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Chapter 1
An Introduction to the Climate-Smart
Agriculture Papers

Todd S. Rosenstock, David Rohrbach, Andreea Nowak, and Evan Girvetz

1.1 Tracking Progress

In 2001, the Third Assessment Report of the Intergovernmental Panel on Climate
Change highlighted the potential impacts of a changing climate on global agricul-
ture. The Report stated that rising temperatures and drought could lead to significant
declines in yields for many of the world’s poorest nations, including Africa. This
stimulated a new set of global commitments to research and promote agricultural
practices that are more climate-smart. Since then, almost USD 1 billion has been
committed to climate-smart programming in Africa, with more likely to follow
(Fig. 1.1). Most African governments have formed climate-smart agriculture task
forces. New transnational partnerships, such as the East African Regional Climate-
Smart Agriculture Alliance, have linked government efforts to support regional
change. In 2015, these commitments were reinforced by the adoption of a Statement

T. S. Rosenstock (P<)
World Agroforestry Centre (ICRAF), c/o INERA,
Kinshasa, Democratic Republic of the Congo

CGIAR Research Program on Climate Change, Agriculture and Food Security,
Kinshasa, Democratic Republic of the Congo
e-mail: t.rosenstock @cgiar.org

D. Rohrbach
Consultant, Washington, D.C., United States of America

A. Nowak
World Agroforestry Centre (ICRAF), c/o INERA,
Kinshasa, Democratic Republic of the Congo

E. Girvetz
CGIAR Research Program on Climate Change, Agriculture and Food Security,
Kinshasa, Democratic Republic of the Congo

International Center for Tropical Agriculture (IITA), Nairobi, Kenya

© The Author(s) 2019 1
T. S. Rosenstock et al. (eds.), The Climate-Smart Agriculture Papers,
https://doi.org/10.1007/978-3-319-92798-5_1


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-92798-5_1&domain=pdf
mailto:t.rosenstock@cgiar.org

T. S. Rosenstock et al.

ACcess to Value chain
finance darvolopment

Niger Climate-Smart Agriculture Project
(2016-2022)
Government of Niger, Workd Bonk

Technologies Chmato sordices insurance

Kenya Climate-Smart Agriculture Project
2017-2022)

Government of Kenyo, World Bank

Technologios Chmate Insurance

USAID/USDA-FAS

Uss

Zambia Climate-Smart milion
Agriculture Program
under developmen
Government of Zombia,
World Bank

The and Policy I for
climate-Smart Agriculture (EPIC) programme
The Mitigation of Climate Change in

Uss
7 (micca)

g prog!
million FAD

r

vuna (2015-2018)
uss oFD T The Africa Climate-Smart Agriculture (ACSA)
3 2 30 milbon g0, for Food ity and
million ; Mitigation in Africa (2018-2025)
l'“I. Africa an:lopment Bank and FXI.‘“\HS
billion
RS-y

Technologios

3 o

e e
Africa Climate-Smart Eastern Africa West African
ggrl:u:tu:& Alliance CSA Platform Regional Alliance
(Launched ir beiseinfors e S g tn el
National CSA[CA/ Governments, RECs,
CAWT Task Forces and partners (CILSS
(NCATFs) in Eastern [ES, CRA and INSAH],
Africa, Governments, RECs, research, CORAF[WECARD, IFPRI/CGIAR, CCAFS/
NGOs/CBOs and private sector CGIAR, Africa Rice, IUCN, GWP[WA,

and

FAMRPAN, F

CARE International, ENDA, Hub Rural,
FAD, the European Union, UNOPS,
GIZ ASDI, NEPAD/ AU, and USAID)

Fig. 1.1 Investments and alliances promoting CSA in Africa. (Source: Authors)
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of Shared Ambition for climate-smart agriculture and a subsequent Action Plan by
the corporate members of the World Business Council for Sustainable Development
(WBCSD 2015). What’s more, non-governmental and some civil society organisa-
tions have formed complementary advocacy groups, such as the Alliance for
Climate-Smart Agriculture in Africa (ACSAA) that includes international non-
governmental organizations, policy institutions, technical partners and farmers
groups.

The responses to these large commitments of strategic and financial support have
been substantial. Hundreds of technological solutions have already been identified
as climate-smart because they mitigate the effects of rising temperatures and vari-
able rainfall; or contribute to a reduction of greenhouse gas (GHG) emissions; or
accumulate carbon in biomass or soils (Table 1.1). New varieties of crops with
greater drought tolerance are already in production, and more are being released
each year (Challinor et al. 2016). Many land management systems conserve soil
moisture (Thierfelder et al. 2017). Agroforestry systems reduce the ambient tem-
perature of nearby crops and livestock (Lin 2007; Barton et al. 2016). Feeding strat-
egies that increase productivity and reduce GHG emissions from livestock are well
known (Bryan et al. 2013; Thornton and Herrero 2010). And information delivery
systems help farmers to plan the right period(s) to plant.

Indeed, ‘climate-smart’ has bordered on becoming a brand. Carried to the
extreme, today there are now climate-smart extension systems, climate-smart
finance, climate-smart landscapes, climate-smart livestock, climate-smart soils, and
climate-smart varieties etc. (Gledhill et al. 2012; Graefe et al. 2016; Minang et al.
2014; Paustian et al. 2016; Sala et al. 2016).

Whereas many technologies are available to help farmers better cope with cli-
mate risks, improving farmers’ access to these technologies, while strengthening
incentives around their adoption, remains the more significant challenge. Despite
millions of dollars of investment, adoption rates of new agricultural technologies in
much of eastern and southern Africa remain low (Giller et al. 2009; Asfaw et al.
2016). The majority of farmers continue to struggle with the costs and risks of new
technologies. Increasing climate risks simply make these efforts more difficult.

This volume highlights current efforts being made by scientists in eastern and
southern Africa in developing and disseminating climate-smart agriculture (CSA)
technologies. Emphasis was placed on getting previously unpublished data written
up and presented. Unlike many edited volumes, the book started with an open call
for chapters on five key topics. More than 70 applications were submitted and evalu-
ated against the criteria, which included: relevance of the topic, whether new data
were being presented, and the quality of the science. Twenty-three applications
were selected to move on to full chapter development. Twelve specific contributions
were then commissioned by the book’s editors to fill gaps in the discussion. After at
least two technical reviews and multiple rounds of revision, 25 of these papers were
accepted for publication within this volume. Unpublished chapters, which still con-
tain important content for development, can be found on the webpage that accom-
panies this book.
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Table 1.1 Different climate hazards and associated field- and farm-level adaptation interventions,
by broad agricultural land use

Land Climate hazard
use | Intervention Temp | Water | Variability | Flooding
CM | Improved crop varieties: dual-purpose, higher- \/ \/ \/

yielding, stress tolerance (heat, drought, salinity,
pests)

CM

Change crops: new mixes of crops of different
characteristics (heat-, drought-tolerance), crop
rotations

\/

\/

CM

Crop residue management: no till/minimum
tillage, cover cropping, mulching

CM

Crop management: modified planting date/
densities, multicropping with legumes,
agroforestry species

CM

Nutrient management: composting, appropriate
fertiliser and manure use, precision nutrient
application

<. < < <.

Soil management: crop rotations, fallowing (green
manures), conservation tillage, legume
intercropping

Improved water use efficiency and water
management: supplemental or reduced irrigation,
water harvesting, modifying the cropping calendar,
flood water control

<. < <. < < <. <

PM

Change livestock breed: switch to more
productive/smaller/more heat- and drought-
resilient breeds

<

PM

Change livestock species: switch to more
cash-fungible species, use more drought- and
heat-tolerant species

PM

Improved livestock feeding: diet supplementation,
improved pasture species, low-cost fodder
conservation technologies, precision feeding

CM

On-farm pond aquaculture as a low-emissions
adaptation and livelihood diversification strategy

PM

Improved animal health: disease surveillance,
vaccination, disease treatment

PM

Grazing management: adjusting stocking densities
to feed availability, rotational grazing, livestock
movement

PM

Pasture management: use of sown pastures, setting
up of fodder banks and other strategic dry-season
feed resources

PM

Manure management: anaerobic digesters for
biogas and fertiliser, composting, improved
manure handling, storage and application
techniques

< ] =

(continued)
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Table 1.1 (continued)

Land Climate hazard
use | Intervention Temp | Water | Variability | Flooding
M Alter system integration: alter animal species and \/ \/

breeds, alter the ratio of crops to pasture, or crops
to livestock and/or to fish

CP | Use of weather information: seasonal forecasts for \/ \/ \/
M agricultural planning, and short-term forecasts for
early warning of extremes such as high
temperatures and heavy rainfall

CP | Index insurance for crops and livestock \/ \/ \/
M

C cropland, P pastureland, M cropland and pastureland
Source: CCAFS and GCF (2018)

1.2 Overview of the Chapters

The 25 chapters in this book have been divided among 5 themes. Four chapters
explore issues around climate change, including impacts and risks. Six investigate
mechanisms in seed and crop germplasm delivery systems. Six examine various
perspectives and lessons learned on technologies and practices through a CSA lens.
Five more examine the resilience to climate change of value chains; and four look
at financing, extension and other mechanisms to reach scale. Each chapter reflects
on a fundamental question: how to make complex crop and livestock systems more
climate-smart? Each chapter ends with messages on the implications for develop-
ment practitioners to inform future decision-making.

The chapters that explore climate change, along with its impacts and risks,
include one on future projections, two on impacts and one on systems. Girvetz et al.
investigate the certainty and uncertainty of future climate change in sub-Saharan
Africa. This involves longer term and near-term predictions of traditional indices,
such as temperature and precipitation, as well as new bioclimatic indicators that
help make forecasts relevant to the risks faced by agricultural systems. The authors
use a freely accessible online tool known as Climate Wizard (www.climatewizard.
org), which is available to practitioners to help them incorporate climate informa-
tion in programme and policy design. Bett et al. describe two cases of how predicted
climate change will affect the occurrence of livestock pests and diseases that already
cause significant damage to livelihoods and economies. The authors’ concrete rec-
ommendations around mitigating future impacts support the notion of taking action
today to prepare for the challenges of tomorrow. Hunter and Crespo analyse the
climate risks and impacts for both staple (maize and cassava) and cash (coffee)
crops at the subnational level in Angola. The authors’ findings demonstrate a clear
need for future investments—for example, in long-lived coffee—despite the inher-
ent uncertainty in climate models. Lastly, Masikati et al. look at the likely responses
of maize and groundnut under climate change using common crop models. Their
findings suggest that improved soil management can help mitigate future negative
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risks to productivity. Taken together, these chapters illustrate why this type of
research is critical in moving beyond projections of the future to concrete action that
can be taken today. Nonetheless, commissioning this section of the book was not
unproblematic, pointing to an urgent need for more information around climate
change impacts and risks—detail that is instrumental for initiating meaningful con-
versations on CSA.

The next set of chapters describe the challenges and opportunities around
improving the delivery of quality crop germplasm to farmers. Improved planting
materials are typically among the first suggested responses to climate variability—
whether today’s or tomorrow’s—and this section explores some of the limits of this
conventional wisdom. Das et al. open with a private-sector perspective on seed sys-
tems. The authors describe bottlenecks in the delivery of cereal seeds along with the
necessary changes—such as public—private partnerships—they feel are needed to
make investment opportunities more conducive to the private sector. Ertiro et al.
bring fresh evidence in support of the development of drought-tolerant maize in
Ethiopia. Droughts are already an every-year occurrence in the country under cli-
mate change, and this case highlights a suite of actions needed to move from breed-
ing to widespread use of new varieties. Cramer focuses on one specific link in the
seed system chain—early generation seeds. By comparing a successful case with an
unsuccessful one, the author identifies a few key stumbling blocks that extend the
time taken in breeding, delivery and adoption. Parker et al. illustrate that many of
the issues presented for cereal crops are also applicable to roots, tubers and banana—
staples for 300 million people in the humid tropics of sub-Saharan Africa (SSA).
However, the solutions recommended by the authors differ markedly to those of
previous chapters due to the structure and development of the system that delivers
vegetable planting-materials. Many of the challenges discussed—e.g. the lack of
development and long generation time—are also presented in Dawson et al. In this
chapter, authors discuss the contributions of trees and orphan crops to resilient food
systems and make recommendations for investments that develop this system in
future. Faddha and van Etten close this section by presenting a cost-effective partici-
patory approach to evaluate varieties under farm conditions using novel material
from national gene banks or plant breeding. Using a case study, the authors argue
that this triadic comparisons of technologies (tricot) approach has the potential to
contribute to making seed systems more dynamic when demand and supply are
linked and more diversified, as more varieties per crop will be delivered in a location-
specific way. Together, the chapters in this section of the book present a sobering
picture of the current germplasm delivery systems; with a low penetration of
improved varieties within agricultural systems (20%), even for most well-developed
breeding programmes, and a long development time (13-30 years). This may signal
a massive development opportunity for the seed sector within CSA.

Subsequent chapters present perspectives on the climate-smartness of various
technologies and management practices. In particular, they unpack the evidence and
lessons learned on what makes a technology climate-smart. Rosenstock et al. con-
duct a systematic map —a rigorous and structured analysis of the available data—to
examine the impact of 73 technologies on indicators of productivity, resilience and
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mitigation. They identify a significant skew in the available peer-reviewed literature
towards maize-based systems, productivity outcomes and on-farm trials. This sug-
gest that anyone interested in creating evidence-based programmes and plans will
find many gaps in the scientific knowledge. A complementary quantitative approach
towards assessing the multidimensionality of agricultural technologies can be found
in Kimaro et al. Here, the authors collect agronomic data on the performance of
technologies across the three pillars of CSA (productivity, resilience and mitigation)
in three agroforestry systems of Tanzania (shelterbelt, intercropping and border
plantings of fuelwood and food crops). Their findings highlight the perspective and
flexibility needed to understand whether a technology is climate-smart or not.
Performance assessments, however, only provide part of the evidence. Manda et al.
design and pilot a participatory framework to evaluate practices against farmer-
selected criteria of productivity and resilience. This qualitative approach can help
fill gaps in knowledge-which other chapters of the book have pointed towards-while
being farmer-centric. Mwungu et al. present an analysis of barriers to the adoption
of a technology. Specifically, the authors investigate drivers behind the adoption of
improved varieties in rural, post-conflict Uganda. They find that household size and
information networks influence adoption, with results pointing towards both gen-
eral and context-specific rules on the adoption of CSA technologies. For example,
while household size is typically positively correlated with adoption, trust in infor-
mation networks may be increasingly important in some contexts, such as post-
conflict zones. Davies et al. analyse how culture and spirituality can affect the
adoption of technologies. The introduction of culture as a determinant of adoption
is unique in most discussions of technologies in general and of CSA in particular.
This concern may be acutely pertinent for technologies aimed at addressing climate
risks, given that weather—good or bad—is often viewed as a manifestation of
divine intervention. Together, the chapters presented in this section of the book pro-
vide insights into the social considerations and scientific approaches that inform the
adoption of CSA.

Because technologies are only part of the food system, the fourth set of chapters
explores how value chains contribute to the climate-resilience of smallholder farm-
ers and how climate risks to these value chains can be reduced. Barzola et al. focus
on farmers and test the hypothesis that farmer entrepreneurship—the innovative use
of agricultural resources to create opportunities for value creation—as well as
engagement in the value chain facilitates the adoption of CSA technologies. The
study found that farm size influences entrepreneurial innovativeness in a surprising
way—with smaller farms more likely than larger ones to engage in all forms of
innovation. Actors seeking to promote innovation, including the adoption of tech-
nology, might therefore consider investing in programmes that help farmers to
develop a more entrepreneurial outlook. Hammond et al. further explore farmer par-
ticipation and climate resilience. The authors use an innovative survey tool, the
Rural Household Multi-Indicator Survey, to investigate how participation in Shea
value chain activities benefit poor farmers. Shea trees serve as a buffer against
desertification, accumulate carbon in the landscape and protect soil and water
resources, while processing activities (more specifically, shea butter production)
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can increase farmers’ adaptive capacity by boosting incomes. In contrast, Sloan et al.
examine how private-sector firms, in different parts of the supply chain, view,
understand and engage with climate change and the promotion of CSA technolo-
gies. The key factors influencing the readiness of companies to incorporate CSA
into their strategies were found to be specialised staff and a track record of actively
promoting sustainability within the company. The scientific community therefore
needs to provide actionable information to incentivise companies’ investments in
CSA; particularly emphasising returns on investment and the cost of inaction.
Mwongera et al. discuss the need to link climate change analyses with value chain
approaches in designing CSA interventions. Using a case study from Nyandarua
County in Kenya, the authors illustrate how the climate risk profile (CRP) approach
supports identification of major climate risks and their impacts on the value chain,
identifies adaptation interventions, and promotes the mainstreaming of climate-
change considerations into development planning at the subnational level. They
conclude that the magnitude of a climate risk varies across value chains. Allen and
de Brauw take an even broader perspective to explore mechanisms that promote
nutrition-sensitive value chains, as part of efforts to manage climate risks and
increase resilience through diversification. Access to improved, biofortified seeds,
reducing post-harvest loss (for example, through adequate storage and the transpor-
tation of perishable crops), and diet diversification are key value-chain interventions
for improved nutrition. Vermulen considers the very big picture, describing recent
private-sector progress towards realising CSA targets. The author looks at the
Climate-Smart Agriculture Initiative of the WBCSD and shows that the global agri-
food sector is exceeding WBCSD targets for global food production, but falling
short on emissions reductions, and failing to track outcomes for farmers’ liveli-
hoods. There are major gaps in information, monitoring, reporting and verification
which need to be tackled if the ambitious CSA targets are to be met. Overall, this
section of the book highlights the instrumental role of systemic, collective action for
promoting climate-smart value chains.

In order to meet global food security ambitions, CSA technologies need to be
accessible and accessed by farmers. The final section of the book discusses mecha-
nisms for bringing CSA to scale. Franzel et al. explore farmer-to-farmer extension
systems and find that these approaches can significantly increase the pool of farmers
adopting CSA practices, but that this varies across practices and contexts. Their
chapter suggests that this innovative advisory approach should not replace tradi-
tional, low-performing extension services, but rather complement existing
approaches (such as extension campaigns, farmer field schools or information and
communication technology). Acosta et al. study the role of multi-stakeholder plat-
forms in promoting an enabling policy environment for climate action. These plat-
forms can create ownership, knowledge and science-policy dialogue at various
scales. In a similar vein, Kadzamira et al. discuss the role of different partnership
arrangements in scaling CSA in Zambia, Zimbabwe and Malawi. Accordingly, suc-
cessful partnerships for scaling build on existing structures and mechanisms, bring
mutual benefits for all stakeholders, and ensure transparency in decision-making
processes. Finally, Ruben et al. investigate the different rural financial instruments
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that are available for promoting CSA. While the adoption of practices and technolo-
gies may be stimulated through interventions that address very specific resource
constraints (through credit, insurances, and input provisions, for example), scaling
CSA requires more systematic investments (for example, blended mechanisms) that
allow for increases in farm income while minimising risks.

1.3 Implications for Development

This book highlights a wide cross-section of effort to design and disseminate agri-
cultural technologies and approaches that help farmers better cope with climate
risks. During a review of the chapters, however, several common gaps were identi-
fied that may merit attention in future research.

The main climate risk considered in these pages is drought—an obvious choice,
given the long history of efforts to identify technologies suitable for drought-
affected regions of Africa. Drought is already endemic in large parts of eastern and
southern Africa. A principal concern is that these areas will expand as the climate
continues to change. However, there is relatively little discussion about the variation
in drought across the region and how this is expected to alter over time. This is
based on the assumption that current drought risks are indicative of weather patterns
under a changing climate. Yet it is not obvious that current drought risks will simply
expand spatially. Over the next generation or two, the types of drought may change
(cf. Chavez et al. 2015). A larger proportion of farmers may find that the rains start
late or end earlier, or that the seasons simply shorten. In some areas, mid-season dry
spells affecting flowering may become more common. This points to a need to bet-
ter characterise how drought risks are likely to change over time and, more explic-
itly, account for this in technology design.

While rising average temperatures are linked with the likely spread of drought,
the chapters in this book suggest that comparatively little work has been completed
on solutions to these temperature changes. This is surprising given the irrefutable
evidence that temperatures are rising in line with the growth of GHGs, and may be
rising faster in sub-Saharan Africa than in other parts of the world. Higher average
temperatures are widely expected to shift the incidence of pests and diseases affect-
ing crop and livestock production (Bett et al. 2017). However, models tracking the
speed and incidence of this change remain rudimentary. Observers note that rising
temperatures may also affect plant flowering and fruit production, as well as the
timing and severity of drought. But the thresholds for these changes do not seem to
be well defined in applied technology development programmes. If scientists remain
uncertain about the levels, spatial distribution and timing of changing temperatures,
designing technology suitable for the diverse farming systems of eastern and south-
ern Africa will continue to be challenging.

Similarly, solutions to the endemic and possibly worsening climate risk of flood-
ing are almost totally absent in this collection of studies. This includes the need to
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develop varieties that are more tolerant of water-logging and to strengthen water
management and control systems.

Most of the chapters concentrate on the improvement of technologies and man-
agement strategies for coping with today’s climate risks. This is understandable,
given the pressing need to improve the productivity of farming systems. The empha-
sis is, therefore, on technologies that help farmers to better cope with today’s risks,
which are also likely to support larger numbers of farmers who may be affected by
a changing climate in the future. As such, this body of work may be better charac-
terised as ‘climate-risk management’ rather than ‘climate change management’. But
given that it can take several decades to develop a new crop or livestock variety,
some investment needs to be allocated to coping with changes likely to occur over
the next generation or two. And the possible differences between today’s climate
risks and the probable changes in these risks over time needs to be more consistently
acknowledged.

Finally, while the focus of these papers has been on climate risks, greater atten-
tion needs to be directed to the trade-offs in household decision-making that may
lead many farmers to identify climate risks as secondary. Indeed, market risks—
such as price and quality—may be more important than climate risks in regions
benefiting from the expansion of commercial opportunities. Even in drought-prone
regions, such as those growing cotton or sunflower or livestock, farmers may be
willing to adopt technologies offering moderate risks and larger potential returns.
Similarly, efforts to reduce market risks may allow farmers to experiment with a
wider range of productivity-enhancing technologies. Ideally, every new technology
will offer higher yields as well as lower risks, including climate risks. In practice,
the distribution of technology traits will continue to vary for different
environments.

Ultimately, these papers highlight the increasing attention being given by agri-
cultural research and extension officers operating in eastern and southern Africa to
problems of climate risk and the threats of climate change. Most of the chapters in
this book emphasise concerns around technology targeting, dissemination and scal-
ing up needed to speed the adoption of improved practices. The challenge remains
to achieve faster gains on the ground. More evidence-based examples of scale up are
therefore needed, along with greater attention on documenting and sharing lessons
from successful and unsuccessful practices.

Next year, CSA will turn ten. The development community must face the exis-
tential question of whether it will be time to celebrate? Only 2 years remain before
countries need to report progress towards implementing their Nationally Determined
Contributions that are at the heart of the Paris Agreement—virtually all of which
identify improving agricultural practices in Africa as a priority under climate
change. And only 12 years remain before the 2030 deadline set by the United
Nations Framework Convention on Climate Change to have 500 million climate-
smart farmers. How can we best combine our future efforts to achieve this target?
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Climate Risks and Impacts
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Future Climate Projections in Africa: b
Where Are We Headed?
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Carlos Navarro-Racines, Andreea Nowak, Phil Thornton,
and Todd S. Rosenstock

2.1 Introduction

Farmers in Africa—Tlike those across the globe—face rising temperatures and more
extreme weather associated with climate change (Snyder 2016; IPCC 2012). Much of
Africa’s vulnerability to climate change lies in the fact that its agricultural systems
remain largely rain-fed, with few technological inputs. The majority of Africa’s farmers
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work on a small-scale or subsistence level, with their opportunities limited by persistent
poverty, lack of access to infrastructure and information, and challenges related to policy
and governance. Climate change is expected to have major negative impacts on the
livelihoods and food security of such farmers. Governments and development profes-
sionals must confront the challenge of helping them to adapt (Shackleton et al. 2015).

This paper offers a general overview of historical climate change in Africa, and
in particular how it has already led to rising temperatures and increased rainfall vari-
ability. It then examines the models that provide projections—with varying levels of
certainty—of what climate change will mean for farmers across eastern and south-
ern Africa in the coming decades (ESA).

The paper also highlights the strengths and limitations of the available information
regarding the effects of climate change. Adapting to climate change requires better projec-
tions of the specific climate hazards that will be faced at the national, regional and local
levels (Challinor et al. 2007; Muller et al. 2011). In particular, implementation of climate-
smart agriculture (CSA) projects has been constrained by the lack of information on the
best responses in specific regions. There are serious gaps in observed historical weather
data at the local level across the continent, and the continuing collection of such data still
lags far behind where it should be. Strengthening the database of observed weather is criti-
cal to understanding the changes that have occurred already, to project future changes and
their impacts, and to plan appropriately to address them. Once collected and analyzed,
climate data must be communicated in ways that help development practitioners and
decision-makers understand climate impacts in specific places. Good tools are available,
but practitioners at the local level must have the access and training to use them.

Much work remains to be done. However, given that the impacts of climate
change are already being felt on the ground, it is imperative that adaptation begins
immediately. Even in places where projections are uncertain, steps can be taken
right now to implement CSA practices and make farmers more resilient in the face
of climate change.

2.2 Past and Present: Evidence Africa’s Climate Has Already
Changed

There is clear evidence that average temperatures have become warmer across the
globe. In Africa these changes became apparent starting in about 1975, and since
then temperatures have increased at a rate of about 0.03 °C per year (NOAA 2018;
Hartmann et al. 2013). In those regions of Africa for which data are available, most
have also recorded an increase in the incidence of extreme temperatures as well as
longer heat waves (Seneviratne et al. 2012).

Historic variability can provide useful context for understanding climate change.
Climate variability can be thought of as a bell curve, with weather in any given year
most likely to cluster around the average (the top of the bell) and extremes of
temperature or precipitation occurring less often (the flatter parts of the curve).
Climate change can shift both the mean and the overall shape of the bell curve, often
flattening it out because of the rising frequency of extremes (Kirtman et al. 2013).
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Records are constantly being broken: in Africa 19 of the past 20 years have been
hotter than any previous year on record. The new normal for temperature is hotter
than ever experienced in the recorded past.

Historic precipitation patterns show that much of Africa is drying (Hartmann
etal. 2013, Fig. 2.1). West Africa and parts of southern Africa, particularly Zambia
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Fig. 2.1 Historical changes in precipitation from 1951 to 2010 (From Niang et al. 2014). The map
has been derived from a linear trend. Areas with insufficient data are marked as white, solid colors
indicate statistically significant trends at 10% level, and diagonal lines indicate areas where trends
are not statistically significant
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and Zimbabwe, show rapid and statistically significant decreases in precipitation.
By contrast, South Africa and limited parts of East and North Africa have experi-
enced increased rainfall. At the same time, increased temperatures are leading to
higher rates of evapotranspiration, which produces drier soil conditions (Girvetz
and Zganjar 2014). Evaporative stress consistently increased in Zambia between
2001 and 2017 (Fig. 2.2). Even in the face of increasing precipitation, it is possible
for the aridity of soils to increase. In southern Africa from 1961 to 2000, an increas-
ing frequency of dry spells was accompanied by an increase in the intensity of daily
rainfall, which has implications for runoff (New et al. 2006).

2.3 Future: Climate Model Projections for Africa

General circulation models (GCMs) provide the most straightforward and scientifi-
cally accepted way to project future climate conditions. However, climate-change
simulations performed with GCMs are only possible at coarse resolutions (typically
50-100 km grid cells) that are not detailed enough to assess regional and national
impacts. Agricultural livelihoods, soils and local climatic conditions vary vastly at
much smaller spatial scales. Spatial downscaling techniques can and should be used
to bring these coarse scale maps down to a finer resolution.

Despite their limitations, GCMs are the most commonly used tool to analyze
changes in climates at a variety of spatial scales. The latest GCMs available—the
Coupled Model Intercomparison Project Phase 5 (CMIP5)—suggest that tempera-
ture increases for Africa with the current emissions trajectory (i.e. RCP 8.5) is
1.7 °C by the 2030s, 2.7 °C by the 2050s, and 4.5 °C by the 2080s (Fig. 2.3). Even
under the lowest greenhouse gas emissions scenario, by 2030 the climate average is
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Fig. 2.3 Projected changes in annual mean temperature (in °C) and total annual precipitation (in
percentage) for the African continent as projected by 33 general circulation models (GCMs) of the
CMIP5 model ensemble under RCP 8.5 and three different time periods. Thick black horizontal
lines represent the median, boxes show the interquartile range, and whiskers represent the 5-95th
percentiles of the data

projected to be completely different from what has ever been experienced histori-
cally (Girvetz et al. 2009, climatewizard.ciat.cgiar.org).

Future precipitation is much more difficult to model (Sillmann et al. 2013;
Ramirez-Villegas et al. 2013). The median of the CMIP5 models indicates that by
2050, under the higher emission scenario (RCP 8.5, Fig. 2.4), annual precipitation
will increase across much of eastern and central Africa, while decreasing across
parts of southern, western and northern Africa (Fig. 2.4). Increases of over 200 mm
and more than 25% annually are shown in some places, as well as decreases of over
100 mm and more than 20% in other places. Not all climate models agree on the
magnitude or even direction of change. However, there are some places with high
agreement among the climate models: over 80% of the climate models agree on
decreased precipitation in the future for some parts of northern and southern Africa
(Niang et al. 2014).

Precipitation is also projected to change differently in different months, with
alterations to the onset, length and cessation of the growing season. For example, in
Tanzania precipitation is projected to increase during the middle of the wet season
(November—May) and to decrease at the wet season’s beginning (September—
October) and end (May-June) (see http://climatewizard.ciat.cgiar.org/SBSTA/
Africa_2050/). Overall precipitation is projected to increase, but within a shorter
time frame, indicating both shortening of the rainy season and an increased fre-
quency of extreme precipitation events.

Even in areas experiencing increased precipitation, crop production systems can
be affected by worsening water stress. Depending on the timing of rainfall, the
amount of the temperature increase, and the changes in cloud cover (and hence in
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Fig. 2.5 Projected median changes in climatically suitable area and productivity by 2050s and
RCP8.5, relative to a historical period (1970-2000). Median values given are based on ensemble
simulations of niche and productivity models, and therefore should be interpreted in light of asso-
ciated uncertainties. Livestock productivity refers to annual net primary productivity (ANPP) of
rangelands (a proxy for livestock productivity), rather than to a direct measure of meat or milk
productivity. (Source: Dinesh et al. 2015)

incoming shortwave radiation), many places are likely to have less available water
both in streams and in the soil, because warmer temperatures will cause more water
to evaporate directly from the soil or to be transpired through plants (Girvetz and
Zganjar 2014).

Changes to temperature and precipitation have immediate implications for food
production and security across the continent (Niang et al. 2014; Porter et al. 2014;
Muller et al. 2011; Rosenzweig et al. 2014). Current growing areas of maize and
beans are projected to experience yield reductions of 12-40% by the 2050s. The
climate suitability of most major crops is also projected to shift as climate warms
(Rippke et al. 2016; Zabel et al. 2014). Ramirez-Villegas and Thornton (2015) have
shown that two of Africa’s staple crops—maize and beans—are projected to have
severe decreases in suitability across much of the continent (Fig. 2.5). Increasing
atmospheric levels of carbon dioxide is likely to affect the nutrient content of plants,
resulting in serious protein and micro-nutrient cold spots in parts of sub-Saharan
Africa (Medek et al. 2017; Myers et al. 2014, 2015a, b). This poses a serious
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concern for food security and nutrition. While adaptation in the short- and mid-term
may help some areas to continue growing these crops, by the end of the century it is
estimated that over 30% of the area where maize is grown and over 60% of the area
where beans are grown would need to grow entirely different crops (Rippke et al.
2016).

Some crops are much more resilient than maize and beans to changes in climate.
In southern Africa, Ramirez-Villegas and Thornton (2015) showed that the suitable
area for beans decreased greatly and maize decreased slightly, whereas other
crops—banana, yam and pear] millet—increased in range. Similar results were
found in East Africa, where maize and beans are projected to experience major
decreases in suitable area, whereas cassava, groundnut, pearl millet and banana are
projected to increase. These more resilient crops could be promoted as replacement
options for areas that require adaptation.

Under climate change, pressures from pests, weeds and diseases are also expected
to increase. In the highland regions of East Africa, warming trends could lead to the
expansion of crop pests—such as the coffee berry borer—into previously cold-
limited areas (Jaramillo et al. 2011). Threats to banana production could come from
range expansion of burrowing nematodes (Nicholls et al. 2008) and black leaf streak
disease. Striga weed, a major cause of cereal yield reduction in sub-Saharan Africa,
could become a more widespread problem because of changes in temperature, rain-
fall and seasonality (Niang et al. 2014). By contrast, climate change may reduce the
range of major cassava pests including whitefly, cassava mealybug, cassava brown
streak virus and cassava mosaic geminivirus (Jarvis et al. 2012). However, certain
areas of current cassava production—including Southeast Africa and Madagascar—
may see an increase in whiteflies, mites and mealybugs (Bellotti et al. 2012). In the
case of livestock, changes in temperature and rainfall could increase the suitability
of the main tick vector of East Coast fever across much of Southern Africa (Olwoch
et al. 2008).

2.4 Implications for Development

2.4.1 Adapting African Agriculture to Climate Change

African agriculture must adapt in order to ensure food and nutritional security.
Management adjustments and crop breeding will be critical in the short- and mid-
term, whereas at longer timescales planned transformations will likely be necessary
(Rippke et al. 2016; Rickards and Howden 2012). Farmers and agricultural service
providers—input suppliers, extension, financial services, safety net programs,
etc.—will need to become resilient to new climate variability.

Although there is uncertainty in future climate projections, we have a great deal
of solid information regarding how climate is already changing and the types of
impacts farmers will need to address into the future. It is certain that temperatures
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are rising and will continue to rise at a rapid pace. Although climate models often
do not agree on precipitation changes, there is considerable agreement on the trends
in some locations. Moreover, precipitation is becoming more extreme in many
places, often resulting in too much rain, too little rain, or rain that falls at the wrong
time. A location might experience more overall rain during the growing season, but
if it falls intensively in the beginning or middle of the season, the end of the season
might be too dry, especially as hotter temperatures dry out soils. A single location
might experience increased flooding during the middle of the rainy season and
increased aridity later. This situation creates a need for crop varieties that can with-
stand waterlogging, help prevent erosion from heavy rains, and reach maturity dur-
ing a shorter growing season.

Recent studies show that the types of management practices beneficial for adap-
tation and increased productivity are highly varied (Challinor et al. 2014; Lamanna
et al. 2016). For instance, a recent review and meta-analysis of field studies in
Uganda and Tanzania found more than 20 practices in each country that could
improve adaptation and productivity, each with varying effectiveness depending on
the farming system and site in question. The use of fertilizers (both organic and
inorganic) and water saving techniques generally have the largest positive effects on
crop productivity (Lamanna et al. 2015). Similar findings have been reported else-
where in Africa (Rosenstock et al. this volume).

Improving the available crop varieties is a key mid-term strategy to increase
productivity, improve production stability and adapt to projected climate changes.
For example, although climate change will hurt bean production across Africa
(Rippke et al. 2016; Ramirez-Villegas and Thornton 2015), heat-tolerant bean vari-
eties could greatly reduce the impact (CIAT 2015). Current work on inter-specific
crosses between common and tepary bean show promise for creating breeding lines
that maintain yield under heat stress (CIAT 2015). Similarly, drought-tolerant vari-
eties of maize could be an option for adaptation to reduced or inconsistent rainfall
(Cairns et al. 2013; Rippke et al. 2016).

In the long-term, planned transformations will be required for some areas.
Rippke et al. (2016) report that some 3—5% of the arable land of sub-Saharan Africa
may require a transformation out of crop-based systems to either livestock-based
systems or to an entirely new land use.

2.4.2 Collecting and Using Climate Data

Historical data and climate projections clearly establish the need to act quickly to
help African farmers adapt to a changing climate. Too often, however, CSA inter-
ventions are being promoted without a proper understanding of the climate risks for
the specific areas involved. In some cases, reliable information on tightly focused
geographical areas simply has not been collected. And even when good information
is available from climate models and impact studies, often this information is not
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presented in ways that are accessible and comprehensible for those doing the CSA
planning and implementation.

Although historic climate trends can be identified across the African continent,
there is a general lack of high-resolution data, including for key biomes and agricul-
tural areas (white areas in Fig. 2.1 showing insufficient data). Some national meteo-
rological agencies have made efforts to improve the information available by, for
example, combining weather-station information with satellite imagery to create
high-resolution gridded historical time-series climate datasets (Dinku et al. 2016).
Overall, though, there remains a lack of precise information for decision-making.
Weather-station record keeping has declined over the past decades due to lack of
maintenance and a failure to install new stations. This trend must be reversed.
Increasing the available data on observed weather across the continent is critical to
understanding the changes that have occurred already, to predict future changes, and
to plan appropriately to address them.

Even as new data are collected, development practitioners and decision-makers
should make use of the information and tools now available to help them understand
the climate context. CMIPS projections are freely available through the Climate
Wizard, a web application that allows anyone to easily query and map downscaled
future climate change projections for specific places globally (ClimateWizard.org).
Similarly, the Servir ClimateServ allows for easy online analysis and querying of
historic observed precipitation, vegetation greenness and moisture stress, as well as
seasonal forecasts looking forward in the short-term for most of the globe (climate-
serv.servirglobal.net/). More training is needed to help those implementing CSA
learn how to access and use these tools. Such training should include profiling of
CSA opportunities, prioritization of investment portfolios, design and implementa-
tion of CSA projects, and assessing the results of CSA projects (Girvetz et al. 2017).

In conclusion, we would like to emphasize these key points:

* The climate has already changed, with temperatures continuing to rise and pre-
cipitation patterns changing, and more disruption is certain in coming years and
decades.

* The collection of weather observations at local weather stations must improve,
and should be incorporated with satellite data.

* Climate data and tools are available and accessible to practitioners. More effort,
however, should be put into disseminating this information and ensuring that
development practitioners understand how it can be used for CSA planning and
implementation.

* Given the uncertainties surrounding exactly how climate change will affect spe-
cific places, the best CSA options are those that build resilience and help farmers
cope with a wide range of climate risks, especially heat, drought, erosion and
flooding.

Farmers are already suffering from the effects of climate change. Average tem-
peratures are rising, rainfall is becoming less predictable, and extreme weather
events are growing more common. The situation poses a real and ever-increasing
threat to rural livelihoods and food security. Government, civil society and the pri-
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vate sector must work together urgently to collect and analyze climate information,
make it accessible to decision-makers on the ground, and to ensure that CSA plan-
ning and implementation are carried out based on the best information available.
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Chapter 3

Climate Change and Infectious Livestock
Diseases: The Case of Rift Valley Fever
and Tick-Borne Diseases

Bernard Bett, Johanna Lindahl, and Grace Delia

3.1 Background

The global-average surface temperature has risen steadily since the nineteenth
century due to an increase in the concentration of heat-trapping gases such as car-
bon dioxide and methane in the atmosphere. These changes have had important
consequences on rainfall patterns, the intensity of droughts, and the viability of
ecosystems (Martin et al. 2008) among other changes. Taken together, these changes
have substantial effects on the transmission patterns of infectious diseases.

A few studies have been done to identify processes through which climate change
influences infectious disease occurrence. While more work needs to be done to fully
characterise these processes, the existing knowledge suggests two broad categories
of impact, often classified as ‘direct’ and ‘indirect’. Direct impacts are realised
when a rise in temperature, precipitation intensity, flooding, humidity, etc. increase
pathogens’ or vectors’ metabolic processes, reproductive rates, and (or) population
densities, resulting in enhanced vector—pathogen—host contact and, therefore, the
risk of disease (Bett et al. 2017). These changes operate within defined biological
limits. This is because an increase in temperature or flooding beyond a given thresh-
old leads to the desiccation of these arthropods or the flushing of vector breeding
sites, and hence a decline in disease transmission risk. Direct effects are often asso-
ciated with diseases caused by pathogens that spend part of their life cycles outside
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a mammalian host. These include vector-borne diseases, helminthoses and fungal
infections.

Indirect effects are less apparent and would include changes in disease transmis-
sion patterns associated with climate-induced ecological, socio-cultural or behav-
ioural disruptions. In pastoral areas, for example, prolonged droughts trigger more
frequent and long-distance movements which enhance contact between distinct
populations of animals. This would also include movement into previously unin-
habited areas potentiating exposure to new disease agents. Different indirect effects
are reviewed in Lindahl and Grace (2015).

We use two well-studied vector-borne diseases—Rift Valley fever, which often
occurs in epidemics in East Africa, and tick-borne diseases, which are endemic in
many parts of the world—to demonstrate the impacts of climate change on livestock
diseases. Our review focuses on the direct effects given that indirect effects are not
well studied and are also difficult to quantify.

3.2 Case Studies

3.2.1 Rift Valley Fever

Rift Valley fever (RVF) is a mosquito-borne viral zoonosis mainly affecting sheep,
goats, cattle, buffaloes and camels. People become infected following a bite from an
infected mosquito, or after close contact with acutely infected animals or infected
tissues. In people, the disease manifests as a mild influenza-like syndrome in a
majority of cases (more than 80%) or a severe disease with haemorrhagic fever,
encephalitis, or retinitis in a few cases (Njenga et al. 2009). In livestock, the disease
manifests as increased abortion and perinatal mortality rates.

3.2.1.1 Drivers

RVF outbreaks have been reported in some countries in East and southern Africa
including Kenya, South Africa, Tanzania and Uganda following periods of above-
normal precipitation. The disease has also been reported in other countries includ-
ing the Comoros archipelago, Madagascar, Mauritania, Saudi Arabia, Senegal and
Sudan (Madani et al. 2003) and Yemen (Abdo-Salem et al. 2006). In South Africa,
recent RVF outbreaks observed in 2008-2011 were associated with relentless and
widespread strong seasonal rainfall and high soil saturation (Williams et al. 2016).
Areas affected by these outbreaks are shown in Fig. 3.1. In East Africa, major out-
breaks are often associated with the warm phase of the El Nifio/Southern Oscillation
(ENSO) phenomenon, although there have been a few incidences (e.g. in mid-1989)
when an elevated RVF activity was not ENSO-driven. There have also been local-
ised outbreaks in Uganda associated with seasonal rainfall and flooding. Figure 3.2
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Fig. 3.1 The spatial distribution of laboratory-confirmed human cases in South Africa in local
administrative municipalities 2008-2011 (Archer et al. 2013). The spatiotemporal distribution of
the RVF cases in humans paralleled those of livestock, which were triggered by heavy rainfall

gives an RVF risk map based on data that were collected during the 2006/2007
outbreak. Not all El Nifio events lead to RVF outbreaks; El Nifio events recorded in
Kenya in 1964, 1969, 1972—-1973, 1981 and 1991-1995, for example, did not lead
to RVF outbreaks.

In West Africa, RVF outbreaks occurred in 1998, 2003, 2010 and 2012 following
an interlude between a dry period, lasting for about a week, and a period of heavy
precipitation (Caminade et al. 2014). The 2009-2010 outbreak, which affected
small ruminants, camels and people was associated with a fourfold increase in rain-
fall in a desert region in northern Mauritania (Faye et al. 2014). Similar outbreaks
occurred in Senegal in 2013-2014, exacerbated by extensive livestock movements
that aided the dissemination of the virus (Sow et al. 2016).

3.2.1.2 Climate Change and RVF

A few studies have been done to evaluate the expected impacts of climate change on
RVF transmission. These suggest that climate change is likely to expand RVF’s
geographical range due to expansion of the vector niches (Mweya et al. 2017; Taylor
et al. 2016). There are also indications that the average rainfall in eastern Africa,
including the Horn of Africa, is expected to increase, while that for southern Africa
is likely to decline with climate change (Conway 2009). ENSO-related precipitation
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Fig. 3.2 Risk map for RVF in East Africa based on reported cases in livestock during the
2006/2007 outbreak and rainfall distribution (Bett et al. 2017). Probability estimates given on the
map indicate the chance that a given area could experience an RVF outbreak based on the environ-
mental conditions observed in December 2006

variability is also predicted to intensify (Intergovernmental Panel on Climate
Change 2014) and this might have stronger implications for RVF, given that the
intense precipitation which drives an RVF epidemic follows El Nifio and La Nifia
events in East and South Africa, respectively. Further evidence for an increased
precipitation under intermediate warming scenarios in parts of equatorial East
Africa is provided by Hulme et al. (2001). They suggest that the region will experi-
ence a 5-20% increase in rainfall between December and February and 5-10%
reduction in rainfall between June and August by 2050.

Climate change may indirectly increase RVF risk through land use change asso-
ciated with the development of irrigation schemes and dams. The increasing fre-
quency of droughts and erratic rainfall in arid and semi-arid areas would necessitate
the construction of dams and irrigation schemes to support water supply and food
production. Previously, outbreaks of RVF have been reported following flood irriga-
tion in the Orange River region and Western Cape province, South Africa (Williams
et al. 2016), and the construction of dams, i.e. Aswan High Dam in Egypt in 1977
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and the Senegal Dam on the Senegal-Mauritania border in 1987/1988 (Martin et al.
2008). A recent study conducted in Kenya confirmed that irrigated areas in arid and
semi-arid areas support endemic transmission of RVF (Mbotha et al. 2017) but more
work is needed to isolate the virus from such cases to confirm observations made
from serological studies. Drought-resistant livestock species, including goats, which
are thought to play a critical role in the epidemiology of RVF and other zoonotic
diseases, are increasingly being raised in arid and semi-arid areas as one of the
adaptation measures for climate change and variability. These changes are likely to
increase the risk of infectious diseases that would compromise health and liveli-
hoods of a large population of pastoralists.

3.2.2 Ticks and Tick-Borne Diseases (TBDs)

Ticks are important vectors of a wide range of pathogens that cause many diseases
in livestock such as anaplasmosis, babesiosis, cowdriosis, coxiellosis (Q fever),
Crimean—Congo haemorrhagic fever, ehrlichiosis and theileriosis. East Coast fever
(ECF)—the disease with the greatest economic importance in dairy animals—is
caused by Theileria parva and transmitted by Rhipicephalus appendiculatus. The
disease causes high mortality, especially in highly productive, susceptible breeds
where mortality can reach 100%. Other losses associated with the disease include
poor weight gain, fertility losses, reduced growth and productivity, paralysis and
increased susceptibility to other diseases. Its geographical range stretches from
South Sudan to South Africa and up to Democratic Republic of the Congo (DRC)
(Olwoch et al. 2008).

There are few studies in East and southern Africa that have looked at the effects
of climate change on ticks and TBDs. Olwoch et al. (2008) applied a simple climate
envelope model to investigate the effects of climate change on the distribution of R.
appendiculatus and ECF in sub-Saharan Africa, based on climate anomalies for
2020s versus 1990s. They predicted a reduction in the range of the tick in the west-
ern arid regions in Angola, southern DRC and Namibia, given that these areas were
already hot and dry and further increases in temperature would make them unsuit-
able under the future climate scenarios used. On the contrary, the study established
that some areas in Botswana, eastern DRC, the Northern and Eastern Cape prov-
inces of South Africa, and Zambia would become more suitable in the 2020s,
because of increased rainfall and a rise in the minimum temperatures.

From a global perspective, a rise in temperature has the potential to expand the
geographical range of about 50% of tick species, with 70% of these involving eco-
nomically important tick species (Cumming and van Vuuren 2006). This mainly
represents the northern expansion of the northern limits of ticks as has been observed
in Sweden and Russia among other places.
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3.2.3 Inferences from the Case Studies

These two cases show that climate change will cause local shifts in geographical
ranges of most vector-borne diseases in both dry/hot and cool/wet areas due to at
least two distinct processes. In the hot/dry areas, scenarios of higher rainfall and
humidity would promote higher survival rates of vectors, while in the cool/wet
areas, increasing temperatures would allow overwintering of these vectors. The key
determinants of vectors’ population dynamics include temperature, humidity and
water availability, especially for mosquitoes. Although we point to potential shifts
in disease risk, we believe climate change would affect transmission patterns of
infectious diseases in multiple ways, including lowering the effectiveness of exist-
ing intervention strategies. No studies have been done to verify this issue but given
that the rate of development of most arthropods would increase with temperature
and lead to changing population dynamics, the frequency of application of some of
the vector control measures such as acaricides might need to be reviewed. High
temperatures also reduce the hosts’ immune responses (Dittmar et al. 2014) and
studies need to be done to determine whether this has implications on the effective-
ness of the available vaccines which confer protection by priming the hosts’
immune system.

3.3 Mitigations and Adaptations

Projections from simulation models suggest that global warming will continue to
worsen if the current levels of greenhouse gas emissions are not reduced. It is, there-
fore, expected that the incidence and impacts of climate-sensitive diseases—includ-
ing RVF and TBDs—will increase, particularly among the most vulnerable
populations in developing countries. These diseases, though, can be mitigated by
established control measures including quarantine, import bans, the identification
and removal of suspicious animals and premises, surveillance and reporting, vacci-
nation, disinfection, and compensation (Grace and McDermott 2012). However, the
effectiveness of some of these measures in the face of climate change has not been
determined. Moreover, their deployment is inadequate as the animal health systems
in most of these countries have deteriorated.

Vector control and vaccination are often used to control RVF and TBDs. Vector
control is however not a reliable measure for controlling RVF in livestock (Gachohi
et al. 2017). This is because floods that trigger RVF epidemics maintain high mos-
quito population densities and insecticide-induced mortality rates would be much
lower compared to the rates of development and emergence of new adults.
Conversely, acaricides have been used successfully for many years to control TBDs
but recent observations indicate that tick resistance to acaricides is threatening to
limit the effectiveness of this measure. Alternative ways of managing TBDs are
therefore being developed, such as the use of tick vaccines (specifically for
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Boophilus spp.), immunisation of animals through infection-and-treatment meth-
ods (ITM), breeding of TBD-resistant animals, and the strategic use of acaricides to
balance the need to eliminate ticks versus the need to raise the endemic stability of
TBDs in the livestock populations. There are ongoing studies to develop new vac-
cines to replace ITM.

RVF can be reliably controlled using livestock vaccination but its episodic occur-
rence, a predilection for remote, pastoral areas and lack of forward planning and
pre-allocation of emergency funds in most animal health institutions cause a lot of
delays in response. An assessment of emergency vaccination programmes that were
implemented following the 2006/2007 outbreak in Kenya (Gachohi et al. 2012) as
well as those deployed during the recent RVF scare in 2016/2017 showed that live-
stock vaccination was implemented late and at very low levels to attain sustainable
herd immunity. It has now been realised that the administration of livestock vaccina-
tion as part of emergency response measures during periods of heightened RVF risk
does not provide beneficial outcomes. They fall short of achieving critical levels of
coverage that are required for the establishment of protective immunity. Research is
underway to determine alternative vaccination strategies for RVF that might involve
periodic vaccination in the high-risk areas in place of reactive or emergency vacci-
nations. In this case, reactive vaccinations can be used strategically to complement
periodic vaccination following warnings for El Nifio in East Africa or La Nifia in
South Africa.

Animal health programmes need to be underpinned by efficient surveillance sys-
tems which promptly detect and report disease occurrence patterns for action, and
guide the prioritisation of interventions to geographical regions or periods where/
when interventions can yield desirable outcomes. There have been multiple uncoor-
dinated efforts towards improving disease surveillance and the development of risk
maps and contingency plans in the target areas to help in rationalising interventions.
New surveillance systems based on citizen science methods and cloud computing
offer great opportunities for identifying the distribution of these infectious diseases;
they might also provide clues on how to deploy measures for multiple diseases at
the same time. In addition, these systems can be programmed to provide input data
for real-time disease forecasting, enabling decision-makers to plan more effectively
for impending disease risks. This would require analysing such surveillance data
with climate and land use/land cover data as predictors to generate dynamic risk
maps.

3.4 Conclusions and Implications for Development

Climate change is expected to increase the risk of many vector-borne diseases,
including those of RVF and TBDs. It is also likely to reduce the effectiveness of
some of the control measures—such as vector control efforts—and hence decision
makers need to be sensitized more on how to make the best use of the existing inter-
ventions, as more research is implemented to determine optimal control options. A
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key trend of recent decades has been the greater integration of human and veterinary
medicine. One World One Health is a growing movement built around the premise
that the health of humans, animals and the environment are inextricably linked, and
that disease is best managed in broad and interdisciplinary collaborations. Such a
multidisciplinary approach can improve targeting of interventions.
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Chapter 4

Large Scale Crop Suitability Assessment
Under Future Climate Using the Ecocrop
Model: The Case of Six Provinces in Angola’s
Planalto Region

Roland Hunter and Olivier Crespo

4.1 Introduction

The planalto midlands is a plateau that extends across central Angola, including the
majority of the provinces of Huila, Benguela, Cuanza Sul, Bié, Huambo and Malanje
(see Fig. 4.1). The plateau ranges in altitude from 800 to 1600 m above sea level and
extends eastwards from the escarpment above the semiarid coastal region towards
the central highlands of the country. The K&ppen-Geiger classification defines the
climate of the interior plateau as “temperate with dry winters and warm/hot sum-
mers” (Koppen-Geiger abbreviations Cwa and Cwb, respectively), while the low-
lands between the coast and plateau are classified as arid steppe (BSh). Collectively,
the region represented by the arid lowlands of Huila, Benguela, Cuanza Sul and the
comparatively temperate highlands above supports a diverse and productive agricul-
ture sector and is a major producer of economically important staple and cash crops.

There is a risk that climate change will undermine the potential contributions of
these crops toward national objectives for sustainable development and food secu-
rity. However, stakeholders are unable to plan for or respond to the risks posed by
climate change to agricultural productivity, food security and socioeconomic devel-
opment, due to the absence of more detailed information to assess the scope and
scale of climate-change impacts.

This study assessed the likely impact of climate change on the future suitability
of Angola’s planalto region on two staple crops commonly grown in the region,
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Fig. 4.1 Elevation map of the study region

namely cassava (Manihot esculentum) and maize (Zea mays), which are respectively
the first and second most important staple crops by area of cultivation and total
production. Using a model-based approach, this study assessed the impacts of cli-
mate change on the spatial extent of areas classified as climatically suitable for
maize and cassava, between the “historical baseline” period (i.e., the present) and a
future date (2050). The goal of these analyses is to improve decision-making and
spatial planning regarding which crops, cultivars and farming practices should be
promoted as part of a strategy for climate-resilient agricultural and socio-economic
development in the planalto.

4.2 Materials and Methods

4.2.1 Sources of Climate Data

Baseline climate data for the study area was derived from Worldclim historical data,
which provides average monthly climate data for minimum, mean and maximum
temperature and for precipitation for the period 1960-1990 at a spatial resolution of
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about 1 km? (a resolution grid of 30 arc-sec) (Hijmans et al. 2005). Interpolations of
observed data for the period 1960-1990 are henceforth referred to as the “historical
baseline” period.

The future effects of climate change in the study area were computed based on
analysis of 29 general circulation models (GCMs) downloaded from the AgMERRA
dataset (Ruane et al. 2015). Future climate changes in 2050 for monthly mean tem-
perature (Tmean), monthly minimum temperature (Tmin), and monthly mean pre-
cipitation (Precip) were computed assuming the scenario of RCP 8.5 (high emission
pathway).

4.2.2 Analysis of Crop Suitability

The influence of future climate change predictions on crop suitability was assessed
using the Ecocrop suitability model developed by the Food and Agriculture
Organisation (Ecocrop 2010), based on the methodologies described in Ramirez-
Villegas et al. (2013). The Ecocrop model calculates the relative suitability of a crop
in response to a range of climate variables such as temperature, rainfall; and grow-
ing period, thereby generating a suitability index score ranging from O (totally
unsuitable) to 1 (optimal/excellent suitability) as an output. It should be noted that
this study did not undertake any additional ground-truthing or calibration of the
range of climate parameters preferred for either crop, and therefore the default
EcoCrop parameters were assumed. Suitability index scores were calculated for the
range of climate variables reported for the historical baseline period (WorldClim
data) and future (GCM predictions for 2050).

4.3 Results and Discussion

4.3.1 Projected Climate Changes

By 2050 a clear trend of warming is projected across the entire study region through-
out all months of the year, with predictions of increases of Tmin and Tmean of
approximately 1-2.5 °C. The mean and minimum monthly temperature (Tmean and
Tmin) is predicted to increase by 1.5-2 °C in the eastern and southern interior of the
country (including large areas of Bi¢, Huambo, Huila and Malanje provinces), and
increases of about 1 °C predicted for the coastal, central and northern regions of the
country. Figure 4.2 depicts the spatial distribution of Tmin and Tmean (left and
centre, respectively), with anomalies between the two time periods indicated by red
shading (bottom row).

With respect to predicted effects of climate change on rainfall, it is projected that
the onset of the rainy season (typically September—October) in 2050 will be charac-
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Fig. 4.2 Predicted effects of climate change in study region on average monthly minimum tem-
perature (Tmin) (left), average monthly mean temperature (Tmean) (centre), and mean monthly
precipitation (Precip) (right) by the year 2050 for the month of October. Top row depicts baseline
(current) climate, centre row depicts predicted future (2050) climate and bottom row indicates
anomalies between the two time periods

terised by reduced mean monthly precipitation across the entire region compared to
the baseline. Anomalies in monthly rainfall (indicated by red shading in the centre
of Fig. 4.2, bottom right) are particularly acute in the northern, central and western
extents of the study area at the onset of the rainy season. The trend of reduced rain-
fall at the onset of the rainy season is projected to continue for the month of
November in the central and southern extent of the study area (including the entire
extent of Huila province and majority of Bié and Huambo), whereas the majority of
Cuanza Sul and Malanje provinces are projected to benefit from increased rainfall
in November by 2050. The majority of the study area is projected to benefit from
increased rainfall by 2050 during the midsummer months from December to
February, with the exception of the southernmost extent of Huila province. In March
and April, the last months of the traditional maize-growing season, rainfall across
the study area is projected to follow two distinct trends: (i) reduced rainfall in the
southern and eastern areas, particularly Huila, Bié and the south-eastern extent of
Huambo; and (ii) increased rainfall in the central, western and northern areas, par-
ticularly Malanje, northern Huambo, and the highland interior of Cuanza Sul and
Benguela provinces. No major changes to rainfall are projected for the dry winter
months of May to August.
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The predicted spatial and temporal shifts in temperature and precipitation are
likely to result in diverse effects on crop productivity between different crops and
regions. Increased temperatures are expected to increase crop water demand,
which may lead to increased crop stress or reduced productivity. In certain areas,
however, the increased temperatures may increase productivity and extend the
length of growing season for some crops, particularly where supplementary irri-
gation is available or the duration or volume of rainfall received increases (such
as in the centre and north of the study region). Climate change is projected to
impact the distribution, timing and volume of rainfall, most notably showing a
delayed onset of rainfall season or reducing the mean precipitation received dur-
ing the growing season.

These projected climate changes are likely to result in long-term changes to the
timing of various agricultural activities such as field preparation and sowing of seed.
In the southern and eastern parts of the study area, notably Huila and south-east Bié,
climate change is expected to reduce precipitation across all months of the growing
season, which will reduce the productivity of traditional agricultural approaches and
force farmers to adopt new practices and crops. Drought-sensitive crops are likely
to be increasingly unreliable or unproductive in the latter areas. In contrast, the
central and northern extent of the study region is expected to benefit from increased
rainfall during the middle and late summer months, which may extend the growing
season or improve the yield potential of certain crops.

4.3.2 Effects of Climate Change on Distribution of Crop
Suitability

Changes in the total spatial extent of suitable area were calculated for both crops for
the period from the present to 2050. Figure 4.3 provides an example of the approach
used to depict spatial distribution of crop suitability, where the relative proportion
of each colour-shaded area indicates the spatial extent of each corresponding cate-
gory of crop suitability. Modelled distribution of suitability for cassava and maize is
depicted in Figs. 4.4 and 4.5, respectively, where current distribution of crop suit-
ability is depicted on the left, projected future distribution of suitability is depicted
on the right, and the anomalies (i.e. changes) between the two periods are depicted
in the centre.

4.3.2.1 Cassava

Cassava is an important contributor to the diet and livelihoods of Angola’s rural
farmers and urban consumers, and is a particularly efficient crop in terms of calories
generated per input cost. In addition, cassava is considered to be relatively tolerant
of low rainfall conditions, and is increasingly promoted as a climate-resilient crop
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‘historical” (left) and ‘mid-century 2050 (right) scenarios as a result of climate change. Changes
between the two-time periods are depicted in the centre
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which has the potential to contribute meaningfully to pro-poor economic develop-
ment (Theodory et al. 2014).

Previous studies of climate-change effects on cassava have suggested that pro-
ductivity of cassava will not be negatively impacted by climate change and may
enjoy slight increases in certain areas of Africa, particularly in Angola (Liu et al.
2008). Jarvis et al. (2010) also reported that climate change will result in a net
increase in the range of suitable areas for cassava production (although noting that,
despite a net increase in suitable area, other areas are predicted to decline in suit-
ability as a result of temperature increases). The results of this study support the
findings of the latter studies, suggesting that the main effect of climate change on
cassava production will be to increase the spatial extent and relatively suitability
(i.e., localised suitability index score) of existing cassava production zones. EcoCrop
analyses predict that the extent of areas suitable for cassava production will increase
in the interior highlands above the coastal escarpment, stretching northward from
the border of Huambo and Benguela, through Cuanza Sul and northwards into
Malanje. This expected improvement in the region’s suitability for cassava may be
attributable to the projected increase in Tmean from 20 to 21.5 °C, where the opti-
mum temperature range for cassava is 20-29 °C. The trend towards increased suit-
ability for cassava in the latter areas is projected to remain consistent from October
through the rest of the summer months.

The suitable range for cassava production is limited by the arid low-lying south-
ern interior of Huila and western lowlands of coastal Benguela and Cuanza Sul,
which are considered to be poorly suited for cassava production in both the baseline
and future scenarios. Potential opportunities and adaptation options for such arid
regions may include: (i) promotion of sweet potato as a perennial starch-rich alter-
native to cassava; (ii) adoption of relatively drought-tolerant cereals such as sor-
ghum and millet; and (iii) promotion of increased crop diversification, including
combinations of sweet potato, cassava, legumes and drought-tolerant cereals.

It should be emphasised that the potential benefits of cassava as a climate-
resilient subsistence crop are unlikely to be realised without addressing existing
structural barriers in the cassava value chain. Market accessibility for cassava farm-
ers in remote areas is hindered by the short shelf life of unprocessed cassava.
Therefore, it is recommended that efforts to promote the cultivation of cassava
should be supported by simultaneous investments in capacity-building for improved
post-harvest storage, processing and value-adding.

4.3.2.2 Maize

Maize is an important staple crop across Southern Africa and is broadly considered
to be prone to climate risk such as drought, irregular rainfall and heat stress.
Increased temperatures and an increased frequency of severe drought events pose
major concerns to cereal production in sub-Saharan Africa, as do expected increased
incidence of diseases, pests and parasitic plants (ADB 2015). Past studies have sug-
gested that projected temperature increases could reduce the productivity of major
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cereal crops, including maize, by 20-30% by 2050 (Liu et al. 2008; Schlenker and
Lobell 2010).

In agreement with past studies, EcoCrop analyses predict that climate change
will result in minor but widespread decreases in the crop suitability index score for
maize in the planalto region by 2050, particularly at the onset of the rainy season in
October. In Huila province, the absolute spatial extent of areas which are suitable
for maize production are predicted to decrease considerably as a result of climate
change, to the extent that the entire province is likely to become poorly suited to the
crop by 2050. Of the remaining five provinces, the maize-suitable production areas
are predicted to remain unchanged in absolute spatial extent but will undergo
decreases in crop suitability index score.

In addition to the effects of increasing temperature, a major challenge that will
affect maize farmers in Angola is the projected delay in onset of the rainy season as
a result of climate change. The trend towards reduced suitability for maize produc-
tion is likely to be attributable to the predicted decreases in rainfall over the growing
season; EcoCrop’s parameters specify a minimum seasonal rainfall of 400 mm and
optimum rainfall of at least 600 mm. Analysis of GCMs suggest that onset of rain-
fall is likely to shift from October/November to December/January by 2050. For
households practicing rain-fed maize cultivation, the delayed rains will increase the
duration of the “lean” season, when households are reliant on the previous season’s
harvest. Households therefore will need to adopt new strategies to ensure that food
reserves (and adequate seed for planting) can last through this longer lean season. It
is unclear whether a long-term shift in the onset of Angola’s rainy season will result
in a delay to the planting season, or whether changing rainfall patterns will shorten
the effective growing season. It is recommended that Angola urgently promote the
development and adoption of locally adapted, improved maize cultivars that are
more tolerant to heat and drought stress and that can grow to maturity within the
confines of a shortened or variable growing season, as well as the promotion of
comparatively drought-resilient cereals such as millet and sorghum.

4.4 Implications for Development

The approach and results presented in this chapter demonstrate the use of down-
scaled climate projections and crop suitability models as a useful but broad-level
means of assessing the possible effects of climate change on the temporal and spa-
tial distribution of crop suitability. This is particularly important in countries such as
Angola where agronomic data and climate measurements are not readily available.
In this case study of six provinces in the planalto region of Angola, the diverse
impacts of climate change on the crops analysed cannot be easily generalised across
the entire study area and indicate the need for detailed local-level studies and strate-
gies for intervention.
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The semi-arid regions in the south of Huila and in the western lowlands of
Benguela and Cuanza Sul have climates that are at the limit of the suitable range of
the crops analysed. As a result, the spatial range of suitability for heat- and drought-
sensitive crops such as maize is projected to be reduced in the low-lying, coastal and
southerly parts of the study area by 2050. Climate change will also reduce the dura-
tion—or delay the onset—of the growing season for rain-fed crops such as maize
across most of the study region. The negative effects of climate change on staple
crops such as maize has the potential to undermine the wellbeing of rural house-
holds and jeopardise long-term objectives for economic development in climate-
vulnerable regions such as Angola. In the affected regions, the primary options for
adaptation include the promotion of both climate-resilient cultivars of maize and of
alternative crops such as cassava, millet or sorghum.

However, despite the apparent threats posed by the declining productivity of cer-
tain crops in response to climate change, this study also indicates that climate
change may create new opportunities for agricultural development through promo-
tion of climate-resilient staples and alternative crops. In addition to crop-specific
considerations, adaptation options for Angola’s agriculture sector may include pro-
motion of rural finance, food processing, development of irrigation infrastructure,
increased access to extension services, development of early-warning systems and
development of rural transport infrastructure.

These analyses provide a demonstration of the applications of crop suitability
models for the identification of potential climate vulnerabilities related to food
security, as well as identification of potential climate-resilient subsistence crops to
be promoted as a strategy to adapt to changing climate conditions. Modelled
approaches such as those applied in this study can be further strengthened through
the inclusion of measures for calibration and incorporating field-level measure-
ments and local crop performance data.
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Chapter 5

Understanding the Role of Soils

and Management on Crops in the Face
of Climate Uncertainty in Zimbabwe:
A Sensitivity Analysis

Patricia Masikati, Katrien Descheemaeker, and Olivier Crespo

5.1 Introduction

More than 50% of agricultural land in Africa is degraded and yields of the main
staple crops have been at the lower end of the global range for decades (UNCCD
2014; Folberth et al. 2013). To meet the demands of a growing population, agricul-
tural land has expanded into forests. This, coupled with unsustainable agricultural
practices has led to increased land degradation (Lisk 2009; GGCA 2012). Africa is
one of the most vulnerable continents because of its highly sensitive social and
ecological systems and its limited institutional and economic capacity to respond
appropriately to these emerging threats (Lisk 2009; GGCA 2012; Perez et al.
2015). Although climate change affects a number of development sectors, the risk
to agriculture stands out since the sector represents a significant part of the econo-
mies of many African countries (Vermeulen et al. 2012). There is no doubt that
climate change will amplify drivers of land degradation and pose increased threats
on smallholders’ livelihoods of which the majority are women (GGCA 2012;
UNCCD 2014).

Degradation of agricultural land is causing annual yield reductions of 0.5-1%
suggesting productivity loss of at least 20% in the next 40 years. In addition, climate
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change impacts are projected to reduce yields by up to 25% (Ioras et al. 2014;
Asseng et al. 2015; Rurinda et al. 2015). Agriculture-based livelihood systems that
are already vulnerable to food insecurity will face immediate risk if such yield
reductions would occur. Although there has been progress made to understand the
impact of climate change and variability on different crops in Africa, there is limited
knowledge on how crop-soil systems respond to climate change. Characteristics of
different soils vary; for example, clay soils with high organic matter have low ther-
mal conductivity as well as high water holding capacity (Makinen et al. 2017). In
contrast, sandy soils, which are predominant in smallholder farming systems, have
high thermal conductivity and low water holding capacity (Moyo 2001; Nyamangara
et al. 2001). However, the levels of fertility of sandy soils within and across farms
greatly depend on the soil-fertility management practices used (Tittonell et al. 2007;
Zingore et al. 2011). Soil-climate combination also plays a key role. The magnitude
of crop responses to climate is highly sensitive to the soil type (Folberth et al. 2016;
Makinen et al. 2017). Farmers in Nkayi, Zimbabwe, have already experienced this;
during years of above-average rainfall, farming on clay soils generated a better har-
vest than on sandy soils, while the reverse is also true.

Empirical and quantitative information regarding the dependency of yield
responses to agro-climatic variables on soil type is needed for designing effective
climate-smart adaptation methods and enhancing the resilience of smallholder
farming systems in the region (Piikki et al. 2015; Folberth et al. 2016; Makinen
et al. 2017). Crop models are important tools that can be used to unravel the impor-
tance of soil type on crop responses to climate change and variability. However,
model choice is also important as different model configurations, operation time
steps, physiobiological processes, and others determine the model outputs (Asseng
etal. 2015). Here we use the Decision Support System For Agrotechnology Transfer
(DSSAT) model and the Agricultural Production Systems Simulator (APSIM)
model (McCown et al. 1996; Jones et al. 2003; Hoogenboom et al. 2010; Holzworth
et al. 2015). The two models simulate the dynamics of phenological development,
biomass growth and partitioning, water and nitrogen cycling in an atmosphere-crop-
soil system driven by daily weather variables that include rainfall, maximum and
minimum temperatures and solar radiation (Hoogenboom et al. 2010; Holzworth
etal. 2015). We use the two models to (1) assess the sensitivity of maize and ground-
nuts to individual climatic factors such as rainfall, temperature and CO, concentra-
tion, under three soil types differentiated by levels of organic carbon and plant
available soil water (2) simulate the combined impacts of future climate (2040—
2070) on the two crops across the three soil types. Both soil fertility and climate are
important issues in smallholder farming systems and will have different impacts on
plant production and crop yields under future climate change. Production may
increase or decrease depending on plant response to the interactions between cli-
mate and soil type, hence the importance to assess these impacts to inform adapta-
tion decision-making.
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5.2 Methods

5.2.1 Study Site

Nkayi district is located in the northwestern part of Zimbabwe. Soils in the area are
predominantly sandy. Soil organic carbon varies between 0.4% and 0.8% in the top
layers while the water holding capacity varies from 52 to 102 mm (Moyo 2001).
Maize is the major staple cereal while groundnuts are generally considered women
crops that can improve both household income and nutrition. Groundnut is a multi-
purpose crop that can be used to improve soil fertility as well as the quality of live-
stock feed, especially during the dry season. Nkayi has a short growing season and
limited water availability. Yields are not necessarily linked with higher nitrogen
input due to interactions between nitrogen-induced growth and its effects on water
use and water availability at different growth stages, especially during grain filling.

Historical changes in climate in the district show increasing temperature trends
and recent projections show increases of approximately 1-2 °C in the near future,
2-3 °C in the mid-century, 2-5 °C by end of century (Masikati et al. 2015).
Projections (medium confidence) show that rainfall change direction and amplitude
are uncertain, yet averages would remain within or close to baseline variability.
Seasonality seems to remain unchanged with possible rainfall reduction at the
beginning of the rainy season (Masikati et al. 2015). These projected changes will
have different impacts on plant production and crop yields as production may
increase or decrease depending on the interactions between crops, climate (CO,,
temperature and rainfall) and soil type.

5.2.2 Climate Data

The best available historical weather record was gap-filled with AgMERRA data to
create a 30 yearlong daily climate data set for Nkayi district (Ruane et al. 2014). To
assess sensitivity of maize and groundnuts to different climatic factors; temperature
(minimum and maximum, CO, and rainfall) we used increments as shown in
Table 5.1. To assess the second objective, we use two climate scenarios generated
under two Representative Concentration Pathways (RCP), RCP4.5 and RCPS.5 for
mid-century (2040-2070) (Ruane and McDermid 2017) (Fig. 5.1a, b) The two

Table 5.1 Factors and levels considered for sensitivity analyses

Sensitivity analyses

CO, (ppm) 360, 450, 540, 630, 720 (with 0 and 60 kg N/ha)
Temperature (°C) -2,0,2,4,6,8

Rain (% change) 0.25,0.5,0.75, 1, 1.25, 1.5, 1.75, 2

Fertilizer response (kg/ha) 0, 30, 60, 90, 120, 150, 180
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Fig. 5.1 (a) Mid-century temperature and precipitation changes in Nkayi, Zimbabwe, from 29
General Circulation Models (GCMs) under RCP4.5 and RCP 8.5 (b) Sub-setting of (GCMs) rep-
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selected were the hot/wet and hot/dry scenarios in view of likely increases of tem-
perature while rainfall change direction is uncertain.

5.2.3 Crop Model Setup and Sensitivity Tests

DSSAT and APSIM models were used to test the effects of climate change on crop
production (McCown et al. 1996; Jones et al. 2003; Hoogenboom et al. 2010;
Holzworth et al. 2015). Both DSSAT and APSIM are models that have been devel-
oped to simulate biophysical processes in crop farming systems in relation to eco-
nomic and ecological outcomes of management practices in current or future
farming systems (Hoogenboom et al. 2010; Holzworth et al. 2015; Steduto et al.
2009). For Nkayi the models have been calibrated (Masikati et al. 2014, 2015) and
can be used with confidence in conducting ex-ante climate impact assessments on
crop production systems.

For this study we assess the impacts of single climate factors (CO,, temperature
and rainfall) at varying levels (Table 5.1) and also the combined effects on maize
and groundnut. Model simulations were done on three soil types which differed in
soil physical and chemical characteristics (Table 5.2): poor, average and better soils
representing about 29%, 59% and 12% of farms in the district, respectively. Current
farmer management practices were used and these are defined in Table 5.3. Outputs
from the models, which were considered for the current analyses, include grain and
stover crop yields. Planting was set to be done automatically after the model detected
that the set soil moisture conditions were met. For this study the sowing window
was set between 1 November and 31 December, and planting was done when at
least 15 mm of rain was received in three consecutive days.

5.3 Results

5.3.1 Maize Response to CO,, Temperature, Rainfall
and Fertilizer

Maize sensitivity to CO, was evaluated at different concentrations with 60 kg N/ha
and without nitrogen fertilizer. Without fertilizer, only the APSIM model simulates
slight yield increases in response to increasing CO, concentrations on better soils.
However, when fertilizer is added both models simulate increases of maize yields
with increasing CO, across all soil types. Maize sensitivity to CO, levels differed
between the two models and across soil types (Fig. 5.2). Both maize grain and sto-
ver show incremental yields up to the maximum level evaluated here, 720 parts per
million (ppm), which is more than double the current CO, levels.
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Table 5.3 Treatments used to assess the sensitivity of maize and groundnuts crops to different
climate factors in Nkayi, Zimbabwe

Crop Treatment

Maize Maize production under farmer practice (low-input system), average fertilizer
application: 3 kg/ha®* and average manure application: 300 kg/ha?

Groundnuts | Groundnut production under farmer practice, use of low yielding recycled seed
with no fertilizer

“ICRISAT (2008) and Masikati (2011)

In response to temperature the two models show divergent results on both maize
grain and stover on poor soil. The APSIM model showed a slight increase for grain
yields and a decrease for stover yields, however, the DSSAT model showed the
opposite. Temperature increase of up to 2 °C would see a slight decrease of grain
yields on poor soils, while the same temperature increase would substantially reduce
grain yields on average and better soils with higher impact on the latter. Both models
show almost no effects of temperature increases on maize stover across soil types.

In response to rainfall, a 25% reduction in rainfall, show yield reductions across
all soil types, however impacts are higher on average and better soils. For example
at 25% rainfall reduction yield losses on poor soils simulated by the APSIM model
are 68 kg/ha, while on the average and better soils are 138 and 487 kg/ha, respec-
tively. Simulated average grain yields for current rainfall are 434, 759 and 2110 kg/
ha for poor, average and better soils, respectively. Conversely rainfall that was
higher than the defined baseline was not beneficial to maize grown on poor soils. On
better soils, maize yield increases were simulated only up to about 25% rainfall
increases but after that there is a yield plateau.

On all soil types maize yields show positive response to increases in fertilizer
application rates. Maize yields reach a plateau at about 60—70 kg N/ha for all soil
types, however, from 30 kg N/ha, the rate of yield increases on better soils is low
compared to the other two soil types. Although increases are simulated across soils
with increasing rates of fertilizer higher yield gains were simulated for poor than the
other two soils at application rate of 30 kg N/ha. Grain yields gains with application
of 30 kg N/ha from base yields simulated by the APSIM model were 1314, 1190 and
466 kg/ha for poor, average and better soils, respectively. The average base yields
were 434, 759 and 2110 kg/ha. Above 60 kg N/ha, there is a yield plateau, meaning
that the water environment at Nkayi becomes the limiting factor to achieving higher
average yield.

5.3.2 Groundnuts Response to CO,, Temperature, Rainfall
and Fertilizer

Groundnuts show high response to CO, concentrations on all soil types (Fig. 5.3).
The two models show similar trends although yields from the APSIM model are
higher than those simulated by the DSSAT model. Both grain and stover yields
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Fig. 5.2 Sensitivity of maize grain and stover to temperature, CO,, rainfall change and fertilizer
application rates on different soil types, in Nkayi Zimbabwe. APSIM_1, APSIM_2 and APSIM_3
show simulations by the APSIM model for the three soil types: 1 = poor; 2 = average; 3 = better.
The same applies for the DSSAT model
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Fig. 5.3 Sensitivity of groundnut grain and stover to temperature, CO, and rainfall change on dif-
ferent soil types, in Nkayi Zimbabwe. APSIM_1, APSIM_2 and APSIM_3 show simulations by
the APSIM model for the three soil types: 1 = poor; 2 = average; 3 = better. The same applies for
the DSSAT model

increase up to the highest CO, level evaluated here. The APSIM model simulated
higher increases on the better soils while the DSSAT model simulated similarly
large increases on the average soil.

In response to temperature changes, both models show negative effects of
increased temperature and positive effects of decreased temperatures. Higher yield
reductions were simulated for better soils than for the other two soils types. Both
models show high yield reductions with temperature increases of about 2 °C, how-
ever at higher temperature increases, for example at +6 °C, the DSSAT model simu-
lates slight stover yield increases across all soil types.
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Reduction in rainfall by about 50% shows substantial reductions in both grain
and stover yields. Both stover and grain yields continue to increase as rainfall
increases, however, the increases are very small.

5.3.3 Combined Effects of Climate Factors on Maize

We evaluated the combined effects of climate elements on maize grain and stover
yield. Hot/wet and hot/dry climate scenarios for both RCP4.5 and 8.5 were used.
The effects were simulated by both the APSIM and DSSAT model on three soil
types. The two models show divergent effects of combined climate elements on
both maize grain and stover. The APSIM model shows more stover yield reductions
while the DSSAT model shows more grain reductions across soils and climate sce-
narios. Yield reductions are more pronounced on better soils than on the other two
soil types, while the hot/wet climate scenario shows more positive effects than the
hot/dry scenario. Climate effects are more distinct for grain than for stover and this
is more pronounced for RCP8.5 than RCP4.5. Generally, the hot/dry conditions
show substantial reductions with probability of 35, 40 and 70% of getting reduced
grain yields as simulated by the APSIM model while the DSSAT model shows 85,
75 and 85% on poor, average and better soils respectively under RCP4.5 hot/dry
conditions. Generally, maize production will decrease under future climate scenar-
ios though the degree of impact differs among soil types.

5.3.4 Combined Effects of Climate Factors on Groundnuts

In contrast to maize, groundnuts mostly showed positive effects with yield increases
of more than 50% for stover in some instances. The APSIM model generally simu-
lated positive grain yields under RCP4.5 and reductions at a probability of 19, 30
and 50% for poor, average and better soils, respectively under RCP8.5 hot/dry con-
ditions. Stover yields showed positive yield increases for both RCP4.5 and RCP8.5
under hot/wet conditions. However, reductions were simulated for hot/dry condi-
tions mainly for RCP8.5. The DSSAT model shows more negative effects on grain
yields than stover yields across soil types and climate scenarios. Grain yield reduc-
tions are more pronounced for average and better soils under hot/dry climate sce-
narios for both RCP4.5 and 8.5. Stover yields on average soil are mostly affected
showing about 40% probability of getting negative yields. Although groundnuts
seem to be benefitting on average, however there are years when yield changes are
negative.



5 Understanding the Role of Soils and Management on Crops in the Face of Climate... 59

5.4 Discussion

5.4.1 Maize and Groundnut Response to CO,, Temperature,
Rainfall and Fertilizer

Temperature increases in areas such as Zimbabwe where crops are grown near
thresholds can be detrimental to rain-fed crop production. Increased temperatures
can negatively affect crop yields by accelerating crop phonological stages hence
less time for biomass accumulation (Asseng et al. 2015). In this study, increased
temperatures show negative effects on both maize and groundnut yields across soil
types with higher yield reductions simulated on the better soils. Although simulated
yield reductions were higher on better soils, average grain and stover yields were
always higher than those for poor soils.

Responses to CO, can vary by crop species (Asseng et al. 2015). In our study,
maize showed minimal increases of about 5% for both the APSIM and DSSAT
model with fertilizer, however, groundnuts showed average increases of about 23%.
Asseng et al. (2015) reported that C4 (e.g., maize, sorghum, millet) and C3 (e.g.,
wheat, groundnuts, potatoes) plants when CO, is increased to 500-550 (ppm), grain
yield can be increased by 10-20% and by <13% for C3 and C4, respectively.
Responses to CO, also depend on soil water and nutrient availability with highest
responses being reported under soil water limiting conditions (Kang et al. 2002).
However low soil fertility can reduce the possible positive effects of elevated CO,
on yields (Yang et al. 2006). This was also simulated in the current study where
there were minimal to no benefits at all with increases in CO, across all soil types
when no fertilizer was added. However positive responses were simulated with
application of 60 kg N/ha with higher increases simulated on better soils. Both sto-
ver and grain yields increased as CO, concentrations increased up to the 720 ppm
level. Increases of CO, in the atmosphere is one of the most certain aspects of cli-
mate over the coming decades and leguminous crops such as groundnuts have the
potential to benefit from this. Leguminous crops fix the atmospheric nitrogen,
release high-quality organic matter in the soil and allow sequestration of carbon in
soil. If used as feed (provided the quality is not affected), leguminous crops could
reduce methane emissions from livestock. These multiple benefits provide both
mitigation and adaptation benefits to farmers.

Rainfall variability can have both positive and negative impacts on agriculture
depending on the environment. Reduced rainfall by about 25% can be detrimental
to crop yields while increases by similar magnitude would not be as beneficial in
low input systems and more importantly on poor soils. Rainfall distribution also
plays an important role, as lack of rainfall at crop critical growth stages such as
anthesis can substantially reduce grain yield.

Smallholder farming systems are low input systems with an average nitrogen
application rate of 3 kg/ha and zero fertilizer application for legumes such as
groundnuts. General fertilizer recommendations for different soil types are up to
110, 110-140 and 140-180 kg N/ha for better, average and poor soils, respectively,
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which is beyond what most farmers can afford (FAO 2006; Vanlauwe and Giller
2006). However, in our current study both models simulate yield plateau at 60 kg N/
ha for better soils and at around 70 kg N/ha for poor soils. The biophysical and
socio-economic situation needs to be considered for establishing recommendations
and these should be location-specific and dynamic because soil changes depending
on how it is managed.

5.4.2 Combined Effects of Climate Factors on Maize
and Groundnuts

Temperatures are projected to increase in Nkayi district, however, rainfall is likely
to change by —15% to +10%. Average annual rainfall for Nkayi is about 650 mm
per year and the projected reductions and increases can lead to 552 and 715 mm per
year, respectively. Variability will be high especially under hot/dry conditions as
shown by the variations in yields reductions (Figs. 5.4 and 5.5). Yield variability is
higher for maize grain than stover while for groundnuts high variability is only
simulated by the DSSAT model for both grain and stover. Increased temperature
effects supersede the other factors and will be mostly detrimental to maize while
high response to CO, exhibited by groundnuts negate the negative effects of
increased temperature. Increased temperature reduces crop yields by accelerating
crop phonological stages, hence, reducing the time for biomass accumulation.
Another adverse effect of high temperature is heat and/or water stress, which at the
critical crop growth stages, such as anthesis or grain filling, also reduces crop yields.
It will be important to assess which effect will be more prominent and this informa-
tion could be used when developing adaptation strategies. Important is also to assess
the particular times when crops are water stressed so that farmers can adjust water
and nutrient management, planting and sowing dates, plant densities and cultivar
choice. Climate-smart agricultural practices such as agroforestry that make use of
water more efficiently and have the potential to induce microclimatic conditions can
be recommended in areas affected by heat stress (Mbow et al. 2014).

5.5 Implications for Development

Crop models are important tools that can be used to understand disaggregated
effects of climate elements on crop production. However, models do differ in the
way they are constructed and in their responses to different effects of climatic fac-
tors on crop production. We used two crop models DSSAT and APSIM and both
models generally agreed on the effects of different climatic factors on maize and
groundnuts. It is only the magnitude of the effects that vary, for example, reductions
on maize grain yields are more pronounced in the APSIM model while the DSSAT
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Fig. 5.4 Probability of exceedance for maize grain and stover yield reductions simulated by
APSIM and DSSAT models for RCP4.5 and 8.5 for hot/wet and hot/dry climate scenarios. 8.5_
HW_1,8.5_HW_2, 8.5_HW_3 = RCP8.5, hot/wet for poor, average and better soils, respectively.
HD represent hot/dry; HW represent hot/wet

model shows more pronounced reduction of maize stover yields. Both models show
yield benefits under elevated CO, concentration for groundnuts negating the effects
of increased temperatures when evaluating the combined effects of the climatic fac-
tors. However, yield increases for both groundnut grain and stover are more
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Fig. 5.5 Probability of exceedance for groundnut grain and stover yield reductions simulated by
APSIM and DSSAT models for RCP4.5 and 8.5 for hot/wet and hot/dry climate scenarios. 8.5_
HW_1, 8.5_HW_2, 8.5_HW_3 = RCP8.5, hot/wet for poor, average and better soils, respectively.

HD represents hot/dry, HW represent hot/wet

pronounced in the DSSAT model than in the APSIM model. Soils play an important
role in determining outputs of crop-climate interactions; they can buffer or aggra-
vate climatic impacts. Better soils exhibited higher responses to positive influences
such as increased rainfall and CO, concentrations compared to poor soils. Better
soils would be more important in future farming systems.
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Chapter 6

Role and Challenges of the Private Seed
Sector in Developing and Disseminating
Climate-Smart Crop Varieties in Eastern
and Southern Africa
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6.1 Introduction

CC poses a significant risk to crop production across sub-Saharan Africa (SSA),
with ESA particularly vulnerable to the projected changes. Temperature increases
are estimated to rise at a rate above the global average during the twenty-first cen-
tury and it is predicted that by 2050 will significantly change the cropping duration
for key staple crops (Cairns et al. 2013; Schlenker and Lobell 2010; Niang et al.
2014; James and Washington 2013; Challinor et al. 2016). Meanwhile, precipitation
is projected to increase in parts of eastern Africa but decrease significantly in south-
ern Africa. The combined heat and drought stress in parts of ESA is projected to
reduce yields of staple cereals by as much as 30% within two decades (Niang et al.
2014; Lobell et al. 2008).

Smallholder, subsistence farmers constitute over 70% of the population in ESA
and account for over 75% of agricultural output (AGRA 2017). They are the group
most vulnerable to CC and require urgent, scalable access to CS crop varieties with
adaptive characteristics that can tolerate future climes. These include; tolerance to
combined heat and drought stress, waterlogging and lodging stress, post-harvest
storability, maintenance of nutritive value in warmer climes, and adaptation to new
and shifting incidences of pests and diseases. To deliver CS crop varieties in CC
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affected areas of ESA will largely depend on increasing the rate of genetic gain
(genetic improvement through artificial selection) for CS traits and the establish-
ment of scalable, competitive seed delivery systems that ensure improved varieties
reach smallholder farmers in the shortest time (Atlin et al. 2017).

Smallholder farmers’ adoption of improved crop varieties in SSA is amongst the
lowest in the world (estimated to be 20% by the Alliance for a Green Revolution in
Africa (AGRA) 2017), yet the formal seed sector has grown significantly following
deregulation of the seed industry regionally in the early 1990s. The emerging pri-
vate seed sector provides a unique and timely opportunity to promote the develop-
ment and dissemination of improved, CS crop varieties through certified, scalable
seed systems that can potentially impact millions of livelihoods in SSA. In this
chapter, the specific roles and constraints for the private sector in ESA in developing
and disseminating improved, CS crop varieties are discussed, with particular
emphasis on maize (Zeae maydis), the staple food crop and primary source of daily
calorie intake in the region.

6.2 The Emerging Private Seed Sector in ESA

In most of ESA, the plant breeding and seed industries were dominated by public
institutions until the mid-1990s, when the seed sector was deregulated. Since then,
dozens of private, local seed companies have been established, and several global
multinational seed corporations have entered the ESA seed market. The primary
focus of seed companies in ESA is maize, the driver of the global seed industry by
virtue of acreage and potential for hybridization. The effect of deregulating the seed
sector in ESA is highlighted in Fig. 6.1a, b, which show maize variety releases in
Zambia and Kenya respectively. Both countries have emerged as leading centers for
the seed industry in SSA and serve as important bellwethers of regional trends. In
both cases, deregulation of the seed industry has led to a marked increase in the total
number of seed companies and, subsequently, maize variety releases. However, the
majority of these variety releases have been licensed from existing public breeding
pipelines, and it is estimated that less than 25% of seed companies in the region
(estimated to be 80 in total) have invested in proprietary germplasm improvement
(Langyintuo et al. 2008).

Variety releases of other important staple crops in ESA have not emulated
maize, in large part due to low commercialisation opportunities for the private sec-
tor. Total variety releases for maize, sorghum (Sorghum bicolour), common bean
(Phaseolus vulgaris L.) and cassava (Manihot esculentum) are shown in Fig. 6.2a, b
for Zambia and Kenya respectively. Even though variety releases of these crops
have doubled since deregulation, the cumulative number of releases (for sorghum,
common bean and cassava) is still less than 30% that of maize, and dominated by
the public sector (over 80% of releases). In Zambia, cassava is an important sec-
ondary staple crop, yet only seven varieties (all publically bred) have been released
since 1970, the latest in 2001. These crops are important components of food and
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Fig. 6.1 (a) Maize variety releases in Zambia (1964-2016) by the public and private sectors.
(Source: SCCI 2017). (b) Maize variety releases in Kenya (1964-2016) by the public and private
sectors (KEPHIS 2017)

nutritional security in ESA, where they will play a critical role in diversified, CS
agricultural systems. Market incentives are urgently required to better integrate
these open pollinated and vegetatively propagated crops into scalable, certified
seed systems in the region.
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Fig. 6.2 (a) Annual releases for maize, sorghum, common bean and cassava varieties in Zambia
since 1970. (Source: SCCI 2017). (b) Annual releases for maize, sorghum, common bean and cas-
sava varieties in Kenya since 1970 (KEPHIS 2017)

6.3 Low Rates of Variety Turnover and Agricultural
Research and Development Investment in ESA

Despite the growth of the seed industry in ESA since the 1990s, rates of variety
turnover remain slow, and investment into agricultural research and development is
extremely low. A handful of established varieties also continue to dominate markets
in most countries (Abate et al. 2017). In Kenya, H614D (a variety released in 1986
by the state parastatal) accounts for over 40% of area cultivated to improved maize
varieties while in Zambia, the three most widely grown maize varieties were
released almost two decades ago, shortly after the deregulation of the seed sector
(Smale and Olwande 2014; Smale et al. 2015). The average age of commercial



6 Role and Challenges of the Private Seed Sector in Developing and Disseminating... 71

12 Deregulation of the seed/grain
industry in Kenya, South Africa
and Zambia -average maize yield
10 below 2t/ha in all 3 countries.

South Africa: Variety
life span of 3 to 4 years.

Average Maize Yield (t/ha)
[e)]

4
y

2 o w X‘W
— - v

0

=N N NN DA MO NSO A M WnNS OO AN NSO d N wnnSsS o A M own
© WO WORNNKNNNNIO®IOGWO®ROBO®WONNNNH N OO0 O oA oA o
A OO OO 0o O O O O OO Oh Oh O O OO O O O o
™ o 1 e e NN NN NN NN

e KENy@ e Zambia USA South Africa

Fig. 6.3 Average maize yields (1961-2016) in Kenya, Zambia, United States and South Africa
(FAO 2018)

maize varieties in ESA is estimated to be 13 years. South Africa is an exception;
with the most competitive seed industry in the region, the life of the typical maize
variety here spans 3—4 years, similar to the United States. Most smallholder farmers
in ESA are therefore not cultivating the best available varieties for their environ-
ment, and in many cases are persevering with obsolete cultivars that were developed
under climatic, agronomic and pest conditions distinct from current and future
climes. This has contributed to modest yield gains for maize in many countries in
ESA (Fig. 6.3).

Reasons for slow rates of maize variety turnover in ESA are several and com-
plex. The majority of smallholder farmers in the region grow maize in unpredict-
able, rain-fed conditions, and are risk averse to investing in inputs and new
technologies. Average yields throughout the region are low and genetic gains in
yield through crop improvement (usually 1% per year in well managed breeding
programmes) are frequently overshadowed by seasonal variations in on-farm cli-
matic conditions and crop management. The incentive for smallholder farmers to
invest in new agricultural technologies is further reduced by limited access to grain
markets, poor storage and transport infrastructure, as well as counterfeit seed and
fertilizer. Without strong demand for new varieties, seed companies are reluctant to
withdraw established, well-known varieties and invest in launching and marketing
new products.

In addition to low rates of variety turnover, investment in agricultural research
and development is very limited in ESA. Low income countries (including most of
those in ESA) account for less than 3% of global agricultural research and develop-
ment expenditure, despite being some of the most vulnerable to CC (Pardey et al.
2016). Of this expenditure in ESA, 90% is by the public sector, which continues to
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dominate the development of new technologies, including crop varieties (Beinteman
and Stads 2011). By comparison, private sector investment in agricultural research
and development in member countries of the Organization for Economic
Co-operation and Development (OECD) regularly accounts for over 70% of total
expenditure (OECD 2018) and the role and costs of developing new agricultural
technologies has been assumed by a vibrant private sector, driven by competition
for market share. Private sector investment in agricultural research and development
remains low in ESA in part due to small, fragmented markets and a lack of com-
mercial incentive in the region. Given the projected impacts of CC in ESA, increased
investment in crop improvement is vital, as are mechanisms to drive faster rates of
variety turnover to ensure farmers have sustained access to the latest genetics.

6.4 Driving Genetic Gain for CS Traits Through Public-
Private Partnerships (PPP)

Increasing rates of genetic gain will be fundamental to ensuring plant breeders are
able to react quickly to changing dynamics caused by CC, many of which are diffi-
cult to predict (e.g., shifting incidence and severity of pests and disease). Driving
genetic gain for CS traits will require access to appropriate germplasm, reliable
phenotyping platforms for traits of interest, and adoption of modern breeding meth-
ods that reduce breeding cycle time. Given the current levels of investment in agri-
cultural research and development in ESA, driving genetic gains for CS traits is
unlikely to be achieved in the near term without the combined efforts of PPPs.

Effective PPPs will utilize the public sector’s experience and capacity in the
region whilst exploiting the emerging private sectors access to regional markets and
expertise in commercial plant breeding, particularly in the case of regional or inter-
national companies. Public research institutions in ESA, for example, have devel-
oped germplasm adapted to local conditions and are strategically positioned to
establish long term regional phenotyping networks for key CS traits, such as drought
or emerging disease tolerance (e.g., the maize lethal necrosis (MLN) screening
facility in Kenya, developed by the Kenya Agricultural and Livestock Research
Organization (KALRO) and the International Maize and Wheat Improvement
Center (CIMMYT)).

Conversely, the emerging private sector offers a sustainable route to market
whilst assuming the costs and responsibility for seed production, quality, purity and
distribution. Currently, most small and medium scale enterprise (SME) seed compa-
nies in ESA rely on this model to license and commercialise publically developed
varieties, although significant bottlenecks persist in accessing foundation seed and
legal services to enter mutually beneficial licensing agreements (Cramer, this
volume).

The entry of multinational corporation (MNC) seed companies into the ESA
seed market provides an additional opportunity to develop PPPs around technology
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Table 6.1 Strength rating (low, medium or high) of selected drivers of genetic gain within the
private and public sectors in ESA

Relative strengths
ESA public MNC

Drivers of genetic gain in maize in ESA pipeline pipeline
Germplasm
Locally adapted germplasm High Medium
Access to commercial, global germplasm Medium High
Phenotyping
Establishment of regional phenotyping platforms for CS traits High Low
Phenotyping technology (high throughput precision screens, Medium High

remote sensing, electronic data capture, etc.)

Access to modern breeding technology

Double Haploids Medium High

Marker assisted selection, genomic selection Medium High

Data management systems Low High
Mechanisation of breeding programmes

Seed inventory management, tracking and processing Medium High

Planting, harvesting, seed drying and storage Low High
Market orientated breeding programme

Development of target product profiles Medium Medium

Cost of goods and production research Low High

Adoption of new technology through extension High Low

transfer and optimisation of breeding pipelines. MNCs have led the global
development of applied breeding technology in genomics, phenomics and mecha-
nisation, and can therefore complement ongoing public breeding efforts with mod-
ern technology to drive genetic gain. Technologies such as doubled haploids,
marker assisted selection,? precision phenotyping tools and data management plat-
forms have transformed plant breeding in mature seed markets to develop products
quickly in response to customer requirements. MNCs also have access to global
sources of elite germplasm for a range of traits that will become more important in
ESA as a result of CC (in terms of tolerance to drought, new pests and diseases).
PPPs between public institutions and MNCs are likely to focus on germplasm
exchange, the creation and release of joint products, the provision of technological
services, and shared phenotyping platforms. The relative strengths of MNCs and
public breeding pipelines in ESA in terms of driving genetic gain are shown in
Table 6.1.

!Artificial doubling of haploids to develop homozygous lines in one generation rather than six
generations as required by conventional breeding

2Use of genetic markers to drive selection for a trait of interest
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6.5 Enhancing the Delivery of CS Maize Varieties:
Harmonising Seed Laws and Promoting Adoption

In addition to increasing the rate of genetic gain for CS varieties, regional bottle-
necks in releasing, disseminating and adopting new varieties in ESA must be
addressed in order to incentivise the private sector to invest in crop improvement, to
reduce product life cycles, and to ensure certified seed of CS varieties reach small-
holder farmers. ESA presents an attractive maize seed market (currently 20% that of
North America) and many countries share common agro-ecologies which eases
regional scaling of competitive varieties (Fig. 6.4). The reality, however, is nearly
twenty individual nation states with distinct laws, regulations and trade agreements,
making ESA a fractured and challenging seed market.

For over 20 years regional, intergovernmental bodies such as the Common
Market for Eastern and Southern Africa (COMESA) and the Southern African
Development Community (SADC) have strongly recommended the harmonisation
of seed laws governing variety release, the protection of plant breeder rights and
cross border movement and sale of certified seed in ESA (personal communication).
For example COMESA’s Seed Trade Harmonization Regulations Programme
(COMSHIP) calls for the harmonization of release processes across member coun-
tries and the development of a regional variety list, where varieties that have been
released in two countries can be sold in similar agro-ecologies in all other COMESA
member nations (COMESA 2014). However, actual adoption of these recommenda-
tions has been slow and most nations maintain separate release processes and laws.
As a result, of the hundreds of improved maize varieties that have been released in

Maize Mega Environments
- Dry Lowland

Dry Mid-altitude

Highland
' WetLowland
I Wet Lower Mid-altitude
B Wet Upper Mid-altitude

Fig. 6.4 Maize agro-ecologies in SSA. (Adapted from Hodson et al. 2002)
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ESA since the 1990s, less than 5% have been successfully released and marketed in
more than one country (Abate et al. 2017).

A formal variety release process remains essential in emerging seed markets
such as ESA, to protect both farmers and the nascent seed industry from the entry of
substandard products on to the market. However, the current regulatory environ-
ment in ESA is widely acknowledged to be costly and cumbersome for the seed
industry (Bett 2017). Table 6.2 shows the current status of variety release processes
in six ESA countries; the intercountry variations that exist throughout the variety
release process are limiting market opportunities for seed companies and complicat-
ing both stock inventory and the consolidation of production bases.

Currently, very few variety release committees (VRCs) in ESA explicitly con-
sider CS traits for variety release (Table 6.2). Given the extra investment and effort
required to develop CS varieties, it is necessary to prioritise the release of varieties
with these traits to secure private sector interest and commitment. The recent deci-
sion by the Kenya Plant Health Inspectorate Service (KEPHIS) to fast track the
release of varieties tolerant to maize lethal necrosis (MLN) in Kenya is an example
of engaging seed sector support to address an urgent challenge for smallholder
farmers. The current outbreak of fall armyworm (Spodoptera frugiperda) through-
out Africa provides another opportunity to prioritise a trait that is likely to become
more relevant as temperatures increase in ESA as a result of CC.

Developing a brand around a CS trait such as drought tolerance represents a
major commitment by a seed company to accept a certain degree of responsibility
for varietal performance. To support the private sector to assume these risks, regula-
tory bodies in ESA need to provide a solid framework to protect intellectual prop-
erty and clamp down on counterfeit seed that can damage farmer confidence in
improved varieties. In recent years, there has been growing concern about the preva-
lence of counterfeit seed on sale in ESA and inadequate efforts by governments and
regulatory authorities to address the problem (Mabaya et al. 2017; Bold et al. 2015).
In Uganda for example, it is estimated that up to 50% of seed sold as certified seed
is either fake or of substandard quality (AGRA 2011; Bold et al. 2015). Joining the
International Union for the Protection of New Varieties of Plants (UPOV) and
adopting global plant variety protection standards will increase private sector confi-
dence in intellectual property protection and seed quality in ESA, though only
Kenya, Tanzania and South Africa are currently members in ESA (Table 6.2).

Replacing old varieties with new, improved varieties will be a key pillar to driv-
ing agricultural productivity in ESA in the coming years, as it has in other parts of
the world (Atlin et al. 2017). The benefits of cultivating improved, CS varieties need
to be promoted (via extension services) to smallholder farmers who are operating in
rain-fed, suboptimal environments at risk from CC. To drive uptake, the withdrawal
of obsolete mega varieties should be encouraged and varieties with CS traits should
be prioritised in farmer demonstrations and seed distribution programmes.
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6.6 Implications for development

The emerging private seed sector in ESA provides a significant opportunity to
develop partnerships with established public plant breeding programmes, to accel-
erate the development of improved varieties with CS traits and their subsequent
distribution through scalable, certified seed systems. Some 50% of yield gains in
most global regions are commonly attributed to genetic gains made through plant
breeding. Providing smallholder farmers in ESA with access to the latest, improved
germplasm can therefore play a major role in adapting agricultural systems in ESA
to CC. The promotion of an enabling regulatory environment for the release and
adoption of improved varieties with CS traits will further stimulate private sector
interest and investment. This is particularly applicable to the smallholder maize
seed market, which is the primary basis for the growth of the emerging seed industry
and the foundation of regional food security in ESA.
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Chapter 7

Fast-Tracking the Development

and Dissemination of a Drought-Tolerant
Maize Variety in Ethiopia in Response

to the Risks of Climate Change

Berhanu T. Ertiro, Girum Azmach, Tolera Keno, Temesgen Chibsa,
Beyene Abebe, Girma Demissie, Dagne Wegary, Legesse Wolde,
Adefris Teklewold, and Mosisa Worku

7.1 Introduction

In Ethiopia, annual maize production is 7.8 million tonnes with an average yield of
3.6 tonnes per hectare (t ha™!) in 2016—the highest of any cereal in the country
(Food and Agriculture Organization Corporate Statistical Database (FAOSTAT)
2017). Currently, 66% of cereal-farming households in Ethiopia cultivate maize on
2.1 million hectares (ha), making it the second most widely cultivated cereal in the
country after teff. It is estimated that each household owns around 1 ha of crop land,
of which at least half is allocated for maize cultivation in major maize-growing
areas. Subsistence maize farming accounts for more than 95% of the total maize
area and production, with 75% of all maize produced being consumed by the farm-
ing household (Abate et al. 2017).

Ethiopia started growing hybrid maize relatively late, even by African standards
(Harrison 1970, Tolessa et al. 1993). Early maize research in Ethiopia focused on
the identification of locally adapted open-pollinated varieties (OPVs) to replace low
yielding, tall and lodging susceptible landraces. The national hybrid maize breeding
programme in Ethiopia was launched in the early 1980s, targeting four major maize
growing agro-ecologies: mid-altitude sub-humid, highland sub-humid, low-
moisture stress, and lowland sub-humid maize agro-ecologies. A top-cross hybrid
variety, BH140, was released for the mid-altitude sub-humid agro-ecology in 1988
(Tolessa et al. 1993). A late maturing three-way cross hybrid, BH660, adapted to the
mid-altitude moist and transitional highland maize agro-ecologies was released in
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1993; and, later, another intermediate-maturing single-cross hybrid, BH540,
adapted to the mid-altitude moist maize agro-ecology was released in 1995. The
launch of the National Extension Intervention Program in 1993 by the Ethiopian
Government, in partnership with Sasakawa Global 2000, played a key role in the
popularisation and dissemination of these hybrids (Worku et al. 2012; Abate et al.
2015). In the period 2002-2010, the three hybrids accounted for over 90% of total
maize seed sales (35,000 tonnes) by the Ethiopian Seed Enterprise (ESE)—the pri-
mary public seed supplier in Ethiopia. BH660 constituted over 55% of total hybrid
seed sales (Worku et al. 2012).

7.2 Climate Change and Drought in Ethiopia

The average age of current maize varieties under production in Ethiopia is 11 and
18 years for hybrids and OPVs respectively (Abate et al. 2017). On average, 80% of
maize varieties commonly grown in Ethiopia were developed using germplasm not
improved for drought tolerance over 20 years ago (Abate et al. 2015).

As for many countries of sub-Saharan Africa (SSA), climate change projections
for Ethiopia suggest an increase of maximum and minimum temperatures and a
decreasing trend in precipitation (Deressa 2007). Since 1971, Ethiopia has experi-
enced eight drought episodes of varying severity due to reduced rains in different
parts of the country (Viste et al. 2012). These episodes lasted from a single year to
4 years in duration. In general, decline in precipitation has been observed in south-
ern Ethiopia during both the February—May and June—September seasons, although
a similar trend was not observed in the central and northern highlands. The study by
Viste et al. (2012) found 2009 to be an exceptionally severe drought year, and the
second driest year overall in the period 1971-2011, surpassed only by the historic
drought of 1984. The study also revealed increasing frequency of spring (February—
May) droughts in all parts of the country in recent years. Despite highly variable
rainfall, Ethiopia relies on a rain-fed agriculture with irrigated areas accounting for
only 1% of the total maize area (Abate et al. 2015). This makes Ethiopian agricul-
tural system highly vulnerable to drought events as was clearly demonstrated
recently during the 2016 drought, caused by El Nifio, that severely affected maize
production.

Breeding and disseminating drought- and heat-tolerant, climate-smart maize
varieties can play a major role in mitigating the risks of droughts today as well as
projected climate change in Ethiopia. Old varieties that are currently in commercial
production were not selected for drought tolerance and are less likely to be adapted
to future climates. CIMMYT, in collaboration with national agricultural research
programmes in SSA, has been intensively developing drought-tolerant (DT) variet-
ies that are also high-yielding under optimum conditions. These new DT varieties
should replace old popular varieties to minimise the risk of climate change on
productivity.
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BHO660 is the most popular maize hybrid in Ethiopia but is over 20 years old and
was not developed for drought tolerance. Between 2010 and 2012, annual certified
seed production of this variety peaked at 6000 tonnes—an amount sufficient to
cover more than 240,000 ha. Replacing the dominant but ageing crop varieties with
new climate-smart varieties is a critical step in reducing the risks of climate change
in SSA.

7.3 Research Efforts to Develop New Hybrids

The Ethiopian maize breeding programme was initiated in 1952 by first collecting
germplasm from various national and international sources (Tolessa et al. 1993).
The programme later focused on using germplasm of East African origin, owing to
agro-ecological similarity (Harrison 1970; Tolessa et al. 1993). BH660 was devel-
oped using early generation inbred lines (Harrison 1970; Tolessa et al. 1993; Ertiro
et al. 2015) derived from Kitale Synthetic II and ECU573. The current breeding
strategy is to exploit CIMMYT, International Institute of Tropical Agriculture, and
locally developed inbred lines—separately or in combination—to develop new DT
hybrids in Ethiopia.

Because of its wide cultivation and popularity, the replacement of BH660 with a
DT variety was considered crucial to address the increased frequency of drought as
a result of climate change in Ethiopia. The first approach was aimed at replacing
only the female parent of the single cross (SC) seed parent of BH660 with CIMMYT
DT inbred lines, and then replacing the third (male) parent with other ECU573-
derived inbred lines. This, however, was not successful as none of the hybrids out-
yielded the commercial checks. The second approach focused on a complete
replacement of the SC seed parent with a CIMMYT DT SC tester with excellent
general combining ability for drought stress, while maintaining the original male
parent. Over a period of 4 years (2006-2009), 9-12 hybrid combinations were
tested in more than 30 optimum and random drought environments (Table 7.1).
Among the tested hybrids, BH661 consistently outperformed the commercial
checks (BH660 and BH670) in most trial sites. In head-to-head comparison, BH661
showed an average grain-yield advantage (GYA) of 10.2% and 12.9% over BH660
and BH670, respectively. The new hybrid also showed an average of 2% reduction
in plant height, 6% reduction in ear placement and, crucially, 34% reduction in
lodging over BH660 (Fig. 7.1).

7.3.1 Release and Adoption of BH661

Unlike the established practice of embarking on variety demonstration only follow-
ing official release, breeders conducted popularisation, demonstration and pilot
seed production concurrently with the variety verification trial of BH661. The vari-
ety verification trial is the final stage of variety evaluation in Ethiopia, whereby
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Table 7.1 Head-to-head comparison of BH661 with BH660 and BH670 for grain yield in different
sets of trials conducted at eight mid-altitude, transitional highland and true highland subhumid
maize agro-ecologies of Ethiopia during 2006-2011

Annual Mean grain yield 9% GYA over

Altitude rainfall Number of
Location (masl) (mm) trials BH661 | BH660 | BH670 | BH660 | BH670
Bako 1650 1211 6 9.79 1943 9.07 3.8% | 7.9%
Hawassa 1708 945 5 10.79 19.39 8.39 14.8% | 28.5%
Areka 1750 1401 5 6.82 |6.50 6.57 5.0% | 3.8%
Arsi 1940 900 6 7.83 |8.19 8.09 —4.4% | -3.1%
Negelle
Jimma 1725 1448 6 10.56 |8.71 8.54 21.3% | 23.6%
Adet 2203 1118 4 8.10 |7.87 7.12 29% | 13.8%
Finote 1853 1125 3 8.84 |7.81 9.09 13.2% | —2.8%
Selam
Haramaya | 2015 820 2 11.61 |8.60 9.45 35.0% | 22.9%
Across 9.09 |8.25 8.06 10.2% | 12.9%

Source: Bako National Maize Research Center; altitude and annual rainfall (Worku et al. 2012)
masl metres above sea level, mm millimetres
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Fig. 7.1 Head-to-head comparison of BH660, BH661 and BH670 for secondary traits evaluated
at Bako, Hawasa, Areka, Arsi Negele, Finote Selam and Jimma during 2006-2011; DM (days to
maturity); PH (plant height); EH (ear height); Lod (lodging); error bars show +5%

candidate varieties are compared with the current commercial checks on large plots
(10 x 10 m) on research stations and farmers’ fields. The plots are evaluated by an
ad hoc Technical Variety Release Committee which incorporates farmers’ perspec-
tives. The promotion of BH661 began through farmers’ participatory variety selec-
tion (PVS) with financial support from various CIMMYT-managed projects.
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Fig. 7.2 Comparison of the amount of certified seed production of BH660 and BH661 from 2012
to 2016. (Source: compiled by the authors)

Farmers and other stakeholders who took part in the variety evaluation consistently
ranked BH661 first for on-farm grain yield, maturity, prolificacy, standability, uni-
formity and biomass yield. In 2011, the National Variety Release Standing
Committee officially approved the release of BH661 for commercial cultivation in
the mid-altitude sub-humid and transition highland maize growing areas (Worku
etal. 2012). Farmers who were impressed by the outstanding performance of BH661
during the verification and PVS trials started to demand its seed immediately, forc-
ing seed companies to quickly scale-up certified seed production.

At the end of 2011, Bako National Maize Research Center supplied 400 kilo-
grames (kg) of breeder seed of each of the parental lines, and 450 kg of the SC par-
ent to five certified seed producers—namely, Amhara Seed Enterprise (ASE), Bako
Agricultural Research Center (BARC), ESE, Oromia Seed Enterprise (OSE) and
South Seed Enterprise (SSE). The Center also produced and distributed 1.7 tonnes
of certified seed to seed companies, agricultural offices, research centres and non-
governmental organizations who were interested in popularising the new hybrid. In
addition, the breeders of BH661 established demonstration plots, organised farm-
ers’ field days and intensively used public television stations to promote the hybrid
in the two most widely spoken Ethiopian languages, Amharic and Afaan Oromo. By
2012, many institutions were actively promoting BH661, while four of them
(BARC, ESE, OSE and SSE) had already begun producing basic seed. ESE pro-
duced 6.0 tonnes of certified seed, which was enough to cover 240 ha. By 2014, five
companies—namely ASE, Avallo, ESE, OSE, and SSE—produced nearly
2900 tonnes of certified seed (Abate et al. 2015). This rose to almost 9000 tonnes by
2016 (Fig. 7.2). This concerted effort by the national maize research and extension
programmes in Ethiopia, along with various national and international stakeholders,
was instrumental in fast-tracking the dissemination and adoption of the new DT
hybrid.
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7.3.2 How Were Farmers Convinced About the Superior
Performance of BH661?

In 2012, when the national maize research programme and other institutions
embarked on large-scale popularisation of BH661 across the country, major maize
growing areas—including western and southern Ethiopia—experienced drought, by
coincidence during the main growing season. In most places, the onset of rains was
delayed and ceased well before grain filling, which affected maize yields especially
for late-maturing varieties such as BH660. During that season, the Bako National
Maize Research Center had established several on-farm demonstration plots to
showcase the performance of BH661 against BH660. Local farmers and other
stakeholders from across the country converged at one of the on-farm demonstration
sites in a village called Abakora to witness the superior performance of BH661,
which was planted alongside BH660 on 400 m? plot. The participants clearly noticed
the drought tolerance of BH661 and were convinced of its superiority relative to
BH660.

In the same year, demonstration plots established by the SSE in the Hawassa area
were also affected by drought, similarly convincing the Enterprise of the superior
drought tolerance of BH661; thus fast-tracking large-scale seed production and
marketing of BH661 in southern Ethiopia. From similar observations on demonstra-
tions plots throughout the country in 2012, various key stakeholders were convinced
that BH661 was a better option than BH660.

7.4 Outcome of the Replacement Activities

In 2016, nearly 9000 tonnes (Fig. 7.2) of certified seed of BH661 was produced and
marketed by various seed producers in Ethiopia. From the current estimated 55% of
maize area planted to improved seed, seed production of BH661 was sufficient to
cover 360,000 ha (18% of the total maize area, or about 30% of maize area under
improved seed). Improved seed in Ethiopia is produced and marketed by public
seed companies (60% market share), local private seed companies (10% market
share) and multinational seed companies with proprietary hybrids (30% market
share). Public seed companies dominate the market due to incentives from the
Government that include royalty-free licensing of public hybrids and access to
state-owned land for seed production. As a result, hybrid seed price in Ethiopia is
affordable (estimated at less than 1 United States Dollar per kg) to the small-scale
farmer. Credit facilities are also available to the poorest farmers through farmers’
cooperative unions for the purchase of seed and fertiliser, which is repaid after
harvest.

Key to driving the adoption of BH661 was the willingness of seed companies to
produce and market the new hybrid and withdraw BH660. Three key producibility
features of BH661 were critical in driving the adoption of the hybrid by seed
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companies: disease- and drought-tolerance of the new SC seed parent which resulted
in higher seed yields and, therefore, lower cost of goods; similar female and male
planting splits to BH660, which meant that production systems did not need to be
modified to accommodate production of BH661; and, having the same male parent
as BH660, which meant both hybrids could be produced in proximal areas.

As of 2017, there remains high demand for BH661. Seed demand is recorded by
development agents. Demand is compiled at district and zonal levels, which is later
passed on to the regional Bureau of Agriculture and Natural Resources (BoANR)
and finally to the Ministry of Agriculture and Natural Resources (MoANR). Seed
produced by diverse seed growers, including public and private seed companies as
well as farmers’ cooperative unions, is reported to BOANR and MoANR. Finally,
BoANR and MoANR are responsible to match demand and supply.

7.5 Conclusion and Implications for Development

The narrow genetic base of late-maturing germplasm adapted to East Africa has
long hampered the development of DT varieties that could replace BH660—the
dominant maize hybrid in Ethiopia for the last 25 years. Free access to DT maize
germplasm from CIMMYT enabled breeders to develop new DT maize hybrid
combinations that better yield under both moisture-stress and optimum conditions.
The introduction of new DT varieties, like BH661, into stress-prone maize farm-
ing systems has contributed to improved productivity and food subsistence in
Ethiopia. Better seed producibility parameters of the parents of BH661, compared
to BH660, resulted in rapid adoption of the hybrid by the seed sector. The success-
ful development and commercialisation of BH661 can serve as a valuable case
study for breeders, seed companies, extension agents, regulatory and policy mak-
ers in how to aggressively replace ageing crop varieties with new climate-smart
varieties. Success with BH661 was due to a higher grain yield than BH660 under
DT conditions, the disease resistance and DT characteristics of its SC seed parent
and the involvement of various stakeholders in popularising the variety.
Nonetheless, an overreliance on a single new mega-variety presents risks and,
therefore, the development and release of new climate-smart varieties should be a
continuous process. Though the public-sector played a crucial role in the dissemi-
nation of BH661, this may not be sustainable in all instances and increased partici-
pation of the private-sector is likely to play a vital role in the dissemination of
climate-smart varieties in SSA.
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Chapter 8
Access to Early Generation Seed: Obstacles
for Delivery of Climate-Smart Varieties

Check for
updates

Laura K. Cramer

8.1 Introduction

As anthropogenic climate change alters environments across eastern and southern
Africa (ESA), farmers will need new crop varieties to counter predicted drops in
yields and address new disease threats (Challinor et al. 2016; Spielman and Smale
2017). To help mitigate against potential declines in food security, farmers will need
access to crop varieties that perform better under water stress; are shorter-maturing
and therefore better adapted to changing rainfall patterns; and are more resistant to
new pests and diseases. For one crop—common bean (Phaseolus vulgaris L.)—cli-
mate models predict that by the 2020s approximately 3.8 million ha of suitable area
in Africa would benefit from a bean seed with improved drought tolerance
(Buruchara et al. 2011). Research is also beginning to show that climate change is
affecting the nutritional value of crops (Myers et al. 2017), suggesting that, to com-
bat malnutrition, farmers must have access to varieties that maintain nutrient levels
under higher levels of atmospheric carbon dioxide.

Agricultural researchers and plant breeders have been producing improved seeds
in ESA for many decades, but adoption rates remain low (Table 8.1). Despite large
investments in breeding, many varieties have never been commercially dissemi-
nated (Walker and Alwang 2015). In addition, the length of the breeding, dissemina-
tion and adoption (BDA) cycle for some varieties of crops can be as long as 30 years
(Challinor et al. 2016). Given the rapid pace of climate change, this cycle is too long
to meet the needs of farmers. The process needs to be shortened so that improved
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Table 8.1 Adoption of modern varieties of bean in Sub-Saharan Africa in 2009

L. K. Cramer

Country Area planted with modern varieties of beans (%)
Burundi 8.1
DR Congo 16.1
Ethiopia 43.7
Malawi 54.6
Mozambique 13.5
Rwanda 19.0
Tanzania 45.8
Uganda 31.0
Zambia 9.5

Source: Muthoni and Andrade (2015)

B >60% gain

Bl 40% to 60% gain
] 5% to 40% gain
| 5% loss to 5% gain

| 5% to 20% loss

|| 20% to 40% loss
B 40% to 60% loss
B >60% loss

S

Fig. 8.1 Projected changes in dry bean production: percentage change in production by 2050s,
assuming RCP8.5 (high-end emissions), in relation to the mean production of 1971-2000. (Source:

Ramirez-Villegas and Thornton 2015)

varieties can reach farmers in a timelier manner (Atlin et al. 2017). Although large
areas of Africa are expected to become climatically unsuitable for bean cultivation,
certain areas of Kenya are expected to shift in the opposite direction, becoming
more suitable (Fig. 8.1). These areas will become increasingly important for bean
production as the climate continues to change. Given that beans are a key source of
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protein and micronutrients in the Kenyan diet, it is critical that new varieties are
made available.

The research-for-development community has in recent years been paying
increased attention to seed systems (Scoones and Thompson 2011). Initiatives
such as the Alliance for a Green Revolution in Africa (AGRA) are working
toward improving crop-seed systems, and approaches such as Integrated Seed
Sector Development (ISSD) are being created to help in such efforts (Louwaars
and de Boef 2012). But obstacles remain. In order for the private sector to play
a key role in the dissemination of climate-adapted varieties, major bottlenecks
in access to EGS need to be reduced. Such bottlenecks include complicated and
disparate licensing agreements among the various regional genetics suppliers;
lack of availability of sufficient breeder seed from licensors; and lack of finan-
cial resources, technical knowhow and infrastructure to maintain EGS. National
governments, international institutions and universities need to work together
with seed suppliers to harmonize regulations and streamline access to EGS for
the benefit of small-scale farmers. This chapter will briefly explain the structure
of seed systems and then address the bottleneck of EGS availability. It will do
so through the presentation of two contrasting case studies involving access to
EGS in Kenya. The chapter concludes with lessons from the case studies and
implications for policy.

8.2 Brief Overview of Seed Systems and Related
Interventions

Crop-seed systems in ESA involve a variety of sources and both formal and infor-
mal actors. According to McGuire and Sperling (2016), small-scale farmers obtain
their seeds from local markets (51%), their own saved stocks (31%), friends and
relatives (9%), agro-dealers (2%) and other sources. Supply systems vary depend-
ing on the type of crop, with hybridized row crops, cereals and legumes being of
greater interest to the private seed sector compared to vegetatively propagated spe-
cies such as sweet potato and cassava (see Parker et al. in this volume). A generic,
much-simplified schematic of a seed system is presented in Fig. 8.2 for illustrative
purposes, highlighting the position of EGS in the pathway.

National agricultural research services (NARSs), together with international
agricultural research centers (IARCs) and other partners, have spent many decades
breeding new crop varieties (see the top left portion of Fig. 8.1) (Walker and
Alwang 2015). For many years non-governmental organizations (NGOs) and
government extension services have distributed seeds directly to farmers or con-
ducted seed and voucher fairs (Sperling and McGuire 2010). In recent years
development partners have been providing funding for broader seed-sector devel-
opment, including AGRA’s support for capacity-building of agro-dealers (market-
ing and distribution column in Fig. 8.1) and local commercial seed companies
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Fig. 8.2 Generic schematic diagram of a seed system. (Source: AgriExperience 2016)

(production column of Fig. 8.1) (McGuire and Sperling 2016). This moves the
interventions from the top left along the supply chain toward the bottom center of
the diagram. However, historically there has been a disconnect in the interven-
tions: breeding activities from the top left often stopped at the release of a new
variety, and seed distribution initiatives often promoted varieties that had been on
the market for a long time. This caused a gap to develop around the issue of EGS
for newly released varieties.

EGS—which encompasses breeder seed, pre-basic and basic seed—is the criti-
cal connection between breeding activities and the eventual production and distribu-
tion of varieties to farmers. The inattention paid to this part of the African food
crop-seed sector as it has expanded in the last 20 years has created a major con-
straint within seed systems (EGS Africa Communiqué 2016). Recently a number of
country case studies were published along with a communiqué setting forth princi-
ples for commercial and sustainable EGS supply (see Box 8.1). The following two
case studies highlight the need for national governments to adopt clearer seed-sector
policies abiding by these guiding principles, and for actors along the seed value
chain to work in an integrated manner.
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Box 8.1 Principles of Commercial and Sustainable EGS Supply (Source:
Adapted from EGS Africa Communiqué 2016)

1.

2.

10.

EGS interventions should be guided by the seed value chain, starting with
farmer use of—and willingness to pay for—new, improved varieties.
EGS operations should include hybrid, self-pollinated and vegetatively
propagated crops; cover formal, intermediary and informal seed systems;
and engage public, private and community-based partners.

EGS supply should cater to different seed systems (not just the formal
system).

Effective EGS supply should be part of enhanced seed-value-chain man-
agement and integration.

An assessment of the division of responsibilities for financing and supply
of EGS should be undertaken, with specific consideration of public-
private partnerships for open-pollinated and vegetatively propagated
Crops.

National agricultural research organizations (NAROs) are and should
remain responsible for the production of breeder seed for improved vari-
eties developed by publicly-financed crop-improvement programmes.

A gradual withdrawal of Consultative Group for International Agricultural
Research (CGIAR) programmes in direct involvement with EGS produc-
tion is recommended to move toward a more sustainable seed sector.

. Research organizations and their breeders should partner in the mainte-

nance of breeder seed so as to keep their priority focus on further crop
improvement.

Several aspects of regional seed-trade harmonization efforts are relevant
to EGS supply, including facilitating movement of EGS supply across
borders.

Donors should transition from direct interventions in the seed value chain
to strengthening public and/or private-sector capacity in EGS supply.

8.3 EGS Case Studies

The case studies presented in this chapter were developed through key informant
interviews with a small, local seed company based in Kenya, correspondence with
a university bean breeder, and a review of documents provided by the company and
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found in online searches. Names of some individuals and entities have been omitted

to maintain the anonymity of those consulted. The case studies involve the same
seed company interacting with two different universities. The examples are con-
trasting: one is a successful example of EGS sharing, and the other is an example of

how the lack of EGS access can hinder commercialization of a new variety.
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8.3.1 Case Study 1: Successful Partnerships for Highland
Bean Varieties

The maize lethal necrosis (MLN) disease was first reported in Kenya in 2011 and
caused significant losses to households (FSNWG 2013). According to de Groote
et al. (2016), an estimated 500,000 mt of maize were lost in 2013, an amount valued
at US$180 million and equivalent to 22% of average annual production. As the dis-
ease spread in the highlands of the Rift Valley, Kenya’s agricultural extension ser-
vice recommended that small-scale farmers plant crops other than maize to avoid
infection and spread of the disease. Given that the main staple crops in the Kenyan
diet are maize and beans, beans were a logical choice for farmers to plant. Common
beans have not been grown historically in the highland areas because average tem-
peratures were too low,' but in the last two decades rising average temperatures have
made it possible to grow beans in these locations (MoALF 2016). Beans grown at
high elevation, however, can be more vulnerable to diseases such as angular leaf
spot, rust, common bacterial blight and root rot (Wagara and Kimani 2007).

Egerton University, in collaboration with the International Center for Tropical
Agriculture (CIAT), developed and was starting to commercialize medium- to high-
altitude bean varieties with disease resistance, and three varieties (Chelalang,
Ciankui and Tasha) were deemed suitable for the situation arising from the MLN
crisis. Between 2011 and 2014, the university partnered