
type of agro-ecological zone and the level of human and livestock impacts on natural resources. For instance, studies
show a decreasing trend in severity of land degradation from the deserts and arid areas to the humid and sub humid
zones of Africa. While in the arid, semi-arid and dry sub-humid zones only 3 to 30.6 % of lands are non-degraded, in the
sub-humid and humid zones the non-degraded lands cover around 38.1 to 47.2%. In the highland areas, almost 84 % are
degraded at a severity ranging from medium to very high.
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C- Drivers of Land Degradation in Africa
The main causes of land degradation in Africa are in one hand, demographic growth, conflicts and expanded refugees’ settlements, and in another hand, inappropriate soil management, deforestation, shifting cultivation, insecurity in land tenure,
variation of climatic conditions and intrinsic characteristics of fragile soils in diverse agro- ecological zones.
Land degradation process is driven by direct factor “climate”, and indirect factor “human”.
Climate change drivers of land degradation include changes in temperature, rainfall intensity, windstorms and changes
of the distribution and intensity of extreme weather events. Change in rainfall regimes drive changes in vegetation cover
and composition and trigger processes such as erosion of agricultural soils. Soil erosion rates for example, tend to increase
with increasing mean annual rainfall. Vegetation cover is a key factor in determining soil loss through both water and wind
erosion.
D- Interaction Between Land Degradation and Climate Change
It is well recognized that land degradation processes contribute to climate change by enhancing the mineralization and
release of CO2 into the atmosphere, a major greenhouse gas. Processes like expansion of rice cultivation, ruminant stocks
and manure disposal and nitrogen over-fertilization combined with soil acidification lead to the release of GHGs to the
atmosphere. Other land degradation processes such as forest clearing for agricultural use lead also to greenhouse emissions causing climate change. Climate change on the other hand through high temperatures and extreme weather events
contributes to land degradation. Climate change accelerates land degradation through changes in different climate variables such as temperature and precipitation. For example, increased heat stress due to rising temperatures reduces vegetation cover thereby reducing available carbon sinks. On the other hand, variation in rainfall intensity, wind storms and
other extreme weather events influence key land degradation processes such as inland coastal erosion. Finally, it should
be considered that Climate Change and land degradation interact to affect livelihoods, poverty, food security, migration
and conflicts3.

E- Responses to Land Degradation
- Policy responses
Actions to address land degradation in the context of climate change should be founded on sound international, regional
and national policies. At the global level, the three Rio Conventions—on Biodiversity, Climate Change and Desertification— derive directly from the 1992 Earth Summit. Each instrument represents a way of contributing to the sustainable
development goals of Agenda 21. The three conventions are intrinsically linked, operating in the same ecosystems and
addressing interdependent issues. These are complemented by the UN 2030 Sustainable Development Goals (SDGs)
agenda and the Paris Climate Agreement adopted in December 2015.
At the regional level, there are instruments at the continental level that provide a framework for dealing with climate
change, desertification and land degradation. These include: i) Agenda 2063; ii) the African Ministerial Conference on
Environment (AMCEN); and iii) The Malabo Declaration that promotes sustainable land management and governance,
irrigation and water management, animal resources development, technology generation, dissemination and adoption,
agripreneurship for youth and women and value chain development.
At the sub-regional level, regional economic communities (RECs) have put in place regional policies that deal with matters
of land degradation and climate change. For example, the East African Community (EAC) Climate Change Policy aims to
guide Partner States and other stakeholders on the preparation and implementation of collective measures to address
Climate Change in the region while assuring sustainable social and economic development.
- Technical responses
Responses to land degradation follow the logic and strategies of the LDN concept that entails avoiding, reducing and
reversing land degradation, using interventions that provide synergies of adaptation and mitigation. Two of the strategies
are Sustainable Land Management (SLM) and Sustainable Forest Management (SFM). On the one hand, SLM is an agricultural innovations systems approach that supports multi-stakeholder co-production of knowledge, institutional innovations,
a focus on value chains and strengthening of social capital to facilitate shared learning and collaboration. This could accel-
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erate the scaling up of sustainable technologies and practices. Agroforestry is a particularly important strategy for SLM in
the context of climate change because of the large potential to sequester carbon in plants and soil thus enhancing climate
resilience of agricultural systems.
- Early Warning Systems
Early warning systems (EWSs) have also been identified to be important in the efforts to manage impacts of land degradation. They are effective systems for understanding, monitoring and forecasting drought and land degradation as well as
strategic approach for identifying and prioritizing appropriate responses, and evaluating the impact of the interventions.
For example, the LADA project funded by GEF has developed and tested effective assessment tools for land degradation
in dry lands4. Results from the project included provision of robust data, a harmonized methodology, practical guidelines,
capacity building and cost-effective catalytic support to national and international processes, creating opportunities for up
scaling the tool to all countries in Africa to address data limitations.
F- Challenges in addressing Land Degradation
We believe four major challenges need to be considered here:
- Institutional and governance issues such as weak land and land use policies tend to hinder the adoption of good land
management practices. Mainstreaming land degradation control plans into relevant national policies, programs and strategies is still a challenge for many African countries.
- The lack of economic incentives such as compensation mechanisms for environmental services is a barrier to investing in
high capital and labor demanding land degradation interventions such as soil and water conservation measures.
- High poverty levels that are already perceived as an underlying cause of land degradation in Africa are sustained by external and internal forces such as diminishing soil fertility and land productivity, vulnerabilities created by climate variability especially persistent drought and other extreme events among others.
- Inadequate learning and adaptive knowledge management skills, including skills for monitoring and evaluations of impacts and data limitations have been noted to be a major barrier to addressing land degradation.
G- Opportunities for Addressing Land Degradation in Africa
Many innovations in SLM are now known and recognized for their multiple environmental, social and economic benefits.
Some measures offer adaptation options and other co-benefits, such as agroforestry, involving planting fruit trees that can
support food security in the face of climate change impacts or application of compost or biochar that enhances soil water
holding capacity and so increases resilience to drought.
For example, the comprehensive landscape approach, is an approach that considers the different agro- ecological zones of
Africa to address the multi- faceted nature of land degradation.
On the other hand, climate change policies and national action plans, based on interventions such as SLM, comprehensive
landscape approach and EWSs need to be mainstreamed into national development planning and budget so as to secure
political commitment and allocation of resources. Now that countries are in the process of updating their NDCs, it is imperative that land degradation needs are incorporated in the new generation of NDCs.

H- Conclusion
Land degradation interacting with climate change represents one of the biggest and most urgent challenges for Africa,
with profound implications for food production, food security, natural resource conservation, and economic development.
Half of Sub-Saharan Africa’s populations, three-quarters of the poor, live in drylands that are particularly susceptible to
land degradation and desertification processes4.
The continent constitutes a possible field of application for development approaches and innovative technologies. The
continent is still tied to a traditional agriculture, but it is in a position to modernize rapidly with the use of digital tools,
new technologies, and renewable energies. Africa can skip a whole stage of development and position itself as a pioneer
of tomorrow’s solutions. It is estimated that with smart, climate-sensitive agricultural practices, African annual agricultural production could increase from US$280 bn to US$880 bn by 2030. Africa is in a position to show that, through its
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agriculture, it is fully capable of adapting to climate change and evolving with more resilience to meet the challenges of
productivity and sustainable development and to ensure food security.

I- Recommendations
1. Enabling policy environment:
Mainstreaming land degradation interventions into national action plans, strategies and programs will foster commitment
and mobilize resources for addressing land degradation in the long-term.
2. Investment in the comprehensive landscape approach:
A comprehensive landscape approach is the best way forward to address the broad multi- faceted nature of land degradation across the range of agro-ecological and climatic zones in Africa.
3. Strengthening of EWSs for land degradation:
According to the latest WMO report5, Africa has the least developed land-based observation network of all continents.
Therefore, this gap should be overcome by the development of EWSs that are essential for understanding, monitoring
and forecasting the extent of land degradation as well as providing mechanisms for identifying and prioritizing appropriate
responses, and evaluating the impact of the interventions.
4. Capacity building:
Governments need to invest in both technical and institutional capacities that enhance knowledge co-generation, learning
and adaptive management skills, institutional innovation and information sharing. This will in turn drive behavioral change
and catalyze adoption of SLM practices.
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Abstract
Climate-smart agriculture (CSA) is increasingly being promoted by governments, research and development institutions
to increase productivity, adapt to climate variability and change, and to improve the resilience of livelihoods and farming
systems. This review synthesized knowledge on climate change and the prospects of climate-smart agriculture (CSA) in
addressing the negative effects of climate change and variability. The findings show that Sub-Saharan Africa is vulnerable
and the smallholder farmers are hit the most because they rely on rain-fed agriculture production. From the basket of CSA
technologies, the review found that Conservation agriculture for Zimbabwe is the dominant option promoted in addition
to drought-tolerant crop varieties and fodder production for livestock. Secondly, adoption varies across farmer typologies
and thus there can never be a one size fits all when promoting adoption in farming communities. Thirdly the involvement
of all actors along value chains from input suppliers to buyers of agriculture commodities is key in spearheading adoption.
Furthermore, the review showed that the government has played an important role as evidenced by the policy framework
that supports CSA initiatives. Lastly existing empirical research is limited to the discussing of adoption and impact patterns
of individual technologies with limits on measuring such for a combination of technologies and modelling of optimal enterprise mix for farmers adopting different CSA technology combinations.
Keywords: climate change; climate-smart agriculture; Zimbabwe
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Introduction
This chapter reviews the current literature on climate-smart agricultural technologies, including adoption and their impact.
Climate change is expected to act as an effective barrier to agricultural growth in many regions, especially in developing
country contexts which are heavily dependent on rain-fed agriculture. Negative climate change impacts on food security
and livelihoods are already alarming and affecting millions of smallholder farmers in sub-Saharan Africa. Climate change projections for the Sub-Saharan Africa region point to a warming trend, characterised by the frequent occurrence of extreme
heat events (temperatures 3 and 5 standard deviations above the historical norm), increasing aridity and changes in rainfall
(a 50 to 100% increase in very wet days in eastern tropical Africa and a decrease in wet days of 15-45% for Southern Africa
(Serdeczny et al.). Agriculture is also a major part of the climate problem, currently generating 19–29% of total greenhouse
gas (GHG) emissions. These changes have negative effects on crop yields with worst-case projections indicating potential
losses of 27 to 32 % for cereals (i.e. maize, millet and sorghum) and legumes (e.g. groundnut and beans) for a more than
20C warming. (Serdeczny et al.; IPCC). The incidence of pests has also been on the increase as a result of climate change.
Worldwide, 40% of the world’s food supply is lost to pests (Heeb et al.). Zimbabwe has experienced the emergence of crop
pests such as fall armyworm, tomato leaf miners, and cotton mealybug during the 2016/2017 season. These pests can
cause 100% crop losses if not managed. The effectiveness of certain pesticides has further been reduced by the temperature increases that are associated with climate change. This has thus increased vulnerability of water stressed crops from
pest attack.
Livestock production is not spared either in Sub-Saharan Africa due to the reliance on pasture for feed. When there is
drought, grazing and water are scarce resultantly exerting pressure on household labour. This may increase labour time
needed in searching for grazing and water and ultimately reducing time for other farming operations (e.g. crop production
activities) and household activities (household care, food preparation, leisure, etc.) (Hadush). Also, heat stress on livestock
has negative impacts on a variety of productive parameters including reproduction, milk yield, carcass traits, and growth
(Baumgard et al.). Heat stress leads to reduced feed intake by animals and resultantly leads to a decline in these productive
parameters. Warmer temperatures also lead to increased disease incidence and higher parasite abundance. The higher temperatures promote shorter development rates and survivability of insects such as ticks and mosquitos as well as transmission of pathogenic micro-organisms. Zimbabwe lost more than 50 000 cattle to tick-borne diseases (theileriosis, babesiosis,
heartwater, and anaplasmosis) during the 2017-2018 agriculture seasons (Munjenjema). All these changes will therefore
negatively impact on household food security and incomes.
This happens through effects on agricultural production and the incomes of rural households, food prices and markets, and
in many other parts of the food system (e.g., storage, food quality, and safety). Reducing the vulnerability of agricultural
systems to climate change including the increased incidence of extreme weather events and strengthening its adaptive
capacity are therefore important priorities to protect and improve the livelihoods of the poor and allow agriculture to fully
play its role in ensuring food security. Reducing emissions that contribute to global warming is crucial to securing global
wellbeing, and the agricultural sector has considerable potential for emissions reductions while at the same time playing its
important role in poverty reduction and food security. Considering that climate change impacts are felt differently within
regions, context-speciﬁc adaptation measures are required to reduce risks and build the adaptive capacity of smallholder
farmers. Climate-Smart agriculture has therefore been promoted in smallholder farming communities to mitigate and adapt
to climate change and variability. The review’s aims are therefore twofold i.e.
(i) to provide up-to-date knowledge of CSA in Sub Saharan Africa and Zimbabwe in terms of the adoption and impacts and
ii) to provide insights to how other researchers have measure adoption and impacts of CSA.
The key research questions addressed in this review are:
i. What CSA technologies have been promoted as a solution to climate change?
ii. How has been the adoption of the various CSA and what is the impact on household welfare?
The literature review explored the information that is already there in Sub-Saharan Africa and Zimbabwe in terms of climate
change status, CSA promoted to address the effects of climate change and adoption patterns. Furthermore, the review
discusses theoretical models to measuring technology adoption and impact found in literature and discusses how new
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studies can use and improve upon some of these models. Methodologies and analytical techniques used in these articles
were reviewed and gaps were identified to inform future research. The review acts as a foundation in the designing of the
conceptual framework which depicts how adoption and food security concepts are interrelated. The literature thus provides
evidence of previous studies and the gaps thereof.

Review Methodology
Peer-reviewed journals and book chapters published between 2010 and 2020 were reviewed on CSA. 2010 was considered because it is the year when the term “CSA” was first coined by FAO. Other literature considered was on how adoption
and impact have been measured empirically by other researchers. Review articles were extracted from reputable electronic
databases such as Springer, Science Direct, and Taylor and Francis. Key search terms and words used were CSA, adoption,
impact, sub-Saharan Africa, and Zimbabwe. Abstracts were read and those found relevant to answering review questions
were downloaded for inclusion in reading for the review.

Figure 1: Methodology flow diagram

Findings of the Review
The findings of the review are presented according to the following i. the CSA concept and its role in addressing impacts of
climate change; ii. CSA technologies promoted in Zimbabwe (adoption patterns and impacts) and iii. a Discussion of how
adoption and impact have been measured by other researchers.

Climate-Smart Agriculture defined
With a view to better integrating agricultural development and climate-responsiveness, climate-smart agriculture, CSA is
an integrated approach to managing landscapes such as cropland, livestock, forests, and fisheries that aims to achieve increased and sustainable productivity, enhanced resilience, and reduced emissions. Eradicating poverty, ending hunger, and
taking urgent action to combat climate change and its impacts are three objectives the global community has committed to
achieving by 2030 by adopting sustainable development goals. Agriculture, and the way we manage it in the years leading
up to 2030, will be a key determinant of whether or not these objectives are met. Agriculture has been and can be further,
used as an important instrument in eradicating hunger, poverty, and all forms of malnutrition.
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The CSA is an approach to agricultural development that aims to address the intertwined challenges of food security and climate change (Lipper and Campbell 2014; Steenwerth et al. 2014). It is a set of agriculture practices aimed at increasing productivity, building and improving resilience to various shocks, and mitigating the devastating impact of climate change. The
CSA has three interlinked pillars i.e. sustainably increasing productivity, building capacity to adapt, and reducing greenhouse
gas (GHG) emissions. The climate-smartness nature of technology is therefore based on the impact on these three pillars.
Interventions ranging from climate information services to ﬁeld management have the potential to accomplish these goals
(Khatri-Chhetri et al. 2017). The CSA interventions can deliver two or three climate-smart benefits. For example, agroforestry system trees can help farmers adapt and at the same time contribute to carbon sequestration. Similarly, drought-tolerant
crop varieties can improve productivity in years of drought while improving the adaptation of farming households. It should
also be noted that there is no one-size-fits-all CSA solution. The CSA implementation is most effective when it goes beyond
the farm plot level and is applied in an integrated way that considers competing for sectoral priorities, the cumulative effect
of combined CSA technologies, and the potential for transformational change. Smallholder adoption of farming technology
is necessary to speed the transition to CSA.
While CSA is diverse, an analysis has shown that just five technology clusters i.e. crop tolerance to stress ,water management, intercropping, conservation agriculture and organic inputs account for almost 50% of all CSA technologies identified
by experts as climate-smart across the 33 countries covered by the climate-smart profiles (Sova et al. 2018). Despite the
potential beneﬁts, adoption of CSA-relevant technologies is still generally low, especially in sub-Saharan Africa (SSA). For
instance, the adoption of maize-legume rotation in Tanzania, minimum tillage in Malawi, and soil water conservation (ridges
and soil bunds) in both Kenya and Tanzania are below 10% of farmers (Tesfaye et al. 2017).

CSA Technologies in Integrated Crop-Livestock Farming Systems
Smallholder farming systems in SSA are characterised by low productivity attributed to overall poor management systems which are characterised by the application of low inputs, insufficient control of weeds, pests, and diseases, and
inadequate labour (Dahlin and Rusinamhodzi 2019), and lack of resilience mechanism against the devastating effects of
climate change-induced rainfall and extreme temperature stress. Climate change is worsening the situation of the already
resource-constrained smallholder farmers, with more erratic weather patterns and extreme weather events decreasing the
already low agricultural productivity (Misra 2014; Harvey et al. 2018). A range of climate risks confronts smallholder agriculture to the extent of posing far-reaching consequences on sustainable food production. Rapid and uncertain changes in
rainfall and temperature patterns increase the vulnerability of smallholder farmers, threaten food production, and accentuate rural poverty (Ibid). Annual precipitation in Southern Africa is projected to decline by 30% under a 4°C warming scenario, a situation that could lead to increased risk of drought(Rosenstock and Nowak 2019; Lawal, Lennard, and Hewitson
2019). These projected climate change scenarios point towards limited diversification options for smallholder farmers due
to the reduced carrying capacity of crop and livestock productivity. Agriculture is one of the principal contributors to climate
change, accounting for 24% of global greenhouse gas emission through carbon dioxide (CO2) emitted from decomposition
of soil organic carbon (SOC), methane (CH4) from enteric fermentation, and nitrous oxide (N2O) from synthetic fertilizer
and manure (AGRA 2014; Meier et al. 2020). Given the need to increase agriculture output for food security, agricultural
emissions in Africa are projected to increase most rapidly.
Zimbabwe has an agricultural-based economy with the sector contributing about 15 per cent each year to the GDP. Agriculture provides about 60 per cent of the total employment and also supplies raw materials to the industry. Zimbabwe’s agricultural sector is divided into four major sub-sectors namely; large-scale commercial farms, small-scale commercial farms,
communal and resettlement areas. The agrarian structure has changed with the recent land reform in Zimbabwe with 99
per cent of the farmers now being smallholder farmers. Zimbabwe has not been spared by climate change. The country is
experiencing hotter and fewer cold days and the annual mean surface temperature has warmed by about 0.40C from 1900
to 2000 (GOZ 2015). The timing and amount of rainfall received are becoming increasingly uncertain and since 1990, there
has been a reduction in total annual rainfall or heavy rainfall and drought occurring back to back in the same season. The
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frequency and length of dry spells during the rainy season have increased while the frequency of rain days has declined and
this has negatively affected productivity.
There are various interventions particularly appropriate to the Zimbabwean context and SSA setting in general, which has
great potential to increase agricultural productivity and resilience to climate change while simultaneously reducing agricultural greenhouse gas emissions. Smallholder agriculture is broadly perceived as the driving force for rural transformation
and poverty alleviation in Zimbabwe hence, mainstreaming climate change into the country’s agricultural and economic
development agendas should be a key priority. Climate-smart agriculture (CSA) has been identified as a noble approach to
addressing food security challenges under the new realities of climate change (AGRA 2014). Research and development
organisations have been promoting conservation agriculture and fodder production as the dimension of CSA which enhances synergies and trade-offs among food security, adaptation, and mitigation as a basis for agricultural policy and practice
reorientation in response to climate change. It is anticipated that with climate-smart technologies, climate change threats
and risks to agriculture can be reduced by enhancing the adaptive capacity of smallholder farmers, improving resilience and
resource use efficiency, and increasing the mitigation potential of agricultural landscapes.
Figure 2 summarises the linkages.

Figure 2: Adopting and impact of CSA linkages
This research study seeks to investigate the relevance of conservation agriculture and fodder production as climate-resilient
strategies towards the attainment of food security among crop-livestock integrated farming systems. It will also determine
the mix of crop and livestock that maximizes gross returns among farmers in Zimbabwe.
CSA promotes agricultural best practices such as integrated crop management, Conservation Agriculture, use of improved
seeds and fertilizer management practices in addition to encouraging the use of all available and applicable climate change
solutions in a pragmatic and impact-focused manner. The approach ensures the management of agroecosystems for improved and sustainable productivity, increased profits, and increased food security while at the same time preserving and
enhancing the resource base and environmental protection (Singh 2017). Table 1 shows a range of practices that are consistent with climate-smart agriculture in smallholder farming systems. Most of these apply to all regions and climates of the
tropics and subtropics. These practices address food security and lead to higher productivity, but their ability to address
adaptation and mitigation varies with the farmer and agro-ecological region.
CSA technologies in Zimbabwe.
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CSA promotes agricultural best practices such as integrated crop management, Conservation Agriculture, use of improved
seeds and fertilizer management practices in addition to encouraging the use of all available and applicable climate change
solutions in a pragmatic and impact-focused manner. The approach ensures the management of agroecosystems for improved and sustainable productivity, increased profits, and increased food security while at the same time preserving and
enhancing the resource base and environmental protection (Singh). Table 1 shows a range of practices that are consistent
with climate-smart agriculture in smallholder farming systems. Most of these apply to all regions and climates of the tropics
and subtropics. These practices address food security and lead to higher productivity, but their ability to address adaptation
and mitigation varies with the farmer and agro-ecological region.

CSA technologies in Zimbabwe
In the context of Zimbabwe, key climate-smart agriculture technologies that have been promoted include drought-tolerant
maize hybrid varieties, fodder production, and soil and water management practices such as conservation agriculture (Mujeyi 2018). These CSA technologies were promoted by the government, international research organisations, universities
and Non-Governmental Organisations (NGOs). Although CSA technologies address food security, their ability to address
adaptation and mitigation to climate change varies (Lipper and Campbell).

Drought tolerant maize Hybrid Technology
Improved crop varieties are a key output of agricultural research and have contributed to significant increases in agricultural
production and productivity. Communities may adapt to climate change by adopting drought and heat tolerant crops better suited to a warmer and drier climate and have the potential to offset yield losses linked to climate change. These crop
varieties are critical for managing current climatic variability and for adaptation to progressive climate change.
The Department of research and Specialist services of Zimbabwe (DRSS) in collaboration with International Maize and
Wheat Improvement Centre (CIMMYT) has been breeding drought-tolerant maize and working with seed companies to
market any released varieties. Collaborations with other CGIAR centres like International Centre for tropical agriculture
(CIAT) had also involved the breeding of legumes such as beans that are drought tolerant and suitable to smallholder farmers. The Seed Services Institute under DRSS has also bred high yielding small grains e.g. sorghum and pearl millet varieties.
These varieties have been complemented by agronomic interventions such as soil fertility management technologies including conservation agriculture that is also a CSA technology.
In SSA, the Drought Tolerant Maize for Africa (DTMA) project was implemented from 2007 to 2015 by CIMMYT, International Institute for Tropical Agriculture (IITA), and national research and extension. The project developed certified
drought-tolerant (DT) well-adapted maize hybrids and open-pollinated varieties (Tesfaye et al.). A DT maize variety produces
approximately 30% of its potential yield (1–3 t ha−1) after suffering water stress for six weeks before and during flowering
and grain-filling (Lunduka et al.). The variety thus offers some insurance over mid-season droughts and dry spells A study
on impacts in two districts in south-eastern Zimbabwe showed that non-DT maize yield was lower at 436.5 kg/ha and
higher at 680.5 kg/ha for households that grew DT maize varieties (Lunduka et al.). The researchers found that a switch to
DT maize seeds could give an extra income of US$240/ha or more than nine months of food at no additional cost. A study
of 415 smallholder farmers in KwaZulu-Natal, South Africa analysed impacts using the propensity score matching method,
the treatment effect model, and the Tobit selection model and found that improved maize varieties positively increased
household food security (Sinyolo). Results showed that an additional 1 ha of land under improved maize varieties increases
annual food expenditure per capita levels by over R4,000. Similarly, another study in Uganda showed that the adoption of
DT maize increased yield by 15% and reduced the likelihood of crop failure by 30% (Simtowe et al.).
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Table 1: CSA Technologies among Smallholder Farmers
CSA Category

Examples

Benefits

Selected References

Crop Management

Intercropping with legumes,

Increased food diversity, improved yields

(Makate et al. 2016; Lunduka,

Drought resistant varieties,

Increased incomes and Improved soil fertility Mateva, and Magorokosho 2019;

Improved storage and processing techniques,

Katengeza, Holden, and Lunduka

Bio-fortified crop varieties,

2019; Setimela and Ndoro 2017)

Crop rotation,
Crop diversification,
Use of cover crops
Sowing date adjustments
Livestock

Improved feeding strategies, Fodder production and conservation Improved livestock health, improved market

(Shikuku et al. 2016; Enahoro et al.

management

Integrated manure management

off-take rates

2019; Zougmoré et al. 2016)

Rangeland management, reclamation and conservation,
Improved livestock health,
Animal husbandry improvements,
Improved feeding strategies (e.g. cut and carry)
Improved livestock health
Animal husbandry improvement
Animal breeding genetic improvement and conservation
Soil, Water and

Cereal legume intercropping,

Increased infiltration, less soil erosion,

(Thierfelder et al. 2017b; Steward

Nutrient Manage-

Conservation agriculture (e.g. minimum tillage, no-till tied ridges,

improved soil fertility, increased yields and

et al. 2018; Mupangwa et al. 2017)

ment

crop residue management.)

Improved water use efficiency

Thiefelder Makate 2019(Mupang-

Terraces and bunds, vetiver grass

wa et al. 2017; Thierfelder et al.

Planting pits

2017a; Steward et al. 2018; Mango

Water storage (e.g. water pans)

et al. 2020; Makate et al. 2019)

Infield water harvesting technologies (e.g. potholing, tied ridges,
tied contours, dead level contours, infiltration pits)
Dams, pits, ridges
Improved irrigation (e.g. drip irrigation, irrigation scheduling)
Mulching
Catchment management
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Greenhouse Gas re-

Agroforestry (e.g. Nitrogen-fixing trees, Multipurpose trees,

Increased removal of CO emissions, organic

(Shikuku et al. 2016; Heeb, Jenner,

ducing technologies

Integrated Pest Management,

fertiliser

and Cock 2019; Bowditch et al.

Afforestation

2020)

Climate-smart forestry
Solar energy

Integrated Food

Biogas,

Reduced environmental pollution through

(Paolini et al. 2018; Rosenstock and

energy systems

Growing fuelwood on-farm,

reduced greenhouse gas emissions

Nowak 2019)

Extension advisory based on weather,

Improved knowledge, enhanced financial

(Rosenstock and Nowak 2019)

Seasonal Climate forecasts,

inclusion, Improved planning (when to plant,

Farmer e-learning

what variety to plant, what technology to

Digital credit to access CSA technologies

use, fertiliser application rates, when to weed

Soil Management with remote sensing

etc.), reduced transaction costs, access to

Improved energy-efficient cooking stoves

Knowledge Related

market prices, access to agronomic tips.
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Conservation Agriculture
Conservation agriculture (CA) is based on three practices promoted as a means for sustainable agricultural intensification
and these include minimum tillage, mulching with crop residue, and crop rotation (Brouder and Gomez-macpherson 2014).
Conservation agriculture improves yields through increased water infiltration, conserving moisture (when mulch is applied),
and improving soil fertility. Farmers can also save labour and other costs from reduced tillage and precision in the application
of inputs such as fertilisers. To maximize the benefits of CA, complementary practices are needed i.e. appropriate nutrient
management to increase productivity and biomass; improved stress-tolerant varieties to overcome biotic and abiotic stresses; careful use of crop chemicals to control pest, diseases, and weed pressure; improved groundcover with alternative organic resources or diversification with green manures and agroforestry; increased efficiency of planting and mechanization
to reduce labour, facilitate timely planting, and to provide farm power for seeding; and an enabling policy environment to
promote the technology (Thierfelder et al. 2018). Despite these benefits, adoption rates have been low with high dis-adoption rates. Empirical evidence on the performance of CA including the ‘climate-smart’ properties has mostly relied on data
from agronomic on the station and on-farm trials, thereby missing potential effects of actual farmer behaviour. Few studies
that do use observational data often fail to account for selection bias or fully control for all potential sources of endogeneity (Andersson and Souza 2014; Ngombe, Kalinda, and Tembo 2017). CA was first implemented in Zimbabwe by Brian
Oldrieve at Hinton Estates in the north-eastern parts of the country in the late 1980s. Widespread promotion throughout
the country was then done in 2003 with donor provided input packages such as the Protracted Relief Programme (Jaleta
et al. 2019). These efforts were supported by the government through the formation of a national CA task force that was
established including the Ministry of Agriculture and NGOs. The taskforce was coordinated and supported by FAO and with
players from international research institutes and NGOs. The adoption of CA has been limited with about 8.3% of arable
area by the year 2014 being under CA in Zimbabwe (Mugandani and Mafongoya 2019).

Fodder Production and Agroforestry
Farmers in crop-livestock integrated farming systems benefit from livestock through their provision of milk, dung for manure which provides soil fertility nutrients, investment, meat, drought power for ploughing, and income (meat, milk sales,
hiring out ploughing animals). One of the biggest constraints to livestock productivity is low quality and quantity of feed for
smallholder farmers who rely on natural pastures. The grazing area has continued to dwindle as a result of climate change.
Cattle are in poor conditions particularly during the dry winter season when they subsist on poor quality roughages, i.e.,
crop residues and grass. This feeding shortage culminates in the increased incidence of diseases, low milk production from
cows, low body condition score, and even poor performance for draft animals.
New CSA technologies like fodder production and agroforestry have been emerged over the last decade and have been promoted among smallholder farmers to improve livestock in the face of climate change. Tree fodder banks have great potential
to increase productivity through enriching livestock diets with protein supplements (Franzel et al. 2014). Fodder trees are
grown most frequently in hedges along field boundaries or along the contours to limit soil erosion Calliandra calothyrsus is
the most commonly planted species. The trees are s fast-growing, tolerant to frequent pruning, and droughts. These include
trees such as Leucaena diversifolia, Leucaena tri-chandra, Chamaecytisus palmensis Sesbania sesban, L. leucocephala, A.
angustissima, L. diversifolia, and L. pallida (Paul et al. 2020). The International Centre for Research in Agroforestry (ICRAF)
in Zimbabwe has spearheaded the adoption of a variety of agroforestry technologies. The International Livestock Research
Institute (ILRI) has also trained on the processing of homemade mucuna and lab lab-based diets for feeding both dairy and
beef cattle. On-farm demonstrations to spearhead the adoption of fodder were run by ILRI under the ZimCLIFS (Zimbabwe
Crop Livestock Integration for Food Security) from 2013 to 2015. Currently, the Zimbabwe Livelihoods and Food Security
Programme (LFSP), the Zimbabwe Resilience Building Fund (ZRBF), Zimbabwe Agriculture Growth Program (ZAGP) are also
promoting fodder production and value addition of crops such as velvet bean and lablab.
Researchers have evaluated fodder adoption from various agro-ecological zones using logit modelling to identify the drivers
of adoption and even gross margin analysis to determine profitability.
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A study on small scale farmers who grew fodder to supplement their dairy cattle revealed that dairy herd size, landholding
size, membership of the dairy association and agro-ecological zone are the key factors influencing farmers’ adoption of
fodder bank (Jera and Ajayi 2008). Benefits from supplementing livestock with fodder include, increased milk yields after
feeding cows and increased grain and stover yield when the technology is applied to crop enterprises. A study carried out in
the Philippines found out that fodder trees were the most important feed source during the dry season and were found to
increase net incomes from livestock production from US$68 to US$503 per household (Franzel et al. 2014). Other benefits
of fodder shrubs include the provision of products such as firewood, stakes, bee forage, and seeds, which are sometimes
sold and services (fencing, soil fertility improvement, soil erosion control, and improvement in animal health and reproduction. Fodder trees depending on their location can help to reduce runoff and soil erosion. The trees are deep-rooted,
resistant to drought and they maintain high protein levels during the dry season when high-quality feed is scarce. They
also improve livestock productivity, which helps reduce methane emissions per unit of output and helps reduce carbon
emissions by substituting for commercially manufactured concentrates. Fodder crops such as Mucuna pruriens and Lablab
purpureus are nitrogen-fixing so improves soil fertility. They also contribute to improved productivity when used in home
formulated legume-based diets. No study according to the author’s knowledge has however been done to evaluate the
effects of adopting these CSA livestock technologies on household food security in Zimbabwe.

Climate‑Smart Pest Management
Climate-Smart Pest Management (CSPM) refers to the interdisciplinary approaches and strategies that use integrated pest
management (Heeb, Jenner, and Cock 2019). It includes the provision of tools and information to farmers such that they
can proactively put into action pest prevention practices (e.g. crop diversification, or practices that reduces susceptibility
to pest attack. Examples of pest prevention approaches include pest control through chemical, biological, cultural, or mechanical methods, building the resilience of the farm through e.g. push-pull technologies, pest scouting to monitor existing
and any new pests. Among the various constraints responsible for lower yields are those whose control has remained a
challenge. The International Centre of Insect Physiology and Ecology (ICIPE) with partners developed a climate-smart ‘pushpull’, based on companion cropping that effectively controls in cereal crops (maize, sorghum, and millets) both parasitic
weed Striga and Stem borer pests constraints simultaneously (Murage et al. 2015). This, therefore, calls for vibrant and
efficient pest warning systems in-country as well as enforcing policies that relate to pests. Zimbabwe has put in place the
Plant, Pests and Diseases Act [Chapter 19:08] for controlling pests and diseases that affect crops. The act provides for the
mandatory destruction of tobacco and cotton plants by a specified date or prohibiting the planting of tobacco or cotton or
tobacco between specified dates as part of efforts to prevent the spread of plant pests and diseases in Zimbabwe.

Climate-Smart Bio-fortified Crops
Recently there has been the expansion of high yielding drought tolerant but micronutrient-rich crop varieties through genetic bio-fortification with minerals and vitamins to achieve nutrition security even in the presence of climate change (Signh
et al. 2018; Kumar et al. 2019). Harvest Plus, a global consortium co-led by the International Food Policy Research Institute
(IFPRI)
and CIAT has promoted and released seven, conventionally bred, bio-fortified crops in 13 countries (Lividini and Fiedler
2015). In Zimbabwe, CIAT has spearheaded the promotion of Pro-Vitamin A maize, Quality Protein Maize (QPM), Orange
Fleshed Sweet Potato (OFSP), and zinc and iron-enriched beans. CIAT has been working with DRSS with support from CIMMYT and the Pan Africa Bean Research Alliance (PABRA) through CIAT Malawi. The bean varieties that have been released
to date in Zimbabwe include NUA 45, Cherry, and Sweet Violet varieties. QPM maize released to date includes hybrid
ZS261, the open-pollinated Obatanpa variety, SC527, and SC643 (Seed Co varieties) (Braizer 2019).
All the discussed CSA technologies contribute to household incomes and food security and ultimately improved livelihoods
in various ways. Researchers in Ethiopia found that the adoption of CSA increased dietary diversity and improved nutrition
(protein and calorie intake). Benefits were even more for households that adopted combinations in comparison to those that
adopted each technology in isolation (Teklewold, Gebrehiwot, and Bezabih 2019).
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Econometric Theories and Models
Adoption is a decision-making process in which individuals first learn about an innovation and have a decision to adopt or
reject it (Rogers 2003). Farmer’s adoption behaviour has been explained by researchers using three paradigms namely the
innovation-diffusion model, economic constraint model, and the adopter’s perception models.

Innovation Diffusion Model
The model shows that diffusion of technology consists of four components namely the innovation-decision process, the
perceived attributes of the technology, the rate of adoption, and individual innovativeness (Rogers 2003). The innovation-decision process is characterized by five stages i.e knowledge, persuasion, decision, implementation, and confirmation.
In the first stage, the farmer is exposed to the CSA technology package. The farmer is taught how the technology works and
the potential benefits that the technology can give to farmers. The model assumes that while technology is technically and
culturally suitable, information asymmetry and high search costs may limit its adoption and as such, it is very important for
farmers to get all necessary information on the technology. Research and development organisations have therefore used
various approaches to ensure farmers get CSA information. Methods have ranged from the use of government extension,
innovation platforms, lead farmers, and use of local non-governmental organisations extension staff. In analysing adoption,
it is thus important to get to know the level of contact between extension personnel and farmers. Farmers also get information from mass media (television, radio, newspaper) and through interpersonal communication. Once the farmer is persuaded to use the new technology, farmers decide whether or not to use the technology. The stage is followed by confirmation
during which the individual seeks reinforcement for the decision made. The farmers proceed to judge a technology using
five attributes i.e. relative advantage, compatibility, complexity, friability, and observability.
Thus, farmers will consider the advantages and disadvantages of technology. Relative advantage is often expressed in terms
of economic, social, or other benefits refers to the degree to which an innovation is perceived as better than the conventional practice it replaces. Compatibility refers to the degree to which an innovation is perceived by potential adopters to be
consistent with their existing values or practices. Compatibility with what is already in place makes the new practice seem
less uncertain, more familiar, and easier to adopt. Complexity refers to the degree to which an innovation is considered as
difficult to understand and use. If potential adopters perceive innovation as complex, its adoption rate is low. Friability refers
to the extent to which an innovation may be subjected to limited experimentation. Finally, observability refers to the degree
to which the results of an innovation are visible to others. The technology will then spread gradually over time and among
people resulting in various adopter categories depending on the rate of adoption. The adoption category depends on the
availability of information on the technology.

Figure 1: Technology diffusion. Source: Rogers (2003)
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Rogers classified the adopters into five categories namely innovators, early adopters, early majority, late majority, and laggards. Innovators are individuals who are venturesome, eager to try new ideas, and willing to take risks. Early adopters are
usually the local opinion leaders in the system who function as role models and are quick to see the value of innovations.
The early majority is formed by the largest category and these decisions after they are convinced of the benefits. The late
majority are cautious and sceptical persons who do not adopt until the large majority has done so. They are usually relatively poor and are averse to risk. The last group of adopters is the laggards. They are suspicious of innovations and change
agents. They are usually poor and seldom take risks. Information on patterns of adoption is important as it can act as good
feedback to the technology developers and policymakers. For instance, some farmers adopt and dis-adopt over the years,
while some will never adopt CSA technologies. The innovation diffusion model has several limitations. One of the major
shortcomings of the model is that it generally assumes that the most important variable is information and the willingness of
the individual to change. An individual is characterised according to his behaviour without considering factors that influence
his behaviour. In reality, many other factors are known to influence the adoption of agricultural innovation. These include
the farmer’s objectives, the level of the resource endowments of the individuals, access to resources, availability of support
systems, and the characteristics of the innovation. For example, access to resources such as labour and land can limit the
adoption of CSA technologies to a small number of individuals in the farming communities. This could apply to female-headed households whose productive resources are limited in some communities compared to their male counterparts. In such
cases, an innovative individual may be labelled as a laggard, while late or non-adoption is caused by a lack of land or labour
resources that might be associated with the technology. Information and support services from the extension systems may
also limit the spread of innovation by targeting innovators and early adopters while ignoring the others.

Economic Constraint Model
Economic constraint model highlights that farm households make choices on all operations during production e.g. which
crops to grow, on what size, whether or not to use purchased inputs, which crops to grow on which fields, etc. Decision
making depends on their goals or objectives and the resource constraints of the individual farming household. The model
assumes that the household acts as a unified unit of production and consumption that aims to maximise utility subject to
its production function, income, and total time constraint. This is not, however, the case in real-life situations as household
members do not have the same utility functions and thus the study asked households to specify decision-makers for operations as well as specifying who decides to adopt certain agriculture technologies. The model highlights that in the short
run, input fixity such as access to credit, land, and labour restricts production flexibility and therefore conditions technology
adoption decision. It emphasizes the factors that affect profitability that asymmetrical distribution in resource endowments
determine observed adoption behaviour.

Perception model
The model suggests that the perceived attributes of the technologies conditions the adoption behaviour of farmers. Thus,
even with full information, farmers may subjectively evaluate any given technology. Farmer’s perceptions are subjective but
have a direct influence on the decision to adopt CSA. A study in Uganda found that perception of future climate changes
affected the decision to adopt drought-tolerant maize varieties. Similarly, perception of Striga severity affected the adoption
of climate-smart pull technology. It is therefore important to consider perceptions even in econometric modelling. It is also
important because researchers have found that new technologies affect men and women differently as they experience
social, economic, and environmental reality in different ways (Rao et al. 2019). Men and women play different roles in
crop-livestock integrated farming systems and thus contribute differently to agriculture. Literature highlights that women
contribute over 50% of agriculture labour besides reproductive roles. Effective dissemination and adoption of CSA technologies can be achieved where there is complete knowledge of how these technologies are perceived.
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Econometric Data for Adoption and Impact
Researchers have used time-series data, cross-sectional data, and panel data in adoption studies. Time series data has been
used in which the aggregate measure of adoption is measured e.g. the percentage of farmers using technology each time.
Adoption is thus captured as a logistic shaped function (Atnafe et al. 2018). This approach is however limited as it does not
give the intensity of the adoption and does not say much about the underlying dynamic process. Cross-sectional studies
take a snapshot of farmer’s technology use at some date. The cross-section has limitations in that the technology may be
incompletely diffused through the population. Thus, the adoption process itself is less understood from this data unless
recall data is included in the data collection instrument. Panel studies collect data at certain points for the same farmers. The
data can allow for household effects changes to be investigated. Panel data combines inter-individual diversity and intra-individual dynamics which have advantages of more accurate inference of model parameters, make simpler computation and
statistical inference as well as having a greater capacity of capturing human behaviour complexity over time (Hsiao 2001).

Single and Multiple Equation Models
In the econometrics literature, single and multiple equation models have been used to analyse adoption decisions. Three
models have been frequently used to analyse technology adoption namely the linear probability, logistic function (logit), and
the normal density function (Probit) models (Mazvimavi and Twomlow 2009). These models use a binary choice variable as
a dependent variable. The Logit Logistic regression is a mathematical-statistic method which is applied when the dependent
variable is dichotomous (only takes two values). Logistic regression predicts the occurrence or non-occurrence of an event.
However, the use of a binary choice variable as a dependent variable may not capture adoption intensity. To overcome this
problem, a Tobit estimation method can be used to analyse adoption intensity where the dependent variable is continuous with a zero limit. The Tobit model is however statistically restrictive as it assumes that similar factors affect both the
probability of non-zero adoption and level of intensity (Danso-Abbeam, Dagunga, and Ehiakpor 2019). Logit, Probit, and
Tobit are all examples of single equations models. Despite the appropriateness of the single-equation models, they have
limitations associated with them. The adoption of technologies is often incremental resulting in various levels of adoption.
The adoption levels and rates also change over time with the learning of new knowledge and as such multi equation model
becomes more appropriate. An example is a study in Madagascar that used a dynamic Probit model to analyse the trial of
the technology, then the Tobit model to verify intensity, and finally Probit model to isolate factors associated with dis-adoption (Moser and Barrett 2006). Examples of multiple equation models include the double hurdle model and the structural
equation models (SEM). The SEM is a comprehensive and flexible multivariate statistical model that measures relationships
between observable and latent variables. The model combines regression analysis, factor analysis, among others.

The Double Hurdle Model
The model assumes that farmers are faced with two hurdles in agricultural decision-making processes. Farmers decide to
adopt face and then secondly decides on the level of production under the CSA technology chosen. Factors affecting these
two stages are different. The double hurdle model is ideal because it allows distinctions between determinants of production participation using CSA technologies and the level of participation through two separate stages. The model involves
running a Probit regression model to identify factors affecting the decision to adopt CSA technologies in the first stage.
The second stage involves using a truncated regression model on the participating households to analyse the extent of
adoption. The double hurdle model allows a subset of data to a pile-up at some value without causing bias in estimating the
determinants of the continuous dependent variable in the second stage (Burke 2009) and hence all data in the remaining
sample for participants is obtained.

Factors affecting Adoption of CSA technologies
Reasons behind farmer adoption of climate-smart technologies are multifaceted and lessons can be drawn from earlier
research on farmers’ unwillingness to adopt agriculture technologies. Researchers have investigated several endogenous
(human capital, attitude towards risk, access to financial capital, etc.) and exogenous (institutional, location, soil quality,
rainfall patterns, farming system, market infrastructure, etc.) factors that influence technology adoption. The factors can
be classified into four main categories including socio-demographic characteristics, institutional factors, and farmer per-
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ceptions of the technology and socio-economic factors (Mozzato et al. 2018). Factors affecting risk include observable and
unobservable such as attitudes toward risk and ambiguity. Individuals’ varied preferences for uncertainty may reflect the
technology adoption pattern. Such preferences affect individuals’ utility functions or their value functions, which in turn may
result in otherwise sub-optimal investment and/or production decisions. It is thus important to investigate unobservable
factors, along with observable ones when studying technology adoption.

Farmers Socio Demography Characteristics
Farmers’ socio-demographic characteristics include household heads’ age, gender, education, and household size. Household head’ age has been found to have both positive and negative effects on adoption by different researchers. Researchers
in Vietnam found both negative and positive relationship between age and adoption of CSA technologies in rice production
in different provinces. In one province named Ha, the older farmers were more likely to adopt CSA while in Bac Lieu and
Thai Binh provinces, the younger farmers were more likely to adopt CSA (Tran et al. 2019). Older farmers have a likelihood
in adopting CSA technologies because they have accumulated capital or have greater access to credit particularly for technologies that need some investment. Also, older farmers learn from experience on how they cope with climate change and
variability shocks and thus can better evaluate any new technologies based on experience compared to younger farmers.
In some areas, however, age can be a deterrent to technology adoption as an aged farmer has decreased physical ability
(Abegunde, Sibanda, and Obi 2019). This infers that younger farmers are more risk-takers than older farmers. Risk-averse
farmers will wait longer to adopt new technologies. The education of the household head has a positive influence on the
adoption of new technology. The reason behind this is that a more educated household head is expected to be more efficient to understand and obtain new technologies in a shorter period than uneducated people. Also, the education level is
assumed to increase the farmer’s ability to obtain, process, and use the information relevant to adoption.
Gender of the household head also plays a role in adoption and researchers have reported mixed evidence. Some empirical
studies report a higher rate of technology adoption among male-headed households, compared to female-headed households because of discrimination i.e. women have less access to external inputs, services, and information due to socio-cultural values (Amadu, McNamara, and Miller 2020; Martey et al. 2020) Adoption is positively influenced because men for
male-headed households in most societies are the ones who control productive resources such as land, labour, and capital
which are critical for the adoption of new technology. In comparison, female-headed households limited adoption due to
differential access to production resources (land, labour, capital) as well as access to training and extension services. Thus,
higher access to resources and information gives such households the ability to adopt.
Household size is linked to labour availability and will affect adoption decisions depending on the technology is labour using
(e.g. basins in conservation agriculture (or labour-saving (e.g. ox based cultivation). Technology adoption usually requires
more labour inputs and if this requirement is fulfilled by family members then adoption is positively influenced. There is
however likely to be non-adoption or low adoption of labour-intensive technologies for families with scarce labour. Various
researchers found a positive relationship between household size and adoption of labour-intensive CSA technologies such
as row marking and intercropping (Beyene et al. 2017; Martey et al. 2020)

Institutional factors
Institutional factors include services such as finance, insurance, information dissemination, and belonging to a social group.
Technology adoption usually goes along with the use of inputs like fertilizer, pesticides among others. Credit access enables
the farmer to purchase these various inputs thereby positively influencing technology adoption. Differential adoption of
technologies happens where there is differential access to credit. Some researchers have found out that access to credit
promotes the adoption of risky technologies through relaxation of the liquidity constraint and enhancing of household’s
risk-bearing ability. A household that accesses credit can drop inefficient income diversification strategies and take up riskier
but efficient investments. Credit access can relax the income constraints of farmers hence enable them to have access to
key inputs as well as in hiring of labour. This positive influence is realised when the credit is invested in agriculture activities rather than used for social purposes (Aryal et al. 2017). Low adoption rates have however been reported in countries
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where female-headed households are discriminated against by credit institutions, and as such, they are unable to finance
yield-raising technologies.
Acquisition of information about new technology is another factor that determines the adoption of technology. It enables
farmers to learn the existence as well as the effective use of technology and this facilitates its adoption. Access to extension services has a positive impact on technology adoption because of the extension agent’s support in creating awareness
about innovation and its potential. Extension services play important role in the implementation and diffusion of innovation
and bridge the gap between farmers and the new technology. Extension services link innovators (researchers) and technology users (farmers) through the dissemination of information to farmers on the effective use and benefit of new technology. Extension workers do this through the use of lead farmers, farmer meetings, and visits to farmers. Extension worker
information dissemination can counterbalance the negative effect of lack of years of formal education by farmers in the
overall decision to adopt some technologies (Mwangi and Kariuki 2015). Access to information through extension enables
farmers to make informed decisions as it reduces the uncertainty about a technology’s performance hence may change an
individual’s assessment from purely. Information disseminate should be reliable, consistent, and accurate otherwise it can
act as a hindrance to adoption.
Membership to social groups enhances social capital allowing trust, ideas, and information exchange about new technologies. Farmers who participate more in community-based organizations were likely to engage in social learning about the
technology hence raising their likelihood to adopt the technologies. However social groups may also have a negative impact
on technology adoption, especially where free-riding behaviour exists. Some researchers) propose an inverted U-shaped
individual adoption curve, implying that network effects are positive at low rates of adoption but negative at high rates of
adoption (Bandiera and Rasul 2006) As more people engage in the experimentation of new technologies, others join in and
free ride on experimentation of others.

Farmer’s Perception of the Technology
Benefits received by an adopter and the associated costs of production play an important role in adoption consistent with
the conventional neoclassical model view that that rational economic man maximizes his utility. Farmers are more interested
in the short term than long term benefits Farmer perceptions of technologies may provide a better understanding of technology adoption since farmers deal with the technologies and probably perceive technologies differently from researchers
and extension agents. These perceptions of innovation mainly depend upon their knowledge and information about the
innovation and socio-economic situation. Level of information depends on the farmer’s level of education and training that
they receive about technology. A study in Ethiopian highlands found that educational level and access to training had a
positive and significant influence on farmer’s perceptions to adopt soil and water conservation technologies (Moges and
Taye 2017). Researchers also found that the perceived benefits of CSA in terms of contribution towards productivity and
income positively influenced adoption (Ntshangase, Muroyiwa, and Sibanda 2018b; Ouédraogo et al. 2019). Farmers who
also perceive the technology to be consistent with their needs and compatible with their environment are more likely to
adopt since they found it as a positive investment. Thus, farmers’ perception of the performance of CSA technologies can
significantly influence the decision to adopt them. Adoption depends on users’ judgments of the value of the technology
to them and judgment factors like utility and efficiency of the technology. Preference for a certain technology is influenced
by farmers’ evaluation of yield and total benefit accrued within a year. Technologies that need few assets, have a lower risk
premium, and are less expensive have a higher probability of being adopted. On the other hand, technologies that require
new skills, are time-consuming and costly to acquire the knowledge on them may face slow adoption. Thus, level of participation depends on the net economic benefits of the technology to other options.

48

Socio-Economic Factors
Socio-economic factors such as farm size, the income of the household head, ownership of assets, and livestock have a positive and negative influence on adoption. Some studies, however, found a negative influence of farm size on adoption. Small
farm size may provide an incentive to adopt input-intensive innovation such as a labour-intensive or land-saving technology.
Farmers with small land are likely to adopt land-saving technologies such as greenhouse technology and zero-grazing among
others as an alternative to increased agricultural production (Mwangi and Kariuki 2015). An inverse relationship between
arable land size has been found for some technologies e.g. crop diversification where intensification will improve yields
through improved moisture conversation and increased soil fertility(Teklewold, Gebrehiwot, and Bezabih 2019). Landholding size can however have a positive relationship to technology adoption particularly for scale dependant technologies that
need more land. Households with larger landholdings can opt to try new technologies compared to those with smaller land
sizes. Asset ownership positively influences technology adoption. Researchers reported that farmers with more assets were
likely to have money, equipment and materials needed for new technologies ( Rosenstock and Nowak 2019). Assets generate the income necessary for accessing inputs associated with new technologies. Non-agricultural income allows farmers to
meet capital costs associated with new technology and reduces the risk of experimenting with new technologies. Instead of
analysis factors affecting adoption only, it is ideal and most appropriate for studies to further look at factors affecting the
intensity of use of these technologies. This important is crucial for stakeholders in value chains as it helps them design better
strategies for scaling up adoption in crop-livestock integrated smallholder communities to improve productivity and hence
improve household food security. Table 2 gives a summary of some studies on adoption and impact. It gives the analytical
model used and the results in terms of significant factors affecting adoption and the impact.
The differences in the discussed characteristics (farm and farmer characteristics, institutional factors etc) thus point to the
fact that out scaling of CSA technology cannot be a one-size-fits-all model. CSA technologies should be tailor-made to
meet the diversity that exists in farming communities. A study by (Makate et al. 2018) of Southern Africa using Principal
Component and clustering found that typologies affected adoption. The inexperience, poor and illiterate farmers were low
adopters compared to the rich, well-resourced and experienced counterparts.
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Table 2: A summary of some key adoption and impact studies
Details investigated

Sample size & Analytical Model

Factors affecting adoption of no-till in Kwa-

185 farmers

zulu Natalt

Logistic Regression
917 farmers

Adoption of multiple CSA and impact on

Multivariate Probit model

nutrition in Ethiopia

Endogenous switching regression
model

Impact of CA on productivity and food security

488 farmers
The propensity score-matching
approach

Significant factors/Results
Number of extension visits,
Age,
education
Plot accessibility,
Social capital and networks,
Tenure security
CA had a positive impact on maize grain yield (ATT =
473 kg ha-1

Sources
(Ntshangase, Muroyiwa, and Sibanda 2018a)

(Teklewold, Gebrehiwot, and Bezabih 2019)

(Siziba et al. 2019)

Educational status, farm income, farming experience,
Determinants of CSA Small-Scale Farming
Households in South Africa

357 farmers interviewed

size of farmland, contact with agricultural extension,

Generalized Ordered Logit Re-

exposure to media, agricultural production activity,

gression model

membership of an agricultural association or group

(Abegunde, Sibanda, and Obi 2019)

and perception of the impact of climate change
The potential impact of the adoption of soil
and water conservation technologies on

312 households

household food security in the Chinyanja

Propensity Score Matching

CA has a significant impact on cereal consumption.

(Mango et al. 2020)

Triangle
Impact of CSA on household income and
asset accumulation among smallholder farmers in Kenya

433 households
Propensity Score Matching (PSM)

Adoption significantly enhances household income
which, in turn, improves household asset accumula-

(Ogada et al. 2020)

tion
Age of household head, family size,
Literacy of household head,

Determinants of Adoption and Impacts of

1760 households

Sustainable Land Management and Cli-

The multinomial endogenous

mate-smart Agricultural Practices in Ethiopia switching regression model

Parcel characteristics (i.e. soil quality, the distance of
parcel, the slope of the parcel)
Climate variables (rainfall and temperature),

(Beyene, Mekonnen, Kassie, Falco,

The occurrence of shocks, extension visits.

et al. 2017)

Adoption yielded both positive and negative
returns
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Conclusion
The review shows that climate change will affect smallholder rain-fed agriculture through a reduced amount of rainfall
and increased temperatures. These will ultimately lead to reduced productivity from heat stress as well as the increased
incidence of pests and diseases. The promotion of various CSA technologies offers solutions to these negative effects.
Conservation Agriculture has emerged as the most popular form of climate-smart agriculture promoted in Zimbabwe in
addition to drought-tolerant maize varieties. Fodder production to supplement livestock during the dry season is still very
low. Adoption and intensity of adoption are affected by many factors ranging from farm and farmer characteristics, access to
information, perceptions among others. To date, it can be seen that CSA technologies are adopted differently among smallholder farming communities depending on actual and perceived benefits thus it important for development workers scaling
out CSA to take that into consideration and tailor-make technologies depending on needs of the various types of farmers.
CSA have differing potential multiple benefits from increased yields, improved incomes and food security to environmental benefits and improved resilience of communities. The evidence of these impacts should be shared with government
policymakers by researchers and extension to promote buy-in and supporting policies for CSA technologies. To achieve
a widespread impact, there is a need for all actors along the key farmer value chains to be involved. It should however be
noted that while Zimbabwe stands to benefit from CSA, a few research has explored technology combinations adopted by
farmers as well as modelling optimal combinations for the smallholder farming communities. The few existing studies on
CSA in Zimbabwe focused on the adoption of individual CSA technologies, studies on impact are largely dependent on-farm
demonstrations rather than actual adoption by farmers without support from NGOs. Further, no study according to the
author’s knowledge attempts to model maximizing combinations of CSA in these crop-livestock integrated farming systems.

References
Abegunde, Victor O, Melusi Sibanda, and Ajuruchukwu Obi. 2019. “Determinants of the Adoption of Climate-Smart Agricultural Practices by Small-Scale Farming Households in King Cetshwayo District Municipality , South Africa.” Sustainability 12.
AGRA. 2014. “Africa Agriculture Status Report:Climate Change and Smallholder Agriculture in Sub-Saharan Africa. Nairobi,
Kenya.”
Amadu, Festus O., Paul E. McNamara, and Daniel C. Miller. 2020. “Understanding the Adoption of Climate-Smart Agriculture: A Farm-Level Typology with Empirical Evidence from Southern Malawi.” World Development 126: 104692.
https://doi.org/10.1016/j.worlddev.2019.104692.
Andersson, Jens A, and Shereen D Souza. 2014. “Agriculture , Ecosystems and Environment From Adoption Claims to Understanding Farmers and Contexts : A Literature Review of Conservation Agriculture ( CA ) Adoption among Smallholder
Farmers in Southern Africa.” “Agriculture, Ecosystems and Environment” 187: 116–32. https://doi.org/10.1016/j.
agee.2013.08.008.
Aryal, Jeetendra Prakash, M.L Jat, Tek B Sapkota, Menale Kassie, Bahadur Dil Rahut, and Sofina Maharjan. 2017. “Adoption
of Multiple Climate- Smart Agricultural Practices in the Gangetic Plains of Bihar , India.” International Journal of Climate Change Strategies and Management 10 (3): 407–27. https://doi.org/10.1108/IJCCSM-02-2017-0025.
Atnafe, Yigezu, Amin Mugera, Tamer El-shater, Aden Aw-hassan, Colin Piggin, Atef Haddad, Yaseen Khalil, and Stephen Loss.
2018. “Technological Forecasting & Social Change Enhancing Adoption of Agricultural Technologies Requiring High
Initial Investment among Smallholders.” Technological Forecasting & Social Change 134 (April): 199–206. https://doi.
org/10.1016/j.techfore.2018.06.006.
Bandiera, Oriana, and Imran Rasul. 2006. “Social Networks and Technology Adoption in the Zambezia Province of Northern
Mozambique.” The Economic Journal 116 (1957): 869–902.
Baumgard, Lance H, Robert P Rhoads, Michelle L Rhoads, Nicholas K Gabler, Jason W Ross, Aileen F Keating, Rebbeca L
Boddicker, Sangeeta Lenka, and Veerasamy Sejian. 2012. Impact of Climate Change on Livestock Production. https://
doi.org/10.1007/978-3-642-29205-7.
Beyene, Abebe D, Alemu Mekonnen, Menale Kassie, Salvatore Di Falco, and Mintewab Bezabih. 2017. “Determinants of

51
Adoption and Impacts of Sustainable Land Management and Climate Smart Agricultural Practices ( SLM-CSA ).” Environment for Development.
Beyene, Abebe D, Alemu Mekonnen, Menale Kassie, Salvatore Di Falco, and Mintewab Bezabih. 2017. “Determinants of
Adoption and Impacts of Sustainable Land Management and Climate Smart Agricultural Practices (SLM-CSA): Panel
Data Evidence from the Ethiopian Highlands.” Environment for Development. Discussion Paper Series. www.efdinitiative.orgorcontactinfo@efdinitiative.org.
Bowditch, Euan, Giovanni Santopuoli, Franz Binder, Nicola La, Tatiana Kluvankova, Jerzy Lesinski, Renzo Motta, et al. 2020.
“What Is Climate-Smart Forestry ? A Definition from a Multinational Collaborative Process Focused on Mountain
Regions of Europe.” Ecosystem Services 43 (May): 101113. https://doi.org/10.1016/j.ecoser.2020.101113.
Braizer, Anna. 2019. “Livelihoods and Food Security Programme Agriculture Productivity and Nutrition.The Status of Biofortification in Zimbabwe. Paper Prepared for FAO and Edited by Jannie Armstrong.”
Brouder, Sylvie M, and Helena Gomez-macpherson. 2014. “Agriculture , Ecosystems and Environment The Impact of Conservation Agriculture on Smallholder Agricultural Yields : A Scoping Review of the Evidence.” “Agriculture, Ecosystems
and Environment” 187: 11–32. https://doi.org/10.1016/j.agee.2013.08.010.
Burke, William J. 2009. “Fitting and Interpreting Cragg ’ s Tobit Alternative Using Stata.” The Stata Journal 9 (4): 584–92.
Dahlin, A Sigrun, and Leonard Rusinamhodzi. 2019. “Yield and Labor Relations of Sustainable Intensification Options for
Smallholder Farmers in Sub ‐ Saharan Africa . A Meta ‐ Analysis.” Agronomy for Sustainable Development 39 (32).
https://doi.org/10.1007/s13593-019-0575-1.
Danso-Abbeam, Gideon, Gilbert Dagunga, and Dennis Sedem Ehiakpor. 2019. “Adoption of Zai Technology for Soil Fertility
Management: Evidence from Upper East Region, Ghana.” Journal of Economic Structures 8 (32).
Enahoro, Dolapo, Daniel Mason-d Croz, Marloes Mul, Karl M Rich, Timothy P Robinson, Philip Thornton, and Steven S
Staal. 2019. “Supporting Sustainable Expansion of Livestock Production in South Asia and Sub-Saharan Africa : Scenario Analysis of Investment Options.” Global Food Security 20 (May 2018): 114–21. https://doi.org/10.1016/j.
gfs.2019.01.001.
Franzel, Steven, Sammy Carsan, Ben Lukuyu, Judith Sinja, and Charles Wambugu. 2014. “Fodder Trees for Improving Livestock Productivity and Smallholder Livelihoods in Africa.” Environmental Sustainability 6: 98–103.
GOZ. 2015. “Zimbabwe ’ s National Climate Change Response Strategy. Gorvernment of Zimbabwe. Ministry of Environment , Water and Climate.”
Hadush, Muuz. 2018. “Welfare and Food Security Response of Animal Feed and Water Resource Scarcity in Northern Ethiopia.” Agricultural and Food Economics 2 (6).
Harvey, Celia A, Milagro Saborio Rodríguez, M Ruth Martinez Rodríguez, Barbara Viguera, Adina Chain Guadarrama, Raffaele Vignola, and Francisco Alpizar. 2018. “Climate Change Impacts and Adaptation among Smallholder Farmers in
Central America.” Agriculture & Food Security 7 (57): 1–20.
Heeb, Luca, Emma Jenner, and Matthew J W Cock. 2019. “Climate ‑ Smart Pest Management : Building Resilience of Farms
and Landscapes to Changing Pest Threats,” 951–69.
Hsiao, Cheng. 2001. “Analysis of Panel Data.” Cambridge: Cambridge University Press (Econometric Society monograph.
IPCC. 2018. “Global Warming of 1.5°C. An IPCC Special Report on the Impacts of Global Warming of 1.5°C above Pre-Industrial Levels and Related Global Greenhouse Gas Emission Pathways, in the Context of Strengthening the Global
Response to the Threat of Climate Change,.” In Press.
Jaleta, Moti, Frédéric Baudron, Branka Krivokapic-skoko, and Olaf Erenstein. 2019. “Agricultural Mechanization and Reduced Tillage : Antagonism or Synergy ?” International Journal of Agricultural Sustainability 17 (3): 219–30. https://
doi.org/10.1080/14735903.2019.1613742.
Jera, R, and O C Ajayi. 2008. “Agrekon : Agricultural Economics Research , Policy and Practice in Southern Africa Logistic
Modelling of Smallholder Livestock Farmers ’ Adoption of Tree-Based Fodder Technology in Zimbabwe Logistic Modelling of Smallholder Livestock Farmers ’ Adoption of.” Agrekon 47 (3): 379–92. https://doi.org/10.1080/03031853
.2008.9523806.
Katengeza, Samson P, Stein T Holden, and Rodney W Lunduka. 2019. “Adoption of Drought Tolerant Maize Varieties under Rainfall Stress in Malawi.” Journal of Agricultural Economics 70 (1): 198–214. https://doi.org/10.1111/1477-

52
9552.12283.
Khatri-Chhetri, Arun, P. K. Aggarwal, P. K. Joshi, and S. Vyas. 2017. “Farmers’ Prioritization of Climate-Smart Agriculture
(CSA) Technologies.” Agricultural Systems 151: 184–91. https://doi.org/10.1016/j.agsy.2016.10.005.
Kumar, Sushil, Adinath Palve, Chitra Joshi, and Rakesh K Srivastava. 2019. “Heliyon Crop Bioforti Fi Cation for Iron ( Fe
), Zinc ( Zn ) and Vitamin A with Transgenic Approaches.” Heliyon 5 (February): e01914. https://doi.org/10.1016/j.
heliyon.2019.e01914.
Lawal, Shakirudeen, Christopher Lennard, and Bruce Hewitson. 2019. “Response of Southern African Vegetation to Climate
Change at 1 . 5 and 2 . 0 ° Global Warming above the Pre-Industrial Level.” Climate Services 16 (November): 100134.
https://doi.org/10.1016/j.cliser.2019.100134.
Lipper, Leslie, and Bruce Campbell. 2014. “Climate Smart Agriculture for Food Security.” Nature Climate Change, no. r.
https://doi.org/10.1038/nclimate2437.
Lividini, Keith, and John L Fiedler. 2015. “Assessing the Promise of Biofortification : A Case Study of High Provitamin A
Maize in Zambia.” Food Policy 54: 65–77. https://doi.org/10.1016/j.foodpol.2015.04.007.
Lunduka, Rodney Witman, Kumbirai Ivyne Mateva, and Cosmos Magorokosho. 2019. “Impact of Adoption of Drought-Tolerant Maize Varieties on Total Maize Production in South Eastern Zimbabwe.” Climate and Development ISSN: 11 (1):
35–46. https://doi.org/10.1080/17565529.2017.1372269.
Makate, Clifton, Marshall Makate, Nelson Mango, and Marshall Makate. 2018. “Farm Household Typology and Adoption of
Climate- Smart Agriculture Practices in Smallholder Farming Systems of Southern Africa.” African Journal of Science,
Technology, Innovation and Development 0 (0): 1–19. https://doi.org/10.1080/20421338.2018.1471027.
Makate, Clifton, Marshall Makate, Nelson Mango, and Shephard Siziba. 2019. “Increasing Resilience of Smallholder Farmers to Climate Change through Multiple Adoption of Proven Climate-Smart Agriculture Innovations . Lessons from
Southern Africa.” Journal of Environmental Management 231 (October 2018): 858–68. https://doi.org/10.1016/j.
jenvman.2018.10.069.
Makate, Clifton, Rongchang Wang, Marshall Makate, and Nelson Mango. 2016. “Crop Diversification and Livelihoods of
Smallholder Farmers in Zimbabwe : Adaptive Management for Environmental Change.” SpringerPlus. https://doi.
org/10.1186/s40064-016-2802-4.
Mango, Nelson, Clifton Makate, Lulseged Tamene, Powell Mponela, and Gift Ndengu. 2020. “Impact of the Adoption of
Conservation Practices on Cereal Consumption in a Maize-Based Farming System in the Chinyanja Triangle , Southern Africa.” Sustainable Futures 2 (December 2019): 100014. https://doi.org/10.1016/j.sftr.2020.100014.
Martey, Edward, Prince Maxwell, Tahirou Abdoulaye, and P O Box Tl. 2020. “Land Use Policy Welfare Impacts of Climate-Smart Agriculture in Ghana : Does Row Planting and Drought-Tolerant Maize Varieties Matter ?” Land Use
Policy 95 (December 2019): 104622. https://doi.org/10.1016/j.landusepol.2020.104622.
Mazvimavi, Kizito, and Steve Twomlow. 2009. “Socioeconomic and Institutional Factors Influencing Adoption of Conservation Farming by Vulnerable Households in Zimbabwe.” Agricultural Systems 101 (1–2): 20–29. https://doi.
org/10.1016/j.agsy.2009.02.002.
Meier, Elizabeth A, Peter J Thorburn, Lindsay W Bell, Matthew T Harrison, Jody S Biggs, and Elizabeth A Meier. 2020.
“Greenhouse Gas Emissions From Cropping and Grazed Pastures Are Similar : A Simulation Analysis in Australia.”
Frontiers in Sustainable Food Systems 3 (January): 1–18. https://doi.org/10.3389/fsufs.2019.00121.
Misra, Anil Kumar. 2014. “Climate Change and Challenges of Water and Food Security Anil.” International Journal of Sustainable Built Environment 3: 153–65. https://doi.org/10.1016/j.ijsbe.2014.04.006.
Moges, Desalew Meseret, and Aklilu Amsalu Taye. 2017. “Determinants of Farmers’ Perception to Invest in Soil and Water
Conservation Technologies in the North-Western Highlands of Ethiopia.” International Soil and Water Conservation
Research 5 (1): 56–61. https://doi.org/10.1016/j.iswcr.2017.02.003.
Moser, Christine M, and Christopher B Barrett. 2006. “The Complex Dynamics of Smallholder Technology Adoption : The
Case of SRI in Madagascar.” Agricultural Economics 35: 373–88.
Mozzato, Daniele, Paola Gatto, Edi Defrancesco, Lucia Bortolini, Francesco Pirotti, Elena Pisani, and Luigi Sartori. 2018.
“The Role of Factors Affecting the Adoption of Environmentally Friendly Farming Practices : Can Geographical Context and Time Explain the Differences Emerging from Literature ?” Sustainability 10: 1–23. https://doi.org/10.3390/

53
su10093101.
Mugandani, Raymond, and Paramu Mafongoya. 2019. “Behaviour of Smallholder Farmers towards Adoption of Conservation Agriculture in Zimbabwe.” Soil Use and Management, no. September. https://doi.org/10.1111/sum.12528.
Mujeyi, Angeline. 2018. “Policy and Institutional Dimensions in Climate-Smart Agriculture Adoption : Case of Rural Communities in Zimbabwe.” In Handbook of Climate Change Resilience, edited by W. Leal Filho (ed.). Springer Nature
Switzerland AG 2018. https://doi.org/10.1007/978-3-319-71025-9_66-1.
Munjenjema, Sharon. 2019. “January Disease Kills 50 000 Cattle The Sunday Mail.” The Sunday Mail, January 6, 2019.
Mupangwa, W., M. Mutenje, C. Thierfelder, M. Mwila, H. Malumo, A. Mujeyi, and P. Setimela. 2017. “Productivity and Profitability of Manual and Mechanized Conservation Agriculture (CA) Systems in Eastern Zambia.” Renewable Agriculture
and Food Systems. https://doi.org/10.1017/S1742170517000606.
Murage, A W, C A O Midega, J O Pittchar, J A Pickett, and Z R Khan. 2015. “Determinants of Adoption of Climate-Smart
Push-Pull Technology for Enhanced Food Security through Integrated Pest Management in Eastern Africa.” https://
doi.org/10.1007/s12571-015-0454-9.
Mwangi, Margaret, and Samuel Kariuki. 2015. “Factors Determining Adoption of New Agricultural Technology by Smallholder Farmers in Developing Countries.” Journal of Economics and Sustainable Development 6 (5): 2222–1700. www.
iiste.org.
Ngombe, John N, Thomson H Kalinda, and Gelson Tembo. 2017. “Agricultural Economics Research , Policy and Practice
in Southern Africa Does Adoption of Conservation Farming Practices Result in Increased Crop Revenue ? Evidence
from Zambia Does Adoption of Conservation Farming Practices Result In.” Agrekon 0 (0): 1–17. https://doi.org/10.
1080/03031853.2017.1312467.
Ntshangase, Njabulo Lloyd, Brian Muroyiwa, and Melusi Sibanda. 2018a. “Farmers’ Perceptions and Factors Influencing the
Adoption of No-till Conservation Agriculture by Small-Scale Farmers in Zashuke, KwaZulu-Natal Province.” Sustainability (Switzerland) 10 (2): 1–16. https://doi.org/10.3390/su10020555.
———. 2018b. “Farmers ’ Perceptions and Factors Influencing the Adoption of No-Till Conservation Agriculture by SmallScale Farmers in Zashuke , KwaZulu-Natal Province.” Sustainability MDPI 10. https://doi.org/10.3390/su10020555.
Ogada, Maurice Juma, Elizaphan J.O. Rao, Maren Radeny, John W. Recha, and Dawit Solomon. 2020. “Climate-Smart Agriculture, Household Income and Asset Accumulation among Smallholder Farmers in the Nyando Basin of Kenya.”
World Development Perspectives, no. June 2019: 100203. https://doi.org/10.1016/j.wdp.2020.100203.
Ouédraogo, Mathieu, Prosper Houessionon, Robert B. Zougmoré, and Samuel Tetteh Partey. 2019. “Uptake of Climate-Smart
Agricultural Technologies and Practices: Actual and Potential Adoption Rates in the Climate-Smart Village Site of
Mali.” Sustainability (Switzerland) 11 (17). https://doi.org/10.3390/su11174710.
Paolini, Valerio, Francesco Petracchini, Marco Segreto, Laura Tomassetti, Nour Naja, Angelo Cecinato, Valerio Paolini, Francesco Petracchini, Marco Segreto, and Laura Tomassetti. 2018. “Toxic / Hazardous Substances and Environmental Engineering Environmental Impact of Biogas : A Short Review of Current Knowledge.” Journal of Environmental Science
and Health, Part A 53 (10): 899–906. https://doi.org/10.1080/10934529.2018.1459076.
Paul, Birthe K, Jessica Koge, Brigitte L Maass, An Notenbaert, Michael Peters, and Jeroen C J Groot. 2020. “Tropical Forage
Technologies Can Deliver Multiple Benefits in Sub-Saharan Africa . A Meta-Analysis.” Agronomy for Sustainable Development 40 (22).
Rao, Nitya, Elaine T Lawson, Wapula N Raditloaneng, Divya Solomon, Margaret N Angula, Nitya Rao, Elaine T Lawson,
Wapula N Raditloaneng, and Divya Solomon. 2019. “Gendered Vulnerabilities to Climate Change : Insights from the
Semi-Arid Regions of Africa and Asia.” Climate and Development 5529. https://doi.org/10.1080/17565529.2017.1
372266.
Rogers, Everett M. 2003. Diffusion of Innovations. 3rd ed. New York: Free Press. https://doi.org/82-70998.
Rosenstock, Todd S, and Andreea Nowak. 2019. The Climate-Smart Agriculture Papers: Investigating the Business of a Productive, Resilient and Low Emission Future. Springer International Publishing AG, part of Springer Nature. https://doi.
org/10.1007/978-3-319-92798-5 Library.
Serdeczny, Olivia, Sophie Adams, Dim Coumou, William Hare, and Mahé Perrette. 2016. “Climate Change Impacts in Sub-Saharan Africa: From Physical Changes to Their Social Repercussions. Special Issue on Models for Adaptive Forest Man-

54
agement.” Regional Environmental Change 15 (8). https://doi.org/10.1007/s10113-015-0910-2.
Setimela, Peter, and Oswell F Ndoro. 2017. “Performance of Elite Drought Tolerant Maize Varieties across Eastern and
Southern Africa , Season 2017-18 Performance of Elite Drought Tolerant Maize Varieties across Eastern and Southern Africa , Season 2017-18,” 1–12.
Shikuku, Kelvin M, Roberto O Valdivia, Birthe K Paul, Caroline Mwongera, Leigh Winowiecki, Peter Läderach, Mario Herrero, and Silvia Silvestri. 2016. “Prioritizing Climate-Smart Livestock Technologies in Rural Tanzania : A Minimum Data
Approach.” Agricultural Systems. https://doi.org/10.1016/j.agsy.2016.06.004.
Signh, K Awnindra, R.M Singh, Ayyam Velmurugan, R Rahul Kumar, and Utpal Biswas. 2018. Harnessing Genetic Resources
in Field Crops for Developing Resilience to Climate Change in Bio Diversity and Climate Change in Bio-Diversity and
Climate Change Adaptation in Tropical Islands. Biodiversity and Climate Change Adaptation in Tropical Islands. Elsevier Inc. https://doi.org/10.1016/B978-0-12-813064-3/00022-3.
Simtowe, Franklin, Emily Amondo, Paswel Marenya, Dil Rahut, Kai Sonder, Olaf Erenstein, International Maize, Wheat Improvement, and P O Box. 2019. “Land Use Policy Impacts of Drought-Tolerant Maize Varieties on Productivity , Risk
, and Resource Use : Evidence from Uganda.” Land Use Policy 88 (July): 104091. https://doi.org/10.1016/j.landusepol.2019.104091.
Singh, Rinku Singh G S. 2017. “Traditional Agriculture : A Climate-Smart Approach for Sustainable Food Production.” Energy,
Ecology and Environment 2 (5): 296–316. https://doi.org/10.1007/s40974-017-0074-7.
Sinyolo, Sikhulumile. 2020. “Technology in Society Technology Adoption and Household Food Security among Rural Households in South Africa : The Role of Improved Maize Varieties.” Technology in Society 60 (November 2019): 101214.
https://doi.org/10.1016/j.techsoc.2019.101214.
Siziba, Shephard, Kefasi Nyikahadzoi, Clifton Makate, and Nelson Mango. 2019. “Impact of Conservation Agriculture on
Maize Yield and Food Security : Evidence from Smallholder Farmers in Zimbabwe.” African Journal of Agricultural and
Resource Economics Volume 14 (2): 89–105.
Sova, Chase, Godefroy Grosjean, Tobias Baedeker, Tam Ninh Nguyen, Martin Wallner, Andy Jarvis, Andreea Nowak, Caitlin
Corner-Dolloff, and Evan Girvetz. 2018. “Bringing the Concept of Climate-Smart Agriculture to Life Insights from
CSA Country Profiles across Africa, Asia, and Latin America.” World Bank, and the International Centre for Tropical
Agriculture, Washington, DC.” Washington, DC.
Steenwerth, Kerri L, Amanda K Hodson, Arnold J Bloom, Michael R Carter, Andrea Cattaneo, Colin J Chartres, Jerry L Hatfield, et al. 2014. “Climate-Smart Agriculture Global Research Agenda : Scientific Basis for Action.” Agriculture & Food
Security 2 (11): 1–39.
Steward, Peter R., Andrew J. Dougill, Christian Thierfelder, Cameron M. Pittelkow, Lindsay C. Stringer, Maxwell Kudzala, and
Gorm E. Shackelford. 2018. “The Adaptive Capacity of Maize-Based Conservation Agriculture Systems to Climate
Stress in Tropical and Subtropical Environments: A Meta-Regression of Yields.” Agriculture, Ecosystems and Environment 251 (September 2017): 194–202. https://doi.org/10.1016/j.agee.2017.09.019.
Teklewold, Hailemariam, Tagel Gebrehiwot, and Mintewab Bezabih. 2019. “Climate Smart Agricultural Practices and Gender
Differentiated Nutrition Outcome : An Empirical Evidence from Ethiopia.” World Development 122: 38–53. https://
doi.org/10.1016/j.worlddev.2019.05.010.
Tesfaye, Kindie, Menale Kassie, Jill E Cairns, Misiko Michael, Clare Stirling, Tsedeke Abate, B M Prasanna, et al. 2017.
“Potential for Scaling up Climate Smart Agricultural Practices : Examples from Sub-Saharan Africa.” Climate Change
Management, 185–203. https://doi.org/10.1007/978-3-319-49520-0.
Thierfelder, Christian, Frédéric Baudron, Peter Setimela, Isaiah Nyagumbo, Walter Mupangwa, Blessing Mhlanga, Nicole
Lee, and Bruno Gérard. 2018. “Complementary Practices Supporting Conservation Agriculture in Southern Africa . A
Review.” Agronomy for Sustainable Development 38 (16).
Thierfelder, Christian, Pauline Chivenge, Walter Mupangwa, Todd S. Rosenstock, Christine Lamanna, and Joseph X. Eyre.
2017a. “How Climate-Smart Is Conservation Agriculture (CA)? – Its Potential to Deliver on Adaptation, Mitigation
and Productivity on Smallholder Farms in Southern Africa.” Food Security 9 (3): 537–60. https://doi.org/10.1007/
s12571-017-0665-3.
Thierfelder, Christian, Pauline Chivenge, Walter Mupangwa, Todd S Rosenstock, Christine Lamanna, and Joseph X Eyre.

55
2017b. “How Climate-Smart Is Conservation Agriculture ( CA )? – Its Potential to Deliver on Adaptation , Mitigation
and Productivity on Smallholder Farms in Southern Africa.” Food Security. https://doi.org/10.1007/s12571-0170665-3.
Tran, Nhat Lam Duyen, Roberto F. Rañola, Bjoern Ole Sander, Wassmann Reiner, Dinh Tien Nguyen, and Nguyen Khanh
Ngoc Nong. 2019. “Determinants of Adoption of Climate-Smart Agriculture Technologies in Rice Production in Vietnam.” International Journal of Climate Change Strategies and Management 12 (2): 238–56. https://doi.org/10.1108/
IJCCSM-01-2019-0003.
Zougmoré, Robert, Samuel Partey, Mathieu Ouédraogo, Bamidele Omitoyin, Timothy Thomas, Augustine Ayantunde, Polly
Ericksen, Mohammed Said, and Abdulai Jalloh. 2016. “Toward Climate ‑ Smart Agriculture in West Africa : A Review
of Climate Change Impacts , Adaptation Strategies and Policy Developments for the Livestock , Fishery and Crop
Production Sectors.” Agriculture & Food Security 5 (26): 1–16. https://doi.org/10.1186/s40066-016-0075-3.

56

Parallel Session 1
Spate of Technology Development and Adaptation in Climate Smart
Agriculture (CSA)

Paper 02
Adaptation Strategies of Poultry Farmers to Climate Change in Egbeda Local Government Area
of Oyo State
Adepoju O. A., Oladiran S. S. and Adeniran A. A.
Department of Agricultural Extension and Management, Federal College of Agriculture, Ibadan, Oyo State, Nigeria
Corresponding author email: oladoyinakanbi@yahoo.com

Citation: :Adepoju O. A., Oladiran S. S. and Adeniran A. A (2021). Adaptation strategies of poultry farmers to climate
change in Egbeda local government area of Oyo state. In Fatunbi AO and Sarfatti P (Eds) Proceeding of the First
Biennial Climate Smart Agriculture Conference, Accra, Ghana. 1-2 December 2020. (PP 56-68) FARA.

Abstract
The study was conducted to examine the adaptation strategies of poultry farmers to climate change in Egbeda Local Government Area of Oyo State. Multi-stage sampling procedure was used to select respondents for the study. The results were
analyzed with descriptive statistics such as frequency, percentages, mean and multiple regression was used to analyse the
hypothesis. The results of the study revealed that 72.5% of the respondents were male, 79.2% were within the age range of
21-40 years, 54.2% were married, 50.0% of the respondents had tertiary education as their highest level of education and
99.2% of the respondents had a household size of 1-10 members. It was also found that 75.0% of the respondents had less
than 6years experience in poultry production, 94.2% of the respondents had between 1-5000 birds, 70.8% of the respondents belong to a poultry farmers association. Most (64.2%) of the respondents had access to extension service but are not
frequently visited by extension agents. The respondents got most of their information on climate change from the internet.
Furthermore, high temperature (mean = 1.90) was the major indicator of climate change and
heat stress in poultry birds was the most perceived indicators of climate change in the study area. Building of well-ventilated
pens was the major adaptation strategy used by the respondents.
It is therefore recommended that poultry farmers should be well informed on the best practices for adapting to climate
change such as climate smart Agriculture (CSA) which can be harnessed through research and extension using appropriate
communication channels.
Key Words: Adaptation, Poultry, farmers, climate change, Strategies
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Introduction
Climate change is a variation in weather condition due to natural variability or as a result of human activities (BNRCC, 2011).
(Todaro and Smith, 2009) concluded that; Climate variation in many parts of the world adversely affects socioeconomic
sectors which includes: water resources, agriculture, forestry, fisheries and animal husbandry. While climate change is a
global phenomenon, its negative effects are more critically felt by poor people in developing countries such as Nigeria who
rely heavily on the natural resource base for their livelihoods, and as a result of their low level of coping capabilities (Nwafor,
2007; Jagtap, 2007).
The report of the Intergovernmental Panel on Climate Change (IPCC, 2007) corroborates the fact that Africa’s major economic sectors are susceptible to current climate change, with enormous economic impacts, and this vulnerability is aggravated by existing developmental challenges such as: prevalent poverty, complex governance and institutional dimensions
-limited access to capital, including markets, infrastructure and technology; ecosystem degeneration; and devastating disasters and conflicts. All these have invariably contributed to Africa’s weak adaptive capacity.
Impacts of climate change will vary regionally, with the most significant impacts expected in the Artic, the Asian mega-deltas, Small Island Developing States (SIDS) and sub – Saharan Africa (Garmer, 2010).
In Nigeria and across many other parts of the world, climate change will have critical effects on all aspects of the society,
affecting each and every economic sector :agriculture, health, social, poultry, tourism etc (Sokona and Denton, 2001; Beg
et al., 2002).
Studies by (Deressa, Hassan, Alemu, Yesuf et al., 2009) revealed that African’s agriculture is negatively affected by climate
change and its rural poor communities rely greatly for their survival on agriculture and livestock keeping that are also
amongst the most climate-sensitive economic sectors.
Climate variation manifests as rise in temperature which will lead to reduced humidity and this provides a medium for fungal
and bacterial growth. Disease outbreak becomes inevitable; diseases like coccidiosis, hemorrhagic syndrome, fowl pox, and
bronchitis will thus be on the increase. (Rowlinson, 2008) stated that change in temperature will reduce the rate of poultry
feed intake causing poorer performance and (Rajkuma, Reddy, Rama Rao, Radhika et. al., 2011) reported that poultry flocks
are particularly vulnerable to climate change because birds can only tolerate narrow temperature ranges. The IPCC predicts
that by 2100 the increase in global average surface temperature may be between 1.8° C and 4.0° C, with increases of 1.5°
to 2.5° C; approximately 20 to 30 per cent of plant and animal species are expected to be at risk of extinction (FAO, 2007)
with severe consequences for food security. The types of poultry that are commonly reared in Nigeria are chickens, ducks,
guinea fowls, turkeys and pigeons. Those that are of commercial or economic importance in poultry, however, are chickens,
guinea fowls and turkeys, amongst which chickens predominate.
Adaptation to climate change is defined in the climate change literature as an adjustment in ecological, social or economic
systems, in response to observed or expected changes in climatic stimuli and their effects and impacts in order to alleviate
adverse impacts of change, or take advantage of new opportunities. In other words, adaptation are active series of strategies and actions taken by people in reaction to, or in anticipation of, change in order to enhance or maintain their well-being.
This will be needed by poultry farmers to reduce the effects of climate change on poultry birds.
Though crops and animal production are at the risk of climate change in Africa, most studies on climate change adaptation
strategies studies in Africa focus on staple food crops, few studies have examined climate adaptation for poultry birds especially layers. The urgency and devastating effects of climate change has made it necessary for poultry farmers to understand
climate change and the adaptation strategies which are necessarily climate smart Agriculture required to cope with the
on-going climate change. Hence, from the foregoing the following research questions will be addressed; what are the socio
economic characteristics of poultry farmers in the study area? What are the indicators of climate change as perceived by
poultry farmers in the study area? What are the poultry farmers’ sources of information on climate change in the study area?
What are the poultry farmers’ perceived effects of climate change in the study area? What are the adaptation strategies of
poultry farmers to climate change?

Objectives of the Study
The broad objective of this study was to determine the adaptation strategies of poultry farmers to climate change in Egbeda
Local Government Area of Oyo state.
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The specific objectives were to:
i.. determine the socio-economic characteristics of respondents in the study area,
ii.. identify respondents’ sources of information on climate change
iii. ascertain the respondents perceived indicators of climate change in the study area,
iv. examine the perceived effects of climate change on poultry production
v. determine the adaptation strategies of climate change
The hypothesis stated for this study was to determine if there is no significant relationship between some selected socio-economic characteristics of the poultry farmers and their adaptation strategies.
Methodology
The study was conducted in Egbeda Local Government Area in Ibadan metropolis of Oyo state. Egbeda Local Government
Area, with its capital at Egbeda town, is located on latitude 70 21’-80N and longitude 4002’ - 4028’E with a total land area
of approximately 191km2 and a population of 281,573 persons as at the 2006 census. Egbeda Local Government Area
was carved out of Lagelu Local Government in 1989 with the administrative headquarters at Egbeda. The Local Government Area shares boundaries with Osun State to the East, Lagelu Local Government to the North, Ibadan North East Local
Government to the West and Ona Ara Local Government to the South. The target population consists of poultry (layers)
farmers in selected rural areas within Egbeda Local Government Area. Egbeda Local Government Area is subdivided into 11
wards namely; Erunmu, Ayede/Alugbo/Koloko, OwoBaale/Kasumu, Olodan/Ajiwogbo, Olodo/Kumapayi I, Olodo II, Olodo
III, Osegere/Awaye, Egbeda, Olode/alakia and Olubadan Estate. The rural areas of the Local Government Area are dominated by farmers who practice arable farming such as cassava, maize, yam and livestock farming-most especially poultry
farming. Multistage sampling procedure was used to select respondents for the study. The first stage involved purposive
sampling of four wards; namely Olodo/kumpayi, Osegere/Awaye, Egbeda and Erunmu out of the eleven (11) existing wards
in the local government, this is because of high numbers of poultry farmers in the selected wards. In the second stage
ten percent (10%) of the villages in the four wards were randomly selected to give: three (3) in Olodo/kumpayi, one (1) in
Osegere/Awaye, four(4) in Egbeda and two (2) in Erunmu; giving a total of 10 villages. The third stage involved random
selection of twelve (12) poultry farmers in each village to give a total of one hundred and twenty farmers (120) poultry
(layers) farmers that formed the sample size for the study and collection of data was carried out with well structured questionnaires to obtain data on poultry farmers’ socio economic characteristics, perceived indicators of climate change, sources
of information on climate change, perceived effects of climate change. Inorder to ascertain sources of information on climate change, the respondents were asked to identify their sources of information on climate change from a list of possible
sources of binformation and the frequency of the various sources and percentages were obtained while data were obtained
for perceived evidence of climate change by poultry farmers, respondents were given a list of perceived evidence with a
response of yes/no and the mean of the perceived evidences of climate change were ranked.
The perceived effects of climate change by the respondents were measured on five point Likert-type scale of strongly agree
(5), agree (4), undecided (3), strongly disagree (2) disagree (1). The mean of each perceived effects of climate change by the
respondents were determined and ranked.
In order to measures respondents’ adaption strategy in cushioning the effects of climate change, a checklist of various adaptation strategies which were obtained from literature were listed and respondents were requested to tick the measures
used in adapting to the climate change effects. Descriptive statistics such as frequency count, percentage, mean etc. were
used to analyze the objectives i, ii, iii, iv and v were analyzed using percentages while the hypothesis was analysed using
multiple regression.

Results and Discussion
The results of the study show that majority (72.5%) of the respondents as found in Table 1 were male. This implies that
there are more male poultry farmers in the study area. The reason may be attributed to the accessibility of male farmers to
resources than the female folks. Being a male poultry farmer can make exploration of climate change adaptation strategies
to be more effective hence making male poultry farmers less vulnerable, as male counterpart tends to be more adventurous
and agile than the women folks.

59
Also, majority (79.2%) of the poultry farmers were within the age range of 20 - 40years. This implies that the respondents
in the study area were youths. The age of the poultry farmers may have an effect on the vulnerability because younger farmers may be able to take risk to adopt some adaptation measures to minimize the effects of climate change than the aged
farmers and this is probably because ageing farmers tend to take lesser risks than their younger counterparts. Hence, the
younger farmers will be more proactive in sensing the effects of climate and hence, finding appropriate adaption strategies.
Studies have revealed that young farmers have more risk-bearing ability to adaptive measures against effects of climate
change than the elderly ones (Acquah, 2011; Uddin et al., 2014).
Moreover, (54.2%) of the respondents were married. This is an indication there were more married respondents. The married folks among them have the responsibility to adapt to climate change so that they can get enough income to meet the
needs and welfare of their families.
Half (50.0%) of the respondents had tertiary education, 40.8% had secondary education while only 9.2% had primary education. This implies that most of the respondents were educated and this is a pointer to the fact that they will be more
proactive in finding better and cost effective ways of adapting to climate change as poultry farmers . Formal education is
expected to enlighten farmers on the ways that they carry out their farm practices in a better way i.e being able to practice
climate smart Agriculture and this will reduce their vulnerability to climate change. This is substantiated by the findings of
(Opiyo et al., 2014) who stated that farmers are highly vulnerable to climate change if they have no basic/primary education
Most (99.2%) of the respondents had an household size of 1-10 members while only 0.8% had an household size of above
10 members; this implies that most of the respondents had large families who can also assist on the farm, hence reducing
the cost of labor and invariably increasing their profit which can help in adapting to climate change.
20.0% had artisan and others as their secondary occupation, 39.2% had trading as their secondary occupation while 40.8%
had civil service as their secondary occupation. This is an indication that poultry farmers in the study area have other means
of livelihood which in itself can be adaption strategies (livelihood diversification) by the poultry farmers. A good explanation
for this is that large farm owners maintain other occupation to increase their income and
Furthermore, majority (75.0%) had poultry experience of less than 6 years, 16.7% had 6-10 years of poultry experience
while only 8.3% had above 10years of experience in poultry. This implies that most of the poultry farmers cannot be said to
be very experienced when it comes to poultry farming and invariably they have low knowledge of how to adapt to climate
change. Experience could help in salvaging the effects of climate change on their poultry farm. That is, poultry farmers with
more years of farming experience are less likely to be vulnerable to climate variability.
Most (94.2%) of the respondents had between 1-5000 birds, 4.2% had between 5001-10000 bird while 1.7% had 1000115000. This implies that most of the farmers were operating on a large scale and as a result will be able to better adapt to
climate change an as a result they will have reduced vulnerability compared to small scale and medium scale poultry farmers.
This is supported by Omotosho and Oladele (1988), Subhash et al. (1999) and Ojo (2003) who classified farms having less
than 1000 birds as small scale poultry farming, 1000-3000 as medium scale poultry farming while those having 3000 and
above birds as large scale poultry farming.
Majority (70.8%) of the respondents belong to a poultry farmers association while 29.2% do not belong to poultry farmers’
association. Poultry farmers association could be a source of support to farmers in terms of capacity building. This implies
that most of the respondents have access to capacity building on how to adapt to climate change from trainings organized
by their poultry farmers’ association. Being a member of an association, the assumption is that they can access better information on climate change and are at an advantaged position to reduce vulnerability to climate change.
Some (64.2%) of the respondents had access to extension service while 35.8% do not have access to extension service.
60.8% had visitation from extension agents while 39.2% were not visited by extension agents. However, 34.2% of those
visited were visited twice in a year, 28.3% were visited once in a year, 20.0% were visited either daily, fortnightly, weekly,
monthly or randomly while 17.5% were visited thrice in a year; this implies that though the farmers had access to extension
services and are visited by extension agents, their visitation was not frequent enough and as result farmers will not have
access to adequate information on climate change conditions which can potentially reduce their adaptive capacities. For
example, Nkeme and Ndaeyo’s study in Akwa Ibom, Nigeria, showed that farmers related their inability to utilize adaptation
strategies to their lack of awareness and low access to climate change information dissemination in the study area.
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Majority (95.8%) of the respondents practiced good agricultural practices. This implies that most of the farmers vaccinate
their birds, prevents and control diseases, used chemicals and veterinary drugs and also practiced good hygiene on their
farms and the losses observed could be mostly attributed to climate change and not majorly as a result of carelessness on
the part of the farmers.

Table 1: Distribution of socio economic characteristics of the respondents
Variables

Frequency

Percentage

Male

87

72.5

Female

33

27.5

1-20

11

9.2

21-40

95

79.2

41-60

14

11.7

55

45.8

Sex

Age

Marital Status
Single
Married

54.2

Religion
Islam

56

46.7

Christianity

40.8

Traditional

12.5

Educational Status
Primary

9.2

Secondary

40.8

Tertiary

50.0

Household Size
1-10

119

11 and above

99.2
0.8

Secondary Occupation
Artisan

24

20.0

Trading

39.2

Civil servant

40.8

Poultry Production Experience
1-5

90

75

6-10

20

16.7

10

10

8.3

113

94.2

Number of birds
1-5000
500-10000

4.2

10001-15000

1.7

Mean
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Poultry association
Yes

85

70.8

No

35

29.2

Family

51

42.5

Hired

65

54.2

Sources of labour

Communal
Others

1.6
22

1.6

Yes

77

64.2

No

43

35.8

Yes

73

60.8

No

47

39.2

Access to extension service

Visitation from extension agents

If yes, how many times were you visited?
Once in a year

28.3

Twice in a year
Thrice in a year
Others

24

20.0

Yes

115

95.8

No

5

4.2

Good agriculture practices on poultry farm

Source: Field survey; 2018
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Perceived evidence of Climate Change
Entries in Table 2 show that high temperature (mean=1.9) was ranked first, unusual rainfall (mean= 1.8) was ranked second,
prolonged dry season (mean=1.7) was ranked third, dried air (mean= 1.6) was ranked fourth, high rainfall intensity-frequent
flood (mean= 1.5) was ranked fifth while occurrence of unfamiliar disease symptoms/ high incidence of disease (mean= 1.4)
was ranked sixth. This implies that the farmers were fully aware of high temperature and unusual rainfall as major elements/
evidence of climate change. This may be due to the fact that poultry birds were mostly affected by high temperature and
unusual rainfall which previously before the advent of climate change was not a dominant problem. This is in line with (Elijah and (Adedapo, 2006) who stated that variations in climate are simple and evident which they revolve around heat and
rainfall intensities and deviations.
Table 2: Perceived evidence of climate change (n = 120)
Climate Changes
Indicators

Yes

No

Mean

Rank

High temperature

108(90.0)

12(10.0)

1.90

1st

Occurrence of unfamiliar

49(40.8)

71(59.2)

1.41

6th

Unusual rainfall (deviation from the usual rainfall pattern)

96(80.0)

24(20.0)

1.80

2nd

High rain fall intensity (Frequent flood)

58(48.3)

62(51.7)

1.48

5th

Dried Air

75(62.5)

45(37.5)

1.63

4th

Prolonged dry season

81(67.5)

39(32.5)

1.68

3rd

Disease symptoms/high Incidence of disease

Source: Field survey: 2018
All figures in parenthesis are in percentage

Source of information on climate change
The results in table 3 reveal that internet (79.2%), poultry farmers’ association (76.7%), radio (71.7%), television (70%) were
the respondents sources of information in order of importance to them while extension agents (30.8%) had the lowest patronage for sourcing information on climate change by poultry farmers. This implies that the respondents got most of their
information on climate change and adaptation strategies from the internet, poultry farmers’ association, radio and television. This may be due to the fact that most of the farmers are educated and can easily access the internet, they may find
this more reliable than other sources of information and also that most of these farmers were members of poultry farmers’
association who participate in trainings organized on climate change and adaptation strategies, hence, the reason for being
able to access information from the association. The result shows that extension is not performing optimally which could be
as a result of lack of motivation, inadequate funding of extension service etc.in the study area otherwise extension service
should have been among the most accessed sources of information on climate change and adaptation strategies acknowledged by the respondents.
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Table 3: Source of Information on Climate Change (n = 120)
Source of Information

Yes

No

Radio

86(71.7)

34(28.3)

Television

84(70)

36(30.0)

Extension agent

37(30.8)

83(69.2)

Friends and Family

40(33.3)

80(66.7)

Print media

39(32.5)

81(67.5)

Internet

95(79.2)

25(20.8)

Poultry farmers’ association

92(76.7)

28(23.3)

Source: Field survey; 2018
All figures in parenthesis are in percentage

Perceived effects of Climate Change on Poultry Birds
The results in Table 4 shows that heat stress (mean=4.20) was ranked first implying that heat stress was the major perceived
effect of climate change on poultry birds. Other perceived effects of climate change on poultry production include high
mortality (mean=4.01), reduced reproductive capacity (mean=3.98) which were ranked 2nd and 3rd respectively. Moreover,
reduction in feed intake (mean=3.83) and reduced egg size (mean=3.83) both which were ranked, 4th were also effects of
climate change on poultry birds. The findings implies that heat stress, high mortalitlty, reduced reproductive capacity, reduced feed intake and reduced egg size were the perceived effects of climate change in the study area posed serious threat
to poultry production. This undoubtedly affects the production level as well as farmers income.
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Table 4: Perceived effects of climate on poultry birds
Perceived effect of climate

SA

A

Reduced body weight

46(38.3)

Reduced egg size

U

D

SD

Mean

35(29.2) 15(12.5)

15(12.5)

9(7.5)

3.78

7th

38(31.7)

46(38.3) 19(15.8)

11(9.2)

6(5.0)

3.83

4th

Reduction of feed intake

37(40.8)

47(39.2) 17(15.8)

13(10.8)

4(3.3)

3.83

4th

Reduced farmer income

39(32.5)

35(29.2) 26(21.7)

15(12.5)

5(4.2)

3.73

9th

Change in taste of poultry meat

19(15.8)

30(25.0) 20(16.7)

36(30.0)

15(12.5)

3.02

11th

Risk of heat stress

58(48.3)

46(38.3) 5(4.2)

4(3.3)

7(5.8)

4.20

1st

Reduced reproductive capacity

40(33.8)

56(46.7) 8(6.7)

13(10.8)

3(2.5)

3.98

3rd

High mortality

53(44.2)

32(26.7) 21(17.5)

11(9.2)

3(2.5)

4.01

2nd

Low feed grain availability and

39(32.5)

46(38.3) 19(15.8)

5(4.2)

11(9.2)

3.81

6th

High price of feed

37(30.8)

41(34.2) 25(20.8)

9(7.5)

8(6.7)

3.75

8th

Reduced animal (bird) weight gain

38(31.7)

10(8.3)

28(23.3)

13(10.8)

3.27

10th

31(25.8)

Source: Field survey, 2018
All figures in parenthesis are in percentage
Note SA- strongly agreed A-agreed, U- undeceived, D- disagreed, and SD-strongly disagree.

Adaptation Strategies to Climate Change
The table 5 revealed that the measures used in climate change adaptation among poultry farmers are; well ventilated housing (95%), change in feed formulation (80.8%), regular changing of drinking water in the drinking trough (76.7%), better
hygiene (72.5%), keeping improved breeds (70%). This implies that majority of the poultry farmers in the study area built
well ventilated poultry houses in order to adapt to climate change. This is because well ventilated housing will stabilize the
relative humidity which will reduce the outbreak of pests and diseases.
Also, change in feed formulation of the birds to suit the climatic condition, regular changing of drinking water in the drinking trough, better hygiene, keeping improved breeds were the other adaptation strategies used by the poultry farmers in
the study area. The increased adoption of improved breeds may be because farmers encounter serious disease infections,
which have been recognized as one of the outstanding effects of climate change in the area.
Hence, farmers’ decision to choose improved breed is an act of being climate smart which will invariably help in adapting
better to climate change
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Table 5 Adaptation strategies to climate change (n=120)

Adaptation Strategies

Yes

No

Installing curling equipment

84(70.0)

36(30.0)

Well ventilated housing

114(95.0)

6(5.0)

More space per bird

80(66.7)

40(33.3)

Raising brood and sell only

56(46.7)

64(53.3)

Keep early maturity birds

77(64.2)

43(35.8)

Keeping improved breeds

84(70.0)

36(30.0)

Prompt vaccination of bird

79(65.8)

41(34.2)

Keeping of birds and other Livestock

53(44.2)

67(55.8)

Regular changing of drinking

92(76.7)

28(23.3)

Water in the drinking trough

50(41.7)

70(58.3)

Rearing different breeds of poultry birds

97(80.8)

23(19.2)

Change in feed formulation

65(54.2)

65(45.8)

Tree planting around the pens

87(72.5)

33(27.5)

Source: Field survey, 2018
All figures in parenthesis are in percentage

66

Hypothesis Testing
Regression analysis showing some Selected Socio-economic Characteristics on Adaptation Strategies to Climate
Change
It was hypothesized that: ‘the socioeconomic characteristics of the poultry farmers have no significant influence on adaptation to climate change’. The socioeconomic characteristics considered were sex, age, marital status, religion, educational
status, household size, poultry experience, poultry association and extension services. The result as presented in Table 6
showed that seven (7) out of the selected nine (9) socio-economic variables considered had significant influence on adaptation to climate change. Sex, religion and marital Status all had negative regression coefficient and had significant influence on the adaptation strategies to climate change. This implies that sex, religion and marital status does not determine
the adaptation of the respondents to climate change whereas age and educational status had positive regression coefficient and were significant. This implies that the higher the age and the educational status, the higher the climate change
adaptive capacity of the respondents.
Poultry farming experience, membership of poultry farmers association and access to extension services all had positive
regression coefficient and had significance influence on adaptation strategies to climate change. This implies that: the
higher the faming experience, involvement in poultry farmers association and access to extension agent, then the high the
poultry farmers adaptive capacity to climate change.
Therefore, the null hypothesis was rejected and alternative accepted meaning that some of the socio-economic characteristics have significant effect on the strategies adopted by poultry farmers in the study area. The Adjusted R2=0.722
indicating that about 72.2% of the variation in adaptation strategies used to combat climate change was explained by the
influence of the socio-economic characteristics that were included and significant in the regression model.
Table 6:Multiple Regression Analysis showing some selected socio-economic characteristic determinants of adaptation strategies of poultry farmers to climate change

Variables

Coefficient

Standard Form

t-value

p-value

Constant

1.750***

0.150

11.667

0.000

Sex

-0.024

0.035

-0.686

0.347

Age

-0.005*

0.002

-2.696

0.008

Marital status

-0.081

0.036

-2.500

0.033

Religion

-0.067

0.021

-3.190

0.045

Education status

-0.044**

0.021

-2.095

0.003

Household size

-0.002***

0.006

-0.333

0.001

Poultry farming experience

0.002***

0.005

0.400

0.000

Membership of poultry farmers’ association

0.087**

0.432

-0.201

0.004

Access to extension services
Adjusted R2 0.722
p- value 0.009
F-ratio 0.12

-0.084

0.042

2.000

0.002
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Conclusion and Recommendation
Based on the findings of this study, it is concluded that most of the respondents were married young males with high level of education and had between 1-6years experience in poultry production. More so, as perceived by the respondents,
climate change led to heat stress and increase in poultry bird mortality; It also caused reduction in feed intake as well as
reduction in the reproductive capacity poultry of birds. The adaptive measures mostly used by the respondents include
construction of well-ventilated pens, change in feed formulation of the birds to suit the climatic condition, regular changing
of drinking water in the drinking trough, better hygiene, keeping improved breeds were the other adaptation strategies of
climate change Some socio-economic characteristics such as age, educational status, poultry farming experience etc. have
significant effect on the strategies adopted by poultry farmers. It is therefore recommended that:
1. It is therefore recommended that poultry farmers should be well informed on the best practices to reduce the adverse
effect of climate variation on poultry enterprise through research and extension, using appropriate communication
channels to ensure optimum production.
2. Farmers should be enlightened majorly through extension agents because extension is involved in public information
and education programs that could assist farmers in adapting to the effects of climate change such as awareness creation and knowledge brokerage on the issues of climate change;
3. Since climate change and its effect is evident in the study area, climate smart Agricultuire (CSA) (adaptation measures)
should be made available to farmers through extension agents to enable them cope with the challenges of climate
change
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Abstract
Increasing evidence suggests the need to tackle climate change in a more holistic way, through approaches that contribute
to increased adaptive capacity to adverse climate impacts, to improved resilience and reduced vulnerability of communities
across systems, and reduced greenhouse gas (GHG) emissions. In the agriculture sector, adaptation has been emphasized
by African governments as an investment priority under climate-smart agriculture regional and national agendas, given
the continent’s vulnerability to current and future impacts of climate change and its negligible contribution to current and
historic GHG emissions. The establishment of the Global Goal on Adaptation (GGA) under the Paris Agreement creates
momentum for framing adaptation as a global responsibility and for developing pathways towards assessing collective
progress on adaptation (Nowak and Rosenstock, 2020). Yet the task may seem mission impossible. Collective planning and
harmonization of measurements appears to be an uphill battle, as there is little agreement on definitions and concepts for
climate adaptation and no clear guidelines are in place for how to best develop a country-driven global adaptation stock
take system.
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Materials and Methods
This paper presents preliminary findings from work led by the Africa Group of Negotiators Expert Support (AGNES) through
its partners (see authors list), aimed at informing discussions on the operationalization of the GGA in the agricultural sector, based on lessons learned from Africa. To this end, major climate change adaptation frameworks were reviewed (GEF,
2012; Ifejika Speranza et al, 2014; OECD, 2016; UN, 2019; UNFCCC-LEG 2012) and available expertise was leveraged to
develop a blueprint for collecting and aggregating information on climate adaptation across different scales, jurisdictions
and sectors (Figure 1). Several aggregation pathways are presented, combining bottom-up (national to global) and top-down
(national to subnational/projects) approaches. In addition, over 500 adaptation indicators outlined in Nationally Determined
contributions (NDCs) and National Adaptation Plans (NAPs) of 50 African countries were screened and analyzed to identify
common approaches and gaps in adaptation measurements in the agriculture sector.

Figure 1. Conceptual framework used in the analysis

Preliminary Findings and Conclusions
Figure 2 offers a first snapshot of the work in progress that will cover over 500 indicators reported by 50 countries across
Africa. Preliminary results suggest a richness of adaptation metrics available for guiding national reporting and regional/
global aggregation processes, while offering the possibility to choose measurements that suit different objectives (reducing
vulnerability, increasing adaptive capacity and strengthening climate resilience) and time horizons (short, medium, long
term). Our analysis delivers concrete suggestions for practical action towards a plausible country-driven process for assessing and monitoring adaptation progress globally. In particular, the analysis of indicators identifies common priorities
and measurement approaches across African countries, as well as specificities that may ground a global/regional reporting
process to the national context.
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Figure 2 Preliminary results from analysis of a subset of 169 adaptation indicators relevant for agriculture and cross-cutting
sectors reported by eight African countries with NDCs, NAPs and other relevant policies.
Final results from 50 countries to be included in the final version of the paper.
The analysis also informs broader reflections on the fitness/adequacy of ambitions set in NDCs and NAPs for long-term
climate change adaptation reporting under the Enhanced Transparent Framework (ETF) and the Global Stock take (GST).
Lastly, the knowledge generated through this analysis will directly contribute to other UNFCCC workstreams such as the
work of the Adaptation Committee (AC) and the Least Developed Countries Expert Group (LEG) aimed at guiding countries
in identifying and prioritizing climate adaptation knowledge gaps.
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Abstract
Global crisis situations such climate change (CC) require climate smart agriculture (CSA) information and technologies
(CSAITs). Mobile phone applications (MPAs) among other ICTs could be veritable tools for field staff to generate and disseminate relevant information to adapt, cope with and mitigate the effects of CC. This study examined access and dissemination
of CSAITs using MPAs by field staff in Edo State ADP. Specifically, it described the socio-economic characteristics, access,
and dissemination of CSA-related information, use of MPAs for CSAITs and the constraints to usage of MPAs among field
workers. Data were collected from the 120-field staff comprising 78 Extension and 42 Planning Monitoring and Evaluation
staff of Edo State Agricultural Development Programme (ADP), Nigeria. Data were analyzed using descriptive statistics and
Pearson’s Product Moment Correlation (PPMC). Results show that 55.8% of respondents were males and 40.8% were between 41-50 years of age, 54.2% were HND/B.Sc. holders and 50.8% had between 11-20years work experience. CSAITs
mostly accessed (≥50%) using MPAs include irrigation and fadama farming, weather forecasts and zero or minimal tillage
and non-burning while CSAITs mostly disseminated include manuring, mulching, timely harvesting. The MPAs used for
CSA-related tasks include voice calls (x ̅=2.78), short messaging service (x ̅=2.53), calculators (x ̅=2.46), camera (x ̅=2.46)
and emails (x ̅=2.43). Constraints to using MPAs for CCSAITs included inadequate knowledge and skills to use many MPAs
and CSAITs (x ̅=3.72), shortage of finance for airtime and data (x ̅=3.68) and erratic power supply (x ̅=3.53). Age (r=-0.281),
grade level (r=-0.243), job experience (r=-0.211) and family size (r=-0.173) had significant but negative relationships with
use of MPAs for CSAITs at 5% level. It concludes that there are potentials in using MPAs to address climate change challenges and the younger field workers were more disposed to using MPAs for CSAITs related tasks. The study recommends
strengthening capacity of and exposing field workers to the potentials in mobile phone applications.
Key words: CSA technologies, telephone applications usage, field workers, Nigeria
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Table 2: Field officers use of mobile phone applications to access and disseminate Climate smart agriculture-related information/technologies (N=120)

% FWs Access

yes

using phone apps cy Yes

Manuring

47

39.2

120

100.0

Mulching

23

19.2

120

100.0

Timely harvesting

16

13.3

120

100.0

Mixed cropping

12

10.0

9

7.5

Intercropping

38

31.7

103

85.8

Fallowing

17

14.2

14

11.7

Afforestation

41

34.2

120

100.0

Irrigation and fadama farming

89

74.2

120

100.0

Terracing and ridging

35

29.2

12

10.0

Weather forecasts (scientific)

73

60.8

78

65.0

Agroforestry

34

28.3

103

85.8

Biogas and use of efficient stoves

32

26.7

5

4.2

Composting

18

15.0

7

5.8

Crop rotation

3

2.5

4

3.3

Drought tolerant crop varieties and fodder grasses

48

40.0

25

20.8

Disease tolerant crop varieties

64

53.3

28

23.3

Drought and diseases tolerant animal breeds

58

48.3

11

9.2

Deep rooted fodder grasses and legumes production

2

1.6

4

3.3

Early or late planting/Planting date adjustment

31

25.8

106

88.3

Use of early maturing crop varieties

39

32.5

47

39.2

Zero or Minimal tillage and non-burning

65

54.2

73

60.8

Shading and shelter for crops and animals

5

4.2

110

91.7

Management of a tree nursery and tree planting

53

44.2

89

74.2

Livelihood diversification

33

27.5

91

75.8

Integrated and organic pest control

29

24.2

24

20.0

Fodder production/cut and carry feeding

12

10.0

5

4.2

Saving and thrift culture

36

30.0

117

97.5

CSA Information and technologies

Source: Survey data 2017

Frequen-

% FWs dissemi-

Frequency

nate using phone
apps
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Introduction
Africa is facing great challenges from climate change due to these three factors amongst others: a) a large proportion of
its population survival depends on its own agricultural production, and also has relatively low productivity, with very few
surpluses for sale and a technology highly dependent on the climate; b) both governments and the population themselves
have few resources to adapt and cope with natural disasters such as droughts or floods; and c) climate change is already
having major impacts in two ways: on the one hand, due to the increase in the frequency of natural disasters (droughts and
floods), and on the other hand, due to changes in weather patterns (for example, delays in the arrival of the rains, rising
temperatures, higher temperatures occurring at earlier dates than normal, etc.).
African farming families have the urgent need to adapt to climate change and to improve their living conditions. Examples
of adaptation needs are improving the access to fertile land; improving their access to markets, to resources such as credit,
work, and technology; and improving the exchange of information. This last need, access and exchange of useful information, can serve both to improve adaptation to climate change and to improve other aspects of their lives (education, hygiene,
health, nutrition, job search, etc.). Examples of useful and necessary information are related to the changes in climate taking
place in their region, to the consequences of those changes for agriculture, as well as information about adaptation options.
The present work evaluates the current information exchange of farmers in Mozambique and investigates how it can be
improved in the future. For this purpose, surveys, interviews and meetings have been carried out with one hundred farmers
in four districts of the country, as well as interviews with nine institutions working in the field. The objective is to know what
sources of information farmers currently use, and how their access to information could be improved in the future. Gender
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differences, differences in perception between farmers and institutions, and geographic differences across the country have
also been assessed.

Materials and Methods
To this aim, this work adopts a multi-steps methodological approach, based on the combination between farmers’ surveys and statistical analysis, and a modelling approach. We followed previously proven mixed quantitative, qualitative and
participatory methods (Acheampong et al., 2017; Adolwa et al., 2017; Lowga et al., 2011; Mulima et al., 2017; Phiri et
al., 2019) based on questionnaires and focus group discussions, collecting data from 100 rural smallholder farmers and 9
stakeholders (government officials and NGOs technicians). The adopted method was used for defining potential networking
interventions, i.e. interventions defined using social network characteristics, aiming at accelerating behavioral changes, and
enhancing community’s performances in climate change adaptation (Valente, 2012).
We selected four study areas (four districts) that combined different vulnerability against climate change, and different socioeconomic characteristics. We selected two of the case studies in a short distance from the city capital of Mozambique,
Maputo (Boane and Marracuene districts in Maputo Province), and two other case studies far from the capital city (Marrupa
district in Niassa Province) and Mabalane district in Gaza Povrince. In each district we collected data in three communities
in November 2019 and July 2020. We collected data from interviews using open and closed question questionnaires and
from focus groups discussions.
The results of the questionnaires were used to build a qualitative and quantitative data base that was used to perform
descriptive and comparative statistics (Fischer and Kruskal-Wallis tests) and generalized linear model (GLM) regression
analysis (with R-Studio software, Version 1.2.5033). Fuzzy Cognitive Maps (FCMs) were also developed for structuring the
information collected during the focus group discussions.

Results and Discussion
The main results and conclusions are sumarized below.
1. Gender Differences It has been proven that women, in addition to having less access to education and higher levels of
illiteracy, have less access to information technologies, such as cell phones, smartphones and radios. Women give greater
importance and severity to the problem of illiteracy than men (65% of women believe it compared to 38% of men).
2. Differences between farmers and institutions Institutions consider illiteracy a more important barrier than farmers (especially men). Stakeholders believe that radio is a more useful instrument than what is considered by farmers. The difference
must be due to the fact that the community radio service (local radios) does not work properly in many parts of the country.
3. Differences between the districts near Maputo and those further away. Two districts at a great distance from Maputo
(the capital of the country) and two districts located at a short distance have been studied. Communities near Maputo have
greater access to electricity, radio and television than those far away. In addition, a greater proportion of farmers living in
those districts have mobile phones and smart phones: 42% of farmers located far from Maputo have a mobile phone, compared to 85% of those close to the capital; and 4% have smartphones compared to 15% close to Maputo. Together with
those differences in the access to technology, remote populations are more vulnerable to climatic catastrophes: they have
less resilience and their agricultural production decreases more than farmers located close to Maputo.
4. Strategies for adaptation to climate change and lack of information
Introducing irrigation and using seeds adapted to climate are the most valued adaptation strategies (obtained the highest
scores on a scale of 1 to 5: 3, 5). One of the strategies with the greatest impact is the construction of dams that, in the
opinion of the participants, would significantly improve agricultural production, especially in the south of the country, which
is suffering a long period of drought of more than five years.
5. Barriers to improve the exchange of information The most serious barriers identified by the participants are (on a scale
of 0 to 5) the cost of information technologies (internet, mobile phones, radio and TV) (2.9), the lack of electricity (2.8 ) and
illiteracy (the first barrier for institutions and women) (2.7). Other barriers noted are the lack of agricultural extension agents
and the lack of training centers.
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Conclusion
The results of the study allowed us to arrive to the next conclusions and recommendations to improve the exchange of
information in Mozambique: Smartphones have great potential to improve the exchange of information, because they
facilitate access to images, videos, etc. However, it is valued very low by both farmers and institutions. The main problem
in increasing its use is cost and access to electricity. Churches: they are the resource least valued by the institutions, but
they are valued positively by the farmers. They may have a high potential to be used to distribute agricultural information.
Training of farmers is one of the proposals most valued by farmers and institutions. It can be developed in various ways: by
setting up training centers (for young people and / or adults) in communities or districts; training some representatives of
the community to return to the village and help the rest of the farmers; holding meetings or short formations with representatives of the towns.

The source of information valued as the most useful is the agricultural extension agents. Agricultural extension is an informal educational process aimed at the rural population, which provides advice and information to help them solve their
problems. It facilitates direct exchanges between producers and also with agricultural technicians to diagnose problems,
take advantage of existing knowledge, exchange experiences, disseminate proven improvements and even develop common projects. For this reason, it seems essential that the government of Mozambique works to improve this resource as a
way of helping adaptation to climate change and the development of farming families.
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Introduction
Knowledge on climate smart agricultural practice used by smallholder farmers to reduce the negative impact of climate
change and factors that determine the choice of those practices are important to design policies to support farmers address
weather risks and have positive impact on their livelihoods. This study was undertaken with this perspective and analyses
how smallholder farmers’ adaptive capacity affects their choice of climate smart agricultural practices to adapt against
weather risks. The research sought to, i) analyse the adoption of climate smart agricultural practices among cereal farmers;
ii) analyse how farmers’ adaptive capacity influence the choice of adaptation strategies; and iii) identify others factors that
affect the adoption of these practices.

Methods
The analysis is based on both qualitative and quantitative data, collected through a survey of 450 cereal farmers in northern Benin. Farmers’ adaptive capacity to weather risks is measured by a composite index developed based on sustainable
livelihood framework. Descriptive statistics and a multivariate Probit model, estimated with maximum simulated likelihood
method, are used to analyse the effect of adaptive capacity, and identified other factors that affect the probability of adaption of climate smart agricultural practices.
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Results and Discussions
The results indicate that farmers perceive themselves to be vulnerable to, floods, drought, decreasing levels of, and increasing variability of rainfall, and late onset of the rainy season. Crops diversification (64%), soil and water management
(14%) and use of improved seeds (23%) are the common climate smart agricultural practices adopted by farmers with crops
diversification the most adopted practices. Farmers, on average, have moderate capacity to respond to weather risk except
for rice farmers who have high adaptive capacity. Farmers’ adaptive capacity is correlated to the choice of climate smart
agricultural practice. In fact, as farmer’s adaptive capacity increases there are more likely to adopt climate smart agricultural
practices that require much additional investments. Access to extension services, credit and market, been member of farmer-based organization are others factors that affect the adoption of the climate smart practices.

Conclusion
The findings suggest that training that reinforce farmers’ human capital or supports that link farmers to market or credits
to build their capacity to adapt to climate risks should be promoted to accelerate the adoption of climate smart agricultural
practices among farmers.
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Abstract
Vulnerability assessment varies widely across households, countries, and regions. Though many previous studies assessed
vulnerability to climate change their unit of analysis was aggregate. Therefore, the objective of this study was to measure
the vulnerability of smallholder farmers to climate change at the household level and identify its determinant factors in east
Hararghe zone. A multi-stage sampling procedure was used to select districts, kebeles, and sample respondents. Vulnerability as expected poverty approach was used to measure household-level vulnerability. Logit model was also used to assess
factors contributing to households’ vulnerability. The study revealed that 73% of households were vulnerable to climate-induced shocks. Households with better farm experience, land size, livestock ownership, access to credit, access to extension
service, social capital, access to climate information, non-farm income, and headed by a male were not vulnerable to climate
change. Whereas, households who were living in low and midland agro-ecologies, far from the market, and participate in
productive safety-net programs were vulnerable to climate change. The study indicated that the vulnerability of smallholder
farmers was sensitive to the minimum income required to maintain daily life. Income-generating activities that supplement
farm income should be well designed in policy to reduce the vulnerability of smallholder farmers.

Keywords; vulnerability, climate change, VEP, East Hararge, Ethiopia
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Introduction
Having the most sensitive economic sector in the world, Africa has been recognized as one of the most vulnerable continents to the impacts of climate change[1,2]. Like most African countries, the economy of Ethiopia is highly dependent on
rainfed and the productivity of this sector is very low [3,4]. The agricultural sector in this country is vulnerable to climate
change. This is because climate change affects the two most important natural inputs such as precipitation and temperature
[5]. Since their major source of employment is agriculture the income and poverty level of smallholder farmers in Ethiopia
are highly affected by climate change [6]. Thus, the amount and temporal distribution of climatic factors are critical to agricultural production in general and smallholder farmers’ income in particular. In addition to climatic factors, many other
factors exacerbate the vulnerability of smallholder farmers to climate change[7]. These factors include low economic and
social development, low level of income per capita, limited disaster risk management, and limited institutional and financial
capacity of the smallholder farmers to adapt to climate shocks which make them most vulnerable to climate change[7,8].
Therefore, assessing the vulnerability of smallholder farmers to climate change, in particular, can help to identify and characterize actions toward reducing their vulnerability to climate change [9,10].
Vulnerability studies have been conducted in Ethiopia at the national, regional, and local levels [8,11–14]. The study conducted by [11] examined farmers’ vulnerability to climate shocks but the result of this study cannot be used for local-level
policy design because the study was conducted at the national level which was very much aggregated. The rest of the
studies [12,13,15] focused on the agro-ecological level of vulnerability assessment and the unit of analysis was district.
These previous studies failed to consider as vulnerability level may vary even among households at the district level.
However, other studies such as [8,15,16] assess household-level vulnerability but these studies used aggregate analytical
tools to assess household-level vulnerability. These studies also presented different results concerning the agro-ecological
based vulnerability of smallholder farmers to climate change. For instance, the result from [8,11] indicated that farmers in
the lowland agro-ecology were vulnerable to climate change than farmers in other agro-ecological settings. However, [14]
made a different observation, farmers in the highland agroecology were vulnerable to climate change. The difference in the
results of these studies implies that vulnerability differs from location to location. Therefore, a context-specific vulnerability
assessment is required.
Eastern Hararghe zone is one among many areas in Ethiopiafrequently affected by recurrent drought, erratic rainfall, and
severe land degradation [17]. The majorities of smallholder farmers in the zone have a very small land size and use traditional crop cultivation methods [18]. Previous studies [17,18] on climate change adaptation strategies recommended the
importance of integrating vulnerability assessment results to design appropriate policies that target the most vulnerable
households. Even though vulnerability is driven by many local factors that vary with space and time, the assessment of
vulnerability in the study area is scarce in the literature. Therefore, the objective of the study was to measure vulnerability
at the household level and identify its determinants.

Definitions and Concepts of Vulnerability
The scientific use of “vulnerability” has its roots in geography and natural hazards research [19]but scholars from different
fields of specialization have conceptualized it in many ways. For instance, social science literature such as [20]defined vulnerability as ‘‘the state of individuals, groups or communities in terms of their ability to cope with and adapt to any external
stress placed on their livelihoods and well-being”. Similarly, [21], defines vulnerability as the exposure of groups or individuals to stress as a result of the impacts of climate change and related climate extremes. According to [22] vulnerability is the
characteristics of a person or a group in terms of their capacity to anticipate, copes with, resist, and recover from the impact
of a natural or man-made disaster. The definition indicated that vulnerability is a combination of institutional, economic,
environmental, social, and cultural factors. Vulnerability is the degree to which a system, or part of a system, may react
adversely during the occurrence of a hazardous event[23]. [24], defines vulnerability as the degree to which a system is
susceptible to and unable to cope with, adverse effects of climate change, including climate variability and extremes. These
definitions show vulnerability combines the risk, impact, and ability of the individuals or communities to adapt. In another
way, economics literature defines vulnerability as vulnerability refers to the propensity to suffer a significant welfare shock,
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bringing the household below a socially defined minimum level [25,26]. Vulnerability in the economic literature is often
related to the effects of shocks such as drought and flood resulted in income loss. The current study used the definition of
economics literature.
Different literature shows the interlinkage between vulnerability and poverty. For instance, [25], shows the strong linkage
between these two concepts. According to this literature poverty and vulnerability are ‘’two sides of the same coin’’. This
implies that the probability of being vulnerable is highly related to the status of poverty. A previous study by [27] indicated
that compared to the non-poor households the poor have two times more vulnerable to climate-induced shocks. This is
because due to their low level of capital, resources, access to services and they are highly dependent on climate-sensitive
sectors such as agriculture [26]. Similarly, [28] also indicated that poorer households have a higher probability of being
vulnerable to climate change due to their low level of adaptive capacity. According to economics literature, there are three
major approaches to measure vulnerability. These are vulnerability to expected poverty (VEP), vulnerability to low expected
utility (VEU), and vulnerability as uninsured exposure to risk (VER) [25]. VEP considers vulnerability as the probability of a
household falling into poverty in a future period. It is based on estimating the probability that a given shock or set of shocks
will move household consumption below a given minimum level. VEU vulnerability will be measured for the utility derived
from some level of certain equivalent consumption above which the household would not be considered as vulnerable. But
it is difficult to measure individuals’ risk preference which is highly dependent on the level of information they have about
uncertain events. The VER is based on the before and after factor assessment of the extent to which a negative shock
causes welfare loss. This method needs panel data. Considering the difficulty to measure individuals’ risk preferences in
the VEU method and the need for panel data for the VER method the current study used vulnerability as expected poverty
of an econometric method to measure households’ vulnerability to climate change. This method was employed to assess
the probability of a farmer falling below a poverty line due to the occurrence of climatic shocks such as drought and flood.

Research Methodology
Description of the study area
East Hararghe zone is located in Oromia National Regional State. Its altitude ranges from 1,200 to 3,405 meters above sea
level with minimum and maximum rainfall of 400 and 1200mm, respectively. The total area covered by this zone is about
22,622.6km2. The zone contains three agro-ecological zones, highland (>2,300), midland –(1,500 - 2,300) and lowlands
(<1,500m.a.s.l.). The lowland occupies the largest area (67.76%), followed by midland (24.5%) and highland (7.67%). The
total population of the zone is 3.4 million with 415,575 male-headed and 33,903 female-headed households. The zone
contains a total of 20 districts. Among these five of them are pastoralists and the basic livelihood activities of the community are rain-fed mixed farming systems, livestock husbandry, and small-scale irrigation-based cash crop production for their
livelihood. Sorghum and maize are the major staple food crops produced in the zone, constituting about 75% of the annual
crop production. The zone has two rainy seasons, such as the short (belg) rainy season which ranges from March to May,
and the main (meher) rainy season which ranges from June to September. Due to the unreliable and erratic nature of rainfall
resulting from climate change, the zone is repeatedly affected by recurrent drought and food insecurity, which becomes
a serious problem. Shortages of surface and groundwater, farmland, grazing land, coupled with climate change were challenging smallholder farmers’ livelihood. As a result, food crop production markedly reduces from time to time, leading to an
increasing number of poor people. Currently, all the districts are affected by drought and supported by the productive safety
net program. The poor resource conditions, reliance on rain-fed agriculture and the use of traditional production systems
exposed smallholder farmers to climate change.
Methods
Sampling Procedure
A multistage sampling procedure was used for this study. In the first stage, the zone was clustered as lowland (<1500),
midland (1500-2300), and highland (> 2300 masl) based on their altitudinal variation. In the second stage, from the lowland (Fedis and Babele), midland ( Kombolcha ), and highland (Dadar) were selected randomly to represent all the three
agro-ecologies. Finally, a total of 13 kebeles (lower administrative units) and 384 sample households were selected using
simple random and systematic random sampling procedures, respectively.
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The number of respondents was taken based on probability proportional to the population size of each kebele. The list of
households was taken from kebeles to get the sampling frame and the sample size was determined by using [29].

n=

n=

Z2 * p*q* N
e 2 ( N − 1) + Z 2 * p * q

(0.05

(1)

(1.96 )2 * 0.5 * 0.5 * 449,478
= 384
)2 (449478 − 1) + (1.96 )2 .0.5 * 0.5

Where N;- is the total households (449,478) Z; confidence level 95% (1.96) P; sample proportion
0.5 q= 1-p and e- the desired level of precision(0.05)
Sample respondents for focus group discussions and key informant interviews were also used from each district with the
help of development workers. Both qualitative and quantitative data were used. Quantitative data was collected using an
interview schedule while qualitative data was gathered from Focus Group Discussions (FGD) and key informant interviews
(KII). The study also used secondary data from agricultural offices of administrative units, disaster risk commission offices,
and academic literature.
Methods of data analysis
Measuring vulnerability
The study used the vulnerability as expected poverty (VEP) approach of an econometric method to measure vulnerability.
The approach developed by [26], allows the use of cross-section data. Other studies also used this approach to assess
household-level vulnerability [11,30–32]. The approach works by estimating expected income per capita, its variance, and
the poverty line, and assuming that income per capita (or its log) is normally distributed [32].
According to[26], the income of household h is given by Income of the household

ln Ch = X h β + ε h

(2)

Where Ch is the per capita income of a household Xh is the household’s characteristics (farm experience, sex, dependency
ratio, access to services, etc.) and climatic shocks such as drought and flood. β is a vector of parameters and еh is the disturbance term which was estimated using OLS
The variance of the disturbance term is

σ  h 2 = xh θ

(3)

The estimates β and θ were obtained using the three-step Feasible Generalized Least Squares (FGLS) procedure suggested
by [33]. These estimates are used to determine the expected log of income and variance of log income to each household h.
The expected log of income will be



E [ln Ch / X h ] = X h β

(4)

And the variance of log income is




V = [ln Ch / X h ] = σ 2 e,h = X hθ

(5)

The probability of a household with X characteristics will be poor or vulnerability level was estimated by using the above
equations, by assuming that income is normally distributed. Then, if Ф(.) denotes the cumulative density of the standard
normal, the estimated probability was;

 ln Z − X β 
 
h

Vh = Pr (ln Ch < ln Z / X h ) = φ 
 

X hθ 


(6)

Where lnz is a minimum level of income (poverty line) 1.9 USD which is the international poverty line according to [34]
below which the household called vulnerable. Following [26] the vulnerability arbitrary cutoff used for this study was 0.5

84
in which the household was categorized as vulnerable if the estimated vulnerability coefficient was greater than 0.5. Based
on this households’ were classified into vulnerable and non-vulnerable. Moreover, to check the sensitivity of a household’s
vulnerability to the minimum income level additional two different scenarios of poverty lines were used. These were 1.5
USD per day and 2.25USD per day.
To identify the determinants of vulnerability logit model was used and specified as

Pi = F ( Z i ) =

1
1+ e

− (α +

(7 )

∑ βi X i )

Where Pi is the probability that an individual i is being vulnerable given Xi (explanatory variables); F is the cumulative density
function; βs are parameters to be estimated. In the logit model, the probability of a household being vulnerable is given by:

p
ln( i ) = Z i = α + β1 X 1 + β 2 X 2 + ... + β k X k
1 − pi

(8)

3.2.3. Variables used for the econometric model
Vulnerability status: is the dependent variable of the model measured using the minimum income requirement for the
household which was 1.9USD and the arbitrary value of 0.5 was used at a threshold. A household whose index value above
0.5 is considered as vulnerable and assigned a value 1, otherwise 0.
Table1. Explanatory variables

Variable

Measurement

Expected sign

Sex

Dummy variable (1=male, 0= female)

-

Farm experience

Years of involvement in farming

-

Education

Number of Years of schooling

-

Dependency ratio

The number of dependent family members

+

TLU

Number of livestock in TLU

-

Agricultural extension

Frequency of extension service in a year

-

Access to credit

Dummy variable (1= yes,0 =no)

-

Social capital

Membership in social organization (number)

-

Non-farm income

Income from non-farm activities in birr in a year

-

Productive safety net (PSNP)

Dummy (1= if member, 0= otherwise)

+

Agro-ecology lowland

Dummy (1= lowland, 0= otherwise)

+

Agro-ecology midland

Dummy (1= midland, 0= otherwise)

+/-

Agro-ecology highland

Dummy (1= highland , 0= otherwise)

-

Farmland size

Land owned in a hectare

-

Access to climate information

Dummy (1= yes, 0= No )

-

Irrigation access

Dummy (1= yes, 0= No)

-

Market distance

Distance of the market in walking hours

+

Conflict

If faced any conflict (yes=1, 0= no)

+
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Results
Vulnerability Status of households
Figure 1 shows the vulnerability level of smallholder farmers considering 1.9 USD poverty lines. As indicated in the graph
48.5% of the sample households fall in the upper left side, these households were poor in 2019 and were likely to remain
poor the following period, while 13.6% of households who fall in the bottom left side were poor in the year 2019, but not
likely to become poor next time. On the other hand, those in the upper right corner (24.7%) are not poor currently, but
they are likely to become poor next time, while those in the bottom right (13.2%) were above the income threshold and
were likely to remain non-poor in the following years. Moreover, results from FGDs revealed that poor households in the
study area had limited assets and no savings to recover aftershocks therefore, they are vulnerable to climate change.

Figure 1. Vulnerability plotted against the logarithm of income.

Sensitivity of Smallholder Farmers vulnerability to the Poverty line
Table 2 shows the sensitivity of vulnerability varies with the minimum poverty line threshold. For instance, when the minimum income or poverty line was 1.5 USD per day around 53% of the sample households were vulnerable. Similarly, when
the minimum income level increases to 2.25 USD per day almost 84% of them were vulnerable. Information received
from KII and result from FGDs indicated if there are options like weather index insurance minimizes the adverse effects of
climate change.
Table 2. Vulnerability status of households at the different poverty line
Poverty level
1.5USD

1.9USD

2.25USD

Vulnerability level

Number

percentage

Number

percentage

Number

percentage

vulnerable

202

52.6

279

72.66

321

84

Not vulnerable

182

47.4

105

27.34

63

16

Total

384

100

384

100

384

100

Source: Own Computation (2020)
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Types of Shocks and Major Coping Strategies
Results from FGDs and KIIs revealed that recurrent drought, erratic, and uneven distribution of rainfall are serious challenges that hinder most smallholder farmers' livelihood activities. This is serious especially in the lowland and midland
agro-ecologies, where crop failure and income loss led them to be poor and food insecure. Smallholder farmers in the study
area experienced different types of climate-related shocks. As indicated in Figure 2, about 79% were exposed to drought,
nearly 55% reported crop pests, and 28% of them were exposed to floods in the last five years. According to the interviews
held with the agricultural office, the frequency of drought was increased from time to time especially in the lowland and
midland areas. The officials also indicated that previously drought occurred every five years but in the last two years, it
occurs every year. This shows climate-induced shocks frequently affect the livelihood of smallholder farmers and increased
the level of poverty. Results from FGDs and KIIs revealed that a decline in crop yield, death of livestock, and loss of assets
were perceived impacts of climate-induced shocks. As a consequence income from agriculture was decreased and made
many households poor.

Figure 2. Types of shocks households experienced.

Major coping Strategies
In the study area, the occurrence of drought caused crop failure and income loss for most smallholder farmers. In response
to the faced shocks, households implemented different coping strategies. The implemented coping strategies indicated in
Figure 4 were selling livestock (38%), receiving credit (16%), food for work (15%), participating in non-farm income (15%),
and migration (6%). Among these strategies, the largest percentage (38%) of the respondents reported that livestock selling as their major coping strategy. This might be because most of them are agro-pastoralists and mixed farming system
is common in the study area. In response to climatic shocks, smallholder farmers received credit from both formal and
informal sources. The result of KIIs revealed that smallholder farmers received credit from microfinance institutions. These
institutions give credit and saving services but at the time of shocks, they also provide concessional loans for their members. The study also indicated that smallholder farmers engaged in different income-generating activities to compensate for
their income and consumption gap. These income sources include selling firewood and charcoal by deforesting the existing
forests. Results from FGDs also confirmed that a dramatic decrease in forest cover over the last 15 years resulted in soil
erosion, land degradation, increased frequency of drought. The study further indicated that at the time of climate-induced
shocks few farm households migrate to urban and neighbor districts. The purpose is to support their families' livelihood
through remittance.
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Figure 3. Response for shocks

Determinants of Household vulnerability to Climate Change
The sex of the household head was considered to affect household vulnerability. The current study revealed that the sex
of the household head significantly and negatively affected the vulnerability of sample households. Male-headed households were less likely (19 %) to be vulnerable to climate change compared to Female-Headed Households (FHH). Besides
results from FGDs revealed that cultural norms also increased the vulnerability of female-headed households. For instance,
mobility is mainly restricted for FHHs at the time of disasters such as drought. This is because of their multiple roles in the
household such as caring for children and the elderly that forced them to stay at home. The result of KIIs also indicated that
climate change is increasing the burden of Female-headed households. For example, during drought, they were forced to
walk 5-6 hours in search of water and firewood. It takes more time and labor if the household did not have a donkey which
is mostly true for FHHs. This implies that how climate change increased their burden and vulnerability as well.
Increasing the experience of the farmer by one year will significantly decrease the probability of being vulnerable by 0.9%.
As the land size of the household increased by one hectare, the probability of the household to be vulnerable reduced by
21%. Concerning livestock ownership, the result revealed that as the number of livestock increases by one TLU unit, the
probability that the household being vulnerable was reduced by 4.7%. this is because according to the result obtained from
FGDs households used income from livestock to purchase agricultural inputs that improved their income. The result further
indicated that households with access to credit are less likely (7.3%) to be vulnerable to climate change than those without
access to credit. The study further revealed that households used credit for three basic purposes such as for the purchase
of food items, purchase of agricultural inputs, and animal fatting to fulfill their income and consumption gap.
The current result also indicated that membership in one additional social organization reduced the probability of being
vulnerable by 4.2%. Furthermore, according to FGDs results “Equib”, “Idir”, “Feriqa”, and “Guza” were the most common social
organizations available in the study area. These organizations are playing a crucial role in reducing the vulnerability of households in many ways. For instance, “Idir” is a funeral association. Its primary purpose is to support households when they
lose their family member. Moreover, when the farm households lose different assets because of drought and flood they are
reimbursed. Similarly, “Guza” and “Feriqa” are labor support systems in which farmers help each other during the harvesting
and planting period. These organizations also support those households who cannot farm due to a lack of resources. The
result from FGDs revealed that these organizations were reducing their vulnerability to anticipated climate-induced shocks
especially during the planting and harvesting periods. This is, because the synergy helps them to give quick and on-time
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responses against the shocks. “Equib” is also another local informal financial association where members make equal and
regular contributions to common finance. The purpose is to save money and benefit from lump-sum payment and every
member takes the collected money through a rotation system. Specific to the study area if any member gets difficulty like
climate-related shocks, family sickness, and any other urgent issue priority is given. In general, the result shows that these
social organizations were playing a crucial role in improving the efficiency of social networking through coordinated action
during shocks. Moreover, such type of social capital can help members to recover easily after exposed to climatic shocks.
The current result further revealed that households with better access to climate information were less likely (11%) to be
vulnerable to climate change. Moreover, the result indicated that beneficiaries of the productive safety net program (PSNP)
were vulnerable compared to non-beneficiaries. The outcome from the econometric model shows that an increase in onehour travel to the nearest market will increase the probability of being vulnerable by 12.5%. Results from FGDs further
indicated that due to lack of market nearest to their village they were challenged by high transaction costs and forced to sell
their product to local agents at a very low price. Moreover, the present study discovered that those households who had relatively better non-farm income had a minimum probability of being vulnerable. The result of this study further revealed that
compared to the base category (highland), those farmers living in the lowland and midland agro-ecologies were vulnerable.
Table 3. Determinants of households’ vulnerability to climate change

Variables

Coefficients.

Std. Err.

Marginal effect coefficients

SEX

-2.4473***

.8262

-.1939***

DEPRATIO

.0894

.2381

.0070

FARMEXP

-.1181***

.0256

-.009***

EDULEVEL

-.0152

.0599

-0.0012

LANDSIZE

-2.6311***

.4322

-.2085***

TLU

-.5976***

.1392

-.0473***

EXTENSION

-.1356

.1431

-.0107

CREDITACCESS

-.9335*

.5102

-.0739*

SOCIALCAPITAL

-.4811**

.2112

-.0381**

EARLYWARNIGINFO

-1.385*

.8208

-.1098

PSNP

1.6198***

.5345

.1283***

IRREGATION

-.7663

.4552

-.0607

MARKETDIST

1.6849***

.3683

. 1335***

CLIMATETRAINING

-.3544

.4081

-.0280

NONFARMINCOME

-.0002***

.0000

-.0000***

CONFLICT

.6229

.4626

.0493

AGROECO midland

2.0216***

.5550

.1602***

AGROECO lowland

3.1658***

.6600

.2509

_cons

9.5710

2.4201

Observation

384

LRchi2(18)

252.99

Log-likelihood

-98.778

Pseudo R2

0.5615

Note; ***,**,*Significant at 1%, 5%, and 10% probability level, respectively.
Source: Model results
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Discussion
Vulnerability Status of Households
The result shows that most of the sample smallholder farmers who are currently poor will remain poor next time. This is
because most of them were affected by drought repeatedly that aggravated the level of poverty. As poverty and vulnerability to climate change are highly interlinked [32] the poor are vulnerable to climate change. This result is consistent with
[35] who explored poverty increased the vulnerability of households to climate change. Since poverty hinders the ability of
poor households to respond to climate-induced shocks [36] the poor are vulnerable to these shocks. Poor households in
the study area had limited assets and no savings to recover aftershocks which makes them vulnerable to climate change.
This result is in line with the findings of [11,37], who indicated that poor households were more affected by climate-induced
shocks and were considered vulnerable to climate change. The result further indicated that not all the poor, as well as all the
non-poor households, were vulnerable to climate-induced shocks. This implies that simply being poor does not make smallholder farmers vulnerable to climatic change rather, it is usually a combination of many factors. These factors are access
to institutional services and resources that contribute to their vulnerability. This discovery supports the findings of [11,35].
Sensitivity of Smallholder farmers Vulnerability to the Poverty line
It is revealed that the number of vulnerable farm households increased as the poverty line increased. The exploration is
consistent with the finding of [11] who indicated the vulnerability of Ethiopian farmers increases as the poverty line increases. This is because the livelihood of smallholder farmers in the study area is dependent on rainfed agriculture, which
was affected by recurrent drought their income is sensitive to climatic conditions. Experiencing recurrent drought forces
households to deplete their productive assets to smooth their current and future consumption. This makes smallholder
farmers poor and reduced their ability to respond to climate change. This implies that experiencing climate-induced shocks
increases the vulnerability of smallholder farmers to climate change. Farm households in the study area might not be negatively affected by drought if they have access to weather index insurances. This is because weather index insurance can
reduce the vulnerability of the poor by improving their capacity to adapt [38]. For the high level of vulnerability in the study
area weather index insurance might be an option for reduction of the negative of climate change albeit its unavailable.
Such institutional service is essential especially for the poor who may not have the capacity to adapt without support. Such
support help households to easily recover aftershocks and reduce forceful asset sales. A similar study by [39] measured
the vulnerability of smallholder farmers to food insecurity in Eastern Ethiopia and predicted 63% of the study respondents
to have a chance of being food insecure in the future period. In confirmation of this finding, albeit a higher magnitude, the
current study found that 73% of the households were vulnerable to climate change. The discrepancies of statistical figures
might be associated with the recent increment of climate-induced shocks such as drought in the study area. This caused the
loss of assets and income; limits households’ ability to respond to climate change and increased their vulnerability. The fact
remains vulnerability has become a serious problem in the study area, hence, an immediate policy response to reduce the
exposure of smallholder farmers to climate change-induced shocks should be devised.
Types of Shocks and major coping Strategies
Drought, crop pests, and sometimes excessive rainfall were major climate-induced shocks that affect the livelihood of
smallholder farmers by reducing the productivity of agriculture. This result is supported by [40]. Among these shocks, the
higher percentage of respondents reported that drought significantly affected their livelihood and compared to the highland
farmers the lowland and midland farmers were highly affected. This is because these agro-ecologies receive a low level of
rainfall and the farmers in these agro-ecologies have relatively less fertile soil. A similar result was reported by [41] who
indicated that lowland and midland farmers were affected by climatic shocks. Furthermore, a high level of deforestation and
land degradation were observed in these agro-ecologies which increased the frequency of drought. The result shows how
climate-induced shocks aggravate smallholder farmers' level of poverty by adversely affecting their basic economic sector
and increased their vulnerability to climate change. The study conducted by, [42] supported this result who indicated that
climate-induced shocks such as drought increases the vulnerability of smallholder farmers to climate change. Moreover, the
current result proved how experiencing climatic-shocks leads to vulnerability and answered why 73% of households in the
study area were vulnerable to climate change.
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In response to the experienced shocks farm households used different coping strategies. Among the strategies indicated in
section (4.2.2), the majority of them used livestock selling as a major coping strategy. Households sold their livestock when
they faced climate-related shocks to buffer their income and at the same time to compensate for their consumption gap
[43]. This shows that experiencing climate-induced shocks reduced the asset of smallholder farmers' which reduces their
adaptive capacity. For poor households, such shocks increased their vulnerability since they had limited resources which
hinder their recovery. The result is consistent with the previous finding by [11]. Moreover, the result shows that smallholder
farmers also used credit as a coping strategy. Such a coping strategy helps farmers to fill their financial shortage and recover
aftershocks. The result indicates that access to credit is extremely useful to recover after they are exposed to climate-induced shocks. The result further indicated that the occurrence of recurrent drought made many households food insecure.
Therefore, those farmers who become chronically food insecure participated in the food for work program of PSNP. This is
because their participation enables them to smooth their consumption.
The study shows that households used charcoal and firewood selling as a coping strategy. These coping strategies unsustainable and exacerbate their vulnerability since deforestation negatively affects biodiversity and ecosystem services by increasing soil erosion, nutrient loss, and desertification. This directly contributes to the reduction of agricultural productivity
and income of farmers as well. Deforestation also contributes to climate change by increasing greenhouse gas emissions
and reduce the amount of carbon that can be stored in forests. The result indicated that although households could fulfill
their immediate needs such strategies increased their vulnerability to climate. This implies as the level of dependence on
natural resources increased, the vulnerability of households to climate change will also increase. A similar observation has
been made by [44,45]. According to the current result, few respondents reported that households migrate to other areas
to search for additional income-generating activities at the time of shocks. such a coping strategy improves the adaptive
capacity of farm households by diversifying their income sources and helps to recover. This finding supports the study
conducted by [46].
Determinants of Household vulnerability to Climate Change
Female and male-headed households are impacted by climate change differently. This is because female-headed households have limited access to land, financial services, technologies, and opportunities which made them most vulnerable to
climate change than male-headed households. The finding is in line with the results of [16, 39, 47]. The result also indicated
that cultural factors such as restriction of mobility at the time of disasters increased the vulnerability of female-headed
households to the negative impact of climate change. A similar result was reported by [47,48]. Moreover, a previous study
by [48] indicated that female-headed households were more sensitive to the negative impact of climate change. This is
because climate change affects their basic responsibilities such as food preparation, fetching of water, and collecting firewood. These combined factors made female-headed households more exposed to climatic shocks than their counterparts.
The result in Table 3 shows farming experience negatively and significantly affects the vulnerability of smallholder farmers.
This might be because a better farming experience can help farmers to choose and adopt appropriate adaptation strategies
and technology. This can help them to increase their farm income and reduce vulnerability. Furthermore, a better farming
experience will also help farmers to anticipate the negative impact of climate change and adjust farming accordingly. The
result concurs with studies by [8,49] who reported that farmers with relatively better farm experience are relatively not
vulnerable to climate change.
The current result revealed that smallholder farmers with better land sizes were not vulnerable compared to those with a
small size of land. This is because having relatively large farm sizes would allow farmers to implement different adaptation
strategies such as crop diversification, irrigation, and soil and water conservation practices that will reduce their vulnerability. Moreover, farmers with large land sizes have better incomes [11] so that they can use improved technologies to
respond to the negative impact of climate change. A previous study by [16] indicated that households with small land sizes
were vulnerable because of poor soil fertility resulted from intensive cultivation. Similar results were also reported by [15].
Related to livestock ownership the logit model result shows that ownership significantly and negatively affected vulnerability. This indicates that those households with better numbers of livestock in TLU were not vulnerable. The probable explanation for this might be livestock can generate additional income through the processing and marketing of its products[50].
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This shows that households with better number of livestock have better financial resources to respond to climate-induced
shocks. In line with the finding of this study, [11], indicated that households who own livestock are less vulnerable than
households who did not own livestock. Other studies [15, 51] also reported a similar result.
Access to credit is one form of institutional support that reduces the negative consequence of climate change. The result of
the model output shows access to credit negatively and significantly affects household vulnerability. This is because using
credit farm households fulfills their consumption gaps which reduced food insecurity, improves their income, and build their
assets. A previous study by [16] also showed that households who used credit to begin small businesses such as animal
fatting and petty trade were generating additional income besides their farm income. Such income-generating activities will
improve the adaptive capacity and helps them to reduce their vulnerability to climate change. The results are consistent
with previous findings of [11,16].
Membership to social groups was used as a proxy for social capital [52] and assessed by the number of social organizations
in which a household participates. In the present study, social capital was noticed negatively and significantly contributed to
household vulnerability. This might be because social capital can promote group and community discussions which enhance
better information flows [11]. Moreover, social capital can be used as an important asset that will be utilized during shocks.
This implies that social capital helps poor households to quickly access resources that reduce their vulnerability. This result
is in line with the finding of [53] who indicated farmers' engagement in groups increased their knowledge on the impact
of climate change. This will have the potential capacity in reducing their vulnerability to climatic shocks. The study also indicated the role of local social organizations such as “Equib”, “Idir”, “Feriqa”, and “Guza” in assisting their members through
coordinated action before shocks and collective response aftershocks. The findings are in agreement with many previous
studies like [11, 54, 55].
Climate information negatively and significantly affects household-level vulnerability. This indicates households with better
access to climate and early warning information was not vulnerable compared to those with no access to this service. This
is because climate-related information such as, the occurrence of drought, flood, crop/ animal disease, onset and offset
of rainfall can assist farmers in selecting appropriate climate change adaptation strategies that can reduce the extended
impact of these events. According to [56], access to climate information and early warning systems help farmers to reduce
their vulnerability to climatic shocks. This is because such information help farmers prepare themselves for climate-related
forecasted shocks. This result implies that climate information will enable households to take early action and reduce their
vulnerability. The present result is in line with the study conducted by [49] who reported that households with better access
to climate information were not vulnerable to climatic change.
The finding of the present study revealed that membership in a productive safety net program (PSNP) affected vulnerability
significantly and positively. Which indicated that beneficiaries of the PSNP were vulnerable to climate change. In contrary
to this result [57] reported that membership in PSNP increased the probability of using agricultural technologies which can
help them to improve their livelihood and reduces their vulnerability to climate-related shocks. Similarly[56], also showed
the importance of safety nets in protecting vulnerable households from the continual impacts of shocks. However, the
current result is in line with the finding of [58] who reported PSNP beneficiary households were poor and vulnerable
compared to non-beneficiary households. This might be because the criteria for beneficiary selection considered those
households who are chronically food insecure and who suddenly become poor as a result of climatic shocks like drought
[59]. The other probable reason for this result might be most of the beneficiaries received the support only for one year.
Therefore, most of them did not improve their income and the impact of PSNP might not be positive within this short period of membership. This result is in line with [58] who reported that those households who received the transfer for only
one year remained poor compared to others. This implies that although PSNP was targeted to improve the livelihood of
both resource and income poor households simply being a beneficiary of the program might not reduce the vulnerability of
the poor. This further suggests the program should be supplemented by additional quick income generating activities that
accelerates their recovery of the poor aftershocks.
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The outcome from the econometric model revealed that households nearest to the market are not vulnerable compared
to those households far from the market. This might be because the market serves as a means of exchanging information
with other farmers about new technologies and adaptation strategies [11]. Therefore, using such information households
will adjust themselves accordingly and reduce their vulnerability. According to the result, those households far relatively far
from the market were challenged by high transaction costs to sell their output and purchase inputs. This implies that having
a market nearest to their resident enable farmers to buy different inputs with an optimum price and sell their outputs at a
minimum cost. In general, this result shows distance to the market increase vulnerability. It is concluded that the far from
the market center, the high probability of the smallholder farmers to be vulnerable. This result is supported by the findings
of [14].
The current result shows that those households with relatively better non-farm income were not vulnerable. This might
be since income from agriculture is sensitive to climate-induced shocks having an additional income reduced the financial
constraints of households. Previous studies [14,16] also reported that having multiple sources of income reduces the vulnerability of farm households to climatic-shocks. Additionally, engaging in different non-farm incomes is very important for
farm-based households. This is because involvement in such activities helps households to builds their assets and reduces
their vulnerability [36]. This result implied that diversifying income to other sources than relying only on agriculture can
reduce vulnerability.
Households living in different agro-ecological settings face different types of climate-related shocks [14]. The current result
indicated that farmers living in the lowland and midland agro-ecologies are vulnerable. This is because these agro-ecologies
were severely affected by recurrent drought, erratic rainfall, soil erosion, and land degradation compared to the highland.
This result shows the vulnerability of the midland and lowland farmers were as a result of climate change-induced factors.
The probable explanation for this might be climatic shocks especially drought reduced the productivity of farmland and
reduced their income that made households poor and vulnerable. This result is also consistent with previous findings by
[8,11,15] who reported that farmers in the lowland agro-ecology are vulnerable to climate change. However, the result of
this study contradicts the findings of [14].

Conclusion and Policy Implications
Climate change is a global challenge affecting every individual, household, and community. Its effects are more pronounced
on the poor farmers compared to others. As agriculture is the major source of income for sample households experiencing
recurrent drought made the majority of them vulnerable to climate change. It is learned that higher exposure to climate-induced shocks such as drought increased the vulnerability of farm households. Therefore, to reduce the level of vulnerability
of smallholder farmers to climate change creating non-farm employment opportunities should be an integral part of climate
change adaptation and poverty reduction policies and strategies. In the study area compared to non-poor households, poor
households have a higher chance of being vulnerable to climate change-induced shocks. This is because the poor had lower
adaptive capacity due to limited assets and capital. Therefore, there is a need to design climate change adaptation policies
that improve the adaptive capacity of the poor. Such policies might include improving access to weather indexed insurances
because this can help households to protect their assets and recover easily aftershocks. Moreover, the study also indicated
that in addition to poverty and climatic factors the vulnerability of farm households was also influenced by different factors.
This indicates that simply being poor does not make a household vulnerable to climatic change rather, it is usually a mixture
of many factors. The current study indicated that a household that was headed by a female was vulnerable due to a lack
of access to services and resources. Therefore, local government should also work on women empowerment so that they
can claim their right to have access to different services and resources that reduce their vulnerability. Since having better
farm experience reduced the vulnerability of farm households continuous training on climate change impact and adaptation
options should be given to young and less experienced farmers.
The current result also indicated that having relatively better resources such as livestock and land reduces the vulnerability
of households significantly. Therefore encouraging and supporting households to have these assets is very crucial in reducing their vulnerability. Having access to institutional services such as agricultural extension, credit, market, climate information made households non-vulnerable compared to those who did not have access to these services. Therefore, there
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is a need to design policies that focus on improving access to these services. Local government should also encourage and
support the establishment as well as the participation of households in different local social organizations such as “Equib”,
“Idir”, “Feriqa”, and “Guza” because these organizations play a crucial role in reducing vulnerability by enhancing better information flows and supporting each other during shocks. The current study further revealed that living in the lowland and
midland agro-ecologies made households vulnerable to climate-induced shocks. This suggests considering agroecological
differences in designing climate change adaption policies. The current study further revealed that in contrast to the goal of
a productive safety net program (PSNP), being a beneficiary of the program rather made households vulnerable. Therefore,
this program should be integrated with other income-generating activities to help the poor households quickly recover from
shocks, improve their wellbeing, and reduce their vulnerability.
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Abstract
Several evidences have shown that our food system is broken and to reverse the trends in hunger and malnutrition,
strengthen resilience to minimize the continents environmental footprints, Africa need to rethink its food system policy
particularly sustainability dimension. Our study evaluated the institutional interventions, socioeconomic status and climate-smart practices of smallholder farmers in South East, Nigeria. The institutional interventions on climate change are
the policies, programs, projects and activities of the private and public organization to intervene on climate change-related
issues. Some organizations in Nigeria reach out to smallholder farmers affected by the vagaries of climate change through
climate change focused Corporate Social Responsibility (CSR). Equally, the Nigerian government has shown some commitments to the fight against climate change through the ratification of the Paris agreement; in addition to strengthening
capacity of its agencies such National Emergency Management Agency (NEMA), the intervention programs of the Federal
Ministry of Environment and the Federal Ministry of Agriculture and Rural Development to respond to climate change especially in farming communities around Nigeria.
Smallholder farmers dominate the rural-based agricultural activities in Nigeria; they supply more than 80 per cent of the
food produced and consumed by households in Nigeria. Evidences have shown that rural smallholder farmers’ knowledge of
climate variation is limited to superstitious beliefs, making them vulnerable to increasing temperatures, flooding, radiation,
wind and the drying up of rivers and lakes. The farmers are also challenged by poor socioeconomic status, limiting their
capacity to deal and handle changes in the environment. There exists a strong relationship between the socioeconomic
status of the farmers and their knowledge of climate change and adaptation practices. In Nigeria, there are mixed of climate-smart practices and policies adopted by the farmers to cushion the effect of climate. Our study therefore, identified
the institutional interventions and support available for farmers affected by climate change, identified the climate-smart
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practices in use by the smallholder farmers, and analyzed the effects of the socioeconomic status of the smallholder farmers
on their access to institutional support and adaptation of climate-smart practices and the constraints to the adoption of
the climate-smart practices. Multistage sampling technique was used to select 270 smallholder farmers in the study area.
Focused group discussions, interview sessions and survey, were used to elicit the required data. For the data analysis,
descriptive statistics, logistic and multiple regression analysis were used to analyze the data. The findings revealed that
the socioeconomic status of rural farmers, especially income and education are significant factors influencing their access
to institutional support and adaptation to climate change. This study recommends that government adopts a multi-stakeholder approach to addressing climate change by enhancing the capacity of extension services to enlighten the farmers on
the climate-smart practices and institutional interventions on climate change that will result in the improvement of their
socioeconomic status; equally to improve communication strategy to deepen understanding of effect of climate change on
productivity of smallholder farmers.

Keywords— climate, smart, institution, smallholder, farmer, socioeconomic.

Introduction
Since it has been established that more than 98 per cent of the smallholder farmers depend on the rain to water their crops,
this makes the effect of climate change severe (PRCMARINE, 2019). There is a need for farmers to adopt a more strategic
approach toward climate change mitigation. Climate-smart approach towards climate change implies more proactive measures towards limiting the dire consequences of climate change on the socio-economic welfare of the smallholder farmers.
Significant climate-smart strategies require technology and policy measures to reduce vulnerability and increase the capacity of producers, particularly smallholders. Climate-smart agriculture aims to achieve the goals of sustainably increasing
agricultural productivity to support equitable increases in incomes, food security and development. Adapting and building
resilience to climate change from the farm to national levels; and developing opportunities to reduce GHG emissions from
agriculture compared with past trends (FAO, 2103).
More than 80 per cent of the foods produced and consumed in Nigeria are from the farms of smallholder farmers, making
the smallholder farmer the engine driving the agribusiness development of Nigeria (Sabo, Isah, Chamo and Rabiu, 2017;
Mgbenka, and Mbah, 2016). More than 570 million farms in the world are being operated on a tiny scale with land access
of fewer than 2 hectares representing 75 per cent world agricultural land (Lowder, Skoet and Raney, 2016). Smallholder
farmers are characterized by the extensive use of family labour, crude implements while relying on a small parcel of land
for their livelihood. The smallholder farmers produce chiefly staple crops with a little blend of cash crops on the same plot
of land. They grow primarily at a subsistent level and a little for the market. Many of the smallholder farmers are poor and
have limited access to the market (Rapsomanikis, 2015). Unfortunately, the dynamics of the socio-economic environment,
in which the farmers operate, tend to limit their productivity. The socio-economic status of the smallholder farmers in Africa
does not show for the level of hard work the farmers put in the farm. The smallholder farmers are highly disadvantaged in
terms of landholding, funding, educations, basic amenities, infrastructure etc. this sorry state of the socio-economic status
of the farmers have limited their access to improved farming technology and awareness to climate change ( Wiggins, Kirsten
and Lambi, 2010).
The approach of the smallholder farmers to their perception and mitigation to climate change depends on their socio-economic status and access to the benefits of institutional support on climate change. The consequences of climate change
experienced in the extreme weather conditions, which result in flooding and the increasing temperature have affected the
livelihood of the farmers leaving more devastating impacts on the low socio-economic status of the farmers. The continuous and unchecked increase in demographic data leaves a considerable pressure on the socio-economic wellbeing of the
farmers and fuels the rapid change in the climate (Karfakis, 2012). With the increase in the threat of climate change and
population surge, food production must be increased by 60 per cent to meet the global food supply deficit (Karfakis, Lipper
and Smulders, 2012). The climate change is as a result of unchecked natural resources depletion, mainly deforestation.
Agricultural activities contribute to greenhouse gas emissions and the high rate of emissions growth experienced. Most
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institutions in Nigeria like the cooperate bodies, and government institution have a well-designed policy and programs to
aid in the management of the effects of climate change. Most of these programs and policies are geared towards sustaining the livelihood of the majority of the populace who are predominantly farmers. The government and cooperate bodies
provide succour to the vulnerable groups such as farming communities with information to mitigate and adapt to climate
change; protect and provide public infrastructure critical in the fight against climate change (Oruonye et al., 2019; Adger et
al., 2009).

Objectives of the Study
The broad objective of the study is to analyze socio-economic status, institutional support and climate-smart practices of
smallholder farmers in South East, Nigeria. The specific goals include to;
1. Analyze the socio-economic status of the smallholder farmers in the area;
2. identify the climate-smart practices in use by the smallholder farmers;
3. analyze the effects of the climate-smart practices and institutional support on the socio-economic status of the smallholder farmers and
4. analyze the constraints to the adoption of climate-smart practices.

Methodology
This study was carried out in the South-East geo-political zone of Nigeria. Three states namely include Abia, Ebonyi and
Imo states were selected for the study due to the predominance of smallholder farmers in the study area. The multi-stage
sampling technique was adopted in the selection of farmers for the task. The three agricultural zones in the three states
were visited for fact-finding. In Imo state the Okigwe, Orlu and Owerri agricultural zones were visited, in Abia State, the Aba,
Ohafia and Umuahia agricultural zones were visited.
In contrast, for Ebonyi State, the Ebonyi South, Ebonyi North and Ebony Central agricultural zones were visited. The
fact-finding visit was done to elicit the farmers operating on farm size of 2 hectares or less. The fact-finding visits revealed
that more than 92% of the farms were 2 hectares or less.
Random sampling technique was used to select one local government area from each of the agricultural zones. Then is the
random selection of one community from the nine selected local government area. Finally, the random selection of thirty
smallholder farmers from each of the nine chosen communities, making a sample size of 270 farmers.

Method of Data Collection
Primary data were collected through focused group discussions and interview session with the farmers. The choice of this
approach is to elicit the responses first hand; a few of the farmers are literate. Trained enumerators were employed to facilitate the data collection process.
Methods of data analysis
Descriptive statistics and Karl Pearson correlation coefficient were used for the data analysis.

Results and Discussions
Socio-Economic Status of the Small Holder Farmers
The socio-economic status of the smallholder farmers are presented in Table 1, and the results reveal the distribution of the
smallholder farmers according to sex, education, income, experience etc.
The distribution of the smallholder farmers according to their sex shows that 66.67% of the farmers are women. The women mainly spearhead farming in rural areas; most of the men view small scale farming as a women affair and seek alternative
sources of income (Enete and Amusa, 2010). Since women make up the bulk of the smallholder farmers, efforts to educate
the farmers on climate change and climate-smart practices.
The distribution of the smallholder farmers according to their age shows that majority of the farmers fall within the productive age of 21 to 50 years of age. Here lies the strength of the smallholder farmers, who depend on their youthful strength
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to carry out the farming activities. Ibitola et al. (2019) made a similar observation on the age of the farmers. Climate change
and climate-smart programmes for farmers should be youth-driven. The problem of illiteracy is evident among the smallholder farmers in the study area; the results revealed 40.74 per cent of the smallholder farmers have no formal education,
while 41.48 per cent had primary education. The level of education of the farmers may impede a clear perception of the
concept of climate change and climate-smart practices. Experience of the smallholder farmers is a great asset to the campaign for climate-smart agriculture. Majority of the farmers have an experience of 11 to 40 years; some authors noted that
farming is the way of life in most communities in Nigeria.
The distribution of the farmers according to their landholding clearly shows that all of the farmers sampled are smallholder
farmers with land access of 2 hectares or less (Deininger et al. 2017), these farmlands are mostly inherited or communal as
indicated by 41.8 and 32.9 per cent of the farmer respectively. The income distribution shows that 37.78 and 36.3 per cent
of the farmers are low-income earners. They earn an income of less than 50, 000 naira to 100, 000 naira per month; this
makes it very costly for them to adopt most of the climate-smart agricultural practices.
Table 1: socio economic status of the farmers
Variable

Frequency

Percentage

Gender
Female

180

66.67

Male

90

33.33

Total

270

100

21-30

34

12.59

31-40

78

28.89

41-50

89

32.96

51-60

56

20.74

61 – 70

13

4.815

Total

270

100

Single

87

32.22

Married

183

67.78

Total

270

100

Primary

112

41.48

Secondary

29

10.74

Bsc/HND

13

4.815

Msc

6

2.222

no formal education

110

40.74

Total

270

100

Rural

198

73.33

suburban

72

26.67

Total

270

100

80

29.63

Age in years

Marital status

Education level

Location

Household size
2 to 10

101
10 to 20

190

70.37

Total

270

100

0.1- 1

177

65.56

1.1 -2

93

34.44

Total

270

100

communal

89

32.96

lease

45

16.67

inherited

112

41.48

purchased

24

8.889

Total

270

100

1 to 10

45

16.67

11 to 20

30

11.11

21 to 30

75

27.78

31 to 40

120

44.44

Total

270

100

less than 50, 000

102

37.8

51,000 to 100, 000

98

36.3

101, 000 to 200, 000

58

21.48

more 200,000

12

4.444

Total

270

100

Land holding

nature of land holding

Experience

INCOME PER MONTH

Source: Field data, 2019

Climate Smart Practices in Use by the Small Holder Farmers
The personal belief of the farmers has a role in laying in their action against climate change, from the response of the smallholder farmers which shows that 29 per cent of the farmers don’t believe that the climate is changing.
Dalmia (2009) noted that most of the farmers still assume that climate change is a “white man’s” myth. But in this situation,
most of the farmers are already worried that the climate is changing daily.
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Figure 1 Farmers believe on climate Change
Source: Field data, 2019
The source of information on climate change available for the farmers is presented in figure 2, which illustrates that 58
per cent of the smallholder farmers knew that the climate changing through their personal experience, 20 per cent of the
farmers knew that the climate is changing through an agricultural extension contact while 14 per cent claim that they don’t
have information on climate change. This result shows that the level of awareness of the farmers on climate change is low.

Figure 2 sources of climate change information
Source: field data, 2019
Figure 3 presents the perception of the farmers on climate change, 31 per cent perceived that the climate change is evident
with the increasing level of rainfall, 12 per cent noted that climate change is apparent through the increase in the number of
flood cases and the drying of rivers and lakes respectively. Some of the farmers perceived that the heat waves are increasing
as well as the heat waves. Their varying perceptions point to one fact that the climate is changing.

Figure 3 farmers perception on climate change
Source: survey data, 2019
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Climate Smart Practices Identified by the Smallholder Farmers
The climate-smart practices identified by the smallholder farmers include the Adoption of Improve crop Varieties (AICV),
Crop Rotation (CR), mulching, Crop and Livestock Diversification (CLD), Use of Organic Manure (UOM), Mixed Cropping
(MC) and Planting of Wind Break Trees (PWBT). These climate-smart practices identified by the farmers were divided into
crop-smart component, risk smart components and environment smart component. The crop-smart component includes
Adoption of Improve crop Varieties (AICV), Mixed Cropping (MC) and Crop Rotation (CR), the risk-smart component is
the Crop and Livestock Diversification (CLD). In contrast, the smart environment components include Use of Organic
Manure (UOM) and Planting of Wind Break Trees (PWBT). From Table 2, the most common climate-smart practice by the
smallholder farmers is mixed cropping with a mean score of 3.315. The farmer ensures a right blend of nitrogen-fixing
crops (legumes) with other crops to ensure the good health of the soil.
Table 2 climate smart practices identified by the smallholder farmers
AICV

CR

Mulching

CLD

Mean

3.2

3.196296

3.159259

Standard

0.078116

0.073709

Median

3

Mode
Standard

UOM

MC

PWBT

3.248148 3.166667

3.314815

3.137037

0.077493

0.078396 0.0769

0.074604

0.078532

3

3

3

3

3

3

4

3

3

4

3

4

4

1.283582

1.211157

1.273335

1.28817

1.263588

1.225869

1.290413

1.647584

1.466901

1.621382

1.659383 1.596654

1.502754

1.665166

Range

4

4

4

4

4

4

4

Minimum

1

1

1

1

1

1

1

Maximum

5

5

5

5

5

5

5

Sum

864

863

853

877

855

895

847

Count

270

270

270

270

270

270

270

Error

Deviation
Sample Variance

Source: Field data, 2019

Forms of Institutional support accessed by the Farmers
The forms of institutional support accessed by the farmers to mitigate and adapt to climate change are corporate social
responsibility (CSR) of private organizations which represents 32 per cent, the aids from government institutions like
NEMA and FMARD account for 16 per cent. In contrast, grants from non-government organizations (NGO) account for
the largest at 52 per cent.
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Figure 4 Forms of institutional support accessed by the farmers
Source: survey data, 2019

Correlation Analysis between Socio-economic Statuses of the Smallholder Farmers and the
climate Smart Practices
The relationship between the socio-economic characteristics of the smallholder farmers and the climate practices were
revealed in Table 3. The coefficient of correlation between the education of the farmers and the adoption of improved crop
varieties significant at 5 per cent with a positive sign, this implies that the education of the farmers may be associated with
their ability to be climate-smart in terms of adoption of improved varieties. Literacy will probably influence the adoption of
climate-smart practice positively by predisposing the farmers to adopt enhanced crops varieties and to cope with the details
involved in climate change mitigation. This result is consistent with Onyebinama and Onyejelem (2010).
The income of the farmers had a positive significant correlation coefficient with the climate-smart practices such as the
adoption of improved varieties and the use of organic manure. Increase in the income of the farmers may result in the adoption of climate-smart practices of adoption of improved varieties and the use of organic manure; this is not far from the fact
that income gives the farmers the purchasing capacity to buy improved varieties and organic manure.
The coefficient of correlation between land and the climate-smart practices of the smallholder farmers reveals that land is a
significant determinant in the climate-smart agricultural practice. The coefficient is significant and positive for the adoption
of improved varieties, crop rotation, mulching, crop and livestock diversification, use of organic manure and mixed cropping.
Land available to the smallholder farmer is negatively associated with the climate-smart practice of planting winding breaking trees; this may be because of the small nature of the land, the farmers are battling to raise crops on the land and may
not deem it necessary plant wind-breaking plant except were extremely necessary.
The coefficient of correlation between the institutional support accessed by the farmers and the climate adaptation practices reveals a strong positive relationship which means that institutional sponsorship is critical for farmers to adopt each of
the identified climate-smart practices.
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Table 3 correlation coefficient

AIC

CR

mulching

CLD

UOM

MC

PWBT

AIC

1.00

CR

0.11

1.00

Mulching

0.09

-0.02

1.00

CLD

0.10

-0.03

0.02

1.00

UOM

-0.11

0.03

-0.14

0.08

1.00

MC

0.02

0.02

0.08

0.07

0.04

1.00

PWBT

-0.13

-0.11

-0.06

0.02

0.04

0.21

1.00

Experience

-0.18

0.18

0.04

-0.02

-0.07

0.10

-0.08

Education

0.67**

0.07

0.13

0.17

0.12

0.01

0.01

Income

0.50**

0.14

0.17

0.00

0.97***

0.11

0.09

Labour

0.05

-0.03

0.01

-0.03

0.04

-0.11

-0.01

0.62**

0.76***

0.43*

0.51**

0.90***

0.81***

-0.49*

0.55**

0.65**

0.73**

0.53**

0.87***

0.69**

0.75**

Land
Institutional
support

Source: Field data, 2019. ***,** and* statistically significant at 1%, 5% and10% respectively

Constraints Identified in the Adoption of the Climate Smart Practices
Table 4 presents the distribution of the farmers according to the constraints identified in the adoption of the climate-smart
practices.
The results reveal that 28.2 per cent of the small holder farmers have some superstitious beliefs about changing climatic
conditions. Some of the farmers interviewed believe that changing climate condition is a way in which the divine expresses
his anger on man for his sins. Some of the farmers (29.63 per cent) insisted that climate-smart practices are costly, making
it difficult for them to implement the climate-smart practices in their farms fully.
About 20 per cent of the farmers lack adequate climate change information. In contrast, about 21 per cent of the farmers
are constraint by the no existence of a visible action or plan on climate change by the government and other stakeholders
in the community (Rohila, Shehrawat and Malik, 2018)
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Conclusion
The socioeconomic status of smallholder farmers affects their belief and perception of climate change and climate-smart
practices. The farmers believe that the climate is changing so fast, and these beliefs as a result of the previous farming experience. Majority of the farmers have any experience of 10 to 30 year; this wealth of experience gives them the required
sense of judgement to determine if there have been changes in the climate.

Table 4 Constraints Identified in the Adoption Of The Climate Smart Practices
constraints to climate smart agriculture

frequency

percentage

superstitious beliefs to farming

76

28.14815

costs of climate smart agriculture

80

29.62963

lack of adequate climate information

55

20.37037

lack of adequate plan and action by stakeholder

59

21.85185

Total

270

100

The climate-smart practices adopted by the farmers include the Adoption of Improve crop Varieties (AICV), Crop Rotation
(CR), mulching, Crop and Livestock Diversification (CLD), Use of Organic Manure (UOM), Mixed Cropping (MC) and Planting
of Wind Break Trees (PWBT). Socioeconomic status characteristics of the farmers such as education and farmland and institutional support accessed by the farmers have a direct relationship with climate-smart practices adopted by the farmers.
We, therefore, recommend that there should be more effort to sensitize the smallholder farmers on climate change as well
as climate-smart practices that can help them in the farming practices. The significant stakeholders such as government and
community leaders should work toward improving the socioeconomic welfare of the rural dwellers through the provision of
farming aids to enable them to cushion the effects of climate change.
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Abstract:
Climate change is the greatest challenge Africa is facing in this century, especially because the continent’s economy is highly dependent on climate sensitive sectors such as agriculture. Therefore, it is expected the impacts of climate change on
livelihoods and food security will become more severe unless the collective global response efforts to address the threat of
climate change by holding the global average temperature to well below 2oC above pre-industrial level as set out in Paris
Agreement is achieved and sustained. These efforts are to be achieved through the formulation and implementation of
the low emissions and climate-resilient development (LTS) and the Nationally Determined Contributions (NDCs). The LTS
gives the countries the opportunity to elaborate a long-term view to development in a changing climate. This will enable
the countries to integrate medium- and long-term climate smart solutions across the entire economy. This paper discusses
the understanding of the future trends of the agriculture sector in a changing climate in Ghana, Kenya, Uganda and Zambia
and identifies development pathways for transforming the sector towards low emissions and climate-resilient development
that strikes a balance between adaptation to threat posed by climate change, building climate resilience and reducing greenhouse gas emissions intensity.
Keywords: Africa, agriculture, climate smart agriculture, emissions reduction, long-term development, nationally determined contributions

Introduction
The economies of Ghana, Kenya, Uganda and Zambia are highly dependent on agriculture and natural resources. The sector
contributes about 18.5%, 26%, 24.7% and xx% to the Gross Domestic Product (GDP) and employs about 42%, 27%, 72%
and 48.5 % of country’s population in Ghana, Kenya, Uganda and Zambia, respectively. The sector is characterized by smallscale rain-fed crop and livestock farming systems with an average farm size of less than 3 ha and contributing over 70% of
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the total agricultural output and marketed agricultural produce (FAO, 2018).
Climate change is threatening food production systems in the four countries through increase in temperature, erratic rainfall
and increased frequency and intensity of droughts and floods. For example, in Ghana, analysis of long-term climate data
shows that there has been a steady rise of 0.06°C per year and an overall increase by about 1°C over the past 40 years.
Projections of future climate show that the mean annual temperature in Ghana will increase by 1.0°C - 3.0°C and 1.5°C
- 5.2°C by 2060 and 2090 respectively. It is estimated that climate change and variability will cause decline in household
consumption and gross domestic production in Ghana by 5-10% and 1.9-7.2% respectively by 2050. Rainfall patterns on
the other hand indicate increased irregularity and variability with neutral to slightly decreasing trends in annual rainfall over
most areas.
In Kenya, climate change is affecting the food production systems through increase in temperature, erratic rainfall and
increased frequency and magnitude of the droughts and floods. For example, in 2007 due to devastating floods about 3.8
million people needed food (Amwata et al., 2015). Analysis of long term climate data shows that average annual temperatures have risen by about 1oC since 1960 and it is projected to increase by 1.0-2.8oC and 1.3-4.6oC by 2060 and 2090,
respectively (NCCAP, 2012). Rainfall patterns on the other hand indicate increased irregularity and variability with neutral to
slightly decreasing trends in annual rainfall over most areas. Similarly in Uganda, projections show a warming trend of more
than 2°C increase by 2030 and a 1.4°C- 4.2°C increase by the end of the century. Extreme weather events characterized
by floods, droughts and landslides are also expected to continue increasing. The impacts of climate change interacting with
poverty, low rural incomes, lack of income diversity and heavy dependence on rainfed agriculture will have serious implications for the economy, livelihoods and food security in the country (Uganda Climate Change Profile, 2018).
Climate projections for Zambia show increasing temperatures across the country. The mean annual temperature is projected to increase by 1.2-3.4°С by 2060, with hot days and hot nights increasing by 15-29% and 26-54% respectively (Gannon
et al., 2014). Projections of rainfall show decreasing at a rate of -0.0062 mm per year (Musonda, 2013). These changes are
negatively affecting the country’s agriculture sector resulting in reduced crop and livestock productivity and if not mitigated
could lower agriculturally output by 30% by 2080 (Thurlow et al., 2008).
The agricultural sector in the four countries is highly vulnerable to extreme weather events, climate shocks, climatic changes
and variability. These impacts are likely to increase the vulnerability of farming systems, thus weakening coping strategies,
adaptation and building climate resilience. Besides, the Agriculture, Forestry and Other Land Use (AFOLU) sector is the
largest source of GHG emissions in Ghana, Kenya, Uganda and Zambia, accounting for 54.4%, 78%, 86% and 92.6% of the
overall national emissions, respectively. The main sources of emissions in the AFOLU sector across the four countries include: livestock subsector associated with enteric fermentation and manure management; poor land use practices resulting
in degraded agricultural lands and burning savanna. Consequently, AFOLU sector has great mitigation potential
To enhance agricultural development and the climate change response, the countries have continued to put in place several
policies, the NDCs, NAPs and initiatives to enhance implementation. Examples of the such policies include: The Coordinated Programme of Economic and Social Policies (2017 – 2024; The Ghana Shared Growth and Development Agenda (GSGDA) II; Planting for Food and Job (PFJ); Food and Agriculture Sector Development Policy (FASDEP II); Medium Term National
Development Policy Framework; National Climate Smart Agriculture and Food Security Action Plan; Agricultural Sector
Services Sub-Sector Investment Plan (AgSSIP); Ghana Poverty Reduction Strategy (GPRS); National Climate Change Policy
(NCCP) and the Nationally Determined Contribution (NDC) among others for Ghana. Kenya has also put in place such policies which include: Kenya Vision 2030, National Livestock Policy, 2015; National Oceans and Fisheries Policy, 2008; Kenya
Climate Smart Agriculture Implementation Framework Programme (2018-2027); the Agricultural Sector Transformation and
Growth Strategy (ASTGS) 2019 – 2029; the National Climate Change Policy; National Climate Change Response Strategy,
2010; National Climate Change Action Plan (NCCAP) 2018-2022); National Adaptation Plan, 2015-2030 and the NDC
(2015-2030) among others.
Similarly, the Government of Uganda has put in place policies and strategies to enhance agricultural development and to
address the threat posed by climate change. These include: Uganda Vision 2040 and its NDPIII, National Agriculture Policy;
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the Agriculture Sector Strategic Plan (ASSP) (2015 – 2020); National Agricultural Extension Strategy (NAES) 2016/17 –
2020/2021; Plan for Modernization of Agriculture (PMA), Uganda Climate Smart Agriculture Country Programme (20192030), National Climate change Policy (NCCP), National Adaptation Programme of Action (NAPA), the National Adaptation
Plan for Agriculture Sector (NAP-Ag) and the NDC 2015-2030 among others. Zambia has also put in place such policies, including: Zambia Vision 2030, Seventh National Development Plan (7NDP), the Second National Agricultural Policy (SNAP),
Climate Smart Agriculture Investment Plan 2018-2022, National Climate Change Policy, National Climate Change Response
Strategy (NCCRS), Nationally Appropriate Mitigation Actions (NAMAs), National Strategy for Reducing Emissions from Deforestation and Forest Degradation (REDD+) and the NDC 2015-2020 among others.
Most of these policies are sectoral in nature and have not addressed agricultural development in the context of a changing
climate towards 2050. Yet, there is an urgent need to change the way agriculture and food systems are managed to achieve
food security and sustainable development, especially in a changing climate. It is against this background that it has become
necessary to develop long-term low emissions, climate resilient agricultural development pathway (Agriculture LTS). Such
Agriculture LTS sets out the medium-to-longer-term climate adaptation and mitigation actions that will enhance agricultural
productivity and build climate resilience of the agricultural systems while reducing GHG emissions intensity. Furthermore,
the Agriculture LTS aims at defining the needed transformation in the agriculture that would put it on the low carbon
pathway by 2050 so as to deliver on the goals set out in the Paris Agreement especially that of holding the average global
temperature to well below 2oC above pre-industrial levels. It also identifies priority adaptation and mitigation measures to
be deployed and the key milestones to be achieved under each successive NDC beyond 2030.

Materials and Methods
A mixture of methods was applied to develop the long-term low emission, climate resilient agricultural development pathway in respect of the four countries, namely: Ghana, Kenya and Uganda and Zambia (Figure 1).

Figure 1: Map of Africa indicating the Location of the study countries (Ghana, Kenya, Uganda and Zambia)
Some of the methods include: literature reviews and modeling assessments for climate change studies on impacts, vulnerability, adaptation, mitigation and policies; climate scenarios generation and analyses; consultations and national workshops
with key stakeholders (e.g., government officials, agriculture and climate science experts, private sector, CSOs and farmer
organizations among others). Further interviews were done involving users of climate information, climate sensitive sectors
like agriculture, water and energy etc. using impact-based models. The analysis of the questionnaire was done using the
SurveyMonkey tool. The various approaches and methods used are described below.
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Assessing vulnerability to climate change
Climatic and socioeconomic data were used in highlighting current areas that are vulnerable to climate change (hotspots).
The spatial vulnerability mapping method adopted in this assessment has been widely used in literature. The approach to
spatial vulnerability index comprised of 11 indicators grouped into three vulnerability components: climate exposure, sensitivity, and adaptive capacity. Climate exposure indicator relied heavily on FEWSNET historical climate data (PPTAV, PPTCV,
TTREND), and for sensitivity and adaptive capacity indicators, the Center for International Earth Science Information Network (CIESEN) and Demographic and Health Survey (DHS) spatially interpolated with the Department of Resource Surveys
and Remote Sensing (DRSRS) and the Regional Centre for Mapping of Resources for Development (RCMRD) data. A limited
number of high-quality spatial data sets were used while avoiding addition of low-quality data (poor resolution data with
high uncertainties). Averaging and additive approaches were used in aggregating the derived data layers in Arc GIS based
GeoClim software.

Review of the past climate models
Review of the past climate modelling was done and interviews with some key informants providing climate information
(such as experts from the Ghana Meteorological Agency (GMet); the Kenya Meteorological Department [KMD]; Uganda
National Meteorological Authority (UNMA); Zambia Meteorological Department (ZMD); the IGAD Climate Prediction and
Applications Centre [ICPAC]; Institute of Climate Change Adaptation (ICCA), University of Nairobi; the ACMAD; AGRHYMET; Universities and research Institutes and ministries of agriculture. In-house assessment of NMSs on existing forecasting
infrastructure and capacity gaps to highlight priority area needs and modelling products were generated. Further interviews
were done involving users of climate information using impact-based models.
The Regional Climate Models (RCMs) were relied upon to give high-resolution climate projections at a local scale for impact assessment and development of adaptation strategies. The RCMs are used to downscale the Global Climate Models
(GCMs) which are used in the preparation of Intergovernmental Panel on Climate Change (IPCC) assessment reports. The
period 1971-2000 was taken to define the baseline period as it is available across all the GCMs from the CMIP5 historical
simulations used as projected by the Coordinated Regional Climate Downscaling Experiment (CORDEX). The CORDEX
program, initiated by the World Climate Research Program, provides an opportunity for generating high resolution regional climate projections useful for the assessment of the future impacts of climate change at regional scale. The CORDEX
RCMs simulations are at 50 km (0.44 degree) resolution over the CORDEX Africa domain. A full list of the RCMs used and
the details of their dynamics and their physical parameterizations are available in literature. While several bias correction
methods exist, all of the RCM projections were adjusted using the Distribution-Based Scaling (DBS) method developed by
Yang et al. (2010).

Downscaling and Climate Scenarios generation using Representative Concentration Pathways
(RCPs)
The climate scenarios for 2030, 2050 and 2100 were developed by downscaling climate information from an ensemble of
25 model simulations of 10 RCM projections available from CORDEX to national and sub-national levels based on historical
rainfall, and temperature information. The baseline rainfall and temperature data was obtained from the NMSs. Daily rainfall,
minimum and maximum temperature observation data covering over three decades of records from 1980 to 2018. The
data was used to build future climate scenarios using the Representative Concentration Pathways (RCPs) 2.6, 4.5 and 8.5.
The RCP 2.6 is assessed as an ambitious scenario and RCP 8.5 as a business-as-usual scenario given the current trajectory
of greenhouse gases (GHG) emissions. The model described in Cooley et al., 2015 was adopted by incorporating different
future scenarios to inform planning for long-term change. New elements were added to the model to include the economic
development associated with different growth and emissions scenarios (the RCP pathways).

The Decision Support System for Agrotechnology Transfer (DSSAT)
The Decision Support System for Agrotechnology Transfer (DSSAT), a software application program that comprises dynamic
crop growth simulation models for over 42 crops was used to simulate the yield of various crops into the future climate
based on the projected climate variables. The crops simulation focuses on yield under the various RCPs to determine

112
adaptation and mitigation options. Baseline crop yield data and other information were obtained from the ministries of
agriculture. Projections of activity data from 2030 to 2050 for livestock was computed with respect to a baseline, based
on FAOSTAT data, and by applying percentage growth rates from FAO perspective studies. In the development of climate
scenarios for agriculture (crops, livestock and fisheries), suitability areas were overlaid with maps of future projected climate.
The climatic suitability (thresholds and limits) for the production in each sector were introduced as a basis for analysis before
suitability of undertaking these activities in future was determined.

The Statistical Downscaling Portal (SDP)
The Statistical Downscaling Portal (SDP) was used to statistically downscale five coarse spatial resolution (250x250km)
Global Climate Models (GCMs) to a finer spatial resolution (50x50km). The future climate scenarios were generated for the
period 2010-2039, 2040-2069 and 2070- 2099 using the ensemble of 5 GCMs under the Representative Concentration
Pathways (RCP4.5, and RCP8.5) relative to the baseline (1971-2000). For the crop, livestock and fisheries simulation scenarios, WABAL model within the FAO MOSIACC was used to simulate crop yield using the observations (1970-2000) and
modeled climate (1970-2000, 2010-2039 and 2040-2069) data. The yield function (regression model) was established
between de-trended yield and WABAL outputs using the stepwise regression analysis. The established yield functions for
each crop were used to generate crop yield for modeled baseline (1970-2000) and future (2010-2039 and 2040-2069)
climate scenario using the WABAL outputs. GHG emissions from livestock and crops was estimated and the data was analysed using the R Programming software.

Limitations and Uncertainties
The main limitation was the uncertainties arising from the use of climate modelling data. Future projection models are
associated with intrinsic uncertainties. Much climate discourse has been guided by “current knowledge” of the changes in
uncertainties, ignoring the likely future reductions of the uncertainty, because a mechanism for predicting these reductions
is lacking. Such uncertainties are often mitigated by using long current observation network, however this limited by lack
of adequate national agricultural and climate data due to poor temporal and spatial resolutions of the data sets especially
livestock and fisheries data. The remedy was by use of the averages (ensembles) of several runs of the ten regional climate
models and satellite blended rainfall and temperature data. Further, there is limited climate modeling research of the impact
of climate change and variability on fisheries and livestock and a lack of coordinated data. The Statistical Downscaling Portal
(SDP) used in generating climate scenarios only provides for RCP4.5 and RCP8.5 without RCP2.6. An ensemble of statistically downscaled GCMs was used to generate the baseline and future climate scenarios. The use of ensembles reduces the
uncertainties embedded within each of the individual GCMs.

Results and Discussions

3.1 Scenarios for crops, livestock and fisheries sub-sector for 2030, 2060 and 2100
Agriculture sector development in the four countries will continue to be impacted adversely by the vagaries of the projected
future climate as a result of the increased temperature, marked seasonal variability manifesting in erratic rainfall onset and
cessation, shortening of length of growing period, declining seasonal rainfall totals, and increased frequency and intensity
of extreme climate events such as droughts and floods that have deleterious impacts on agricultural value chains and food
systems. The future climate scenarios of the agriculture subsectors - crops, livestock and fisheries are described below.

i. Scenarios for Crops sub-sector
Crop production especially yields across the four countries will be affected by the adverse effects of climate change. The
three RCPs (RCP 2.6, 4.5 and 8.5) based projections indicate that not all current areas suitable for specific crop production
will experience favourable crop growing conditions. The projections show that various major crops in all the four countries
will record significant drop in productivity due to shifting and declining suitability in the growing areas. The expected decline in suitability can largely be attributed to the increasing variations in temperature and precipitation (Wiah, 2017; Kozicka et al., 2018). Examples of crops that will be affected are: maize, rice, cocoa, sorghum, cotton, millet, common beans,
groundnuts, bananas, tea, coffee, cassava, rice and sweet potatoes. For example, in Kenya, a yield reduction of up to 45% is
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expected for maize, rice, and soybean crops by 2100, while tea and coffee will show yield losses of up to 40% (Davis et al.,
2012). It is also projected that areas with excess or water stress and heat there will be high incidences of pathogen, weed
and insect infestations (Ziska et al., 2018).

ii. Scenarios for Livestock Sub-sector
With the projected increase temperature combined with high rainfall variability, livestock productivity in the four countries
will be adversely affected. Other factors that will come into play include: production and quality of feed crops and forage,
water availability and prevalence of livestock pests and diseases. According to Thornton et al., (2015), the above ground
Net Primary Productivity (ANPP) in rangelands which is a good proxy for livestock productivity is projected to decrease by
as much as 47.9% by 2050. For example, in Ghana, under business-as-usual (BAU) scenario, except for cattle, all livestock
types are likely to have decreased population. Increased livestock production is projected under RCP 2.6 for all livestock
types except for pigs which show a decreasing future trend. Under RCP 4.5, cattle population is likely to increase similar
to RCP 2.6 whereas goat and poultry are likely to have constant population production till the end of the century. Sheep
population is likely to have same increasing trend under all three scenarios (Figure 2).

Figure 2: Projected livestock population for Ghana
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The projected livestock population trends in Kenya (Figure 3) indicate that by 2050 in the BAU (RCP8.5) scenario, livestock
population nationally will be 226% more numerous than in 2012. RCP8.5 projected higher temperatures and lower rainfall
implying less reliable supplies of water will also create severe hardships for small-scale livestock producers, particularly in
the ASALs. As a consequence, heat and water scarcity will have a direct impact on animal health and will also reduce the
quality and supply of feed and fodder (FAO, 2009). Under RCP4.5 scenario, the livestock is projected to increase by 210%
between 2012 and 2050. Under the RCP2.6 scenario it is projected to by 138% by 2050. However, the RCP2.6 scenario
would require more severe restrictions on stocking densities in order to ensure the sustainable use of grazing land. This
accounts for the relatively smaller increase in population compared with BAU (RCP8.5).

Figure 3: Scenario for future livestock population in Kenya

iii Scenarios for Fisheries and Aquaculture Sub-sector
Predictions of the future impact of climate change on the vulnerability of fisheries and aquaculture show both direct and
indirect impacts. Direct implications of climate change are on physiology and behaviour of the fish that affect growth, reproduction, mortality and distribution (Williams and Rota, 2011; Asiedu et al., 2017). Some of them include water surface
temperature rise, sea level rise, increasing water salinity and ocean acidification. The indirect impact affects the productivity,
structure and composition of the ecosystem in which the fish depend on for food. Changes in biophysical characteristics of
the aquatic environment and frequent occurrence of extreme events significantly affect the ecosystems that support fish
(Mohammed and Uraguchi, 2013).
For example, in Ghana, the climate change models predict increased fish productivity in water bodies located in high altitudes and decreased productivity in low altitude areas, though with considerable variations across regions. However, the
total maximum catch potential nationally has been projected to decrease under climate change by 2.8 % to 5.3 % under
RCP2.6 and by 7.0 % to 12.1 % under RCP8.5 from present yield levels by 2050. It is further projected that rising in warming trends will result in more pronounced stratification of the water column, with more dramatic consequences for freshwater systems than for oceans because of their shallowness and lower buffering capacity. As the ocean warms, the ideal
water temperature for some fish species, such as reef fisheries will shift and the stock will likely diminish in different areas,
negatively impacting fishing communities. Further, the absorption of increasing amounts of anthropogenic Carbon Dioxide
(CO2) by the oceans results in acidification of waters, with potentially detrimental impacts on shell-forming aquatic life.

3.2 Projected Total GHG Agricultural Emissions
The main source of GHG emissions from the agriculture sector in the four countries is livestock (enteric fermentation, manure left on the pasture and manure management), agronomic practices (synthetic fertilizers, rice cultivation), and burning
(Figure 4). There is increasing trend in the total GHG emissions in all the four countries. Categorization of GHG emissions
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from agriculture consist of non-CO2 gases, namely methane (CH4) and nitrous oxide (N2O), produced by crop and livestock
production systems. However, the livestock sector, particularly enteric fermentation and manure management remains the
main source.

Figure 4: Total Agriculture Emission for Ghana, Kenya, Uganda and Zambia
The percentage in GHG emissions in Ghana, Kenya and Zambia is expected to increase during the period 2030 to 2050
by 25.7%, 39.5% and 27.7%, respectively (Figure 5). Most of the emissions are projected to come from the livestock, rice
cultivation and burning of savanna. Beyond 2030, total GHG emission from agriculture is projected to continue increasing
(Figure 5a and b).

Figure 5a: Total Agriculture Emission for the period between 2020-2050
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Figure 5b: Percentage Change in GHG emission for Ghana, Kenya and Zambia

Agricultural Low Carbon Development Pathway for Ghana, Kenya, Uganda and Zambia
The Agriculture LTS provides a framework for agriculture in the four countries to transition to low carbon economy with
resultant improved agricultural productivity and reduced GHG emissions intensity. In all the four countries, the RCP8.5
pathway is synonymous with the BAU which mirrors the implementation of current adaptation and mitigation response actions without changing the development trajectory. The RCP8.5 scenario assumes that emissions in the agricultural sector
will continue to grow unabated in Ghana, Kenya, Uganda and Zambia from 989.6 GgCO2e in 2015 to 1395.2 and 1615.4
GgCO2e by 2050 and 2100; 1896.7 Gg CO2e in 2015 to 3452.9 and 6079.1 Gg CO2e by 2060 and 2100; 37.7 Mt CO2e
in 2020 to 106.9 Mt CO2e by 2050 and 4.22 Gg CO2e in 2012 to 7.96 Gg CO2e and 1.142 Gg CO2e by 2030 and 2050,
respectively (Figure 6).

Figure 6:
RCP8.5
pathway as
contributed by
agriculture
sector for
Ghana, Kenya,
Uganda and
Zambia
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The RCP4.5 pathway represents a moderate emission scenario that will ensure that emissions peak between 2060 and
2080 and then start declining towards 2100. The RCP4.5 pathway would require high ambition that goes beyond current
level embodied in the existing policies and available national resources. The RCP4.5 pathway envisions a paradigm shift
from the BAU requiring adoption of more ambitious green growth supporting policies and climate action with more focus
on livestock management, restoration of degraded agricultural landscapes and agronomic practices that are main sources
of emissions. For example, in Uganda under the RCP4.5 pathway, emissions will peak around 2050, then decline by 22%
between 2050 and 2080, and there after stabilize well below the baseline year emission level (Figure 7).

Figure 7: RCP4.5 pathway as contributed by agriculture sector for Ghana, Kenya, Uganda and Zambia
The RCP 2.6 pathway represents an optimistic pathway characterized by a very low concentration and emission levels
of GHG (Figure 8). The pathway requires that CO2 emissions start declining by 2020 and go to zero by 2100, the most
improbable pathway as drastic actions will be required if this pathway was to be adopted, and this may require that a
number of on-going measures will have to be stopped altogether. The measures would require a reduction of the sector’s
emissions by almost 50%. The resultant RCP2.6 pathway, therefore, signifies a drastic emission scenario where a number
of on-going measures will have to be changed or even stopped in entirety.
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Figure 9: RCP2.6 pathway as contributed by agriculture sector for Ghana, Kenya, Uganda and Zambia
Combined RCP Pathways
When all the three pathways are put together for each of the four countries and compared, the RCP4.5 is the most appropriate to be adopted by the countries as the Agriculture LTS (Figure 8).

Figure 10: Comparison of GHG emissions under RCP8.5, RCP4.5 and RCP2.6 for the agriculture sector in Ghana, Kenya,
Uganda and Zambia
To ensure coherence, the Nationally Determined Contributions (NDCs) and the national adaptation plans will need to be
aligned with the Agriculture LTS. In this regard, the Agriculture LTS provides the medium- and long-term view while the
NDCs and NAPs are implementing tools with clear milestones that will enable tracking the progress towards achieving the
Paris Agreement goals.

Priority Adaptation and Mitigation Measures
For the four countries to transition to the low emission, climate resilient development pathway under RCP4.5, it will be
necessary to adopt a suite of climate smart agriculture (CSA) technologies and practices (Table 2). Since the projections
of the total agricultural emissions show that the largest emissions will be from livestock enteric fermentation and manure
management, agronomic practices and land use changes and direct and indirect N2O emissions from managed soil comprising of nitrogen inputs from crop residues and application of synthetic nitrogen fertilizers.
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Table 1: A suite of climate smart agriculture technologies and practices

Management practice

Climate adaptation bene-

Greenhouse gas mitiga-

Productivity impacts

fits

tion potential

Improved crop varieties

Increased resilience against

Improved varieties can in-

Increased crop yield and re-

or types (early-maturing,

climate change, particularly

crease soil carbon storage

duced yield variability

drought resistant, etc.)

increases in climate varia-

Cropland management

bility (prolonged periods of
drought & heat)
Improved crop/fallow rota-

Improved soil fertility and

High mitigation potential,

Increased soil fertility and

tion/rotation with legumes

water holding capacity in-

particularly crop rotation

yields over the medium to long

creases resilience to climate

with legumes

term due to nitrogen fixing in

change

soils; short-term losses due to
reduced cropping intensity

Use of cover crops

Improved soil fertility and

High mitigation potential

Increased yields due to erosion

water holding capacity in-

through increased soil

control and reduced nutrient

creases resilience to climate

carbon sequestration

leaching; potential trade-off

change

due to less grazing area in
mixed crop– livestock systems

Appropriate use of fertilizer Improved productivity in-

High mitigation potential,

Higher yields due to appropri-

and manure

creases resilience to climate

particularly where fertilizer ate use of fertilizer/manure

change; potential greater

has been underutilized

yield variability with frequent droughts
Incorporation of crop

Improved soil fertility and

High mitigation potential

Higher yields due to improved

residues

water-holding capacity in-

through increased soil

soil fertility and water reten-

creases resilience to climate

carbon sequestration

tion in soils; trade-off with use

change
Reduced or zero tillage

as animal feed

Improved soil fertility and

High mitigation potential

Increased yields over the long

water-holding capacity in-

through reduced soil car-

term due to greater wa-

creases resilience to climate

bon losses

ter-holding capacity of soils;

change

limited impacts in the short
term; trade-off in terms of
weed management and potential waterlogging

Agroforestry

Increased resilience to

High mitigation potential

Greater yields on adjacent

climate change due to im-

through increased soil

cropland due to improved

proved soil conditions and

carbon sequestration

rainwater management and

water management; benefits in terms of livelihood
diversification
Soil and water management

reduced erosion
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Irrigation and water har-

Reduced production vari-

Low to high depending on

Higher yields, greater intensity

vesting

ability and greater climate

whether irrigation is ener-

of land use

resilience when systems are

gy intensive or not

well designed and maintained
Bunds

Reduced yield variabili-

Positive mitigation benefits Higher yields due to increased

ty in dry areas; potential

minus soil carbon losses

soil moisture; potentially lower

increase in production loss

due to construction of

yields during periods of high

due to heavy rains if bunds

bunds

rainfall

are constructed to retain
moisture
Terraces

Mulching or trash lines

Reduced yield variability

Positive mitigation benefits Higher yields due to increased

under climate change due

minus soil carbon losses

soil moisture and reduced

to better soil quality and

due to construction of

erosion; potential to displace

rainwater management

terraces

some cropland

Reduced yield variability un- Positive mitigation benefits Increased yields retention in
der drier conditions due to

soils

greater moisture retention
Grass strips

Reduced variability due

Positive mitigation benefits Increased yields soil erosion

to reduced soil and water
erosion
Ridge and furrow

Diversion ditches

Reduced yield variability in

Positive mitigation benefits Increased yields due to greater

dry areas; possible increase

minus initial losses due to

in production loss due to

construction of ridges and

heavy rains

furrows

Reduced yield variability

Positive mitigation benefits Increased yields due to

under heavy rainfall condi-

through improved produc-

soil moisture

drainage of agricultural lands

tions due to improved water tivity and hence increased

in areas where flooding is

management

soil carbon

problematic

Management of livestock or grazing land
Diversify, change, or sup-

Increased climate resilience

High mitigation potential

Higher livestock yields due to

plement livestock feeds

due to diversified sources

because improved feeding

improved diets

of feed

practices can reduce methane emissions

Destocking

Rotational grazing

Lower variability over the

High mitigation potential

Potential increases per unit of

long term, particularly when because reduced livestock

livestock; total production may

forage availability is a key

numbers lead to reduced

decline in the short term

factor in livestock output

methane emissions

Increased forage availa-

Positive mitigation po-

Higher yields due to greater

bility over the long term,

tential due to increased

forage availability and quality;

providing greater climate

carbon accrual on optimal- potential short-term tradeoff in

resilience

ly grazed lands

terms of numbers of livestock
supported

Improved breeds and

Increased resilience of im-

Varies, depending on the

Increased productivity per ani-

species

proved species or breeds to

breeds or species being

mal for the resources available

withstand increasing climate traded
extremes
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Restoring degraded lands
Revegetation

Reduced variability due

High mitigation potential

Improved yields over the

to reduced soil and water

medium to long run; improved

erosion

yields on adjacent cropland
due to reduced soil and water
erosion

Conclusions
The Agriculture LTS is an important policy instrument that will ensure coherence between the nationally determined contributions (NDCs) and the national adaptation plans (NAPs). It provides a long term view to climate change and agricultural
development in a way that would catalyse transitioning of the agriculture sector from the business-as-usual to a low carbon
and green growth economy. Further, the approach strengthens the science-policy interface that would enable the countries to identify and prioritize adaptation and mitigation actions needed to transform the sector in a manner that enhances
adaptation to the impacts posed by climate change, builds climate resilience of the agricultural systems and reduces GHG
emissions in line with the Paris Agreement goals.
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M.; Fernandez, J.; Hänsler, A.; Van Meijgaard, E.; Sushama, L. Precipitation climatology in an ensemble of CORDEX-Africa regional climate simulations. J Clim 2012, 25, 6057–6078.
Nimusiima A, Basalirwa CPK, Majaliwa JGM, Mbogga SM, Mwavu EN, Namaalwa J, Okello OJ. (2014). Analysis of future
climate scenarios over central Uganda cattle corridor. J Earth Sci Clim Chang 5: 237. https://doi.org/10.4172/21577617.1000237

123
Nimusiima, A.; Basalirwa, C.P.K.; Majaliwa, J.G.M.; Mbogga, S.M.; Mwavu, E.N.; Namaalwa, J.; Okello, O.J. Analysis of
future climate scenarios over central Uganda cattle corridor. J Earth Sci Clim Chang 2014, 5, 237. https://doi.
org/10.4172/2157-7617.1000237
Nsubuga, F.W.; Rautenbach, H. Climate change and variability: a review of what is known and ought to be known for Uganda.
Int. Jour.of Clim. Chan. Strat. and Manag. 2018, 10(5), 752-771, https://doi.org/10.1108/IJCCSM-04-2017-0090
Pal, J.S.; Giorgi, F.; Bi, X.; Elguindi, N.; Solmon, F.; Rauscher, S.; Gao, X.; Francisco, R.; Zakey, A.; Winter, J.; Ashfaq, M.; Syed,
F.S.; Sloan, L.C.; Bell, J.L.; Diffenbaugh, N.S.; Karmacharya, J.; Konaré, A.; Martinez, D.; Da Rocha, R.P.; Steiner, A.L.
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Abstract
The present study was carried out with the aim of analyzing the factors that influence the use of Climate-Smart Agriculture
(CSA) technologies in the Republic of Benin. A total of 60 farmers were surveyed. As the sample was drawn randomly, it is
made up of 30 farmers using technologies related to Climate-Smart Agriculture and 30 farmers not using these technologies. From the Logistic regression model performed, it emerges that farmers use of technologies related to Climate-Smart
Agriculture is influenced by their socio-demographic characteristics such as: level of education, income, household size,
belonging to a group, the appreciation of the costs linked to the use of technologies, the appreciation of the level of complexity of the technology and the perception of the effects of climatic variations on the agricultural production. However,
the assessment of the risks associated with the use of technologies and the fear of social and community rejection are the
main factors hindering the use of these technologies.
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Abstract
Brachiaria (Trin.) Griseb. (syn.Urochloa P. Beauv. and Panicum maximum Jacq.) are apomictic climate smart and commercially important tropical forage grasses of African origin with desirable attributes of agricultural and environmental significance. Apomixis, is a reproductive process that bypasses female meiosis and fertilization to produce embryos identical
to the maternal parent. It is an asexual mode of reproduction enabling clonal propagation of maternal genotype through
seeds. The species are climate smart since they can withstand several biotic and abiotic stress like aluminum toxicity,
waterlogging, pests and disease resistance and they have endophytes that fix carbon dioxide gas from the atmosphere
and reduces greenhouse gasses. However, despite the fact that east Africa is the Centre of origin of sexual Brachiaria spp.
and Panicum spp. and that ‘ecotype breeding’ by selection of apomictic species started in Kenya early in 1950’s; limited
knowledge of new technology and lack of funding hindered research efforts of forage breeding.
Origin of grasses used for most pastures Research in the tropics
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Analysis of 80 Brachiaria accession from Beca Nairobi that were obtained from CIAT, were characterised for variations
and their diversity and morphological and agronomic traits to exploit for possible integration in breeding program. Seed
production of these grasses is mainly propagated by splits.
Table-1: Ploidy levels of 437 accessions of 14 species: flow cytometry compared to diploid standard

SPECIES

N.º Accessions

Ploidy Levels of Accessions
2x

B. arrecta

4x

5

-

5

5x

6x

-

-

B. brizantha

222

2

157

41

22

B. decumbens

51

23

23

5

-

B. dictyoneura

8

-

6

-

2

2

-

-

2

B. dura
B. eruciformis

1

1

-

-

-

B. humidicola

60

-

22

18

19+1

30

4

12

13

B. jubata
B. leucacranta

1

-

-

1

-

B. nigropedata

21

-

19

-

2

B. mutica

3

-

3

-

-

B. platynota

2

2

-

-

-

B. ruziziensis

29

24

5*

-

-

B. subulifolia

2

1

1

-

-

TOTAL

437

57

253

80

45+2

+1

Source: Penteado et al., 2000
Preliminary milk production data has shown a 15 to 40% increase in milk production in Kenya and an average increase of
36% in Rwanda. Kenyan farmers reported increased on-farm forage availability by three months after Brachiaria introduction. Ghimire et al 2015 worked to determine the role of endophytes and plant associated microbes for the improvement
of biomass production and adaptation of Brachiaria to biotic and abiotic stresses. A diverse group of fungi and bacteria
were isolated. Crop livestock of Grasses, Maize and soya bean are commonly practiced in Latin America while Maize, Brachiaria and Napier are practiced in push-pull in Eastern Africa in mixed systems of smallholder Dairy farms. Gazing trials in
Brazil with different Brachiaria varieties that Xaraés had 120 kg of liveweight/ha/year more than Marandu; 45% + carrying
capacity; less resistance to spittlebugs; less fat cover in the animals and Piatã a 45 kg of liveweight/ha/year more than Marandu; resistant to spittlebugs; 12% more gain/day in the dry season. Panicum maximum cultivar Tamani produced higher
liveweight/ha/year than Zuri and Massai. In this paper, origin of different species, modes of reproduction, breeding methods, seed production, crop livestock interaction and opportunities for Africa are discussed and the resulting new cultivars
released are presented.
Keywords: Apomixis, Climate smart, Brachiaria sp., Panicum maximum
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Abstract
Burning of rice husk contributes to increase in greenhouse emission and global climate. Efforts should be geared towards finding a climate smart way of handling rice husk to avert this situation. This research was therefore, conducted to
determine the effect of bio-fermentation and NaOH treatments on rice husk, and the consequence of such treated rice
husk on the performance of finisher broilers. 210 broilers of 28 days old were randomly assigned to seven treatment diets
which was formulated in a way that the treated rice husk types were included at 5%, 10% and 15% respectively while the
control had no rice husk. The broilers were fed for 28 days. The result of the proximate composition of the treated rice
husks showed that the treatments caused a reduction in crude protein and crude fiber. The performance of the broilers
showed that the final weight and the daily weight gain of the broilers in all the treatment groups were similar (P > 0.05)
with the control, while feed intake was significantly lower for the broilers in the control group. The study concluded that
rice husk can be enhanced using bio-fermentation or NaOH treatments. Treated rice husk can be utilized as feed ingredient in broiler production, instead of the present situation of disposing them by burning.
Key words: Bio-fermentation, Diet, Finisher broilers, NaOH treatment, Rice husk

Introduction
Traditional agricultural practices in Africa involve the adoption of burning in disposing agricultural waste products. This
method has been reported to have a negative impact on global climate [1]. It is estimated that about 998 million tonnes
of agricultural waste is produced yearly in Africa [2]. Combustion accounts for more than 95% of the processes that are
used for converting these agricultural waste [3]. The European Union’s Scientific Advice Mechanism estimated that the
food system as a whole contributed 37% of total greenhouse gas emissions of which sub-Saharan Africa as the region
accounts for around 70% [4]. This figure is projected to increase by 30 – 40% by 2050 due to population growth and
dietary change [5]. Rice is one of the agricultural produce whose production has increased tremendously in recent time. It
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is projected that the Global rice production will grow by 65 Mt to reach 578 Mt in 2028 [6] and for every 1000 kilograms
of paddy milled, about 230 kilograms (23%) of husk is produced [7, 8]. Presently, heaps of rice husk have continued to
rise in most milling locations and burning is mostly the option used in disposing these heaps [9]. Hence, rice production is
contributing immensely to the present level of greenhouse gas emission.
To avert the negative impact of burning on the global climate, a concerted effort is necessary in the discovery of a climate
smart way of handling this increasingly generating agricultural waste. Rice husk has long been identified as a feedstuff
[10, 11] but due to its high silica, high fibre and abrasive nature, its degradation by animal it is fed with, is difficult thereby limiting its utilization as feed ingredient for animals. Different treatment methods abound which has the tendency of
degrading high fibre and abrasive materials thereby reducing its fibre and improving its feeding quality. Methods such
as soaking, acid and alkaline hydrolyses, ensiling, fermentation, use of enzymes and antibiotics have been suggested to
have the tendency of reducing the limiting factors in rice husk utilization [12, 13]. These processes can produce several
value-added products to agricultural wastes and by- products.
The present research therefore, sort to discover the effect of bio-fermentation and NaOH treatments on rice husk, and the
effect of dietary inclusion of the rice husks so treated, on the performance of finisher broilers.

Materials and Methods
Study Area
The research was conducted at the Teaching and Research Farm, Department of Agricultural Technology, Akanu Ibiam Federal Polytechnic Unwana, Afikpo, Ebonyi State. Unwana is in the tropical rain forest zone of Nigeria.

Collection of the Rice Husk
The rice husk used for the research was obtained from Eke Market Rice Mill Dumpsite in Afikpo, Ebonyi State, Nigeria.
Nature and Sieve Analysis of the Rice Husk Used for the Research
The rice husk used for the research comprises variable sizes of particles of rice husk. The sieve analysis of 100 gm of the
rice husk done using a British standard meshes of 500 µ, 425 µ, 250 µ, 180 µ, pan and a sensitive digital scale is as follows:
500 µ = 69.2%; 425 µ = 9.02%; 250 µ = 8.11%; 180 µ 6.48%; Less than 180 µ 7.17%.

Treatment of the Rice Husk
Biofermentation of rice husk was carried out according to the procedure described by [14]. A mixture of rice husk, water
and Blackstrap molasses syrup was made in the ratio of 60 Kg to 60 liters to 3 liters respectively and was compressed into
150 liters capacity plastic container. The mixture was compressed manually as it was poured in, till the container was about
¾ filled. To ensure anerobic condition, the container was carefully covered with thick nylon covering. Sand was poured on
top to the rest of the space and another nylon spread across to cross the rilm of the container before covering with its lid.
The fermentation lasted for twenty one days after which the container was opened. The layer of sand was gently removed
and the husk was poured out into a clean slab and sun dried till to about 12% moisture content.
The degradation of rice husk using NaOH was carried out adopting the method of [15]. A solution of NaOH was formed
at 4% w/v solution of 97% sodium hydroxide (NaOH). 60Kg of the rice husk was soaked in 180 litres of the solution in a
container with lid. The mixtures was stirred properly to allow for eveness, covered with the lid of the container and left for
24 hours under room temperature. After the treatment, the rice husk was rinsed thoroghly in water to remove unreacted
NaOH before drying under the sun until it was well dried.
Sample of each of the treated rice husk (Biofermented and 4%NaOH) were analyzed for proximate composition as described by [16] and then used as part of the ingredients for the formulation of the diets.

Experimental Diets
A total of 7 experimental diets were formulated for the research. T1 which was the control, contained no rice husk. For
treatments T2A, T2B and T2C, bio-fermented rice husk was included in the diet at 5%, 10% and 15% respectively while in
treatments T3A, T3B and T3C, NaOH treated rice husk was included in the diet at 5%, 10% and 15% respectively on weight
to weight basis. The ingredient composition of the experimental diets is presented in table 1.
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Table 1. Ingredient Composition of the Experimental Diets
Ingredients

Dietary levels (%)
T1

Bio-fermented T2

NaOH Treated (T3)

Control

T2A(5)

T2B(10)

T2C(15)

T3A(5)

T3B(10) T3C(15)

Maize (9%CP)

55.00

55.00

55.00

55.00

55.00

55.00

55.00

Soya bean meal (44%)

5.00

5.00

5.00

5.00

5.00

5.00

5.00

Groundnut cake (45%CP)

13.00

13.00

13.00

13.00

13.00

13.00

13.00

Bio-fermented Rice husk (4.22% CP)

0.00

5.00

10.00

15.00

0.00

0.00

0.00

NaOH Treated Rice husk (2.82%CP)

0.00

0.00

0.00

0.00

5.00

10.00

15.00

Brewer’s Dried Grain (27%CP)

15.00

10.00

5.00

0.00

10.00

5.00

0.00

Fish meal (63%CP

3.00

3.00

3.00

3.00

3.00

3.00

3.00

Blood meal (77%CP

3.00

3.00

3.00

3.00

3.00

3.00

3.00

Bone meal

5.00

5.00

5.00

5.00

5.00

5.00

5.00

**Premix

0.25

0.25

0.25

0.25

0.25

0.25

0.25

Lysine

0.25

0.25

0.25

0.25

0.25

0.25

0.25

Methionine

0.25

0.25

0.25

0.25

0.25

0.25

0.25

Common salt

0.25

0.25

0.25

0.25

0.25

0.25

0.25

Total

100.00

100.00

100.00

100.00

100.00

100.00

100.00

Crude protein

21.56

20.11

18.97

17.83

20.05

18.95

17.73

Crude fibre

4.16

5.28

5.44

6.72

8.00

3.45

3.09

Crude fat

4.82

4.71

4.48

4.26

4.48

4.15

3.81

*Metabolizable energy (Kcal/kg)

2945.00 2918.66

2842.41

2812.46

2942.59

2940.81 2939.09

Calculated nutrient composition of the
diets (% Dry matter)

Note. CP = Crude protein, ** To provide the following per kilogram of feed; vit A 10,000IU; vit. D3 1,500 IU; vit. E 2
mg; riboflavin 3 mg; pantothenic acid 10 mg; nicotinic acid, 2.5 mg; choline 3.5 mg; folic acid 1mg; magnesium 56 mg;
lysine 1mg; iron 20 mg; zinc 50 mg; cobalt 1.25 mg. *The metabolizable energy of the test ingredient was calculated
using prediction equation as reported by Pauzenga, 1985 with the formula M.E = 37 X %CP + 81.8 X %EE + 35.5 X%NFE
Experimental Birds and Design
A total of 210 Marshal breed of broilers of 28 days of age and of an average weight of 746.79gms were used for the experiment. The broilers were randomly assigned to 7 treatment groups in a Completely Randomized Design (CRD). Each treatment group was replicated 3times to obtain a total of 21 groups of 10 broiler each. The broilers were randomly assigned to
the experimental diets and raised in an experimental units of 1m by 1m each under deep liter system of management. Feed
and water were given ad-libitum and proper routine management practices and medications adopted strictly in accordance
with approved established ethical standard. The feeding trial lasted for 28 days.

Data collection
The broilers were weighed at the beginning and end of the experiment to obtain their weight gain. Feed intake was determined by subtracting the weight of the leftover feed from the weight of feed offered after 24 hours. Feed conversion ratio
was obtained by dividing the daily feed intake with daily weight gain while mortality was monitored during the course of
the research.
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Data Analysis
The data obtained from this research, were subjected to statistical analysis using one-way analysis of variance procedure at
(P < 0.05) level of Significance and computed with GenStat analytical software.

Results
Proximate composition
The results of the proximate composition of un-treated rice husk, bio-fermented rice husk and NaOH treated rice husk is
presented in table 2. The result showed that untreated rice husk contained 5.24% crude protein while the bio-fermented
and the NaOH treated rice husk contained 4.22% and 2.82% crude protein respectively. The crude fiber contents were
59.20%, 37.34% and 4.60% for untreated, bio-fermented and NaOH treated respectively. Also, the ether extract was 3.40%
for the untreated rice husk while the values for bio-fermented and NaOH treated were 2.90% and 0.65% respectively.

Table 2. Proximate composition of Untreated, Bio-fermented and NaOH Treated Rice Husk (%DM)
Parameters

Untreated

Bio-fermented

NaOH

SEM

Dry Matter Content

89.03

90.00

86.83

0.16

Crude Protein

5.24

4.22

2.82

2.43

Crude fiber

59.20

37.34

4.60

0.32

Ether Extract

3.40

2.90

0.65

1.04

Ash

16.35

17.68

3.30

0.82

Nitrogen Free Extract

5.74

27.86

75.46

0.18

Source: field report

Performance
The performance of the broilers fed diets containing different inclusion levels of bio-fermented and NaOH treated rice husk
meal is presented in Table 3. The result showed that there was no significant difference (P < 0.05) between the broilers on
the treatment diets and the control for final weight and weight gain whereas there was a significant result in feed intake
which cumulated to a difference in feed conversion ratio. The feed intake of broilers in the control group was similar (P >
0.05) with broilers in T2A and T2B but significantly lower than the feed intake of broilers in T2C, T3A, T3B and T3C groups.
No mortality was recorded from all the treatment groups.
Table 3: Performance of Finisher Broilers Fed Different Levels of Treated Rice Husk Meal
Parameters

Dietary levels (%)

SEM

T1

Bio-fermented T2

NaOH Treated (T3)

control

T2A(5)

T2B(10)

T2C(15)

T3A(5)

T3B(10)

T3C(15)

AIW(g)

759.52

729.56

738.97

728.57

776.19

775.95

764.29

AFW(g)

2468.75

2459.47

2416.67

2441.67

2498.17 2441.67 2499.67 28.32

AWG(g)

1709.23

1729.91

1678.57

1713.10

1721.98 1665.72 1735.38 14.39

ADWG(g)

63.30

61.78

62.18

63.45

61.49

F. Intake(g)

128.34b

136.01b

134.93b

144.21a

138.78a 140.15a 142.92a 4.44

FCR(f/WG)

2.03b

2.22b

2.17b

2.27a

2.26a

2.19b

2.30a

Mortality (no)

0

0

0

0

0

0

0

64.06

61.97

4.70

1.33

0.09

SEM = Standard Error Mean of mean of three (n=3) replicates, ALW =Average Initial body weight, AFW = Average
Final body weight, AWG = Average Body Weight gain, ADWG = Average Daily Body weight gain, F. Intake =Average
Daily Feed intake, FCR= Feed Conversion Ratio, Figures without subscript are not significant at P < 0.05 while figures
(Means) with different superscript within row differ significantly at P < 0.05.
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Discussion
The crude protein and crude fiber levels of the rice husk reduced significantly as a result of the treatments. The result obtained from the present research for the NaOH treatment conformed with the report of [15] while that of bio-fermentation
comform with the result of [14]. The bio-fermentation treatment of rice husk in the present research did not improve the
crude protein content contrary to the expectation that addition of molasses which contain up to 44 g CP/kg DM [17] will
rather improve the crude protein of the rice husk. A similar result was reported in the work of [18]. However, both the
biofermentation and NaOH treatments were able to reduce the crude fiber level though the reduction was more in NaOH
treatment. The present treatment processes could have aided in the breakdown of the crude fibre resulting in the reduction
of crude fiber of the rice husk. The result is an indication that the inclusion of such treated rice husks in diet, will not cause
an excessive increase in the crude fibre of the diets.
The non-significant result in the weight gain of the broilers obtain in the present research showed that the birds tolerated
the rice husk treated by both bio-fermentation and NaOH well. Though rice husk has been reported not to be ideal for inclusion in monogastric animal nutrition due to its problem of low nutrients digestibility, high silica/ash content and abrasive
characteristics [19] but the present result showed that the treatments applied to the rice husk could have broken down
some substances in it, thereby rendering the treated rice husk suitable to fit into monogastric animal nutrition. The finding
conforms with the work of [14] and [15]. The no mortality recorded in the course of the research is an indication that both
bio-fermentation and NaOH treatments methods applied to the rice husk did not introduced a lethal substance and further
confirms the suitability of both treatments for the enhancement of the potentials of rice husk in feeding finisher broilers.

Conclusion and Recommendation
Based on the findings from this research, it could be seen that bio-fermentation and NaOH treatments caused a reduction
in the crude fiber content of rice husk. Though the treatments also caused a reduction in its crude protein content, but the
rice husks so treated were ideal for inclusion in the diet of finisher broilers at up to 15% inclusion level, as the broilers fed
the treatment diets performed at par with the broilers on control group.
It is therefore recommended that, the current practice of burning rice husk which causes a negative impact on global climate
could be averted by subjecting the rice husk to either bio-fermentation or NaOH treatments. The treated rice husk can then
be used as a feed ingredient in finisher broilers diet.
This approach is a climate smart way of handling rice husk to avert the present high level of greenhouse gas emission generated by burning of the increasingly generated rice husk heaps due to the present global increase in rice production.
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Abstract
Rapid plant breeding is essential to overcome low productivity problems in the face of climatic challenges. Despite considerable efforts by the Ethiopian government in supporting crop improvement research practices, increasing varietal release
does not necessarily imply that farmers have access to innovative varietal choices. Prior researches did not adequately
address whether varietal attributes are compatible with farmers’ preferences in harsh environmental conditions. With an
agricultural policy aiming productivity maximization, the existing breeding programs mainly focus on releasing new varieties
based on yield superiority for wider dissemination. Against this background, this study employs multinomial logit (MNL)
model based on a choice experiment survey obtained from 167 bean growers in Southern Ethiopia in order to explore
whether farmers’ preferences significantly diverge from that of breeders’ priorities. Four important bean attributes identified
through participatory research methods were used. Results show that farmers' have a higher propensity towards varieties
with drought-tolerance capability. The model estimates further demonstrate the existence of significant preference heterogeneity across farmers. This gives an important insight to design breeding profiles compatible with specific producer
segments. Demand-driven and rapid plant breeding strategies should be prioritized to provide climate-smart and higher-yielding seed innovations so as to achieve national and global sustainability goals in Ethiopia.
Keywords: attribute preference heterogeneity; climate smart variety; drought; Ethiopia; MNL

Introduction
Rain-fed agriculture remains the main source of livelihoods for the majority share of the population in the sub-Saharan
Africa (SSA) region. Rising temperatures and rainfall variability patterns in the tropics have negatively impacted crop production efforts. Accordingly, climate change has put severe challenges in agricultural production and food security [1,2]. We
cannot prevent the occurrence of climate change; hence adopting climate-adaptable technologies is key strategy to realize
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sustainable agriculture. [3] Evaluated the technical efficiencies of technologies that are vital to adapt the impacts of climate
change in Ethiopian highlands. Among the widely suggested innovative solutions, plant breeding is one of the cost-effective
strategies suitable to reduce these vulnerabilities and then ensure sustainable agricultural development [4–7]
Public plant breeding programs started in the 1970s targeting to provide higher-yielding varieties to farmers in Ethiopia.
Consequently, considerable numbers of crop varieties were released through the national agricultural research (breeding)
system [8]. Despite the government’s efforts to support technology development and dissemination through its agriculture-centered growth strategy, most of the newly released crop varieties are not adequately adopted by the farmers [9,10].
Hence, efforts to release new varieties from these breeding programs do not necessarily imply that farmers have access
to better varietal choices. Accordingly, the question of whether these breeding programs are capable to provide farmers’
preferred seed varieties to cope-up with the emerging crop production risks is an important empirical inquiry.
The impact of linkage between crop improvement research and the extension programs depends upon whether decisions
were coordinated in a top-down or bottom-up approach. Studies indicate that, in a top-down research-extension system,
unsuitable breeding innovations that do not best fit farmers’ priorities might be developed and released in the agricultural
research systems [11]. A research-extension collaboration in Ethiopia is very weak and also characterized as a top-down
decision approach [12,13]. With regard to this, agricultural research practices are conducted independently of the technology transfer and farmers are viewed as passive technology recipients rather than considering them as active stakeholders
in problem identification crucial to set breeding priorities. Due to the weak collaboration between agricultural research and
the extension programs, the fate of numerous farm innovations is to end up in the shelves instead of reaching farm fields
[10,12].
With an agricultural policy mainly targeting to enhance yield productivity, the existing public breeding programs are developing uniform varieties with a major focus on yield superiority compared to other candidate varieties for wider dissemination. Basically, these technologies are designed in order to address the production requirements of high rainfall and potential areas and the same technologies are distributed to replicate in other locations without taking into account the diverse
agricultural systems and farmers’ pressing concerns [13,14] This implies that breeding practices follow ‘one-size-fits-all’
misguided strategy and several released innovations are poorly customized to local production conditions [15]. On the other hand, farmers need ranges of crop varieties to meet their varying agricultural systems due to the diverse agro-ecologic
constraints and household socio-economic heterogeneities. Consequently, research evidenced that farmer households in
the marginal and harsh environmental conditions are benefiting very little from existing crop improvement practices [4,5].
Demand-driven variety development strategies are proposed to meet farmers’ and consumers’ preferences in the entire
food crop value-chain in sub-Saharan Africa and South Asia [16,17]. This is basically to include the views of stakeholders
from lab to plate to accelerate the research impact. In Ethiopia, empirical analyses focusing on attributes of food crops
needed to understand the desired seed varieties to meet farmers’ preferences in order to inform policy for breeding priority
settings are limited. This study, thus, employed a stated choice analysis to examine whether divergence exists between
farmers' varietal attribute preferences and breeders' priorities in Ethiopia.
The paper is organized into five sections. Section 2 presents a precise overview of the theoretical foundation. Section 3
extensively presents the design of the choice experiment process and the survey administration. The results and discussion
is presented in the subsequent section. Finally, the last section provides the conclusion and policy implications.

Theoretical Framework
Discrete choice experiment is a widely used stated preference approach in nonmarket valuations. It has a conceptual
foundation from Lancaster’s theory of consumer choice in that consumers receive utility from the attributes of the good
indirectly rather than the amount of the goods [18] and employs random utility models for its econometric specification
[19]. Assume an individual farmer i has provided with j numbers of mutually exclusive and exhaustively listed alternatives
with varietal attributes (Xij) and socio-economic characteristics of the farmer household (R_ij), the farmer selects one of the
alternative seed varieties that provide the highest level of utility and the utility function is specified as:
Uij=U (Xij,Rij); assume all j are in the given choice set.
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The specified utility function is assumed to be deterministic in the sense that the utility is fully determined [20]. However,
all the explanatory factors that determine utility are not fully observed and hence only a part of the utility function is explained. Accordingly, the utility function is broken down into two components: those that are observed (the deterministic
component, Vij) and those components that are unnoticeable (random) to the analyst, εij [21]. There are several sources
for this randomness and it arises mainly due to the unobservable attributes of an alternative and the decision maker [22].
Maximizing the amount of information in the observed component of the utility has been widely suggested as a strategy to
minimize the unnoticed information accumulated in the random component [23]. Therefore, the two utility components for
an individual decision-maker i can be written as:
Uij=U (Xij ,Rij )=V(Xij,Rij )+ε(Xij ,Rij )
According to the random utility models, a farmer is assumed to make choice between options and select the variety h that
provides the highest utility from the J number of options, if and only if:
Uih>Uij

∀j≠alternative h ∈ choice set.

The suitable econometric choice model is specified with a linear function in the parameters and the random component
enters into the equation in an additive form [24]. Suppose the utility function is defined over a set of choice options and a
farmer i choose alternative variety h among a number of alternatives based on the utility maximization principle then the
equation is specified as:
Uih=Xih βi+ εih

Where: Uij stands for utility derived from the chosen alternative h by farmer i in the given sample on a specific choice situation, Xij is the observed attribute of the alternatives and also representing the socio-economic characteristics of the farm
household, and β_i represents the corresponding estimated fixed parameter for the attributes of alternative, h. The estimation of fixed parameters implies that the MNL model specification fails to account for preference heterogeneity because the
estimation procedure is based on the assumptions that preferences are homogeneous (fixed) across farmers. As a solution,
hence, we introduced socioeconomic characteristics of households into the model estimation to account for these taste
variations across the households.
Another important assumption is that the random components are assumed to be Independent and Identically Distributed
(IID) across alternatives and choice situations and follow the Gumbel distribution (i.e. skewed to the right) with the mean
equal to zero and an identity variance-covariance matrix [23]. Accordingly, the random terms are assumed to have a zero
mean with the identity variance-covariance matrix and it is represented as:

εih ~ G(0,Σ),

where

1 00

Σ= 0 1 0

0 0 1

The diagonal values in the identity matrix imply that the random terms are homoscedastic (constant variance) and the off-diagonal zero values denote the assumption of zero correlation among the error terms (that is, independently distributed)
across the alternatives and in every choice situation.
The IID precondition is the other side of the basic behavioral assumption of the multinomial logit model (MNL), that is, the
Independence of Irrelevant Alternatives (IIA) property. If the error terms across the alternatives have non-zero correlations,
the alternatives are correlated with each other and that leads to the violations of the IIA property. The IIA property states
that the ratio of choice probabilities among two alternatives in a given choice set is not affected by the inclusion and exclusion of another alternative in the choice set. The choice probabilities that change proportionately indicating the absence
of correlation of the error terms across the alternatives [25]. If correlations among the alternatives exist, the ratio of choice
probabilities will vary when an alternative is included or excluded in the estimable model. Despite these concerns that are
originated mainly from its binding assumption, we specified the widely used MNL model for the sake of its computational
simplicity [23].
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Empirically, the discrete choice experiment method is increasingly being employed in various applied fields to understand
consumer preferences regarding food safety policies and standards [26]; commuters preferences for transport modes [27],
and to investigate public preferences for natural resource conservation schemes and healthcare programs [28,29]. Despite
the growing interest in the application of the choice experiment method, the use of the methodology in order to study
farmers’ preference for agricultural technologies (farmers’ crop varietal selection) specifically in developing countries is very
scant [30].

Research Design and Methods
The choice experiment method is designed to investigate farmers’ preferences towards common bean attributes to understand variety selection behaviors so as to inform breeders for their decision making. This requires asking survey participants
to make trade-offs among alternative seed varieties specified with a function of bundles of attributes and select a particular
option from the given list. The choice experiment survey development requires a careful definition of attributes with their
levels and experimental survey design [23,24]. The following sub-sections provide extended explanations of the procedures
applied to generate the choice experiment survey design.
Definition of variety attributes and the levels
A crop variety selection can be regarded as a discrete choice that involves choosing a suitable variety by making a trade-off
among the given alternatives based on the desirability of the attributes. The varietal attributes are characteristics embedded
within a crop variety with regard to the production, consumption, and market qualities of a variety. As such, farmers’ varietal
selection strategies are driven by local agro-ecologic conditions as well as households specific production goals (for market
supply or own consumption) that are described quantitatively (e.g. yield performance) or qualitatively (e.g. yield stability or
color).
A mix of qualitative research methods that involve document review, expert opinion, and focus group studies were employed to get firsthand information on these variety attributes before conducting pairwise ranking to select some of the
important variety attributes. The expert opinions were collected by administering interviews with plant breeders, extension
workers, and seed sector specialists to further understand how the existing varietal development and seed delivery programs were performing. According to the information mainly obtained from the plant breeders, yield performance (the level
of productivity per unit of land), growth habits (priority given for the development of bush beans instead of climbers), and
bean color were emphasized in varietal development criteria as governing breeding goals.
After identifying the expert opinions, three focus group discussions were held with a total of forty-two common bean
growers to understand the common bean farming system and the major formidable challenges that smallholders faced in
the production process. The groupings were done with the help of extension workers, based on farmers’ wealth status and
membership in local seed producer cooperative schemes. Consequently, the first group consisted of ‘better-off’ farmers
with respect to livestock assets and land size ownerships. The second group was comprised of fourteen relatively small
farmers who were mostly recipients of food aids. The third group of farmers were seed producing farmers organized in local
cooperatives and established market linkages through contract farming arrangements. Using the focus group studies, inventory of the available bean varieties with ten attributes (except the agronomic and physiological attributes) were exhaustively
listed out. Then, farmers were asked to make pairwise rankings of the variety attributes one against the other to select the
best attributes (see figure 1).
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Figure 1. Pairwise ranking of variety attributes in the focus group discussions.
The aim of the pairwise ranking was to reduce the number of attributes to manageable sizes so as to reduce the choice complexity. The complexity in the survey resulted in low quality response generation during the data collection [25,31]. Despite
the advantage of collecting rich information with more variety attributes, increasing the number of attributes exponentially
increases the number of choice sets that contributed to the complexity [22]. This was addressed using the pairwise ranking
method that helped to prioritize the attributes most important to smallholder farmers (see figure 1).
The highly ranked attribute is the one with the highest point (the maximum count is 9 in figure 1) and hence automatically
included in the choice experiment survey design. Accordingly, drought-tolerance was the most important attribute to all
farmer groups. This is due to the fact that the study area is vulnerable to drought stress. Since climate change involves an
increase in temperatures and often leads to drought occurrence which further resulted in plant disease and pest infestation
[32]. Hence, three important groups of variety attributes were selected with a goal to minimize the complexity of the choice
process: drought tolerance, yield productivity, and food and market quality attributes – represented by bean color. Furthermore, the use of monetary attribute in choice experiment design is widely suggested in literature [22,30]. Then, the fourth
attribute is the seed cost that farmers spent on the purchase of seed in the formal and informal seed market for a hectare
of land. Table 1 provides the summary of the selected attributes in the pairwise ranking.
Table 1. Summary of variety attributes and attributes levels.
Attributes

Attribute levels

Productivity (yield in quintal/ha.)
Drought tolerance capability

30

22

14

High

Low

Red

Speckled

White

ETB 800

ETB 1,200

ETB 1,600

Bean color
Seed cost/ ha. (monetary attribute)

The Experimental Design
Designing of choice experiments involves the construction of alternatives that are functions of attributes and attribute
levels. With three attributes at three levels and another attribute with two levels, a full factorial design yields a total of 54
(=33x21) possible combinations of choice sets. However, the use of a full factorial design is complex and very costly to handle in the survey [33]. As such, the use of fractional factorial designs is recommended to improve the information quality as
well as to reduce the choice complexity. [34] Provide interesting suggestions about how to create statistically efficient and
best designs by fulfilling two criteria: orthogonality and level balance. Orthogonality was ensured by letting attribute levels
to vary independently across the choice sets and level balance is an approximately equal occurrence of levels in the choice
sets [35]. Accordingly, we relied on the SAS software to combine the selected attributes and levels in order to construct
the required numbers of the choice cards. Table 2 shows one of the choice cards employed in the field research to collect
variety choice information from farmers.
Table 2. An example of the choice card in the experimental design.
Variety attributes

Bean A

Bean B

Bean C

Yield productivity

14 quintal/ha.

30 quintal/ha.

22 quintal/ha.

Drought adaptation

High

Low

High

Bean color

Red

White

Speckled

Seed cost per hectare

ETB 800

ETB 1,600

ETB 1,200

I would prefer to plant…
Source: Authors own designed choice card, 2018
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The data collection procedure employed combinations of pictorial (image) representation in addition to verbal and text
descriptions to display the choice cards to increase respondents’ understanding in order to provide reliable responses (see
table 2). In total, eight choice cards were used in this study. Each choice card has three generically designed alternative
common bean varieties. If farmers were provided with labeled seed varieties (other than Bean A, Bean B, etc.) with official
released variety names, they would employ a simple shortcut method to choose a familiar variety instead of comparing the
attributes in each choice card. Therefore, household respondents were asked to choose one of the three generic alternative
varieties that provide the highest level of utility for the farm household.

Administering survey instruments
The survey was conducted in 2018 at Boricha district in Southern Ethiopia. Located in the central Rift Valley areas, Boricha’s
climate is dry and hence drought occurrence is frequent. Smallholder farmers were dominantly producing lowland crops
such as common beans (Phaseolus vulgaris L.) which are the primary source of food and income for poor farmers in these
unfavorable lowland locations [36,37]. Additionally, farmers in the district mainly allocate their land for cultivating maize
(Zea mays) and Enset (Ensete ventricosum).
A multi-stage sampling technique was used to select households who participated in the survey questionnaire. In collaboration with extension workers, a total of six study Kebeles (the smallest administrative unit in Ethiopia) in the district were selected based on the volume of bean production and other observable topographic variations among the Kebeles. Accordingly, Shelo-Abore, Sheleo-Belela and Sadamu-Challa (abbreviated, ABC Kebeles) were purposefully chosen given the relatively
larger volume of bean production. On the other hand, farmers in Korangoge, Shondololiwo, and Shamanagodo (shortened,
KSS Kebeles) were located in densely populated areas leading to smaller average land ownership. Overall, the household
survey was carried out in 2018 in face to face interviews with 167 randomly selected common bean grower respondents.
Prior to implementing the household survey on the sampled households, a pilot study was carried out with six randomly
selected households and the survey materials were further modified in line with the findings from this pre-test. The information in the choice cards (that shows the entire production process from seed acquisition to yield harvesting stage) was
briefly explained to the farmers in order to enhance their understanding about the choice situations and thereby easily
state their choice. Ultimately, the choice experiment survey produced a panel of information of 1336 choice tasks yielding a
total of 4008 observations. A separate household survey questionnaire was also used to capture household socioeconomic
characteristics and their actual seed variety selection strategies. Using the information obtained through the mixed research
methods employed in the fieldwork, the next section extensively presents the exploratory analysis.

Results and Discussion
Socioeconomic statistics
Table 3 presents the descriptive statistics of the socio-economics for sample farmers involved in the survey. The survey
indicated that eighty-six percent of the respondents came from male headed households. On average, farmers own 0.63
hectares of farm holding size (ranges from 0 to 3.25 hectares). This indicates that average farm holding size is almost half a
hectare. Study evidences indicated that land sizes are considered as the major determinants of food insecurity and poverty
problems in Ethiopia [38].
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Table 3. Descriptive statistics of household respondent characteristics.

Socioe-Eonomic factors

Mean

Std. dev.

Minimum

Maximum

Gender of the household head

0.86

-

0

1

Total farm holding size (in ha.)

0.63

0.44

0

3.25

Livestock ownership

5.0

3.41

0

20.7

Lagged off-farm income

0.52

-

0

1

*PED participation

0.36

-

0

1

Access to seed credit

0.18

-

0

1

ABC-Kebele

0.40

-

0

1

Total sample: N = 167
*PEDs = Pre-extension demonstrations.
On average, respondents owned five livestock assets measured in tropical livestock units (TLU). Livestock serves as a vital
source of wealth and livelihood security particularly during drought periods. About fifty-two percent of the respondents
earned income through off-farm activities during a year before the survey was conducted. This implies that almost half of
the households in the sample do not have off-farm employment opportunities and hence entirely relied on farming income
for their livelihoods.
According to one of the breeder key informants, PEDs are platforms employed by breeders to provide first-hand information for farmers about a recently released variety before starting large scale seed production with the newly released
variety. Among the sample farmers, only thirty-six percent of respondents reported that they got the opportunity to involve
in Pre-Extension Demonstrations (PEDs). Usually, farmers with larger farm holdings have more opportunity to participate
because they can provide parts of their plot for the variety verification tests, according to one of the key informant breeder. This indicates that the majority of farm households who have participated in this survey are characterized with limited
opportunities to access information directly through the plant breeders about the desirable characteristics of new cultivars.
The survey response also indicated that only eighteen percent of respondents have credit access to buy improved varieties.
Forty percent of survey households were located in ABC Kebeles whereas the remaining shares of sample households were
in the KSS Kebeles of Boricha district.

Attribute ranking in actual Seed selection
Before conducting the choice experiment survey, farmers were asked to state their actual variety selection strategies using
the separate survey questionnaire regarding the attributes in the farm fields. The goal was to triangulate the information
collected through the focus group studies and choice surveys and thereby to enhance data quality. To this end, the variety
attributes identified using participatory research method was provided to learn which one of the varietal attributes they
focused on, in selecting their seeds.
The statistics of their responses about attributes ranking is disaggregated across locations given the observable socioeconomic variations among the research sites (Kebeles) (see figure 2). The survey shows that there is a mean variation in landholding size between the two Kebele categories. Thus, the average farm size that farmers owned in ABC is twice that of
their counterparts in KSS. However, most of the farmers in ABC Kebeles were located in the lowlands areas where frequent
drought problems are common. Given the diverse household and agro-ecologic characteristics, the survey result indicated
that the share of households who selected varieties by considering productivity attribute in KSS are higher than the proportion of farmers who relied on the same attribute in ABC Kebeles (see figure 2). Hence, productivity was a highly preferred
attribute in KSS whereas drought tolerance was a primary choice in ABC Kebeles when they selected bean varieties.
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The survey results further indicated that the share of farmers who preferred yield advantage was almost twice higher than
those farm households who opted for drought tolerance in KSS (see figure 2). On the other hand, farmers in ABC had a
slightly higher preference for varieties with drought tolerance capability (thirty-seven percent) than for yield performance
(thirty-five percent) due to the concern for the frequent drought conditions in the areas.

Figure 2. Attribute ranking obtained from household survey.
Overall, the pooled data shows that forty-two percent of the survey respondents focused on higher productivity in their
actual variety selection. This is followed by twenty-six percent of the sampled respondents who preferred drought-tolerant
varieties. These results have implications that breeding high-yielding and drought-tolerant common bean cultivars should
be a priority for crop improvement research in water-stressed and harsh environmental conditions of Ethiopia.
The previous descriptive analyses cannot fully provide quantitative information accounting for the effect of each observation in the variables of interest. This is due to the fact that the descriptive statistics (which was explained on average terms)
do not provide impactful findings on farmers’ attribute preferences. Hence, the econometric analysis which is estimated
with and without the socio-economic interactions so as to further provide relevant findings about farmers’ varietal selection
strategies and also to provide information regarding the existence of attribute preference heterogeneity across households.

Empirical Model specification and estimates
The estimated result using the multinomial logit model provides quantitative information on farmers’ inclination towards
specific variety attributes. As noted above the estimated results were presented in two ways: basic model (without interactions) and extended model (with interaction terms). The basic model solely provides the estimated results of the attributes
entered into the model whereas the extended model incorporated the household socio-economic characteristics to note
the existence of farmers’ taste variations in variety selection. The decision to include household socio-economic characteristics has dual purposes. These allow to investigate the observed preference heterogeneity among the sample respondents
and also to increase the explanatory power of the estimated model.
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This is because the more information included into the estimated model, the less likely that information will be accumulated
in the error term that affects the choice outcome [23,24].
The dependent variable (variety choice) is defined as the respondent’s selection of an option from the three hypothetically
designed alternative bean varieties. It is coded as a dichotomous variable represented by a value 1 for the chosen variety
and 0 for the two remaining varieties.
In specifying the explanatory variables, the attribute levels entered into the model as observations. The variables used in the
model are both continuous and dummy types. The levels of productivity and the monetary (cost) attributes are specified as
continuous variables whereas, drought tolerance and bean color are qualitative variables and hence coded as dummy variables. To avoid the problem of a dummy variable trap, the red bean was assigned as a base comparator or reference point. In
coding the white dummy variable, for instance, 1 is coded if the variety in the choice card with white colored bean is chosen
whereas 0 if one of the remaining varieties are chosen. Similarly, drought tolerance is coded with a value of 1 if the ‘high’
adaptation is chosen or can take a value 0 otherwise (also serve as a base comparator).
To estimate the model with interaction variables, some of the households’ socioeconomic factors defined in the descriptive analyses part were introduced. Accordingly, farm holding size was considered to be a proxy variable to measure yield,
farm income, and household level of food security. This variable is important because small farmers are more risk cautious
and hence assumed to mainly opted for varieties with yield stabilizing attributes (e.g. drought tolerance). Livestock assets
and off-farm income opportunities are included with the assumption that farm households with more livestock assets and
access to off-farm income opportunities have a higher tendency towards yield-maximizing attributes. Given breeders’ priority to develop new varieties, farmers who participated in PEDs are presumed to have a higher propensity towards yield
advantage. Given the land ownership variations between the two research sites, guided by the safety-first principle, farmers
located in the KSS Kebeles are assumed to have a higher inclination towards yield-stabilizing attributes.

Model estimates
The maximum likelihood estimates of the multinomial logit model are generated using Stata 14 software and shown in table
4. In these analyses, the first two columns indicate results from the basic model whereas the last two present that of the
extended model.
The explanatory powers of the estimated models (that is, the statistics at the bottom of the table) indicate that the model
specification best fits the data (at a 1% level). Additionally, the Akaike Information Criterion (AIC) statistic was also presented to further evaluate about model fit performance. The decision rule for the AIC is that the model with the smallest
AIC statistic is the best compared to all other candidate models [39]. Hence, the extended model has a lower AIC statistic
(4311) in comparison to the basic model (4343) (see table 4). This indicates that the explanatory power of the extended
model is improved and this is mainly because of the decision to incorporate the household socio-economic characteristics
interaction variables in the estimated model.
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Table 4. Multinomial logit (MNL) model estimates of farmers’ varietal attribute preferences.

Variables

Coeff.

Basic model
Std. Err.

Coeff.

Extended model
Std. Err.

Yield productivity

0.046***

0.006

0.021**

0.008

High adaptation

1.896***

0.077

2.690***

0.178

White-colored

-1.298***

0.101

-1.313***

0.101

Speckled-colored

-0.867***

0.096

-0.873***

0.097

Seed cost (monetary)

-0.0015***

0.0001

-0.002***

0.0001

Productivity x Farm size

-

0.0005

0.006

Productivity x Livestock

-

0.0013*

0.0007

Productivity x Off-farm

-

0.016***

0.005

Productivity x PED

-

0.003

0.005

Productivity x ABC

-

0.021***

0.006

High adaptation x Farm size

-

0.022

0.170

High adaptation x Livestock

-

-0.035*

0.021

High adaptation x Off-farm

-

-0.508***

0.143

High adaptation x PED

-

-0.073

0.151

High adaptation x ABC

-

-0.748***

0.154

Log-Likelihood

-2166.54

-2152.40

Wald χ2

830.53

833.82

Prob > χ2

0.0000

0.0000

AIC

4343.09

4311.11

Number of observation

4008

4008

***, **, and * are statistically significant at 1% level; 5% level, and 10% level, respectively
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In the basic model estimation without the interactions, the results demonstrated that all the estimated coefficients hold the
expected signs and the included attributes are statistically significant (at 1% significance level). These estimated coefficients
denote the correlation between farmers' variety selection in response to changes in the levels of the variety attributes. In
supplementing with the pairwise ranking findings from the focus group studies, the econometric model analyses indicated
that farmers have a higher preference for drought-tolerant and high-yielding varieties in the model (see table 4). The negative signs in the coefficients of the white and speckled colored varieties imply that farmers have a higher tendency towards
the selection of red-colored bean varieties.
Overall, the magnitude of the coefficient indicated that the drought tolerance attribute is highly preferred in the model.
The drought occurrence during the survey period also becomes the driving force for respondents to emphasize on drought
tolerant varieties. To express conceptually, drought tolerant varieties provide the highest utility (net benefit) to farmers,
assuming that everything is held constant. This result confirms the findings of [40] who attest that farmers will enhance
the uptake of tissue culture banana seed in central Uganda only if the given technology is best adapted to drought stress.
The cultivation of drought-tolerant varieties ensures yield stability and, hence, risk-cautious farmers are highly inclined to
secure subsistence consumption. This finding supports the commonly held intuition that seed varieties with stress-tolerant
characteristics have a higher probability of being selected in water-stressed environments for the sake of ensuring yield
stability [41].
The negative coefficients of the dummy colored variables in the model are consistent with the findings of [42], indicating the
dominant cultivation of red-colored varieties in the surrounding lowland areas. The result implies that farmers have a lower
preference for speckled and white bean varieties for cultivation in comparison to the red beans, assuming that the other
factors remain the same. This is in line with the findings from the focus group discussions. The discussants emphasized
that the increased local and national market demand for red beans was the major driver for farmers’ preference towards
red-colored varieties for cultivation.
The negative sign on the coefficient of the monetary payment attribute (i.e., seed cost) is consistent with the demand theory
in economics, indicating that farmers are less inclined towards the cultivation of expensive seed varieties. Results from the
household survey also indicated that the majority of farmers relied on locally accessed farm-saved and cheap seeds instead
of buying relatively expensive but high-yielding seed varieties. These responses further revealed that the high costs of improved varieties relative to landraces coupled with limited access to credit for farmers could be the major determinants for
low adoption of improved cultivars. In this regard, [43] emphasized the desirability of farm credits and subsidy interventions
to nudge farmers for the use of innovative seed varieties in southern Ethiopia.
The extended model estimation with interaction variables, with the exception of the interaction of farm size with adaptation, indicated that all the included variables had the expected signs (see table 4). The positive sign for farm size and adaptation interaction implied a higher preference towards varieties with high drought tolerance performance by large holding size
owners. This result regarding larger farmers' inclination towards high adaptation in comparison to smaller farmers is in line
with the results of farmers’ prioritization of the attributes in their actual seed variety selection in ABC (who have larger farm
sizes). That is, ABC located farmers have opted more towards drought-tolerant varieties than farmers located in KSS (who
owned smaller farm holdings). Additionally, this result is also consistent with the emphasis from the focus group discussants
concerning the limited supply of drought-tolerant seed varieties and frequent drought problem. It is viewed as a formidable
challenge in complicating agricultural production even for the larger holding farmers in the study location.
The result further indicated that the interaction variables with livestock, off-farm involvement, and the location dummy
were statistically significant (see table 4). These interactions with productivity attribute carry positive signs, whereas the
interactions with the adaptation attribute had negative signs. With the logic of the safety-first theory in mind, households
who owned more livestock resources and access to off-farm income opportunities cannot worry equally as compared
to those farmers with limited livestock as well as lacking access to off-farm income-generating activities, in smoothing
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household consumption fluctuations in the face of emerging biotic and abiotic crop stresses. Hence, the interactions with
productivity attribute had a positive sign implying that affluent farmers have a higher inclination towards yield-maximizing
attributes than drought adaptation which contributes for yield stability. In contradiction to the descriptive analyses, the
coefficient in the location dummy variable indicates that farmers in ABC have higher preferences towards yield-maximizing
attributes (productivity) than for yield-stabilizing attributes (high drought adaptation). In this case, the effect of a higher average land ownership in ABC locations outweighs the impact of drought challenge in conditioning farmers' variety selection.
Overall, the results from the mixed data sources indicate that farmers are in dire need of drought-tolerant crops, mainly due
to the impact of the frequent drought occurrence in the region. In addition, according to various sources, the anticipated
food insecurity challenges due to the booming population in the sub-Saharan Africa region, in general, and in Ethiopia, in
particular, can be reversed only when the small-scale farmers can buy and use those newly released breeding innovations
that have been proven to be highly productive in the face of changing climatic conditions. However, due to the diverse agricultural production requirements, it is highly essential to provide the desired and farmers’ preferred crop varieties instead of
relying on the usual "one-size-fits-all" approach for crop research improvement and variety release system. Therefore, once
farmers are provided with the desired varieties, the results obtained from farmers’ responses demonstrated that farmers are
willing to invest in climate-smart and high-yield seed innovations. But, this can be materialized only if breeding interventions
are supplemented but not supplanted with other pro-poor development initiatives (such as ensuring access to credits and
insurance services).

Conclusions
Despite the government's efforts to modernize the national seed sector for several decades to realize agricultural development in Ethiopia, the country is yet to achieve major improvements in agricultural production and fostering food security.
This is mainly linked to the limited use of divisible agricultural innovations (most importantly, new seed technologies). One
of the major reasons for farmers' relying on the cultivation of older crop varieties is postulated to be associated with the
mismatch between farmers' pressing problems and breeders' priorities in variety development and release. Accordingly, this
study employed a discrete choice experiment (DCE) method to explore the major determinants of Ethiopian bean farmers’
seed variety selection behaviors. The study was carried out with a major aim to inform policymaking in breeding priority
setting based on survey information obtained from the lowlands and dryland areas of Southern Ethiopia where frequent
drought stress become one of the major formidable challenges of agricultural production.
A multinomial logit econometric model was estimated to generate plausible quantitative results about farmers’ attribute
preferences. The statistical results demonstrated the existence of divergence in farmers' preferences and breeding programs priorities regarding variety attributes. Specifically, the results further informed that farmers are highly inclined to
select drought-tolerant seed varieties more than any other attribute in the estimated model. Additionally, results from the
extended model also indicated that household wealth status (farm size, livestock, off-farm income), and location-specific
variations are significantly correlated with farmers’ attribute preferences. The statistically significant interaction variables
confirm the existence of attribute preference heterogeneities across farmers as opposed to the existing assumption leading
to the supply of uniform varieties to varied locations. This is highly essential to design breeding profiles compatible with
specific-location agricultural systems and producer segments.
The high preference for drought adaptability compared to any attributes in the estimated model is consistent with the message obtained from most of the farmers who participated in the focus group discussions. This is mainly due to the fact that
climatic challenges have daunting concerns for farmers in their crop varietal selection strategies. Overall, the results implied
that the government-controlled crop research improvement and seed delivery programs seem to follow a “one-size-fits-all”
approach for wider dissemination. Thereby, the provision of the most desirable and preferred crop varieties by farmers has
been very limited in environmentally risky and water-stressed locations specifically to Southern Ethiopia.
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The substantially higher valuation for drought tolerance as compared to yield potential is a strong argument for setting
breeding priorities to target the release of innovative climate-smart cultivar profiles. Accordingly, plant breeding policies
need to be congruent with pressing problems of farmers about crop technology selection. Overall, the study provided two
interesting insights to guide smallholder farmers towards increased use of the latest breeding innovations. Firstly, putting
in place demand-driven breeding strategies in order to develop high-yielding and climate-smart cultivars that cope-up the
negative impacts of rapidly changing climatic conditions is highly essential. In this regard, the focus should be mainstreaming
the development of drought-tolerant bean varieties (replicating the best practices of the initiative called ‘drought tolerant
maize in Africa – DTMA’ project) in order to adapt and mitigate the negative impacts of climate change. Secondly, pro-poor
capacity development initiatives through credit and subsidy services are vital in enabling poorer farmers to get access to key
agricultural innovations. To put it in short, the rapid breeding strategies targeting to release farmers’ preferred innovative
varieties compatible to the local-contexts is crucial to achieve the national and global sustainability goals in reducing hunger
and poverty, fostering economic growth, climate action, and biodiversity protection in Ethiopia.
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Abstract
23.9% of this Nigeria population is unemployed and the youths make up 70% of the unemployed. Also, aging farmers,
declining crop yield, global warming, low crude oil pricing and expected doubling of the population by 2050 characterizes
her agriculture that even these unemployed youth are not willing to take it up as a means of livelihood. The study therefore
determined the factors that influenced the perception of youth towards agriculture, analyzed the socio-economic characteristics that influenced their perception, identified their limitations and identify the potentials of soilless farming to reform
their perception. Multistage sampling technique was used to select 97 youth from five communities in Bokkos Local Government Area of Plateau State for primary data collection youth from. A likerted scale was used to identify the factors that
influenced their perception and those that limited them. STATA was used analyzing data and a multiple linear regression
model was used to establish the socio-economic factors that influenced their perception. Findings revealed that the youth
average annual income, their marriage status and farm size had significant effect on their perception at 10% probability
level respectively. Poor income from agric-based business amongst many others is a major limitation of youth involvement
in agriculture at a mean score of 2.54. With soilless farming, agriculture can be more attractive to youth, increase their income, ensure the nation’s food security despite their limited access to land and global warming then ultimately reform their
perception if the Government and necessary other Stakeholders will encourage it.
Key word: Soilless farming; youth; reformation; perception; Climate Smart Agriculture; greenhouse gases; food security

Introduction
Nigeria is the most populous country in Africa with a population of about 200 million and the largest youth population
worldwide. Although the country relies on the exportation of crude oil for her economic performance, agriculture remains
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the cornerstone of her economy because it employs source of livelihood for the majority of the population i.e., about 36.4%
of the 200 million Nigeria’s population. Despite this, more than half population lives below the poverty line of USD 1.9 and
especially, the smallholder farmers that constitute about 88% of the farmers FAO (2018). In addition, 23.9% of this population is still unemployed and the youths make up 70% of this category. These are indices that Nigeria is fast becoming a
lower middle-income country.
Unlike in more advanced countries, Nigeria agriculture is still largely conservative and mechanized rather than being technologically driven. This and the unpredictable climate caused by global warming have contributed to the persistent low yields
and productivity, market failures, low income, poverty, farmer-herder crisis, post harvest losses, depleting soil fertility, e.t.c.
in the nation’s agricultural sector. They are also reasons for the confirmed gap between domestic food supply and food
demand Ajibefun (2003), which is a sign of looming food security crisis if urgent measures are not taken to prevent it. These
are the reason for the negative perception of youth towards agriculture. Above all, some of the agricultural implements
and machineries are not climate smart because of the carbon emissions from them are part of the greenhouse emissions
destroying the climate.
One of the sustainable ways of reducing and averting the looming food security crisis, bridging the gap between supply
and demand and reforming the perception of Youth towards agriculture despite the climatic challenges is by maximizing the
potential of soilless farming. It is important to note that soilless farming is not a way to replace soil but rather to complement
soil Ogbole (2019) by growing crops without soil. Soilless farming can be done through: (i) Hydroponic, which is a method
of growing plants in an inert medium such as rocks or coco coir fiber, and they are fed a solution containing a perfected mix
of primary and secondary micronutrients). (ii) Aeroponics, a method of growing crops and having their roots suspended in a
misted nutrient medium. (iii) Aquaponic, which is a combination of aquaculture and hydroponics in a closed-loop recycling
fresh water system between fish and plant.
Soilless farming is a form of Climate Smart Agriculture because of its potential to sustainably increase agricultural productivity and incomes (i.e. strengthen livelihoods and food security), adapt and build resilience to climate change and reduce
or remove greenhouse gases emissions, where possible and appropriate. It will ultimately help the nation to transit more
towards a climate resilient production system for ensured food security and sustainable livelihood. The study was aimed
at revealing that soilless faming which is an embodiment of Climate Smart Agriculture can reform the perception of youths
towards agriculture regardless of the climatic threat. Specific objectives are (i) to determine the factors that influence the
perception of youth towards agriculture, (ii) to analyze the socio-economic characteristics that further influenced the perception of youth towards agriculture, (iii) to identify the limitations of youth in agriculture and (iv) to identify the potentials
of soilless farming capable of reforming the perception of youth and ensuring food security.

Materials and Methods
This study focused on the youth aged 18-35 years old living in Bokkos Local Government Area (LGA), Plateau State. The
LGA is located at about 77km away from Jos; It has an area of 1682km2 and the agricultural produce grown there are; Irish
potato, maize, vegetables, cocoyam, sugarcane, groundnut. The study carried out using multistage sampling method by first
using a purposive sampling technique in the selection of five districts spread across the LGA where there are high volume of
agricultural activities and large population of youth. These districts are Tangur, Butura, Kwatas, Bokkos, Mbar/Mangar. The
second stage involved random selection of twenty youth from each of these districts to make up one hundred respondents in all. However, fifty percent of the randomly selected youth were amongst those actively involved in one agricultural
activity or the other while the remaining 50% were not. Data was eventually analyzed for ninety-seven respondents while
three were rejected in order to maintain data integrity. Both primary and secondary sources were used in data collection;
the former for objectives one, two and three while the later for objective four. A structured questionnaire was used for the
primary data collection while literature review was used for secondary data collection.
Objectives one and three were analyzed using mean score on a 3 point likert type of scale of strongly agree = 3, neutral
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agree = 2 and disagree = 1 while STATA was used for multiple regression analyzing to determine the socio-economic factors
that influenced the perception of youth towards agriculture. The mean score used was presented by the formula below.
X = ∑ fx(Ai)
N

Where X = Mean score
fx = frequency
Ai = Value assigned to each response
N = Sample size
Multiple regression analysis represents a logical extension of two variable regressions. Two or more independent variables
are used to estimate the value of the dependent variable.
Y=a+b1X1+b2X2+b3X3…….+b7X7 +e

Where:
Y = Youth see agriculture as low status profession
X1= Gender of youth
X2= Age of youth (years)
X3= Marital status
X4= Education level of youth
X5= Major sources of youth income
X6= Youth total farm size (hectares)
X7= Youth average annual income from major sources of income

Results and Discussion
This section presented results of factors that influence the perception of youth towards agriculture, the socio-economic
characteristics & the limitation that further influenced the perception of youth towards agriculture and the potentials of
soilless farming capable of reforming their perception and ensuring food security.

Factors that influence the perception of youth towards agriculture
The youth are reluctant choosing agriculture as a means of livelihood Leavy and Smith (2010) rather; it has been left in the
hands of peasant and aged farmers who employ traditional implements and methods for most of their farm operation. Previous studies have shown that the perceptions of youth play an important role in influencing the interests of the youth in
agriculture. They perceive it as uncompetitive in terms of income despite its high physical demands Mibey (2015), i.e, they
do not see it more desirable and feasible than other alternatives Liñán et al. (2011). Worse still are the effects of climatic
change such as soil erosion, flooding, desert encroachment and drought, soil degradation e.t.c. on their perception about
agriculture.
Result from Table 1 showed that youth rated “Youth in agricultural activities cannot bring socio- economic changes on the
youth”, “Farming perceived to be a dirty job” and “Social and psychological effects of being called a farmer” on a mean score
of 1.62, 1.77 and 1.85 respectively. These scores are below the average mean score of 2.0 and this means that majority
of the youth do perceive their involvement in agriculture bring social economic changes to them, they do not perceive it
as a dirty job neither is do they suffer any social nor psychological effect of being called farmers. This is contrary to the
assertion of Juma (2007) that youth perceive farming as a dirty job but agrees with the findings of Adamu et al. (2011) that
youth are proud to farm and do not perceive anything wrong with the business. They also maintain a positive perception
that their “Active participation in agricultural activities could raise production efficiency and productivity” and would ensure
food security. This is evident from their mean score of 2.54 and 2.41 respectively and this implies that this is the perception
of the majority of them. However, these did not change their opinion that “Youth see agriculture as low status profession”
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and that “Youth agricultural activities are meant for youth who cannot secure good jobs” based on the mean score rating
2.24 and 2.10 respectively for majority of them. These negative conclusions could have been because of their perception
that “Government is not committed to agriculture activities”. The mean score rating of 2.21 mean score showed this but
majority of them on a mean score of 2.40 are of the opinion that “Properly organized youth in agricultural activities may
help improve the income of youth”.
Profitability must sustainably increase for youth to stop seeing agriculture as a low status job meant for those who cannot
secure good jobs. Profitability requires reduction in the costs of farming, increased productivity and thus, increased income
on the same land size and simultaneously prevailing against the negative effects of climatic change. This makes a technologically driven production system such as soilless farming inevitable because of its potential to achieve this without serious
threat of greenhouse gases emissions into the climate like mechanized farming does.
Agree

Neu-

(3)

tral (2) gree (1)

26

8

Farming perceived to be a Dirty job.

31

Social and psychological effects of being called a farmer
Youth agricultural activities are meant for youths who

Variables

Disa-

Total

Total sum

number of of fre-

Mean
score

youth

quency

63

97

157

1.62

13

53

97

172

1.77

37

8

52

97

179

1.85

50

7

40

97

204

2.10

Government is not committed to agriculture activities.

54

9

34

97

214

2.21

Youth see agriculture as low status profession

57

6

34

97

217

2.24

Youth capacity could be enhanced through youth -in-agri-

60

14

23

97

231

2.38

8

25

97

233

2.40

Youths in agricultural activities would ensure food security 67

3

27

97

234

2.41

Active participation in agricultural activities could raise

11

17

97

246

2.54

Youth in agricultural activities cannot bring socio- economic changes on the youth

cannot secure good jobs.

cultural activities
Properly organized youth in agricultural activities may help 64
improve the income of youths.
69

production efficiency and productivity.
Source: Field survey, 2019

Socio-economic characteristics that influenced the perception of youth towards agriculture
Table 2 examined the socio-economic characteristics that further influenced the perception of youth about agriculture using
multiple linear regression model. The dependent variable “Youth see agriculture as low status profession” was estimated
using seven independent variables which are youth gender, age, marital status, education level, major sources of income,
total farm size and average annual income from their major income sources. The result showed that the marital status of
youth had a significant but negative effect on their perception towards agriculture at 10% probability level. This implies
that married youths are less likely to participate in agriculture. Already these youth have the perception that agriculture is
a low-income job meant for those that cannot secure good jobs coupled with the responsibility of family to cater for are
enough reasons for them not to venture into agriculture. This result agrees with the finding of Angba and Adesope (2007).
Likewise, the result also showed that youth total farm size has a 10% probability level significant but also negative influence
on youth perception towards agriculture. This implies that the more access to farmland a youth has, the less likely he goes
into farming. The reason for this attitude may also be due to their poor perception of agriculture and may likely prefer leasing
or renting out their farms rather than cultivating it themselves. The youth average annual income from major sources of
income is however positively significant at 10% probability level. This implies that their annual income from major sources
of income has a direct relationship with their participation in agriculture i.e., with more income, youth especially those with
good perception of agriculture but limited by fund may diversify into agriculture for additional income.
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Table 2: Socio-economic characteristics that determined the perception of youth

Youth see agriculture as low status profession

Coefficient

Std. Err.

z

P>|z|

Gender of youth

-0.82253

0.546987

-1.5

0.133

Age of youth (years)

0.012498

0.066943

0.19

0.852

Marital status

-1.05901

0.613357

-1.73

0.084*

Education level of youth

0.056491

0.118163

0.48

0.633

major sources of youth income

0.040156

0.222272

0.18

0.857

Youth total farm size

-0.92032

0.486894

-1.89

0.059*

Youth average annual income from major sources of

0.247867

0.143808

1.72

0.085*

income
Number of observation

76

Wald chi2(7)

10.19

Log likelihood

-46.5735

Prob > chi2

0.1783

Source: Field survey, 2019 * = Sig at 10%

Limitations of Youth in Agriculture
The result from Table 3 showed that the mean score of each of the listed limitation was rated above the average mean
score of 2. This implies that each limitation plays a major role in hindering the participation of youth in agriculture although
these limitations were not equally ranked. “Poor income from agri-business” was ranked the first major limitation followed
by “inadequate processing and storage facilities”, ”poor marketing structure”, “poor extension services” and “poor pricing of
agricultural products” at a mean scores rating of 2.54, 2.33, 2.32, 2.30 and 2.23 respectively. This set of limitations are interrelated i.e., with good extension services, youth can access training and gain knowledge on innovative technologies that
will boost their production and increase the market value of their product. It will also help them in proper storing or processing their product rather than being forced to sell when conditions are not favorable. This will consequently, increase their
income that is a major factor in positively reforming their perception towards agriculture. This agrees with the findings of
Adewale et al. (2003) and Asenso et al. (2008). “Poor land tenure system”, “inadequate access to farm land”, “unpredictable
climate change”, “shortage of farm labor supply” and “erosion & flooding” are another set of limitations youth have towards
their participation in agriculture. These are ranked 5th, 7th, 8th, 10th and 14th at the mean scores of 2.27, 2.19, 2.18, 2.14
and 2.03 respectively. Findings of Ugwoke et al. (2003) confirmed that access to land is a major factor that influences the
participation of youth in agricultural practices. “Unfavorable agricultural policies”, inadequacy in the supply of farm inputs”,
lack of agricultural implements & equipments” and “poor agricultural credit facilities” are the last set of limitations ranked
8th, 10th, 12th and 13th at the mean scores of 2.18, 2.14, 2.12 and 2.90 respectively and this agrees with the finding of
Adewale et al. (2003).
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Disagree

ed (2)

(1)

70

9

Inadequate processing and storage facilities

60

Poor marketing structure

Variables

Agree (3)

mean score

Rank

Poor income from agric-based business

18

2.54

1

9

28

2.33

2

55

18

24

2.32

3

Poor extension services

59

8

30

2.3

4

Poor pricing of agricultural products

54

11

32

2.23

6

Poor land tenure system

55

13

29

2.27

5

Inadequate access to farm lands

55

5

37

2.19

7

Unpredictable climate changes

49

16

32

2.18

8

Shortage of farm labor supply

47

17

33

2.14

10

Erosion and flooding

41

18

38

2.03

14

Lack of agricultural implements and equipments

48

18

31

2.18

8

Unfavorable agricultural policies

52

7

38

2.14

10

Inadequacy in the supply of farm inputs

52

5

40

2.12

12

Poor agricultural credit facilities

46

14

37

2.09

13

Source: Field survey, 2019

The Potentials of Soilless Farming capable of reforming Youth perception
This section made use of secondary data such as review of related literatures and presented the result in Table 4 below.
It is evident from the study that soilless farming is an embodiment off potentials capable of positively reforming youth’s
perception and interest in agriculture. It is a propagation method that knocks off many of the limitations recorded in Table
3 above and enhances sustainable employment, sustainable food security amidst the forecast that crop yield by 2050 will
decrease by 10 – 20 percent and thus increasing food insecurity and poverty FAO (2017). However, soilless farming is
not without its challenges. Tajudeen et al. (2018) and Runsewe (2018). Some of these challenges include:
•

It needs stable power supply especially for water/air pumps;

•

It is capital intensive especially for startup youth.

•

It is quite technical and scientific thus requiring good technical-know-how.

These challenges are very well surmountable with the support and cooperation of all necessary stakeholders.
Table 4: The potentials of soilless farming capable of reforming youth perception and ensuring food security.
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Potentials

Effects on youth

Climate smart qualities

Technologically driven

Reduces the use of carbon

Reduces greenhouse gases emission

producing machineries especially those mean for large scale
farming
Efficient use of space

Maximizes land size such as half Enhances resilience by conserving land,
a plot of land being sufficient to reduces soil disturbance through no – till
cultivate expected quantity onr

cultivation and thereby reducing nitrous

15 plots in a soil-based farming. oxide emission.
High yield and better

It gives at least 15 to 20 times

Sustainably increases productivity and

quality

more yield than the soil based

income.

yield. Produce also taste better,
more nutritious and healthier
High profitability

Eventual reduction of farming

Sustainably increases productivity and

cost, increased productivity and income.
increased income
Not season bound

All year round farming is a real-

Enhances resilience and Sustainably increas-

ity and not limited by raining or

es productivity and income.

dry season.
Controlled environment

Eliminates soil borne diseas-

Sustainably increases productivity and

es, reduces/eradicates pests,

income.

weeds and their resulting
toxicity.
Not location bound

Commercial farming is no more

Enhances resilience and adaptation.

limited to rural and remote
places and thus, reduces post
harvest losses usually caused
through transportation and
reduces the effects of security
issues that poses threat on the
lives of farmers.
Ability to withstand un-

Soilless farming needs no

Enhances resilience and Sustainably increas-

predictable climate

fear of the impact of drought,

es productivity and income

erosion, flooding and related
climatic issues
Efficient use of water

It allows recycling of water and

Enhances resilience and sustainable man-

it uses ten times less water

agement of water

than soil based farming
Source: Field survey, 2019
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Conclusion and Recommendations
It can be concluded that youth perception about agriculture are not totally negative but they are rather beclouded by the
unprofitability, low productivity, unpredictable climate e.t.c. farmers bear that render them perpetually poor people and
thus stigmatizing agriculture as a low status profession meant for those that cannot secure good job. Soilless farming however, will help youth to increase their yield and productivity in multiple folds per land size, ensure food security, sustainable
employment and increase their income for sustainable livelihood in a neutral carbon way without further environmental
degradation and global warming. This will attracts more youth into the agricultural sector without any sense of being compelled nor being inferior.
It will however take a collaborative effort of the Government and relevant Stakeholders to create an enabling environment
for this to be a reality by:
•

Creating awareness and advocating for soilless farming among youths;

•

Ensuring stable power supply so business can thrive;

•

Training and building capacities of youths in innovative technologically driven agriculture like soilless farming;

•

Creating more funding opportunities for loans, grants, equity, e.t.c. especially for startups;

•

Design and implement agricultural friendly policies.
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Introduction
Cooperatives play an important role in high standard agricultural production and commercialization (Giagnocavo et al.,
2017). They have an enormous number of farmer members in most developing countries. In Uganda, around 80% of the
populations’ livelihood is directly reliant on the agricultural sector yet it is the most vulnerable to current changes in ecosystem services and climate change. Ecosystem services include the support of biodiversity, soil quality, water use and land
conservation to support food production (FAO, 2019).
Under the current circumstances of climate change, agricultural cooperatives must remain competitive and sustainable
(Sumelius et al., 2014). The effects of climate change are related to the emission of greenhouse gases in form of Carbon dioxide (CO2), Nitrous Oxide (N2O) and Methane (CH4) (Burney et al., 2010) released by the Agriculture, Forestry and Other
Land Use (AFOLU) sector in which most of them operate to which the agricultural sector contributes 24% worldwide. These
emissions are mostly a result of farming operations such as; decomposing crop residues, the production and use of inorganic
fertilizers, land tillage, spraying pesticides, planting and harvesting crops (Liu et al., 2016) and contribute to around 24% of
the worldwide GHG emissions (Foley et al., 2020) making sector the second largest emitter.
On the one hand, as agriculture is a net producer of GHGs, on the other hand the sector may also contribute to GHG emmision reductions by sequestering Carbon through a process called C sequestration (Kragt et al., 2012. The adoption of
so-called Carbon Farming Practices provide opportunities for carbon sequestration.
Nevertheless, even where such practices are implemented, there are failures because such practices have not been adopted
widely and in cases where they have been adopted, they have not been implemented properly (Motavalli et al., 2013). This
calls for the need to review current CFPs and how credit schemes can support the cooperatives in decarbonising their value
chains and business models for them to compete more sustainably. A dilemma as to why there is no CFP related project
registered to scale in Uganda after the Kenya Agricultural Carbon Project. This triggered a need for knowledge as regards
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what CFPs by small holder farmers in cooperatives in Uganda can be compensated for under CCSs and what the economic
effects are in terms of yield, inputs, profitability and what the ecological effects are in terms of ecosystem services while
contrasting their economic and ecological trade-offs. More to this is the knowledge gap of the applicability of the various
carbon credit schemes, standards and methodologies, entry requirements for cooperatives and risks involved.
This practice brief provides an insight in what these CFPs are, their economic and ecological effects, trade-offs while highlighting CFP agricultural related and specific Carbon credit schemes (CCSs), standards methodologies, entry requirements
and risks involved.
Key words: Carbon, Farming, Uganda, agriculture, opportunities

Methods
The study was carried out amongst crop cooperatives in Uganda. A sample of 28 cooperatives was purposively selected
from 19 out of 194 districts, in all the four regions of the country. 15 key informant online interviews were conducted
through snowball.
The study was entirely carried out remotely due the COVID-19 global travel and social distancing restrictions. The main
data collection methods used were desk study, online survey with cooperative representatives and online interviews with
key informants. The identified CFPs were grouped according to OFPs, CoFPs, IFPs and CCPs. These were used in the online
survey filled by cooperative representatives to discover which and how many practices and combinations are practiced.
The economic and ecological effects were also adopted from literature and used to guide responses during the survey for
ease of analysis. Four economic variables (yield, input use, income and profit) and six ecosystem service variables (carbon
sequestration, soil quality, water holding capacity, pollination, biodiversity, pest and disease control) were the target of this
research.
Carbon credit schemes were categorised into compliance and voluntary and analysed according to CFP relevance and
suitability. CFP relevant methodologies, requirement and risks were selected from websites and key informant interviews.
The findings were then benchmarked with literature and incorporated in the categorised phases as shown in the figure 1.

Figure 1: Conceptual framework
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Results
Organic Farming Practices
Among the OFPs examined in the study; (compost application, manure application and biochar), the results show This study
has discovered that compost is the most applied OFP (54%) (fig 2) while manure and compost combination is largely applied
as well (32%) of the respondents amongst cooperatives.
Ecologically, improved soil quality in terms of fertility was the most reported effect of these OFPs among the ecosystem
services reported. Other reported effects were improved water holding capacity, enhanced microbial activity by natural
organisms, enhanced pest, disease and weed control However, biodiversity, pollination services and carbon sequestration
were not mentioned by any respondent in this category of CFPs. On the economic side, improved yield was the most reported effect of OFPs reported by respondents’ farmers followed by increased profitability as a result of improved incomes
and reduced use of other inputs.

Figure 2: Organic Farming Practices
Conservation Farming Practices
Amongst the CoFPs examined in the study; (no / reduced
tillage, crops residues, crop rotations and cover crops, majority
of the respondents were at least applying two CoFPs while the
minority practice only one CoFP. While the most implemented
CoFP was crop rotation, majority of the respondents (32%)
were using all the CoFPS combined (fig 3). Submissions from
six key informants also revealed that CoFPs were applied in
combinations and no single interviewee mentioned only one
CoFP.

Ecologically, improved soil quality was the most reported effect
of CoFPs among the ecosystem services followed by improved
Figure 3: Conservation Farming Practices

water holding capacity and better pest, disease and weed control. Under this category of CFPs, biodiversity, pollination services and carbon sequestration services were not mentioned
by any respondent. Economically, improved yield improvement
was the highest reported effect of CoFPs followed by reduced
usage of other inputs while profitability and improved incomes
were the least mentioned effects of the application of CoFPs
respectively. This is the only CFP category in which low yield
was reported. Hence ecological effects outweighed economic
effects while economic trade-offs outweighed ecological tradeoffs
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Integrated Farming Practices
IFPs are a common farming system amongst most of the respondents. Intercropping was the most reported IFP (50%)
while agroforestry was the least reported IFP (fig 4). Interviewees 1, 12 and 13 also mentioned mixed farming systems as
common IFPs studied under this CFP dimension. Improved soil
quality was the most reported ecosystem service followed by
enhanced water hold capacity and better pests, weeds, disease
control in relation to the ecological effects of IFPs assessed.

Figure 4: Integrated Farming Practices

Other ecosystem services such carbon sequestration, pollination services, and biodiversity were still not mentioned by any
respondent. Economically, improved yield as a result of diversification under IFPs recorded the highest number of respondents while reduced inputs due to interdependence of the farming system activities were mentioned second, followed by
improved incomes and increased profitability was the least mentioned.

Cross cutting Practices
As a way of improving soil fertility, 46.4% of the respondents reported that they use both organic and inorganic fertilisers
while 53.6% of the respondents reported that they mostly use chemical methods for pest control, 60.7% of the respondents
reported that the use hand weeding, 78.6% of the respondents reported that they only on rainfall for their crops.

Carbon Credit Schemes
In the survey, majority of the respondents showed awareness of the term carbon credits and were however interested in
participating in CCSs. The highest motivation for the respondents who expressed willingness to participate in CCS was
mainly because of the ecological effects associated with CFPs followed by their economic effects while others were interested in more knowledge and support.
Among the CCS dimensions investigated in this study such as; compliance and voluntary schemes, findings from most key
informants suggest that the voluntary schemes are the most compatible schemes with carbon farming. Interviewee 9 is
quoted to have said;
“ Voluntary markets are the main markets where you can develop credits that originate from agricultural projects, there are
no compliance markets in the world that would accept carbon farming credit units from East Africa, except the voluntary
market; The voluntary markets have some flexibility in the rules about where the units come from”.

Standards and Methodologies
The Verified Carbon Standard (VCS) (now Verra) and Gold Standard are the most used voluntary standards (Interviewee,
2). Interviewee 6 also noted that, “Verra, Gold Standard and American Carbon Registry (ACR) standards focus on changes
in soil carbon stocks and are agricultural related”. The only mentioned carbon farming related methodologies were SALM
(Interviewee 14) and IALM (Interviewee 4) under Verra while the Gold Standard low tillage methodology was mentioned by
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Interviewee 11 However, Interviewee 14 expounded that in some projects a blend of methodologies is possible for different activities which may not be accounted for in a given methodology. “Methodologies are also developed by third parties
and reviewed by us and are made available for adoption” (Interviewee, 4).

Entry Requirements
Findings from most key informants revealed that participation of cooperatives in CCS requires projects development. These
requirements were arranged into four major themes which include the pre project development phase, the development
validation and registration phase, the monitoring reporting and verification phase
and the carbon credit issuance phase.
The pre development phase requires a project idea (interviewee 5), area of interest (interviewee 6) and stakeholder mapping
such as local beneficiaries with motivation and some knowledge (interviewees 1 & 14) but also with international quality
certifications such as Fairtrade, with accountable group governance structures (Interviewee, 2) and local leadership support
(Interviewees 8, 11 & 14). Government agencies are critical at this since they have set own emission reduction targets but
are often stuck at implementation (Interviewee, 1) The role of leadership was emphasized mostly by interviewee 8 who said,
“I'm the president of the branch of the farmers’ union, that's how I go to the information and I spread the information to all
our members”
Another striking submission about stakeholders under this phase was fronted by interviewee 7 who suggested in setting
as a way of decarbonising crop value chains through tracking of products and actors from African producers to the global
retailers and consumers in a bottom – up approach. Interviewee 1 & 2 suggested network and partnerships formation that
bring together corporations both national and transnational interested in offsetting or in setting. At this stage, actors and
companies in these value chains with emission reduction goals and SDG orientation can be contacted as potential investors
and/or buyers buy discovering their needs and Memoranda of Understandings (MOU) (Interviewee, 1 & 10). This phase also
requires a short- or medium-term pilot to validate studies CFP interventions identified from scientific literature (Interviewee,
1) under any different agroecological zones from success projects and study areas (Interviewee, 14). Project developers are
required during this phase and might be used as either consultants for development, validation and registration or as project
partners involved in all phases of the project lifecycle (interviewee 5).
The development, validation and registration phase requires secured funds which sometimes range between 25,000 and
50,000 Euros (Interviewee 2 & 3) depending on the project developer contracted. A sample cost break down for a specific
developer is annex 2. This phase also requires studies such as a baseline study (Interviewee 2 & 11), cost benefit assessment
(Interviewee 4), carbon stocks assessment (Interviewee 6), technical and financial feasibility (Interviewee 3) and at least 3
SDGs impact assessment (Interviewee 4) or socio-economic assessment (Interviewee 6). In addition, this phase requires
standard and methodology adoption (Interviewee 1, 2, 3 & 6), carbon credit volume estimations, quantification mechanisms
and price negotiations with buyers (Interviewee 4 & 11). Project documentation (Interviewee 1, 2, 3, & 5), validation (Interviewee 5, 6 & 11), registration (Interviewee 2, 5 & 11) and transfer of carbon rights (Interviewee 11) to communities are
the last requirements for this phase.
The project management and implementation phase requires engagement of project stakeholders and formation of a council of representatives (investors, the farmers, intermediary organization) (Interviewee 3). This phase also requires working
with local supporters under a well project administration processes (Interviewee, 2) recruiting, contracting, training farmers
in project intervention activities (Interviewee, 14). This is the longest phase of the entire project hence requires deep motivation for the farmers (interviewee, 1)
The monitoring, verification and reporting phase requires proper monitoring (Interviewee 2, 5, 6 & 11), verification (Interviewee 5) by third parties DoE’s or VVBs (Interviewee, 2) and periodical reporting (Interviewee 1 & 11). This phase
determines whether credits were really generated according to adopted standard and methodologies before issuance.
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Interviewee 4 asserted that,
“Part of each methodology is a verification component carried out by third party auditors called Validation Verification Bodies (VVBs) the project developer contracts the VVB to do the audit or to demonstrate that the project is following the rules
and equations formula applied correctly, who conduct field visits, collect samples and conduct interviews”
DOE / VVB or auditor selection at this phase depends on either the standard adopted and/or the size of the project (Interviewee, 11). This phase also preparing and orienting beneficiaries for data collection and self-monitoring (Interviewee 2 &
14) by provision of forms and cellular devices for data upload (Interviewee 14) while maintaining field monitoring by both
project and government extensionists (Interviewee 14).
The carbon credit issuance phase involves the credit issuance by the respective standards (Interviewee 5), entered into a
registry account with a unique serial number, date, country (Interviewee 3 & 11), commercialised through brokerage or retail
after which they retired and claimed (Interviewee 3 & 11). At this stage, buyers are interested in the origin of the credits
generated with people component and nice stories (Interviewee 2 & 9) although some buyers are just interested in buying
credits not the cost of producing them (Interviewee, 5).

Risks
Findings revealed that the various risks along the different phases of project development presented in the previous section
as shown in table 1.
Table 1: Summary of risks

Phase

Risks
Uncertain fate of international compliance schemes bound by treaties like the Kyoto protocols CDM and the Paris agreement
Short term money requirements of farmers

Pre-Project Development (PPD)

Uncertainty of revenue generation and institutional risk
Entrepreneurial risk, behavioural change, financial risk
Land tenure rights
Other faming systems emission factors

Development, Validation and Registration (DVR)

Project Management and Implementation (PMI)

Additionalities and restraining certain community rights
Credits production risk and natural calamities
Annual investment risk
Labor and time intensity

Monitoring and Reporting and Verification (MRV)

Long term and costly verification
No credit issuance and certification

Carbon Credit Issuance (CCI)

Uncertain prices
Fluctuating demand of buyers in voluntary markets
Changes in the CCS like CDM
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Practice Scenario 1
Carbon Farming Practices
OFPs are suitable amendments for enhanced carbon sequestration, soil fertility improvement and water retention but
with significant yield and GHG emissions trade-offs. Safeguards should be undertaken to ensure quality and minimise
such trade-offs such as proper ammendment mixtures and management through use of documented manuals. More so,
the sources and sustainability of such organic ammendments should be studied across cooperatives before scaling. Sources and allocation of plant residues and for compost and biocaher as well as manure should be fully established through
reliable baselines. With regards to CoFPs, attention to specific crops to be used is of great significance due to the nitrogen and nutrient fixation and depletion roles amongst inappropriate crops. While most IFPs are not so common amongst
cooperatives, the time and management complexities involved requires immense farmer preparation. As regards cross
cutting practices such as irrigation, nutrients, pest, disease and weed management require proper attention before implementation across various farming systems because these are the ultimate determinants of sustainable farming systems.
More so, as increased ecological benefits under carbon farming requires a combination of OFPs, CoFPs and IFPs although,
this also requires increased economic investment which is not readily available for small holder farmers in cooperatives
whose core focus is to earn a livelihood.
Step 1
Baselines for specific agroecological and carbon stocks assessment to establish business as usual ex ante data about
CFP implementation by individual farmers as regards current sources, supply quantities, management and application of
compost, manure and biochar organic farming practices. This should be done to also establish nature of crops under intercropping, cover-cropping and rotational cropping for beneficial crop residue management and minimised tillage in cases of
conservation farming promotion. The assessment should also assess the frequency of livestock and trees on farmland and
land share per entity for integrated farming promotion. An in-depth assessment of access to water, nutrient, pest, disease
and weed management should also be part for a clear insight of the entire farming system among farmers in cooperatives.

Step 2:
Pilots should be established upon baseline studies to promote selected CFP combinations in prospected cooperative districts of implementation. These could have a small number of farmers to initiate while ensuring proper farm records and
CFP implementation monitoring is done periodically. During this stage, cooperative extension and leadership should be
groomed to re-orient their strategies while spreading awareness for behavioural change amongst farmer members.

Practice Scenario 2
Carbon Credit Schemes
In order to link cooperatives to carbon credit schemes through CFPs, farmers in cooperatives requires immense financial and technical capacities and procedures involved hence need for well equiped intermediaries. Verra and the Gold
standard are the Voluntary CCSs with CFP relevant methodologies. Since there are no CFP comprehensive applicable
methodologies, specific CFP interventions ought to either use current or blended methodologies with Verra or the Gold
Standard or develop new customised methodologies. Consequently, in-country government orientation, Uganda national
compliance schemes and strategies present opportunities for CFPs adoption to achieve their NAMAs and NDC emission
reduction targets through Uganda Green Growth Strategy 2017/18 – 2030/31.
Whereas entry requirements for cooperatives mainly rely on technical and financial capabilities, pre-project development
is the most important phase with necessities to prepare potential farmer perceptions and attitudes amongst cooperatives
for a more long term ecological behavioural change. The need of an intermediaries amongst the community of practise
becomes inevitable at this point. However, such intermediaries may not be able to link cooperative to such schemes singled handedly. Overall, the promotion of carbon farming in cooperatives across smallholder farming system settings, with
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behavioural awareness, ground tangible outcomes through pilots, stakeholder and policy support and financial incentive
are key in this effort. In terms of having a fairly balanced carbon farming system, Agriterra ought to take other farming
system emission factors in consideration in the farmer household. The gender lens should also be applied as a way of
mainstreaming how labor is divided since most CFPs are labor intensive and women are the dominant farm workers in
the most developing countries. Farmers in cooperatives should participate largely for on farm economic and ecological
benefits. As such carbon credit revenues whether generated or not should supplement already existing own farmer and
cooperative initiatives without external intervention.
Step 3
Partnerships with the community of practice in similar interventions locally and globally is key. These may include; government and local Non-Government Organizations as well as private agribusinesses involved in specific cooperative value
chains are necessary. Intermediaries may also align themselves with carbon offsetting organizations such as the International Emission Trading which is a hub of carbon offsettors and other national carbon coalitions while maintaining its
cooperative and agricultural niche in production of agricultural carbon credits.
Step 4
Financial instruments to build upon the previous steps should be sought from transnational corporations with or without
emission reduction targets involved in value chains from Uganda present better through in setting. On the other hand
in-country national corporate social responsibility programs could be re-oriented under the influence of intermediaries
while also providing opportunities for offsetting corporate programs.
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Abstract
Agriculture is the mainstay of Zimbabwe’s economy. However, negative effects of climate change and variability are reducing agricultural productivity. Thus, there is an urgent need to implement climate smart agriculture (CSA) principles. This paper evaluates how the country’s Pfumvudza model has contributed to enhancing household food security. The study relied
heavily on available literature (print and electronic media) and informal discussions with stakeholders. Preliminary findings
show that the model, though implemented countrywide has yielded varying degrees of success.
Key words: Pfumvudza, food security, technologies,

Introduction
Agriculture underpins the country’s economic growth, food security and poverty reduction with approximately 70% of the
population depending directly or indirectly on agriculture as a livelihood. The agricultural sector contributes an average of
11.3% to annual GDP and 16% of the country’s export earnings. Yet, recurrent droughts and the impact of climate change
through temperature increases and reduced rainfall are already negatively affecting the country’s agricultural sector particularly due the high reliance on rainfed crop production. The agriculture sector has been besieged with a number of issues
ranging from poor productivity due to poor access to inputs, technologies, predominance of poorly resources smallholder
farmers in the sector, uncoordinated value chain systems and non-supportive policy environment. Climate change through
rising temperatures, prolonged dry seasons and reduction in cropping season have severe negative direct and indirect effects on agricultural productivity, food, and nutrition security. To address the negative effects, FAO is promoting the adoption of basic climate smart agriculture (CSA) principles of increasing agricultural productivity, climate change adaptation,
and mitigation.
In securing national and household food security the Zimbabwean government embarked on a nationwide climate proofing
model known as Pfumvudza. Pfumvudza is a local Shona language which refers to the blossoming of fresh leaves during the
Zimbabwean spring season signalling the arrival of the new season. The components of the Pfumvudza include minimum
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soil disturbance, with farmers only digging planting basins and leaving the rest of the land untilled, maintaining permanent
soil cover through use of mulch. Dead mulch in the form of crop residues, grass, leaf litter, other organic matter and live
mulch/cover crops intercropped with the main crop can be used, and observance of crop rotation. When these practices
done on time, at standard, without wastage, to the expected precision and with joy, household food security is enhanced.

Pfumvudza Model
Pfumvudza is a low input sustainable agriculture, which is characterized by intensive maize (a staple crop in Zimbabwe)
crop production with less inputs on a small piece of land measuring 39m by 16m, which represents 1/16th of a hectare or
624m2. It is designed to meet cereal needs for an average household of six members over one year. In plot, there are 52
planting rows each with 28 planting stations holding 2 maize plants after thinning at germination. Length of each is 16m,
inter-row spacing is 75 cm and intra-row spacing of planting stations is 60cm. The dimensions of each planting are 15 cm
deep, 15 cm wide and 15 cm long.
In each row, 56 maize cobs are obtained from 56 maize plants. Thus. each row will yield one bucket or 20 liters of shelled
maize grain. Ideally, each 20-litre bucket of grain can provide mealie-meal to feed a family of six for one week. This means
52 buckets from 52 rows will feed that family for 52 weeks or one year. The plot if well managed, should give approximately
1 ton translating to a yield of 15 tons/ha. The typical Pfumvudza input pack consists of 2kg maize seed, 12kg lime, 16kg
basal fertilizer and 16kg top dressing fertilizer.
Findings in the country show that farmers who followed the recommended Pfumvudza practices of full mulch cover, recommended fertilizer application levels, timely crop planting, pest and disease management, recommended crop spacing leading
to optimal plant populations achieved 700% more than yields from conventional farming using ox-drawn ploughs (Table 1).

Table 1. Comparison of maize crop yields obtained from different farming practices

Farming practice

Yields (t/ha)

Conventional

1

Varying degrees of Pfumvudza

6.1

Recommended Pfumvudza adherence

7.8

The performance of Pfumvudza points to huge potential to turn around the food and nutrition security status of rural
households and indeed the whole country. Nevertheless, the Pfumudza is an ideal solution to climate change and poverty among peasant farmers. The concept is rather mechanistic and lacks practical relevance. The use of artificial fertilizers
defeats the whole agro-ecological principle as enshrined in CSA. The model assumes that the crops will reach maturity
and harvest without losses due to pests. diseases. and weather. The assumptions are too simplistic because a significant
proportion of maize crop is also consumed as green mealies thus, reducing harvests. It is also important to note that maize
varieties have different yields per plant. Furthermore, because of high levels of poverty. most peasants rarely afford the
costs of inputs and are at liberty to plant 3 seeds in each station with the hope of thinning after germination. Therefore, the
Pfumvudza model can be considered as being too theoretical with lots of unrealistic assumptions.
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Abstract
Burning of rice husk contributes to increase in greenhouse emission and global climate. Efforts should be geared towards
finding a climate smart way of handling rice husk to avert this situation. This research was therefore, conducted to determine the effect of bio-fermentation and NaOH treatments on rice husk, and the consequence of such treated rice husk on
the performance of finisher broilers. 210 broilers of 28 days old were randomly assigned to seven treatment diets which was
formulated in a way that the treated rice husk types were included at 5%, 10% and 15% respectively while the control had
no rice husk. The broilers were fed for 28 days. The result of the proximate composition of the treated rice husks showed
that the treatments caused a reduction in crude protein and crude fiber. The performance of the broilers showed that the
final weight and the daily weight gain of the broilers in all the treatment groups were similar (P > 0.05) with the control, while
feed intake was significantly lower for the broilers in the control group. The study concluded that rice husk can be enhanced
using bio-fermentation or NaOH treatments. Treated rice husk can be utilized as feed ingredient in broiler production, instead of the present situation of disposing them by burning
Key words: Bio-fermentation, Diet, Finisher broilers, NaOH treatment, Rice husk

Introduction
Traditional agricultural practices in Africa involve the adoption of burning in disposing agricultural waste products. This
method has been reported to have a negative impact on global climate [1]. It is estimated that about 998 million tonnes of
agricultural waste is produced yearly in Africa [2]. Combustion accounts for more than 95% of the processes that are used
for converting these agricultural waste [3]. The European Union’s Scientific Advice Mechanism estimated that the food system as a whole contributed 37% of total greenhouse gas emissions of which sub-Saharan Africa as the region accounts for
around 70% [4]. This figure is projected to increase by 30 – 40% by 2050 due to population growth and dietary change [5].
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Rice is one of the agricultural produce whose production has increased tremendously in recent time. It is projected that the
Global rice production will grow by 65 Mt to reach 578 Mt in 2028 [6] and for every 1000 kilograms of paddy milled, about
230 kilograms (23%) of husk is produced [7, 8]. Presently, heaps of rice husk have continued to rise in most milling locations
and burning is mostly the option used in disposing these heaps [9]. Hence, rice production is contributing immensely to the
present level of greenhouse gas emission.
To avert the negative impact of burning on the global climate, a concerted effort is necessary in the discovery of a climate
smart way of handling this increasingly generating agricultural waste. Rice husk has long been identified as a feedstuff [10,
11] but due to its high silica, high fibre and abrasive nature, its degradation by animal it is fed with, is difficult thereby limiting
its utilization as feed ingredient for animals. Different treatment methods abound which has the tendency of degrading high
fibre and abrasive materials thereby reducing its fibre and improving its feeding quality. Methods such as soaking, acid and
alkaline hydrolyses, ensiling, fermentation, use of enzymes and antibiotics have been suggested to have the tendency of
reducing the limiting factors in rice husk utilization [12, 13]. These processes can produce several value-added products to
agricultural wastes and by- products.
The present research therefore, sort to discover the effect of bio-fermentation and NaOH treatments on rice husk, and the
effect of dietary inclusion of the rice husks so treated, on the performance of finisher broilers.

Materials and Methods
Study Area
The research was conducted at the Teaching and Research Farm, Department of Agricultural Technology, Akanu Ibiam Federal Polytechnic Unwana, Afikpo, Ebonyi State. Unwana is in the tropical rain forest zone of Nigeria.
Collection of the Rice Husk
The rice husk used for the research was obtained from Eke Market Rice Mill Dumpsite in Afikpo, Ebonyi State, Nigeria.
Nature and Sieve Analysis of the Rice Husk Used for the Research
The rice husk used for the research comprises variable sizes of particles of rice husk. The sieve analysis of 100 gm of the
rice husk done using a British standard meshes of 500 µ, 425 µ, 250 µ, 180 µ, pan and a sensitive digital scale is as follows:
500 µ = 69.2%; 425 µ = 9.02%; 250 µ = 8.11%; 180 µ 6.48%; Less than 180 µ 7.17%.
Treatment of the Rice Husk
Biofermentation of rice husk was carried out according to the procedure described by [14]. A mixture of rice husk, water
and Blackstrap molasses syrup was made in the ratio of 60 Kg to 60 liters to 3 liters respectively and was compressed into
150 liters capacity plastic container. The mixture was compressed manually as it was poured in, till the container was about
¾ filled. To ensure anerobic condition, the container was carefully covered with thick nylon covering. Sand was poured on
top to the rest of the space and another nylon spread across to cross the rilm of the container before covering with its lid.
The fermentation lasted for twenty one days after which the container was opened. The layer of sand was gently removed
and the husk was poured out into a clean slab and sun dried till to about 12% moisture content.
The degradation of rice husk using NaOH was carried out adopting the method of [15]. A solution of NaOH was formed
at 4% w/v solution of 97% sodium hydroxide (NaOH). 60Kg of the rice husk was soaked in 180 litres of the solution in a
container with lid. The mixtures was stirred properly to allow for eveness, covered with the lid of the container and left for
24 hours under room temperature. After the treatment, the rice husk was rinsed thoroghly in water to remove unreacted
NaOH before drying under the sun until it was well dried.
Sample of each of the treated rice husk (Biofermented and 4%NaOH) were analyzed for proximate composition as described by [16] and then used as part of the ingredients for the formulation of the diets.
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Experimental Diets
A total of 7 experimental diets were formulated for the research. T1 which was the control, contained no rice husk. For
treatments T2A, T2B and T2C, bio-fermented rice husk was included in the diet at 5%, 10% and 15% respectively while in
treatments T3A, T3B and T3C, NaOH treated rice husk was included in the diet at 5%, 10% and 15% respectively on weight
to weight basis. The ingredient composition of the experimental diets is presented in table 1.

Table 1. Ingredient Composition of the Experimental Diets
Ingredients

Dietary levels (%)
T1

Bio-fermented T2

NaOH Treated (T3)

Control

T2A(5)

T2B(10)

T2C(15)

T3A(5)

T3B(10)

T3C(15)

Maize (9%CP)

55.00

55.00

55.00

55.00

55.00

55.00

55.00

Soya bean meal (44%)

5.00

5.00

5.00

5.00

5.00

5.00

5.00

Groundnut cake (45%CP)

13.00

13.00

13.00

13.00

13.00

13.00

13.00

Bio-fermented Rice husk (4.22% CP)

0.00

5.00

10.00

15.00

0.00

0.00

0.00

NaOH Treated Rice husk (2.82%CP)

0.00

0.00

0.00

0.00

5.00

10.00

15.00

Brewer’s Dried Grain (27%CP)

15.00

10.00

5.00

0.00

10.00

5.00

0.00

Fish meal (63%CP

3.00

3.00

3.00

3.00

3.00

3.00

3.00

Blood meal (77%CP

3.00

3.00

3.00

3.00

3.00

3.00

3.00

Bone meal

5.00

5.00

5.00

5.00

5.00

5.00

5.00

**Premix

0.25

0.25

0.25

0.25

0.25

0.25

0.25

Lysine

0.25

0.25

0.25

0.25

0.25

0.25

0.25

Methionine

0.25

0.25

0.25

0.25

0.25

0.25

0.25

Common salt

0.25

0.25

0.25

0.25

0.25

0.25

0.25

Total

100.00

100.00

100.00

100.00

100.00

100.00

100.00

Calculated nutrient composition of the diets (% Dry matter)
Crude protein

21.56

20.11

18.97

17.83

20.05

18.95

17.73

Crude fibre

4.16

5.28

5.44

6.72

8.00

3.45

3.09

Crude fat

4.82

4.71

4.48

4.26

4.48

4.15

3.81

*Metabolizable energy (Kcal/kg)

2945.00

2918.66

2842.41

2812.46

2942.59

2940.81

2939.09

Note. CP = Crude protein, ** To provide the following per kilogram of feed; vit A 10,000IU; vit. D3 1,500 IU; vit. E 2 mg; riboflavin 3 mg; pantothenic acid 10 mg; nicotinic acid, 2.5 mg; choline 3.5 mg; folic acid 1mg; magnesium 56 mg; lysine 1mg; iron 20
mg; zinc 50 mg; cobalt 1.25 mg. *The metabolizable energy of the test ingredient was calculated using prediction equation as
reported by Pauzenga, 1985 with the formula M.E = 37 X %CP + 81.8 X %EE + 35.5 X%NFE

Experimental Birds and Design
A total of 210 Marshal breed of broilers of 28 days of age and of an average weight of 746.79gms were used for the experiment. The broilers were randomly assigned to 7 treatment groups in a Completely Randomized Design (CRD). Each treatment group was replicated 3times to obtain a total of 21 groups of 10 broiler each. The broilers were randomly assigned to
the experimental diets and raised in an experimental units of 1m by 1m each under deep liter system of management. Feed
and water were given ad-libitum and proper routine management practices and medications adopted strictly in accordance
with approved established ethical standard. The feeding trial lasted for 28 days.
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Data collection
The broilers were weighed at the beginning and end of the experiment to obtain their weight gain. Feed intake was determined by subtracting the weight of the leftover feed from the weight of feed offered after 24 hours. Feed conversion ratio
was obtained by dividing the daily feed intake with daily weight gain while mortality was monitored during the course of
the research.
Data Analysis
The data obtained from this research, were subjected to statistical analysis using one-way analysis of variance procedure at
(P < 0.05) level of Significance and computed with GenStat analytical software.
Results
Proximate composition
The results of the proximate composition of un-treated rice husk, bio-fermented rice husk and NaOH treated rice husk is
presented in table 2. The result showed that untreated rice husk contained 5.24% crude protein while the bio-fermented
and the NaOH treated rice husk contained 4.22% and 2.82% crude protein respectively. The crude fiber contents were
59.20%, 37.34% and 4.60% for untreated, bio-fermented and NaOH treated respectively. Also, the ether extract was 3.40%
for the untreated rice husk while the values for bio-fermented and NaOH treated were 2.90% and 0.65% respectively.

Table 2. Proximate composition of Untreated, Bio-fermented and NaOH Treated Rice Husk (%DM)
Parameters

Untreated

Bio-fermented

NaOH

SEM

Dry Matter Content

89.03

90.00

86.83

0.16

Crude Protein

5.24

4.22

2.82

2.43

Crude fiber

59.20

37.34

4.60

0.32

Ether Extract

3.40

2.90

0.65

1.04

Ash

16.35

17.68

3.30

0.82

Nitrogen Free Extract

5.74

27.86

75.46

0.18

Source: field report

Performance
The performance of the broilers fed diets containing different inclusion levels of bio-fermented and NaOH treated rice husk
meal is presented in Table 3. The result showed that there was no significant difference (P < 0.05) between the broilers on
the treatment diets and the control for final weight and weight gain whereas there was a significant result in feed intake
which cumulated to a difference in feed conversion ratio. The feed intake of broilers in the control group was similar (P >
0.05) with broilers in T2A and T2B but significantly lower than the feed intake of broilers in T2C, T3A, T3B and T3C groups.
No mortality was recorded from all the treatment groups.
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Table 3: Performance of Finisher Broilers Fed Different Levels of Treated Rice Husk Meal
Parameters

Dietary levels (%)

SEM

T1

Bio-fermented T2

NaOH Treated (T3)

control

T2A(5)

T2B(10)

T2C(15)

T3A(5)

T3B(10)

T3C(15)

AIW(g)

759.52

729.56

738.97

728.57

776.19

775.95

764.29

4.70

AFW(g)

2468.75

2459.47

2416.67

2441.67

2498.17

2441.67

2499.67

28.32

AWG(g)

1709.23

1729.91

1678.57

1713.10

1721.98

1665.72

1735.38

14.39

ADWG(g)

63.30

61.78

62.18

63.45

61.49

64.06

61.97

1.33

F. Intake(g)

128.34b

136.01b

134.93b

144.21a

138.78a

140.15a

142.92a

4.44

FCR(f/WG)

2.03b

2.22b

2.17b

2.27a

2.26a

2.19b

2.30a

0.09

Mortality (no)

0

0

0

0

0

0

0

SEM = Standard Error Mean of mean of three (n=3) replicates, ALW =Average Initial body weight, AFW = Average
Final body weight, AWG = Average Body Weight gain, ADWG = Average Daily Body weight gain, F. Intake =Average Daily Feed intake, FCR= Feed Conversion Ratio, Figures without subscript are not significant at P < 0.05 while
figures (Means) with different superscript within row differ significantly at P < 0.05.
Discussion
The crude protein and crude fiber levels of the rice husk reduced significantly as a result of the treatments. The result obtained from the present research for the NaOH treatment conformed with the report of [15] while that of bio-fermentation
comform with the result of [14]. The bio-fermentation treatment of rice husk in the present research did not improve the
crude protein content contrary to the expectation that addition of molasses which contain up to 44 g CP/kg DM [17] will
rather improve the crude protein of the rice husk. A similar result was reported in the work of [18]. However, both the
biofermentation and NaOH treatments were able to reduce the crude fiber level though the reduction was more in NaOH
treatment. The present treatment processes could have aided in the breakdown of the crude fibre resulting in the reduction
of crude fiber of the rice husk. The result is an indication that the inclusion of such treated rice husks in diet, will not cause
an excessive increase in the crude fibre of the diets.
The non-significant result in the weight gain of the broilers obtain in the present research showed that the birds tolerated
the rice husk treated by both bio-fermentation and NaOH well. Though rice husk has been reported not to be ideal for inclusion in monogastric animal nutrition due to its problem of low nutrients digestibility, high silica/ash content and abrasive
characteristics [19] but the present result showed that the treatments applied to the rice husk could have broken down
some substances in it, thereby rendering the treated rice husk suitable to fit into monogastric animal nutrition. The finding
conforms with the work of [14] and [15]. The no mortality recorded in the course of the research is an indication that both
bio-fermentation and NaOH treatments methods applied to the rice husk did not introduced a lethal substance and further
confirms the suitability of both treatments for the enhancement of the potentials of rice husk in feeding finisher broilers.
Conclusion and Recommendation
Based on the findings from this research, it could be seen that bio-fermentation and NaOH treatments caused a reduction
in the crude fiber content of rice husk. Though the treatments also caused a reduction in its crude protein content, but the
rice husks so treated were ideal for inclusion in the diet of finisher broilers at up to 15% inclusion level, as the broilers fed
the treatment diets performed at par with the broilers on control group.
It is therefore recommended that, the current practice of burning rice husk which causes a negative impact on global climate
could be averted by subjecting the rice husk to either bio-fermentation or NaOH treatments. The treated rice husk can then
be used as a feed ingredient in finisher broilers diet.
This approach is a climate smart way of handling rice husk to avert the present high level of greenhouse gas emission generated by burning of the increasingly generated rice husk heaps due to the present global increase in rice production.
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Abstract
The negative effects of changes in various climate features are already undermining production of major crops and the situation is expected to worsen if quick and appropriate response from all concerned is not taken. However, this appropriate
response is determined by the collective capacities of diverse actors at various levels to plan and execute specific climate
change related actions that are believed to result into more climate resilient agri-food systems that can ensure attainment
of short-long term development goals. Critical to this pursuit are Agricultural Extension and Advisory Services. The Uganda
Forum for Agricultural Advisory Services (UFAAS) undertook a study within the context of the Agricultural Climate Resilience Initiative (ACREI) in order to generate insights into the capacity needs of AEAS actors in Uganda. A survey was held
in Sembabule and Isingiro Districts, and focus group discussions (FGDs) were held with actors at National and sub-national
actors as well as farmers at the grassroots. Capacities were analyzed at three levels; enabling environment, organizational
and individual levels. The results showed that although guidelines for mainstreaming climate change in agricultural policies
and plans were in place, resilience would still remain out of reach unless various glitches at policy, organizational and individual levels are appropriately addressed. Mainstreaming guidelines needed to be further popularized and adapted to local
contexts and coordination and implementation arrangements needed to be significantly reconfigured in order to allow for
more harmonized, coordinated implementation and synergy needed for rapid scaling of CSA practices. Generally, collaborative capacity would have to be cascaded downwards through AEAS organizations to the grassroots so as to ensure sound
community engagement and scaling of appropriate CSA practices. The average score (2.9) of all respondents interviewed
climate change knowledge and skills fell way below the minimum desirable score of 4 and non-state actors reported more
conducive work environments, while public extension providers often lacked field equipment and demonstration kits as
compared to their non-state counterparts. Lastly, farmers’ ability to adapt to changes was generally challenged by poor
access to resources and complementary services, coupled with weak farmer institutional capacity to mobilize collective
action, as well as ignorance about climate change, its causes and the appropriate responses individually and collectively
among farmers.

175

1. Introduction
The effects of climate change on Uganda’s ecosystems are already severe and widespread and present a formidable threat
to the development path of the country. Coupled with heavy dependence on rain-fed agriculture (MAAIF & MWE, 2017),
extreme changes in climatic attributes such as temperature, precipitation and seasonality are already exerting further pressure on the productivity of major crops like wheat, rice, maize and coffee (Challinor et al., 2014; Asseng et al., 2014; Mwera
et al., 2014; MAAIF & MWE, 2017; Uganda Bureau of Statistics, 2011). As long as agriculture which still employs the bulk
of the population and is a major foreign exchange earner remains highly vulnerable to climate shocks, achievement of the
country’s short and long term development targets remain a daunting task (MAAIF & MWE, 2017). Urgent action is therefore needed so as to allow enough time to build resilience into the country’s agricultural production systems (FAO, 2016).
This paper analyses the capacity of the enabling (policy) environment to foster resilient agricultural extension and advisory
services in Uganda. The analysis is a synthesis of the findings from a study undertaken by the Uganda Forum for Agricultural
Advisory Services (UFAAS) in 2019. The study was done in the context of the Agricultural Climate Resilience Enhancement
Initiative (ACREI) implemented in Sembabule and Isingiro districts through a partnership between WMO, FAO and ICPAC
with funding from the Adaptation Fund. The study aimed to enhance climate knowledge and understanding in extension
practice for increased local level adaptation and resilience for smallholder farming communities.
Mainstreaming key development issues is pertinent to providing an appropriate environment for their redress at national,
sub-national and local levels. From a planning point of view, for instance, national guidelines to provide practical, step-bystep guidance for all agricultural sector stakeholders including the Ministry of Agriculture and its Agencies as well as Local
governments on how to mainstream climate change adaptation and mitigation in their planning and decision-making processes were developed and disseminated.
From literature, efforts/ strategies/ approaches for integrating climate change adaptation considerations into policy-making, budgeting and implementation processes at the national, sector and sub-national levels (UNDP-UNEP, 2011) can be
broadly categorized into national or sector-wide policy and localized/community level approaches. These two approaches
represent a typology of perspectives which have key implications for mainstreaming and effectiveness in terms of achieving
intended climate change action outcomes. The former, more often than not take on a more top-down approach while the
latter, a more bottom-up approach. Bottom-up approaches for integrating climate change in agricultural extension programs
involve specific community-wide interventions given the context of a locality and the climate change project in question,
such as agriculture and water catchment management. Such interventions may include: climate change impact, vulnerability
and risk assessments (Huq et al., 2003; MWE, 2014; Murphy & Kitamirike, 2019); institutional mainstreaming (for instance,
Manual for Trainers: Gender Equality and Gender Mainstreaming, Module 3); Participatory Integrated Climate Services for
Agriculture (PICSA) (Dayamba et al. 2018); and building climate-resilience into value chains (ITC, 2015; Dazé and Dekens,
2016).

PhD Fellow, Agricultural & Rural Innovation (Makerere University)
Climate Change Research Officer, National Agricultural Research Organization (NARO)

1
2

176
Figure 1: Illustration of climate change mainstreaming approaches

The literature generally identifies several critical aspects regarding effective integration /mainstreaming of topical issues
such as climate change in development agendas at national or sector-wide level and at lower levels of society. These, for
instance, include how national and sector-wide goals and policy are actually translated into local actions; whether emphasis is given to both qualitative and quantitative aspects of anticipated outcomes; existence of shared understanding and
appreciation of the issue being integrated or mainstreamed among stakeholders; and coherence of policy frameworks and
good leadership to guide implementation. Top-down planning and implementation of mainstreaming campaigns are often
associated with government negotiations with donor agencies as opposed to domestic and local agencies. While national and sector-wide approaches have standardized methods and tools, ignoring good local context analysis and failing to
stimulate and integrate local ideas must be avoided. In this, fostering institutional change rather than focusing on basic
management effectiveness is necessary. Clearly, the capacity of stakeholders at different levels to take ownership of the
implementation is vital. It is also apparent that civil society and community-level participation in setting and monitoring such
outcomes enhances the framework for accountability of public policy within a given sector (Sibbons et al, 2000). In general,
commitment to mainstreaming climate change at government level was demonstrated by the numerous complementary
policy frameworks (as discussed later), but achievement of tangible results at the grassroots strongly hinges on the existence
of leadership that is committed to implementing policy elements in a coherent and coordinated manner across levels.
The paper submits that whereas formal commitment to objectives relating to mainstreaming climate change in agricultural
extension services seemed adequate on paper, their implementation was still minimal as they moved from the center to
the local level, a phenomenon called ‘policy evaporation’. We therefore argue that the top-down mainstreaming of climate
change in agricultural extension programs and organizations needs to be superimposed with the bottom-up mainstreaming
approach that emphasizes strengthening of grassroots level interventions.

2 TOOLS AND MATERIALS
A systematic desk review of relevant national policy and legal frameworks was conducted in order to get an in-depth understanding of the strengths and weaknesses (bottlenecks) associated with mainstreaming and implementation climate change
related activities in the agricultural sector. In order to follow up specific issues identified from the desk review, Ten (10) key
Informant Interviews (KII) were conducted with officials from various national level organizations including NARO, MUCRRI,
UNMA, CCD, MWE, EEA, and MAAIF. At the Local Government level, two (2) KIIs were held with the District Production
and Marketing Officers (DPMOs) of Sembabule and Isingiro districts. Eight (8) Focus Group Discussions (FGDs) were further
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conducted with selected farmer groups in order to collect farmers’ perspectives on extension capacities for building climate
resilience in communities. Lastly, a survey was conducted with a total of 40 participants (public-20 and non-state extension
workers-20) at district level on aspects of individual and organizational capacity for effective integration and implementation of climate resilient agricultural extension services.

3. RESULTS AND DISCUSSIONS
The capacity of the enabling environment to promote climate resilient extension services effectively was assessed using
three parameters, namely 1) the comprehensiveness of the policy and legal frameworks; 2) the extent of translating policy
into tangible outcomes at scale; and 3) the appropriateness and functionality of coordination arrangements – at the national
level through the NCCP; at departmental (MAAIF) and, lastly, the local government level. Implications for climate resilient
extension services are discussed accordingly.

3.1 Comprehensiveness of the policy and legal frameworks
The enabling environment for integrating climate change adaptation and mitigation in agricultural programs, policies and activities is informed by a host of complementary policies, strategies and guidelines. For instance, the Ministry of Agriculture,
Animal Industry and fisheries (MAAIF) developed guidelines for mainstreaming climate change adaptation and mitigation in
the Agricultural Sector Policies & Plans (MAAIF, 2018). A major justification for the guidelines was the fact that the biophysical and socio-economic impacts of climate change and variability have implications on the entire agricultural sector. Secondly, the mainstreaming of climate change mitigation and adaptation into agricultural sector policies and plans supports wider
ownership of the climate response and allows drawing on a wider pool of financial and human resources for implementation,
and promotes more widespread capacity and institutional building. The key entry points for mainstreaming climate change
into agricultural sector policy and plans include policy formulation and or review; planning; resource allocation and program
implementation. Figure 2 summarizes the thematic areas covered by a number of key government documents relevant to
integration of climate change in extension services and other agricultural development interventions.

Figure 3: Summary of thematic areas covered policy and legal frameworks
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Given the above, and in agreement with the NAP-Ag, Uganda's climate change enabling environment seems comprehensive
and elaborate enough to facilitate development of climate resilient food production systems at national and sub-national
levels. Despite these milestones in establishing the requisite institutional fabric to facilitate climate change adaptation and
mitigation, progress in implementation remains disturbingly low (NDP, 2010; CCU, 2012). Several challenges have been
reported to undermine implementation including overlapping mandates; limited technical capacity; weak institutional coordination mechanisms; low budget allocations; low policy literacy at local level; and paying limited attention to local context
(NAP-Ag). Whereas policy gaps such as lack of a climate change law in Uganda and the need to revise some existing policies
such as the National Forestry Policy (2001) and Wetlands Policy (1995) are alluded to by the NAP-Ag as possible setbacks,
their enactment/review do not guarantee a significant leap in implementation. This is because the NAP-Ag itself notes that
even after the enactment of the National Environment Act and the Land Act 1998, wetlands continued to face immense
pressure from expanding populations and dwindling productive land. This is suggestive of weak enforcement mechanisms
which jeopardizes systemic development of bottom-up climate change resilience pathways.

3.2. The extent of translating policy into tangible outcomes at scale
Whereas policy documents are important for guiding the integration process, in the end it is the actualization of outcomes
that counts. Sibbons et al, 2000, rightly notes that formal commitment to objectives relating to mainstreaming an issue
often tends to be strong at the center but subsequently suffers ‘policy evaporation’ as policy and implementation moved
from the center to the local level. Evidence from the ACREI study suggests that the trickledown effect as a result of the
policy frameworks was still low. This was also in agreement with findings from similar assessments (e.g. Murphy & Kitamirike,
2019) who recommended that scaling- out/up of prioritized activities for soil and water conservation in Ruhezamyenda
catchment in the Southwest of Uganda needed to be accelerated in order to have real impact. A survey on perceptions
of agri-food exporters in Peru and Uganda and their capacity to adapt to climate change also found that initiatives were
quite fragmented, diverse and remained largely confined to pilot level (ITC, 2015). Farmers in the FGDs advised that they
preferred to have adequate technology packages given to fewer people instead of distributing very little among many. A key
informant at DLG level suggested that approaches such as the “parish farmer model” could be key in concentrating climate
smart technologies for demonstration to community as a strategy to promote scaling-out of the technologies at community
level.
According to Mogelgaard et al., (2018), conducive policy frameworks and institutional arrangements, focused leadership,
strong and inclusive coordination mechanisms, appropriate information and tools and supportive financial processes are
indispensible in accelerating the move from mainstreaming commitments and plans to implementation. Grassroots lessons
stress the importance of: creating awareness of results from climate change risk analyses among decision makers and integrating them into existing local plans; the use of various channels and mechanisms for sharing such information among
stakeholders at different levels e.g. management committees at local level; usage of the results as a basis for prioritizing
adaptation actions; and prioritizing a few manageable and affordable adaptation actions that can be achieved over the
short-medium term e.g. three years—rather than trying to do everything. Prioritized adaptation and mitigation actions in
turn play an important role in guiding the resource mobilization strategy for the respective area, providing a spring board for
bottom-up planning and local innovation. A cross-sectoral approach to intervention design is essential for coordinating and
integrating adaptation into on-going projects and programs. Monitoring and evaluation is a critical component to ensure
that the activities deliver adaptation benefits, reflect lessons from the implementation process, and enable domestic and
international adaptation reporting. As such, indicators with baseline information can be developed for priority actions to
enable the monitoring and evaluation of the adaptation outcomes in specific terms based on clear predetermined targets
(Kitamirike (2019). The findings make a strong case for the need to strengthen the bottom-up approach to mainstreaming
climate change in extension programs and activities (i.e. community level interventions) as a necessary but not sufficient
step so as to complement the top-down mainstreaming approach that currently predominates the mainstreaming landscape.
Data from FGDs with farmers and the survey of public and non-public extension workers highlighted several gaps that must
be addressed in a bid to strengthen community level interventions. These included technical and non-technical (soft) skills;
working conditions of extension workers; and comprehensive community services which are briefly discussed as follows.
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Technical and non-technical (soft) skills
Whereas farmers felt that extension workers were not limited in climate change knowledge and skills, the self-assessment
score by extension workers (non-state and public) of their level of knowledge in regard to 14 thematic areas showed otherwise. On a scale of 1 to 5, where 1=Not knowledgeable; 2=somewhat knowledgeable; 3=Not sure; 4=knowledgeable and
5=Very knowledgeable, the average score for both districts was 2.9 which is well below the minimum desirable score of 4.
The highest average scores among the climate knowledge and skill categories were for mobilization (3.3), hazards (3.2), and
adaptation (3.1) whereas the lowest average scores were for analysis (2.4), ICT use (2.6) and monitoring/mitigation (2.8).
Thus, a major task for future climate change interventions still remains, that is, to uplift the knowledge and skill levels and
confidence of extension workers, generally, regarding all the 14-climate change knowledge and skill areas highlighted.

Figure 4: Knowledge and skill levels for non-state and state extension workers
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Working conditions of extension workers
In the FGDs, farmers reasoned that the levels of facilitation of field extension workers especially in terms of information and
demonstration materials, in addition to fuel and airtime were not sufficient enough to bring about tangible community level
impacts. This was re-coed by the survey findings which showed that in both districts, facilitation of extension workers with
field equipment and demonstration kits scored the lowest among actors in public extension organizations, with a score of
2.2 in Sembabule and 2.6 in Isingiro (using a scale of 1 to 5, where 1=Not satisfied; 2=A little satisfied; 3=Not sure; 4=Satisfied and 5=Very satisfied-figure 4). The overall average score of 3.7 was less than the minimum desirable score of 4 implying
the need for continued efforts in uplifting the working conditions of extension workers especially in relation to the planning
process, field facilitation, equipment and materials, information sharing, career development, capacity development.

Figure 5: Level of satisfaction with working conditions among non-state and public extension workers

Comprehensive community services
The FGDs revealed that farmers’ ability to appropriately respond to challenges imposed by climate change was severely limited by the quality and availability of various community level services. For instance, small-holder farmer-friendly financial
services, such as credit and insurance were unavailable in the districts. Tree nurseries with a wide range of tree species were
still unheard of in the respective areas except for eucalyptus tree seedlings which are the commonly accessible trees, thus
greatly limiting the scope for agroforestry. Farmers also complained of limited access to training in livestock management as
an avenue for alternative income. Access to irrigation technologies such as pumps and water harvesting technologies was
still difficult in the areas and private dams were not easily accessible by the general public. Access to environment-friendly
technologies such as alternative sources of energy was also still limited in the areas while poor linkage to reliable markets
rendered farmers price-takers who continue to receive low prices even when they adhere to quality standards, which kills
their morale for further investment.
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On the other hand, farmers’ high expectation for external support for tools and seedlings especially tree seedlings, hoes,
spray cans, among others could depict a dependency mindest which undermines their own ingenuity in using local resources to mobilize and solve community challenges. Compared to other value-chain actors, Dazé and Dekens (2016) observe
that smallholder farmers remain highly vulnerable to climate change effects because their incomes and food security are
directly dependent on agricultural production, and they normally have fewer assets and alternative sources of income.
Lack of byelaws to enable collective action e.g. against the black coffee twig-borer also lowers farmers’ capacity to adapt
to climatic effects, let alone the confidence that such byelaws will be upheld by community members. Generally, weak
enforcement of environmental protection ordinances was avidly alluded to by farmers as contributing to widespread destruction of the environment. Farmers in FGDs strongly held the sentiment that the National Environment Management
Authority (NEMA) was for the most part responsible for the continued destruction of the environment due to connivance
of its officers with perpetrators (“big people”) for monetary gains. One farmer sarcastically noted that, “our predecessors
who were not as educated stewarded our natural resource endowments better than the current generation which is more
‘educated’. Maybe the education they are getting is making them confused.” Policy signals that are inconsistent with actions at the grassroots thus, undermine their ability to mobilize local solidarity to form a formidable anchor for bottom-up
approaches for integrating and implementing climate change actions within local contexts, sustainably. Politicians were
especially blamed for undermining enforcement mechanisms since it is difficult for them to reprimand environment culprits
on whom they depend for votes.
Notwithstanding the above limitations, there were scattered signs of community-based initiatives with potential for
in-building community climate change resilience, if only such efforts can be recognized early and encouraged through local
targeting. For instance, the female dominated Twinamagara group in Kilamasi village, Sembabule District, Kyamusoni and
Kyezimbire Groups in Isingiro District had a savings and credit component which helped group members to buy pesticides
and inputs like tarpaulins as well as feeds for their livestock project. Members of the Kakinga dam farmers’ association in
Kakinga village, Sembabule District, demonstrated commitment in taking care of the demonstration (vegetable) gardens
and goat enterprise set up by them with support of resources from MWE, by buying some inputs such as pesticides and
fertilizers and well as constructing a goat structure. The group collectively carried out farm activities including watering, and
digging trenches on each other’s farm following a timetable. Mapping out such community level efforts and putting in place
appropriate incentives both for the extension workers and community level organizations for accessing grants and other
forms of support could prove critical in catalyzing innovative community level interventions.
Focusing on local priorities
According to the farmers in the FGDs, government extension services have higher capacity compared to the Non-State
actors because they were considered to have more resources. They however, emphasized that in future, national agencies
such as the Operation Wealth Creation should consult with them first so as to determine priorities. Failure to make appropriate consultation at the grassroots level leads to misguided priorities and wastage of resources. They advised that it
is imperative that enterprises that work best in a given local context are identified before making interventions. Farmers
belonging to the Bugaba coffee farmers’ group, Sembabule District, for instance, emphasized that they were no longer interested in the cassava cuttings and some of the varieties of bananas that had been distributed in the area. Banana varieties
like Kibuzi apparently did not do well in the area.
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3.3 The appropriateness and functionality of coordination arrangements
3.3.1 Coordination and implementation arrangements under the NCCP
As observed in figure 2, there are various existing policy and legal frameworks that directly or indirectly guide mainstreaming of climate change into agricultural extension and development programs. However, these vary in perspective, sector
bias, context (e.g. main issues and inspirations), and primary audience, which inevitably pauses major coordination and
implementation challenges. As Bryson et al., (2006) note, responding collaboratively and effectively to problems that are
so interconnected and encompassing is not an easy fit. Various aspects contribute to the effectiveness of such multi-level
collaborations, for instance, initial conditions, types of linkages and structures (formal or informal); leadership quality; level
of trust, capacity for planning and managing conflict, power relations, competing institutional logics e.g. organizational cultures, and differences in measurement of outcomes/accountabilities.
From the coordination and implementation framework of the NCCP (figure 3), implementation oversight is provided by the
Policy Committee on Environment chaired by the Prime-Minister, and advised by the National Climate Change Advisory
Committee. The Climate Change Department (CCD) is tasked with coordination of climate change issues between sectors/
ministries such as works, energy, water, environment and agriculture, and doubles as the National Climate Change Focal
Point (NCCFP) in the Ministry of Water and Environment and the Focal Point for UNFCCC. CCD is expected to provide
guidance to implementation of the NAP-Ag and the Climate Smart Agriculture Programs. For instance, the Agriculture Sector NAP was developed through a participatory process under the leadership of the Ministry of Agriculture Animal Industry
and Fisheries with guidance from the CCD, MWE. CCD works with climate change coordination units in different Ministries,
Departments and Agencies (MDAs) to ensure the mainstreaming of climate change in the different sectors of the economy.
It also works with the National Planning Authority (NPA) to ensure the integration of climate change in the NDP and Sectoral Development Plans. CCD also works with the Ministry of Local Government (MoLG) and NPA to ensure integration
of climate change in District Development Plans (DDPs). The MWE is the National Implementing Entity for the Adaptation
Fund, while the Ministry of Finance Planning and Economic Development (MoFPED) is the National Designated Authority
(NDA) for the Green Climate Fund (GCF).

Figure 6: Coordination and implementation framework for NCCP
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MAAIF was expected to put in place an Agriculture Climate Change Coordination Unit (ACCU), which would serve as the
Sector Focal Point to implement the NAP and the Climate Smart Agriculture Program. Since Climate Change cuts across
the MAAIF sub-sectors/Directorates (Crop Resources, Animal Resources, Fisheries Resources and Agricultural Extension
Services), ACCU would be responsible and accountable for ensuring the smooth implementation of the NAP. However, at
the time of formulation of the NAP-Ag in 2018, the ACCU was not yet in place mainly due to lack of a budget allocation
for climate change activities. Nonetheless, as part of implementation of the NAP, it was envisaged that the existing MAAIF
climate change task force (created in 2012) would be strengthened and formalized into a substantive ACCU. The Task Force
was expected to draw representation from relevant MDA’s, Civil Society Organizations (CSO’s), private sector, researchers,
academia and individuals. As highlighted in the NAP-Ag, it was primarily the role of the MAAIF Climate Change Task Force
to involve all the stakeholders and to mobilize the staff of MAAIF in the implementation and the continuous improvement
of the NAP. At the Local Government level, the climate change focal point is anchored within the Natural Resources Department of the District Local Government, which ensures that all departments integrate climate change issues in their sectors
into the DDP’s.

Major controversies and shortfalls in the coordination and implementation arrangements
In our analysis, a major critique of the current policy environment lies in its failure to harmonize climate change action, instead encouraging the piecemeal, isolated approach to implementation. The policy environment also does little to provide
a single solution for overriding ministerial mandates especially between MAAIF and MWE. For instance, whereas MAAIF is
mandated to: promote and support sustainable and market oriented agricultural production, food security and household
incomes in the country, coordination of climate change activities majorly remains the responsibility of CCD in the Ministry
of Water and Environment.
This coordination arrangement, for instance, bears stack contrast with that of neighboring Kenya which in addition to having NAP and Climate change policies, has gone a further step to put in place a Climate Smart Agriculture Implementation
Framework to provide further guidance in mainstreaming Climate Smart Agriculture 2018-2027 (KCSAIF) (GoRK (2018).
Two of the objectives of the framework include developing a sustainable system for achieving a coordinated, coherent and
cooperative governance of climate resilience and low carbon growth in the agricultural sector; and strengthening communication systems on CSA extension and agro-weather issues. In the Kenyan context, the CSA objectives are supposed to
enhance the achievements of national food security and development goals through: Scaling up/out of proven technologies
and practices for resilient livelihoods related to efficient soil and nutrients management, water and on-farm energy resources; Conservation and sustainable use of agro-genetic resources; Sustainable intensification of crop, forage, agroforestry,
livestock and fisheries production; Adaptation and mitigation practices in crops, livestock, agroforestry and fisheries production systems; Efficient management of agricultural commodity value chains; Identifying opportunities to leverage climate
finance for CSA, including social protection and safety nets where economic models are not viable; Knowledge sharing and
effective learning, strengthening key institutions and systems for CSA initiatives; and Mainstreaming CSA elements into
national policies and development planning process.
The KCSAIF, for instance, is expected to be implemented through the Joint Consultation and Cooperation Mechanism for
the Agricultural Sector (JCCMAS). The structures created to coordinate the direct implementation are focused on agriculture and are not hosted or necessarily controlled by a single ministry as in the case of Uganda where MWE is seen as
the focal point for climate change mainstreaming and policy governance. The Joint Agriculture Sector Technical Working
Groups (JAS-TWGs) are supposed to provide a uniform platform for intergovernmental technical consultation based on
the principle of equitable representation at all levels of government to enhance its effectiveness. As a prerequisite of the
Kenya Climate Change Act, each state department and National government public entity is expected to establish a Climate
Change Unit (CCU) charged with coordinating implementation of CSA activities at the national and local government levels.
The units are also expected to communicate decisions of JAS-TWGs to implementing entities, as well as provide technical
support to the management and CSA implementing stakeholders including reporting.
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The lack of an integrated and harmonized implementation framework inevitably leads to incomprehensive planning that
focuses on a specific component/challenge of the agricultural food production system e.g. irrigation; rather than on the
whole. This scenario often encourages more competition than collaboration amongst state ministries and agencies. Nonetheless, from the findings, the National Irrigation Policy (NIP, 2017) provided more leeway for collaboration than the NCCP.
The NIP categorically states that the Ministry in charge of agriculture shall be responsible for on-farm interventions which
refer to development of hydraulic infrastructure, associated engineering works and irrigation accessories comprising of conveyance from farm gates to farmers’ fields and water use management. On the other hand, the Ministry in charge of water
shall be responsible for off-farm interventions which refer to development of hydraulic infrastructure and associated engineering works comprising of water abstraction and conveyance to farm gates. At the national level, the Office of the Prime
Minister (OPM) is expected to chair an Inter-Ministerial Technical committee on water for production to enhance synergies
between implementing sectors (water and Agriculture) in irrigation. A coordination mechanism jointly spearheaded by both
MAAIF and MWE is expected to drive the process through a water-for-production sub-sector working group co-chaired in
the Ministry of Water and Environment. At district level, a district technical support committee constituting of the District
engineer, water officer, forest officer, the heads of production and marketing, the agriculture officer and community development officers in liaison with line ministries support planning, implementation, monitoring and management of irrigation
in their respective districts.
The study established that under the newly launched NIP arrangement, the OPM was already providing oversight for the
coordination and implementation of Water for Production (W4P), an area that has in the past been contentious ground
between MAAIF and MWE due to overlapping mandates. The activity was coordinated through a Technical Committee
on W4P which meets on a quarterly basis. During technical committee on W4P meetings, MAAIF and MWE shared and
harmonized their work plans accordingly. As a consequence of the policy, the two ministries were aligning themselves with
the policy in terms of their roles, for instance, scaling back what does not belong to them such as small-scale irrigation in
the case of MWE. In this new dispensation, the ministries were working hand-in-hand on an upcoming project, namely,
Irrigation for Climate Resilience Project which would be due for implementation the following Financial Year. The project
was set to look beyond just irrigation infrastructure to tackling other inherent challenges of farmers such as markets. It was
also revealed that the two ministries were working together to develop an irrigation master plan for the country, a venture
which was to be cost-shared (50%/50%) between MAAIF and MWE. Wheras this provides an example in the right direction,
much more is required in terms of devising an integrated implementation framework that takes into account the relevant
thematic components (refer to figure 2) and the respective implementing agents so as to harmonize both implementation
and tracking of progress through a cross-sectoral multi-stakeholder approach.

3.3.2 Linkages with the Department of Agricultural Extension Services (DAES)
Under the NIP, MAAIF is expected, through the Directorate of Agriculture Extension Services (DAES) and their staff at the
sub-county, to support farmer uptake of irrigation opportunities appropriately. By implementing the National Agricultural
Extension Policy (NAEP, 2016), it is expected that MAAIF will work with relevant ministries, local governments, farmer
organizations, civil society networks, private sector umbrella organizations and other non-state actors to establish clear organizational structures and lines of authority for the pluralistic extension system. The study found that MAAIF had a climate
change Focal Person who attends meetings whenever called upon by CCD, mainly for updates and trainings on various
aspects.
However, no explicit reference was made to such key structures or institutional arrangements mentioned in the implementation framework in real life to ensure coordinated action, such as the ACCU which was meant to link state and non-state
implementers at national and local government levels. In fact, the ACCU had not yet taken shape by the time the NAP-Ag
was formulated in 2018 due to lack of funds. As such, there remain no clear mechanisms for systematically operationalizing
the pluralistic extension system at the different levels which further hinders inter-sectoral collaboration and synergizing for
mainstreaming and implementing agreed climate change actions. Notwithstanding, there were signs of various efforts for independent mobilization for climate change action among actors. For instance, CSOs have an organization, Climate Change
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Action Network of Uganda (CAN-U) whose networks provide entry points for national mobilization for climate change
action. That said, it was noted that private sector and civil society were often cagy about declaring their budgets in relation
to climate change activities which partly hinders collaborative efforts and effective integration of climate change activities
across programs of diverse actors.

3.3.3 Linkages with the Local Government level
The study established that at the District Local Government level, the Natural Resources Officer doubles as the contact
person responsible for climate change issues at the District. The District Production and Marketing Department (DPD)
together with the Department of Works and Water engage in joint planning and share each other’s work plans for input.
Normally, engagement of whichever district personnel depends on the nature of the project (e.g. excavation, irrigation, livestock, and fisheries). For instance, for excavation of valley tanks and dams, the Works department consults the department
of production regarding the best locations. In such cases, the DPD plays the roles of sensitizing the community members
after excavations as well as supporting them in establishing water user committees. Overall, the Natural Resources Officer
is the focal person for climate change and plays the role of coordinating and reporting on climate change and policy related
issues in the district. However, all other offices report on climate issues during the Technical Planning Committee (TPC)
meetings, and through reports to national coordinating offices. However a Local Government Key Informer reported that in
most cases climate change was considered a cross-cutting issue without designated personnel to ensure follow up implementation. For instance, schools have in the past been targeted for tree planting but no deliberate steps have been taken
to ensure trees are planned by schools. On the other hand, road construction often involves destruction of trees but there
is no deliberate plan by construction projects to replant.
The District Development Plans (DDPs) were derived from the District Sector Plans (DSPs) and implemented through annual and quarterly work plans. During its development and budgeting, the issues of addressing climate change are integrated
and effective last financial year (FY 2018/2019) climate change mainstreaming became a prerequisite for funding district
work plans. District budgets are divided into three expenditure categories, namely, wage, development grant and recurrent/
operations. Part of the money available from the development grant was used for climate change related projects which was
contributed to by MAAIF and MWE. Sembabule and Isingiro being in the cattle corridor, water for livestock production is of
high priority in budgetary allocations, though notably, the costs involved in such projects are quite high. According to a key
informant from CCD, mainstreaming of climate change into budgets was still being piloted in selected districts such as Sembabule and yet to be rolled out across the country. Notably, mindset change among district officials was still necessary in
order to ensure that climate change mainstreaming agendas are not simply reflected in plans but are actually implemented.
The responsibility of monitoring climate change compliance indicators lies with the OPM to which DDPs and annual reports
are submitted. However, unlike compliance audits for gender mainstreaming which had commenced in the district, the
climate change mainstreaming audits were yet to follow suit. Indicators for compliance audits for climate change were still
being piloted in some districts. In future, this could imply that districts that fail to pass such audits (in planning and implementation) would attract penalties which may include returning of work plans for revision, and in extreme cases, funds being
withheld until requirements are met.
Whereas the organizations that participated in the survey indicated a level of collaboration, there was no specific reference
made to the multi-stakeholder Environment committee and district authority as stipulated in the NCCP collaboration framework (see figure 3). Certainly, given the absence of the ACCU at the national level, it would be surprising to find Local Government level coordination mechanisms up and running. The major areas of collaboration reported at district level included
training (39%), community mobilization (23%), project implementation (11%) and dissemination of information (11%). Others included beneficiary identification, funding and input distribution, albeit on a limited scale. While this indicates some
form of collaboration, they largely represent short to medium term project outputs that do not guarantee sustained impact
beyond a given project cycle. Collaborative frameworks need to be comprehensive in terms of stakeholders, with effective
community engagement and a broader and long-term view if impact is to be realized sustainably, and at scale.
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4. CONCLUSION
The findings depict a situation that requires urgent action to align the enabling environment with cross-sectoral multi-stakeholder expectations at all levels, putting emphasis on catalyzing grassroots level interventions through the bottom-up
mainstreaming approach. In this regard, whereas strengthening institutional and coordination mechanisms at all levels is
important, priority should be given to the local government level where major implementation of climate change actions is
expected to be greatest. Overall, an integrated Climate Smart Agriculture Implementation Framework and a National Climate Learning Strategy and implementation framework can go a long way in improving governance of climate change and
extension services in the country, but outcomes will depend on how well entrenched it is at the grassroots level. It is thus
necessary to open up spaces for developing and testing alternative incentives, funding/support and coordination mechanisms, and institutional arrangements for strengthening local level climate extension services measurable with respect to
agreed climate resilience indicators. Given that most of the details are provided for in the policy and legal documents, a
critical mass of practical skill-sets and leadership are now required to translate ideas into reality.
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Abstract
The realities of climate change abound World over but the burnt is felt more in Africa due to over dependence of the
continent on Agriculture. Climate Smart Agriculture is the new dawn helping farmers mitigate and adapt to the negative
effects of climate change. The study focused on the usage and determinants of Climate Smart Agriculture in Ebonyi state
Nigeria. The objectives were to identify the Climate Smart Agriculture practiced by farmers in the study area; analyze the
determinants and level of usage of Climate Smart Agriculture in the study area and challenges encountered in the use of
climate Smart Agricultural techniques. The study was carried out in Ebonyi state, Nigeria. Multi stage and random sampling
techniques were used in the selection of 90 respondents for the study. Descriptive statistics and Heckman’s two-stage
selection model were the tools of analysis. It was observed that Climate Smart Agricultural practices like use of resistant
varieties, mulching, nitrogen management among others were practiced in the study area. Gender, household size, level of
education, income, cooperative membership, credit use had varying degrees of influence on the determinants and level of
Climate Smart Agriculture usage among farmers in the study area. Inadequate finance and poor knowledge on the proper
application of climate smart agricultural practices were the major challenges in the study area. The study recommends more
efforts by extension agents in educating farmers on the proper way of using Climate Smart Agricultural practices to ensure
optimum results.
Keywords: climate smart agriculture, climate change, Nigeria, Heckman’s two-stage selection model

Introduction
climate change is one of the most crucial environmental challenges with serious negative socio-economic consequences.
Although induced both by natural and human activities, climate change has been underway since centuries with increasing
frequency and intensity in recent decades. In Nigeria, climate change poses a big threat to all parts of the country. The
increased duration and intensity of rainfall have led to rise in sea levels which have increased the rate of flooding in the
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coastline areas like Lagos, Nasarawa, Benue, Edo, Bayelsa among other areas [1]. The increased and continuous rise in temperature and the decline in precipitation in northern Nigeria have increased drought and loss of wetlands leading to desertification; the incessant rainfall in the southeastern Nigeria has caused erosion and flooding of farm lands leading to loss farm
produce [2, 3, 4, 5]. Agriculture plays a vital role in the livelihood of most Nigerians; this have amplified the negative effects
of climate change on the Nigerian economy. Due to the rain fed nature of agriculture in Nigeria, the vagaries of climatic
condition has led to lower agricultural production leading to food scarcity, hunger and high price for agricultural produce.
In addition to climate change, farmers battle with high cost of input, unavailability of market inadequate infrastructure and
government support in their quest for livelihood.
The magnitude and speed of climate change, and the effectiveness of adaptation and mitigation efforts in agriculture, will be
critical to the future of large segments of the world’s population. Integrating the effects of climate change into agricultural
development planning is a major challenge. To help developing countries cope with the plethora challenges as a result of
climate change; the united nation’s food and agriculture organization developed the concept of climate smart agriculture.
Climate Smart Agriculture (CSA) is an approach to guide the management of agriculture in the era of climate change. CSA
aims to provide globally applicable principles on managing agriculture for food security under climate change that could
provide a basis for policy support and recommendations. [6, 7, 8]
According to [9], Agriculture is said to be climate smart when it achieves three main goals: these are (1) sustainably increasing agricultural productivity to support equitable increases in incomes, food security and development; (2) adapting
and building resilience to climate change from the farm to national levels; and (3) developing opportunities to reduce GHG
emissions from agriculture compared with past trends. It is pertinent to note that the tripartite objective of climate smart
agriculture may not be met at once; importance of each objective differs across locations and situations.
In Ebonyi state, agriculture is the backbone of the state’s economy with over 70% of working population directly or indirectly making a living from agriculture. Farming in the state is rain fed and dependent on favourable climatic conditions. Any
shock as result of climate change on agriculture leads to ripple effects like such as loss of livelihood, social conﬂicts and
displacement, and even death as it affects all and sundry in the state. In order to minimize the risk of food shortages and loss
of income as a result of climate change, farmers have looked for ways to adapt and mitigate the negative effects of climate
change. The study analyzed the of usage and determinants of Climate Smart Agriculture among farmers in Ebonyi State.
The objectives of the study were to identify the Climate Smart Agriculture practiced by farmers in the study area; analyze
the determinants and level of usage of Climate Smart Agriculture in the study area and challenges encountered in the use
of climate Smart Agricultural techniques. The study will prepare the government against climate shocks; improved market
governance to reduce price volatility, and expanded insurance and safe landing for farmers. This will increase the prospect
of making agriculture lucrative and attractive to the youths in the state.

Methodology
Study area
The study area is Ebonyi State, Nigeria. It was created as a State on 1st October, 1996 by late head of State General Sani
Abacha. It is situated in the South Eastern part of Nigeria. It is made up of 13 Local Government Areas (LGAs). The State is
divided into three agriculturalal zones: Ebonyi Central, Ebonyi North and Ebonyi South which also serve as the three agricultural zones. Each of these zones is made up of four Local Government Areas except Ebonyi South that has five L.G.As.
The State has an estimated population of about 2.9 million people [10]. The State is bounded in the North by Benue State;
in the south by Abia State and in the west by Enugu State. The occupation of most people living in the rural areas of the
state is farming, with about 60-80 percent of them practicing small-scale farming. Ebonyi State is known for its production
of rice. yam, cassava, cocoyam, potatoes, vegetables, etc in commercial quantities.
Sampling Procedure
The respondents were selected via multi stage and random sampling procedures. This technique was chosen based on
the need to reduce the risk of bias and draw inference from sample about the population. First, from the three agricultural
zones, two Local Government Areas were purposively selected to give a total of six Local Government Areas; these areas
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have profuse number of farmers. The second stage involves a random selection of 15 farmers from each of the already
selected areas. This will give a total of 90 respondents.

Method of Data Analysis
In order to achieve the objectives of this research, simple descriptive statistics such as means, tables and frequencies and
Heckman’s two-stage selectivity model was used to analyze the primary data obtained for the study. The first and third
objectives were analyzed using descriptive statistics and Heckman’s two-stage selectivity model was used to analyze the
second objective.

Model specification
Heckman’s two-stage selection model
Heckman’s two-stage selection model was used to examine the direction of causality between the determinants of climate
smart agriculture users and non- users. The model had two dependent variables – the dichotomous (Y1) and continuous
(Y2). The specification was as follows:
Y* = β0 + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + β7X7 + β8X8 + β9X9 + β10X10 + e1……………………………………………… (1)
Where;
Y* = Y1 and Y2
Y1 = Probability of climate smart agriculture usage (1= usage, 0=otherwise)
Y2 = intensity of climate smart agriculture practice (number of CSA used by the farmers)
X1 = gender (male=1 and female=0)
X2= household size of the farmers measured in numbers
X3 = experience of the farmers measured in years
X4 = level of education of the farmers measured in years
X5 = size of the farmers labor force
X6 = income (Naira)
X7= exposure to extension workers (number of visits)
X8 = credit access (amount in Naira)
X9= risk orientation (risk averse =0 and otherwise=1)
X10 = cooperative membership (member= 1, otherwise=0)
bi = the parameter
ei = the error term
Results and Discussion
Results of farmers’ usage of climate smart agricultural technique in Ebonyi state was presented in table 1. The climate smart
practices were grouped into six categories of predominant climate smart practices in southeast Nigeria [11]
Table 1: Usage of Climate Smart Agricultural Practices by farmers in Ebonyi State
Climate smart agricultural practices

Frequency

Percentage

Residue soil cover

21

23.3

Minimal soil disturbance

8

8.9

Zero tillage (direct seedling)

4

4.4

Crop rotation

7

7.7

Strip cropping

0

0

Conservation agriculture

Integrated crop management (ICM)
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Mulching

28

31.1

Fallowing

9

10

Application of manure

50

55.6

Moderate use of inorganic manure

14

15.5

Cover crops and green manure

19

21.7

Crop rotation

7

7.7

Nitrogen management

9

10

Use of compost

13

14.4

Run-off water Harvesting

90

100

Stream diversion

5

5.5

Irrigation

21

23.3

Diversion of ditches and drainage

11

12.2

disease/pest resistant varieties

38

42.2

High yielding crop varieties

31

34.4

Early planting

43

47.7

Late planting

41

45.6

Use of natural pest enemies

6

6.7

Pest and weed management

4

4.4

Organic agriculture

Agriculture water management system

Adapted crop varieties

Indigenous knowledge (IK)

Source: Field survey data, 2019; multiple responses recorded
Results from the table showed that residue soil cover was the best practice in the study with 23.3% of the respondent
practicing the act of not leaving the farm bare void of vegetation. [5] shared similar result. This practice prevents erosion
and leaching. It also adds, retain soil moisture and provides a conducive environment for soil organisms to operate. Minimal
soil disturbance which involves little tillage was used by 8.9% of the respondents while zero tillage where the farmer plants
directly was practiced by 4.4% of the respondents. Crop rotation and inter play of planting heavy feeders alongside shallow
feeders was used by 7.7% of the farmers.
Majority of the respondents (55.6%) used organic manure to complement and improve the soil nutrients. Mulching was
used by 31.1% of the respondents to retain moisture and add to the nutrient of the soil. Integrated crop management tries
to find a balance between organic and inorganic use of fertilizers led to 15.6% of the farmers to use inorganic fertilizer moderately an according to the needs of the plants. Only 10% of the respondents were able to allow their farm land to fallow
and replenish lost nutrients. Land is a scarce resource in the study area and only a few respondents can afford to leave the
farm bare for a period of time. The use of organic manure goes a long to positively affect GHG emissions [12]
Farmers in the study area who practiced organic agriculture used different approaches to get the manure for their farms.
Cover crops and green manure was used by 21.7% of the respondents to enrich their soil. This is followed by 14.4% of the
respondents who prepared compost manure to help enrich the soil. Crop rotation which ensures heavy feeders and shallow
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feeders are in cooperated to ensure an even use of the soil nutrients by the crops and nitrogen management were practiced
by 7.7% and 15% of the famers respectively.
Access to water in Ebonyi state is quite hard due to the nature of their soil. This makes rain water indispensable in their
farming activities. All the respondents acknowledged harvesting of rain water in the farm was a major source of agriculture
water management in the area. Irrigation was used by 23.3% of the respondent to augment the rain water. Stream diversion
and diversion of ditches and drainage was used by 5.5% and 12.2% of the respondents ensured water supply to their farm
by water tankers.
Furthermore, the use of adapted crop varieties which has been improved to adapt to climate change were common place
in the study area 42.2% of the respondents planted with disease/pest resistant varieties while 34.4% cultivated high
yielding crop varieties. These plants varieties help increase yield and income of the farmers. This in turn helps improve the
standard of living of the farmer.
Indigenous knowledge used by farmers to combat climate change still takes the vanguard in climate smart practices in the
study area. Early planting and late planting were used by 47.7% and 45.6% of the respondents in the study area. Changing of planting dates can help in reducing yield instability by twerking the relationship between the flowering of some
crops and temperature. [13, 2] Use of natural pest enemies and scare crows to scare off respondents were used by 6.7%
of the respondents and traditional weed management approaches were used by 4.4% of the farmers.
Determinants of the climate smart agriculture use by farmers in Ebonyi State
Heckman’s two-stage selection model was used to examine the factors affecting the decision to adopt CSA as well as the
factors affecting the intensity of adoption. The dependent variable in the two models are (1) a dichotomous outcome that
assigns unity to adoption and zero to non-adoption and (2) the number of CSA adopted by an individual farmer. The chisquare of the models was statistically different from zero.
Table 2: Determinants of adoption of CSA practices and number of CSA practiced by farmers in Ebonyi state

Decision to adopt CSA (Model 1)

Number of CSA adopted (Model 2)

Coeff.

Std. err

Coeff.

Coeff.

Std. err

Coeff.

Constant

0.757

0.318

2.380**

0.434

0.121

3.590***

Gender

-0.702

0.334

-2.102**

-0.760

0.582

-1.306

Household size

0.376

0.138

2.725**

0.649

0.319

2.034**

Farming experience

-0.108

0.131

-0.824

0.368

0.251

1.466

Level of education

0.087

0.034

2.559**

0.623

0.134

4.649***

Labour

-0.641

0.839

-1.607

-0.262

0.101

-2.594**

Income

0.158

0.067

2.358**

0.786

0.307

2.560**

Extension visit

0.672

0.101

1.709*

0.173

0.065

2.661**

Credit use

0.439

0.129

3.403***

-0.879

0.961

-0.915

Cooperative membership

0.435

0.105

4.143***

0.224

0.575

0.389

Risk

-0.983

0.446

-2.202**

-0.494

0.202

-2.445**

Wald chi2 (10)

35.663

Log likelihood

-66.383

lambda

54321.78

1344.162

40.413
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Gender was negative to adoption of CSA at 5% level of significant. This implies that women in ebonyi state adopt CSA more
than their male counterparts. Women in Ebonyi state are hardworking and more involved in farming; this has increased
their use and adoption of CSA practices to increase their harvest and improve their income. [14]stated that female headed
households are more likely to take up climate change adaptation methods than men headed households.
Household size was positive to adoption and intensity of usage of CSA practices at 5% significance level respectively.
Household size is seen as proxy for cheap labour. Households with large household size stand a better chance of adopting
and practicing CSA because there is enough manpower to do the needed farm work as farming activities is manually done
and labour intensive in the state.
Level of education was positively related to adoption and intensity of CSA use at 5% and 1% respectively. The more enlighten a farmer is, the more chances the farmer might adopt climate smart practices and increase the intensity of CSA use. Education helps the farmer grasp the concept of climate change and its effects. Farmers are enlightened on ways there farming
activities contribute to climate change, offering new ideas to help combat and mitigate the effects of climate change, the
findings are in line with the results of [15] who opined that educated farmers have more knowledge of climate change and
are already aware of various techniques and management practices that could be employed to combat the negative impact
of climate change in the area.
Labour was negatively related to the number of CSA practiced by farmers. Most farmers reduce the number of CSA practices because of the labour involved. Agriculture in the country is still rudimental with crude implements; this have made
farming labour intensive and increase the cost of production. thus, this might affect farmers using CSA intensively as they
try to produce within budget.
The decision to use CSA practices was positively influenced by income of the farmers at 5% for farmers Ebonyi state while
the intensity of use had the same levels of significance and also positive. This implies that the probability of choosing to use
CSA practices was informed by increasing incomes. It also holds that the more income received by a farming household, the
higher the use of climate smart agriculture technologies. Part of the added income would be used to offset the cost involved
in adopting any of the CSA technologies. According to [16], the more income a farm household generates, the more the tendency of channeling it into other productive activities such as purchase of improved varieties and adoption of technologies.
The probability of using CSA was positively related to extension contacts at 10% level of significance for Ebonyi state while
the intensity of use was positive 5%. This result implies that farmers who had contacts with extension agents were better
informed about the benefits of using Climate smart agricultural practices than farmers who had no knowledge about the
technology. Since extension agents are saddled with the responsibility of transmitting information and innovative ideas to
the local farmers, the use of CSA is also to be taught by them, especially using on-the-farm demonstration. This is very
desirable because extension services provide trainings that help the farmer understand and evaluate the improved technologies at their disposal. Additionally, it is also believed that that good extension programs and contact with farmers are key
factors in adoption which would also enlighten the farmers and create better awareness for the potential gains of improved
technologies in crop production [17, 18]
Credit use was only significant for the probability of using CSA technology at 1% for Ebonyi state and was not significant
for the intensity of use. This implies that credit only affected the decision to use the technology and may not have played
any significant role in determining the level and intensity of use of the CSA practices. This finding agrees with [19, 18, 17]
who asserted that farmers spend more on innovation adoption with credit than without credit because credit afforded the
farmers the opportunity for more access to farm inputs.
Cooperative membership was positively signed in relation to the probability of using CSA for farmers in Ebonyi state at 1%
level of significance implying that farmers who are cooperative members are more likely to use CSA than non-cooperators.
This is because cooperative societies are good sources of quality inputs, labour, credit, information and organized marketing of agricultural products. This agrees with the opinion of [18, 20] that involvement in cooperative organizations helps
farmers to adopt innovations.
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The coefficient of risk was negative in the first and second models at 5% for Ebonyi state. This result implies that farmers
who are averse to risk were less-likely to use CSA.

Challenges encountered in the use of Climate Smart Agricultural techniques
Table 3 presents the challenges faced by farmers in using CSA in the study area.
Table 3: challenges of climate smart agriculture use in the study area.
Challenges

Frequency

Percentage

Poor policy frameworks

73

81.1

Inadequate financing

81

90

Lack of data and information

53

58.9

Poor knowledge of the practice

80

88.9

Poor government support

65

72.2

Field survey 2019, multiple responses recorded.
Poor policy framework was identified by 81.1% of the respondents as one of the challenges encountered in the use of
climate smart agriculture in the state. It was observed that there was no written policy document climate smart agriculture
in the state. There is no guide on what is expected from the farmers and roles played by government in ensuring CSA
practices; this leaves the farmers to their own fate.
The lack of an existing link of CSA with any government document translates to no budgetary allocation for it. This means
no provisions of funds to the practice. This comes as no surprise as 90% of the respondents complained about inadequate financing of CSA from the government. This have discouraged farmers who might have practiced CSA if funds were
available. This assertion was confirmed by [21]
Further, 58.9% of the respondents admitted that lack of data and information on CSA is frustrating, this leads to misinformation, wrong application and poor gauge to the effects of CSA use in the farm. Due to lack of data and misinformation
on CSA; 88.9% respondents admitted having poor knowledge of CSA practices. This problem is not peculiar to Ebonyi
state; many farmers are doing it wrong with CSA as a result of poor information dissemination. This defeats the objectives
of the practice. Finally, 72.2% of the respondents believed that poor government support of CSA affects its use. Government support in terms funds, subsidies, research, and information dissemination have been poor.

Conclusion and Recommendations
The effects of climate change are hitting hard, due to the over dependence on agriculture and poor coping capacities, its
imparts are felt hard in Nigeria and other African countries. Agriculture in Ebonyi state is rain fed and weather dependent
which leaves the farmers at the mercy of climatic conditions. Climate smart Agriculture is not new to farmers in Ebonyi
state as most farmers practiced CSA. The following recommendations will help farmers tackle the challenges listed by
famers in the state.
i. Government should make policies, rollout programs and orientation campaigns that will train extension workers on the
new trends on climate smart agriculture and also provide the needed resource which will enable these extension workers
spread the new trends to people in the hinterlands;
ii. Increased sensitization campaign on reality of climate change and the need to adopt climate smart practices towards
reduction of adverse effect of climate change should be intensified;
iii. Government should provide incentives, subsidies, financial assistance and enabling.
iv. policy environment towards adoption of good CSA practices. this will increase the chances of more farmers willing to
improve their productivity using CSA.
v. Farmers should be taught proper ways of keeping records in their farms as this will help provide data needed to make
policies, measure success rates and progress of programs and assist framers in getting aid from government and non-government agencies.
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Abstract
Climate change induced the increase of cotton insect pests which compromise heavily its yield in West Africa organic system. These pests are able to reduce the productivity of organic cotton and generate a decrease in the purchasing power
of producers. This study aimed to assess the effect of Beauveria bassiana on yield of cotton variety OKP 768 resilient to
climate in station for the management of cotton insect pests. Our findings revealed yields ( kilograms per hectare) from
2751.30±99.17, 2050.78±156.68, 2466.14±105.61, 2324.21±80.04 and 2312.50±104.41 for chemical treatment, fungal
isolates Bb11, Bb3, Bb115 and untreated control, respectively during the first year. Then, yields recorded by the second
year were from 4405.27±137.74, 3206.05±207.55, 3631.184±72.91, 3583.65±73.31 and 3500.00±112.86 for chemical
treatment, fungal isolates Bb11, Bb3, Bb115 and untreated control, respectively. These results were discussed in the light
of insects’ abundance on plots and the factors that determine the effectiveness of the fungus in field conditions. Isolate Bb3
could be a promising candidate to be used for additional tests in cotton. This practice could booster organic cotton facing
of the alarming increase in the population of insect pests. It is in line with climate smart agriculture and provides a solution
to organic cotton famers.
Keywords: Organic cotton, climate smart agriculture, Biological control, Insect pests, yield, West Africa, Benin.
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Introduction
Climate is a determining factor for agriculture productivity, the increase of purchasing power of farmers and food security.
In West Africa, agricultural sector is heavily affected by impact of climate. Several climate models suggest that the average
temperature is likely to increase while rainfall is likely to decrease [1]. It is known that annual cycles of rainfall are controlling
by the position of the inter-tropical convergence zone [2, 3]. The increase of temperature and rain variability during the last
20 years compromise crops production. The prediction of the Intergovernmental Panel on Climate Change (IPCC) revealed
African country more vulnerable to climate change because agriculture is mainly rainfed and is still the largest sector in
their economies [4]. The studies of [5] projected climate and weather parameters variability with negative impact on the
dry Savanna zones including Benin. The issue linked to the climate variability had adverse effects on crop yields and even
on cotton because of annual rainfall change and increasing of hot which induce the proliferation of pests and diseases. This
culture is the first cash crop of Benin and the most important source of foreign exchange.
However, global warming has led to an increase of cotton insect pest population. Particularly, lepidopteran insect pests
became a major constraint for booster and manage organic cotton in Benin [6]. The damage generate by caterpillars of
carpophagous and phyllophagous can induce the total yield loss of cotton. To reduce the risks that households faced, alternative methods including the use of entomophathogenic fungus become an interesting approach. In this point of view,
the fungus Beauveria bassiana (Bals.) Vuil. was reported to be a promising option as entomothogenic fungal species for the
control of different insect species [7, 8, 9].
This research conducted in Benin aimed to contribute to integrated pest management of cotton by the use of the fungus
Beauveria bassiana to evaluate the yield of cotton variety OKP 768 resilient to climate change. It is in perspective with climate smart agriculture and offer an adaptation possibility to farmers.
Materials and Methods
Site and climatic conditions
Experiment site was on station at the agricultural research center, cotton and fiber (CRA-CF), region of Savalou (07°54’.032’’N;
001°55’.024’’E; 179 m of altitude) in Benin (Fig.1).

Fig.1 Commune of Savalou (Benin) map indicating the experiment site (CPE Savalou) of the agricultural research center, cotton
and fiber (CRA-CF).
Savalou belongs to a region subject to both influence of equatorial and guinean climates. According to [10] there are two
rainy seasons (from March to July and from September to November), and two dry seasons (the first from December to
March and the second in August). Average rainfall is 1150 mm. However, this rainfall varies depending on the year between
864 and 1637.3 mm. Temperatures are high all year round with minimums ranging between 23 and 24 ° C and maximums
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ranging from 35 to 36 ° C. This variability constitutes a constraint on the choice of the different agricultural activities.
Field experiments
Experiments were conducted on two times. The first, during the cotton campaign 2019-2020 and the second one in campaign 2020-2021. They were carried out on 25th June to 15th December from each year. The trials were conducted in a
complete randomized block design. Five treatments were defined including the chemical treatment (T1), three B. Bassiana
isolates (T2 = “Bb11”, T3= “Bb3” and T4 = “Bb115”) and the untreated control (T0). All treatments were replicated three
times. Each elementary plot was from 208 m2 (10.4 m x 20 m) inside the blocks. The spacing between the blocks was 5
m and that between the elementary plots was 2 m. Cotton seeds were sown at 0.30 m x 0.80 m spacing for about 866.66
seedlings on each elementary plot.
Fungal concentration was 50g/ha mixed with 60 liters water. This dose corresponds to 3.12 g of the fungus formulated with
3.7 liters of water to spray all three replicate of each treatment. Isolates were applied according to the same calendar as the
chemical treatment. Chemical insecticides used were THALIS 112 EC, PYRO FTE 472 EC and COTONIX 328 EC (Table 1).
The trials received the standard dose of fertilizers namely NPKSB at 200Kg/ha, two weeks after sowing and Urea at 50Kg/
ha, 40th days after sowing.

Table1: Cotton crop chemical treatment calendar for both campaigns: trade name, active ingredients, and application dose.

N°order of

Day after sowing

treatments

(JAS)

1st

35

THALIS 112 EC

2nde

49

THALIS 112 EC

3rd

63

4th

77

5th

91

Trade name

Active ingredients

Emamectin benzoate 48g / l
Acetamiprid 64g / l

Emamectin benzoate 48g / l
Acetamiprid 64g / l

PYRO FTE 472

Cypermethrin 72g / l

EC

Chlorpyriphos-ethyl 400g / l

PYRO FTE 472

Cypermethrin 72g / l

EC

Chlorpyriphos-ethyl 400g / l

PYRO FTE 472

Cypermethrin 72g / l

EC

Chlorpyriphos-ethyl 400g / l

Conditioning

Dose per

(vial of)

hectare

125 ml

2 vials

125 ml

2 vials

250ml

2 vials

250ml

2 vials

250ml

2 vials

500 ml

2 vials

500 ml

2 vials

Deltamethrin 12 g/ l
6th

105

COTONIX 328 EC Chlorpyriphos-ethyl 300 g/l
Acetamiprid 16 g/l
Deltamethrin 12 g/ l

7th

119

COTONIX 328 EC Chlorpyriphos-ethyl 300 g/l
Acetamiprid 16 g/l
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Data collection
Data collection started 39th day after emergence of seedlings and repeated weekly during the cotton cycle. Ten (10) plants
were fixed per plot to check and evaluate the abundance of key lepidopteran species namely Helicoverpa armigera, Earias
spp, Diparopsis watersi, Pectinophora gossypiella and Syllepte derogata. Then, damages caused on cotton were recorded by
counting of the number of rotten, holed and healthy flowers per plant at the periods of 25% and 50% opening of flowers
buds. Finally, information related to cotton yield were collected. Indeed, for each elementary plot, the harvests were carried
out on 12.8 m2 (16 m x 0.8 m), replicated four times. The collected samples were weighed using a scale for each of the
harvests.

Statistical analysis
Analysis of variance (ANOVA) was performed on data related to the abundance of insects, damage on flower buds and
cotton yields using R 4.0.2 Software. The means were separated by Tukey's post hoc test to compare the different groups
at 5%.

Results
Yields of cotton
Cotton yields varied by each year and there were significant differences between treatments (P ˂0.05). During the first year,
the yields (in kilograms per hectare) were from 2751.30±99.17, 2050.78±156.68, 2466.14±105.61, 2324.21±80.04 and
2312.50±104.41 for chemical treatment, fungal isolates Bb11, Bb3, Bb115 and untreated control, respectively (Fig. 2A).
Best yield was recorded with the chemical treatment. But isolate Bb3 recorded the highest yield compared to other isolates
of the fungus.

Otherwise, the yields recorded by the second year were high than the previous campaign. Yield values were from
4405.27±137.74, 3206.05±207.55, 3631.184±72.91, 3583.65±73.31 and 3500.00±112.86 for chemical treatment, fungal isolates Bb11, Bb3, Bb115 and untreated control, respectively (Fig. 2B). Once again, the chemical treatment stood out
from other treatments. However there was no difference observed within isolates used and untreated control. Nevertheless, the yield value recorded by Bb3 activity on field seemed better than other isolates.
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Fig.2 Effect of different isolates of Beauveria bassiana on yield of cotton variety OKP 768 resilient to climate change, Savalou (Benin) : results of campaign 2019-2020, year 1 (A), results of campaign 2020-2021, year 2 (B).
Key lepidopteran species and their abundance on plots
The effect of treatments on the abundance of pests during periods of 109th to 116th days after emergence of cotton
(DAEC), second campaign, is depicted through the figures 3. Significant differences showed with Earias Spp abundance
(Fig.3A) on plots during periods of 109th to 116th days after emergence of cotton (DAEC). But, no difference was observed
with other species such as H. armigera and P. gossypiella (Fig.3B and Fig.3C). Moreever, P. gossypiella presented a less
abundance and S. derogata did not observe at that period. However, Diparopsis watersi did not present on plots during the
trials.

Fig.3 Effect of treatments on the abundance of pests during periods of 109th to 116th days after emergence of cotton (DAEC),
second campaign.
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Health status of cotton cultivated at the periods of 25% and 50% opening of flowers buds.
Assessing of health status of flowers (Fig.4) during cotton cycle indicated a significant difference for the number of healthy
flower buds (NBFS) within treatments at opening 25% (Fig.4A). Average damage in rotten flower buds (NBFP) and flower
buds with holes (NBFT) was high on the control than other treatments, but this difference was not significant at 5%.
In contrast, at 50% opening (Fig.4B)., there were no significant differences between all treatments related to rotten flower
buds (NBFP), healthy flower buds (NBFS) and flower buds with holes (NBFT). But damage level at 50% opening was less
than 25% opening.
Fig.4 Heath status of flowers from cotton OKP 768 variety at opening 25% (A) and 50% (B) during the second campaign:
NBFP for rotten flower buds, NBFS for healthy flower buds and NBFT for flower buds with holes.

Discussion
Climate change and variability are some reality in Benin crop systems. These changes included rainfall disturbances such as
rainfall delays, early cessation, bad rainfall distribution, reduction of small dry season in south Benin, increasing of temperature, and presence of violent winds [11]. [12], identified even more in North-West of Benin, the impact associated to climate
change namely the increased likelihood of flooding, and high intensity of rainfall or drought. Resources used efficiency on
based crops like cereals (maize and sorghum) are affected [5]. Crops area are vulnerable to soil fertility depletion, and to
rainfall variability and climate change. [13], projected the climate change impact on different crops in Benin and showed the
possibility of decrease in yields of 11-33% from some crops (Pineapple, maize, groundnuts, cassava and cowpeas) by 2050,
whereas sorghum, yam, cotton and rice will benefit from climate change with an average yield gain of 10-39%.
However, global warming led to insect population density increasingly. Of such insect population become a constraint for
the management of cotton growth area in Benin. In the case of our study, variability in yields observed during the both
years could be explained by insect pests’ population density from year to year. Insect pests’ population were less during the
second year than the first one. That demonstrated the impact of insects on cotton yields. In addition, isolate Bb3 induced
a better activity against insect pests during the campaign of the first year compared to other isolates. Of such observation
reveals a difference in some activities of isolates in field conditions. During the second year the less pressure of insects did
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not allow to observe the difference in some effectiveness of isolates of the fungus on cotton yield. Nevertheless, our finding
showed B. bassiana isolates more effective on Earias spp. compared to the control on plots during the periods of 109th to
116th days after emergence of cotton (DAEC). This insect is known to induce important yield loss of cotton in West Africa
by feeding on stems, flowers and bolls [14]. The health status of flowers during cotton cycle indicated a significant difference for the number of healthy flower buds (NBFS) within treatments at opening 25%. Indeed, healthy flower buds (NBFS)
were higher on the plots treated with B. bassiana isolates than that of the control.
Other reasons related to variability of isolates activities could be provided by environmental conditions. Environmental
conditions may affect activity of the fungus. It has been known to B. bassiana to be susceptible to environmental conditions such as temperature [15, 16], relative humidity [17] and solar radiation [18, 19]. In other hand, the existence of
antagonism microorganisms could limit the action of the fungus. The fungus B. bassiana was reported to be susceptible to
some Penicillium urticae which inhibits it through a metabolite, patulin [20]. Finally, despite the resilient of cotton variety
OKP786 to drought variability our findings suggest the use of the fungus B. bassiana as a better way to control insect pests
in organic systems. Our findings are in agreement with the views of [21] who identified soils fertility and insect pests as a
major handicap and externality for organic and conventional cotton development in Benin. The big recorded production of
cotton in Benin is always related to the increase of cultivated areas. Yields obtained through this study were quite close to
the potential yield known for this variety and estimated at more than 3500Kg per hectare in conventional system. Isolate
Bb3 could be a promising candidate to be used for additional tests in cotton.

Conclusions
In Benin famer’s means to adapt to climate change grouping in part some good agricultural practices, culture diversification,
the use of resistant varieties and diversification of income-generating activities. This current research offer an attractive
option to reduce the risks of variability of climate and impact related to insect pests’ pressure in cotton area. This practice
could booster organic cotton facing of the alarming increase in the population of insect pests. It is in line with climate smart
agriculture and contribute to mitigate the impact of climate change and offer an adaptation possibility to farmers.
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Abstract
This study was carried out to determine the factors influencing decisions of smallholders on adaptation strategy to climate
change in Nigeria and this is necessary as part of efforts to achieve the Sustainable Development Goals.The study used
primary data with objectives that include assessment of the perception level of farmers to climate change; identify climate
change adaptation strategies and to determine the factors influencing their choice of adaptation strategy using Multivariate
Probit model. Results revealed that adaptation strategy options adopted by the smallholders were planting new crop variety,
drought tolerant variety, participation in non-farm activities, land management practices, adoption of other coping strategies while some farmers did not use any adaptation strategy. These strategies were subsequently used as the dependent
variables in the Multivariate Probit Model. The study found that household farmers adopt various adaptation strategies in
order to cushion from the negative effects of climatic variability and extreme events such as drought and floods. There is
therefore need to put in place policies and programs that will make the smallholder farmers to be proactive in adapting to
climate change through extension information provided by the government. Government, policy makers and NGOs should
facilitate the availability of credit for smallholders’ farmers in order to improve their adaptation strategy.
Keywords: Adaptation, Startegies, Climate change, smallholders, Nigeria

Introduction
Subsistence agriculture is a major source of income and livelihood for large numbers of people living in rural area that subsequently provide food directly for household consumption for majority of people in Nigeria (World Bank, 2012). Climate
change is already affecting people, their livelihoods and ecosystems and presents a great development challenge for the
global community in general and for the poor people in developing countries in particular (Khanal, 2009). This also presents
major challenges to scientists and policymakers. Scientific evidence indicates that the earth’s climate is rapidly changing,
owing to increases in greenhouse gas emissions (Stern, 2006; Pachauri, et al., 2014). The increased concentration of green-
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house gases has raised the average temperature and altered the amount and distribution of rainfall globally. In Sub-Saharan
Africa for example, warming is expected to be greater than the global average and in parts of the region, rainfall will decline
(Dasgupta et al., 2014., Nianj et al., 2014). There is growing evidence that extreme events, such as droughts and floods,
have been common incidences (Dasgupta et al., 2014) These have affected smallholder farmers in developing countries
who heavily depend on rain fed agriculture for their livelihoods (Pachauri, et al., 2014; Anderson et al., 2010). In Africa,
climate change has affected both the natural and social systems (Anderson et al., 2010, Amsalu, 2009). Impacts of climate
change are felt more severely in semi-arid and arid areas (Otto et al., 2015; Anderson et al., 2010, Boko et al., 2007). Limiting the damage due to climate change has become a challenge for the global community now. In this regard, there are two
central ideas crucial for dealing with climate change, namely, mitigation and adaptation. Mitigation is a response strategy to
global climate change and can be explained as measures that reduce the amount of emissions (abatement) or enhance the
absorption capacity of greenhouse gases (sequestration). Adaptation to climate change is an adjustment made to human,
ecological or physical system in response to vulnerability (Adger et al., 2007). The climate is changing and mitigation efforts
to reduce sources or enhance the sinks of greenhouse gases will take time. Adaptation is therefore critical and of concern
in developing countries, particularly Africa (including Nigeria) where vulnerability is high because the ability to adapt is low.
Adaptation can manage the impacts but cannot by itself solve the problem of climate change. Even with adaptation, there
will be residual costs. Smallholder farmers, for instance, can switch to more adapted crop varieties, but they may have lower
productivity (Adger et al., 2007). In developing countries, adaptation of the agricultural sector to the changing climate is
important for ensuring livelihoods of the poor communities (Nianj et al., 2014). Adaptation will require the involvement of
multiple stakeholders, including policymakers, extension agents, NGOs, researchers, communities, and farmers. Climate
change adaptation is mostly location-specific, and its effectiveness depends on local institutions and socioeconomic setting
(Morton 2007). A better understanding of how smallholder farmers perceive climate change and the adaptation strategies
they practice is needed to make policies and design programs aimed at promoting successful adaptation in the agricultural
sector. A combination of factors influences the farmers’ perception about climate variability and the decision to use the
selected adaptation strategies (Deressa et al., 2009; Hassan and Nhemachena 2008). The study focused on smallholder
farmers because they have been identified as one of the groups most vulnerable to the adverse effect of climate change
especially in Sub-Saharan region (Morton, 2007). This research helped to determine the factors that influence the decisions
of smallholder farmers on adaptation strategy to climate change in Nigeria. This is necessary as part of efforts to achieve the
Sustainable Development Goals (SDGs), and take urgent action to combat climate change and its impacts (goal 13) among
other goals. The study objectives include assessment of the perception level of farmers to climate change; identify climate
change adaptation strategies used by smallholder farmers in the Nigeria; and to determine the factors influencing their
choice of adaptation strategy in Nigeria.

Research Methodology
Study Area, Sampling and Data Collection
The study was carried out in Nigeria. Primary data was collected using structured interview schedule and questionnaire.
The data collection instrument focused on socio economic factors, status of awareness of climate change, climate change
adaptation strategy used by the farmers and other relative information. The respondents were drawn in a multi-stage sampling process as follows, the first stage was a purposive selection of three States (Cross river, Ebonyi and Ondo States) in the
rain forest zone and two States (Ogun and Oyo States) in the derived savannah zone. The second stage was by purposive
selection of three Agricultural Blocks per crop and two Extension Cells per block - that is, 12 Cells across six Blocks - among
those that are located in the main area where each of Rice and Maize are produced in the State. The final stage was by
random selection of 5 – 10 members of the Rice/Maize farmers’ groups in each of the selected cells. This process yielded
a total of 521 farm households and 1338 rice and maize farmers from Southern.
Data Analysis
Data from the study was analyzed using both descriptive and inferential statistics. This study used a multivariate probit
(MVP) econometric technique, which simultaneously models the influence of the set of explanatory variables on each

209
of the adaptation strategies, while allowing the unobserved factors (error terms) to be freely correlated (Belderbos et al.
2004). The source of correlation may be complementarities (positive correlation) and substitutability’s (negative correlation)
between different adaptation strategies (Belderbos et al. 2004). The study follows Lin et al. (2005) in formulating the multivariate model; the dependent variables were six dummy variables: did nothing, planting of new crop, drought tolerance,
nonfarm activities, land management and other coping strategies equals to one if the household adopts the adaptation
strategy option and zero if otherwise.
Yik*=βIK Xik+αk Aik+εk
Where,
Yik* is a latent variable which captures the observed and unobserved preferences is associated with kth climate change
adaptation strategies and Yik denotes the binary dependent variables,
(k =1,...,m) represents the various adaptation strategies used by the farmers. Farmers who practice adaptation strategies are
adopters and non-adopters are those who did not. The adopters of these adaptation strategies take value 1 and 0 otherwise.
Xik is a vector of the explanatory variables which denotes the observed household and farm-specific characteristics, as well
as institutional variables
βk and αk are conformable vectors to be estimated.

Results and Discussion
Socioeconomic Characteristics of Farmers
This section presents a description of the socio-economic characteristics of farmers in Nigeria. Table1 shows that the mean
age of the farmers was 46.6years. Also, majority (55.6%) of the farmers fell within the age range of 31-60 years, which
constitute the modal age group with the highest frequency of 462. The result showed that majority of the respondents
were still within economically active age group. The average age reported in this study is higher than 43.4 years in Ogun
State reported in Ogunnaike et al., (2019) and also agrees with the report of Oladoja et al. (2006) that most Nigerian farmers
(women inclusive) are between 41-50 years of age and are still active. Majority (89.5%) of the respondents are married, this
contributed widely to the use of family labour by the households as the wives and children constituted part of the labour
force. The study further revealed the mean years of formal education to be 8 years.
Also, 22.7% of the total respondents sampled had no formal education, while 77.3% of the farmers had at least primary education qualification. This implies that majority of the farmers had at least first leaving school certificate (primary education).
The result of the finding thus supports that of other studies have revealed that the level of education (years of schooling)
helps farmers to use production information efficiently, as a more educated person acquires more information and, to that
extent, is a better producer (Wang et al., 1996). The level of farmers’ education is believed to influence the use of improved
technology in agriculture and, hence, farm productivity. The level of education determines the level of opportunities available to improve livelihood strategies and enhance food security. It affects the level of exposure to new ideas and managerial
capacity in production and the perception of the household members on how to adopt and integrate innovations into the
household’s survival strategies. The mean farm size is 1.7ha for the total respondents in Nigeria this implies that the larger
the farm size, the higher the tendency of diversification of crop production thus leading to more production for home consumption and for sale (Minot et al, 2006). Majority (65.6%) of the sampled farmers produced their cereals from the upland.
Majority (40.8%) of the farmers cultivated leased or rented land. With respect to their tenure duration, 53.6% of farmers
had a long term tenure duration on their cultivated lands. This may be attributed to the fact that majority of their cultivated
plots are leased thereby giving them more rights to invest in long term farming activities in addition, majority (89.7%) of the
farmers do not have registered rights on their cultivated lands.
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Table 1: Socioeconomic Characteristics of Farmers
Characteristics

Frequency

Percent

<30

134

10

31-40

359

26.8

41-50

401

30

51-60

290

21.7

>60

154

11.5

Mean

46.6(12.8)

Age(Years)

Marital Status
Married

1176

87.9

Single

118

8.8

Widow

44

3.3

No formal education

262

19.6

Primary education

315

23.5

Secondary education

458

34.2

Tertiary education

303

22.6

Mean

8.9(5.4)

Educational status

Farm size (ha)
<2

1083

80.9

2-4ha

172

12.9

>4

83

6.2

Mean

1.68(2.7)

Land type
Upland

921

68.8

Lowland

417

31.2
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Mode of land acquisition
Inherited

475

35.6

Purchased

147

11

Leased/Rented

545

40.8

Family land

90

6.7

Community land

66

4.9

Others

12

0.9

Short term use

389

29.1

Medium term use

232

17.3

Long term use

717

53.6

Not registered

1200

89.7

Registered

138

10.3

Tenure duration

Right registration

Source: Computed from field survey 2018
Perception of Farmers to Climate Variables
All of the respondents were asked question about whether or not they had experienced changes to regional climate within
the past 25years, they were asked about their perceived experience in relation to a series of climatic events commonly associated within the global climate change effects in Nigeria. To these they could respond that the changes they experienced
declined substantially, declined slightly, remain the same, increased slightly or increased substantially. The results on Table
2 reports the response of respondents. It revealed that most of the respondents (65%) perceived that average day time
temperature increased substantially. In addition, 47.6% of the respondents perceived an increase in the length of dry season
or prevalence of droughts in the last 25 years. This is in accordance with the findings of Adebayo et al, 2012 who reported
that 82% of respondents perceived an increase in day time temperature in Nigeria. Furthermore 26.1% of the respondents
perceived a substantial decline in the average volume of rainfall while 33.8% perceived slight decline in the rainy season
length, which however implies that an average respondent felt that the volume of rainfall and the rainy season length had
decreased relative to the last twenty-five years.
The results as presented also shows that majority of the respondents do not perceive any change in relation to incidence of
flood (32.7%), intensity of storms (36.8%) and intensity of harmattan (26.1%) which implies that on the average, respondents in the study area perceived that incidences of flood and river overflow beyond its bank, frequency and intensity of
storms and intensity of harmattan had increased compared to the last twenty-five years. Furthermore, 28.4% of the respondents perceived a substantial decline in the prediction of rainfall which implies that an average respondent in the study
area perceived a decrease in the prediction of rainfall compared to the last twenty-five years.
Lastly, while 37.8% of farmers perceived a substantial increase in the dryness of soil. The perception of the respondents
towards the incidences of unusually high rainfall and thunderstorm remain the same (33.8%) in the study area. This imply
that an average respondent in the study area felt an increase in the dryness of soil while the perception to the incidences
of unusually high rainfall and thunderstorms remains the same relative to the last twenty-five years.
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Table 2: Perception of farmers to climate variables
Increased substan- Increased

Remain the same

Declined

Declined

slightly

substantially

tially

slightly

Daytime temp

346(65)

109(20.5)

46(8.6)

19(3.6)

12(2.3)

Dry season length

253(47.6)

163(30.6)

67(12.6)

40(7.5)

9(1.7)

Volume of rainfall

86(16.2)

80(15)

79(14.8)

148(27.8)

139(26.1)

Rainy season length

66(12.4)

74(13.9)

64(12)

180(33.8)

148(27.8)

Incidence of flood

92(17.3)

111(20.9)

174(32.7)

96(18)

59(11.1)

Intensity of storms

115(21.6)

105(19.7)

196(36.8)

73(13.7)

43(8.1)

Intensity of harmattan

90(16.9)

111(20.9)

139(26.1)

108(20.3)

84(15.8)

Prediction of rainfall

51(9.6)

66(12.4)

134(25.2)

130(24.4)

151(28.4)

Dryness of the soil

201(37.8)

136(25.6)

111(20.9)

37(7)

47(8.8)

Unusually high rainfall

79(14.8)

123(23.1)

180(33.8)

67(12.6)

83(15.6)

Source: Computed from field survey 2018

Climate Adaptation Strategies Used
This section deals with the farm-level climate change adaptation strategies used by the sampled smallholder farmers during
the last cropping year. 29.4% of the sampled smallholder farmers used other coping strategy such as mulching, multiple crop
types, and multiple planting date as a coping mechanism to adapt to climate change. 23.9% of the respondents used new
crop variety as an adaptation strategy while 6.7% of the respondents used drought tolerant variety. Some farmers diversified into Nonfarm activities (5.6%) and land management such as land fragmentation was used by 8.3% of the respondents.
26.1% of the respondents (smallholder farmers) did not adopt any strategy to mitigate climate change. This result partly
agrees with the finding of Nhemachena and Hassan (2007) that noted different varieties, crop diversification and different
planting dates as main farm-level adaptation strategies in Southern Africa.

Table 3:Distribution of Respondents by their Main Farm-level Climate Change Adaptation Strategies used

Adaptation strategy

Percentage

Did nothing

26.1

New crop variety

23.9

Drought tolerant variety

6.7

Nonfarm activities

5.6

Land management

8.3

Other coping strategy

29.4

Source: Computed from field survey 2018

213
Multivariate Probit Model
The MVP regression results revealed the Wald chi-square test statistics(X2(126) =351.11) shows that the hypothesis that
all regression coefficients in each equation are jointly equal to zero is rejected at 1% (prob>X2=0.00), thus indicating the
fitness of the model with the data, and the relevance of the chosen explanatory variables in explaining the model. Furthermore, the likelihood ratio test(X2(15) = 78.582), which test the hypothesis that the correlations between error terms of the
equations are all equal to zero is also rejected at 1%(prob>X2=0.00), thus confirming the fitness of the multivariate probit
model over the six distinct univariate probit models which ignore the potential correlation between the adoption decision
of the different adaptation strategies by the farmers. The multivariate probit (MVP) models are presented in Table 4 and 5.
Table 4 shows the relationship existing between the adaptation strategies used by the smallholder farmers. The relationship
is either complementary when they have a positive coefficient that is the strategies can be used together or substitute when
they have a negative coefficient. The strategies that are complements are rho31(Drought tolerant variety & Did nothing),
rho42(Non-farm activities & new crop variety), rho52(Land management practices & New crop variety), rho62 (Other coping strategies & New crop variety), rho54 (Land management practices & Non-farm activities), rho64 (Other coping strategies & Non-farm activities) and rho65 (Other coping strategies & Land management practices). Rho53 (Land management
practices & Drought tolerant variety) are substitutes.

Table 4: Relationship between the Adaptation Strategy used by the Smallholder Farmers.

Coefficients

Standard error

Rho21

-0.0142

0.1259

Rho31

0.5160***

0.1473

Rho41

0.0978

0.1422

Rho51

-0.0085

0.1248

Rho61

0.0706

0.1207

Rho32

0.0710

0.1723

Rho42

0.5629***

0.1264

Rho52

0.3663***

0.1350

Rho62

0.7753***

0.0882

Rho43

0.3372

0.2294

Rho53

-0.3915*

0.2188

Rho63

-0.0881

0.1727

Rho54

0.5027***

0.1814

Rho64

0.5623***

0.1318

Rho65

0.5931***

0.1117

Source: Computed from field survey 2018 *significant at 10% ***significant at 1%
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Results on Table 5 revealed that age is significant and positively correlated to the probability of not adopting any strategy
to mitigate climate change while age squared has a negative influence on the adoption of the same practice. This implies
that as majority of the farmers are above 40, they have a short planning horizon and do not have the ability to cope with
the changing climate and climate variability risk. This is in line with the result reported by Bayard et al. (2006) that the age
of farmers has a negative influence on adoption of technology. Male headed household has a higher probability of adopting
land management practices than female headed households. Correspondingly, the following previous studies found that
male household heads have a positive relationship in adoption of manure and intensity of its use and fertilizer adoption and
intensity of its use of farm technology adoption in Kenya (Ogada et al., 2010); on multiple crops under irrigation and multiple crop-livestock under irrigation as African farmers’ strategies for adapting to climate change (Hassan and Nhemachena,
2008); and on adoption of fallow and terracing as land management technologies in Uganda (Birungi and Hassan, 2010).
Male-headed households are more likely to get information about new technologies and undertake risky businesses than
female-headed households (Asfaw and Admassie, 2004).
Married small holder farmers have increased likelihood of adopting new crop variety and other coping strategies, while
farmers that does not belong to a farmers group has increased likelihood to move to non-farm activities The result further
showed that there increase in household size increases the probability of adopting new crop variety, land management practices and other coping strategies. However, household size has a negative effect on the probability of adopting non-farm
activities. This result agrees with the finding of Birungi and Hassan (2010) which found out that household size is negatively
related to adoption of fallow as land management technology in Uganda.
Furthermore, increase in farm size increases the likelihood of adopting non-farm activities, this implies that farmers with
large farm size tends to diversify into non-farm activities. Farm size also has a negative effect on the probability of choosing
land management practices. This implies that small farm size owners decrease the likelihood of adopting land management
practices. This is attributed to the fact that adaptation is plot specific (Deressa et al., 2009). It is not the size of the farm but
the specific characteristics of the farm that dictate the need for a specific adaptation method to climate change. Access to
basic amenities such as road, water and electricity increases the likelihood of adopting drought tolerant variety, non-farm
activities, land management and other coping strategy. Also Increase in total farm income increases the likelihood of adopting other coping strategies.
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Table 5: Factors that Influence the Choice of Adaptation Strategy Used.

Did Nothing

New Crop variety

Drought Tolerant

Nonfarm act.
Coefficient

Land Mgt. practices

Other Coping Strategies

Z

Coefficient Z

Coefficient Z

0.1932

1.23

0.0516

0.45

Coefficient

Z

Coefficient Z

Coefficient

Z

Age

0.284**

2.03

0.096

0.9

-0.1667

-1.11 0.2056

0.93

Age Squared

-0.0024*

-1.67

-0.001

-1.03 0.0023

1.44

-1.03 -0.0023

-1.3

-0.0007

-0.54

Sex

0.1030

0.38

0.386

1.52

-0.75 0.1144

0.31

1.9

0.2187

0.84

Marital status

0.0389

0.09

-0.725*

-1.94 -0.2248

-0.47 -0.0529

-0.09 0.0574

0.11

-0.6841*

-1.88

Years of education

0.0159

0.55

0.0169

0.58

0.0189

0.52

0.25

-0.39

0.0063

0.22

Farmers association

-0.3437

-1.31

0.2081

0.85

-0.3920

-0.94 -0.8528**

-2.13 0.1765

0.51

0.0779

0.27

Household Size

-0.0016

-0.03

0.0985*

1.94

-0.0135

-0.27 -0.1034*

-1.8

0.1542***

3.64

0.0961**

2.01

Nativity

-0.1891

-0.81

0.1361

0.63

-0.3710

-1.12 0.3441

0.99

0.0819

0.32

0.0196

0.09

Farm size_ Ha

0.0342

0.33

-0.0379

-0.36 -0.182

-1.09 0.2284*

1.82

-0.2886**

-2.21

-0.0982

-0.9

Amount borrowed

1.06E-06

1.26

1.17E-06

0.89

-1.11E-06

-1.17 -1.1E-05**

-2.32 6.72E-07

0.67

2.02E-07

0.15

Access to water

0.053

0.22

0.306

1.37

0.442

1.24

0.028

0.1

0.163

0.62

0.567**

2.33

Access to road

4.925***

16.05

-0.106

-0.14 3.849***

6.39

3.949***

8.15

2.819**

2.48

2.665***

4.81

Access to Electricity

-0.0405

-0.08

-0.4706

-0.99 4.0102***

5.81

-0.1064

-0.17 -1.523***

-2.92

-1.156***

-2.94

Total income

7.08E-07

0.32

5.01E-07

0.23

1.4

3.48E-06

1.49

0.98

9.36E-

3.31

-0.2830

3.47E-06

-0.0024

0.0106

0.6256*

-0.0132

1.86E-06

06***
Constant

-14.270

Log pseudo likelihood

-353.11

-4.07

-2.8581

-1.11 -6.3355

-1.62 -13.3463

-2.57 -7.9406

Likelihood ratio test of rho21=rho31=rho41=rho51=rh061=rho32=rho42rho52rho62rho43rho53rho63rho54>rho64=rho65=0.00
chi2(15)=78.582 Probability>chi2=0

Source: Computed from field survey, 2018. *, **,***significant at 10%, 5% and 1% respectively

-1.77

-3.9626

-1.37
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Conclusion and Recommendations
The study found that household farmers adopt various adaptation strategies in order to cushion from the negative effects
of climatic/weather variability and extreme events such as drought and floods. Although majority of the farmers did not
adapt any measures to mitigate the changes in climate because of lack of information and financial constraint, the study
found that sex, age, income, access to road, farm size, farmers’ association have significant impact on adaptation of climate change. Policy and decision makers would find these findings very important in making decision towards adaptation
to changes in climate. There is therefore need for putting in place policies and programs that will make the smallholder
farmers to be proactive in adapting to climate change. Based on the finding, the study recommends that:
1. Government, policy makers and NGOs should facilitate the availability of credit for smallholders’ farmers in order to
improve their adaptation strategy.
2. Government, policy makers and NGOs should sensitize farmers through extension agents on the effect of climate
change and the need to mitigate in other to cushion the effect.
3. Farmers should be encouraged to join farmer’s groups as it helps to give farmers a common front in negotiating input
and output prices as well as an avenue for informal education and sharing of information about new technologies.
4. Youths and young adults should be encouraged to engage in agricultural production because they are still economically active in this age as it increases the probability of adopting new technologies.
5. Government should invest more in providing basic amenities to the rural populace as access to road and other needs
tends to increase the likelihood of adoption of adaptation strategies.
6. There is a need for new institutions such as Public-Private Partnership organized which can take research findings to
the field and help smallholder farmers adapt to a changing climate.
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Abstract
The study examined the relationship between climate change adaptation method and quality delivery of federal universities
in north central Nigeria. A descriptive survey research was adopted for the study. The population of the respondents were
8675 comprising of the registrars, directors, deans and student’s union executives. A sample of 800 respondents was selected using stratified rand on sapling technique. The instrument was self-design instrument tagged climate change adaptation method for quality delivery questionnaire. (CLICMQDQ) was used for Data Collection The instrument was validated by
the experts. Split-Half reliability method was used to test for Reliability Index which yielded 0.81 After subjecting spearman
Ranking Order Statistics. Two research question and one hypothesis were generated to guide the study. Descriptive statistics was used to answer the research questions. While Pearson product moment correlation statistic was used to test the
hypothesis at 0.05 significance level. However, the findings revealed that climate change have adverse effects on the quality
delivery of the federal universities in the north central Nigeria. That the adaptation methods adopted by the government
and universities community reduce the stress and enhance quality delivery. It was recommended that adequate finds need
to be provided towards construction and installation of the relevant climate change adoptability equipment in universities.
Keywords: climate change, Adoptability methods, quality delivery and federal universities.

Introduction
It is an undisputable fact that quality education is an impetus for national security, National transformation, and sustainable
national development. However, no nations that try with educational provision for the citizens can never be ranked high
among the developed nations of the world. It is important to note that illiteracy have baneful effect on national productivity.
Federal Republic of Nigeria (2013) Noted that for high economic productivity of any nation, there is the need for the middle
manpower that will accelerate quality assurance of the products. The Federal Republic of Nigeria however established 49
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universities in the country Nigeria. It should be noted that there are natural environmental factors that affect the quality
de livery of the universities especially federal universities. Such environmental factor is climate change had been affecting
the socio-economic life of the nation. Climate change according to Ogundele and Afolabi (2010) Is the excessiveness of
the climate element like temperature humidity rainfall pressure which their intensiveness affects the quality delivery of the
products from the university sector.
However, the excessiveness of the climate change in federal universities affects the internal efficiency quality assurance and
low productivity of the graduates. This factor of climate change lead to truancy, wastage rate, outbreak of diseases, destruction of classroom buildings and infrastructures. All these affect the quality delivery of the universities especially in the north
central of Nigeria. However, for effective quality delivery of the universities in the north central Nigeria, the government
and well-meaning Nigerians advocated for the climate change adaptation methods.
Otitoju (2013) defined climate change as the national activities that after the composition of the global atmosphere directly
or indirectly which are affecting the people, their livelihood and the ecosystem and thereby provide great developmental
challenges to the global community in general. The climate change adoptability was defined by Ogundele and Afolabi (2010)
as the changing and mitigation efforts which reduce intensiveness to sinks of the excessiveness of the climatic elements and
gases to penetrate in to the socio-cultural and economic life of the citizens in the community.
The climate change adoptability methods that are put in place towards achieving quality control, delivery and assurance of
universities are mentioned by international institute of sustainable development (2007) as follows: effective school planning
supervision and maintenance culture, compatibility of the building constructions to suit the available climate in each areas,
channelization of the non-ways improving efficiency and dealing with the existing climatic conditions and ways of dealing
with them towards effective modifications to enhance quality delivery efforts of federal universities in the north central
Nigeria. However, the rationale for this study is the examine the influence of climate change adaptation methods for enhancing quality delivery of the federal universities in Nigeria.

Statement of the Problem
The quality education in the university are affected greatly by the excessiveness of the existing climate change which lead
to truancy wastage rate, absentees, poor record keeping, poor and in efficiency in the teaching the research activities and
in the lecturers community services. The problem of the study centered on whether the application of the climate change
adaptation method wise and the quality delivery of the federal universities in the north central Nigeria.

Aim and Objectives
The study aimed at examining the relationship between climate change adoptability methods and quality delivery of federal
universities in the north central of Nigeria. Specially the study was design to:
a) Examine the available type of climate change in the North central Nigeria that affect the quality delivery of federal universities
b) Find out the influence of the climate change adaptation methods on the quality delivery indicators of the federal universities in North central Nigeria
Research Questions
The following research question were raised to guide the study
1. What are the climate change adaptation methods for achieving quality delivery of federal universities in North Central
Nigeria?
2. To what extent to the climate change adaptation methods aid quality delivery of federal universities in North Central
Nigeria?

Research Hypothesis
The hypothesis formulated foe the study was there is no significant relationship between climate change adaptation methods and quality delivery of the federal universities in North Central Nigeria.
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Methodology
The study adopted descriptive survey research design of correlation type. The population was 86 to 75 respondents comprising of Registrars, Deans, directors of academic planning and physical planning, student affairs, research and development and the student’s union executives. A total of 800 were selected using stratified samples technique. The instrument
tagged Climate Change Adaptation Method for Quality Delivery Questionnaire (CLICAMODQ) was use to collect relevant
data and was validated by the experts and the Reliability method was Split-Half reliability method which yielded 0.81 result
after subjected to spearman Ranking Order Statistics.
Two research questions and one hypothesis were generated for the study. The research questions were answered using
descriptive statistics like mean-sure and standard deviation at 2.50 pt benchmarks. While the hypothesis was tested at 0.05
significance level using Pearson product moment correlation statistics find below the results.

Result and Discussion
a) What are the climate change adaptation methods for achieving quality delivery of federal universities in North Central
Nigeria?
Table 1: Climate Change Adaptation Methods for Quality Delivery of Federal Universities in North Central Nigeria.

S/no

1.

Items
Constant training of the university’s stakeholders on the harmful effects of climate change

X

Sd

Decision

19.72

3.51.

Agreed

2.

The universities in the region provide hazard allowance to the workers

28.53

2.79.

Agreed

3.

Provision and utilization of the climate change equipment’s

14.78

2.79

Agreed

4.

Wearing of thick materials to reduce the climate change effects

12.48

3.12

Agreed

16.36

2.13

Agreed

17.86

2.78

Agreed

5.

6.

The universities employ the local cleaners to clear bush and the clean
the environments in the universities

There is adequate maintenance culture at the universities

The table 1 shows that universities in the North Central Nigeria adopted the following method to reduce the effect of the
climate change on the students and the staff so that quality delivery in teaching research, community services and effective
record keeping can be achieved. The methods are lecturers and students training on the issue of climate change, provision
of hazard allowance, installation of climate change equipment. The result is therefore supported Benchi (2006) that any
adaptation method for climate change can aid high productivity and development in any sector.
Research Question 2: To what extent do the climate change adaptation methods and quality delivery of federal universities
in North Central Nigeria?
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Table 2: The Extent at Which the Climate Change Adaptation Methods and Quality Delivery of Federal Universities in
North Central Nigeria.

S/no

Items

X

Sd

Decision

7.

Adequate maintenance culture reduce classroom building collapse

18.52

3.41

Agreed

12.48

2.78

Agreed

14.72

2.88

Agreed

11.71

2.72

agreed

8.

9.

10.

Provision and utilization of climate change equipment eliminate environmental hazard
The availability of climate adaptation method encourages positive internal
efficiency of universities

The effective supervision can adequately guarantee safety of life for effective
lesson delivery.

Table 2 also indicates that the climate change adaptability methods adopted by the federal universities in North Central
Nigeria lad greatly influenced the internal efficiency and quality delivery in teaching, research and community services in
the universities. The result was therefore supported by the study of Daressa (2008) which noted that the effectiveness of
the climate change adoptability method will encourage food security, healthcare delivery and improved socio-economic
lifelong. So, the study shows that the climate change adaptability methods aid quality delivery of the universities.
Hypothesis
Ho1: There is no significant relationship between climate-change adaptation methods and quality delivery of federal universities in the North Central Nigeria.
Table 3: Climate change adaptation and quality delivery of federal universities in the North Central Nigeria.

Variables
Climate change adaptability
methods

No

X

Sd

800

19.58

3.63

Df

800

11.24

2.81

Critical

Deci-

r-value

r-value

sion

Ho1

799

Quality delivery

Calculated

.63

.186
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Table 3 shows that the calculated r-value of .63 is greater than the critical r-value of .186 at the degree of freedom of 799
and tested at 0.05 significance level hence the null hypothesis which stated that there is no significant relationship between
climate change adaptability methods and quality delivery in the federal universities in the North Central Nigeria is however
rejected. It therefore means moderate significant relationship existed between climate change and quality delivery in the
universities. However, the finding was in line with Jagtap (2012) that discovered that the only solution to the global warming
and emission is to adopt effective adaptability methods for a sustainable development to be enhanced.

Conclusion
Based on the finding of the study it was discovered that the North central Nigeria is in the central area of excessiveness of
the climatic elements and he government and universities had been reducing the effects on the citizens including universities staff. The climate change adaptability method therefore aids the quality delivery at the federal universities especially
in North Central Nigeria.

Recommendations
Based on the findings and conclusion, the following recommendations were made
Establishment of center for climate change in the federal universities. The center will be changed with the responsibilities of
training, creating awareness and serve as adviser to the society on the existing climate change in the area.
Provision of adequate funds to construct concrete buildings and equipment that will have great effects on the global warming.
More research activities should be carried out on the climate change and global warming and their implications on the sustainable national transformation, development and quality delivery.
Finally, the climate change adaptation equipment should be made available at affordable prices and to the reach of the
citizens so as to enhance effective utilization.
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Abstract
Climate Smart Agriculture (CSA) is a technology that builds resilience among the smallholder farmers and addresses the
challenges linked to food insecurity and climate change. Conservation Agriculture (CA) is one of CSA technology/initiative
promoted among small holder farmers to restore the environmental ecosystem whilst demonstrating reduction in cost of
production for small holder farmers. Small holder farmers in most rural parts of Zambia are prone to economic and environmental shocks due to change in climatic conditions. The COVID 19 era is another factor increasing the vulnerability of the
rural farmers and may lead to a reverse on gains made by different stakeholders in adoption of Climate Smart Agriculture.
In this paper we discuss CA as one technology that has been widely adopted by small holder farmers in Zambia and has
contributed to food security. CA helps to build soil health by practicing the three principles namely, minimum tillage, maximum soil cover and crop rotation. The table below illustrates one of the long-term scientific benefits of using CA on soil PH.
Table 1 Soil pH in Conservation Agriculture and Conventional
Tillage

(CT) Systems

Age CA site

CA

CT

p-Value

4 years

5.86

5.57

0.0728

7 years

6.14

5.60

0.0095

16 years

6.54

5.54

0.0001

Source-Sustainable Agriculture Research
This paper seeks to demonstrate the trade-off between economic improvements and improved environmental conditions
for areas and farmers practicing CA as illustrated below:
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Illustration of the two farming methods used by small holder farmers
The paper will also examine the policy and legal framework(s) within the scope of Climate Change that may drive or derail
adoption of Conservation Agriculture. Evidence of impact will be drawn from results achieved by the members of the
Climate Smart Agriculture Alliance in Zambia.
There is empirical evidence that farmers are aware of the rapidly changing Climatic conditions and this could ease the drive
and adoption of appropriate CA interventions. The paper will further demonstrate priority areas where technical and financial investment maybe required and will influence government to prioritize and invest in CA.
Key words: Adoption, Climate Smart Technologies, Conservation Agriculture.

225

Day Two

Lead Papers
Presentations
and Panel
Discussions

226

Lead Paper One

Pathways for Transforming Africa’s
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Abstract
Ending hunger and growing inclusive economies to support prosperous livelihoods are foremost amongst Africa’s development priorities as expressed in the continental blueprint, Agenda 2063. Farming remains the main source of food and
income for more than 70% of the continent’s population, on average contributing around 20% of national GDP. Climate
change however threatens to derail progress made so far in fighting food insecurity and poverty. Rainfall is increasingly variable in timing, amount, and intensity. Both drought and flooding have become more frequent and severe. Across the continent, more than 51 million smallholder farming households still depend on rain fed agricultural production systems, putting
them at severe risk from a changing climate. These risks are magnified by the fact that most of the farmers lack resources,
technologies, information, and support services they need to adapt their farming systems in response to the changing climate. Without the support they need to adapt to climate change, millions of farming households on the continent face food
insecurity, economic marginalisation and poverty.
Climate Smart Agriculture (CSA) has emerged as the most comprehensive approach to transforming Africa’s agricultural sector in the face of a changing climate. From global to national levels, CSA has been widely embraced as a guiding framework
for adaptation and mitigation action for the agricultural sector. At Malabo, African leaders and member states adopted the
Africa Climate Smart Agriculture Vision 25X25 which aims to support at least 25 million farm households in practicing CSA
by 2025.
Although the adoption of CSA on the continent has been gathering momentum over the last decade, the pace and scale of
this transformation is nowhere near what’s required to safeguard African agriculture from the risks posed by climate change.
The slow pace of the transition has been attributed to several constraints that include both long-standing contextual limitations facing smallholder agriculture and those specific to the CSA approach itself. Recent experiences in rolling out CSA
have brought to the fore the reality that a sustained transition to CSA entails addressing both sets of challenges.
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This paper discusses potential pathways for accelerating the adoption of CSA in line with the ambitious targets set by
African member states. Two models for driving this transformation are discussed. The first is a shared value model for agricultural transformation which hinges on mutually beneficial partnerships between farmers, private sector, government and
development partners. This model is built on the premise that climate risk is best addressed jointly by those stakeholders
that share this risk. A second model is a youth empowerment model that hinges on a comprehensive, professional programme for young farmer development and support. This pathway seeks to groom a new cadre of young agri-entrepreneurs
to champion a sustained transformation at various parts of the value chain.
While these pathways are not mutually exclusive, they present different opportunities and challenges. Key drivers for each
of these pathways are also different and are highlighted in the paper. None of these pathways should be seen as a silver
bullet. As such, each still require multi-pronged support and investment by the full spectrum of stakeholders to deliver the
envisage transformation.
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Introduction
COVID-19 has plunged the whole world in the biggest crisis of recent history. And it has come on top of other existing global challenges, like more than 700 million people living in hunger, 2 billion people who don’t have access to safe, affordable
and nutritious food and 1.6 billion with obesity.
At the same time we are losing one third of our produced food every year. And let’s not forget the crises of loss of biodiversity and forests.
In short, the vulnerabilities of our global food system have been laid bare.
Our agenda is set out for us in the Sustainable Development Goals. So we know what it takes to tackle these crises. And we
know that we are lagging far behind in implementing our commitments towards Agenda 2030.
The challenges we are faces are enormous as is the urgency. We have to act and we have to act now.
If there is a moment in time it is now for us as countries to unit it Is now. We are the United nation and we have to show
it in leaving nobody behind. More than ever we have to join in action, of course at the global level, but more important at
the national level.
It is increasingly evident that we need multi stakeholder platforms to keep the CSA dialogue and momentum among stakeholders and partnerships relevant and vibrant, consistent, and an active participation of all actors.
Our food system is further compounded by the challenges posed by the global public health pandemic, COVID-19. The
global pandemic is perhaps the most daunting challenge of our time. The severe impacts on agriculture and food systems
mean that the continent needs to act decisively and urgently. And further strengthens the call for multi-stakeholder action.
Ladies and Gentlemen, the issue of Scaling up Investments for Climate-Smart Agriculture in Food Systems is at the heart
of climate action.
It is time to walk the talk - the future is in our hands.
The research papers discussed during this conference form part of the much-needed evidence base for CSA.
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Multistakeholder Approach
Building on that evidence, we should identify climate actions and connect to other stakeholders. Reaching results for CSA
requires effort from all of us: researchers, governments, private sector, civil society, and, most of all, farmers, including
young and women farmers. And all these actors need resources. To enhance access to resources and connect farmers to
markets, the private sector plays a crucial role.
The notion of "scaling" implies actions – and we must act now.
Barriers for scaling up investment include a lack of coordination between climate and agricultural finance. CSA's complexity and competition for funding allocation from many other priority agendas in development and climate change also limit
finance available.
For the private sector, agriculture is a risky business and there is need to de-risk through adequate technical assistance in
project development. Projects are not bankable due to weak business cases as a result of the limited engagement of the
private sector. In addition, few pilot projects fail to scale because of policy bottle necks.
Nonetheless, the need for CSA finance is immediate. The barriers to scaling up public and private investments underscore
the need to accelerate the transformation of food systems and other systemic crises. The needed technologies exist, and
these could lead to significant changes in different parts of our food system.
Scaling up investment for CSA will require a combination of making public-private agriculture investments, an enabling policy environment and innovative partnerships more climate smart. All these components are integral to achieving the overall
goal of scaling up finance to support CSA practices.
The successful mechanisms for public-private partnerships to scale-up investments are context and project-specific. However, there is interest in scaling up funding for agriculture projects that are 'climate-smart,' particularly those that support
adaptation goals. The challenge remains on the availability of 'investment ready' or 'bankable' projects and programs that
could be implemented successfully at scale.

Inclusive financing
Scaling up climate smart agriculture needs inclusive financing.
1. Access to financial services is crucial to ensure the supply of and demand for food systems across the globe. On the supply side, financing is necessary to ensure sufficient production, mitigate risk, and invest in sustainable farming methods. On
the demand side, access to savings, credit, and insurance is crucial for households to be able to afford healthy diets across
longer periods of time – especially in the face of economic shocks. Unfortunately, rural and smallholder households make
up a majority of the financially excluded.
2. Financial services allow farmers to smooth consumption, manage shocks, and invest in their businesses. This provides an
onramp for more efficient production, further integration with markets, resources to weather difficult periods, and overall
greater economic wellbeing. As such, promoting financial inclusion of smallholder farmers holds great potential to support
sustainable food production and healthy diets for all.
3. Access to financial services also plays an important role in achieving healthy diets for vulnerable populations. Rigorous
evidence has demonstrated that women who received free savings accounts increased spending on nutritious foods. These
financial tools help ensure vulnerable populations can withstand shocks without sacrificing food consumption. For example,
with enough savings built up, an unexpected medical expense does not automatically mean cutting back on protein-rich
foods to seek proper healthcare.
4. New financial solutions previously unavailable for smallholder farmers, particularly those in rural areas, make access
technology innovations which have great potential to support better agricultural finance and nutrition outcomes, feasible.
These include:
o Advancements in farm technology, such as sensors, satellite imagery, and drones, which help to increase efficiency along
agricultural value chains.
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o A more intensive use of digital platforms which connect farmers to digital payment systems, new markets, and new partners. For example, platforms are connecting fast moving consumer goods companies with small producers providing them
new opportunities to sell their output and benefit from new value chains.

Youth engagement
To face the global challenges and especially those for climate smart agriculture engagement for and with the youth is crucial.
They have the future and can be the agents for change.
We have to involve them closer in our CSA endeavor. The Global Alliance for Climate Smart Agriculture is strongly engaged
with youth projects. Last October we sponsored a youth event in the Democratic Republic of Congo. This event was organized in cooperation with the NGP Femme et Enfant. The training camp was organized for youth from several provinces of
the DRC focusing on climate smart agriculture practices.
To better integrate agricultural development and climate-resilience, we cannot continue with business as usual. There is a
need to identify and address the most important interactions, synergies, and trade-offs among climate change, agriculture,
and food security. The research papers presented during this conference contribute to identifying these key factors.
Matchmaking investments, innovations, technologies, and training throughout the whole value chain will help us find real
solutions on the ground to sustainably increase sustainably agricultural productivity and improve farmers’ incomes, while
building resilience and adaptation to the effects of climate change, and, where possible, reducing and/or removing greenhouse gas emissions.

Access to financial resources
Globally the financing for climate smart agriculture programmes is there. It is more the question how to access the available
funding. Several possibilities are available:
1. Green Climate Fund and GEF
Funding for climate smart agriculture programmes and projects is more than feasible given to positive aspects for climate
change. But countries should join efforts to access to these funds. Furthermore, CSA should be a priority in the NDC’s
(National Determined Contributions) to make it possible. FAO stands ready to support governments.
2. Adaptation Fund
The Commission for Adaption has a targeted fund available for climate smart agriculture programmes and projects.
3. Access funds of the World Bank and IFAD
Given the crucial role of sustainable agriculture for economic and rural development and climate change both the World
Bank and IFAD have targeted funding available for CSA programmes and projects. Crucial is to develop capacity in accessing
this funding. A joint approach with multiple stakeholders is crucial in this regard
4. Private sector funding
Companies (small, medium and large) stand ready to invest in climate smart agriculture. But they have to approached in
right manner.
The question should be “ what can we do for these companies in order to invest. In this regard I would like to mention two
examples:
- DSM/ African foods in Rwanda;
- Roundtables World Bank, FAO regarding food losses in 3 countries
To successfully access these sources of nuance it is crucial that:
•

Governments are fully involved and give priority to climate smart agriculture

•

Priority will be given to capacity building of involved stakeholders

231
•

The pace of climate small agriculture programmes and projects will be increased

Closing
This challenge is vast and urgent, but feasible. Digital technology possibilities, policy innovations and emerging private
sector leadership are paving the way for transformational and unprecedented breakthroughs. It depends on finding the
matches and providing the investments in rural development and agriculture.
That’s why the Global Alliance for Climate-Smart Agriculture (GACSA), an inclusive, voluntary, and action-oriented multi-stakeholder platform on CSA that I co-chair, has been championing the cause of scaling up investments for CSA. GACSA
is ready to support Africa, and we have to act fast and now; otherwise, the progress made so far in fighting poverty and
food security may be reversed in a few years.

We have noted over the years, several multi-stakeholder alliances and networks have been established at the national,
regional, and global levels to support the dissemination and implementation of CSA. The emergence of CSA alliances and
platforms worldwide is a positive and strong signal to the international community that shows the willingness of all stakeholders, at various levels of action, to tackle the climate challenges in the agricultural sectors, based on joint efforts and
context-specific approaches.
GACSA is promoting partnerships to support investments towards CSA and climate action in agriculture. GACSA plays this
strategic role as a "broker," linking good ideas and implementers interested in investing in scaling up CSA . By facilitating
bankable projects through matchmaking, GACSA brings key players together to collectively design and implement win-win
CSA programs; and increase participation and investments towards CSA.
COVID-19 has exposed the loopholes in our food systems and has pinpointed where the vulnerabilities are. It is an important lesson for us to learn from and may teach us how we can holistically address these challenges. That is why the 2021
United Nations Food System Summit is so important, and another platform where we need to work together to address all
of those vulnerabilities.
Ladies and Gentlemen, I commend you, the organizers, and participants for this conference. I believe such platforms are
needed to encourage the coordination of joint activities and collaboration on more accessible and feasible options and can
give an extra boost because they encourage significant involvement in CSA and facilitate opportunities at various levels for
all stakeholders.
This conference is timely, as the countdown to reach the Sustainable Development Goals in 2030 is well underway, to sustainably transform our food systems in the face of climate change, COVID-19, and future global crisis.
It takes generosity to discover the whole through others. If you realize you are only a violin, you can open yourself up to the
world by playing your role in the concert.” (Jacques Yves Cousteau)
Thank you
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Panel Discussion I
Joint Development of Continental Direction for Action on CSA
Facilitator: Dr. Irene Annor-Frempong
Rapporteured by: Richard Kombat

T

he terminologies used to address climate change and its related issues are too many and difficult to understand. Although, many efforts have been made on the continent to address the direction in which CSA should be driven, the

target has still not been met. This is partly because various organizations are doing their part but are not partnering with
other organizations in order to have a common drive. In this panel discussion, experts from different organizations came
together to discuss the measures that should be taken by Africa to have a road map indicating the direction(s) CSA should
take. The discussions in the panel focused on the key presentations by the five panelists

Panelist/ Speakers
1. Dr. Linah Muhonjo (KALRO Kenya)
2. Bongiwe Njobe (Executive Director of ZA NAC Consulting, South Africa)
3. Dr. Majola Mabuza (Program officer, Policy Southern African - Confederation of Agricultural Unions)
4. Dr. George Wamukoya, (Team Leader – AGNES)
5. Nassirou Ba (Africa Climate Policy Centre)

Summary of Panellist Presentations and Discussions
Climate change has triggered a huge change in social, economic, and cultural systems in most parts of Africa resulting in
desertification, eradication of certain crops and livestock production systems as well as the reduction in the volume of available land. The demand for CSA brings the world to collective action. The barriers of CSA adaptation include the following:
1. Inadequate training and information and knowledge transfer,
2. Weak enabling environments such as: unaffordable policies, inadequate infrastructure, limited dissemination of technologies,
3. Unestablished risk management system
4. Reliance on traditional practices and 5. Limited capacities to implement techniques
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Unlocking Resources to advance CSA
The CSA community needs to find a way to finance itself. Africa needs to further identify ways to achieve this funding
mechanism through government funding, African philanthropists, impact funds, etc. Scaling strategies must be adapted and
implemented to ensure the effectiveness of CSA targets on the continent. What lessons have we learned from the COVID-19 that can enable us to socially return to the way we used to do things? Hence the elements of data should help Africa
to build the context and narratives.
From the farmer's perspective, we are still far from the target we set for ourselves as a continent to deal with climate
change. So, support for CSA projects should be long-term based so that we can see changes. With the increased food
losses, we may wonder whether we are producing using the CSA principles. Since the implementor at the end of the day
are the farmers and the youth, they need to be trained and sensitized on CSA technologies and their merging innovations.
CSA should try to move away from terminologies and look at what is going to help the continent. Africa needs more science
since the continent is the one driving agricultural negotiations. African scientists are encouraged to write and publish more
in the IPCC report for the use of their research reports for negotiations and to make Africa's voice heard on the international
front. Innovative financing is the order of the day and hence grants are reduced. Africa should try and embrace this new
funding mechanism.
Finally, tracking mechanisms and long-term strategies should be employed. Deepening our understanding, our experience
and shaping the language used with the private sector to unlock CSA shared values and integrating research, farmers, and
production incentives is the key to going ahead with CSA. Furthermore, to impact CSA for NDCs through resilience, crop
diversification and adaptation methods must be considered.
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Panel Discussion II
Priorities for Knowledge Sharing and Capacity
Development for Advancing CSA in Africa
Facilitator: Karen Munoko

H

uman capacity is still largely a limiting factor with regards to the need for increased research capacity. Additionally, the
low human capacity together with the low investment in research infrastructures is limiting the rate of generating CSA

technologies. The same applies to the organizational setup to run various components of agricultural development

in

Africa. The most productive methodology, therefore, is the holistic capacity development that encompasses individual, organizational, institutional, and systemic approaches.
The discussion in the panel mainly focused on the following key questions,
1. What is the state of Climate-Smart Agriculture, knowledge generation, and dissemination in Africa?
2. Will knowledge management infrastructure for CSA be effective? And how can resources be mobilized for it?
3. What capacity development approaches will work for CSA?
4. Is there any role for intercontinental partnerships for continental knowledge management and capacity development for
CSA?
5. Lastly, who are the core actors to engage within knowledge management and capacity development for CSA?
Panelist/ Speakers
1.

First panelist; 		

Dr. Patrick P. Kalas

2.

Second panelist;

Prof. Idowu Oladele

3.

Third panelist; 		

Mr. Divine Ntiokam

4.

Fourth panelist; 		

Prof. John Morton

5.

Discussant; 		

Dr. Robert Zougmore
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Summary of Panelist Presentations and Discussions
Capacity development is an effective and sustainable development practice. We must take charge of capacity development
in CSA. This involves country-driven, country ownership, joint commitments, and mutual accountability. All these need to
be linked to transformational results at scale.
Capacity development has three (3) dimensions for sustainability at scale. Firstly, it is important for individuals to internalize
CSA practices which means that the individual dimensional area is well covered. Secondly, it has a multi-stakeholder dimension. This suggests organizational, institutional, and multi-stakeholder networks are capacitated. Lastly, we must ensure
that there is an enabling environment for the implementation of CSA approaches. This involves aligning and harmonizing
CSA-relevant agricultural, environmental, and trade policies as well as investments.

Table 1 illustrates the modalities to enhance system-wide capacities and organizational capacities
System-wide capacities
South-south knowledge exchange and study visits

Organization capacities
Strengthen inter-ministerial coordination mechanism

CSA field schools, based on farmer fields

Review of mandates

Blended and learning on the job

Review of intra-organizational coordination

Formal training based on learning needs, assessments, and

Access, create new, or strengthen existing mul-

follow-up supports

ti-stakeholder platforms

Source: FARA Continental CSA Conference 2020

The question then remains: how should the agricultural sector address environmental-related issues? Further, from the
individual point of view, there is the need for a behavioral change to strengthen the systematic approach of CSA. CSA is
country-specific and depends on the country context(s). It is therefore important to identify these specific contexts
at country level to find solutions to the CSA problems. Additionally, one should identify what specific priority actions
need to be taken and what financial mechanisms there are for these opportunities.
The list of CSA features that make it fit for knowledge sharing and capacity development suggests that CSA is knowledge-intensive, thus it requires a comprehensive and gender-sensitive capacity development approach. It also requires
that knowledge management goes beyond blogging and social media. As such, CSA requires effective learning approaches, such as agricultural innovation systems as well as leveraging on ICT. Africa has 12% of the global population yet ranks
low in research. Generally, if CSA is to be managed, the terms need to be clarified so that there is no duplication or overlapping of efforts. This means that CSA should have the same meaning regardless of the country or the region. What then
is the state of CSA knowledge generation and dissemination in Africa? It has huge potential and promises with an impressive research knowledge base, ideas, as well as qualified individuals. It is also fragmented, under-resourced, with minimal
connections between projects and policies, research and policies, and between various CSA policies.
The capacity development approaches that will work must therefore include multiple stakeholders. The local Agricultural
Innovation Systems (AIS) need to facilitate learning among farmers, extension, research, local government, NGOs, crop
traders, financial services among others. Research institutions should also consider establishing networks and centres to
break out of disciplinary silos. This will help connect agricultural scientists, climate scientists, and social scientists as well
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as establish linkages with policymakers and other stakeholders.

The discussions concluded that there will be no scale and sustainability for CSA without the development of system-wide,
country-driven capacities. Also, CSA capacities in Africa are low at the regional and sub- regional levels. It is therefore important to strengthen the capacities not just at the national level but also at the regional and sub-regional levels. The CSA
technologies that have worked in other countries, should be made available in countries that require these technologies.
These will be customized to suit the local context instead of developing new technologies. Lastly, there is a need to work
with all stakeholders including women and youth, while establishing connections and embracing mutual learning.
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Panel Discussion III
Implication of policy, advocacy, and resource
mobilization for advancing CSA in Africa.
Facilitator: Dr. Ade Freeman

Introduction
CSA currently sounds like everything and nothing; the label is popular with development partners, and researchers. However, policy talk about CSA has not received the needed attention to achieve its goals. The main users of CSA technologies are largely the farmers and to a large extent they know very little about climate change and have still not understood
the

concept of CSA. What are the policy implications? There is therefore the need to tighten CSA advocacy in the

continent for a better understanding of the concept of CSA.
Again, resource mobilization to undertake CSA projects is still limited and Africa needs to find ways of securing sustainable funds to continue promoting CSA and its related projects. The advancement of CSA in Africa cannot be achieved if the
resources are limited. Even though a lot of funds are available for CSA and its technology development, there are still gaps
as earlier said in panel-one discussions. Science in Africa has limitations and complicated terminologies are used. Innovative funding methods are needed to drive the CSA agenda. Technocrats and development facilitators need to use simple
and non-contradictory approaches to be able to source the needed funds.
The discussions highlighted the following burning issues in Africa:
1. Political commitments is still needed to advance the CSA in Africa countries.
2. Most African countries are off track in reaching many of the developmental goals.
3. How can we do business differently?
4. What is this enabling environment that we have talked about?
5. Now let’s look at the possibilities and solutions to action?
The following question guided the discussions during the panel;
1. What are the practical decisions to translate the existing policies into concrete actions that can facilitate the adaptation of CSA technologies, their developments, and their dissemination and use?
2. In terms of contrate actions, what concrete actions do we need to put in place to promote effective advocacy for 205
CSA? Talking political advocacy and social advocacy?
3. What are the concrete actions that are needed to unleash finance to support CSA technology development, dissemination, translate policies into concrete actions, promote effective advocacy and unleash finance?
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4.

Where should our focus be on institutional issues?

5. What efforts are in place to create an institutional environment that supports the advances in CSA?
6. How can countries leverage the partnerships between the EU and the AU to support the delivery of CSA in Africa?
7. How can Africa change and improve its policies to do away with the ones that are contradictory between themselves?

Panelist/ Speakers
1. First panelist; 		

Dr. Martins Fregene

2. Second panelist; 		

Ms. Nora Berrahmouni

3. Third panelist; 		

Mr. Christophe Larose

Summary of Panelist Presentations and Discussions
There are a lot of CSA frameworks that have been developed that could help organizations that are tackling CSA and its
related issues in Africa. The process is what Africa has fallen short of. Regional member countries and African countries
should put in place a process that will restructure partnerships between government, farmers, the private sector, civil
society, and development partners. There should be a platform that would host policymakers and other stakeholders. This
would help to develop a detailed work plan, Key Performance indicators (KPIs), set timelines, and roles and to leverage
finance. The work plan would need a task force to let it run effectively.
Funds in the public sector for CSA are limited. The private sector should be motivated to help finance CSA. In terms of
advocacy, Africa needs to organize annual fora for all stakeholders to share their success stories and for others to learn.
Across the continent, some initiatives can support the adaptation of CSA policies. These include:

1.

AfDB CSA and flagship

2.

World Bank CSA program

3.

NEPARD international NGOs alliance on CSA

4.

The triple ‘A’

There is the need to ensure knowledge sharing and understanding of CSA in the different institutions beginning with the
use of existing data. There are some good country examples that can be scaled in Africa; it will be useful if other countries
can learn from these models. Lessons could be learned from the south-south and the tri- angular cooperation which uses
the learning by doing model. African countries could also explore the sharing of policies instruments peradventure such
would help policy adaptation and effective implementation.
Finally, the private sector has areas to play in major rolls of financing CSA systems;
1. Providing a create line to finance access to CSA technologies.
2. Investment in manufacturing for CSA technologies for African farmers.
3. Investment in agribusiness projects.
4. Resilient infrastructure
5. Investment into digital technologies.
These have shown that CSA also provides strong business opportunities.
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Key Summaries, Take Home
Information’s, The Way Forward, Closing
Remarks and Conclusion
Take-home messages and way forward
Paolo Sarfatti- Lead Consultant
Foresight analysis relevant to CSA
•

Climate change threatens to derail the progress made so far in fighting food insecurity and poverty. Rainfall is increasingly variable in timing, amount, and intensity. Both drought and floods have become more frequent and severe.
Across the continent, more than 51 million smallholder farming households still depend on rain-fed agricultural production systems, putting them at severe risk of climate change.

•

Land degradation, as well as deforestation interacting with climate change, represents one of the most urgent challenges for Africa with profound implications for reduced food production, food insecurity, depleting natural resources,
and economic development. It is progressing at a yearly rate of 1.4%. In parallel, the adaptation cost is increasing at a
yearly rate of 3% of the GDP.

•

Africa has been losing its forests at a very high rate of 3.9 million ha per year during the last decade, and at 4.4 million
ha/ year during 2015-2020with the risk of biodiversity loss and other depletion of ecosystem services, in turn putting
at risk sustainability of agriculture production. Ecosystem and large-scale land restoration are a crucial and a key pillar
of CSA scaling- up in Africa.

Progress on the state of CSA initiatives and contributions of science.
•

Smallholder farming plays a crucial role in providing food and employment in many African countries. Many countries
have identified smallholder farming as a viable platform to combat food insecurity and rural poverty.

•

The adoption of multiple CSA practices, techniques, and technologies can help to build sustainable agricultural production systems, particularly in the smallholder farming system, improve their productivity while adapting and building the resilience of farmers and contributing to the reduction of carbon emission.

•

Many studies have pointed to the fact that rates of smallholder’s adoption of CSA depend primarily on socio-economic factors (literacy, perceptions, membership in a farmers group, income, access to land).

•

CSA is not just about a set of practices, it involves interventions on information, value chains, policies, and the enabling

•

environment.

•

There is an urgent need to change the way food systems are managed to achieve food security and sustainable development . In this regard, post-harvest loss management, including support to efficient storage capacities, needs to be
mainstreamed into the overall food system management. CSA analysis and technology adoption have too often focused on productivity and food production systems; with less attention paid to the whole value chain including

the

management and storage of production after harvest.
•

One factor that contributes to the low uptake of new technologies is the approach used for technology development; often the development practitioners lack evidence and guidance on how the innovations can be practically be
incorporated into the prevailing agricultural systems. Evidence-based information should guide farmers in achieving
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synergies and minimizing trade-offs when implementing multiple interventions on farms. Climate change complicates
this because its impacts vary across locations.
•

The types of CSA options, as well as the level of their adoption, vary from one site to another. This shows that the
adoption is context-specific and based on the needs and priorities of farming communities.

•

There is a need to develop a guidance note on CSA interventions that generates benefits for both the farmers and
the environment, as well as help to deliver the SDGs, DRR, ecosystem services, etc.

Country-driven, bottom-up, and system-wide capacity development approach needed for continental direction and action to reach transformative and enduring results at scale:
•

Reaching the desired CSA transformation and scale that endures will only be possible if a continental, system-wide
capacity development approach that empowers people, strengthens organizations, institutions, and networks as well
as enhances the enabling policy environment is embraced.

•

This includes looking at global, regional, continental, national, and sub-national institutional political economy (IPE) elements that incentivize or disincentive adoption of CSA. The process is just as important as the product, hence needs
to be centered on inclusion to maximize ownership, commitment and mutual accountability for results.

•

Developing capacities with a bottom-up and participatory approach based on inclusive capacity assessments (including assessment of existing capacity and capacity needs) is key since CSA is context-specific. Climate-Smart villages are
an interesting example.

•

Reroute farming trajectories. Climate-smart agriculture can play a key role in driving the change through the implementation of the three pillars: productivity/adaptation/mitigation.

•

Mainstream land degradation interventions into national action, plans, strategies and programs to address land

deg-

radation in the long term.
•

The continent is able to modernize rapidly with the use of digital tools, new technologies, and renewable energies, At
the same time, there is an important potential of indigenous knowledge to address climate change issues.

•

Research must engage with relevant partners, including farmer’s organizations and extension services, to generate
evidence-based knowledge on potential CSA technologies, but must also communicate them in appropriate formats
together with capacity development efforts to raise capacity for implementation.

•

Need to address the three dimensions of sustainability: social, economic, and environmental.

•

Have a long-term vision for agricultural development. There is convergence to point to more integrated approaches
to address climate changes, for example the food system approach and a systemic landscape approach.

•

We should not look just at the crops but also at the food systems and their complexities and diversification and
combination of production systems (forestry, livestock, fisheries, etc.). If we want resilience, we need to look at biodiversity conservation, sustainable use, and restoration, agroforestry and recycling. Mono-cropping is not so resilient.
Biodiversity is key for resilience building.

•

Different types of the private sector are needed to upscale and out scale CSA: local MSMEs (along the value chains)
and international corporations (trade, technologies, etc.).

•

More studies on monitoring and evaluation of the impact of CSA are needed. A tracking mechanism for CSA implementation is being developed by AUDA-NEPAD in the framework of CAADP biannual reporting. Developing such a
tracking mechanism can build on FAO’s developed Operational guidelines for the design, implementation, and harmonization of monitoring and evaluation systems for climate-smart agriculture, and are to be used as a useful resource .
http://www.fao.org/3/ca6077en/CA6077EN.pdf

•

Scaling out and up, addressing adequate financial incentives, and brokering matchmaking initiatives to support CSA
investments.

•

.Farmers are at the center of CSA. Conservation agriculture is a way to stock carbon in the soil. Farmers could be
compensated for adopting techniques to stock Carbon in the soil (see the FAO Global Soil Organic Carbon Map).
Need to look at on-farm farm losses.

•

State of knowledge generation on CSA in Africa has very high potential but is very fragmented. Disconnects between
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different segments of knowledge generation and use (research, meteorological offices, extension, private sector, farmers, policymakers, education and capacity development, different sectors, etc.).
•

Efforts on CSA country profiling should be encouraged in order to provide easy read reference document - describing
the climate change context, the state of knowledge, and good practices in the Agriculture, Forestry and Land Use
sectors and - proposing CSA technologies/practices for scaling up.

•

Need to develop early career researchers in NARs and Universities. Strengthen capacities and education programs (at
different levels).

•

Develop communication strategies targeting different segments of the society and strengthen the engagement with
the Media and other communication tools for advocacy and raising awareness on CSA.

•

The development of a technology repository is crucial for capacity development. Digital platforms for sharing knowledge already exist. Build a different approach to knowledge management, not just project and/or donor-driven. Many
countries have developed CSA country profiles. A system that helps identify the interventions that are suitable for
specific contexts, farmer types, etc. is of paramount importance.

•

CSA toolkits have been translated into different languages. Social media platforms for engaging youth are important.

•

Develop strategies to engage and build interest of the youth and motivate them into agri-food systems and the adoption of sustainable methods.

•

Focus is often limited to technologies, but social and organizational and soft skills and learning, and innovation are
also very important. Mutual learning is key.

•

Strengthen capacities to enable smallholder farmers to access financial services and increase the provision of financial
servi,ces especially to women and disadvantaged groups.

•

Science should be clearer on terminologies (CSA and agroecology ) and should sharpen its language to effectively
communicate and work with the private sector, policymakers, fand armers to unlock CSA's shared value.

•

There is a high potential for intercontinental cooperation on CSA (South-North, South-South, and triangular). Ultimately, everyone should be involved. Knowledge management at the country level and between countries should be
strengthened.

•

We need to make the right use of synthetic fertilizers. Extension services are essential to building capacities on this.

•

Farmers are rational people and have policymakers and research with them.

•

Africa is leading negotiations on agriculture. However, we need more African science to support these negotiations.

•

African scientists should become reviewers of IPCC – African research organizations should become members of
Climate Technology Center and Network.

•

We need more action to promote CSA at the national and sub-national levels.

Policy and advocacy for CSA actions.
•

CSA has been widely embraced in Africa as a guiding framework in policies for adaptation and mitigation action for
the agricultural sector. But the current pace of transformation is not sufficient. We need to accelerate progress in
making real changes on the ground.

•

Policy constraints to the wide adoption of CSA have been widely identified. There is the need to increase policy
coherence at the country level. There is an opportunity to ride on existing CSA platforms, such as GACSA at the
global level, ACSAA at the continental level, and EACSAA, SACSAA, and WACSAA at the sub-regional level to collate
issues emerging from the country level for a strengthened position on CSA. The policy segment is the weakest link
to ensure this sustainable transitions; thus, need to create policy platforms to support governments in formulating
appropriate policies to enable CSA transitions.

•

Low-income food producers and consumers in Africa are vulnerable to climate change owing to their comparatively
limited ability to invest in adaptive institutions and technologies under increasing climatic risks.

•

The importance of biodiversity and plant and animal genetic resources conservation and sustainable use for CSA
should be supported.

•

The key role of extension and advisory service is to promote CSA, particularly for women and youth.

•

Policies acknowledge the importance of CSA, but very little action follows. We need to look at CSA not as a program,
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but as a concept to be mainstreamed into all agriculture production systems.
•

We are falling short on the process. We need to develop country-level and sub-national multi-stakeholder platforms
involving the Government, farmers, the private sector, financing institutions, research/ academia, civil society, and
partners.

•

Global platforms such as GACSA and regional and sub-regional platforms, ACSAA at continental level, EACSAA,
SACSAA, and WACSAA will provide a forum for those who work on CSA to share and exchange experiences, information, and views on issues that need immediate attention.

•

Need to tap into opportunities for South-South cooperation where country and regional alliances see opportunities
to leverage impact through such capacity-development initiatives.

•

Most African countries are off-track in meeting development and climate action commitments.

•

Innovative climate-relevant food systems transformation could be based on two parallel and interlinked pathways:

•

A shared value model for agricultural transformation - mutually beneficial partnerships between farmers, the private
sector, government, research, non-state actors, and development partners.

•

A youth empowerment model for young farmer development and support. This pathway seeks to groom a new cadre
of young agri-entrepreneurs to champion a sustained transformation in different parts of the value chain.

•

At the country level, we need to identify the most regenerative approaches (in terms of natural resources), which
are efficient ways to increase resilience, green jobs, green growth, support the sustainable management of natural
resources, and restore land and soils, food security, nutrition. Sometimes, these are perceived as conflicting objectives
and are a challenge for policymakers.

•

It is important for science to package its information in a useful way for policymakers.

•

There is also the need to enhance the policy-science interface.

•

Agricultural investment plans and investment mobilization should be developed to respond to the specific contexts
and needs of the African food systems, farmers and rural communities.

•

Unlock financial resources: responsible banking, African philanthropy, impact funds, global specific funds (Green
Climate Fund, GEF, Global Adaptation Fund, Africa Climate Change Fund). The national designated institution in the
country can access climate financing (Green Climate Fund) and to coordinate across economic sectors and develop
integrated projects that mainstream CSA.

•

Let’s link together knowledge, technical assistance, policy and investments.
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