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Foreword

The simple idea that better seeds can change the lives of poor farmers has proven to be so powerful
and enduring that efforts to increase the spread of improved crop varieties have now been at the core
of agricultural development for more than 50 years. The early progress in breeding high-yielding
semi-dwarf rice and wheat varieties provided the rationale for creating the CGIAR research system
and for investing in national agricultural research systems around the world. How different would
the progress in delivering improved varietal technologies over the past five decades have been had
Dana Dalrymple not been collecting and analysing variety diffusion data during the 1970s and
1980s? Dalrymple’s data illustrating the temporal and geographic patterns of the Green Revolution
uptake of modern varieties informed strategies to increase the impact of genetic improvement. Given
the valuable insights provided by Dalrymple’s analysis, it remains a mystery how it is that this book
represents just the second serious attempt in the past 30 years to develop a comprehensive picture of
the diffusion of improved crop varieties in developing countries. Let us hope that the monitoring and
analysis of diffusion becomes a routine and regular activity in future years.

Crop Improvement, Adoption, and Impact of Improved Varieties in Food Crops in Sub-Saharan Africa
provides the most comprehensive, accurate and informative view of the spread of improved crop var-
ieties in sub-Saharan Africa that has ever been produced. The coverage and quality of the data go well
beyond anything available until now, and the attention given to verifying and improving data collec-
tion methods sets a new standard in establishing the credibility of diffusion estimates. The studies in
the book demonstrate that access to better seeds should remain a core concern for farmers, donors
and governments. The book’s nuanced analysis also clearly illustrates the complexity of the story.

While there has been progress in building the capacity of national crop breeding programmes,
progress has been uneven across countries and crops. The diffusion and turnover of improved var-
ieties shows even greater variability. Two of the more striking findings are that biotechnology and
the private sector are playing surprisingly limited roles in delivering technological change to African
farmers. Each of these roles needs to be better understood, and the data that this book makes publicly
available provide a place to start in examining those roles. It is clear that despite the many institu-
tional and scientific changes of recent years, conventional plant breeding conducted by CGIAR and
national public sector scientists will be the source of improved genetics for the overwhelming major-
ity of sub-Saharan farmers for the foreseeable future. And, despite the progress documented in this
book, there remains much to be done to improve access to better crop technologies. The book also
makes a strong case for the vital importance of continuing to monitor the generation and uptake of
improved varieties.

XV
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The data and analysis contained in this volume greatly exceed the expectations of the original
project design as first discussed in 2008. At that time, the Bill & Melinda Gates Foundation’s newly
created Agricultural Development division had just begun investing heavily in crop improvement in
sub-Saharan Africa; yet little reliable recent data on variety uptake were available to guide those in-
vestment decisions. The Standing Panel on Impact Assessment (SPIA), under the guidance of Derek
Byerlee, Tim Kelley and Doug Gollin, should be congratulated for effectively organizing and execut-
ing this valuable study. The editors and authors of this volume have done a wonderful job of produ-
cing an important reference for agricultural development scholars, practitioners and investors.

Greg Traxler
Evans School of Public Affairs,
University of Washington
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Preface

Introduction

For fifty years or so, development economists have been concerned with tracking the diffusion of im-
proved agricultural technologies in the developing world. This focus is not based on mere curiosity.
One reason for documenting diffusion is that it provides a simple measure of the success of agricul-
tural research: when new crop varieties are taken up, or when new agronomic practices are adopted
by farmers, it provides information about the effectiveness of the research and the success of re-
search investments. Since a large fraction of agricultural research is publicly funded and since many
genetic technologies diffuse freely, there may be no market signals of success. This makes diffusion
data a valuable source of feedback for research planning.

A second reason for documenting diffusion is that the resulting data can be used as an input
into subsequent research intended to uncover the multidimensional impacts of the research — on
productivity, on farm income, even on poverty and inequality. In addition, differential patterns ob-
served across space and time can reveal underlying constraints or problems with technology take-up.
Perhaps certain technologies fail to gain a foothold in particular agroecologies, or perhaps practices
beloved by researchers have failed to spread widely. This information can feed back into the research
process to inform scientists and shape further research. Indeed, information on diffusion can also
inform the broader development community and can shape thinking about a wide set of potential
constraints to adoption — resulting, perhaps, from failures in financial markets, extension and infor-
mation, or simply reflecting high transport and transaction costs.

Efforts to document the diffusion of improved crop varieties date back to the path-breaking
work of Dana Dalrymple (1969, 1978, 1986a, 1986b). Dalrymple’s work drew on the cooperation
of national research programmes and international scientists, and it provided the data on which
were based many early analyses of the Green Revolution and its impacts. But for a variety of reasons,
the important task of documenting diffusion was left to languish after Dalrymple’s last effort in
1986; the next major effort to document diffusion came more than a decade later. Under the leader-
ship of Bob Evenson and drawing on the work of numerous collaborators, this study compiled data
on the diffusion of improved varieties of 11 food crops, and it attempted to achieve global coverage.
The project included three country case studies and several cross-cutting analyses and modelling
exercises. A book (Evenson and Gollin, 2003) summarized the main findings of the project and es-
tablished a 1998 baseline for crop varietal adoption and diffusion data.

The current book emerges from an effort that represents the first major follow-up of the Even-
son and Gollin baseline. It grows out of the DITVA Project (Diffusion and Impact of Improved Varieties

Xvii



« CGlIAR- CABI

in Africa), which was funded by the Bill & Melinda Gates Foundation (BMGF) with the goal of assess-
ing incremental progress in sub-Saharan Africa (SSA) in the years after 1998. The DIIVA Project
(and the companion TRIVSA Project, focused on South Asia) have greatly advanced our knowledge
of varietal adoption and diffusion, both by expanding knowledge about areas where diffusion was
previously not well documented and by improving the methodologies used for measuring diffusion.

The DIIVA Project was organized around three distinct activities: documenting key performance
indicators of crop genetic improvement, collecting nationally representative survey data on varietal
adoption, and assessing the impact of varietal change. The DIIVA Project covered 20 crops and 30
countries in SSA. Because some crops are locally absent or unimportant, the report does not account
for every crop in every country; but coverage extends to 154 crop-by-country combinations that to-
gether account for over 70% of the gross value of agricultural production in SSA.

The study’s findings represent a major advance in terms of both the scope and quality of data
for SSA. In the Evenson-led study of 2003, the available data on varietal adoption and diffusion in
Africa were very limited. Many of these data were based on a combination of small-scale studies of
adoption and rather vague regional estimates; the specific crop-by-country estimates of varietal
adoption were mostly the product of interpolation and triangulation. The current study has enor-
mously improved the quality of the evidence. In comparisons of adoption estimates between 1998
and 2010, it is important to note that the new data is of substantially higher quality than the old
data. Thus, changes in the adoption estimates may simply reflect improvements in data quality, as
opposed to changes in the underlying patterns of varietal use.

We note that the entire database for the DIIVA study is publicly available, with full documenta-
tion, on the ASTI website (http://www.asti.cgiar.org/diiva). We encourage readers and researchers
to visit the website and to make use of the data. In addition to the data on MV adoption data, the
database includes observations on varietal releases for each crop-by-country combination and data
related to the number of full-time equivalent scientists engaged in crop improvement research. This
will provide a benchmark at the level of individual countries and crops so that specific crop-by-coun-
try combinations can be tracked and analysed over time. This of course assumes a comparable effort
will be sustained over time at regular intervals so that progress can be assessed.

Structure and Contribution

This volume contains a wealth of information from the DIIVA study, beyond the varietal adoption
estimates. For a start, it provides detailed information about the research investments in crop im-
provement across SSA, at the level of individual commodities. This expands on the information pre-
viously provided by ASTI and allows for an improved understanding of the differences in research
intensity across commodities and countries.

On adoption, the book provides a clear and carefully articulated statement of methods. Not all
of the crop-country studies used the same approach to eliciting expert opinion on adoption, but
many of the studies followed broadly similar methods. These are spelled out here, making for a sig-
nificant improvement over the Evenson-Gollin study, which made little effort to impose uniformity of
method on the different crop-country studies.

The heart of the book is found in Part 2, which presents the commodity-based chapters. These
offer a remarkable level of detail on the diffusion and adoption of different crops. Chapters 6—12 pre-
sent data from the African studies of DIIVA. These are the major cereal crops (maize, sorghum, pearl
millet, rice, wheat and barley); the main root crops (cassava, yam, sweetpotato, banana, and potato),
and a number of different legume crops (cowpea, beans, groundnut, pigeonpea, soybean, chickpea,
faba bean, field pea and lentil). Taken together, this set of chapters provides the most comprehensive
examination of varietal adoption ever undertaken for Africa, and they will set the standard for future
studies. These chapters shed light on wide disparities in research effort and success across crops and
regions. The success of agricultural research has been uneven, and these chapters identify the chal-
lenges and specific accomplishments that have given rise to differential adoption.
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Chapters 13 and 14 provide a useful summary of findings from the TRIVSA study (Tracking Im-
proved Varieties in South Asia), a companion to the DIIVA study that focused on South Asia. The TRIV-
SA study was undertaken more or less in parallel with DIIVA, using similar methods and data sources.
Chapter 13 summarizes findings on rice improvement and adoption in South Asia, while Chapter 14
provides comparable results for sorghum, pearl millet, chickpea, pigeonpea and groundnut.

In Part 3, the book provides three chapters that take up the challenge of moving from adoption
estimates to impacts. When improved varieties diffuse, replacing previous varieties, there are potential
benefits to both consumers and producers. The three studies in this part of the book show how the
diffusion data can be used to estimate impacts. Chapters 15 and 16 provide methodologically similar
estimates of the poverty impacts of technology improvements in maize (for the case of Ethiopia) and
beans (for Uganda and Rwanda). These are important studies that are using frontier methods to take
aim at very difficult questions. Estimating the poverty impacts of improved crop technologies is very
difficult, as many of the benefits accrue to consumers, and the impact on producers will depend on the
structure of the market (e.g. on the extent to which prices fall when production rises). These chapters
combine models of individual markets with detailed and disaggregated household data, and they pro-
vide valuable insights into the different impacts of the technology on different households. Both stud-
ies find measurable and significant impacts on the well-being of the poor, with Chapter 15 showing a
reduction in poverty in Ethiopia and Chapter 16 showing a reduction in food insecurity for house-
holds in Rwanda and Uganda. These careful studies are frank in their discussion of the challenges
involved in estimating impacts, but they also show that even with conservative approaches, improved
crop germplasm continues to have significant impacts on the well-being of poor people.

Chapter 17 reports the results of an important exercise: it attempts to show the aggregate effect
of varietal improvement on agricultural productivity. Estimates from this analysis show that varietal
adoption appears to have a strongly significant impact on total factor productivity in SSA, with an
additional significant effect from the agricultural research effort of the Consultative Group on Inter-
national Research (CGIAR). This chapter argues that improved varieties have raised average net crop
yields on adopting areas by almost 50% since 1976—80. The methodological challenges here are
large, but the results are generally in line with previous estimates that have shown large impacts.

Part 4 of this book provides a series of extremely useful reflections on synthetic findings across
the commodity studies in Part 2 and on the methods used in the DITVA and TRIVSA studies in Parts
2 and 3. It highlights the different substantive findings and approaches on varietal generation and
research output (in Chapter 18) and on varietal adoption and outcomes, including impact (Chapter
19). By making the cross-chapter results explicit and by assessing their implications for the strengths
and weaknesses of crop improvement, these chapters provide a roadmap for those wishing to invest
in varietal change in Africa. Chapter 20 discusses the results of efforts to validate expert opinion es-
timates of varietal adoption by using household surveys. The two methods coincide well in some
cases, but in other cases there are significant discrepancies. The Standing Panel on Impact Assess-
ment (SPTA) is at present conducting further research to see how different methods of eliciting adop-
tion data compare — and trying to validate these methods using genetic identification methods. We
hope to learn more in the coming months and years to guide future research on adoption and diffu-
sion. Finally, Chapter 21 talks about the data needs and methodological changes that face researchers
trying to measure adoption and impact. This chapter offers a valuable assessment of the state of the
art, and it also describes the challenges that need to be overcome.

Key Findings and Implications

Arguably the most significant finding of this report is the impressive growth achieved in terms of the
share of cropped area now under modern varieties in SSA. In 1998, about 20—25% of cropped area
was under modern varieties (based on a weighted average across 11 crops). By 2010, this figure had
grown to 35% in 2010 (based on a similarly weighted average across 20 crops).! Calculated another
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way, the annual growth rate in the adoption of MVs was 1.45% per annum over this period.* This in
itself is a remarkable achievement for agricultural research. Although one can still ask questions
about the quality of the data, the DITVA study provides important evidence that agricultural research
is continuing to provide technologies of value to farmers. Technology adoption is, in some sense,
a logically sufficient measure of impact; farmers would not use these technologies if they did not
provide some advantage.

The continued growth in area under modern varieties indicates that research is continuing to
provide farmers with useful technologies — and that farmers are continuing to find ways to take up
these new technologies, in spite of the constraints that they face. Of course, there are crop-by-country
combinations where adoption of MVs is still quite low — 14 of the crops are characterized by a mean
adoption rate below 35%. It will be important to analyse the factors that have limited adoption rates
for these crops. Conversely, there are crop-by-country combinations that have already achieved a rela-
tively high (for Africa) level of MV adoption (soybean, wheat, maize, cassava, rice) or where adoption
has been quite rapid — cassava, barley and maize doubled their share over this period. Here too, there
may be lessons to be learned. But an important point to note is that, whether the 1998 base levels
were relatively low or high, over 90% of the crop-by-country observations experienced a rise in MV
adoption between the two studies. The notion that African crop farming is stagnant is not supported
by the data from this study.

Over time, as the level of MVs approaches full adoption, other measures of success of crop im-
provement programmes, in particular the velocity of varietal change, will become more relevant.
Even now, for many crops, this is an important measure of success. The DIIVA study team looked at
this and found the area-weighted mean age of varieties in the field was 14 years across all crops —not
much change from the earlier period. More analysis is clearly needed here to understand the causes
of this. Some older ‘modern’ varieties are proving to be remarkably robust in the face of many new
varieties being released — or alternatively, recent research has not always succeeded in producing
genuinely useful technologies.

How reliable are the estimates of adoption emerging from this study? Is there any way to meas-
ure their accuracy? These questions occupied the DIIVA Project at every stage. By necessity, the DII-
VA data largely draw on judgments made by expert panels. This remains the dominant method for
estimating crop area under MVs at a large scale, due to the cost and complexity of collecting data on
varietal diffusion through other means. Thus, the DIIVA study relied primarily on expert panel judg-
ments (for 115 crop-by-country combinations). In a number of cases, however, these expert data
were supplemented by estimates based on household surveys (for 36 crop-by-country combinations).
It was possible to compare these two methods for 18 observations. Of these, ten lined up reasonably
well, but household survey estimates were lower for eight observations. Unfortunately, there is no
easy way of knowing which of the methods is closer to the truth. On the one hand, nationally repre-
sentative household surveys might be presumed to be more reliable than expert opinion, since they
are based on data collected from individual farm households. On the other hand, there may be gaps
in coverage (e.g. because of the low probability of sampling from large commercial farms). Moreover,
the quality of the data obtained from household respondents may not be higher: in many settings, it
is not clear that farmers can accurately identify the varieties, and the vernacular names that they
assign to particular varieties may make identification difficult.’

Taken together, we conclude only that further research is needed to reconcile the discrepancies be-
tween expert opinion data and survey data on varietal adoption. It would be valuable to know whether
there are consistent patterns that would allow us to predict which approach is more accurate for a par-
ticular crop-by-country combination. This is certainly an area worthy of further analysis and research.
SPIA is currently conducting research to establish cost-effective and reliable methods for measuring
adoption, using DNA fingerprinting as a benchmark to assess the accuracy of alternative methods.

Given that expert panel surveys are likely to remain a major source of data in the future when
conducting large scale adoption surveys, there are valuable lessons to be learned from the report’s
observations concerning how best to conduct expert surveys (Chapter 20).*

These lessons should not be lost in the vast array of data generated by this study.
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The estimates of impact in Chapters 15—17 are also of considerable importance. Although
impact assessment is always a challenge, the clear findings from these chapters are that varietal
improvement has affected outcomes for the poor. SPTA continues to seek improved methods for
estimating impacts, but for now these results stand as some of the best available estimates. They
provide strong evidence that research has increased agricultural productivity in Africa and that, for
the specific cases reported in Chapters 15 and 16, this has resulted in reductions in poverty and food
insecurity respectively.

Issues Emerging and Future Directions for Research

The pages that follow offer a richly detailed account of varietal improvement and its impacts in Af-
rica (and to a limited degree in South Asia). We hope that many researchers will take advantage of
the underlying (and publicly available) DIIVA data to construct additional estimates of productivity
and impact, and we hope that the current volume will serve as the beginning for a lively conversation
over the key messages to be taken from the data.

The main results raise a number of issues that deserve further exploration. Some are easily an-
swered. Others will require new methods — or perhaps may be so challenging that they simply invite
speculation. For instance:

»  Is Africa finally experiencing a Green Revolution? If so, does Africa’s experience look like the
Green Revolutions of Asia and LAC? Arguably, we are seeing diffusion of modern varieties with-
out seeing much intensification of accompanying inputs. In Asia, the spread of modern var-
ieties was linked to far greater use of fertilizer and mechanization; but in Africa, the growth of
these inputs has been much slower.

e Doesyield growth in SSA seem to match the diffusion of modern varieties? Do we see substantial
yield increases in the crops and countries where we see correspondingly large increases in
adoption? This seems like an important question to ask, but perhaps a difficult one. A key challenge
is that, by many accounts, crop yield data are very poor in quality. It is not clear whether many
countries in Africa conduct regular yield surveys based on crop cuts. Even theoretically, it is pos-
sible that the diffusion of improved varieties need not be accompanied by an increase in yields; for
instance, a new trait (e.g. drought tolerance) might allow for crop area to expand along an exten-
sive margin where yields are lower. This could in principle result in a decline in average yield.

e A related question: In the crops and commodities where adoption levels are high, have crop
yields reached levels that might be viewed as satisfactory? If adoption in some crop-by-commodity
combinations is nearly complete, and if yields are still low, what should we conclude? Is this
evidence that crop genetic improvement is a weak tool in the sub-Saharan context? Or should
we expect that successive generations of improved varieties will increase yields where previous
generations have failed? Or should we simply accept that high rates of adoption provide suffi-
cient evidence that improved varieties are useful, even if this is not manifested in crop yields?

¢ What can we learn from the patterns of diffusion that might inform the research process? What
characteristics seem to be associated with high levels of take-up? How can we learn from the
DIIVA study to target future research more effectively?

The Need for Continued Data Collection and Analysis

The DIIVA study represents a major contribution towards measuring and understanding the diffu-
sion of modern crop varieties. The value of the study serves as a reminder of the importance of
collecting similar data on a regular basis — and of expanding the coverage across geographic areas.
In the long run, varietal adoption and diffusion data should ideally become a regular component of
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national agricultural statistics — collected, for example, as part of national agricultural censuses. In
the short run, however, this task remains in the purview of research institutions such as the CGIAR
and its partners. SPIA continues to support the collection of diffusion data and to promote the insti-
tutionalization of data collection.

Among the activities that SPIA is currently engaged in, as of mid-2015:

*  With numerous partners, SPIA is currently working to pioneer and validate new ways of meas-
uring varieties in use, with the hope that these approaches can be incorporated routinely into
micro studies and household surveys.

»  SPIA is working to collect and report varietal adoption data from Asia.

*  We are looking to expand the set of technologies for which adoption and diffusion data are col-
lected; specifically, we seek to extend the data to include observations on improved agronomic
practices (e.g. conservation agriculture); irrigation technologies; livestock technologies and
practices; and a range of other changes that can potentially be linked to CGIAR research.

In this sense, we think it is important that the DITVA project be viewed as part of an ongoing set
of research activities designed to reveal the continuing diffusion of agricultural technologies, broadly
defined. Much remains to be done, and SPIA welcomes partners and researchers who bring new ap-
proaches and ideas.

SPIA Chair’s Acknowledgments

As will be apparent from this foreword and the document that follows, the DITVA Project involved a
major undertaking. Any project of this size necessarily involves a team effort. In this case, the team
was large, including researchers at seven CGIAR centres and numerous national partner institu-
tions. The acknowledgments section of this report lists the full cast of participants, but I would like
to take this opportunity to thank, on behalf of SPIA, all of those who contributed time and effort.

The project depended in the final analysis on the efforts and expertise of many researchers based
at CGIAR centres and in a range of national research institutions across Africa. We are grateful to the
hundreds of scientists who contributed their time to this effort — whether through participating in
panels or filling out surveys or providing their field notes, based in some cases on years of data collec-
tion. The detailed field knowledge of scientists was ultimately one of the main sources of data for the
DIIVA Project. We are grateful to all these scientists for their generosity in sharing time and for their
desire to provide thoughtful and objective information about patterns of adoption and diffusion.

Beyond this collective effort, however, I want to single out the outstanding contributions of sev-
eral individuals who brought the DIIVA Project to fruition through their extraordinary efforts.

First and foremost, we were exceptionally fortunate to have Tom Walker leading this effort on
behalf of SPIA. Tom was perhaps uniquely qualified to lead this effort, on the basis of his long and
distinguished record of research on agricultural technology adoption and its impacts. Not only did
Tom effectively manage this large and complex multi-partner undertaking, but he also provided ex-
pertise at every stage of the study. He provided crucial insights into methods of collecting varietal
data — from experts, from farmers and from farm communities. Tom’s careful probing and his efforts
to check and validate the data drew on his deep and detailed knowledge of African agriculture. We
are enormously grateful to Tom Walker for his leadership and expertise; without him, the project
could not possibly have achieved such a high-quality outcome. Tom’s contributions continued
through the completion of the book, including the handling of the review process for individual
chapters and the editing and cross-checking of numbers used throughout the manuscript. His thor-
oughness and patience have been essential to the quality of this volume.

Jeff Alwang was closely involved in the DIIVA Project from the beginning, and his involvement
grew considerably as the project moved towards completion. Not only did he contribute to the valu-
able poverty impact studies of Chapters 15 and 16, but in addition, he was a key figure in synthesizing
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the study, as seen in Chapters 1, 2, 19 and 21. With a keen eye for detail, Jeff played a crucial role in
editing the volume and working to shepherd it to completion. Jeff has long been an expert on agricul-
tural technology and its impact, and SPIA is grateful to him for being willing to devote so much of his
time and attention to this project.

Perhaps no one was more important to the conceptualization and completion of the DIIVA
study than Greg Traxler, programme officer of the Gates Foundation. Along with Prabhu Pingali
(who was based at the time at the Gates Foundation), Greg urged the CGIAR to push ahead with a
new effort to collect data on varietal diffusion — and he then helped to mobilize the funding for the
project. Greg’s contributions went far beyond his role as a conduit for funding. Over the course of
several years, Greg asked persistently about the scope and quality of data and pushed to set a high
standard for the study.

Another key figure in the history of the DITVA Project was my predecessor as SPIA Chair, Derek
Byerlee, who has remained a key participant throughout the duration of the project. Like Tom
Walker, Derek brings an encyclopaedic knowledge of African agriculture, based on years of fieldwork
and personal experience in most of the countries covered by the DIIVA study. As a dedicated social
scientist of the highest calibre, Derek played a central role in the design and implementation of the
study. My own term as SPIA Chair started as the DIIVA Project came to a close, so Derek was at the
helm of SPIA for almost the entire duration of the project.

Finally, two members of the SPIA secretariat staff — Tim Kelley and James Stevenson — deserve
special recognition for their contributions to the project. Tim Kelley's role cannot be easily described. As
the head of the SPIA Secretariat, Tim played a key administrative role in managing the study. But Tim's
first-hand knowledge of the CGIAR, based on some thirty years as a researcher and research manager,
was ultimately of enormous importance in the quality of the DITVA Project and its findings. I think it is
no exaggeration to say that Tim read every sentence produced by the DIIVA Project; his critical eye and
high standards were matched by his constantly positive outlook. Tim played a similar role in shepherd-
ing and reviewing the earlier Evenson-led study, and this provided him with a valuable long-term per-
spective on the DIIVA study. In both cases, Tim's contributions proved enormously valuable.

Also at the SPIA secretariat, James Stevenson has played a key role both administratively and
substantively in the DIIVA study. As a member of the project steering committee for DIIVA, James
participated in every stage of the project; SPIA is fortunate to be able to draw on his skills as a re-
searcher and his thoughtful analysis.

In closing, I would like to honor the memory of Bob Evenson, who died in February 2013. Bob’s
career-long efforts to document the diffusion and impact of agricultural technologies grew out of his
passionate belief that science had the potential to improve the lives of the poor and of rural people.
His illness prevented Bob from taking part in the planning of the DIIVA Project, but I have no doubt
that he would have been delighted and impressed by the work that has been done — and eager to see
it continued through the future.

Douglas Gollin

Professor of Development Economics
Department of International Development
Oxford University

Chair, CGIAR Standing Panel on Impact Assessment (SPIA)

Notes

' If we look only at the paired comparison of 61 crop-by-country observations for the 10 continuing crops,
area-weighted adoption was 27% in 1998 and 44% in 2010.

2 There are a number of qualifiers that must be kept in mind when making comparisons here, given that the
number and types of crops and crop-by-country combinations varied between the two periods and that
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the methods used to elicit expert opinion were not always consistent over the periods. Nevertheless, while
the confidence interval may be large — perhaps more so for the earlier survey results when less scrutiny was
applied to the method for eliciting expert opinion — there is no reason to believe that there is a particular upward
or downward bias in these different period estimates. All one can say is, the study is using BAD —‘best available
data’— and the methods used to collect those data are documented in the reports.

3 For instance, farmers may use the same name for distinct varieties, and they may use different names
for the same variety.

4 In general, more effective elicitation was characterized by:

¢ close and intensive supervision of CG project-related staff,

e organization of and attendance at time-bound workshops with direct interaction with expert panel
members,

* greater spatial resolution in the elicitation of estimates that were subsequently aggregated to regional
and national levels,

¢ including more members from the informal sector and from NGOs with geographic-specific expertise in
technology transfer on the panels, and feedback from CG Center breeders in the final stages of the process
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1 The Importance of Generating and
Documenting Varietal Change in
Sub-Saharan Africa

T.S. Walker'™ and J. Alwang?
'Independent Researcher, Fletcher, North Carolina, USA; 2Department of
Agricultural and Applied Economics, Virginia Tech, Blacksburg, USA

When a farmer in sub-Saharan Africa plants a
food crop, the odds are increasing that the var-
iety sown will be an improved variety touched by
science. But more likely the farmer plants a local
variety that is more or less the same as that cul-
tivated by his or her parents, grandparents and
great-grandparents. For some farmers, such as
groundnut growers in West Africa and sweetpo-
tato producers in East Africa, it is likely that the
variety cultivated is a product of agricultural re-
search but that the improved variety was bred
more than 40 years ago.

A lack of dynamism in varietal change in
food crop production represents a wasted oppor-
tunity that is potentially high, exacting a heavy
toll on poor producers and consumers alike. Crop
production consumed in the household and sold
in the market may represent more than 50% of
the income of poor farmers. Expenditures on
staple and secondary food crops may eat up more
than 60-70% of the budget of poor consumers.
Because crop variety improvement can increase
production that in turn can lead to declining
and more stable prices, it is a cost-effective inter-
vention with a broad scope to leverage positive
outcomes and impacts for hundreds of millions
of poor rural and urban households in sub-
Saharan Africa.

* E-mail: walkerts@msu.edu

Modern varietal change is an important tool
with large potential contributions to agricul-
tural development. Unlike some other types of
agricultural technology, modern varietal change
is not limited by agroecology and population
density, nor does it require major capital invest-
ments by potential adopters. Uptake of improved
varieties can lead directly to positive consequences
for food security. Modern varietal change in and
of itself may not lift large numbers of people out
of poverty but greater dynamism in this area
can go a long way to moving poor people closer
to the poverty line. Moreover, modern varietal
change can set the stage for the adoption of more
intensive crop production practices, such as row
planting, and is a precursor to the judicious use
of purchased inputs that spark multiplier effects
for economic growth.

Agricultural Research: The Engine
for Generating Varietal Change

Since the independence of most African nations
in the 1960s and 1970s, a foundation for mod-
ern varietal change in food crops was laid down
by public-sector national research programmes
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(NARS) in the countries of sub-Saharan Africa.
Beginning in 1968, the International Agricul-
tural Research Centers (IARCs) have been a
partner in that effort. That seems like a long time
ago but it is a recent undertaking compared to
the genetic improvement in export crops, such
as cocoa, cotton and rubber, that occurred much
earlier in the 20th century.

In spite of its youth, crop genetic improve-
ment in food crops is not as vigorous or wide-
spread as it should be in sub-Saharan Africa. Its
effectiveness is compromised for multiple reasons.
Agroecological conditions are extremely hetero-
geneous in many African countries, especially
compared to those in South Asia where wide-
spread diffusion of modern varieties sparked the
Green Revolution, which contributed to remark-
able productivity growth and poverty reduction
beginning in the mid-1960s. Limited infrastruc-
ture and weak support systems in sub-Saharan
Africa have constrained the uptake of improved
varieties. Lack of funding for operating budgets
is an important limitation that is shared by both
NARS and TARCs. Largely because of declining
global food prices, real resources had steadily be-
come scarcer for crop improvement research by
TIARCs and NARS, especially from the early 1990s
to the early 2000s (Beintema and Stads, 2006).
Expansion of the mandates of the TARCs into
areas such as natural resource management also
contributed to the erosion of resources for gen-
etic improvement.

Since the abrupt rise in global food prices
after 2008, funding for agricultural research
has improved. Donors, in general, and the Bill &
Melinda Gates Foundation (BMGF), in particular,
have invested heavily in food-crop genetic im-
provement in sub-Saharan Africa. Once again, a
strong partnership between NARS and IARCS is
a hallmark of that investment.

Documenting Varietal Change:
The Need and Past Achievements

Without the adoption of agricultural technologies,
there is no impact (Adato and Meinzen-Dick,
2007). Indeed, the area planted to a new tech-
nology is the most important determinant in the
size of economic benefits (Walker and Crissman,
1996; Morris et al., 2003). Cost savings per unit

of output of the new technology also determine
impact by influencing diffusion and creating
economic benefit for each area unit of spread.

Impact analysis of varietal change has
largely relied on the economic surplus approach
to estimate standard rates of return to the research.
These studies suggest that, although returns to
research have been positive in sub-Saharan Africa,
they have been lower than in other regions. In
addition to monitoring for a high return on in-
vestment, however, donors want to be better
informed about the impact of research on the
development goals of poverty reduction, food se-
curity and environmental sustainability. In spite
of increasingly numerous reviews, impact assess-
ment of agricultural research in sub-Saharan
Africa is still best described as sparse (Maredia
and Raitzer, 2006).

Highly specific information on adoption
and benefits from variety use provides research
managers with needed ammunition for deciding
on the relative resource allocation for commod-
ities and specific lines of research. To be success-
ful, research needs to be sensitive to users’ de-
mands. For crop genetic research, the demand
for traits is of paramount importance. The oppor-
tunity costs for research funds are high, and
research on adoption levels and impacts can
establish which traits are in demand and where
acceptable trade-offs can be made.

Globally, credible databases on the diffusion
and impact of well-identified improved varieties
are rare. Maize, other cereals and oilseeds are a
notable example of where sales information on
hybrid seed can provide solid data on varietal
uptake. Vegetatively propagated crops, such as po-
tatoes, that are legislatively required to be planted
with clonal-specific certified seed represent an-
other case. Aside from these exceptions varietal-
specific information is seldom widely available
for important food crops even in developed coun-
tries. For example, the United States Department
of Agriculture (USDA) stopped collecting data
on the adoption of improved wheat varieties in
the mid-1980s. But in developed-country agri-
culture, improved varieties are replaced by farm-
ers every 2—5 years; varietal change is no longer
an issue that impinges on economic and social
development. In contrast, not knowing about
the pace and dynamics of varietal change is a
luxury that developing countries in sub-Saharan
Africa can ill afford because both the level of



modern cultivar adoption and the velocity of
improved varietal turnover are low.

Since the release of maize hybrids in Kenya in
the 1960s, episodic research on adoption of modern
cultivars has been conducted in sub-Saharan
Africa (Gerhart, 1974). Dana Dalrymple was the first
agricultural scientist to make a systematic effort
to document the diffusion of improved varieties in
food crops. In 1978, Dana Dalrymple completed
the sixth review of the spread of the high-yielding
varieties (HYVs) of wheat and rice in developing
countries (Dalrymple, 1978). These semi-dwarf,
short-duration varieties had entered Africa as early
asthelate 1960s. Dalrymple estimated that the dif-
fusion of modern rice varieties had reached 4% by
1978. He included 15 rice-growing countries in
his assessment that was based mainly on direct
communication with in-country scientists working
on rice genetic improvement in Africa.

By the 1970s, sub-Saharan African farmers
began to benefit from recently bred varieties in
several primary and secondary food crops. A firm
baseline for evaluating the effectiveness of food-
crop genetic improvement, however, only began
to emerge in the mid- to late-1990s. A global moni-
toring and evaluation research agenda (referred
to here as the 1998 Initiative) retrospectively as-
sessed varietal output, adoption and production
impacts in food-crop genetic improvement in
developing country agriculture (Evenson and
Gollin, 2003). That initiative resulted in several
surprises including the realization that dynamic
varietal change was not confined to the so-called
Green Revolution period between the mid-1960s
and the early 1980s, but that it continued deep
into the 1990s. But estimated adoption levels in
Africa, averaging 22 %, were especially low.

The estimates reported in Evenson and Gollin
(2003) were based on partial results with limited
data available for a number of crops and countries.
As aresult, the picture of modern varietal adop-
tion in sub-Saharan Africa was somewhat fuzzy
and fragmented even at that time and, in the past
decade, no comprehensive study had updated or
clarified those estimates.

The DIIVA Project

Here, the baseline established by Evenson and
Gollin (2003) has been updated, widened and

deepened. We report on the results of a CGIAR
project — Diffusion and Impact of Improved Var-
ieties in Africa (DIIVA Project) — the first major
study to focus on the diffusion and impacts of
improved crop varieties in SSA. Supported by
BMGEF, seven CGIAR Centers (CG Centers) and
their national and other partners carried out
adoption research and impact assessments as
part of DITVA. The DIIVA Project, which was dir-
ected and coordinated by CGIAR’s Standing
Panel on Impact Assessment (SPIA) and admin-
istrated through Bioversity International, began
on 1 December 2009 and ended on 30 June 201 3.
A budget of slightly under US$3 million
was allocated to three objectives designed to:

e  Attain a wider understanding of the perform-
ance of food-crop genetic improvement in
priority crop-by-country combinations in
sub-Saharan Africa;

e  Verify and gain a deeper understanding of
the adoption and diffusion of new varieties
in selected priority countries and food crops
in sub-Saharan Africa;

e  Acquire more comprehensive insight in to
the impact of crop improvement on poverty,
nutrition and food security.

The DIIVA Project is viewed as a major
building block in the construction of a routine
system for monitoring varietal adoption and
impact in sub-Saharan Africa for the CGIAR re-
search programmes. This work has been driven
by three complementary activities that respond
to three project objectives: (i) documenting the
key performance indicators of crop genetic im-
provement; (ii) collecting nationally representa-
tive survey data on varietal adoption; and (iii)
assessing the impact of varietal change.

The novelty and value of the research re-
ported in this book stems from its wide scope in
terms of crops and countries with intensive data
collection via standardized protocols. This stand-
ardization permits comparisons across countries,
over time and among crops in a given country.
The study is also unique for its emphasis on val-
idation and on the use of sound integrated methods
for impact assessment. In particular, household-
and field-level data are used to estimate prod-
uctivity gains, per-unit reductions in cost of
production and other household-level outcomes.
These methods represent an improvement over
standard surplus estimation techniques, which
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usually rely on data from experimental trials.
Trial data do not reflect regional variability in
agroecology and yield potential or idiosyncratic
differences in household management of produc-
tion processes.

The adoption of improved varieties of 20
food crops in 30 countries covering about 85%
of food crop production in sub-Saharan Africa
was assessed in the DIIVA Project. More than
200 individuals, the majority of whom were
scientists from national agricultural research
systems, contributed to this effort. The DIIVA
database contains information on more than
3500 formally and informally released varieties
and more than 1150 improved varieties that
were adopted by farmers in 2010 (http://www.
asti.cgiar.org/diiva).

This volume represents the full rendering of
DIIVA-related research by the participant scien-
tists who assembled the information and collected
the data. Earlier publications with a narrower
focus include Alene et al. (2011) and Walker
etal. (2014).

Fields crops in sub-Saharan Africa are al-
most entirely grown in dryland agriculture. The
BMGF also invested in a smaller comparative
project called TRIVSA (Tracking Improved Var-
ieties in South Asia) that supplied information
on varietal generation and adoption in food
crops cultivated in the rainy season in South
Asia. Research from the TRIVSA Project is repre-
sented by two chapters in this book and findings
from South Asia serve as a point of reference for
the results from sub-Saharan Africa that are
highlighted in the synthesis chapters described
below.

Organization

This volume is divided into four sections. Part 1
sets the stage by first reviewing investments in
food-crop improvement in sub-Saharan Africa
(Chapter 2). Chapter 2 shows that, starting from
alow base in the 1960s, investments in crop im-
provement in the region grew robustly before
slowing in the 1980s. Following a long period of
stagnation beginning in the 1980s, robust
growth in funding returned in 2001. The chap-
ter shows that funding increases have also been
accompanied by a generalized improvement in

human capacity in national systems, but that
aggregate figures of investments and growth can
be misleading. Growth in funding and capacity
is concentrated in the larger national research
systems, whereas some smaller systems have
shrunk substantially. Studies of rates of return
to agricultural research is sub-Saharan Africa
are summarized and these show varied results
but, before the mid-1990s, estimated rates of
return to crop improvement were lower than
those in other regions of the world.

Chapter 3 defines concepts and hypotheses
that have guided the DIIVA research on inputs,
outputs, outcomes and impacts. The study docu-
ments two key inputs into crop improvement by
year and country: scientific capacity and re-
search intensity. Measured outputs in the study
are variety releases, and outcomes are adoption
and rate of variety turnover. The impact meas-
ures employed vary by study; these include yield,
productivity, household income and poverty
reduction. Chapter 4 goes on to describe data,
methods and crop by country coverage. The
DIIVA data can be divided into three domains:
assembled data on scientific capacity and var-
ietal release/availability; elicited estimates of
varietal adoption; and household survey data.
The variety-specific data contain about 150
crop-by-country observations selected to cover
the most important food crops in the main pro-
ducing countries. Crop-by-country data were as-
sembled to provide a broad perspective of the
important food crops in the region and to allow
the study to be comparable to the 1998 Initiative.

Chapter 5 provides the historical context for
genetic improvement for the 11 crops in the
1998 Initiative and an exploratory analysis of
the variation in inputs, outputs and outcomes
across commodities and countries. Country-
and crop-specific comparisons show striking dif-
ferences in scientific staff capacity and research
intensity, but comparisons to the rest of the de-
veloping world show that sub-Saharan African
indicators of these inputs are in line with other
continental regions. The 1998 estimates of var-
iety release display high variability over time for
most crops in many countries. The most salient
finding is that varietal output from crop improve-
ment programmes accelerated dramatically in
the 1990s. This acceleration sets the stage for
a renewed look at impacts, as a variety’s up-
take lags behind its release, often by many years.
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Impacts are likely to have become more pro-
nounced and visible after 1998.

Varietal generation, output, adoption and
turnover in food crops are addressed in nine
studies in Part 2. Chapters 6—12 focus on sub-
Saharan Africa. They are organized around and
are synonymous with the mandated-crops of
these CG Centers: International Institute for
Tropical Agriculture (cassava, cowpea, maize
and yams); International Center for Research in
the Semi-arid Tropics (groundnut, pearl millet,
pigeonpea and sorghum); International Center
for Tropical Agriculture (beans); International
Potato Center (potato and sweetpotato); Inter-
national Center for Maize and Wheat Improve-
ment; International Center for Agricultural Re-
search in Dryland Areas (barley, chickpea and
faba bean); and AfricaRice. This work is comple-
mented by two comparative studies from South
Asia where the commodity emphasis is on rain-
fed rice in multiple countries and states in India
(Chapter 13) and on sorghum, pearl millet,
groundnut, pigeonpea and chickpea in peninsu-
lar India (Chapter 14).

The impact of the adoption of modern var-
ieties is assessed in case studies on maize in
Ethiopia (Chapter 15) and beans in Rwanda and
Uganda (Chapter 16). These studies show that
impacts of adoption on productivity and cost

savings are relatively large at the field level. They
show that poor farmers have not been excluded
from adoption; these varietal improvements seem
to be accessible to all farmers. Benefits are broad-
based, but vary by characteristics of adopting
farmers and their agroecologies and, because areas
planted are relatively small, impacts of adoption
on household income and poverty are modest.

Estimates of total factor productivity with
the updated DIIVA adoption data in sub-Saharan
Africa are found in Chapter 17, the final chapter
in Part 3. Chapter 17 shows that adoption of im-
proved food crop varieties raised productivity of
adopting areas in sub-Saharan Africa by an
average of 47% and accounted for about 15% of
the growth in food crop production between
1980 and 2010. By 2010, the higher productiv-
ity of improved food crop varieties had added
US$6.2 billion to the annual value of agricul-
tural production in the sub-continent.

Both substance and process are featured in
Part 4, which begins with two syntheses that
draw on the data and findings in Chapters 6—-14.
Varietal generation and output are the subjects
of Chapter 18. Adoption, turnover and impact
are themes for Chapter 19. What we learned
about estimating varietal adoption and assess-
ing varietal impact is discussed and summarized
in Chapters 20 and 21.
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2 Investments in and Impacts of Crop
Improvement Research in Africa

J. Alwang*
Department of Agricultural and Applied Economics, Virginia Tech,
Blacksburg, Virginia, USA

Because agricultural productivity in sub-Saharan
Africa (SSA) has historically been low and con-
tinues to lag other regions of the world, there is
increasing interest in understanding how re-
search investments in the region are associated
with productivity growth. To understand this
relationship, it is important to begin with an
assessment of historical investments in agricul-
tural research. Research investments in support
of SSA agriculture have received wide attention
in the development literature and these studies
have produced a broadly consistent picture. In-
vestments in agricultural research and develop-
ment (R&D) in SSA started from a very low base
immediately following independence in the late
1950s and early 1960s. Investment grew at a
rapid rate in the 1960s and through the 1970s
and 1980s, but slowed midway into the 1980s
and declined in the 1990s. Since 2000, R&D
investments in the region have increased and
growth in research expenditures was robust
through 2008, the last year for which compre-
hensive data are available.

There remain, however, inconsistencies in
the analysis of R&D expenditures for SSA. For
example, there has been only limited analysis of
comparative investments across SSA in com-
modity-specific research and whether the distri-
bution of research resources accurately reflects

* E-mail: alwangj@vt.edu

the distribution of commodities by area produced.
It is also well known that observed growth in
SSA-wide agricultural R&D from 2001 to 2008
was driven by investments in large systems: such
as Nigeria, Ghana, Tanzania and Uganda. Little
analysis has been conducted of growth patterns
among medium-sized and, particularly, small
systems. Evidence shows severe declines from
2001 to 2008 in several smaller systems (Agri-
cultural Science and Technology Indicators;
ASTI). These inconsistencies are partly due to in-
formation challenges: data on research expend-
itures come from multiple sources, many with
irregular reporting practices, and many data
sources have gaps. Given these challenges, it is
important to summarize findings of studies on
research expenditures in SSA, identify consistent
patterns and explore discrepancies in reported
trends.

The purpose of this chapter is to document
evidence about agricultural research investments,
describe patterns of change over time, and dis-
cuss the current state of knowledge and know-
ledge gaps. The chapter begins with a discussion
of information sources and inherent challenges
in assembling consistent time series from alter-
native sources. Important past studies are re-
viewed critically with an aim at synthesizing the
current state of knowledge about agricultural

© CGIAR 2015. Crop Improvement, Adoption and Impact of Improved Varieties
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R&D expenditures in SSA. A short discussion fol-
lows of the role of agricultural R&D in promot-
ing output and productivity in SSA. The chapter
ends by discussing areas of agreement and dis-
agreement.

Data and Information Sources

Public investments* in agricultural research
come through two major streams: (i) govern-
ment and donor-sourced investments in na-
tional agricultural research systems (NARS) and
country-based research entities; and (ii) invest-
ments made by International Agricultural Re-
search Centers (IARCs) under the umbrella of
the Consultative Group on International Agri-
cultural Research (CGIAR). The former stream
of investments has historically far exceeded the
latter, but the latter, by leveraging research find-
ings from other regions and focusing more heav-
ily on basic research, plays an important role. In
fact, Evenson and Gollin (2003) note that IARC
research investments are more likely to be import-
ant to NARS in SSA compared to other regions,
because more than one-half of all improved var-
ieties in SSA came from an IARC cross (compared
to 36% worldwide). Funding for the CGIAR
(CG Centers) has undergone substantial change.
From 1990 to around 2006, global funding for
the CG remained approximately constant in real
terms at around US$400 million (2005 purchas-
ing power parity; PPP). Since 2006, funding
has grown relatively steadily to the point that it
approached US$1 billion by 2013. CG funding
sources have also changed, with the emergence
of the Bill & Melinda Gates Foundation (BMGF)
as a major contributor to the CGIAR beginning
in 2006. By 2013, BMGF accounted for more
than 10% of total CGIAR Fund contributions,
putting the Foundation among the top donors to
the Fund.

A third source of public research funding is
through bilateral, multilateral and donor assist-
ance to regional research groups and directly to
university and private researchers. Examples of
this stream include USAID-funded Collaborative
Research Support Programs (now called Feed
the Future Innovation Labs). The Department for
International Development (DFID)® provides sub-
stantial direct support to host-country researchers

through UK research councils and for private
funds in developing countries such as the Forum
for Agricultural Research in Africa; the Canadian
International Food Security Research Fund sup-
ports research partnerships between Canadian
and developing country researchers; other don-
ors, including BMGF and other major philan-
thropies, channel some funding for agricultural
research through non-CG and non-NARS entities
(Norton and Alwang, 2012). These latter fund-
ing streams are difficult to trace, fluctuate over
time, and may be absorbed into CG and NARS
funding reports. They also historically represent
a relatively small amount compared to the first
two streams.* As a result, most analyses of agri-
cultural research expenditures do not explicitly
include this third stream.

Whereas information on IARC investments
has been available for many years through indi-
vidual centre annual reports and various compen-
dia, information on national research investments
has historically been difficult to come by. An ini-
tiative for collecting and compiling indicators on
agricultural R&D began in 1981 as a joint ven-
ture of the International Service for National
Agricultural Research (ISNAR): and the Inter-
national Food Policy Research Institute (IFPRI).
This initiative uses data from primary (extensive
surveys in developing countries) and other
sources to compile a benchmarked and compar-
able data series for many developing countries.
The initiative, now known as ASTI (Agricultural
Science and Technology Indicators Initiative) has
comprehensive data series from 32 SSA countries,
which together contribute more than 90% of the
region’s agricultural gross domestic product
(GDP). Although this information is comprehen-
sive, it is not complete, and further efforts are
needed to fill data gaps.®

Measures

An adequate measure of inputs into R&D requires
understanding of the institutional structure of
agricultural research in SSA. Historically, most
public agricultural research in the region was
conducted in government agencies but research
in institutions of higher education has grown.”
Inputs into the agricultural R&D process thus in-
clude both expenditures (put on a common PPP
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basis) and scientist full-time equivalents (FTEs).
Comparisons across countries of different sizes
and resource endowments require normaliza-
tion, such as research intensity (expenditures
divided by agricultural GDP) or scientists per
unit of agricultural GDP. Research intensity
has intuitive appeal as an indicator because in
2003 the African Union’s New Partnership for
Africa’s Development set a target research inten-
sity of 1% for its member nations (Beintema and
Stads, 2011).

Brief Overview of Agricultural
R&D in Africa

Real agricultural GDP growth in SSA averaged
about 2% per year since 1961 and accelerated to
3.4% in 2001-2008 (Fuglie and Rada, 2013).
Prior to 2000, agricultural productivity growth
lagged behind population growth, implying lower
food availability per person for the four decades
between independence and the start of the new
millennium. Causes of lagging productivity growth
include slow production of new crop varieties
suitable for conditions in SSA, poor performance
of input and output markets, lack of agricultural
support services, discriminatory agricultural
policies, and slow rates of adoption of improved
varieties. Lagging productivity is partly explained
by unique challenges in SSA: near-complete reli-
ance on rainfed agriculture and extreme spatial
variability in biotic and abiotic constraints. Also,
prior to 2000, the impact of agricultural R&D
on SSA agricultural productivity growth was es-
timated to be lower than elsewhere in the world.
In fact estimates show that before 2002, agricul-
tural output growth in the region was driven by
increased resource use, not by enhanced agri-
cultural productivity (Fuglie and Rada, 2013).
Since the mid-1980s, however, annual total
factor productivity growth in SSA agriculture
has accelerated somewhat (to about 1%). This
expansion coincides with increased availability
and adoption of new agricultural technologies,
including new crop varieties. In fact, by the late
1990s nearly 20% of the area planted to food
crops in SSA was sown to improved varieties
(Evenson and Gollin, 2003). SSA-wide adoption
is uneven; among major foods approximately
18% of area is planted to improved varieties,*

but prior to the more comprehensive estimates
presented in Part 2 of this volume, it was widely
perceived that adoption of modern varieties of
some important food crops, such as pearl millet
and groundnut, was low to negligible (Fuglie and
Rada, 2013). Thus, while adoption and spread
of modern varieties is growing, there is substan-
tial potential for future spread.

The ultimate determinant of the supply of
modern varieties is investment in agricultural
R&D, particularly investments in crop improve-
ment research. Several studies have examined
expenditures and scientist FTEs involved in agri-
cultural R&D in SSA. The main references for
this research, summarized in Table 2.1, are
Pardey et al. (1997), Evenson and Gollin (2003),
Maredia and Raitzer (2006), Beintema and
Stads (2011), and Fuglie and Rada (2013). Pri-
mary data sources include the ASTI indicators
for NARS research expenditures and various in-
carnations of these data, CGIAR Center-based
records, which account for CG investments, and
ad-hoc surveys of IARC and NARS scientists and
research administrators.

Agricultural research
expenditures in SSA

As of the mid-1990s, studies of agricultural R&D
in Africa showed significant increases from a very
low base in public investments through the 1960s
and 1970s. This expenditure growth slowed in
the mid-1980s and into the 1990s (Pardey et al.,
1997; see Table 2.1). Data also show substantial
inter-year variability, but little analysis has been
conducted on this variability, except to note that
year-to-year funding variability in SSA exceeds
that in the rest of the developing world. During
the latter part of the 20th century, instability in
funding for SSA R&D was much higher than
other regions of the world. SSA accounted for
5% of global public R&D in 2000, down from
7% in 1981. The slowdown in spending during
1980-2000 islikely to have lasting impactsregion-
wide (Beintema and Stads, 2011).

The observed slowdown in spending on
agricultural R&D in the mid-1980s was par-
tially caused by reductions in bilateral and
multilateral grants and loans as donors turned
to other investments, but national systems saw
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Table 2.1. Summary of recent literature on agricultural R&D in sub-Saharan Africa.

Source Years Focus Data source

Main findings

Pardey et al. (1997) 1961-1991 Research expenditures by  IFPRI/ISNAR
country, composition of
expenditures; explicit
focus on SSA

Evenson and Gollin Adoption and impacts of Various, depending
(2003) improved varieties; on crop; most
crop-specific estimates crop-specific data

are from CG Center
cross-sectional

surveys

Maredia and Raitzer =~ 1970s — 2004, Research expenditures CGIAR Center

(2006) with a focus on of CGIAR, estimates reports; case
2000-2004 of research impacts studies of

research impact

Government research constitutes lion’s share of expend-
itures (91% in 1961 to 85.6% in 1991)

University-based research expanded by 7.1% per year
1961-1991

Increase in researchers from 2000 to 9000 (1961-1991)

Shift from expatriate researchers (90% to 11% of total
research staff 1961-1991); nearly 65 % of NARS
researchers have post-graduate degrees

A few very large systems dominate

Real research expenditures grew rapidly during 1960s,
moderately in 1970s and ceased growth in 1980s
through to early 1990s

NARS are becoming increasingly dependent on external
(to country) spending

Strong heterogeneity — some systems continued to grow,
while others shrank

Sorghum: low investments in African R&D for sorghum
despite its economic importance (data from late 1980s
and early 1990s)

Maize: lower research intensity in eastern and southern
Africa compared to rest of the world; limited private
sector involvement in maize breeding compared to rest
of the world

Millet and groundnuts: few details on research resources

40% of annual CG research budget devoted to SSA since
inception

Virtually all CG Centers are heavily invested in SSA

IITA, ICRAF, ILRI and CIMMYT have highest research
expenditures in SSA

System-wide cumulative investment of US$4.3 billion
($ 2004) by 2004 in SSA

Change in composition of CG investments away from
crop-productivity enhancements; dramatic decline in the
real value of crop productivity, enhancing research since
the mid-1980s

(o]

Buem|y



CGIAR - CABI

Beintema and Stads  Focus on Research expenditures
(2011) 2001-2008 and staffing

Fuglie and Rada 1981-2005 Research expenditures,
(2013) spread of modern

varieties, impacts
of research

ASTI

AST]I, supplemented
by CG Center
reports

Strong growth in real resources devoted to agricultural
R&D since 2001 in SSA

Agricultural GDP growth in SSA lags behind overall growth
even through 2008

Uneven patterns of spending: large systems drive overall
trends and some very small NARS are vulnerable
because of low spending and staffing levels

Institutional arrangements for agricultural R&D vary from
country to country but single agency dominates in most;
in smaller countries, bulk of research is being conducted
by disperse government agencies and universities

Government role is shrinking over time

Researchers in higher education are growing and more
than doubled from 1991-2008; the share of higher
education in public R&D research staff grew from 15 to
24% during the same period

R&D investments have had a strong impact on total factor
productivity region-wide

Prior to mid-1980s, growth in agricultural output in SSA
was due to increased use of inputs (land, labour and
capital), not growth in productivity

Since mid-1980s, total factor productivity growth in SSA
averaged about 1% per year

Policy environment affects linkages between research
investments and productivity growth

CIMMYT, Centro Internacional de Mejoramiento de Maiz y Trigo (International Center for the Improvement of Maize and Wheat); ICRAF, International Center for Agroforestry;
IITA, International Institute of Tropical Agriculture; ILRI, International Livestock Research Institute.
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dwindling support from their own governments.
Lagging support is attributable to a number of
factors, including moderating commodity and en-
ergy prices, increased attention in public sector
spending for social sectors, low perceived re-
turns to agricultural investments in the region
due to policy-related factors such as tax and
marketing policies, and lack of broad public
support for research.

African NARS capacity started from a very
low base following independence when staffing
was thin and most senior scientific staff comprised
expatriates (Pardey et al., 1997). Employment in
SSA NARS grew at a robust average annual rate
of 5% from 1961 to 1991, and by 1991 the
region employed around 9000 full-time agri-
cultural scientists (Table 2.2). Overall NARS
growth was accompanied by a gradual shrink-
ing of the share of expatriate scientists (to about
11% of the total) as national investments in-
creased training of local scientists. SSA NARS
funding relies disproportionately on donor
funding and the dependence increased through
the 1990s; donor contributions accounted for
about 35% of total investmentsin 1996 (Pardey
et al., 2007). Donor support represents a lar-
ger share of total R&D expenditures for the
poorest countries, particularly for smaller poor
countries.

Region-wide agricultural research expend-
itures began to grow again in 2001 and growth
between 2001 and 2008 averaged more than
2% annually (Beintema and Stads, 2011). By
2008 the overall level of spending for the region
reached US$1.7 billion (2005 PPP; see Table 2.2).
Investments in agricultural research are mani-
fest in different measures. For example, scientist
quality has improved over time. As of 2008, 73%
of SSA agricultural scientists in SSA research
systems had an advanced degree. This should be

compared to about 65% in 1991 and 45% in the
early 1980s (Beintema and Stads, 2011; Pardey
etal.,, 1997).

Intra-Regional Differences

The aggregate spending picture presented above
obscures important differences within SSA.
These differences include stark heterogeneity in
national system size and quality, and different
patterns of investment over time and within sys-
tems. A salient characteristic of the agricultural
research complex in SSA is uneven size with a
few very large systems predominating® (Pardey
et al., 1997). This unevenness makes it difficult
to make generalizations from aggregate trends;
the aggregates obscure major differences across
countries and for individual years. For example,
investments in the Nigerian system grew during
the 1960s and 1970s as oil revenues boomed,
but shrunk dramatically during the 1980s to
the point where they were (in 1991) less than
one-half what they were in the 1970s. Some
systems had relatively even growth, such as
Kenya, Burkina Faso and Ethiopia, while others,
including Nigeria, Ghana and Madagascar, had
rapid growth followed by a decade-long decline
in real research expenditures. Size disparities
across the region were reduced somewhat between
1961 and 1991 as the number of mid-sized SSA
research systems (those with between 100 and
400 researchers) grew —from 3in 1961 to 18 in
1991. However, national system size and quality
remain uneven and generalizations about re-
gional growth patterns are difficult to make.
Asof 2008, eight countries — Nigeria, South
Africa, Kenya, Ghana, Uganda, Tanzania, Ethiopia
and Sudan — with large research systems account
for about 70% of SSA's agricultural R&D spending

Table 2.2. Long-term trends in research expenditures and FTE capacity (31 ASTI countries).

Expenditures
Year (millions 2005 PPP $) Rate of growth Researchers Rate of growth
1971 963 3,060
1981 1,218 1.7 5,819 5.4
1991 1,335 0.6 9,065 3.8
2001 1,432 1.0 9,824 1.3
2008 1,741 2.4 12,120 2.8

Source: Beintema and Stads (2011).
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and 64% of its FTE researchers. In addition, over
one-third of the region-wide expenditure growth
during 2001-2008 was driven by increases in
Nigeria, Ghana, Sudan, Tanzania and Uganda,
and the funding (FTE) concentration in the eight
large systems has grown from 53% since 1991.
This imbalance distorts the overall picture and
creates doubt about the sustainability of R&D
investments in the remaining countries. Cur-
rently, some countries have stagnant systems
with too few resources to guarantee long-term
survival.” In the smaller and less well-funded
systems, national commitment to continued
funding is questionable and the systems are vul-
nerable to cut-backs from external sources.
More regional cooperation may be necessary to
strengthen these relatively small systems (Bein-
tema and Stads, 2011).

National systems also exhibit heterogeneity
in the composition of spending. Ghana and
Nigeria expend large proportions of their budgets
on scientist salaries, while other countries such
as Uganda and Tanzania spend far higher propor-
tions on operations (Uganda) and capital invest-
ments (Tanzania). Although agricultural research
staff in SSA grew rapidly from 1961 through to
1991, R&D expenditures grew at a slower rate
and, in some systems, real research expenditure

growth was negative during the 1990s. Differ-
ences in spending patterns are reflected in uneven
scientist quality:in 1991, 63% of the SSA national
scientists with PhDs worked in three systems:
Nigeria, South Africa and the Sudan.

The robust increase in scientist numbers in
SSA from 1961 to 2008 was not accompanied by
growth in other areas of research funding; there-
fore, region-wide resources allocated per scientist
have declined over time."* Several factors explain
this decline, including changing proportions
of expatriate researchers, changes in educational
attainment of researchers and changes in funding
for support staff. The decline became most pro-
nounced in the 1980s but all of the aggregate fall
occurred prior to 1990 (Fuglie and Rada). Since
1990, aggregate research resources per scientist
have grown slightly in SSA, possibly reflecting
other indications of recommitment by several gov-
ernments to agricultural research. The shallow-
ing of research resources prior to 1990 combined
with irregular overall funding levels had clearly
negative effects on the efficiency and effectiveness
of agricultural R&D in the region (Pardey et al.,
1997) but these effects may be somewhat miti-
gated by changes since 2001 (Fig. 2.1).

Despite their relatively optimistic assess-
ment of recent funding trends, Beintema and
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Fig. 2.1. Total agricultural R&D spending by source and number of scientists in SSA NARS (excluding
South Africa), 1961-2008. SY, scientist years. (Source: Fuglie and Rada, 2013.)
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Stads (2011) find that only 8 of 31 countries in
their analysis had funding intensity ratios that
exceeded the region-wide target of 1%. This
disparity is further evidence of within-SSA het-
erogeneity research investments. Funding reduc-
tions experienced during the 1980s and 1990s
are having a lasting effect on research capacity;
current intensity ratios are still below levels in
the late 1980s.

Beintema and Stads argue that total research
expenditures and staffing levels are a poor indi-
cator of funding sufficiency; only three of the
eight ‘large systems’ (with funding of more than
US$50 million per year) met the targeted fund-
ing intensity ratio. Sudan and Ethiopia, two of
the larger African systems, have intensity ratios
among the bottom for the 31 countries included
in the analysis; the size of the systems distorts the
region-wide funding analysis presented above.
Ratios of staff per million dollars expended varied
dramatically by country suggesting major differ-
ences in composition of systems or in the rela-
tionship between staffing levels and overall
system costs. The Guinea system had over 57 FTEs per
million dollars spent, whereas Cote d'Ivoire and
South Africa had fewer than 3 FTEs per million
in R&D expenditures. Smaller systems tend to have
more FTEs per dollar of expenditure, which indi-
cates — consistent with the overall findings — that
some of the smaller systems face viability issues.

An analysis of funding sources reveals a
mixed bag: some SSA countries are heavily
dependent on outside sources of funding; others,
particularly the larger systems, rely on resources
from their own government. Many NARS have di-
versified their funding sources to include a mix of
government funding, dedicated commodity taxes,
sales of goods (e.g. seeds) and services (e.g. exten-
sion) and donor funding. Those systems more
dependent on commodity tax revenues (e.g. Maur-
itius) find commodity price variability to be a
problem for sustainability. The overall conclusion
of the report with respect to funding is one of
diversity. Across SSA, multiple funding models
can be found, and these models evolve over time
as country and external conditions change.

IARC contributions

International agricultural research centres have
played an important historical role in strengthening

agricultural research and contributing to variety
releases in SSA. Evidence shows that IARC invest-
ments complement NARS investments; NARS
investments were estimated to be about 15%
higher than they would have been in the ab-
sence of TARC funds (Evenson and Gollin, 2003,
Chapter 21). This finding might indicate that the
slowdown in aggregate funding for agricultural
research in SSA documented by Pardey et al.
(1997) reflects changes in donor emphasis and
the reaction of individual NARS to this changed
emphasis. Growth in research spending since
2000 (documented further below) reflects donor
interests along with a growing SSA-wide consen-
sus in support of agricultural R&D.

The CGIAR presence in SSA is broad based
because virtually all the centres have had a
major presence in the region since the early 1970s
or since the date when a particular centre joined
the CGIAR system (Maredia and Raitzer, 2006):2,
Since its inception, the CGIAR as a whole has
invested more than 40% of its global research
budget to SSA (Fuglie and Rada, 2013). The CGIAR
investment share devoted to SSA has remained
high over time but the composition of the re-
search budget has changed. The proportion of
CGIAR research expenditures on productivity-
enhancing technologies (mostly crop improve-
ment research) has shrunk dramatically over
time. During 1972-1976, more than 80% of
the CGIAR SSA research budget was devoted to
crop productivity-enhancing research; by 2002,
this share fell to less than 33% (Maredia and
Raitzer, 2006). The change in composition is
partially driven by the emergence of non-commodity
focused centres and reflects a system-wide change
in emphasis. Over the same period, the CGIAR
share devoted to environmental improvement
rose from zero to almost 15%, policy research
experienced a similar growth in prominence,
whereas biodiversity research rose from zero to
almost 7%. In terms of overall resources devoted
to SSA, IITA, followed by ICRAF and ILRI, each
spent more than US$15 million annually dur-
ing 2000-2004, and CIMMYT, ICRISAT and
IFPRI spent between US$10 and US$15 million
annually during the same period (see Maredia
and Raitzer, 2006, Figure 4, p.13).

As aresult of these factors, nominal values
of expenditures on productivity-enhancing re-
search allocated to SSA in 2002 were identical
to levels in the mid-1980s (about US$60 million)
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so the real value of expenditures on this research
has fallen dramatically. Because the CG Center is
often a leader in setting broad research priorities
for the region, shifts away from crop-improvement
research are likely to have occurred for national
systems. These shifts have clear consequences
for variety releases and productivity changes.

Crop-specific research
investment patterns

In SSA, six food crops — sorghum, maize, millet,
cassava, cowpea and groundnuts — account for
about 73% of cropped food area, and, if rice,
banana, beans and yams areas are included,
they account for nearly 90% (Fuglie and Rada,
2013). Data show that research investments in
R&D in SSA for these key crops lag behind those
of other regions of the world. Lower investments
by national governments in SSA even extend to
the crops that represent the largest shares of
land area. Evidence also shows fewer releases of
MVs (modern varieties) in SSA compared to the
rest of the developing world since the early
1960s. However, the rate of MV release for SSA
has picked up since the late 1970s (Evenson and
Gollin, 2003, multiple chapters).

Although sorghum is widely planted in
Africa, resources for crop improvement research
for sorghum in the region are limited.”* Outside
of Ethiopia, Sudan and Kenya, SSA NARS gener-
ally devote only between one and five scientists
to sorghum; and region-wide there are only
about 170 scientists engaged in sorghum re-
search.'* Interestingly, Nigeria, which together
with Sudan is the largest producer of sorghum
(in terms of planted area and production levels),
had only six (1991-1992 data from ICRISAT)
scientists involved in sorghum research (Sudan
had 21).

NARS size unevenness in SSA is further
reflected in differences in resources devoted to
specific crops. Despite its obvious importance to
SSA smallholders, African NARS have invested
far fewer resources (quantity and scientist qual-
ity) in sorghum compared to countries in Asia
(Deb and Bantilan, 2003). The case of millet,
another important consumer crop in West Africa
is similar to that of sorghum.s Pearl millet repre-
sents more than 95% of the millet planted in
SSA and yields in the region are low. Despite its

importance as a consumer crop, pearl millet
commands few R&D resources; an estimated
250 scientists across SSA were involved in pearl
millet research in the late 1990s, with many of
these scientists sharing time on other crops
(Bantilan and Deb, 2003). Evidence for these
important crops suggests an imbalance: together
they account for about 33% of cropped area
in SSA, yet less than 5% of the region’s FTE
researchers were engaged in sorghum and millet
research as of 1991. No evidence since then
has shown this imbalance to have changed.

Patterns of crop improvement for maize dif-
fer by subregion within SSA. Maize breeding
programmes in East and Southern Africa (ESA)
have lower research intensities, fewer scientist
numbers and are more centralized than similar
programmes in Asia and Latin America.” Whereas
some national programmes have decentralized
their maize breeding's to reflect agroecological
heterogeneity, decentralized breeding probably
suffers from acute resource shallowing. The SSA
region also is characterized by less involvement
of private sector breeding in ESA (an estimated
45 FTEs compared to 109 in the public sector)
and West and Central Africa (WCA; 51 senior
and intermediate-level researchers compared
to 112 in the public sector) compared to other
regions of the world. This outcome is probably
due to the relative lack of commercialized maize
sectors in Africa.

Sub-Saharan Africa accounts for over one-
half of the world’s cassava production and an
estimated 95% of the crop in the region is dedi-
cated to human consumption. Prior to estab-
lishment of the TARCs, cassava research, unlike
most other major food crops, commanded virtu-
ally no NARS resources throughout the develop-
ing world. Within a few years of establishment
of CIAT and IITA, several NARS established cas-
sava R&D programmes. In cassava R&D, the
IARCs have had a major impact because many
of the scientists working in national research
systems were trained by CIAT and IITA." Esti-
mates show about 49 cassava breeders working
in NARS, universities and the private sector in
1998. This figure compares favourably with Asia
(23 total) and Latin America and the Caribbean
(16 total), and breeding intensity in SSAin 1998
was comparable with other parts of the world
(approximately 0.6 FTEs per million tonnes of
production). Although research intensities for
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cassava in SSA do not differ substantially from
those in the rest of the world, these estimates are
very low by any standard because few, if any, other
crops are characterized by a research intensity
at or below 1.0 scientist per million tonnes of
production.

Of the less important (on an SSA-wide
scale) foods, rice research in West Africa has
been limited by relatively small numbers of sci-
entists in the NARS (fewer than 46 FTEs by
1998). In spite of this limited capacity, more
than 319 improved varieties had been released
by 2003 with more than 40% of them having
some contribution from CG germplasm or par-
ents. Numbers of bean breeders have grown in
SSA NARS from two in 1980 to more than 40 by
1998.20 Wheat, although accounting for a rela-
tively small percentage of SSA cropland, had
more than 104 FTE scientists in 1997, up from
62 in 1992. NARS expenditures on wheat re-
search for SSA reached about 3.7 million
($1990) in 1990.2

Research Impacts

Studies examining the impacts of agricultural
research include those focusing on intermediate
measures such as variety release or land area
covered by improved varieties, impacts or rates
of return from specific research programmes
and aggregate rate of return studies. Studies of
impacts of agricultural research on agricultural
productivity in SSA have employed various
methods including direct econometric estima-
tion (e.g. Fuglie and Rada, 2013), summaries of
findings from existing studies (e.g. Maredia and
Raitzer, 2006) and meta-analyses of economet-
ric studies (e.g. Alston et al., 2000).

Trends reflecting the spread of modern var-
ieties in Africa are now relatively well known
(Evenson and Gollin, 2003; Fuglie and Rada,
2013; and several chapters from this volume).*
The spread of these varieties in SSA has lagged
behind that in other areas, but a recent increase
in this spread is noted in several chapters of this
volume. By 1998, the share of SSA area planted
to modern varieties was 23%, far lower than
Asia (83%), the Middle East and North Africa
(56%), and Latin America (51%) (Renkow and
Byerlee, 2010). CGIAR contributions to modern

variety development in SSA were, however,
thought to be larger than its contribution in
other regions, suggesting strongly that the role
of the CGIAR in genetic improvement in SSA is
high (Renkow and Byerlee, 2010). Of the major
cereal crops in SSA (sorghum, maize and millet,
which account for approximately 86% of cereal
cropped land), about 20% was planted to im-
proved varieties in 2005 (see Table 2.1). Overall,
although data are incomplete, approximately
18% of food-cropped area in SSA is now planted
to improved varieties and the vast majority of
these are from CGIAR sources (see Table 2.1).
Much of the increased adoption has occurred
since the mid-1980s and evidence shows that
for some crops in some areas adoption rates are
increasing. For example, Alene et al. (2009)
document that about 60% of maize area in WCA
is now under improved varieties. Like the discus-
sion of research investments, the aggregate pic-
ture for adoption rates in SSA masks important
successes.

Numerous studies have been conducted on
impacts of agricultural research in SSA. Block
(1995) used a precursor to the ASTI data set and
found that R&D expenditures explain about one-
third of the productivity growth in SSA between
1983 and 1988. Masters et al. (1998) examined
32 case studies of the relationship between re-
search expenditures and agricultural output in
SSA. They found that 24 of these studies reported
annual returns over 20% and many were far
higher, with most gains arising in the late 1980s
and 1990s.> For a comprehensive account of
evidence accumulated prior to 2000, see Alston
et al. (2000). Their meta-analysis included
47 studies of assessments of research impacts
from SSA conducted between 1958 and 1997
that generally found quite high rates of return to
individual research programmes (Alston et al.,
2000). Notably, the vast majority of these stud-
ies focused on research conducted by NARS (40)
and only four focused exclusively on research
conducted by a CG Center (Maredia and Raitzer,
2006). Maredia and Raitzer found that the
CGIAR’s impact in terms of benefits and costs in
SSA was generally lower than system-wide esti-
mates of impact and the major impacts in SSA
have emerged from research on biological control
(almost all due to control of the cassava mealy
bug). Renkow and Byerlee (2010) noted that the
relatively low spread of modern varieties in SSA
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meant that the CGIAR contribution to yield
growth from 1965 to 1998 was much lower than
in other regions. This picture has changed, how-
ever, with several recently emerging SSA success
stories. Recently documented crop genetic im-
provement success stories for Africa include
maize (Alene et al., 2009), cowpea (Kristjanson
et al., 2002), common bean (Kalyebara et al.,
2008) and rice (Diagne, 2006).

Fuglie and Rada (2013) focused on mech-
anisms by which national agricultural research
investments affect productivity and identified
two pathways of impact: research investments
can help diffuse a CGIAR technology, which sub-
sequently raises farm productivity, and they can
affect total factor productivity (TFP) through
other, unspecified means, such as by furthering
diffusion of non-CGIAR technologies, influen-
cing policy changes, or by encouraging farmers to
improve their resource management. The Fuglie
and Rada (201 3) econometric analysis found both
pathways to be important; national expend-
itures on agricultural research as well as other
policy reforms — such as enhanced education
and investments in infrastructure — helped diffuse
CGIAR-sourced technology and other non-specific
crop technologies. Both factors helped raise TFP
in agriculture. CGIAR-generated technologies
were associated with a 45-82% increase in
TFP over the period. The study examined limited
measures of research expenditure complemen-
tarity and found that increased investments in
NARS led to significantly more diffusion of CGIAR-
sourced technologies, but it did not examine
whether increased CGIAR investments enhanced
the productivity of NARS research.

Evidence of impacts of agricultural research
in SSA on non-efficiency objectives is more
limited. These alternative objectives include pov-
erty reduction, improved environmental sustain-
ability, gender empowerment and others. Ren-
kow and Byerlee (2010) summarized studies of
non-efficiency outcomes of CGIAR research in
SSA, and showed limited evidence of impacts on
poverty and on the environment. Chapters 15
and 16 on distributional impacts in this volume
find that impacts of improved maize (Ethiopia)
and beans (Rwanda and Uganda) on poverty are
rather modest. In these studies, resource-scarce
farmers are able to adopt the new varieties, and
variety adoption is accompanied by increased
net income from farming. However, small farm

size limits the magnitude of income gains; there-
fore, the direct effect on the adopting household
isrelatively small. Market-mediated effects, how-
ever, can be larger, depending on the condi-
tions in the respective markets (Chapter 15 and
Chapter 16, this volume).

Discussion

The overall trends in agricultural R&D expend-
itures in SSA are clear. Starting from a low base
in the early 1960s, aggregate funding grew
throughout the 1960s, slowed in the 1970s, and
underwent an even more dramatic slowdown in
the 1980s and through the 1990s. Since 2000,
steady increases in funding have come from ex-
ternal donors and national governments. Growth
in research expenditures has, however, been un-
even, with individual countries showing pat-
terns that differ from mean trends. Even during
the post-2001 period of overall growth, 13 of 30
ASTI countries had negative compound growth
rates. Uneven growth in research funding cre-
ates a region characterized by several very large
NARS whose resource allocations and other
decisions dominate the overall picture. This
dominance has fallen over time with the growth
of anumber of medium-sized systems, but system-
wide trends still mask substantial intra-regional
variation.

An important question that none of the
research addressed is whether there has been
‘convergence’ in spending. Convergence* occurs
when systems with high research intensity at a
starting point grow their intensity at a slower
rate than systems with low intensities. Under
convergence, we would expect research inten-
sities to approach a steady state where the inten-
sities become relatively equal for all countries. To
examine the tendency toward convergence, we
graph for each country research intensity at a
suitable start point (1965) and examine the per-
centage change in intensity from this point
through the end of the data series (2008).
Figure 2.2 shows evidence of convergence over
the entire period. All but one country with
moderate-high intensities above 0.0075in 1965
experienced negative intensity growth from 1965
to 2008, whereas those with starting intensities
below 0.004 showed higher rates of growth.
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Fig. 2.2. Convergence in SSA research intensity, 1965-2008. (Source: Own analysis using data from
Fuglie and Rada (2013) supplemented with World Bank data.)

This pattern is consistent with a pattern of in-
creased investments over time in areas where re-
search is lacking and, possibly, of diminishing
returns in well-funded systems.

Further analysis shows that the 1980s
were characterized by strong convergence in
research intensities across agricultural R&D sys-
tems in SSA (Fig. 2.3a), while patterns of con-
vergence disappeared after 1990 (Fig. 2.3b). The
explanation for this changing pattern is not ob-
vious but the finding implies that, until around
1990, countries in the region as a whole were
investing in research in a pattern that reflects
simple economic considerations (e.g. higher in-
vestments in relatively under-funded systems).
This pattern was broken following the slowdown
in research investments experienced in the early
1990s and growth in intensity was actually
negative in the decade prior to 2000. Investment
patterns since 2000 show renewed tendency to-
ward convergence in Fig. 2.3c.

In fact, the region-wide within-year vari-
ability in research intensity has grown substan-
tially since the early 1960s (Fig. 2.4) indicating
a growing spread of high- and low-intensity
countries in SSA. Variability in research inten-
sity across countries increased modestly until
the mid-1990s and then grew dramatically

since the late 1990s. This trend confirms the
Beintema and Stads (2011) conclusion that the
recent growth in agricultural research expend-
itures in SSA isnot broad-based. A few countries are
increasing investments substantially, whereas
others are not.

Support for agricultural R&D has experi-
enced fits of increase and decrease for the entire
SSA region and, in an even more pronounced
fashion, for individual countries. This variability
may contribute to lower than expected research
productivity. Uncertainty about longer-term fund-
ing prospects has clear potential to damage multi-
year research efforts and may bias researchers
toward engaging in projects with shorter-term
payoffs. Lags between research expenditures and
impacts on agricultural productivity are quite
long and, whereas the impacts of variable fund-
ing on productivity are less well-known, evidence
shows funding slowdowns experienced begin-
ning in the 1980s may persist in lowering agri-
cultural productivity even today.

Since the early 1960s, a dramatic shift in
scientific capability has occurred in the SSA
region, with African scientists now representing
a large majority of agricultural researchers.
Region-wide, more than 70% of researchers
now have advanced degrees (30% have PhDs).
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Evidence shows, however, that this scientific
capacity is being spread thinly; scientist numbers
as well as proportions of budgets spent on scien-
tific salaries have grown, leading to a shallowing
of the resource pool for operating expenditures.

(@)
6 -

N
1

Change 1980-1990 (%)
N
1

Some smaller systems have lost researchers and
pressure continues to be high to increase train-
ing pools and salaries for scientists. Although
high salaries are needed to retain the most
productive scientists, more information is needed
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Fig. 2.3. Convergence patterns for research intensity in SSA countries, sub-periods. (Source: Own
analysis using data from Fuglie and Rada (2013) supplemented with World Bank data.)
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Fig. 2.4. Annual SSA-wide coefficient of variation in research intensity, 1965-2005. (Source: own
analysis using data from Fuglie and Rada (2013) supplemented with World Bank data.)

on the consequences of dedicating high propor-
tions of research budgets to staff salaries.

The CGIAR has had a major influence on
the development and direction of NARS in SSA
by training NARS scientists, providing germplasm
and collaborating closely with NARS-led research.
NARS and CGIAR research expenditures have

been complementary; increased CG spending is
associated with additional resources from national
governments suggesting a potential crowding-in
effect. Whereas a few of the smaller systems are
still dependent on donor funding, the region as a
whole has undergone a transition toward alter-
native funding streams.
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Since 2000, agricultural R&D in SSA has be-
come increasingly interlinked across the region.
This integration has been promoted by regional
groups including the Forum for Agricultural
Research in Africa (FARA); the Association for
Strengthening Agricultural Research in Eastern
and Central Africa (ASARECA); and others. These
groups help coordinate research across the
region through scientist networks. Commodity-
specific networks such as the Pan-African Bean
Research Alliance (PABRA), comprising 24 coun-
try members, have also strengthened region-wide
coordination, collaboration and research infor-
mation sharing. Perhaps their primary strength
is to allow specialization of individual national

agricultural research systems in certain fields.
As a result, it becomes more possible to obtain
economies of scale in research and cross-network
sharing is particularly beneficial for small coun-
tries that might lack a critical mass.

A clear implication of the analysis sum-
marized in this chapter is that it is dangerous to
make summary statements about region-wide
trends. As with most economic phenomena, a
region-wide analysis masks important differ-
ences. It is clear that to understand impacts of
investments in SSA agricultural R&D focused
studies are required and only through the aggre-
gation of focused results can the whole picture
be understood.

Notes

' Nigeria, South Africa and Kenya account for about half of total agricultural R&D spending in the region;
Ghana, Uganda and Tanzania are also relatively large systems.

2 Data on private research investments in SSA are limited and, as a result, an assessment of private-
sector research is not included here. Public research historically dominated agricultural research in SSA
and, while government agencies accounted for about 73% of full time equivalent (FTE) researchers in
2008, this number had fallen from 82% in 1991 (Beintema and Stads, 2011). Beintema and Stads note that
most privately funded research in Africa is conducted in government agencies and universities (and thus,
these expenditures would appear among other indicators of public-sector expenditures), and privately con-
ducted research represents only 2% of total research funding for SSA. Private sector research is probably
most evident in the hybrid maize sector; by 1998 farmers in Kenya, Zambia and Zimbabwe were heavy
users of private-sector hybrids. In contrast, private sector maize hybrids have had hardly any traction in
West and Central Africa.

3 Currently about 50% of DFID funding for agricultural research in developing countries goes directly for
core support for the CGIAR; the other half flows through other mechanisms. Although a large part of this
remainder will show up in CG and NARS accounts, a substantial portion will not.

4 BMGF funding now represents a relatively large proportion of total agricultural research funding in SSA.
The BMGF helped form the Alliance for a Green Revolution in Africa (AGRA), which provides large-scale
support in the areas of plant breeding and soil health.

5 ISNAR was subsequently absorbed into IFPRI.

5 As an example, Fuglie and Rada (2013), discussed in detail below, merged ASTI data with information
on area cropped under CGIAR-sourced varieties.

” Beintema and Stads note that from 1991 to 2008 the proportion of agricultural researchers at African
universities grew from 14 to 24%. Despite this growth, university researchers, on average, spend less than
25% of their time on research.

8 Estimates come from Fuglie and Rada (2013) and include information from 32 countries.

9 South Africa (1339), Nigeria (1013) and Kenya (819) were the largest systems, and Tanzania (546) was
the only other SSA NARS with more than 500 employees in 1991.

© Nigeria, Ethiopia, Sudan and Kenya each have more than 1000 FTE scientists, and 16 other NARS
have FTEs in the 100-500 range.

" Fuglie and Rada show that region-wide research expenditures per scientist per year fell in real terms by
more than 50% from 1961 to 2008.

2 IRRI is the exception as the West African Rice Development Association (WARDA), now AfricaRice,
conducts rice research for much of West Africa. IRRI has, however, invested considerably in rice research
in Madagascar, Tanzania, Mozambique and other rice-growing countries in southern Africa. Historically,
rice has had a more diversified pattern of institutional investment in SSA than any other food crop.
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3 Evenson and Gollin (2003), Chapter 9, U.K. Deb and M.C.S. Bantilan, Impacts of Genetic Improvement
in Sorghum.

4 The authors note that it is difficult to accurately account for resources devoted to pearl millet and
sorghum because most scientists share their time on the two crops.

® Evenson and Gollin (2003), Chapter 10, M.C.S. Bantilan and U.K. Deb, Impacts of Genetic Enhance-
ment in Pearl Millet.

6 Of course millet and sorghum production environments show less variability than those of other crops
so that fewer researchers might be optimal but this cannot explain the huge discrepancy documented here.
7 Evenson and Gollin (2003), Chapter 77, M. Morris, M. Mekuria and R. Gerpacio, Impacts of CIMMYT
Maize Breeding Research. This chapter addresses maize breeding in Eastern and Southern Africa (ESA)
and compares it to the rest of the world.

'8 Kenya, for example, breeds maize for six distinct agroecological regions.

19 23 PhD- and 28 MSc-level scientists in SSA were trained in cassava research by IITA in 1970-1998;
13 additional cassava specialists were trained at CIAT in 1972—-1994 (Evenson and Gollin, 2003).

20 Evenson and Gollin (2003), Chapter 12, N.L. Johnson, D. Pachico and C.S. Wortmann, The Impact of
CIAT’s Genetic Improvement Research on Beans.

21 Evenson and Gollin (2003), Chapter 4, P.W. Heisey, M.A. Lantican and H.J. Dubin, ‘Wheat’. Data on research
expenditures are from Byerlee and Traxler (1995); estimates of scientists in NARS are from Bohn et al. (1999).
2 Fuglie and Rada (2013) document crop-by-crop and country-by-country annual spread of modern var-
ieties for SSA,; various chapters in this volume extend and deepen this analysis.

2 Rates of return estimates depend clearly on the assumptions underlying them, methods used, etc. As a
result, it is difficult to draw general conclusions from summaries of rates of return studies.

24 In neoclassical economic growth models, the driving force behind convergence is diminishing returns at
the margin to increased capital in an aggregate production function. In cases where returns are increasing
convergence is not expected. The patterns observed here are consistent with a diminishing marginal return
to research expenditures, but other factors may explain the observed convergence.
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3 Relevant Concepts and Hypotheses in
Assessing the Performance of Food Crop
Improvement in Sub-Saharan Africa

T.S. Walker*
Independent Researcher, Fletcher, North Carolina, USA

This book addresses the performance of national
and international food crop improvement in
sub-Saharan Africa (SSA) from 1970-2010. In
this chapter, the main elements of performance
are discussed from the perspective of evaluation
that centres on inputs, outputs, outcomes and
impacts. Each of these four areas of assessment
contains a brief description of relevant concepts
and definitions followed by a discussion of related
hypotheses. Many of the hypotheses featured in
the proposal for the Diffusion and Impact of Im-
proved Varieties in Africa (DIIVA) Project (Bio-
versity International, 2009). Their treatment
here is not exhaustive but rather the purpose is
to provide the reader with a substantive touch-
stone for identifying research content that is
common to the chapters of this book. Inputs, out-
puts and outcomes are the subjects of Chapters
5-14. Impacts are addressed in Chapters 15-17.

Inputs: Scientific Capacity
and Research Intensities

Performance in crop improvement depends on
scientific capacity, operating budget, research infra-
structure, research-extension linkages, agro-
ecological diversity, access to relevant germplasm

* E-mail: walkerts@msu.edu

and the understanding of farmer demand for
technologies that suit their circumstances. Relative
to other investments in economic development,
genetic crop improvement programmes are not
costly activities, but they require a recurring ex-
penditure on an adequate number of skilled
scientists combined with sufficient operating
budgets to get the job done year after year. ‘Ad-
equate’ and ‘sufficient’ are not rigorously defined in
the literature; however, comparative evidence across
countries and crops and over time establishes
some orders of magnitude that are discussed in
Chapter 5-14 and in Chapters 18 and 19 include
the synthetic concluding chapters of this volume.
From the multiple inputs that go into crop
improvement, we focus only on one, the number
of research scientists by discipline. This restricted
emphasis is conditioned by several consider-
ations. The main intent of the DIIVA Project was
to estimate adoption of modern crop varieties in
sub-Saharan Africa. Outputs and outcomes
were the primary concerns. Moreover, as described
in Chapter 2, investments in crop improvement
by multiple agencies at the national level are
periodically and extensively monitored by the
Agricultural Science and Technology Indicators
(ASTT) Initiative, funded by the Bill & Melinda
Gates Foundation (BMGF) and other donors and
housed at the International Food Policy Research

© CGIAR 2015. Crop Improvement, Adoption and Impact of Improved Varieties
24 in Food Crops in Sub-Saharan Africa (eds T.S. Walker and J. Alwang)
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Institute (IFPRI; http://www.asti.cgiar.org/). Re-
search scientists by discipline are a key input
into crop improvement and they are more visible
than research infrastructure or even operating
budget. Until recently, ASTI did not collect dis-
ciplinary scientific strength by education level at
the disaggregated level of the crop or commodity.!
Lastly and most importantly, estimates on scien-
tific staff strength were gathered by crop at the
national level in 1998 (Evenson and Gollin,
2003), affording the opportunity to build on this
benchmark.

Operationally, testing hypotheses about sci-
entific strength requires definition of the bound-
aries of crop improvement and crop-related
research content of scientists. Additionally, num-
bers of scientists need to be standardized across
programmes of varying size to draw meaningful
comparisons.

The boundaries of crop improvement

Crop improvement, as used here in the DIIVA
study, embraces plant breeding’s closely allied
disciplines, such as genetic resources, molecular
biology and tissue culture. It also covers path-
ology, entomology, agronomy and any other dis-
cipline — such as social science and postharvest
technology — that helps to identify priorities in
the development of genetically improved mater-
ials. Natural resource management is excluded
as is soil science, unless the research focuses on
genotype by environmental interactions. There-
fore, the definition of crop improvement used here
focuses on genetic research —broadly defined and
potentially fully supported.

Full-time equivalent scientists

Scientific staff strength is equated to full-time
equivalent (FTE) scientists (see Chapter 2, this
volume). ‘Scientists’” are defined as public sector,
private sector and university staff who work in
crop improvement research and who have an
educational level equivalent to a Bachelor of Sci-
ence (BSc) degree or above. Research techni-
cians and staff working in seed production and
related transfer and extension activities are

excluded but scientists active in producing
breeders’ seed are included.

Full-time equivalency means that the scien-
tist works 100% of their research time in genetic
improvement of the crop of interest. Because of
its highly variable nature over time and across
space, time in administration is not considered
in this calculation.

Two examples illustrate the meaning of
full-time equivalency. A breeder in a public sector
programme works entirely in a coarse cereal im-
provement programme. Her time is equally divided
between the improvement of pearl millet and
sorghum. As a sorghum or pearl millet scientist,
her FTE estimate is 0.5. A university breeder spends
30% of his time on maize improvement and 70%
on teaching. His FTE estimate as a maize scien-
tistis 0.3.

Scientists, especially those in smaller coun-
tries, often work on more than one crop in more
aggregated cereal, pulse, oilseed, and root and
tuber improvement programmes. Therefore, the
number of scientists working on a crop is sub-
stantially larger than the number of FTE scientists.

Research intensities

Research intensities are a means to standardize
estimates of FTE scientists across countries of
varying sizes. Research intensity is typically ex-
pressed as the number of FTE scientists per
million tonnes of production. Standardization
by value of production and hectares of growing
area is also common. As we shall soon see in the
commodity chapters in Part 2 of this volume, es-
timates of research intensity are almost always
very high for the smallest producing countries
and very low for the largest producing countries.
Hence, estimated research intensities are not
that informative about whether very small coun-
tries are investing too much in research and the
largest producers are investing too little in re-
search within the same crop. They become more
informative in cross-sectional (within the same
year) across crop comparisons and in compari-
sons over time within the same crop as both the
numerator (number of FTE scientists) and de-
nominator (number of tonnes of production)
change.
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Hypotheses about scientific strength
in crop improvement

Stated positively, the following input-related hy-
potheses are addressed in this book:

1. The number of FTE scientists in national
food crop improvement programmes in SSA is
increasing.

2. Research intensities in national food crop im-
provement programmes are also increasing.

3. Disparities in research intensities across
crops and regions are not substantial.

4. Private sector participation in research is in-
creasing in the genetic improvement of cereal
hybrids.

5. University participation in crop improve-
ment research is becoming increasingly visible
from a small base.

6. The disciplinary distribution of FTE scientists
in crop improvement reflects an increasing cap-
acity in biotechnology.

From the most recently published ASTI re-
search on investment in research and develop-
ment (R&D) in SSA (Beintema and Stads,
2006) and, as discussed in Chapter 2, we real-
ized in 2009 when the DIIVA Project was for-
mulated that several findings related to inputs
would not be favourable for food crop improve-
ment.> For example, the number of FTE scien-
tists had declined in some programmes, although
the overall trend in numbers was positive.
Diminishing operating budget per scientist was
increasingly an issue in crop improvement.
Ageing scientific capacity was also problem-
atic, especially in several programmes in West
Africa. As discussed in Chapter 2, we knew con-
siderably more at the start of the DIIVA Project
about inputs into crop improvement in SSA
than about outputs, outcomes and impacts
from crop improvement.

Outputs: Modern Varieties
Available for Use

‘Output’ refers to the expansion that can be at-
tributed to genetic improvement in the potential
availability of valuable genotypes for cultivation.
Ideally, attribution is measured in a with-and-
without comparison, i.e. the difference between

what is potentially available with genetic im-
provement and what is available without an in-
vestment in plant breeding.

Released varieties

By its nature, crossing and selection is a win-
nowing process characterized by a search for a
smallish number of genotypes perceived to be
valuable. Elements of perceived value are encoded
in government registry and release practices
that place an imprimatur on breeders’ elite se-
lections. Official release is tantamount to saying
that ‘liberated’ varieties are potentially valuable
for cultivation in the sense that they have satis-
fied rigorous criteria, such as threshold yield
advantages, compared to check varieties in mul-
ti-locational testing on research stations over
time. In well-functioning systems of varietal re-
lease and registry, information on the quantity
and location of breeders’ seed is published. In
this book, varietal release — the most immediate
and observable indicator of progress in crop im-
provement — establishes an initial base for esti-
mating varietal output.

Varietal release is not a perfect indicator
and, in specific cases, may not even be a good
measure of varietal output in agriculture within
developing countries. Both private sector and
public sector improved varieties may be available
for adoption but may not appear in release regis-
tries. Escapes from breeding programmes may be
widely adopted but not well identified.

Almost all countries have well-described
procedures for varietal release but just a few —
such as Ethiopia and Kenya — have compiled com-
prehensive release registries for downloading on
the Internet. An exhaustive review of varietal
registration in 24 rice-growing countries shows
that nine do not have an established release and
registry system in place (Sanni et al., 2011). In
some countries with established systems, release
committees do not meet periodically and are fi-
nancially constrained because of pressures on
government operating budgets.

Moreover, changes in the release practices
over time may give the illusion of increased var-
ietal output when in fact its true trajectory has
not changed. Comparing release lists over two
points in time also suggests that older improved
varieties can reappear at a later date in the registry,
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giving the impression of recent output when in
fact the cultivar was generated much earlier.

One can also cite cases such as Guinea
(with a rare institutional setup of multiple insti-
tutions releasing varieties of the same crop), where
more than 100 rice varietal releases in the 1980s
and 1990s has resulted in limited discernible
adoption. However, rice in Guinea is an outlier in
the joint varietal release and adoption database.
The estimated simple correlation between total
historical releases and the percentage of adop-
tion for improved varieties in 2010 is a statistic-
ally significant but modest 0.17. The ‘weighted
by area’ association is markedly higher at 0.47
for the crop-by-country observations in the DITVA
Project.

The relationship between varietal release,
adoption and subsequent impact is probably not
symmetric. Large numbers of releases can result
in substantial or no adoption, but zero or negli-
gible releases rarely result in appreciable adop-
tion of improved varieties. Absence of release
activity is synonymous with negligible output
from plant breeding. Performance in crop im-
provement needs to be measured and varietal
release, for all of its imperfections, is still an
important benchmark for assessing progress in
varietal output. Research that focuses only on
official government releases can, however, ser-
iously understate the potential availability of im-
proved varieties for adoption by farmers. For this
reason, release is interpreted broadly in this vol-
ume to include escapes from breeding materials,
other informally available non-released improved
varieties, private-sector hybrids that may not be
officially released, and the results of participa-
tory plant breeding that may be in the stage of
early adoption with farmers.

Hypotheses about varietal output
from crop improvement

Relevant output-related hypotheses that are
informative about and favourable to the perform-
ance of food crop improvement include the
following:

1. The stock of released and non-released
improved varieties that is potentially available
to farmers for use is increasing both absolutely
and relatively over time.

2. Output stability is increasing over time as
peaks and troughs in varietal generation are less
evident in the more recent past.

3. Varietal output reflects the evolution of plant
breeding over time, a lower CG Center presence,
and more private sector and university partici-
pation.

The first hypothesis about the incidence of
varietal output over time comes from 1998
where positive trends in the number of released
cultivars were documented for most crops in
most countries (Evenson and Gollin, 2003).
Those data also exhibited high variability over
time. Varietal production was episodic: years of
positive output in the midst of longer periods of
no releases.

The third hypothesis, which is multi-faceted
and derived from the examination of the pedi-
gree of improved varieties and hybrids, is also
based on findings from the 1998 global initia-
tive. Evidence for the maturing of plant breeding
over time was one of its most important findings
that applied to numerous programmes in Asia
and Latin America. Initially, crop improvement
in most countries began with the importation
of finished varieties from other countries for
testing and release together with an evaluation
of local landraces for prospective release. With
the growth in crop improvement at the Inter-
national Agricultural Research Centers (IARCs)
in the 1970s and 1980s, breeders in national
programmes had the option to select progenies
from crosses made by the CG Centers (Institutes
within the Consultative Group on International
Agricultural Research). Further programme
advancement is synonymous with breeders
making their own crosses from well-identified
parental material. A final stage in development
could be reached in the 2000s with the use of
biotechnological techniques, such as marker-
assisted selection (MAS), in the generation of im-
proved varieties targeted for the enhancement
of specific traits (Collard et al., 2005). Over
time progression in the use of tools involved in
how varietal output was generated speaks to a
programme’s capability to engage in genetic
improvement.

As national breeding programmes advance
in their capabilities, CG Center-related materials
would become less visible in profiles of varietal out-
put, especially in larger and stronger programmes.



- CGIAR- CABI

Greater private-sector participation in cross-
pollinated crops, such as maize, would also con-
tribute heavily to national programme strength-
ening and the redefining of the CG Center role
in genetic improvement. Likewise, more university
input would complement public-sector breeding
in food crops in general and in self-pollinated
crops in particular.

Outcomes: Adoption and Turnover
of Improved Varieties

Arriving at reliable estimates of adoption of
improved varieties in SSA was a major aim of
the DITVA Project and all the papers presented in
Parts 2, 3 and 4 of this volume. The use of different
definitions of adoption can lead to misleading re-
sults across crops and countries and over time.

Improved varieties

The majority of improved varieties could also be
called high-yielding varieties (HYVs). But when
the emphasis is on shorter duration or disease
resistance, productivity of HYVs may not be sig-
nificantly greater than local landraces unless
shorter duration translates into drought escape
or disease infestation occurs. Furthermore, the
seasonal production potential in most regions of
sub-Saharan Africa is constrained by infertile
soils, inaccessible fertilizers and infrequent rain-
fall (Giller, 2012); therefore, we prefer to use ‘im-
proved varieties’ to ‘high-yielding varieties’ to
describe the products of genetic improvement.
Productivity considerations in the form of a
good agronomic background still loom large in
crop research in rainfed agriculture. They are
addressed in the last section on impacts in this
chapter.

It is perhaps important to note that none of
the improved cultivars in farmers’ fields in food
crops in 2010 were the products of transgenic
varietal change. In other words, none of the im-
proved varieties were genetically modified or-
ganisms (GMOs).> They were all the results of
conventional crop improvement within their
species of origin. Since 2000, transgenic var-
ietal change is limited to Bt cotton in a few coun-
tries such as South Africa and Burkina Faso.

Having broadly introduced the subject, we
can now address the central concept of interest:
what constitutes an improved variety? A robust
definition begs several sub-questions:

e  Would the variety be available to farmers
without research in crop improvement?

®  Arebreeding and selection embodied in readily
identified materials that farmers are growing
but that have not received formal release?

e s the seed of improved open-pollinated
varieties (OPVs) renewed periodically?
Is the seed of hybrids renewed annually?
Should very old released varieties be in-
cluded?

Responding to these questions often requires
accompanying information on the seed sector
and careful inspection of the varietal release
database in the studied country. Ideally, landrace
materials in their country of origin should not
qualify as improved varieties even though their
seed is purified and they are formally released.
Farmers would most likely be producing these
materials with or without a crop improvement
programme, although their identification and
performance does require some effort in selec-
tion. Productivity gains are more likely to be
related to the effect of cleaner seed than of genetic
change. Additionally, variety-specific compari-
sons show that productivity gains from released
in-country landraces are substantially lighter
than heavier yield differences estimated for more
modern materials characterized by greater breed-
ing content (Dalton and Guei, 2003).

For most crops, some released landraces are
still in the basket of improved varieties in our
adoption estimates, but these have been excluded
for bean and sweetpotato where they are readily
identified. Released landraces from other coun-
tries are included because of the assumption that
such materials would not be available to farmers
without the intervention of adaptation trials by
the national crop improvement programme.

As discussed in the previous section on
outputs, our definition of an improved variety
is inclusive of escapes, products of participatory
varietal selection from improved materials, and
breeding outputs in countries that do not have a
functioning formal release and registry system.
Focusing only on released varieties would under-
state the performance of investments in crop im-
provement.
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The issue of the frequency of seed renewal
for improved OPVs and hybrids in open-pollinated
crops is one that needs to be addressed in the
future. This aspect acquires heightened import-
ance when comparing estimated adoption levels
in maize between regions in sub-Saharan Africa.
Where survey data were available, i.e. maize in
Ethiopia, an OPV was considered a modern variety
if the age of the seed was three years or less (Jaleta
etal.,,2013).

Unfortunately, survey data on seed vintage
in OPVs were only available in this one case.
Older OPVs released in the 1970s and 1980s in
countries where seed renewal from government
or private sector sources is limited were also de-
leted from the list of improved varieties. Matuba,
which was released in 1984 in Mozambique
where civil war prevailed until 1992 and where
seed programmes are still not institutionally well
developed, is an example of an OPV that was now
considered to be a local variety. In general, the
problem of outcrossing in defining an improved
variety is most pronounced in maize, pearl millet
and pigeonpea among the 20 crops in this study.

Likewise, we have not confronted the issue
of varietal age with much analytical rigour in
defining improved varieties. Arbitrarily, we have
used 1970, the year the high-yielding rice var-
iety IR-8 was introduced into SSA (Dalrymple,
1986), as the cut-off point to define improved
varieties. The use of 1970 as a cut-off point
means that improved materials bred in the colo-
nial era are not included. Using an earlier cut-off
date, such as 1950 or 1960, would have resulted
in markedly greater estimated adoption levels in
groundnut and in rice in several countries in
West Africa. In groundnut, the estimates based
on a large survey in northern Nigeria and expert
opinion in Mali suggests that two varieties bred
in the colonial period are still extensively grown.
The variety 55-437 is estimated to cover about
40% of groundnut-growing area in Nigeria; 47-10
is believed to be cultivated on about the same
percentage of groundnut area in Mali (Ndjeunga
etal., 2012). Inrice, using a cut-off date of 1960
or 1965 would bring several popular introduced
purified landraces into play. Inclusion of these
materials in the set of modern cultivars would
result in a sharp rise in the adoption level in
some large rice-growing agroecologies in West
Africa (Dalton and Guei, 2003). They were listed
but not included as improved varieties in the

1998 Initiative; therefore, we opted for the same
course of action to promote consistency in com-
paring estimates over time. The adoption results
for other crops and countries are not that sensi-
tive to the use of an earlier cut-off date.

Adoption estimates

The source of the adoption information poten-
tially affects estimates in terms of their variance
and bias. With 20 crops in multiple countries, a
uniform application of a protocol to elicit infor-
mation on adoption is desirable (Walker, 2010).
One also wants to use the same protocol in the
future to generate valid time-series estimates.
The protocol that was used in the 1998 Initiative
was adhered to as strictly as possible and fea-
tured the elicitation of adoption estimates based
on expert opinion. That protocol was adminis-
tered by seven different institutional partners re-
sulting in some variation but, in general, usable
estimates were obtained. In the small minority
of cases where such information was incom-
plete, survey estimates were relied on if they
were nationally representative. The expert opin-
ion protocol is outlined in Chapter 4 and its val-
idation is described in Chapter 20.

National adoption estimates refer to area
harvested of all improved varieties in the numer-
ator divided by total area harvested of the crop
in the denominator. Harvested area is a desirable
measure because it has relatively easy inter-
pretations in terms of production impacts. In
contrast to what is desirable, expert panels and
focus-group respondents in community surveys
are more comfortable in giving adoption esti-
mates in per cent of farmers rather than in per
cent of area. The per cent of farmers using im-
proved varieties is easily measured in surveys of
farmers and does not require estimates of area
planted and harvested. It says something about
the access of different individuals to the new
technology. However, per cent farmers almost al-
ways results in higher adoption estimates than
those based on per cent area. Furthermore, the
area measure imposes the added discipline that
area shares between traditional and improved
varieties have to add to 100, and area shares
among specific improved varieties have to sum to
their aggregate total.



. CGIAR~ CABI

Varietal turnover

The level of adoption of improved cultivars only
tells part of the story about the performance of
investment in crop improvement. The velocity of
varietal change is an important outcome espe-
cially for countries where levels of adoption are
already high. The rate of change, or replacement,
of older varieties by newer cultivars is informative
about the performance of genetic improvement
programmes. Past research suggests that if newer
materials are not replacing their earlier gener-
ation counterparts, returns to genetic improve-
ment stagnate (Brennan and Byerlee, 1991).
The permanency of first-generation improved
varieties in farmers’ fields points to a problem of
declining productivity in the search for and re-
lease of new varieties in crop improvement.
Varietal turnover is measured by the age of
varieties weighted by their area in production.
The date of release is usually assumed to initiate
the age calculation of the variety when it becomes
available to the public for adoption. Therefore,
age is measured from the current year to the
year of release unless farmers have access to the
variety prior to the date of release. Only im-
proved varieties enter into the calculation irre-
spective of their adoption level. In calculating a
weighted (improved) variety age, the age of each
improved variety is weighted by its relative share
in the total area of improved varieties. Varietal
age will fall irrespective of whether younger var-
ieties replace older improved varieties or trad-
itional varieties because their share will increase
in the basket of improved varieties.
Area-weighted age estimates under 10 years
indicate rapid varietal change and robust pro-
gress in plant breeding from an economic per-
spective. However, the adoption level also needs
to be factored into the evaluation. Having rapid
varietal turnover with less than 10% adoption
does not imply significant economic progress in
plant breeding. Estimates of varietal turnover
that exceed 20 years indicate that more recent
materials are having a hard time competing with
earlier materials. Rising varietal age is associated
with declining marginal returns to plant breeding.
Past studies have documented large dispar-
ities in varietal turnover rates in different agri-
cultural settings. Irrigated wheat farmers in the
Yaqui Valley of Mexico replace their varieties
every 3—4 years on average. The breaking down

of disease resistance and the steady increase in
yield gains are positive incentives for rapid var-
ietal change. In the corn belt of the USA, farm-
ers switch to newer hybrids every 2—3 years. In
contrast, potato growers in specialized compact
regions of outstanding production potential in
the USA have limited incentives to replace Russet
Burbank with newer varieties. Russet Burbank is
difficult to grow but it is highly productive and
has strong market demand. For potato growers
in Canada and the USA, estimated varietal age
has fluctuated between 40 and 50 years since
the 1990s, indicating a low rate of return to
most state and national programmes in North
America (Walker, 1994; Walker et al., 2011).

Spill-over varieties

Spill-over varieties are improved cultivars that
are adopted by farmers in two or more countries.
The positive incidence of spill-over varieties is as-
sociated with wider adaptability of genetic ma-
terials indicative of more homogeneous demand
preferences and less marked environment-by-
genotype interactions. In principle, spill-overs in
varietal change demonstrate remunerative re-
turns in investing in plant breeding internation-
ally, regionally and nationally in larger countries
because smaller countries can benefit from the
work of others.

Hypotheses about varietal
adoption and turnover

Attributing positive outcomes to crop improve-
ment in SSA would be confirmed by finding the
following statements true for most crop and
country observations:

1. The level of adoption of improved varieties
and hybrids is steadily increasing over time and
is substantially higher in 2010 than in 1998.

2. Spill-over varieties are found in all food crops and
they lay claim to a sizeable share of adopted area.

3. The share of materials related to CG Centers
is higher in varietal adoption than in varietal
output.

4. Disadoption of improved varieties on aggre-
gate is rare and is not caused by economic re-
structuring and liberalization.
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5. Adoption of improved varieties is positively
influenced by market demand, the potential of
the production environment and the crop’s
multiplication ratio.

6. Varietal turnover is relatively high and is in-
creasing over time.

Most of these six conditioning statements
require order of magnitude thresholds for test-
ing, although such thresholds are arbitrary.
About one hectare in four was planted to an im-
proved variety in the ten food crops in the 1998
Initiative. By 2010, increased uptake of improved
varieties in these benchmark crops at an annual
rate of gain of 1-2% per annum would seem like
areasonable expectation. Average varietal age in
the range of 10-15 years would also be consist-
ent with relatively high turnover of improved
cultivars in 2010. Citing several major spill-over
varieties by crop should lend qualitative support
for the third hypothesis that speaks to the scope
for wide adaptability.

Greater shares in adoption than in release
reinforce the claim that IARC-related materials
are relevant in meeting the demands of farmers
in developing countries. [ARC-related materials
may also be better promoted than other materials
in public-sector and non-governmental organiza-
tion (NGO) extension programmes. In any case,
finding more influence on outcomes than on
outputs suggests synergies in genetic improve-
ment between national programmes and inter-
national centres.

The fifth hypothesis addresses the concern
that market liberalization has resulted in in-
creased price ratios between fertilizer and food
crop output thereby discouraging the use of im-
proved varieties that are potentially heavier and
more responsive users of fertilizer than trad-
itional cultivars. This concern applies mainly to
maize, which is the most extensive user of fertil-
izer among food crops in SSA.

Although the determinants of adoption are
not explicitly treated in Parts 2 and 3 of this volume,
cropwise variation in economic orientation, pro-
duction potential and multiplication ratio give
rise to the last hypothesis. Such inter-crop differ-
ences can be encapsulated in the expectation
that the uptake of maize hybrids produced in
favourable highland conditions with a longer
growing season on volcanic soils and partially
sold in the market will be distinctly higher than

the adoption of improved clones of cassava pro-
duced largely for household consumption on
sandy soils in the lowland rainfed tropics.

Impacts: Yield, Net Revenues
and Poverty

Chapters 5-14 of this volume address the same
content of inputs, outputs and outcomes in a
uniform manner relying heavily on descriptive
analysis presented in tables and figures. Chapters
15-17 (Part 3) are more eclectic in their treat-
ment of impacts of food crop improvement in
SSA in terms of both content and approach.
Nevertheless, the same impact-related themes
weave their way through the three chapters in
Part 3. A focus on farm-level productivity im-
pacts in the form of increased yield and net rev-
enue per hectare is common to the two impact
crop-by-country case studies in Chapters 15 and
16 and to the aggregate analysis of impact for
SSA as a whole in Chapter 17. When combined
with economic modelling, these quantified dir-
ect effects provide the foundation for estimating
the national poverty impact of improved maize
varieties and hybrids in Ethiopia in Chapter 15
and improved bean varieties in Rwanda and
Uganda in Chapter 16.

Context also plays a role in the focus of im-
pact assessment. For example, beans, sown in
small plots in two seasons, are a very important
food crop in Rwanda and Uganda. For that rea-
son, the consequences of varietal change for
dampening food insecurity feature prominently
in Chapter 16.

A favourable assessment of the consequences
of crop improvement would be supported by in-
creased yields, augmented net revenues, reduced
poverty and enhanced food security attributed
to the adoption of new varieties. Similar to esti-
mated adoption outcomes, the estimates of the
size of impacts is as or even more important than
the direction of the signs. In predominantly
rainfed environments with mostly poor quality
soils, the size of the effects may be too small to
generate widespread and deep improvements in
welfare. Indeed, the main impact-related hy-
pothesis that is relevant to this work would state
that varietal change generates marked changes
in rural household welfare that can be quanti-
fied with survey data.
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Yield and productivity

The increase in productivity per hectare is often
the most frequent manifestation of the adoption
of improved varieties in regions of higher and
more assured production potential where farm-
ers are using improved inputs such as chemical
fertilizers and pesticides. Production of food
crops by small farm households in SSA does not
fit the above textbook expectation of finding large
productivity effects attributed to varietal change.
In SSA, production is rainfed and unassured.
Drought is a frequent visitor to farmer fields. The
demand for shorter duration varieties that es-
cape drought is high. All things being equal,
shorter duration translates into lower yields in
good rainfall years. The use of chemical inputs is
low. Without accompanying changes in input
use, farmers cannot leverage varietal change
into abrupt gains in yields in favourable weather.
Therefore, varietal change in and of itself is un-
likely to result in substantial productivity change
(Sanders et al., 1996; Bulte et al., 2014).

The above pessimistic scenario about the
prospects for productivity enhancement from
varietal change does not apply to all economic
contexts and ecological environments in SSA.
Higher production potential environments where
soil fertility is not as constraining and where
agriculture is supported by favourable input pol-
icies engender brighter prospects for productiv-
ity growth from varietal change. The tropical
highlands in several countries in East Africa fit
these conditions for more transparent and
higher productivity consequences from varietal
change.

Productivity prospects also depend on the
technology. Switching from traditional or even
improved varieties of bush beans to more intensive
climbing beans, requiring greater investment,
should be accompanied by easily detectable dif-
ferences in productivity.

What are reasonable expectations on the
size of the yield gain? For first-generation im-
proved varieties — those varieties that replace
traditional landraces — yield differences in farm-
ers’ irrigated fields in Asia were of the order of
50-100% (Barker and Herdt, 1985). Adoption
of improved varieties stimulated the adoption of
improved inputs that led to an improvement in
production potential. In much of SSA, it seems
reasonable to expect that relative yields would

increase by 10-30% in most rainfed environ-
ments where fertilizer is not readily available. In
higher production potential environments with
fertilizer availability, first-generation improved
varieties should be able to leverage productivity
gains in the region of 30-50%. In unassured
production zones where farmers attach a high
value to yield stability, the increase in expected
productivity could be as small as 10%.

The productivity of most oilseed and
pulse traditional landraces only approaches or
slightly exceeds one tonne per hectare in most
countries in SSA. Hence, a 30% yield change
implies a productivity change of about 300 kg
per hectare. For cereals, yields of traditional
varieties can range from 1.0 to 2.0 tonnes; thus,
a 50% increase in productivity in the best of cir-
cumstances could be as much as 1000 kg per
hectare. Yields of roots and tubers have less dry
matter and therefore are considerably higher
than other crops in SSA ranging from 5 to 10
tonnes per hectare. However, except for pota-
toes, improved inputs are seldom applied to
roots and tubers. Improved clones could be ex-
pected to generate increases of 500-3000 kg
per hectare.

Net revenue

Adopting improved varieties almost always im-
plies an investment by the farmer. The change in
net revenue or net benefit per hectare is the
monetary difference between net revenue of the
improved variety and the variety that the farmer
is replacing. The difference in net revenue is cal-
culated in a partial budget setting where the
only items that matter are changes in input and
output prices, grain and straw production, and
input use levels between the varieties in question
as one replaces the other. For a farmer to switch
from a traditional to an improved variety, the
marginal rate of return on investment should
exceed a threshold of 40-100% (Anderson et al.,
1976; CIMMYT, 1988). In today's prices, attrib-
uting a net revenue difference to an improved
variety that exceeds US$150 per hectare is size-
able. Net revenue differences of US$50-100 are
more typical of stand-alone varietal change in
more marginal rainfed production environ-
ments in SSA.
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Poverty

Estimation of yield and net revenue differences
allow the authors of Chapters 15 and 16 to as-
sess the poverty impact of improved varietal
change on household income. Reductions in the
incidence, severity and depth of poverty are cal-
culated nationally (Foster et al., 1984). Finding
that adoption of improved varieties resulted in a
reduction in the headcount index of poverty that
approached or exceeded 1% nationally would be
equivalent to a very large poverty impact.

Food security

Increased yields from improved varieties may en-
hance food security directly by stretching house-
hold consumption over more months in the same
cropping year. Some of those months may occur
in the hotter and drier hunger season. Improved
varieties may also have the potential to capitalize
on good rainfall years conducive to heavier pro-
duction that opens up opportunities for interyear
storage of staple food crops. Indirectly, and just as
importantly, higher yields will result in lower
prices that reduce food insecurity. Given that
many semi-subsistence, small-producing house-
holds are net consumers in that they buy more
than they sell, the indirect price effect of increased
production on food security should figure promin-
ently in traded staple commodities, such as maize.

Hypotheses about impacts
of improved varieties

Because the emphasis in the DITVA Project was
on the uptake of improved varieties, hypotheses
were not that well articulated at the start of
the work on impact assessment in 2010/2011.
Recognizing that hindsight bias may play a role
in their formation (Pinker, 2014), the impact-
related results in Chapters 15-17 are brought to
bear on the following hypotheses:

1. The yield advantage of improved varieties is
characterized by wide variation across crops and
countries in SSA.

2. Where the adoption of improved varieties
does not result in the use of complementary in-
puts, such as chemical fertilizer, the yield advan-
tage of improved varieties over local landraces
will be smaller than 25%.

3. Across sub-Saharan Africa as a whole from
1980 to 2010, the estimated yield advantage
from the adoption of improved varieties is super-
ior to 30% and figures as an important contribu-
tor to technological change documented from the
analysis of time-series data on varietal diffusion.
4. Adoption of improved varieties will be strong
enough to reduce poverty by 1% nationally in at
least one crop-by-country case study.

5. Adoption of improved varieties will result in
reducing food insecurity by at least 10% among
producing households in at least one crop-by-
country case study.

Notes

' For the subset of the same observations, the DIIVA and ASTI estimates on number of research scientists

are compared in Walker et al. (2014).

2 Since 2009, the earlier ASTI evaluation by Beintema and Stads (2006) has been updated and expanded

in Beintema and Stads (2011).

3 The absence of transgenic varietal change in food crops in SSA is not a good thing (see Paarlberg, 2008).
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Assessing the Performance of Food Crop
Improvement in Sub-Saharan Africa
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Introduction

This chapter was written to provide a reference
for readers who want to understand the context
underlying the substantive results reported in
this volume. It describes the data and how they
were collected.

A major objective of the Diffusion and Impact
of Improved Varieties in Africa (DIIVA) Project
was to provide comprehensive information on the
geographical spread of improved crop varieties
in sub-Saharan Africa (SSA). Information on in-
puts, outputs and outcomes associated with dif-
fusion of modern varieties was also sought. Data
collection began in 2010 and continued into 201 2.
Here, we use 2010 as the point of the reference
to describe the DIIVA data set. Comparable data
assembled in the 1998 Initiative and reported in
Evenson and Gollin (2003) are described in the
next chapter. In general, the data collected in the
late 1990s were more variable from CG Center to
CG Center (Institutes within the Consultative
Group on International Agricultural Research)
and from crop to crop. In contrast, the DIIVA
Project in 2010 represented a concerted effort to
canvass and assemble uniform data on inputs,
outputs, outcomes, inputs and impacts.

The DIIVA data can be divided into three
domains: assembled data on scientific capacity

* E-mail: walkerts@msu.edu

and varietal release/availability; elicited estimates
of varietal adoption; and household survey data.
Data were assembled from existing sources on
scientific capacity in 2010 and on improved var-
ietal output from 1970 to 2010. Other than the
need for intensive in-country interaction and super-
vision, these data on inputs and outputs did not
entail any notable methodological difficulties be-
cause participants followed consensus guidelines
described later in this chapter (Walker, 2010).
Arriving at a method to generate reliable
estimates of improved variety adoption was the
main challenge facing the DIIVA Project. The
project settled on expert opinion panels to obtain
these estimates. Reasons for this choice and the
process of how those estimates were generated
receive considerable attention in this chapter.
Household surveys were carried out for sev-
eral crops and in a few countries to provide the
raw material for impact assessment. These na-
tionally representative household surveys are a
rich source of information on varietal adoption
and are also used as a basis for testing the reli-
ability of the expert opinion estimates reported
in Chapter 20. One consideration in the design
of these household surveys was their ability to
validate the adoption estimates from expert opinion.
Before describing the assembly of data on
scientific inputs and varietal output, the methods

© CGIAR 2015. Crop Improvement, Adoption and Impact of Improved Varieties
in Food Crops in Sub-Saharan Africa (eds T.S. Walker and J. Alwang) 35
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used eliciting expert opinion on varietal adop-
tion, and the content of the household surveys,
we briefly present crop and country coverage in
the next section. Comparative information is
given in Chapter 5 on crop and country coverage
in the 1998 Initiative.

Crop and Country Coverage

The DIIVA databases contain about 150 crop-
by-country observations selected to cover the
most important food crops in the main produ-
cing countries.! The planned design of coverage
was balanced in the DIIVA Project Proposal
(Bioversity International, 2009); but, for mul-
tiple reasons,? the number of observations varies
somewhat by type of data.

In Table 4.1, coverage is described for the
national-level adoption data. Twenty crops
and two large maize-producing regions result in
21 crop categories. About half of these were in-
cluded in the ‘1998 Initiative’ and are described
inTable 4.1 as ‘continuing’. The other half is ‘new’
indicating where a baseline on varietal diffusion
has been constructed for the first time.

The area harvested within the 20 study
crops in SSA totals about 140 million hectares.
These 20 primary and secondary food staples
make up about three-quarters of the total crop
area in SSA including annuals and perennials.:

The number of country observations varies
from one each for lentil, wheat, banana and field
pea to 17 for cassava and 20 for maize in East
and Southern Africa (ESA) and West and Cen-
tral Africa (WCA) combined. Maize is split re-
gionally because of its relevance as a food crop,
and because the ESA and WCA are so distinct in
their uptake of hybrids in relation to improved
open-pollinated varieties (OPVs). The private sec-
tor is dynamic and now dominant as the source
of modern varieties (MVs) in several important
maize-producing countries in ESA, but is only
recently emerging in the production of hybrids
in a few West African countries.

Overall, the countries included in Table 4.1
covered 83% of the harvested area of the 20
crops in SSA in 2010.* Only three crops were
sparsely represented at a level below 60% of
area coverage. Beans in Kenya, sorghum in
Ethiopia and sweetpotatoes in Nigeria were
arguably the most important omissions among

the country-by-crop combinations covered in
the DIIVA Project. Sesame and cocoyam are two
of the other most extensively grown food crops
that were not included in the DIIVA Project
(Fuglie and Marder, Chapter 17, this volume).
Breadth of coverage by database is ad-
dressed in Table 4.2. The proposal envisaged
coverage of 104 crop-by-country observations.
Field pea, banana and yam were brought in
during the course of the project. Moreover, Af-
ricaRice, the International Center for Agricul-
tural Research in Dry Areas (ICARDA) and the
International Institute of Tropical Agriculture
(ITTA) covered many more countries than was ini-
tially planned. INTSTORMIL (the International
Sorghum and Millet Innovation Laboratories of

Table 4.1. Description of crop coverage in the
DIIVA database.®

Share (%)
of total SSA
area under
production
Number for the DIIVA
of countries
Crop Description countries  in 2010°
Faba bean Newe 2 100
Cowpea New 18 98
Maize-ESA¢  Continuing 9 97
Yam New 8 95
Lentil New 1 95
Barley Continuing 2 91
Cassava Continuing 17 90
Soybean New 14 86
Maize-WCA® Continuing 11 85
Wheat Continuing 1 84
Chickpea New 3 80
Pearl millet ~ Continuing 5 80
Pigeonpea New 3 79
Rice Continuing 19 79
Sorghum Continuing 8 78
Banana New 1 71
Potato Continuing 5 65
Groundnut Continuing 10 63
Bean Continuing 9 59
Sweetpotato New 5 54
Field pea New 1 46
Total/Weighted 152 83
mean

2Refers to the national aggregate adoption data; *This is
based on FAOSTAT for 2010; °Refers to crops that were
not covered in the 1998 Initiative; “For maize: ESA = East
and Southern Africa; WCA = West and Central Africa.
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Table 4.2. The number of crop-by-country
observations in the DIIVA Project by type of
database.

Database Description Number
Proposed 104
(intended)
Scientist years  Full-time equivalent 151
(SYs) scientist input
database
Varietal release Output database listing 149
released varieties
National Aggregate adoption 152
adoption database in 2010

USAID) partnered with the DIIVA Project to
improve coverage in sorghum, which now in-
cludes the Sudan (Zereyesus and Dalton, 2012).
Hence, the database contains about 50% more
crop-country observations than was proposed
(Table 4.2).

Expanded coverage by AfricaRice added a
few very small producers, such as the Central Af-
rican Republic (CAR) and Guinea Bissau, result-
ing in a total national coverage of 30 countries.
The median country in the national adoption
database contributes five crop observations.
Four countries, CAR, Eritrea, Madagascar and
Sierra Leone, have only one crop observation. At
the other end of the range, Uganda supplies 11
of a possible 20 crop observations.

For 62 observations, data are available for
comparative analysis between 1998 and 2010
on scientific strength, varietal output and MV
adoption (Chapter 5, this volume).

Assembling Data on Scientific
Capacity and Varietal Output

Scientific capacity

All participating CG Centers collected cross-
sectional data for 2009 or 2010 on the number
of full-time equivalent (FTE) scientists working
in national programmes defined broadly as en-
compassing the public, private and university
sectors. For most crops and countries, almost all
researchers were employees of the public sector.
Data were also assembled on CG Center invest-
ments in FTE scientists for selected years.

Data on education, age and disciplinary orien-
tation comprised the minimum data set on sci-
entific capacity. Some CG Centers invested in an
expanded database on scientific capacity. For
example, CIP (the International Potato Center)
compiled information on gender, age and experi-
ence of scientists as well as on research infra-
structure (Labarta, Chapter 9, this volume).

The benchmark on scientific capacity also
varied across CG Centers by the level of aggrega-
tion in data collection. Richer and more detailed
data in this aspect were gathered at the level of
the individual scientist (Ndjeunga et al., 2012).
A coarser benchmark was established for crops
such as maize in ESA where large NARS and pri-
vate sector companies made data collection at
the individual scientist level a more onerous task
(De Groote et al., Chapter 11, this volume).

As discussed in Chapter 2, the DIIVA Pro-
ject was not the first to gather information on
levels of, and trends in, scientific capacity in SSA.
Since the late 1980s, economists at the Inter-
national Service for National Agricultural Re-
search (ISNAR) and now at the International
Food Policy Research Institute (IFPRI), working
under the Agricultural Sciences and Technology
Indicators (ASTI) Initiative, have collected com-
prehensive information on agricultural research
in SSA.

Although DIIVA focused on specific crop
improvement programmes and ASTI addresses
country-level sectoral agricultural research as a
whole, the substantive findings in Chapters 6—12
resonate well with those from a recent analysis
of the latest round of ASTI inquiries (Beintema
and Stads, 2011). In general, ASTI researchers
collect data on all institutional agencies engaged
in agricultural research and aggregate the infor-
mation to the national level, whereas relevant
budgetary information is documented annually.
Data collection for the DIIVA Project was at a
lower, more disaggregate level — its sources of in-
formation were the scientists in, and leaders of,
commodity improvement programmes. Many of
these contacts were long-standing partners of
the participating CG Centers.

Varietal output

Asdescribed in Chapter 3, national varietal release
registries were the starting points for quantifying
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varietal output. The registries were complemented
by an assessment of improved varieties that were
available to farmers but not officially released.
The existence of these available but non-re-
leased improved varieties was most evident dur-
ing the elicitation of adoption estimates from
expert opinion panels that are described in the
next section.

The minimum data set for varietal output
consists of the five descriptors: (i) official name
of the improved variety; (ii) year of release or of
first availability to farmers; (iii) institutional source
of the material; (iv) genetic background (usually
pedigree or related ancestry information); and
(v) release classification from the perspective of
type of material, NARS input, IARC input and
institutional source.

The first four descriptors are easy to under-
stand. They identify the improved cultivar. The
release classification is more complicated be-
cause it entails institutional information on the
role of NARS and CG Centers in plant breeding.
Getting the release classification right required
considerable judgment by the participating CG
Centers on the source of plant breeding mater-
ials and their use in crop improvement. Hence,
information on the release classification speaks
to the institutional development of crop improve-
ment in the country for the crop of interest. In
1998, the number of categories in the release
classification across the eight participating
CG Centers, including the International Rice
Research Institute (IRRI), ranged from 4 to 12.
Arguably, the most novel classification was that
of the International Center for the Improvement
of Maize and Wheat (CIMMYT) and IITA, which
recorded the percentage contribution from each
institute in released material when the variety of
interest was related to an IARC. The following
categorization by ICARDA for barley was repre-
sentative of many Centers:

ICARDA-cross, ICARDA-selection;
ICARDA-cross, NARS-selection;
NARS-cross, ICARDA-parent;
ICARDA germplasm accession;
NARS-cross, NARS-parent;
NARS-landrace;

Other international sources.

Each participating CG Center was encour-
aged to come up with its own varietal release
classification depending on the attributes of the

crop and the breeding context. In general, the
more disaggregate the descriptive classification
the better. Major dimensions of the classification
include the role of NARS, IARC and private-sector
participation in the breeding process. Potentially,
biotechnology offers the possibility of expanding
the number of categories in the classification if
any varietal releases are related to marker-assisted
selection or in the medium-term future to trans-
genic varietal change.

Because most national release lists are more
informative than the five pieces of information
in the minimum database, all Centers compiled
quite extensive but somewhat heterogeneous
information on varietal output. Salient charac-
teristics of the improved variety were the most
typical data that exceeded the requirements of
the minimum database.

It is important to recognize that the varietal
output database covers four decades from 1970
to 2010. Most CG Center participants, such as
IITA (Alene et al., Chapter 6, this volume), did not
simply update the existing 1970-1998 database
for ‘continuing’ crops; they redid varietal output
in the earlier years to be compliant with the latest
registries. Promising varieties that were sched-
uled for release in the late 1990s but not subse-
quently released or made available to farmers
were deleted from the earlier database.

Meeting the Methodological
Challenge of Generating
Consistent Estimates on

Improved Varietal Adoption

Reliable estimates of adoption of improved var-
ieties in food crops in sub-Saharan Africa were
of paramount importance for the DIIVA Project.
Adoption estimates could have been generated
in several ways including large-scale, nationally
representative household surveys, rapid rural
appraisals featuring systematic field visits dur-
ing the cropping season, expert opinion and
information on seed sales. A handful of consid-
erations loomed large in the choice of an appro-
priate method:

1. For meaningful cross-sectional comparative
analysis, adoption estimates in all crops and
countries should as much as possible be gener-
ated by the same method.
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2. Formeaningful time-series analysis, the method
used to estimate adoption in 2009-2010 should
not change substantially from the method de-
ployed in the 1998 Initiative. Likewise, the method
used in the future should build on methods-
related experience in 1998 and 2009-2010.

3. Although resources for estimating adoption
of specific improved varieties were ample, they
were not unlimited.

4. The time of participants was another poten-
tially binding constraint in the choice of methods
for estimating adoption. Irrespective of the
method chosen, it was apparent that their suc-
cessful application required close and sustained
supervision. However, methods still varied sub-
stantially in their time intensity because partici-
pants were involved in several other projects.

5. The choice of methods had to be adapted to
crop context. For example, the small variation in
phenotypic differences in improved cassava clones
required field visits and skilled interpretation of
resulting cultivar photos to distinguish one var-
iety from another. Information on seed sales as
a source of adoption estimates was ideally suited
to maize in East and Southern Africa where pri-
vate-sector hybrids were dominant.

If the 1998 Initiative had carried out
household surveys, if resources were not limit-
ing, if participants had agreed to collaborate on
and had time to supervise 50-75 multiple-crop
surveys in study countries, if surveys provided
the most cost-effective mechanism to generate
adoption estimates, and if so-called experts did
not know that much about the level of aggregate
and cultivar-specific adoption, then household
surveys would have replaced expert opinion as
the method of choice for estimating adoption of
improved varieties in the DITVA Project. None
of the above conditions was true at the start of
the DIIVA Project; therefore, expert opinion was
the preferred option for adoption estimation for the
majority of the country-by-crop observations.

Not all the adoption estimates were de-
rived from expert opinion. One hundred and ten
crop-by-country combinations in the DIIVA
adoption data set of 152 observations are based
on expert opinion (Table 4.3). Highly focused,
nationally representative surveys account for
36 observations — 16 of these were financed
and canvassed by the DIIVA Project, and 20
drew on complementary research by other CG

Centers and donors, especially AfricaRice’s Japan
Project; several others (for maize in ESA, adoption
studies were more readily available) were inferred
from recent literature; and one observation,
maize in Tanzania, relied on investing in the
collection of variety-specific seed production
information.

The protocol for eliciting expert opinion
and its validation are presented in Chapter 20
that pulls together the experiences reported
in Chapters 6-14. Prospects for the emerging
method of DNA fingerprinting are also com-
mented on in Chapter 20 together with an
evaluation of the strengths and weaknesses of
household surveys that are described in the next
section.

Structuring Household Surveys to
Provide a Foundation for Validating
the Adoption Estimates and
Assessing Impacts

Nine large-scale adoption surveys were funded
and undertaken by the DIIVA Project. Their
coverage and sampling features are described in
Table 4.4. Although multi-purpose in nature,
their primary intent was to validate the adoption
estimates generated by the national expert
panels. Eight of the nine surveys were nationally
representative; cassava's inquiry was regional
for south-west Nigeria.

The 15 crop observations in the surveys de-
scribed in Table 4.4 were complemented by a
more limited survey that canvassed four regions
in Uganda to assess adoption of recently released
clonal material in banana (Kagezi et al., 2012).
We also used output from a recent IFPRI-CSIR
(Council for Scientific and Industrial Research,
Ghana) survey on adoption of maize and rice

Table 4.3. Source of the national adoption
estimates by number of observations.

Source Number
Expert opinion 110
DIIVA adoption survey 16
Non-DIIVA adoption survey 20
Inferred from the literature 5
Seed production and trade 1
Total 152
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Table 4.4. Description of the sampling features of the diffusion MV validation impact surveys conducted
by participants in the DIIVA Project.

Sample size
Geographic basis Primary sampling Households Number of Community

Crop Country for sampling unit (PSU) per PSU  households® survey

Barley Ethiopia The three major 123 kebeles 12 1469 (1280) Yes
regions where
barley is grown

Bean Rwanda Ten major 80 communities 18 1440 Yes
agroecological
regions

Bean Uganda Four major geographic 19 districts, 18 1908 Yes
regions 108 communities

Cassava Nigeria All five States in 80 enumeration 10-12 841 Yes
Southwest Nigeria areas

Groundnut Nigeria  Ten major groundnut- 243 villages 10 2739 Yes
producing States

Groundnut Tanzania Seven main-producing 77 wards, 15-16 1622 (1046) Yes
regions 104 villages

Maize Ethiopia Production potential 156 kebeles 15-16 2455 No
from 118
maize-growing
districts

Pigeonpea Tanzania Seven main- 77 wards, 15-16 1622 (816) Yes
producing regions 104 villages

Potato Ethiopia The three major 123 kebeles 12 1469 Yes
regions where
potato is grown

Potato Rwanda Ten major 80 communities 18 1440 Yes
agroecological
regions

Rice Nigeria  All 36 States in 589 enumeration 10 5445 Yes
Nigeria areas

Sorghum  Tanzania Seven main- 77 wards, 15-16 1622 (902) Yes
producing regions 104 villages

Sweet- Rwanda Ten major 80 communities 18 1440 Yes

potato agroecological

regions

Sweet- Uganda Four major geographic 19 districts, 18 1908 Yes

potato regions in Uganda 108 communities
Wheat Ethiopia Eight wheat-growing 125 kebeles 15-18 2096 (1839) No

agroecologies

aThe first number denotes total sample size; numbers in parentheses are households growing the crop.

Sources: Yigezu et al. (2012) for barley; Alene and Mwalughali (2012) for cassava; Diagne et al. (2013) for rice; Jaleta
et al. (2013) for maize; Katungi and Larochelle (2012) for bean; Ndjeunga et al. (2013) for groundnut in Nigeria; Mausch
and Simtowe (2012) for groundnut, sorghum and pigeonpea in Tanzania; Labarta et al. (2012) for potato and sweetpotato;
and Yirba et al. (2012) for wheat.

MVsin Ghana (Ragasa et al., 2013a,b) to validate  and IARC participants requested a national survey
adoption estimates. to complement their project-specific inquiries

Previous adoption surveys, if they existed, that often addressed only the initial uptake and
were largely restricted to small project areas in  very early adoption of well-defined introduced
the other crop and country settings. Both NARS  materials.
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The average cost of the nine surveys was
about US$100,000. During the Project Imple-
mentation Workshop, project participants were
encouraged to pool their resources and canvass
joint surveys. They were reluctant to do so ini-
tially. But the reality of a fixed budget for survey
work, combined with the desire for greater coun-
try coverage in their crops of interest, subse-
quently spawned a more collaborative approach.
ICARDA and CIP worked together with EIAR,
the Ethiopian national programme, to carry out
a survey on MVs of barley, faba bean and pota-
toes in Ethiopia in mostly shared agroecologies
across the three crops. CIP and Centro Internac-
ional de Agricultura Tropical (CIAT) jointly
undertook surveys with their NARS partners in
Rwanda on beans, potatoes and sweetpotatoes,
and in Uganda on beans and sweetpotatoes.
The International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT) also carried out
a multi-crop survey on groundnut, pigeonpea
and sorghum in Tanzania and on groundnut in
Nigeria.

The guidelines for the survey recommended
a stratified cluster sampling (Walker and Adam,
2011). Most of the participants followed this re-
commended framework. Sample size varied from
841 households in the cassava survey in five
states of south-western Nigeria, to 5445 house-
holds in the rice survey also in Nigeria where all
36 states were covered. Households interviewed
per village ranged from 10 to 18. Because varietal
adoption can be highly sensitive to genotype by
environmental (GxE) interactions, sampling more
villages and fewer households within a village
was emphasized. Community interviews based
on focus groups preceded the household inter-
views in most of the surveys.

Oral responses on seed usage and on area
planted to specific varieties provided the raw
material for the subsequent calculation of adop-
tion estimates. The cassava survey team comple-
mented their household interviews with field
measurements that featured varietal photographs
using mobile phones (Alene and Mwalughali,
2012). These were analysed by research scien-
tists who were able to assess varietal identity
from the pictures displaying morphological
plant characteristics. Without high resolution
photographs from mobile phones, the identifi-
cation of specific varieties would have been
impossible.

Most household surveys also featured a field
module useful in gathering plot-specific data on
improved varieties by cultivar. Most of the surveys
elicited information on the following priority
adoption thematic areas:

e  Demographic data by family member with
information on gender, literacy and education
level;

e  Agriculture as primary, secondary or tertiary
occupation and a qualitative assessment of
the main sources of household income;

e A schedule of fields cultivated in the most
recent cropping season and planted to the
crop of survey interest with field character-
istics such as village soil descriptors and
location in the toposequence;

e Improved cultivar-specific area by field and
season and local varieties as a group;

e Historical profile of improved cultivar-
specific adoption (year of first use, source of
seed of first use, identification of the replaced
variety and trend in use over time);

e  Pair-wise trait comparison with the replaced
variety (superior, inferior, no difference, don’t
know) by characteristic;

Plotwise data on cash input use; and

An inventory of improved varieties used
prior to the most recent cropping year but
not sown in that year; reasons for their dis-
use and abandonment.

Prior to the initiation of the household
adoption surveys, four of the prospective inquir-
ies were selected as case studies for impact as-
sessment on varietal change (Ndjeunga et al.,
2011; Groom et al., 2013; Larochelle et al.,
2013; Zeng et al., 2013). The emphasis on im-
pact assessment led to expanded and new mod-
ules on assets and wealth, consumption and
food security in survey design. The multipurpose
surveys on varietal change in beans and sweet-
potatoes were also collected in two rounds in
Rwanda and Uganda to reduce interviewee
fatigue and to sharpen the appreciation of the
seasonality of production and consumption
(Larochelle et al., 2013). The surveys on rice in
Nigeria, sorghum and pearl millet in Nigeria,
and maize in Ethiopia were carried out in a sin-
gle interview format. The impact assessment
case studies on maize in Ethiopia and bean in
Rwanda and Uganda are presented in Chapters
15and 16.
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Notes

' The data are available online at: http://www.asti.cgiar.org/diiva.

2 Incomplete data collected on improved wheat varieties adopted on large irrigated farms in Kenya, Zambia
and Zimbabwe and the lack of Food and Agriculture Organization (FAO) and/or national production data in
very small-producing countries for cowpea and soybean are two prominent considerations that led to an
unbalanced coverage across the three databases. However, this effort is substantially more balanced than
the 1998 Initiative’.

3 Fuglie and Marder (Chapter 17, this volume) provide a more comprehensive view of crop coverage in the
DIIVA Project from the inclusive perspective of all food and cash crops sown in sub-Saharan Africa.

4 For banana, area coverage in 2010 refers to East Africa. For the purposes of the project and this chapter,
production in South Africa is not included in SSA. South Africa was included in the ‘1998 Initiative’ for
maize and wheat.

5 The impact assessment case study on coarse cereal varieties in Nigeria draws on a survey funded by
the Bill & Melinda Gates Foundation (BMGF) that was conducted in 2009 prior to the initiation of the DIIVA
Project (Ndjeunga et al., 2011).
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5 Genetic Improvement of the Crops
in the 1998 Initiative: Historical Context
and Exploratory Analysis

T.S. Walker*
Independent Researcher, Fletcher, North Carolina, USA

Introduction

The 1998 Initiative provided a point of reference
for the Diffusion and Impact of Improved Varieties
in Africa (DITVA) Project, but it was a messy base-
line. Roughly, the same types of data were gathered
by participating CG Centers (Institutes within
the Consultative Group on International Agri-
cultural Research); however, uniform methods
and protocols were not used. This variation
across crops is described in Appendix 5.1.

Could a pooled analysis of these somewhat
disparate data sets lead to a viable benchmark
for comparing results over time? Economists at
CIMMYT (Centro Internacional de Mejoramien-
to de Maiz y Trigo; International Center for the
Improvement of Maize and Wheat) and the West
Africa Rice Development Association (WARDA;
now AfricaRice) did undertake an analysis of
their data sets for sub-Saharan Africa (SSA).
Hassan et al. (2001) and Heisey and Lantican
(2000) analysed the maize and wheat data sets
for SSA in considerable detail in an effort to tease
out lessons for the improvement of maize and
wheat breeding programmes in the region. Dal-
ton and Guei (2003a) also published a richer
version of their chapter in Evenson and Gollin
on the results of rice improvement in West
Africa (Dalton and Guei, 2003b). But a pooled

* E-mail: walkerts@msu.edu

analysis across the crops in the 1998 Initiative
was not carried out.

A reading of the results in the 13 commod-
ity chapters allowed Evenson and Gollin (2003b)
to synthesize several salient empirical facts, but
their assessment was not based on a pooled data
analysis that is necessary for a reliable compara-
tive evaluation across crops of differing charac-
teristics and production contexts. Moreover, the
late 1990s multi-institutional effort was global
in scope. At that time, there was not much de-
mand for a pooled data analysis that focused on
only one region, sub-Saharan Africa. The data
were perhaps viewed as being too CG-Center spe-
cific and nuanced to have potential for sharing
at a higher level.

The objectives of the DIIVA Project are con-
gruent with those of the 1998 Initiative, but they
are not a perfect match. In particular, the DIIVA
Project is not as International Agricultural Re-
search Center (IARC)-centric; the emphasis is on
crop improvement as a whole at the country level
irrespective of the source of genetic materials.!

In spite of differences in data and objectives,
establishing the relevancy of the 1998 data for
the forthcoming DITVA-related results was viewed
as desirable. Findings on the strength of the
national agricultural research system (NARS),
modern varietal output and improved varietal

© CGIAR 2015. Crop Improvement, Adoption and Impact of Improved Varieties
44 in Food Crops in Sub-Saharan Africa (eds T.S. Walker and J. Alwang)
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adoption are reported from an exploratory ana-
lysis of the 1998 baseline. In terms of content, this
chapter is the prototype for Chapters 6—14 that
follow in Part 2. A concluding section revisits
the more important empirical findings of the
pooled data analysis from the three earlier sec-
tions and draws implications for measuring var-
ietal change in SSA.

A majority of the 11 crops in the 1998 Ini-
tiative were characterized by sufficiently complete
data to establish a reliable benchmark in one or
more of the key aspects of crop improvement that
are assessed in this volume. A few crops did not
pass a test of sufficiency largely because their geo-
graphic coverage in the 1998 Initiative was not
representative for production in SSA in the late
1990s. Sufficient and insufficient crops are iden-
tified in the next section that compares crop and
country coverage between the 1998 baseline and
the 2010 estimates described in this volume.

Commodity and Country
Coverage Compared

The observational unit in the 1998 Initiative is
the same as in the DIIVA Project, crop-by-country
combinations. For a given commodity, a priority
country is one where the commodity is econom-
ically important in contributing to food security
at the national level or a country that accounts
for a sizeable share of food production in SSA.
Sizeable was not defined rigidly in the DITVA Pro-
ject but most, if not all, crop-by-country com-
binations were characterized by a production
share that exceeded 1%.

We would expect that coverage should be
more extensive in the DIIVA Project than in the
1998 Initiative because the former focuses on
SSA, whereas the latter had a global orientation.
Furthermore, the 1998 Initiative had a nar-
rower conceptual emphasis on IARC-related
genetic change, whereas the DIIVA Project had a
broader orientation of improved varietal change
irrespective of the source. For example, smaller
countries with weaker NARS could have been se-
lected in the 1998 Initiative if adoption was sub-
stantial and if varietal change could have been
attributed to a CG Center.

Cherry picking countries with high CG-
Center-attributed rates of varietal change

irrespective of the size of their production was
congruent with one of the major objectives of
the 1998 Initiative that sought to document
the profitability of IARC-related inputs in crop
improvement. Being comprehensive makes good
sense in a rate of return analysis where all
benefits are juxtaposed to all costs. But the em-
phasis in the DIIVA Project was on the repre-
sentativeness of the estimates across important
producing countries of each food crop studied
in SSA.

Congruence between the
1998 and 2010 data sets

In the 1998 data set, crop-by-country coverage
was not uniform across the strength of NARS,
varietal release and cultivar-specific adoption for
barley, lentil, beans, pearl millet, groundnut and
sorghum. For example, aggregate measures on
strength of NARS are available for 123 crop-
by-country observations in the 1998 Initiative;
meaningful data on varietal release are restricted
to only about 80 observations.

Arguably, the most important database per-
tains to cultivar-specific adoption and those het-
erogeneous data — some are very fragmentary —
are given for 105 crop-by-country combinations
in 1998 (Table 5.1). The data in the first two
columns of Table 5.1 a number of these combin-
ations suggest that differences in coverage be-
tween the two periods are not an issue. Indeed,
the total number of crop-by-country combin-
ations was greater in 1998 than in 2010 and 57
overlap; this points to the potential for country-
specific time series analysis. The numbers in the
rest of Table 5.1, however, point to severe prob-
lems in using the 1998 data as a benchmark for
pearl millet, groundnut and sorghum that were
characterized by cherry picking in the 1998 Ini-
tiative. Most of the countries included in 1998
but not covered in 2010 (column 5 in Table 5.1)
each contributed to less than 1% of groundnut,
pearl millet and sorghum production in SSA
in 1998.

The authors of the commodity chapters in
Evenson and Gollin (2003a) on coarse cereals
and groundnuts relied heavily on existing studies
conducted in the 1990s in arriving at estimates
in SSA. No new data were formally collected.
Fortunately, the International Crops Research
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Table 5.1. Comparing country coverage in 1998 and 2010 in sub-Saharan Africa for the continuing crops

from the perspective of aggregate adoption.

Overlapping in

In 1998 but not

Commodity 2010 1998 1998 and 2010 New in 2010 covered in 2010
Maize 18 24 10 8 3
Cassava 11 19 11 0 8
Rice 10 7 7 3 0
Beans 10 7 7 3 0
Groundnut 10 9 4 6 5
Sorghum 7 14 5 3 10
Wheat 5 5 5 0 0
Potato 5 8 4 1 4
Pearl millet 5 9 1 4 8
Barley 1 1 1 0 0
Lentils 2 2 2 0 0
Total 84 105 57 28 38

Institute for the Semi-Arid Tropics (ICRISAT)
had invested in impact assessment studies and
therefore had considerable literature to review.
Unfortunately, for the purposes of the DIIVA
Project, the absence of new data resulted in a
very shallow benchmark because coverage in
groundnut and pearl millet accounted for only
about 10% of production in SSA. For all intents
and purposes, the major groundnut- and millet-
producing region in West and Central Africa was
not covered in the varietal release and adoption
databases. The value of the 1998 data as a
benchmark for sorghum is somewhat higher as
five of the country observations overlap.:
Summing up, there is sufficient coverage to
carry out a meaningful comparative analysis
between the two periods for nine of the 11 original
commodities in the 1998 Initiative. For pearl
millet and groundnut, any results and implica-
tions from the analysis that follows should be
taken with several large grains of salt. Ground-
nut observations in 1998 only accounted for 6%
of SSA production; pearl millet was somewhat
better with a 10% share of production. Each of
the other crops summed to over a 50% share.
Cassava, maize and wheat exceeded 85%.

Analysis of the Strength
of NARS Data

In this section, we focus on two aspects of the
strength of NARS data set that was common to

all CG Centers in 1998: the number of full-time
equivalent (FTE) scientists by crop-by-country ob-
servations and their associated research intensities
in scientists per million tonnes of production.

Scientific staff strength and
estimated researcher intensities

The 123 country-by-country summed to a total
of 872 FTE scientists in the late 1990s. The lar-
gest contingents were from the two staple food
crops: maize with 290 scientists and cassava
with 178 scientists. These numbers resulted in
an average country size of 7 scientists ranging
from 17-18 for maize and wheat in East and
Southern Africa (ESA) to less than 3.5 for
sorghum (Table 5.2).

Research intensity is conventionally expressed
as numbers of FTE scientists divided by million
metric tonnes of production. The pooled data
across crops show a typical negative exponential
relationship in Fig. 5.1 for countries that are not
severe outliers in research intensity. Small-
er-producing countries invest proportionally
more than larger-producing countries per mil-
lion tonnes of production.

Mean estimates of researcher intensity are
given in Table 5.2. The first set of estimates belie
the problem facing small countries with less
than 80,000 tonnes of production when they
invest in human capacity in agricultural research
(Brennan, 1991). This dilemma is especially
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Table 5.2. Estimated researcher intensities by food crop in sub-Saharan Africa in the late 1990s.

Researcher intensity: scientist per

million tonnes production

Weighted
Mean of Weighted average
Country Production FTE Scientists country average (sum (without Consistency with
Crop observations (000 tonnes) Scientists per country averages production) Nigeria) expectations
Beans 11 1,955 41 4 48 21 21 Higher
Cassava 19 56,805 178 9 16 3 7 Lower
Maize ESA 12 21,804 220 18 14 10 10 Lower
Maize WCA 10 10,177 107 11 44 10 18 Higher
Pearl Millet 28 11,161 107 111 10 14 Markedly higher
Potato 9 2,070 45 5 52 22 22 Expected
Rice 7 6,230 36 5 12 6 10 Lower
Sorghum 21 15,903 72 3 62 5 7 Lower
Wheat 6 5,378 101 17 72 19 19 Higher

ESA, Eastern and Southern Africa; FTE, full-time equivalent; WCA, Western and Central Africa.
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Fig. 5.1. The relationship between researcher intensity and production for those country-by-crop
observations with less than 100 researchers per million tonnes production and with less than 5 million
tonnes of production. FTE, full-time equivalent; SY, scientist years.

pronounced in pearl millet with a research in-
tensity exceeding 100 and is also visible in wheat
and sorghum, which have several small produ-
cers in the country-by-crop data set.

The next estimates in Table 5.2 are weighted
by production to control for the problem of un-
usually high research intensities among small-
producing countries. Researcher intensity is lowest
for cassava and is also substantially less than 10
scientists per million tonnes of production in
rice and sorghum.

Nigeria stood out as a country with consist-
ently low researcher intensity. Mean readings of
the ratio of FTE scientists to million tonnes of
production were 0.1 for cassava, 0.5 for sorghum,
1.7 forrice, 1.8 for pearl millet and 2.6 for maize,
which benefited from some private-sector partici-
pation. Nigeria ranked the lowest in each of the
five commodity groups in which it was a major
contributor.

Nigeria's outlier status may partially be ex-
plained by overestimated production in the FAO
data, an incomplete accounting of FTE scientists
or by a lack of commitment to agricultural re-
search relative to the contribution of food crops
to value of agricultural production. In any case,

it is useful to recalculate the researcher intensities
without Nigeria. The weighted averages increase
substantially for each of the five crops for which
Nigeria figures prominently as a major producer
(Table 5.2). The estimated ratio for cassava
more than doubled; the comparable estimate
for rice increased by two-thirds. The weighted
average estimate without Nigeria probably best
reflects mean differences across the food crops.

At the other end of the spectrum, Ethiopia,
Kenya and Sudan were characterized by estimated re-
searcher intensities higher than other countries.
In the late 1990s, Kenya and Ethiopia were rec-
ognized as countries that invested heavily in agricul-
tural research proportional to the value of their
agricultural production (Beintema and Stads, 2006).

In general, estimated researcher intensities
did not vary widely across crops in the same coun-
tries. Across-country variation seemed to be a more
important source of total variation than within-
crop variation in the same country. Nigeria was
one of the main drivers of the importance of
across-country variation. The inclusion of
several very small countries in the database also
added to cross-country variation in estimated re-
searcher intensity.
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Overall, the estimated research intensities
in Table 5.2 both confirmed expectations and
generated surprises. The set of lower than expected
commodity groupings included rice, sorghum,
cassava and maize in ESA. Both rice and maize
in ESA could qualify as surprises because rice
imports loom large in West Africa, and maize
in ESA benefits from considerable private-sector
participation in agricultural research, particu-
larly in southern Africa.

In contrast, pearl millet, beans and wheat
had higher estimated research intensities than
expected. An over-investment in wheat research
in small countries is well described in the litera-
ture (Maredia and Eicher, 1995) so its high pos-
ition relative to other crops was expected. The
research intensity for pearl millet is overesti-
mated in the data set because joint coarse cereal
programmes most likely favour sorghum; our
50/50 allocation for the number of scientists re-
ported in Bantilan and Deb (2003) is probably
tilted towards pearl millet at the expense of sor-
ghum in coarse cereal programmes. The true es-
timate for pearl millet should not differ that
much from those of cassava and sorghum in the
next-to-last column of Table 5.2.

The value for beans, estimated at 21 scien-
tists per million tonnes of production, may not
seem that high but the interpretation of bean
scientists as breeders for crop improvement was
very narrow. Given that breeders probably con-
stitute at most half of the scientists, an estimate
of 40 would be the highest in Table 5.2.

An estimate for potato of 22 may seem
high, but potato has the most diversified discip-
linary programme across the food crops. Only
about 30% of the FTE scientists in potato crop
improvement programmes were breeders across
the nine potato-growing countries. Twenty per
cent of scientists were engaged in seed produc-
tion and tissue culture.

Comparing researcher intensities in SSA
with those in other regions of the world

Realizing that many food-crop-producing coun-
tries in SSA are relatively small compared to
other parts of the world, the estimates in Table 5.2
beg the question of how researcher intensities

compare across regions. In comparing estimates
across regions for the same commodity, no sys-
tematic differences were detected in the crop
chapters of Evenson and Gollin (2003a).

The results in Table 5.3 respond to thisissue
for potatoes where a detailed global database
was available from the 1998 Initiative. SSA did
not seem to be substantially above or below aver-
age in this inter-regional comparison. The vast
areas of the two largest Asian producers, India
and China, however, generate low average re-
search intensities.

Producing countries in SSA are not staffed at
inferior levels relative to other regions based on
two definitions of what constitutes a crop im-
provement programme (Table 5.3). Several of the
‘Other Asian’ producers are as small as or smaller
than the potato producers in SSA. ‘Other Asia’ is
characterized by higher staffing intensities than
any other region in Table 5.3. But statistical dif-
ferences in researcher intensity do not emerge
across the two regions when one controls for the
size of production. Estimated researcher inten-
sities in SSA seem to be in line with those in other
regions of the world for potato improvement.

Analysis of the Varietal
Release Database

In this section, we re-examine conclusions from
the earlier Evenson and Gollin overview and

Table 5.3. Comparing estimated researcher intensity
in potatoes in SSA to other regions of the world.

Researcher intensity
by programme

definition
Region Broad® Narrow®
China and India 11.3 4.0
Other Asia 33.0 16.2
Latin America 15.2 9.3
Sub-Saharan Africa 21.5 11.4
Mean per observation 13.5 5.7

aBroad includes seed production, social science,
post-harvest and other disciplines that are included in
crop improvement. °Narrow is restricted to breeding,
molecular biology, tissue culture, pathology and
entomology.
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summary in Chapter 3 of their edited volume
which in turn relied heavily on the centre-by-
commodity reports in Chapters 4—16.In Chapter 3,
Evenson and Gollin (2003b) focused on two
aspects of varietal release: the incidence of total
releases over time and institutional source and
utilization of materials in the development of
improved varieties over time. For total releases
for most crops, time referred to three decades:
the 1970s, 1980s and 1990s. Institutional sources
were aggregated into and described for three
types of modern varieties: TARC crosses, NARS
crosses with TARC ancestors and NARS crosses
with NARS ancestors.

Varietal release over time:
contents of the database

CG Center data sets on varietal release were
available for assembly for nine crop/region cat-
egories: barley, beans, cassava, lentils, maize in
ESA, maize in Western and Central Africa (WCA),
potatoes, rice and wheat. A total of 82 crop-by-
country observations were assembled for analysis.
These were equivalent to 1393 cultivar-specific
records. The vast majority of these had complete
information on the minimum data set; a small
minority had missing components.

The minimum data set for analysis consisted
of crop-by-country combinations with historical
information on varietal release. Four pieces of
information were common to all CG Center

databases and were assembled for each combin-
ation by cultivar: name of release, date of release,
a qualitative description of in-country breeding
level and effort, and a 01 indicator of the con-
tribution of an TARC.

The period for analysis spanned the early
1960s to the late 1990s for most crops with a
few country exceptions. The historical period
was divided into three eras: the 1960s and
early-to-mid 1970s; the late 1970s and the
1980s; and the 1990s. The first period prior to
1975 corresponds to output in the late colonial
and early independence period. The middle
period from 1975 to 1989 shows initial and de-
veloping progress from investing in food crop
genetic improvement in NARS. The last period
corresponds to results for NARS programmes
at maturity.

Incidence of release over time

The summary data in Table 5.4 show that about
as many varieties (611) were released in the
1990s ending in 1997 or 1998 as were in the
late 1970s and 1980s (577). Hence, the annual
release rate was roughly twice as high in the
1990s as in the previous 15-year period. With
the exception of barley, the annual release rate
increased for all crops, but the difference in the
rate of release was not significant for most crops.
Substantially higher release rates occurred in
three crops: cassava, beans and maize in ESA.

Table 5.4. Number of varietal releases by time period and crop.

Releases
Time period
Number of country The 1960s and Late 1970s
Crop observations early 1970s and 1980s The 1990s Total
Barley 1 5 3 9
Beans 15 51 94 148
Cassava 18 84 114 207
Lentils 3 3 13 16
Maize ESA 12 3 86 167 286
Maize WCA 10 24 92 58 174
Potato 9 13 40 27 80
Rice 7 28 92 64 184
Wheat 8 95 129 74 298
Total 82 205 577 611 1393
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For maize in ESA, releases are most likely
understated in the earlier two periods prior to
the 1990s (Hassan et al., 2001). Given the im-
portance of private-sector hybrids in Southern
Africa in the late 1990s, release was equated to
cultivars available for commercial production at
that time. Improved varieties and hybrids that
were released in the 1960s, 1970s and 1980s
without seed for sale in the late 1990s could
have been excluded from the release database.
Moreover, the privatization of public-sector
parastatals in the late 1980s and 1990s also
could have contributed to losses in documenta-
tion of release lists (Hassan et al., 2001).

With the possible exception of lentils in Le-
sotho, the data in Table 5.4 correspond to actual
releases and do not include projections, which
can result in a substantially expanded list. For
example, projected rice releases in West Africa
for 2000-2004 were projected at 122, equiva-
lent to about two-thirds of varietal output in
Table 5.4 (Dalton and Guei, 2003b). Many of
these varieties were subsequently not released
(Chapter 10, this volume).

About 15% of releases in Table 5.4 took
place before 1975. Releases were particularly
sparse for barley, beans, cassava and lentils, sug-
gesting that research on these crops was not that
salient prior to and immediately following inde-
pendence or, in the case of cassava, potential
research products were delayed in getting to farm-
ers (Nweke, 2009). In contrast, a good number of
releases for wheat, rice, maize and potatoes sug-
gest that research efforts in genetic improvement
were on-going in these commodities, albeit in a
few countries, at the time of the beginning of the
international agricultural research system in
1968. For example, Ethiopia with 16 released
varieties, Kenya (22), South Africa (22), and Zim-
babwe (23) were major contributors to wheat
varietal output in this period. Many of these semi-
dwarf varieties from the Rockefeller Foundation
in Mexico were targeted for spring bread wheat.

Release profiles by crop

The crop-specific trajectories of annual releases
are profiled in the dropline graphs presented in
Figs 5.2-5.5. They illustrate both the absence of
transparent trends and the presence of anomalies

in many of the crop-release data sets. The graphs
index the period from 1975 to 1997/98.

Wheat and rice

Aggregate data across all crop releases display
an increasing trend in annual releases from the
1970s to the 1980s to the 1990s (Table 5.4).
But neither wheat nor rice played a major role in
contributing to this positive generalized trend
(Fig. 5.2). Wheat is characterized by many re-
leases relative to its production, area and eco-
nomic importance in SSA. Even inclusion of
1991, ayear of O releases, does not diminish the
finding that wheat manifests the most stable be-
haviour in the incidence of release of any crop.
A good number of varieties were released almost
every year, indicating programmatic stability
responding to technological change in spring
bread wheat and demand for durable leaf-rust
resistance.

From a detailed analysis of the 1997 wheat
release database, Heisey and Lantican (2000)
show that the number of releases of spring
bread wheat is larger than their share of that
cultivated in Ethiopia and South Africa where
other types of wheat are produced. The number
of spring-durum wheat varieties is smaller than
their share in cultivated area in Ethiopia, which
is the only country in SSA where durum wheat
is produced. Releases of winter facultative wheat
in South Africa is about what one would expect
from a congruence benchmark. They also note
the possible influence of private-sector partici-
pation in raising the incidence of varietal release
in South Africa and Zimbawbe in the 1990s.
Heisey and Lantican (2000) hypothesize that a
fall in the release rate in Ethiopia in the late
1980s — no varieties were released in the five-
year period between 1987 and 1993 — could be
partially explained by the emergence of new rust
races to which Ethiopian germplasm was suscep-
tible. Government instability from the tyrannical
Mengistu Regime is an alternative explanation
for the drought in varietal releases in the late
1980s and early 1990s in Ethiopia, which is the
largest producer of wheat in SSA aside from South
Africa (Chapter 11, this volume).

In contrast, the release data for rice in the
other panel of Fig. 5.2 display as much or more
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Fig. 5.2. Annual release profiles in rice and wheat from 1975 to 1997/98 in SSA.
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Fig. 5.3. Annual release profiles in beans and cassava from 1975 to 1997/98 in SSA.
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Fig. 5.4. Annual release profiles in maize in Eastern and Southern Africa and in West and Central Africa
from 1975 to 1997/98.
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Fig. 5.5. Annual release profiles in barley and lentils and in potato from 1975 to 1997/98 in SSA.
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variation than any crop in the data set. However,
both crops had one release characteristic in com-
mon: a moderate-to-high incidence of release
prior to the mid-1970s. Rice farmers in West
Africa, in particular, benefitted from the work of
several international, regional and national pro-
grammes before the CG System started to have a
pronounced effect. Institut de Recherches Agro-
nomiques Tropicales (IRAT) and later Centre
de Coopération Internationale en Recherche
Agronomique pour le Développement (CIRAD)
have been very active in genetic improvement in
West Africa since the 1960s and 1970s (Dalton
and Guei, 2003b). The programmes of the Na-
tional Cereals Research Institute (Nigeri; NCRI)
involved in work on rice date from the early
1950s; the first official variety was released in
1954. In collaboration with the British, Sierra
Leonean scientists had been working since 1934
in increasing regional rice production in the man-
grove agroecology. The locus of their activities,
which were curtailed in the 1990s because of
civil war, was the Rokupr Rice Research Station.
Several of the released rice varieties in the ROK
series are widely adopted in Sierra Leone, Guinea
and Guinea Bissau. They have been the subject of
adoption studies and impact assessments (Adesi-
na and Zinnah, 199 3; Edwin and Masters, 1998).
Rice farmers in West Africa have benefited
from the work of four CG Centers: the International
Institute of Tropical Agriculture (ITTA), the Inter-
national Rice Research Institute (IRRI), WARDA
(now AfricaRice), and, to a significantly lesser ex-
tent, Centro Internacional de Agricultura Tropical
(CIAT). Large-scale bilateral assistance has also le-
veraged improved outcomes in varietal release.
Most notably, the North Korean government has
contributed to the development of the Kilissi agri-
cultural research station in Guinea to serve the re-
gional rainfed lowland production environment
(Dalton and Guei, 2003b). The Guinean govern-
ment released 12 CK-numbered varieties from this
collaboration in the late 1980s and 1990s.
Returning to Fig. 5.2, several anomalies are
apparent in the historical records for rice, which
has a profile marked by annual releases exceed-
ing 15 improved cultivars on four occasions. The
spike in releases in 1982 could not be attributed
to the release decisions taken by one country,
but positive outliers in 1986, 1988 and 1998
were almost wholly the results of a single country’s
behaviour. Nigeria released 17 FARO-numbered

varieties in 1986; Sierra Leone listed 18 var-
ieties ranging from ROK 16 to ROK 33 in 1988;
and Cote d'Ivoire placed 14 varieties on the re-
lease list targeted at the upland agroecology in
1998. Cote d'Tvoire released a total of 20 varieties
in 1998. For both Sierra Leone and Cote d'Tvoire,
these years of hectic release activity were sand-
wiched between periods of inactivity or negligible
activity in listing varieties for release. Fruition of
long-term UK collaboration in Sierra Leone largely
explains the burst in varietal output in that coun-
try in 1988.

The existence of spikes in release activity in
relatively small-producing countries is evident
in all the crop release profiles. We return to the
theme of feast or famine in release events later in
this section.

Beans and cassava

Beans with 15 and cassava with 18 have the lar-
gest country contingents in the varietal release
database. Their release profiles are markedly
different (Fig. 5.3). Beans did not seem to have as
many institutional building blocks for successful
genetic improvement as other food crops in SSA
in 1975. For example, bean research in Tanzania,
SSA’s second largest producer, only began in 1959
and focused mainly on introduced types and
lines that were selected for export purposes in
the 1960s (Hillocks et al., 2006).

The rate of varietal release in Phaseolus
oscillated around a low-level equilibrium in the
1970s and early 1980s and then took off in the
late 1980s and kept rising in the 1990s (Fig. 5.3).
The initial impact of improved varieties was
most felt in climbing beans in Rwanda in the late
1980s and early 1990s (Pachico, 2014). The
diffusion of improved varieties of bush beans
that dominate production in SSA occurred later.
If release is equated to output, the data suggest
that beans were arguably as productive as any of
the study crops in the 1990s. This impressive
quantitative performance was accomplished in
the time of the Rwanda Genocide, which re-
sulted in a hiatus in varietal releases for 5 years.
The founding of the Pan-African Bean Research
Alliance (PABRA) in 1996 most likely had a lot
to do with the positive developments and the
maintenance of an upward trend in varietal re-
lease for beans in 1997 and 1998.



Clatidmeomdsid|

Like beans, cassava releases started to in-
crease in the mid-1980s from a very small base
in the late 1970s (second panel, Fig. 5.3). Unlike
beans, cassava breeders had over 35 years of
genetic research to draw on in their quest to find
disease resistance in good agronomic and mar-
ket backgrounds (Nweke, 2009).

Important sources of mosaic-disease resist-
ance were combined successfully at the regional
Amani Research Station for East Africa in
Tanzania.’ Further work in Nigeria at the Moor
Plantation research station in the late 1950s
added to the foundation that culminated in the
release of IITA's Tropical Manihot Selection
(TMS) high-yielding, mosaic-resistant clones in
the mid-1970s. The earliest TMS named clone
in the data set was released by Nigeria in 1976.
The Biafran War in Nigeria in 1964 and the
slow response of national governments to invest
in cassava research following independence
were cited by Nweke (2009) as major contribu-
tors to meagre varietal output in the 1960s and
early 1970s.

The release profile for cassava belies the
message of an upward trend over time but it also
conveys a glaring anomaly in the data set. In
1994, Chad released 27 improved cassava var-
ieties. About half of these releases were selected
from IITA materials. Aside from 1994, Chad
only released two other varieties during the
period of study from 1975 to 1997/98.+

Maize in East and Southern Africa
and in West and Central Africa

The maize variety SR52 was the third oldest re-
lease in maize database in both regions.: It was a
landmark cultivar with widespread practical and
institutional impact in Southern Africa (Eicher,
1995). Maize genetic research began in 1932 in
Zimbabwe. Double-cross hybrids were released
in the late 1940s. SR52, an innovative triple-
cross hybrid, was clearly worth the wait. It dem-
onstrated the advantage of a widely adaptable
hybrid even in the drier production conditions of
low soil fertility. SR52 was a stable-yielding,
long-duration hybrid. It was preceded by the re-
placement of low-yielding but preferred flint
types by higher-yielding, softer dent types in the
1920s and was superseded by shorter-season

hybrids adapted to small-farmer conditions in
the 1980s and 1990s (Howard et al., 2000).

The maize release profile for ESA in the first
panel of Fig. 5.4 contains two anomalies, one
implicit and the other explicit. Because release
was defined as varietal availability in the late
1990s, varietal output in the 1970s and early
1980sis likely to be underestimated. For example,
South Africa only debuted in the database in
1981 and had 11 entries in the 1980s compared
to more than 50 in the 1990s. In terms of the
size of the underestimate, South Africa appears
to be the extreme case.

The more visible outlier pertains to the 40
releases in the region in 1995. Several countries
contributed to this large varietal output. Malawi
released 12 of its 20 entries in the database in
1995. Zambia officially put out 10 varieties in
1995, about equally shared between the public
and private sectors.

In contrast to ESA, the profile of maize re-
search in WCA was shallow in the first half of
the 20th century. The majority of the 24 releases
prior to 1975 originated in Nigeria and the
D.R. Congo; however, 22 of the 24 occurred in
early 1970s. Therefore, a colonial research leg-
acy may not have directly translated into mater-
ials for release in the early post-independence
period. The Belgians established a network of
research sites in the Congo targeted not only at
export crops but also at important staples, such
as maize, in the 1930s (Roseboom et al., 1998). In
Nigeria, screening and breeding for rust resist-
ance began in the 1950s and later that work was
expanded to maize streak and downy mildew
which were becoming increasingly important
over time (Iken and Amusa, 2004). The initial
focus on rust resistance may have been a blind
alley and might partially explain why releases
were so few and far between in the 1960s.

A second contrast between the two regions
in the late 1990s concerns the extent of hybrid-
ization of released materials. In WCA, only about
35 of 185 releases in the database were hybrids;
in ESA, only about 65 of 300 releases were re-
ported to be open-pollinated varieties.

Unlike the release profiles for the other
crops, maize in WCA was not characterized by
highly visible peculiarities. Most countries showed
a fairly continuous release history throughout the
study period, although many were characterized
by release gaps extending 10-12 years. In this
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regard, Nigeria was the main outlier in the data-
base. Noreleases were recorded from 198610 1997.

Potato, barley and lentils

Varietal change in potatoes in the last quarter of
the 20th century in SSA, while not blessed with as
rich an institutional milieu as rice, was enhanced
by multiple types of collaboration that have af-
fected release outcomes. In the early 1970s, three
late-blight resistant varieties, at the time recently
released from Mexico, were imported into Uganda
and Kenya. Although these varieties never laid
claim to much area in Mexico, they quickly be-
came popular in the East African highlands. Be-
fore the 1994 Genocide in Rwanda, Sangema was
the dominant variety in Rwanda and was argu-
ably the most economically important variety in
the region in the 1970s and early 1980s. Even
today, Rosita, a synonym for Sangema, is the pre-
vailing potato variety in Malawi and Mozambique.

The late blight resistance in these varieties
is attributed to their development in the Toluca
Valley, the confirmed centre of origin of this dis-
ease that is prevalent throughout the world in
rainy-season potato production. They were
developed under the leadership of John Nieder-
hauser, the winner of the 1990 World Food
Prize, with his Mexican colleagues.

Special project collaboration resulted in two
varieties bred and officially released in Kenya in
the early 1970s. Those varieties were selected
for high partial resistance to late blight and are
one of the few examples of NARS-bred varieties
in potato improvement in the region.®

For potato, the tailing off of releases in the
second panel of Fig. 5.5 in the mid- and late
1990s warrants comment. The 1994 Genocide in
Rwanda largely explains this downturn in the
incidence of release. Rwanda was an important
hub for CIP’s (the International Potato Center’s)
collaboration with NARS in genetic improve-
ment. That collaboration was strengthened from
the mid-1970s and early 1980s with a United
States Agency for International Development
(USAID) special project that resulted in several
releases in Rwanda with spillovers to the
D.R. Congo and Burundi. Several scientists at
the Rwandan Institute for Agricultural Sciences’
(ISAR’s) potato-research station in Ruhengeri
perished in the Genocide. One regionally import-
ant scientist died later because of it. The national

programme was a shadow of its former self in
the mid- and late 1990s.

Barley and lentils account for four crop-by-
country observations in the data set. Ethiopia is
by far the largest producer of both crops in SSA.
The more recent activity in the first panel of
Fig. 5.5 is attributed mostly to releases of im-
proved lentil varieties. Barley, an ancient crop in
Ethiopia, has a more continuous and older re-
lease record that started in 1973. Most releases
are landrace selections from thousands of con-
tenders in the Ethiopian Agricultural Research
Organization’s (EARO’s) diverse germplasm bank.
In 1984, an improved hulled variety, HB 42, was
selected with the crossing of Ethiopian and
introduced materials (Bekele et al., 2005). It is
one of the earliest bred varieties in the database.

Release intensities

Several measures of release intensities are presented
in Table 5.5. On average across the main seven crop
descriptions, the mean number of varieties per coun-
try programme ranged from slightly less than 10
in potatoes and beans to more than 35 in wheat dur-
ing the entire period of analysis. Similar to esti-
mates of researcher intensity per million metric
tonnes, smaller-producing countries are usually
characterized by more releases relative to their
size than larger-producing countries. Therefore,
the simple mean of varieties released per coun-
try programme is not a very informative measure
of farmers’ potential access to improved varieties.
Weighting by production in the second col-
umn of Table 5.5 provides a more representative
measure of change potential from improved var-
ieties. Although smaller countries may release
more varieties per unit area, they do not usually
release more improved genotypes than larg-
er-producing countries. All the weighted means
are larger than the simple means in Table 5.5,
suggesting that size of production was positively
associated with the incidence of release. The sim-
ple correlation between production in 1998 and
the sum of historical releases was positive for six
of the seven crop entries in Table 5.5 and was pro-
nounced for wheat. Cassava was the only case of
a weakly inverse relationship between production
and release incidence in the database. That larger
cassava-producing countries did not produce sig-
nificantly more varieties than smaller cassava-
producing countries is a surprising finding.
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Table 5.5. Varietal rates and intensities by crop from the 1960s to the late 1990s.

Mean varieties
released per country

Weighted mean
varieties by country

Mean annual

Release intensity
(million tonnes)

Release intensity

Releases per scientist
(Scientist year)°

Crop programme production release rate® Simple Weighted (million dollars)® Simple Weighted
Beans 9.9 13.1 0.40 140 70.52 0.12 4.29 3.48
Cassava 115 12.9 0.44 21 3.28 0.04 1.17 0.94
Maize ESA 23.8 37.9 0.88 42 13.12 0.05 1.25 0.83
Maize WCA 17.4 23.3 0.65 76 17.10 0.07 0.63 0.34
Potato 8.9 9.7 0.34 121 38.64 0.19 0.73 0.67
Rice 26.3 34.9 0.92 55 29.53 0.12 2.69 2.66
Wheat 37.3 65.2 1.11 142 54.42 0.22 0.97 1.10
Average 17.4 28.14 0.63 80 12.38 0.12 1.66 1.01

2From 1974 to 1997/97. *Assuming prices of US$250 for maize, wheat and rice; US$600 for beans; US$200 for potato; and US$80 for cassava per metric tonne. °Refers to the 1990s.
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Release rates per year in Table 5.5 mirror
the total release data in Table 5.4. National
programmes in maize ESA, rice and wheat ap-
proached or exceeded a rate of one variety re-
leased per annum. Smaller crops such as beans
and potatoes were considerably below half the
rate of those cereals. Cassava also fell consider-
ably short of 50% of that rate.

Cassava as an exception is a theme that
weaves its way throughout the columns of
Table 5.5. Unweighted (simple) mean intensity
estimates in column 5 are inflated by very high
values from small countries. The weighted mean
estimates in the next column convey a better
sense of the potential richness of improved var-
ieties per unit of production. Cassava with only
an average of about three varieties per million
tonnes of production is several orders of magni-
tude less than the other crops. Beans, wheat, rice
and potatoes score well on this criterion.

From a normative perspective, equalization
of release intensity ratios in terms of value of
production would seem to be a suitable initial
target for which to strive in national programmes
in crop genetic improvement. The rough calcu-
lation in the 7th column of Table 5.5 shows that
the lower output price of cassava does not lead to
a change in its position; it still ranks last in re-
lease intensity per million dollars of value of
production. Nevertheless, differences in release
intensity narrow when a normative standard of
economic congruence is used relative to a meas-
ure from the perspective of production.

The estimated release intensity per million
dollars in value of production is also low for
maize relative to wheat, potatoes, beans and
rice. This gap in release intensity suggests that
the release experience in the widespread staple
food crops of cassava and maize in SSA has not
been commensurate to their economic import-
ance relative to the other four crops in the study.
Apparently, the rapidly increasing participation
of the private sector in ESA was not sufficient to
offset this general tendency.

Estimates on releases per scientist in the last
two columns of Table 5.5 suggest that the average
varietal output of cassava scientists is roughly the
same as that of scientists for the other crops.
Therefore, an under-investment in cassava rela-
tive to the other crops seems to be the main
factor conditioning the low release intensities in
columns 5, 6 and 7 of Table 5.5.

The high estimate for rice is not attributed to
definitional differences in the data. The aforemen-
tioned rich institutional mix impacted positively
on high varietal release rates in specific countries.
Many of the rice programmes were also ‘bare
bones’. For example, the Nigerian programme,
the largest-producing country in the region, only
had slightly more than five FTE scientists in the
late 1990s (Dalton and Guei, 2003b).

Instability in varietal release

Stability in breeding effort is one of the most
important criteria for success for crop genetic
improvement at both the national and inter-
national levels. It is not expected that improved
varieties will be released annually; it is expected
that improved varieties will be released routinely
over time in a productive crop improvement pro-
gramme.

Instability is measured by three indices in
Table 5.6 for the period 1975 to 1997/98, which
spans 23-24 years for the majority of the crops.
Components of instability are estimated with
number of years of zero releases in that time
span, the standard deviation of annual releases,
and the coefficient of variation of annual
releases.

Both the mean estimates of years with zero
releases and the mean coefficients of variation
tended to be larger than expected. Cassava and
beans scored poorly on these two instability

Table 5.6. Instability in varietal release by index
and crop from 1975 to 1997/98.

Indices of instability

Number  Standard Coefficent

of years deviation  of variation

with zero  of annual of annual
Crop releases releases releases (%)
Beans 20.5 1.1 311.0
Cassava 21.7 1.4 343.0
Maize ESA 15.4 1.4 227.1
Maize WCA 15.9 1.3 201.4
Potato 18.6 0.9 277.4
Rice 17.9 2.4 256.7
Wheat 12.8 1.3 155.3
Average 17.5 1.4 253.1
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indicators mainly because many small-producing
countries are marginally involved in crop genetic
improvement. On average, bean programmes only
released varieties in about 5 yearsin 25 for those
countries with data until 1999.

In contrast, for wheat, a legacy of releases
prior to 1975 set the stage for a more stable
release rate in several countries. On average,
release during a year was a more typical event
than non-release. Relative to their mean release
levels, releases from cassava programmes fluctu-
ated more than any other commodity grouping
in Table 5.6.

The relatively high reading for the esti-
mated standard deviation for rice is attributed
to the four-country very large release events that
were described earlier in the rice release profile.
The low reading for potato indicates that no
country released more than 3—5 varieties in any
given year (with the exception of Sudan, a very
small producer, in 1989).

Breeding effort and IARC contribution
to varietal release

The other elements of the minimal varietal re-
lease data set pertain to breeding effort and
IARC contribution. Mean estimates of those
characteristics are presented in Table 5.7. The
scale for breeding level varies from 1 (selection
of landraces/elite introduced material), to 2
(selection from progenies and populations from
IARC crosses) and to 3 (NARS-bred varieties
based on NARS crosses). TARC contribution is a
0-1 variable with a positive response synonymous

Table 5.7. Mean estimates of characteristics of
releases by aspect and crop.

Aspect
Crop Breeding level IARC content
Beans 1.33 0.58
Cassava 1.13 0.83
Maize ESA 2.70 0.23
Maize WCA 1.35 0.50
Potato 1.44 0.68
Rice 2.16 0.47
Wheat 2.42 0.60
Average 1.79 0.56

with TARC networked finished cultivars, selec-
tions from IARC populations, and selections
from crosses made with TARC parents and
ancestors.

As expected, breeding effort divides the
commodities into two groups. Varieties in rice,
wheat and maize in ESA are mainly character-
ized by mean values that fall in the interval be-
tween NARS selection and NARs crossing.

For potatoes, cassava and beans, NARS-
bred varieties were rare outcomes in the data-
base occurring in only a few cases. The estimates
for maize in WCA seem surprisingly low. Al-
though hybrids were beginning to be produced
in WCA, many varieties were released from
relatively finished introduced and landrace ma-
terials during the study period.

On average, the CG Centers contributed to
over half of the approximately 1400 varieties in
the database. Proportionally, that contribution
was highest in cassava, suggesting a dearth of
alternative suppliers, and was lowest in maize
ESA where greater private sector participation
potentially increases the role of alternative sup-
pliers and also makes it harder to determine
institutional attribution. Excluding temperate
South Africa from the maize ESA database leads
to an increase in TARC contribution from 0.23 to
0.37, a substantial rise that is not sufficient to
change the commodity rankings in this category
in Table 5.7.

Over time, the mean rate of IARC participa-
tion rose from a low of about a third of total
releases prior to 1975 to a high of about three-
fifths of varietal releases in the late 1990s
(Table 5.8). Most crops experienced a positive
upward movement in the IARC content of var-
ietal releases except for cassava and maize in
WCA that attained high rates between 1975 and
1989. For both crop groupings, those rates plat-
eaued in the 1990s.

Unlike their counterparts in Table 5.8, the
estimates on breeding level in Table 5.9 do not
show any trend over time. This counterintuitive
finding seems to contradict the results pre-
sented in Evenson and Gollin (2003a). Beans
are the only commodity for which one can
make a plausible case that mean estimated
breeding level is increasing over time. This re-
jection of seemingly confirmed wisdom from
Evenson and Gollin (2003a) is discussed later
in this chapter.
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Table 5.8. Mean values of IARC content over time by crop with the number of released
varieties in each time period.

From
Before Between 1975 1990 From 1960
Crop 1975 and 1989 to 1997/98 to 1997/98
Barley 1 0.6 0 0.44
1 5 3 9
Beans 0.33 0.37 0.71 0.59
3 51 94 148
Cassava 0.22 0.80 0.69 0.71
9 75 132 216
Lentils Not defined 0 1 0.73
Maize ESA= 0 0.20 0.38 0.26
30 60 86 176
Maize WCA 0.42 0.63 0.65 0.61
24 92 72 188
Potatoes 0 0.6 1 0.6
13 40 27 80
Rice 0.27 0.37 0.59 0.43
33 92 71 196
Wheat 0.44 0.69 0.75 0.63
96 127 73 296
Weighted mean 0.31 0.55 0.60 0.65
Observations (#) 209 545 566 1320

aExcluding South Africa.
The number of observations appears below the mean estimates for each period.

Table 5.9. Mean estimates of breeding level over time by crop with the number of
released varieties in each time period.»

Before 1975 to
Crop 1975 1989 The 1990s Total
Barley 1 2.2 1 1.67

1 5 3 9

Beans 1 1.2 1.6 1.4
3 44 73 130

Cassava 1.6 15 14 15
9 82 149 207

Lentils na na 1 1.00

0 0 8 8

Maize WCA 1.3 1.7 15 1.6
10 58 40 106

Potatoes 1.2 1.3 1.8 14
13 40 25 80

Rice 2.1 2.3 1.9 2.2
33 92 71 189

Wheat 1.9 2.6 2.7 2.4
96 128 67 296

Total 1.8 1.9 1.7 1.9
165 449 436 1025

aThe scale for breeding level is 1 = limited selection and direct use of finished material; 2 =
intermediate effort equivalent to progeny selection from introduced population; and 3 = considerable
effort equivalent to crossing and selection in a mature breeding programme.

The number of observations appears below the mean estimates for each period. na, not applicable.
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Exploratory regression analysis

The 1998 release database is not easily ana-
lysed with a framework of multiple regression.
The dependent variable is number of releases,
which comes from a time series. The independ-
ent variables are cross-sectional, estimated in
the late 1990s or are taken from secondary
data such as national production. Unfortu-
nately, there is no truly exogenous variable in
the data set because almost everything depends
on everything else. For starters, the quantity
and quality of releases potentially contributes
to national production.

The selective results that follow should be
thought of as associations in the ceteris paribus
context of multiple regression analysis. The core
model tests for additive effects in crop groupings
over time in the context of a country database
of about 85 potential observations. Country-
specific effects are estimated from a variety data-
base of 1400 observations. Most of the results
confirm differences noted in Tables 5.5-5.7.

Carry-over effects of varietal release
from the first period

The data in Table 5.10 raise the issue of whether
a ‘head-start’ for some countries and crops in
the first period also translated into increased re-
leases in the second and the third periods. The
number of releases in both later periods separ-
ately was regressed on the number of releases in
the first period and on crop-specific dummy
variables in Table 5.10. Potato is arbitrarily as-
sumed to be the reference point from which the
effects of other crops are measured. The esti-
mates are weighted by the size of country pro-
duction in 1998.

The estimated coefficients for the second
period (1975-1989) show that there was a sig-
nificant carry-over effect from period 1 to period
2 (Table 5.10). The estimated effect was not that
large — a proportional 1% increase in varieties
released in the first period was associated with a
third of 1% increase in the second period. By the
1990s, i.e. the third period, the carry-over effect
of the first period had vanished. Indeed, the esti-
mated coefficient on the early period releases is
negative.

Although the adjusted coefficient of deter-
mination dropped from 0.50 to 0.34 with the
same specification for the two periods, estimated
commodity differences were sharper in the second
period. Shifting from the base level of potato with
about five varieties released per programme
to wheat was accompanied by an increase of
29 varieties per programme. Releases in maize
in ESA also showed a healthy increase over po-
tato’s performance in the 1990s that was
adversely affected by the Genocide in Rwanda
in 1994.

Overall, a finding of carry-over effects into
the second period shows the importance of
starting early in as time-intensive a process as is
crop genetic improvement. More importantly, the
insignificant effect in the third period is interest-
ing because it suggests that initial advantages
were not maintained into the 1990s. Improved
materials were more freely accessible internation-
ally because the CGIAR probably played an im-
portant role in equalizing release potential or at
least enhancing the capability of smaller, weaker
partners in the playing field.

Table 5.10. Carry over effects of early period
releases to later periods.

Periods
Independent From 1975
variables? to 1989 The 1990s
Releases 0.946 -0.802
before 1974
(3.75)** (1.49)
Beans 2.806 2.854
(0.44) (0.21)
Cassava 4.924 0.537
(1.07) (0.05)
Maize ESA 4.509 23.531
(0.96) (2.34)*
Maize WCA 7.463 2.481
(1.49) (0.23)
Rice 9.843 11.006
(1.86) (0.97)
Wheat 9.218 29.160
(1.42) (2.10)*
Constant 1.824 5.163
(0.40) (0.53)
Observations 78 78
R-squared 0.54 0.40

Absolute value of t statistics in parentheses.*significant at
5%; **significant at 1%. @The omitted crop is potatoes.
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Multiple associations with
the incidence of release

Several associations with levels of varietal release
are expected in the data set. First, the crop-
specific differences discussed in Tables 5.5 and 5.6
should favour enhanced releases from wheat,
rice and perhaps maize in ESA. Secondly, size of
country production should be positively correl-
ated with the incidence of release. Thirdly, breed-
ing level is also expected to be positively correlated
with release because programmes with greater
capacity should be in a position to release more
varieties. Fourthly, IARC content could be nega-
tively associated if IARC materials are dispropor-
tionately used by smaller programmes and if
larger programmes have greater capacity to ex-
ploit different institutional sources of materials.
Fifthly, the number of scientists should be posi-
tively associated with releases, although a single
year’s observation at the end of the period may
be a poor proxy for scientific capacity during the
whole period. Lastly, private-sector participation
should be accompanied by more releases; how-
ever, private-sector participation is mainly con-
centrated in maize in Southern Africa in the
current data set and is very covariate with the
binary variable maize ESA.

Most of these expectations are confirmed
in the regression equation that is specified in
Table 5.11. Larger-producing countries are
likely to release more varieties than smaller-
producing countries. Differences among crops
are statistically significant. Wheat is charac-
terized by almost 28 more releases than beans,
the base crop in Table 5.11. Private sector in-
vestment in breeding seems to be a positive
force for varietal release. Increases in breeding
level are associated with substantially more re-
leases.

The estimated coefficient on TARC content
is signed negatively and is statistically signifi-
cant. In other words, higher IARC content is a
marker for countries that are less likely to release
improved varieties, everything else equal. For ex-
ample, South Africa is the country with the
highest number of varietal releases and with
one of the lowest estimates of TARC content
largely because of the prevalence of temperate
maize and winter facultative wheat, which are
atypical of maize and wheat production in the
rest of SSA.

The South African observations substan-
tially influence the estimated outcomes in
Table 5.11. The results of re-estimating the
equation without the South African observa-
tions is given in the second column of estimated
coefficients in Table 5.11. The coefficient of de-
termination drops from 0.83 to 0.69 and the size
of several of the coefficients also declines sub-
stantially. However, all the estimated coefficients
retain their statistical significance; hence, the
negative and significant coefficient for IARC con-
tent is not driven solely by the presence of South
Africa in the data set. This negative estimate
does not mean that IARC activity results in fewer
released varieties but rather that countries with
proportionally more TARC content in their var-
ietal releases have less capacity than others to
release varieties. This nuanced interpretation
points to the equalizing role of TARC activity in
levelling the playing field from the perspective of
varietal output.

Table 5.11. Multiple correlates of total releases.

Observations
Independent Without
variables? All South Africa
Production share 0.337 0.210
(6.20)** (4.79)**
Cassava 1.275 0.288
(0.17) (0.05)
Maize ESA -8.704 -4.182
(1.03) (0.67)
Maize WCA -5.634 -0.930
(0.76) (0.15)
Potato -4.714 -3.959
(0.45) (0.52)
Rice -0.262 9.998
(0.03) (1.49)
Wheat 28.042 19.724
(3.05)** (2.70)**
IARC-related -17.568 -11.604
(3.68)* (3.22)**
Private breeding 13.644 10.434
(3.12)** (3.17)**
Breeding level 16.359 7.644
(6.51)* (3.25)**
Constant -2.385 7.298
(0.27) (1.11)
Observations 78 75
R-squared 0.83 0.69

Absolute value of t statistics in parentheses.*Significant at
5%; **significant at 1%. ®The omitted crop is beans.
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Multiple correlates of instability

The description of multiple correlates of instability
in Table 5.12 also agrees closely with the crop-
wise tabular estimates presented in Table 5.6.
The dependent variable in this multiple regres-
sion analysis of correlates is the number of years
of zero releases. Positive estimated coefficients
imply increasing instability; variables with nega-
tively signed coefficients imply increasing sta-
bility. Wheat was characterized by an annual
release pattern that was more stable than that of
any other crop. This behaviour is confirmed in
Table 5.12 because switching from the base
crop potato to wheat is associated with a
gain in 9.5 years of positive varietal releases.
None of the other crops’ estimated coefficients
were significantly different from potato’s re-
cord on the number of zero-release years, which
averaged 19.5.

FTE scientist years were also included as a
regressor in the estimated specification reported
in Table 5.12. Scientific strength in number of
scientists was negatively and significantly asso-
ciated with instability in the release pattern over
time. But the size of the estimated coefficient is

Table 5.12. Multiple correlates of instability:
number of years of zero releases.

Independent variables Estimated coefficients

(production/crop/country) (t values)
Beans 0.819
(0.27)
Cassava 2.688
(1.27)
Maize WCA —-0.698
(0.30)
Maize ESA -1.450
(0.63)
Rice -1.821
(0.76)
Wheat -9.471
(3.83)*
Scientist years -0.144
(6.09)**
Constant 19.517
(9.35)*
Observations 72
R-squared 0.79

Absolute value of t statistics in parentheses. The
omitted crop is potato.
*Significant at 5%; **significant at 1%.

relatively small. Adding an additional scientist
reduced the level of instability by only 0.14
years; however, this result, hinting at an insulat-
ing influence of scientific strength on instability
in varietal output, is reassuring.

Analysis of Modern
Variety Adoption

In spite of the aforementioned variation in the
CG Center databases on the adoption of im-
proved varieties, some findings can be teased out
from an analysis of the available data that
were cultivar-specific for wheat, potato, rice and
maize in ESA. This descriptive analysis is re-
stricted to tabular aggregates for the other eight
potential commodity groupings. Four thematic
areas are covered in this section: (i) the level of
modern variety adoption; (ii) determinants and
correlates of modern variety adoption; (iii) turn-
over in the use of modern varieties; and (iv) spill-
overs of modern varieties from one country to
another.

The level of adoption for
modern varieties

Three estimates for the adoption of modern var-
ieties are given in Table 5.13 for the 105 com-
modity-by-country observations in the 1998
data set. Modern cultivars were pervasive in the
production of wheat and, to a lesser extent, in
potato and rice. Their use was also quite com-
mon in maize in both ESA and WCA, account-
ing for more than one-third of area in each
sub-region. At the other extreme, the use of im-
proved cultivars was negligible in lentils and
rare in barley.

The adoption level for cassava at 22% seems
unfavourable, but it is an impressive showing
for a commodity that is vegetatively propagated
and characterized by low multiplication ratios
and release intensities. In contrast, the penetra-
tion of modern varieties into sorghum, pearl
millet, bean and groundnut fields was less than
expected.

IARC-related materials were heavily felt in
the composition of modern varieties adopted.
Use of TARC-related materials was pronounced
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Table 5.13. Inferences on improved varietal adoption by crop in the late 1990s.

Improved

Improved cultivars:

cultivars IARC-related Coverage conservative
Commodity (%) materials (%) (%) assumptions (%)
Wheat 66 57 85 56
Potato 56 41 68 44
Rice 45 21 57 26
Maize WCA 37 19 94 35
Maize ESA 36 13 90 34
Cassava 22 18 83 18
Sorghum 23 11 54 13
Beans® ? 15 67 10
Barley 11 0 90 10
Groundnut 30 4 6 2
Pearl millet 19 19 10 2
Lentils 0 0 80 0

alARC only.

in wheat and cassava where more than 8 of every
10 hectares planted to modern materials were
related to genetic inputs from the CG Centers.
TARC material intensity in adopted area was also
probably high in beans, but data on non-IARC
improved cultivar adoption were not presented
in Evenson and Gollin (2003a) and a cultivar-
specific database was not available.

The adoption estimates in Table 5.13 are
reasonably accurate for SSA as a whole if the
country observations comprise a large share of
commodity area and production. High levels of
coverage were achieved in wheat, maize, cassava,
barley and lentils. Coverage in groundnut and
pearl millet was unsatisfactory. The other com-
modities ranked somewhere between these two
extremes. Under the conservative but plausible
assumption that countries not included in the data
set had very low or negligible levels of improved
varieties, a threshold minimal level of adoption
is estimated in the last column of Table 5.13.
This lower-bound estimate conveys the notion
that modern variety adoption was at least this
level in the late 1990s.

In comparing the two adoption estimates in
columns 2 and 5, we arrive at an adoption inter-
val that should contain the actual level of adop-
tion. With the exception of wheat, it is unlikely
that omitted producing countries were charac-
terized (on average) by higher levels of adoption
than those found in column 2. Therefore, the
estimates in column 2 are interpreted as upper

bounds and those in column 5 reflect lower bounds
for the adoption interval.

The span of the adoption interval is less
than 10% in absolute terms for wheat, maize
and cassava. This tight adoption interval im-
parts confidence to the estimates of modern
cultivar adoption in the 1998 data set for
those three crops. At the other extreme, the
adoption estimate for modern groundnut cul-
tivars could have been as low as 2% or as high
as 30%. Rice also is characterized by a wide
range in Table 5.13.

Correlates of modern variety adoption

The multiple correlates of modern variety
adoption are examined in Table 5.14 with the
country-level data set of 85 potential observa-
tions. Per cent adoption of modern varieties as
a group for each crop-by-country observation
is regressed on crop binary variables, varietal
output in the form of releases in the late
1990s, the country of Ethiopia, substantial
private-sector participation in the provision of
seed, and the level of TARC content of released
varieties.

From the discussion of Table 5.13, we expect
that wheat and potato would have significantly
higher adoption rates than the other commod-
ities. That expectation is confirmed in Table 5.14
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Table 5.14. Multiple correlates of adoption of
modern varieties.

Estimated coefficients

Independent variables: (t values)
Post-1989 releases 1.198
(7.01)**
Ethiopia -23.941
(2.60)*
Private distribution 19.069
(2.23)*
Beans -60.634
(3.20)**
Cassava -56.526
(5.74)**
Maize ESA -62.546
(5.22)**
Maize WCA -48.707
(3.75)**
Potato 4723
(0.30)
Rice -29.731
(2.49)*
Constant 70.644
(7.11)**
Observations 68
R-squared 0.78

Absolute value of t statistics in parentheses; *significant at
5%; **significant at 1%.
aThe omitted crop is wheat.

where the base crop is wheat with a 70%
adoption rate. The average uptake of improved
varieties in beans, cassava, maize and rice is sig-
nificantly lower than this estimated diffusion
rate. Shifting from wheat to potato is accompan-
ied by about an insignificant 5% increase in the
rate of adoption of modern varieties.

Perhaps the most interesting outcome in
Table 5.14 is the positive and significant associ-
ation between varietal output and the late
1990s adoption level of improved varieties.
Ceteris paribus, an additional released variety
in the 1990s was associated with a 1.2% rise in
the level of improved cultivar adoption. The
size and statistical significance of this effect is
stronger than anticipated. It is reassuring to
find that varietal output is positively correlated
with adoption, although country and crop ob-
servations with higher varietal output are
likely to have invested more in public-sector ex-
tension, which can play an important role in
varietal adoption. In any case, this positive

finding helps to justify the DIIVA Project’s em-
phasis on monitoring varietal output.

Ethiopia was included as a regressor because
of its agroecological and genetic uniqueness.
Ethiopia contains agroecologies, such as High-
land Vertisols, that are not found elsewhere in
SSA. Tt is also the primary or secondary centre of
diversity of several food crop species. Making gen-
etic progress in the centre of diversity can be es-
pecially challenging. For example, most durum
wheat is grown in Ethiopia and it is also home to
the widest collection of local potato varieties cul-
tivated in SSA. For these reasons, we expect that
the estimated coefficient on Ethiopia is signed
negatively in Table 5.14 and that is indeed the
case. At mean levels of the observations, shifting
the location of wheat production to Ethiopia is
associated with a 25% fall in modern variety
adoption level to 45%.

In the late 1990s database, CIMMYT and
IITA reported significant private-sector par-
ticipation in the distribution of hybrids for
about ten maize-producing countries. Identify-
ing those countries with private-sector (often
multinational) participation accounts for some
of the variation of adoption level. Switching to
maize in one of the countries endowed with
private-sector distribution is associated with a
19% increase in the adoption level of modern
varieties.

It was difficult to make the case for includ-
ing other variables from the data set in the
regression equation because most of these ap-
peared in earlier regressions of varietal releases.
As an exception to this generalization, the TARC
content of improved varieties was included to
test the hypothesis that adoption intensity was
positively correlated with TARC content. The
estimated coefficient on IARC content, which is
not presented in Table 5.14, was positive but
small and insignificant. This hypothesis should
be accepted or rejected at the level of the crop,
which should provide a richer, more contextual
interpretation than that furnished by an aggre-
gated pooled analysis.

Similar to the regression equation for var-
ietal release, the changes brought about by drop-
ping the maize, wheat and bean observations
from South Africa were also evaluated. Explained
variation declined but the level of statistical
significance of the estimated coefficients was
unchanged.
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Turnover of modern varieties

Although SR52 was cultivated in over 95% of
maize area in Zimbabwe in the late 1960s, re-
searchers were assessing impacts from later var-
ietal change in hybrids in the 1980s and 1990s
(Bourdillon et al., 2003). No sales of SR52 were
registered in the 1990s database. High rates of
varietal turnover are desirable and are associ-
ated with productivity in crop improvement.
So-called first-generation modern varieties can
be difficult to replace if more recent releases are
not superior in satisfying farmers’ changing de-
mand for characteristics.

Cultivar-specific data in wheat, rice and po-
tato opened up the opportunity to estimate meas-
ures of varietal turnover. Sufficient data were
also available for maize in ESA to estimate turn-
over rates for all countries, except South Africa.”

The turnover measure that is commonly
used is weighted average age of modern culti-
vars in farmers’ fields from their date of release.
Weights are derived from cultivar-specific data
on area adopted. Turnover measures are more in-
formative as the adoption level of modern varieties
rises. For that reason, we also estimate a second
weighted average that encompasses all cropped
area. Area planted in local varieties is arbitrarily
assigned an age of 50 years in that measure.

Heisey and Lantican (2000) estimated
weighted average varietal age for improved wheat
varieties from the 1998 data set for seven coun-
tries in SSA. Estimated age varied from a low of
2.5 in Zimbabwe to 15.9 in Ethiopia. Six of the
seven had estimates that fell in range of 10-16
years. Those estimates were roughly the same
for comparable data in 1990, indicating stag-
nant progress in varietal turnover. In Zimbabwe,
varietal turnover was very rapid because a
small number of large, homogeneous wheat
producers were effective in communicating
and realizing their demands for varietal change.
Elsewhere, Heisey and Lantican felt that moder-
ately high varietal age reflected the slow diffu-
sion of varieties in farmers’ fields.

Ten years seems like a realistic target to aim
for in a cereal like wheat with a high multiplica-
tion ratio; however, few country-by-crop obser-
vations on average satisfy this target in Table 5.15.
Surprisingly, potato, the crop with the lowest
multiplication ratio, was the commodity with
the highest varietal turnover.

Weighted average age of only 10 years in
improved potato varieties is a truly impressive
and perhaps idiosyncratic performance. Once
the assumed age of local varieties is factored into
the calculation, the difference between wheat
and the other three crops in varietal adoption
becomes apparent in the second weighted age
comparison in Table 5.15. In particular, maize
and potato are characterized by a bimodal distri-
bution of adoption. For some countries, adop-
tion of improved materials is low to negligible;
for others, diffusion approaches full adoption.

Several older improved varieties added more
than 5 years to their country’s weighted average
age profiles. In maize, improved varieties that
were becoming traditional included the compos-
ite A511 in Ethiopia, Kenya's dominant hybrid
H614D, Cargill's Zimbabwean hybrid CG4141
that is discussed in the next sub-section, and two
very old Angolan open-pollinated varieties (OPVs),
Branco Redondo and Catete Branco.

In wheat, the problem of first-generation
dominant improved varieties was not that much
of an issue in most countries. Only Debeira in
Sudan, Lowerie II in Zambia and Samwhit 5 in
Nigeria contributed more than 5 years to their
country’s weighted age profile.

Dominant, old improved varieties were en-
demic across the rice-growing agroecologies of
West Africa in the 1990s data set (Dalton and
Guei, 2003b). In 21 country by agroecological
observations, 14 varieties increased their coun-
try’s age profile by more than 5 years. Farmers
had been cultivating most of these old timers
since the 1960s and early 1970s. Improved

Table 5.15. Weighted average varietal age by crop
in 1997/98.

Weighted average
varietal age (years
from release)

Total area
Area of  assuming
Number of  modern 50 years
country varieties age for local
Crop observations only varieties
Maize ESA 10 15.4 31.2
Potato 9 10.4 27.9
Rice 7 18.6 29.6
Wheat 8 12.6 19.9
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varieties that appear ripe for replacement include
FARO 1, 8 and 9 in rainfed lowland rice produc-
tion in Nigeria, ROK 3 in the uplands and ROK 5
in the mangrove swamps of Sierra Leone, JAYA
in the irrigated lowlands of Senegal, and KHAO
GAEW in the deep-water production environ-
ment in Mali. As Dalton and Guei (2003b) hint
at, several of these are purified landrace, limited
selection materials that because of their age stretch
the limit of the definition of improved varieties.

Spill-overs

Spill-over varieties, first released in one developing
country and subsequently released in another,
exerted a significant effect on release and adop-
tion outcomes in potato. Their effect in the other
crops was less pronounced, but examples could
be cited for most crops in the study. Spill-over
cultivars, either outside, most prominently from
Mexico, or inside the region, mainly from Rwanda,
made up a quarter of the modern varietal releases
in the potato database, and they accounted for
about half of the area planted to improved clones.
Hence, they were roughly twice as important in
adoption as they were in release.

The Cargill Hybrid CG4141 was another
notable example of a spill-over cultivar. This hy-
brid formally entered the market in 1980 in
Zimbabwe and was subsequently sold in six other
countries in ESA in the mid-1980s. By the late
1990s, farmers were still purchasing CG4141 in
the six countries. CG4141 was the top-selling
Cargill hybrid in Zimbabwe in 1996-1998 when
it was the second-ranking improved cultivar in
area in the ESA region.

Summing Up

The analysis of the pooled data for SSA from
the 1990s Initiative in documenting varietal
output, diffusion and impact of the CG Cen-
ters mandated-commodity genetic improvement
programmes was fraught with problems of in-
complete country coverage, disparate and frag-
mented information for the three key databases,
and, in a small minority of cases, fuzzy database
and conceptual definitions. In spite of these

difficulties, the pooled analysis did generate some
findings and also showed that the late 1990s data
set could be used as a point of reference with
varying levels of informational value for the ten
food-crop categories that were studied and that
are currently the backbone of the DITVA Project.

The 1990s data set as a benchmark has the
highest value for wheat, potatoes and rice and
the lowest for groundnut, sorghum and pearl
millet. Without a benchmark, data collected in
the DIIVA Project for the latter three crops needs
to be scrutinized very carefully. The quality of
the 1990s data for maize and cassava is also
high but is compromised by the lack of detailed
cultivar-specific information on adoption for
some countries. Beans, lentils and barley did not
attain this level of quality but, at least, they were
characterized by reasonably good country cover-
age and by complete historical data on varietal
release that was not restricted to CG-Center-
related materials.

The findings are not sufficiently solid to be
interpreted as empirical facts but they provide a
framework for discussion in the context of con-
firming expectations or generating surprises. We
begin with varietal releases. The varietal output
data are consistent with an increasing rate of
annual release from the 1960s to the late 1990s.
This positive trend in the rate of release over
time is one of the shared findings across the com-
modity chapters in Evenson and Gollin (2003a).
Finding a generalized upward trend in varietal
output was expected. However, beans, cassava
and maize in ESA were the only commodity
groupings that truly fit the positive-trend stereo-
type. Varietal output for the other crops peaked
in the 1980s and was maintained at roughly the
same level in the 1990s.

Political instability adversely affected var-
ietal output in some crops in key countries in
the 1990s. The 1994 Genocide in Rwanda took
a severe toll on potato varietal output in coun-
tries of the Zaire-Nile Divide for more than a
decade. The West African Rice Research Station
that was established in 1935 at Rokupr released
two dozen improved ROK-labelled varieties in
the late 1970s and 1980s; civil war in Sierra
Leone choked off the supply of varieties and
destroyed research infrastructure in the 1990s.
With the exception of civil unrest in a diminish-
ing number of countries, most prominently
Zimbabwe, the 2000s are a period of enhanced
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economic stability setting the stage for improved
prospects for varietal output.

Some crops were characterized by higher
than expected numbers of releases prior to 1975.
A few countries could draw on stable lines of re-
search that existed prior to and continued imme-
diately following independence to generate early
varietal output. These early positive performers
also released substantially more varieties in the
period from the mid-1970s to the late 1980s;
however, the advantage of an early start vanished
in the 1990s. We speculate that the IARC crop im-
provement programmes contributed to offsetting
differences in initial advantage in research en-
dowments. We also find evidence that the TARC
content of the 1415 varieties in the data set is
inversely related to total releases at the national
level during the entire period. This (seemingly
perverse) finding suggests that TARC activity tends
to be proportionally concentrated in countries
that would otherwise have less capacity to release
varieties. Hence, these findings point to an equaliz-
ing influence of TARC activity on national varietal
output both temporally and spatially.

The higher and more stable release rate in
wheat was anticipated. Yield-enhancing techno-
logical change induced by the semi-dwarf var-
ieties has been more evident in spring bread wheat
than in any other crop type with the exception of
irrigated rice, which is not a major production
agroecology in most rice-growing countries in
SSA. Wheat research has been well supported
relative to its value of production because invest-
ing in research is perceived as a relatively cheap
policy instrument to contribute to import substi-
tution. More than for any other crop, the chronic
problem of leaf rust and the dominant strategy of
vertical resistance also increase the demand for
varietal turnover and varietal output in wheat.

In contrast, the very low release intensity
for cassava was unanticipated. Cassava ranked
last in average varietal output by a wide margin
on any criterion of release intensity. Cassava did
have a colonial legacy of genetic research to draw
on in the 1960s but governments were slower to
invest in this important staple than in grain
crops where technological change was perceived
to be more of a reality. Other crops, especially
rice, have had a substantially richer institutional
milieu in the form of national, regional and
international organizations that have been ac-
tively involved in promoting crop improvement
over the past 50 years in SSA.

The relative neglect of cassava is mani-
fested by arguably the oddest finding in this
chapter. For cassava, the size of country produc-
tion was not positively correlated with the num-
ber of releases.

For the other crops, production size was
highly correlated with varietal output. Two
other expected correlates of varietal output were
also confirmed. Private-sector breeding, almost
entirely in maize in Southern Africa, was posi-
tively and significantly associated with varietal
output, which was defined as what was available
for farmers to plant in the late 1990s when
private-sector activity seemed to make a net add-
ition to national varietal output and did not re-
place or displace public-sector research. NARS
with greater breeding capacity as evidenced by
greater selection pressure per release were also
characterized by significantly more releases
than NARS that relied mainly on the direct use
of introduced elite and other finished materials.

Unexpectedly, we found no evidence for in-
creasing NARS capacity in breeding level in
terms of how released varieties were selected
over time. Finding positive evidence for a pro-
gression from direct use of finished and landrace
materials, to selection from introduced progeny,
to crossing and selection was one of the empir-
ical facts that was highlighted in the global as-
sessment of Evenson and Gollin (2003a). In
contrast, based on cultivar-specific information,
breeding capacity has not increased in a prac-
tical sense of process-related attributes of how
varieties were selected in SSA since the 1980s.
Beans was the only commodity to register a sub-
stantial increase in breeding sophistication in
the 1990s, probably because of activity of the
PABRA network that emerged during that period
and because genetic improvement in beans was
characterized by a very low level of breeding
capacity in the 1970s and 1980s.

This finding should be interpreted with
caution because breeding level depends on crop
context. Moreover, transparent codes were not
used throughout the data set, which in the case
of maize in ESA was limited to IARC-related ma-
terials. The image that breeding in the sense of
crossing is still very limited in SSA is a hypothesis
that is revisited in Chapter 18. If true, it sets SSA
apart from other regions of the world.

As expected, IARC content did increase in var-
ietal output over time for most crops. For cassava
and maize in WCA, TARC content was high in the
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1980s and it needed to approach 90% to register
an increase in the 1990s. Maize in ESA was char-
acterized by proportionally fewer releases related
to IARC activity than the other crop groupings.

Crop-release behaviour was often erratic
over time in small countries. Plausible reasons
for instability in releases were put forward to ex-
plain bursts of activity sandwiched between long
periods of inactivity.

The exploratory regression analysis of the
variation in the number of total releases confirmed
several correlates of varietal output. Production
share, private-sector breeding and breeding level
were positively and significantly associated with
varietal output. The inclusion of South Africa in
the analysis substantially influenced these results
but it did not alter their fundamental nature.

Several expectations were also confirmed in
the evaluation of the strength of NARS data-
base. Estimates of researcher intensity decline
exponentially as the size of production increases
from less than 50,000 to more than 5 million
tonnes. Research intensity is lower in cassava
than in other crops even when the relatively in-
ferior output value of cassava is factored into the
calculation. The variation in scientific research
strength is more due to countries than to crops,
i.e. the evidence suggests that staff strength ex-
hibited more variation across countries within a
crop than across crops within a country. Large
countries, such as Ethiopia, Kenya and South
Africa, have invested proportionally more than
many others nations in SSA in agricultural re-
search. This behaviour is reflected in the data set
in positive and statistically significant estimated
country coefficients for those countries.

The evaluation of staff strength also gener-
ated one partial surprise: the degree to which the
very low researcher intensity in Nigeria affected
the mean outcomes in the food crops in which it
was a very large producer. In particular, Nigeria's
researcher intensity in cassava was, arguably,
the lowest ever documented anywhere in the
world. The implication for DIIVA participants is
transparent: getting right Nigeria's allocation of
its scientists to food crop genetic improvement is
one of the most important and challenging as-
pects of the project. Only with reliable data can
the validity of competing explanations for Nige-
ria’s outlier behaviour in researcher intensity
be tested.

The diffusion analysis did not provide much
in the way of surprises. Relative to their mean

levels, maize, wheat, cassava, potatoes, lentils
and barley were characterized by a proportion-
ally small range between the upper and lower
bounds of modern variety adoption. Because of
very incomplete country coverage, the adoption
estimates for modern varieties in the 1998 data
set for groundnut and pearl millet are fuzzy and of
limited value as points of reference for the DITVA
Project. The analysis of the variation in coun-
try-level adoption drew attention to the outstand-
ing diffusion performance in spring bread wheat,
the moderately high-level adoption of recent 20th
century cultivars in potatoes (that are more widely
diffused in several countries of SSA than they are
in North America and several European coun-
tries), the uniqueness of Ethiopia, and the expected
strong positive interaction between private sector
participation and adoption of modern varieties.

The analysis of varietal turnover and spill-
overs did reveal several unanticipated findings.
Estimates of varietal age of 18-20 years did not
seem that different from the rice-growing coun-
tries of South and South-east Asia where one old
dominant variety often prevails. Older improved
varieties and hybrids, such as SR52 in maize, are
being replaced but not at a rate that one would
expect from highly productive crop improve-
ment programmes. Few crop-by-country obser-
vations were able to comply with a target of a
maximum of 10 years in weighted average var-
ietal age. Potato, the crop with the lowest multi-
plication ratio and the commodity with the
bleakest prospects for an institutionally efficient
seed programme, was characterized by the high-
est estimate rate of varietal turnover as indicated
by the lowest weighted average varietal age.

The lack of turnover in old varieties is pro-
nounced in rice in selected countries in all of its
five production agroecologies in West Africa. Im-
proved landrace materials purified and released
in the 1960s have had remarkable staying power
and appear ripe for replacement.

Spill-over varieties were visible in the 1990s
data set in almost all crops. Their consequences
were most marked in potato where they ac-
counted for 25% of the releases and about 50%
of improved cultivar area. CG4141, a short dur-
ation maize hybrid, released in Zimbabwe in
1980 also warrants mention. That Cargill culti-
var was subsequently marketed in six other
countries in the mid-1980s and was still planted
on more than 200,000 hectares across the re-
gion in the late 1990s.
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In closing, this analysis has also provided
some comfort to DIIVA participants that some of
the underlying assumptions of the project are
reasonable in focusing effort on measuring and
assessing interactions in the three key databases.
For example, the observation that adoption in
1998 was significantly and positively correlated
with earlier releases may seem too obvious to get
excited about. However, the technology gener-
ation, varietal release and varietal diffusion

processes are laden with context. That releases
subsequently translate into adoption is not a
foregone conclusion. Similarly, the finding that
the strength of scientific staff is negatively asso-
ciated with instability in release behaviour does
not appear to be that important, relevant or even
interesting. But it is findings such as these that
confirm the quality of the late 1990s data set as
a benchmark for the DITVA Project. They also re-
inforce the rationale for the Project.

Notes

' In impact assessment, the focus of the late 1990s initiative was on economic consequences. In contrast,
the DIIVA Project addressed impacts on poverty and food security along with an evaluation of some eco-
nomic outcomes.

2 This issue is revisited in Appendix 5.1.

3 The Amani station was also known for its excellent work on tolerance to cassava brown streak that was
endemic in the first half of the 20th century. Virus resistance in conferring adaptability on sweetpotato cul-
tivars was another practical success story. Since the 1960s, the most widely grown sweetpotato variety in
East Africa was selected at the Amani station. That cultivar is known as Tanzania in several sweetpotato-
growing countries in East Africa.

4 Chad'’s flurry of release activity in 1994 may have been the outcome of a bilateral funding project. What-
ever the case, it requires explanation.

5 Angola released two open-pollinated varieties in the late 1950s.

8 That breeding work was led by Raoul Robinson, a plant pathologist, who is an ardent disciple of John
Niederhauser. Wikepedia: http://en.wikipedia.org/wiki/Raoul_A_Robinson (Accessed 28 April 2015).

7 The seed sales data on hybrid maize in Zimbabwe seemed incomplete as only about a quarter of the
declared hybrid area had cultivar-specific data from which area could be attributed to hybrids. The bulk of
the area probably originated from replanting of hybrids.
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Appendix 5.1. Uniformity and Quality
of the Three Core Databases across
Commodities in the 1998 Initiative

exceeded minimal data set requirements in as-
sembling and gathering information on varietal
release. IITA made use of the same pro-forma
that they used in maize for cassava, imparting a

Having confirmed in Table 5.1 that the 1998
data set is sufficiently broad in terms of coverage
to be an adequate benchmark for 8 of 11 food
crops, we address the related issues of the uni-
formity and quality of data collected by the CG
Centers in this Appendix. Although all Centers in
the 1998 Initiative addressed the same issues
and were coordinated by the Impact Assessment
and Evaluation Group (IAEG), resources were
not sufficient to coordinate a standardized data
collection effort. At one extreme, ICRISAT relied
almost entirely, as noted earlier, on a literature
review to quantify the objectives of the 1998 Ini-
tiative in SSA. At the other end of the spectrum,
CIMMYT and IITA closely coordinated their
data collection efforts in maize and substantially

high degree of uniformity across both crops.

Much of the minimal data set collected in
DIIVA Project described in Chapter 4 was also
collected in the 1998 Initiative. But there are
important gaps in each of the three main data-
bases. More importantly, differences in aggrega-
tion compel the analyst all too often to use the
tabular estimates in Evenson and Gollin (2003)
instead of applying the same procedures to the
disaggregated raw data. Several hypotheses can-
not be tested without the disaggregated data;
therefore, one is constrained by the minimal
common data collected across the ten food crops
in a pooled analysis.

Centers in the 1998 Initiative in a few in-
stances collected data on more aspects than what
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is contained in the DIIVA Project. Information on
training outputs, on spill-over varieties originally
released in one country and later released in an-
other, and TARC input to national programme
crossing blocks was presented by two or more
Centers in Evenson and Gollin (2003a). Eliciting
information in these and other areas was con-
sidered at the DIIVA Project Proposal workshop,
but was accorded a lower priority than the so-
called minimal data sets on varietal release, im-
proved cultivar adoption and strength of NARS.

Varietal release

For most Centers, varietal output is the richest
database in the 1998 Initiative. With the excep-
tion of ICRISAT, all the CG Centers submitted data-
bases on varietal output that included all improved
varieties released irrespective of source (Table
5.A1). Information on cassava, maize and wheat
substantially exceeds the demands of the min-
imal varietal release data set for the DIIVA Project.
In particular, those databases are rich in their
presentation of information on characteristics
and pedigree.

Strength of crop improvement
programmes

The databases on the strength of crop improve-
ment programmes were a mixed blessing in 1998.

All CG Centers presented reliable information
at roughly the same level of detail on invest-
ments and costs of IARC crop improvement pro-
grammes over time. Human resources in NARS
crop improvement programmes were extensively
discussed in Evenson and Gollin (2003a) but, in
terms of information retrieval, a full-fledged
database at the level of a named scientist was
only available for potato (Table 5.A2). Ground-
nut was the worst offender: no data were pre-
sented on the strength of NARS crop improve-
ment. In contrast, information on pearl millet
and sorghum was characterized by several years
of coverage in response to medium-term special
projects financed regionally in SSA.

Strictly speaking, data on disciplinary
coverage was only available for rice, potato, lentil
and barley. Human capital data for cassava and
maize in West Africa was characterized by nu-
merical aggregates tallied for broad utilization
groups invested in research, production, distri-
bution and administration.

Varietal diffusion

In contrast to varietal output, information on
improved cultivar-specific adoption is scanty and
heterogeneous across the CG Centers (Table 5.A3).
Reliable and comprehensive cultivar-specific
adoption data were available only for rice, beans,
potatoes and maize. Data for the other six crops
were characterized by one or, more often, mul-
tiple aspects of incompleteness. The disjointedness

Table 5.A1. Describing the texture and uniformity of data on varietal

release by crop.

Continuing Summary or Comprehensive Information:
commodity database or only IARC rich or sparse
Cassava Database Comprehensive Rich

Maize Database Comprehensive Rich
Groundnut Summary IARC Sparse
Rice Database Comprehensive Sparse
Pearl millet Summary IARC Sparse
Sorghum Summary IARC Sparse
Potato Database Comprehensive Sparse
Beans Database Comprehensive Rich

Wheat Database Comprehensive Rich

Barley Database Comprehensive Sparse
Lentils Database Comprehensive Sparse
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Table 5.A2. Describing the texture and uniformity of data on scientific capacity by crop.

Breadth of Years:
Continuing Summary or disciplinary single Degree
commodity database coverage or multiple coverage
Cassava Database Scientists Single Senior,
International,
Junior
Maize Summary Scientists Single No
Groundnut No data - - -
Rice Summary Disciplinary Single No
Pearl millet Summary Disciplinary Multiple Yes
Sorghum Summary Disciplinary Multiple Yes
Potato Database Disciplinary Single Yes
Beans Summary Breeders Multiple No
Wheat Summary Scientists Single No
Barley Summary Disciplinary Single Yes
Lentils Summary Disciplinary Single Yes

Table 5.A3. Describing the texture and uniformity
of the adoption data by crop.

Continuing  Summary Cultivar Non-IARC
commodity or database specific releases
Cassava Database Yes Included
Maize Database Yes Included
Groundnut  Summary No Aggregated
Rice Summary No Aggregated
Pearl millet Summary No Aggregated
Sorghum Summary No Aggregated
Potato Database Yes Included
Beans Summary No IARC only:
time series
Wheat Database Yes Included
Barley No data - -
Lentils No data - -

of the varietal adoption database reflects the
lack of standardized data collection instruments
and, to a lesser extent, the retrieval of data that
adequately addressed varietal diffusion. For ex-
ample, researchers made a valiant effort to try to
collect cultivar-specific information for cassava,
but reliable returns were not forthcoming for

several important countries. Most CG Centers re-
lied heavily on expert opinion of NARS scientists
in eliciting estimates of aggregate and culti-
var-specific adoption. The exception was maize
in East and Southern Africa where information
on seed sales was used to construct profile of
adoption of hybrids and improved OPVs by country.
The diffusion data were richest in rice. Com-
plete estimates were elicited by country in each
of the five main producing agroecologies in West
Africa: rained upland, rainfed lowland, irrigated
lowland, mangrove and deep-water floating.

Summary assessment

Overall, the above discussion suggests that the
cassava, maize, rice, potato and wheat databases
support an analysis of several of the hypotheses
in Chapter 3. We are on much shakier ground
for groundnut and pearl millet. The tabular data
on sorghum in Evenson and Gollin (2003a) are
worth re-visiting. Barley, beans and lentils oc-
cupy an intermediate position in terms of data
quality and uniformity.
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6 The Effectiveness of
Crop Improvement Programmes from
the Perspectives of Varietal Output and
Adoption: Cassava, Cowpea, Soybean
and Yam in Sub-Saharan Africa and
Maize in West and Central Africa

A.D. Alene,”™ T. Abdoulaye,' J. Rusike,' V. Manyong' and T.S. Walker?
'International Institute of Tropical Agriculture (IITA, various locations);
2Independent Researcher, Fletcher, North Carolina, USA

Introduction’

In this chapter, varietal output, adoption and
change are assessed for five of the 20 food crops
covered in the Diffusion and Impact of Improved
Varieties in Africa (DIIVA) Project. The chapter
evaluates the performance of genetic improve-
ment programmes in cassava, cowpea, soybean
and yam for sub-Saharan Africa and maize im-
provement in West and Central Africa.

It is hard to overstate the importance of
these crops for the livelihoods of the rural and
urban poor in sub-Saharan Africa (SSA). Cassava
is the most widely grown root crop and the second
most important food staple after maize that pro-
vides more than half of the dietary calories for
more than 200 million people (Nweke et al., 2002).
Cowpea, referred to as ‘the poor man’s meat’ in
the Sahel, is the most popular pulse crop in West
and Central Africa. Taken together, the two spe-
cies of African yam are the most economically
relevant tubers with a value of production that

* E-mail: a.alene@cgiar.org

ranks them in the top 2-3 food staples in SSA.
Globally, soybean is the most rapidly expanding
agricultural commodity in the 20th and early
21st centuries. Although area expansion in
Africa is not as pronounced as in Latin America
and Asia, soybean production in the region
crossed the threshold of 1 million tonnesin 2008.
Maize is the staple food crop of choice for millions
of producers and consumers in West and Central
Africa.

In spite of their economic importance and
potential, these crops did not receive much re-
search attention during the colonial period in
West and Central Africa in the first half of the
20th century. Few of the limited breeding mater-
ials and elite varieties survived the transition
from colonial rule to national independence.
Exceptional survivors came from a handful of
cassava and maize improvement initiatives sup-
ported by international organizations such as the
Ford and Rockefeller Foundations. By the time
the international agricultural research system

© CGIAR 2015. Crop Improvement, Adoption and Impact of Improved Varieties
74 in Food Crops in Sub-Saharan Africa (eds T.S. Walker and J. Alwang)
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known as the CGIAR was created in 1971 fol-
lowing the founding of four International Agri-
cultural Research Centers (IARCs) in the 1960s,
the research shelf was bare for cowpea, soybean
and yam, and was very poorly stocked for cas-
sava and maize.

Since its establishment in 1967 with a man-
date for the improvement of cassava, cowpea,
maize, soybean and yam, the International Insti-
tute of Tropical Agriculture (IITA) has played a
leading role in international efforts aimed at devel-
oping and disseminating well-adapted elite mater-
ials to farmers growing these crops. As two of the
four founding centres, CIAT (the International
Center for Tropical Agriculture) and CIMMYT (the
International Maize and Wheat Improvement
Center) have also played important roles in inter-
national efforts aimed at developing and dissemin-
ating cassava and maize varieties. Maize research
at CIMMYT has contributed significantly to maize
varietal output and change in West and Central
Africa through parent germplasm sharing and
capacity strengthening. Similarly, CIAT has played
a key supportive role in providing germplasm for
cassava research at ITTA.

Other international programmes have also
contributed materials and engaged in capacity
strengthening in the generation of promising
varieties. A prominent example is USAID’s Bean
and Cowpea Collaborative Research Support
Program (CRSP). None the less, few credible, al-
ternative international suppliers for the genetic
improvement of these five crops exist. Moreover,
with the exception of maize in Nigeria, private-
sector participation in crop improvement is neg-
ligible or is in its infancy.

For these reasons, progress in crop improve-
ment depends largely on the performance of plant
breeding in public-sector national agricultural
research systems (NARS) that are central to this
chapter and to DITVA-related research on varietal
output and adoption. The DITVA Project was timely
for IITA because it provided a means to generate
systematic and up-to-date information on the de-
velopment, dissemination and adoption of im-
proved varieties. The absence of such a baseline
had limited IITA’s efforts to assess the economic
and poverty reduction impacts of national and
international agricultural research in SSA. Not
only are variety diffusion data lacking, but they are
also the most expensive data to collect on a regu-
lar basis. For example, identification of improved

cassava clones cannot be inferred from farmer-
survey responses; therefore, field visits are re-
quired with subsequent expert input on varietal
determination on the basis of morphological
characteristics in photographs (Alene et al.,
2012). The DIIVA Project complemented emer-
ging efforts and provided a cost-effective means
to measure progress in crop improvement.

Results are reported by crop for each of the
three databases described in Walker (Chapter 4,
this volume): (i) recent cross-sectional data on
the strength of human resources in NARS by
discipline; (ii) historical data on varietal release;
and (iii) recent cross-sectional data on varieties-
specific levels of adoption elicited from expert
panels. A closing section summarizes common
findings and recurring themes across the five
crops. Before discussing the crop-wise findings,
survey design and data collection are described
below.

Survey Design and Data Collection

In 2010, IITA carried out a survey of national
crop improvement programmes in over 20 tar-
get countries in SSA. IITA initially identified
26 crop-by-country combinations (CCCs) involving
11 countries for cassava, 9 countries for maize,
5 countries for cowpea and one country for soy-
bean. Exploiting the synergy between DIIVA and
the larger effort at IITA, the project has actually
covered a total of 68 crop-by-country combin-
ations: 17 countries for cassava, 11 countries for
maize, 18 countries for cowpea, 14 countries for
soybean and 8 countries for yam (see Appendix
Table 6.A1). With this expanded coverage, the
IITA crop-by-country combinations account for
about 45% of the total observations in the DITVA
Project in SSA.

Crop coverage was based on the signifi-
cance of adoption and potential impacts in the
mandate region. Given that one priority in the
DIIVA Project was to update the 1998 database,
cassava and maize as continuing crops were the
obvious choices for the study. The other IITA
mandate crops with significant expected adop-
tion of new varieties to qualify for variety release
and adoption were cowpea and soybean. Yams
were initially not included because of the per-
ceived paucity of released varieties and adoption
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experience, but were later added as data became
available from the larger IITA-led survey of na-
tional crop improvement programmes.

Country coverage for each of the five crops
was based on: (i) expected or documented var-
ietal releases as a proxy for technological change;
(ii) share of production such that the selected
countries accounted as a group for over 75% of
total area in the mandate region in 2009; (iii)
importance of the crop in food consumption;
and (iv) availability of previous baseline survey
data on variety adoption. In 2009, the produc-
tion share of the respective countries surveyed
exceeded 90% across the five crops: 95% for
cassava in SSA, 93% for maize in West and
Central Africa, 98% for cowpea in SSA, 100%
for soybean in SSA and more than 95% for yam
in SSA.

The survey was conducted from April to
December 2010 using a structured question-
naire. Separate research teams were set up for
the surveys in Anglophone and Francophone
countries. Each country was visited by one of
the research teams that compiled secondary
data on variety release and human resource in-
vestments from variety registers, annual reports
and other sources. The survey questionnaire fo-
cused on gathering detailed information on the
following aspects of the performance of na-
tional crop genetic improvement programmes:
(i) human resource investments in genetic im-
provement; (ii) name, origin, germplasm con-
tent and agronomic characteristics of improved
varieties released in the country; and (iii) esti-
mated area planted to different varieties in the
country.

Data collection was guided by the illustra-
tive protocols given in Walker (2010). In the first
part of the questionnaire, data were assembled
on the full-time equivalent (FTE) scientist (BSc
and above) years invested in 2009 by all public
and private sector (if any) programmes in each
surveyed country.

Substantial time was spent compiling data
on varietal release in the second part of the
questionnaire. Information on the names, ori-
gins, germplasm content and agronomic char-
acteristics of improved varieties released in each
country was obtained from variety registers
(e.g. for Nigeria), annual reports, variety release
reports, journal articles on variety registration,
expert consultations and a range of other sources.

The list included both official and unofficial re-
leases. In many countries, unofficial releases
represent a significant share of the total number
of varieties released. This is due to a lack of variety-
release procedures for some crops (e.g. cassava)
and countries, as well as poorly functioning variety-
release bodies.

Information on the IITA content of im-
proved varieties was also collected as part of a
major effort to assess IITAs role in terms of
transforming the scientific capacity of the NARS
from mere acceptance of nearly finished tech-
nologies to the ability to screen and adapt tech-
nologies, then to a final stage in which they have
full scientific capabilities to undertake genetic
improvement involving breeding and selection.
Each improved variety released in a country was
classified into one of three possible categories
based on whether and how IITA germplasm was
used: (i) Non-IITA, i.e. no IITA germplasm was
used (e.g. local landraces); (ii) IITA-parent, i.e.
parent germplasm from IITA, with crossing,
selection and testing done by NARS; and (iii)
IITA-bred, i.e. crossing and/or selection done by
IITA (including evaluation and genebank con-
servation of landraces), with local adaptation
and testing done by NARS.

The main sources of information on var-
ietal output were official variety registers and
other national commodity varietal release data-
bases. These data were supplemented by expert
knowledge from different research institutions.
The major constraint to accurate reporting on
the complete research outputs and genetic attri-
bution is the expert exposure and experience
with crop-specific breeding taking place in the
country from the distant past to the present.
Largely, as a result of staff turnover, some of the
experts involved in the survey were relatively
new in the national programmes and their com-
modity teams. Lack of experience could have led
to historical omissions of important varieties or
to over-optimism about the prospects for mater-
ials under trial.

Methodological differences as well as differ-
ing data sources between the 1998 and the 2010
surveys (e.g. Nigeria’s crop variety register was
published in 2009, therefore a variety register
was unavailable in 1998) limited the scope for a
comparative analysis of trends in variety release.
Because varietal release data were elicited
through a mailed questionnaire in 1998, there
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were no fora for face-to-face interaction, consult-
ations and triangulation of the data. Many var-
ieties reported in the 1998 survey as released
were actually in the pipeline then and were for-
mally released only after 1998. In the 1998
study, a total of 267 maize varieties were reported
as released in West and Central Africa between
1965 and 1998 (Manyong et al., 2003). The
2010 survey found that only 183 were released
in that same time period. This big discrepancy
can be explained by the aforementioned differ-
ences in methodology, as well as the inclusion of
varieties that were only in the pipeline. These dif-
ferences also implied that the historical record of
varietal release had to be compiled not only for
the new crops of cowpea, soybean and yams, but
also had to be reconstructed for the continuing
crops of cassava and maize. The analysis of var-
ietal output in this chapter and this volume for
the IITA-mandated crops is based on the recon-
structed varietal release database.

Sequential estimation of varietal adoption
was the focus of the last part of the questionnaire.
Expert-opinion estimates on variety adoption
were elicited through extensive discussions and
consultations with programme leaders, breeders,
agronomists, economists, and extensionists of
public- and private-sector research institutes and
seed-production agencies.

Elicitation was accomplished through a ser-
ies of steps that were followed to minimize the
inherent subjectivity associated with expert
opinions. First, the experts were asked to identify
and list the major technology recommendation
domains (e.g. agroecological zones, geographic
regions, etc.) for the crop in the country. Second,
they were asked to estimate the share of each
recommendation domain in the total area planted
during the recent agricultural year. Third, they
were asked to estimate, for each domain, the
relative importance of improved and traditional
varieties as a group, in terms of their percentage
share in total area planted to the crop. Fourth,
the experts were asked to list and rank, for each
recommendation domain, the most important
improved varieties in terms of the size of the area
planted. Finally, the experts were asked to esti-
mate, again for each recommendation domain,
the percentage share of each listed and ranked
variety in total area under all improved varieties
so that the shares summed to 100% for each
domain. National level variety-specific adoption

estimates were then derived via the weighted
aggregation of the domain level estimates across
all recommendation domains with the domain-
specific area shares used as weights.

Cassava

IITA initiated cassava research in the early
1970s with a focus on developing high-yielding
varieties with resistance to major pests and dis-
eases such as cassava mosaic virus disease
(CMD), cassava bacterial blight (CBB) and cas-
sava green mite (CGM). In addition to breeding
for high yield and resistance to major pests and
diseases, the cassava research programme at
IITA involved developing biological control and
integrated pest management options to reduce
losses due to insect pests. Cassava breeding was
initiated using breeding materials from the Moor
plantation near Ibadan and a limited number of
East African landraces with resistance to CMD as
well as CBB developed through interspecific
hybridization in the 1930s. Germplasm was also
collected from Latin America and Asia along
with local varieties from within Nigeria. This
work resulted in several elite genotypes that had
resistance to CMD and CBB as well as high and
stable yields and good consumer acceptability.
This was the first major breakthrough in the
genetic improvement of cassava. The develop-
ment of these resistant varieties, and their de-
livery to national programmes for testing under
specific local conditions during the late 1970s
and 1980s, has led to the widespread and suc-
cessful deployment of CMD- and CBB-resistant
cassava in SSA (Nweke et al., 2002). Another
major breakthrough in the breeding programme
was the pyramiding of new sources of resistance
to CMD, identified from West African landraces,
with the resistance genes to the earlier Tropical
Manihot Selection (TMS) varieties, providing
greater and more durable resistance. The ‘new
generation’ of cassava germplasm combines en-
hanced CMD resistance with improved posthar-
vest qualities, multiple pest/disease resistance,
wide agroecological adaption and greatly
improved yield potential where yield increases
of 50-100% without the use of fertilizer were
demonstrated in many African countries.

With increasing severity and incidence of
cassava brown streak disease (CBSD) and its
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spread into high altitude environments, recent
cassava research efforts have aimed at screening
the mid-altitude germplasm with CMD resist-
ance for combined resistance to CBSD. Geno-
types with combined resistance to both diseases
have been identified and these are either being
multiplied or tested in on-farm trials in collabor-
ation with the Catholic Relief Services (CRS)
under the Great Lakes Cassava Initiative (GLCI).
Additional seeds from CBSD-resistant parent
materials were produced and evaluated under
high disease pressures in Uganda and Tanzania
and potential resistant/tolerant genotypes with
good agronomic characteristics and quality pref-
erences by farmers have been identified. The
characteristics of most new genotypes devel-
oped by the cassava breeding programme in
recent years reflect the vision of an expanded
future role of cassava in food, feed and industrial
applications. This improved germplasm is regu-
larly shared with the NARS as specific genotypes
(certified as virus-tested) or improved seed popu-
lations for evaluation and selection under local
environmental conditions. Cassava improve-
ment programmes in Africa receiving these
breeding materials from IITA have developed/
selected varieties that outperform the local var-
ieties and officially released several of them to
farmers, whereas others are at various stages of
utilization. The survey results showed that dur-
ing the period 1970-2010, ITTA and NARS re-
leased a total of 367 improved cassava varieties
in SSA.

Scientific strength of cassava
improvement programmes

In 2009, 14 FTE researchers were working on
cassava improvement in IITA (Table 6.1). The
institute’s investment in cassava was greater
than for the other four crops discussed in this
paper. It represented about 10% of the 139 FTE
researchers engaged in cassava improvement in
the public sector in SSA. With the possible excep-
tion of Ghana, it is unlikely that cassava would
be the leading crop in terms of FTE scientists of
any of the 17 public-sector programmes listed in
Table 6.1.

Cassava improvement programmes in SSA
feature a diversified portfolio of disciplines. On

average, countries in SSA allocated 1.6 FTE
researchers to breeding; 1.1 to agronomy; 0.9 to
entomology/nematology/virology; and over 0.5
FTEs to genebank conservation, tissue culture
and postharvest. Allocations to pathology,
seed production, molecular biology, social
science and food science fell in the range of 0.1
to 0.7 FTEs. Given the importance of pests and
diseases in cassava production, 0.9 and 0.7 FTEs
allocated to entomology/nematology/virology
and pathology, respectively, was lower than ex-
pected.

Investments in cassava improvement varied
widely across countries, ranging from 1 FTE
researcher in Burundi to slightly more than
22 FTEresearchers in Ghana. Of the 17 countries,
7 countries had fewer than 5 FTE researchers
working on cassava improvement. A low level
of investment is commensurate with light
production where the crop is not of primary
importance in most of these countries such as
Burundi and Zimbabwe. This level of investment
is, however, too low for countries such as Tanza-
nia where cassava is an economically important
commodity with an estimated annual value
of production of over half a billion US dollars.
A hiring freeze that was in effect between 1992
and 2002 as well as the early retirement of
senior staff probably contributed to the appar-
ent underinvestment in cassava improvement in
Tanzania.

At the high end of the investment spec-
trum, Uganda and Ghana employed slightly
more than 20 FTE researchers. As part of its
major biotechnology research effort aimed at
addressing key biotic and abiotic production
constraints affecting major food crops, 4 FTE
molecular biologists are deployed on cassava in
Uganda.

The overall picture that emerges in Table 6.1
is one of fragmented cassava research capacity
attributed to substantial differences in sources of
funding, the importance of the crop to the econ-
omy and the size of the national agricultural
research system. For instance, the Kenya Agri-
cultural Research Institute (KARI) is a relatively
well-funded institute, receiving constant support
from the Kenyan Government, attracting large
sums of donor funding and generating its own
revenues to finance their breeding activities
(Beintema and Stads, 201 1; Beintema and Rahija,
2011). Funding access more than compensates
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Table 6.1. Full-time equivalent staff by major specialization working on cassava improvement in sub-Saharan Africa in 2009.

Major specialization
CGIAR/

NARS Germplasm Molecular Entomology/ Seed Tissue Social  Food
Programme  conservation Breeding Pathology biology = Nematology Agronomy production culture Postharvest science science Others Total

CGIAR (lITA) 0.2 6.0 0.0 2.0 1.2 4.2 0.0 0.0 0.0 0.0 0.3 0.0 14

NARS 10.8 275 12.0 7.6 15.0 18.8 9.5 13.3 13.9 6.9 2.0 1.8 139

Angola 0.0 2.6 0.5 0.4 0.4 2.0 2.5 0.4 0.3 0.0 0.5 0.0 9.4
Benin 0.3 0.0 0.0 0.0 0.0 0.0 0.5 1.7 0.0 0.0 0.0 0.0 2.4
Burundi 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.1 1.0
Cameroon 1.5 1.4 1.6 0.8 1.8 0.9 0.7 1.6 0.5 0.7 0.0 0.0 11.5
Céte d'lvoire 0.2 0.9 0.3 0.3 0.1 0.9 0.4 0.9 0.4 0.4 0.5 0.0 5.1
DR Congo 0.0 3.0 2.0 0.0 3.2 1.0 0.0 1.0 2.0 2.0 0.0 0.0 14.2
Ghana 0.8 5.9 1.3 0.7 1.2 2.1 2.7 2.3 4.3 1.2 0.0 0.0 22.5
Guinea 0.0 1.0 0.0 0.0 0.6 1.2 0.0 0.0 0.2 0.0 0.0 0.0 3.0
Kenya 0.0 2.0 2.0 14 1.6 0.6 2.0 0.0 0.8 0.4 0.0 0.0 10.8
Malawi 0.0 1.2 0.0 0.0 0.2 1.0 0.2 0.0 0.0 0.5 0.0 0.5 3.6
Mozambique 0.3 25 1.0 0.0 0.0 2.0 0.0 1.8 1.0 0.3 0.0 0.0 8.9
Nigeria 2.0 2.0 2.0 0.0 0.0 2.0 0.0 0.5 2.0 0.5 0.0 0.0 11.0
Tanzania 1.0 0.0 0.2 0.0 0.0 0.5 0.5 0.0 0.0 0.0 0.0 0.0 2.2
Togo 1.1 0.4 0.1 0.0 0.0 0.5 0.1 0.8 0.8 0.2 0.0 0.0 4.0
Uganda 3.0 3.0 0.0 4.0 4.0 2.0 0.0 2.0 0.0 0.3 1.0 1.2 20.5
Zambia 0.2 1.6 1.0 0.0 2.0 0.0 0.0 0.4 1.6 0.4 0.0 0.0 7.2
Zimbabwe 0.4 0.0 0.0 0.0 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0 1.5
Average 0.6 1.6 0.7 0.4 0.9 1.1 0.6 0.8 0.8 0.4 0.1 0.1 8.2
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for low levels of production and allows Kenya
to join the ranks of six countries that have in-
vested more than 10 FTE scientists in cassava
improvement.

Turning to educational qualifications, Ghana
stands out with 13.9 FTE PhD scientists. The
efforts of the World Bank and the Dutch Govern-
ment figured prominently in this high level of
educational attainment by Ghanaian cassava
scientists. Between 2000 and 2008, the World
Bank funded the Agricultural Services Subsector
Investment Project (AgSSIP) that included a
significant training component. Seventeen sci-
entists from the Council for Scientific and Indus-
trial Research (Ghana) (CSIR) received PhDs and
15 received MSc degrees in various fields, most
of them agriculturally related. Over the same
period, nine researchers from CSIR received
various degrees from universities in the Neth-
erlands under the sponsorship of the Dutch
Government.

Like Ghana, Uganda is the other positive
outlier in terms of educational qualifications.
Uganda has quadrupled its research spending
during the last decade. This has led to an en-
hanced research capacity, which, in turn, is
dominated by the PhD and MSc staff (Beintema
and Rahija, 2011).

Cassava is the most important crop under
research in Nigeria, accounting for 10% of the
total crop FTE researchers (Beintema and Rahija,
2011). In spite of this emphasis, Nigeria employed
only six PhD FTE researchers — half that of
Ghana — in cassava genetic improvement. Nige-
ria’s 13% share of PhD scientists is substantially
lower than its one-third share in cassava area
amongst the 17 countries. Much of the lack of
congruence between educational qualification
and area shares is attributed to an increasing
but still relatively low number of FTE scientists.
Since 2001, shifting of agricultural research
staff composition in Nigeria towards junior staff
trained at the BSc level probably played a role in
dampening the demand for PhD crop scientists
in public-sector research (Flaherty et al., 2010).

The research systems in Zambia, Togo,
Burundi, Zimbabwe and Tanzania employed less
than 0.6 PhD FTE researchers in cassava breeding.
The more MSc and BSc intensive composition
of their NARS, together with low numbers of
well-qualified staff, create significant constraints
on the ability of these countries to conduct

high-quality research and to attract external
funding. Demand and supply forces shape the re-
search profile observed at any NARS at a par-
ticular point in time (Pardey et al., 1991). High
opportunity cost for qualified researchers with
highly demanded specialty skills gives them a
good deal of international mobility and allows
them to leave the public sector and join more lu-
crative jobs in the private sector. Hence, small
research systems always suffer from high attri-
tion rates.

Cassava has one of the lowest research in-
tensities relative to the volume of production of
any food crop in SSA. The weighted average ratio
of FTE scientists per million tonnes of produc-
tion is only 1.3 across the 17 surveyed countries.
The largest cassava producers, Nigeria, Angola,
Benin, Democratic Republic of Congo (DR Congo),
Tanzania and Malawi, each employ less than 1
FTE researcher for every one million tonnes of
cassava production.

More typically, the estimates show falling re-
search intensity ratios with increasing cassava
production across countries. This inverse rela-
tionship is observed empirically in many studies
(Bohn and Byerlee, 1993; Bohn et al., 1999). But
atypically, estimated research intensities are not
that high even for the smaller producers. With a
research intensity ratio of 13, Kenya was the only
country investing in more than 10 FTE scientists
per million tonnes of production in 2009.

Varietal output of cassava
improvement

During the past four decades between 1970 and
2010, a total of 367 varieties of cassava were re-
leased in SSA, equivalent to a mean release rate
of 9-10 varieties per year for all of the 17 survey
countries (Table 6.2). Most (68%) were released
in West and Central Africa, which is a traditional
cassava-growing region and is also where cas-
sava genetic improvement started in the 1930s.
Later, breeding initiated in East and Southern
Africa accounted for about one-third of the total
varietal releases in SSA.

With 65 varieties, Nigeria is the leading
country in the number of releases in SSA. Nigeria
is also characterized by the steadiest release per-
formance over time with multiple releases in each
of the past four decades.
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Table 6.2. The IITA content of improved cassava varieties in sub-Saharan Africa, 1970-2010.
Number of varieties released Percentage of total release
Country IITA-bred IITA-parent Non-lITA Total [|ITA-bred [ITA-parent Non-lITA
Angola 5 2 7 14 36 14 50
Benin 3 2 0 5 60 40 0
Cameroon 0 27 1 28 0 96 4
Céte d’lvoire 10 0 7 17 59 0 41
DR Congo 15 13 1 29 52 45 3
Ghana 14 2 5 21 67 10 24
Guinea 29 3 3 35 83 9 9
Nigeria 53 12 0 65 82 18 0
Togo 29 0 5 34 85 0 15
West and 158 61 29 248 64 25 12
Central Africa
Burundi 5 0 0 5 100 0 0
Kenya 14 10 1 25 56 40 4
Malawi 5 4 4 13 38 31 31
Mozambique 3 6 14 23 13 26 61
Tanzania 2 8 16 26 8 31 62
Uganda 7 6 0 13 54 46 0
Zambia 0 3 5 8 0 38 63
Zimbabwe 0 0 6 6 0 0 100
East and 36 37 46 119 30 31 39
Southern Africa
Sub-Saharan 194 98 75 367 44 26 20

Africa

About three-quarters of the 367 varieties
in Table 6.2 are dated with a year of release; the
other quarter corresponds to informal releases.
When exposed to new varieties during participa-
tory varietal selection or farmer-to-farmer diffu-
sion, farmers usually retain and cultivate the
varieties even before they are officially endorsed
for use by the government. The majority of var-
ieties recorded in Cote d’Ivoire, Kenya and Cam-
eroon were unofficially released or their release
dates were not known.

Undated releases are the result of slow and
bureaucratic varietal-release procedures where
many varieties have not passed the stage of re-
lease and are already being cultivated by the farm-
ers. For instance, Lagos, an informally released
variety, is the leading improved cultivar in Togo,
covering 18% of cassava area. Similarly, 8034
(IRAD8034) in Cameroon, TMS 4(2)1425(IM93)
in Cote d'Ivoire and TMS 30572 (Magyera) in
Kenya are other informally released varieties that
are the most popular cultivars. Even in Nigeria,
30 of the 65 varieties in the output database are
classified as informal releases.

In general, the production of improved var-
ieties has increased over time. The number of recent
releases between 1997 and 2010 was 145, com-
pared to 120 between 1970 and 1997. Since the
late 1990s, several countries, including Angola,
DR Congo, Ghana, Malawi, Mozambique, Tanza-
nia and Uganda, registered considerable progress
by more than doubling the number of released
varieties from the earlier period. However, no clear
trend has emerged on the number of releases in
Nigeria, Cote d'Ivoire and Zimbabwe between these
two time periods. A negative trend was observed
in Benin, Guinea and Togo.

IITA-related germplasm continues to be used
extensively by public-sector cassava breeding
programmes throughout SSA (Table 6.2). Of the
367 cassava varieties released in sub-Saharan
Africa during the last four decades, 292 (or 80%)
were IITA-related and 18 (or 5%) were NARS-
bred using IITA parent materials. Between
1970/1997 and 1998/2010, the number of re-
leases by NARS with no IITA-content increased
from 17 to 24 (up 41%), whereas IITA-based
varieties trended up from 82 to 117 (up 42%).
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IITA-related varieties have increased by more
than 100% from 130 in 1970-1997 to 162 re-
leases in 1998-2010. Almost all the countries
appearing in both the 1998 and the 2010 sur-
veys have increased the number of releases with
IITA ancestry, attesting to the success of collab-
orative breeding by NARS and IITA between
1998 and 2010.

The total number of releases has increased
slowly but steadily from a very low base since the
1970s (Fig. 6.1). IITA-bred varieties increased
from just a single variety released in 1970-1979
to 17 in 1980-1989. Releases of IITA-bred
varieties then picked up in the 1990s and subse-
quently dropped slightly in 2000s. Twelve var-
ieties with IITA parents were released in the
1980s. About the same number of varieties was
selected in the 1990s from IITA-bred progenies
or by NARS crosses of IITA parental materials.
Varietal releases from NARS selection of progen-
ies and their bred materials featuring IITA parents
increased substantially in the 2000s. Growth in
non-IITA varieties, however, was gradual and
generally low in the 1980s and 1990s. Between
the 1990s and 2000s, the number of releases of
non-IITA varieties also trended upwards.

In general, the estimates in Fig. 6.1 are con-
sistent with the gradual strengthening of cas-
sava improvement programmes in SSA as a
whole. Before 1998, the bulk of releases came
from NARS selection of landraces or of finished

bred materials from IITA. Since 1998, progeny
selection of IITA materials and selection from
NARS crosses rival landraces and elite bred ma-
terials as sources of released varieties.

The former sources require greater effort
and skill than the latter sources to generate
a positive release outcome. Nonetheless, not all
17 national crop improvement programmes have
participated equally in this development process.
Only Nigeria, Cameroon and Kenya have released
three or more varieties where NARS crosses
with at least one IITA parent was the source of
the variety. Although half of the country pro-
grammes have demonstrated the capacity for
release of one or more varieties from IITA-bred
progenies, almost all countries, including Nigeria,
still rely heavily on IITA elite materials for selec-
tion and release.

Summing up, considerable variation exists
among countries within the region in breeding
capacity. It was hypothesized that, upon receiv-
ing IITA or CIAT germplasm, countries with
strong national breeding programmes are much
more likely to further select and/or cross, whereas
countries with weaker programmes tend to re-
lease varieties containing IITA germplasm with
little additional improvement. Contrary to this
expectation, almost all the varieties released in
Nigeria and Uganda, the countries with highest
human capital investment in cassava genetic
improvement in the region, were IITA-related.
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Fig. 6.1. Trends in cassava variety releases by IITA content, 1970-2010.
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NARS with the strongest research capacity in
Ghana produced only four varieties without
IITA content. Overall, [ITA remains an import-
ant player in the release of new cassava varieties
in SSA.

During the past four decades, Nigeria had
the highest mean varietal release rates of about
1.63 per year followed by Guinea with 0.88 and
Togo with 0.85. The lowest release rates were
observed in Zimbabwe, Zambia, Uganda, Benin,
Burundi, Malawi, Angola and Céte d'Ivoire with
less than 0.5 per annum. Over the same period,
years with zero releases were common, ranging
from 27 in Cameroon to 39 in Zimbabwe, Guinea
and Burundi. An absence of released varieties
over several years signifies inactivity or lack of
progress in a plant-breeding programme.

The coefficient of variation for varietal re-
lease fell significantly across almost all countries
in SSA from 1970/1997 to 1998/2010, signify-
ing more steady progress in cassava research in
SSA. Higher and more stable varietal output
could be traced to more funding from the New
Partnership for Africa’s Development (NEPAD’s)
agricultural research programme and other

donor agencies and participating in the inter-
national research networks, such as Eastern
Africa Root Research Network (EARRNET),
Southern Africa Root Crops Research Network
(SARRNET), the Association of Strengthening
Agricultural Research in Eastern and Central
Africa (ASARECA), the Southern Africa Centre
for Cooperation in Agricultural Research and
Training (SACCAR) and the Institute du Sahel
(INSAH). These networks and organizations pro-
vide NARS with material, technical assistance and
financial assistance, as well as capacity building.

Adoption of improved cassava varieties

If cassava improvement is to deliver tangible
benefits to farmers in SSA, improved varieties
that have been developed and released must also
be taken up by farmers and planted in their
fields. Table 6.3 summarizes the area planted to
improved cassava varieties in SSA by country,
variety type and IITA contribution in 2009. In
2009, improved varieties accounted for 40% of
the total cassava area in the countries surveyed,

Table 6.3. Adoption of improved varieties of cassava in sub-Saharan Africa, 2009.

Proportion of total cassava
area planted to:

Materials containing lITA
germplasm or directly

2007-2009 related to IITA activities
cassava area Local Improved
Country (’000 ha) varieties (%) varieties (%) (’000 ha) MV area (%)
Angola 839 69 31 70 8
Benin 242 34 66 160 66
Burundi 61 71 29 18 29
Cameroon 205 64 36 70 34
Cote d’lvoire 349 80 20 51 15
DR Congo 1,850 51 49 898 49
Ghana 842 64 36 262 31
Guinea 133 80 20 24 18
Kenya 60 56 44 24 40
Malawi 182 39 61 43 23
Mozambique 941 81 19 31 3
Nigeria 3,593 55 46 1,635 46
Tanzania 899 70 30 126 14
Togo 121 61 39 23 19
Uganda 398 65 35 139 35
Zambia 193 56 45 29 15
Zimbabwe 49 48 52 0 0
All 10,957 61 40 3,628 33
Sub-Saharan Africa 12,136 64 36 3,628 30

MV, modern variety.
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equivalent to 36% of the cassava area in SSA.
Relatively higher adoption rates were observed
in Benin (66%), Malawi (61%), Zimbabwe (52%)
and DR Congo (49%).

In contrast, Guinea has 35 improved var-
ieties recommended for cultivation by farmers but
the rate of adoption was among the lowest, with
only 20% of its cassava area under improved
varieties. Local varieties also dominate produc-
tion in Mozambique, Cote d'Ivoire, Burundi and
Tanzania.

Expert estimates of adoption show that IITA-
related varieties (bred by IITA or developed with
IITA material used as a parent) occupied about
3.6 million hectares, equivalent to 30% of the
total cassava area in SSA in 2009. Materials con-
taining IITA germplasm covered virtually all of
the area planted to improved cassava in Benin,
Burundi, DR Congo and Nigeria. About 45% of
cassava area in Nigeria is under IITA-related var-
ieties. Benin appears to have the highest inci-
dence of IITA-related varieties with 66% of the
cassava area planted to varieties containing IITA
genetic materials.

Of the nearly 1 million hectares under cassava
in Mozambique, only 30,000 hectares (or 3%) were
planted to cassava possessing at least some IITA
germplasm or directly related to IITA activities.
Only as recently as 2009 were three IITA-related
varieties, MZMG04/433, MZMG04/1855 and
MZMG04/763, recommended for cultivation.

Changes in the adoption of improved cassava
varieties are evident when the results are com-
pared to results of the 1998 Initiative (Johnson
et al., 2003). Between 1998 and 2009, the area
under cassava production in SSA increased from
9 to 12 million hectares, mainly as a result of
persistent drought and loss in soil fertility that
led governments and farmers to re-value the
crop for its adaptability to adverse growing con-
ditions. During the same period, total area plant-
ed to improved varieties rose from 1.6 (18% of
1998 cassava area) to 4.4 million hectares (36%
of 2009 cassava area).

Almost all the 17 countries in Table 6.4
showed a positive trend in the area planted to
improved varieties. Between 1998 and 2009, the
area planted to improved varieties more than
doubled in 9 of the 17 countries. These include
Angola, Benin, DR Congo, Kenya, Malawi, Nigeria,
Togo, Zambia and Zimbabwe. The big jump in
the area planted to improved varieties in Malawi,

Angola, Kenya and Zambia coincides with the
period when SARRNET and EARRNET were
working in collaboration with national research
programmes in the Southern Africa Development
Community (SADC) and ASARECA member
countries. The networks were backstopping activ-
ities in breeding, agronomy and value addition.
The presence of IITA headquarters in
Nigeria builds synergy between IITA and Nigerian
NARS in cassava research and dissemination of
improved varieties. Tanzania is the only country
that has experienced negligible change in area
planted to improved varieties. Since the mid-
1980s, the cassava sector in Tanzania has been
threatened by pests and diseases — particularly
white flies, mealy bug and CMD (Nweke, 2009).
New CMD-resistant varieties, such as Aipin
Valencca, Msitu and TMS 4(2)1425, were devel-
oped and distributed to farmers but the adoption
of these varieties was very low (Kavia et al., 2007).
Spill-overs of improved varieties are evident
in the cultivar-specific adoption estimates in
Table 6.5. Two disease resistant and high-
yielding IITA varieties, TMS 30572 first released

Table 6.4. Comparing adoption of improved cassava
varieties between 1998 and 2009.

Area planted to
improved varieties

(%)
Country 1998 2009
Angola 14 31
Benin 8 66
Burundi na 29
Cameroon 31 36
Coéte d’lvoire 16 20
DR Congo 24 49
Ghana 25 36
Guinea 17 20
Kenya 16 44
Malawi 8 61
Mozambique na 19
Nigeria 19 46
Tanzania 31 30
Togo 12 39
Uganda 30 35
Zambia 0 45
Zimbabwe 8 52
All 22 40
Sub-Saharan Africa 18 36

na = data not available.
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Table 6.5. Economically important improved cassava varieties in sub-Saharan Africa, 2009.

Country Variety Release year Adoption (% area)
Angola Precoce de Angola 1994 9
Maria Cudianeca 1997 4
Nghanarico 1994 4
Mundele Paco 1999 2
TMS 42025 (Linda) 1999 2
MZ 96/00910 2004 2
TMS 00236 (Formosa) 2006 2
Vermute 2008 2
TMS 60142 (Perdiz) 2004 1
MZ 96/001323 2005 1
Manuela 2000 1
TMS 40142 (Quizaquinha) 2004 1
Regional 1 2000 1
All MVs (National) 31
Benin RB 89509 1989 32
Ben 86052 1986 23
TMS 30572 (30572/5) 1984 7
TMS 30555 1984 4
All MVs (National) 66
Burundi MM96/5280 (Rugero) 2001 16.4
MM96/0287 (Ngarukiye) 2001 6.4
MM96/7204 2001 4.9
Abbey-Ife (TMS 30404) 1999 1.4
All MVs (National) 29
Cameroon 8034 (IRAD8034) Informal 8
8017 (IRAD8017) Informal 8
8061 (IRAD8061) Informal 6
TMS 96/1414 Informal 4
TMS 92/0326 Informal 4
Excel Informal 2
Champion Informal 2
658 Informal 1
244 Informal 1
All MVs (National) 36
Céte d’lvoire TMS 4(2)1425 (IM 93) Informal 6
Yavo (TME 7) 1999 3
TMS 30572 Informal 2
IM89 Informal 2
IM84 Informal 2
Oliékanga 1999 2
Bocou 2 (188/00158) Informal 1
Bocou 1 (CM52) Informal 1
88/263 Informal 1
TMS 30395 Informal
TMS 30555 Informal
All MVs (National) 20
DR Congo Sadisa (91/203) 1999 13.9
Mvuama (83/138) 1997 6.9
RAV (85/297) 1997 5.9
Nsansi (195/0160) 2004 5.5
Butamu (MV99/0395) 2004 3.0
Lueki (92/377) 2000 2.8
Disanka (TMS 195/0211) 2004 2.6

Continued
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Table 6.5. Continued.

Country Variety Release year Adoption (% area)
Zizila (MV99/038) 2004 2.0
TME 419 1.1
Antiota (TME 2) 1.0
All MVs (National) 48.5
Ghana Afisiafi (TMS 30572) 1993 14.9
Gblemoduade (TMS 50395) 1993 3.1
Tek Bankye (Mutant) 1997 3.0
Bankyehemaa (TMS 97/4414) 2005 25
Dokuduade (TMS 97/4489) 2005 21
Esambankye (TMS 97/3982) 2005 2.0
IFAD (DMA 002) 2004 1.3
Abasafitaa (TMS 4(2)1425 1991 1.3
Agbelifia (TMS 97/4962) 2005 1.2
UCC Cape Vars Bankye (UCC 505) 2005 1.2
All MVs (National) 35.8
Guinea TMS 30572 1993 3.2
TMS 92B/0033 1993 2.0
TMS 91/02312 1993 1.7
Tokoumbo 1993 1.6
TMS 91/0730 1993 1.5
Faranah 1993 1.3
Caricass Informal 1.3
TMS 91/02324 (Nimaga) 2006 1.2
All MVs (National) 20.3
Kenya TMS 30572 (Migyera) Informal 24
SS4 Informal 8
Serere Informal 4
Nase 4 Informal 2
MM96/5280 Informal 1.2
All MVs (National) 44.2
Malawi Manyokola 1980 37.8
Sauti (CH92/077) 2002 16.8
Mkondezi (MK91/478) 1999 3.7
Maunijili (TMS 91934) 1999 2.3
All MVs (National) 61.3
Mozambique Nikwaha 2000 4.5
Chigoma mafia 2000 3.8
Chihembwe 2007 1.9
All MVs (National) 19
Nigeria TMS 30572 (Nicass 1) 1984 17.8
TMS 4(2)1425 (Nicass 2) 1986 8.7
NR 8082 (Nicass 14) 1986 7.2
TMS 92/0326 (Nicass 27) 2006 2.8
TME 419 (Nicass 20) 2005 2.8
TMS 30555 (Nicass 10) 1976 2.4
TMS 98/0581 (Nicass 24) 2005 2.0
TMS 98/0505 (Nicass 22) 2005 1.8
All MVs (National) 46
Tanzania Mkombozi (MM 96/4684) 2009 9
Kiroba 1998 4
Munba 2003 4
Meremeta (MM96/4619) 2009 3
Naliendele 2003 1

Continued
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Table 6.5. Continued.

Country Variety Release year Adoption (% area)
Belinde (MM 96/3075B) 2009 1
Rangimbili (MM 96/8233) 2009 1
Kasala (95NA/00063) 2009 1
Kyaka (MM 96/8450) 2009 1
Suma (1 91/0067) 2009 1
Nyakafulo (MM 96/5725) 2009 1
All MVs (National) 29
Togo Lagos Informal 18
312/524 (Sorad) 1970 11
Gbazekoute Informal 9
TMS 92/0326; TMS 95/0166; TMS 96/1642 1996 1
All MVs (National) 39
Uganda NASE 3 (Migyera, TMS 30572) 1993 17.5
Nase 4 (SS4) 1999 6.8
Nase 1 (TMS 60142) 1993 4.9
Nase 2 (TMS 30337) 1993 4.2
Nase 9 (TMS 30555 (TMS 30555-17) 1999 1.6
All MVs (National) 35
Zambia Bangweru 1993 21
Mweru (L9-303/151) 2001 12
Nalumino 1993 5
Chila (L9-304/151) 2001 3
Manyopola 2000 3
All MVs (National) 46
Zimbabwe M7 1994 345
XM6 1993 175
All MVs (National) 52

in Nigeria in 1984 and TMS 4(2)1425 in 1986,
are enjoying wider adoption in SSA. TMS 30572
occupies 17% of the total cassava area in
Nigeria, 17% in Uganda, 7 % in Benin and 3% in
Guinea. Though not officially released, the same
variety, TMS 30572, is also cultivated exten-
sively in Kenya where it covers 24% of the cas-
sava area. TMS 30572 is also grown in Cote
d’Ivoire. TMS 4(2)1425 is grown in three coun-
tries, occupying 8% in Nigeria, 1% in Ghana and
6% in Cote d'Tvoire. Another common IITA-bred
variety, TMS 92/0326, which was first released
in Togo in 1998, has spilled over to Cameroon
and Nigeria, commanding 4% and 3% of the
cassava area, respectively.

In Benin, RB 89509 (32%) and Ben 86052
(23%) are the most cultivated varieties. Both
were released in 1980s from IITA parents and
were reported to be high yielding. MM96/5280,
also known as Rugero, is an IITA-bred variety
and was released in 2001 in Burundi and covers
16% of the area under cassava. With 46% yield

advantage over the local check variety, 8034
(IRAD8034) and 8017 (IRAD8017) each oc-
cupies 8% of cassava area in Cameroon. In
DR Congo, the variety Sadisa (TMS 91/203) covers
14% of the cassava area. It is known for its CBB
resistance, green mite tolerance, high-yield,
high dry matter and high quality flour (cream).
In Malawi, a sweet non-IITA variety called Man-
yokola (or Mbundumali) was formally released
in 1980 and accounts for 38% of the total cas-
sava area. The variety Sauti (CH2/007) that was
released in 2002 is the second economically im-
portant variety in Malawi and was planted to
17% of cassava areas in 2009. In Tanzania, a
sweet variety known as Mkombozi (released offi-
cially in 2009 but which has been cultivated
since early 2000s) accounts for 9% of the cas-
sava area. It is known for its resistance to CMD,
tolerance to cassava brown streak disease
(CBSD) and high yield. M7 (35%) and XM6
(18%) are the two dominant high-yielding var-
ieties in Zimbabwe. Across SSA, high yield and



.  CGIAR-~CABI

disease resistance are the preferred attributes of
cassava varieties.

Cowpea

Cowpea is an important food and fodder legume
and an essential component of cropping systems
in the tropical and subtropical areas of Africa,
Asia and Latin America. In the dry savannahs of
West and Central Africa, farmers traditionally
cultivate two main types of cowpea: early-ma-
turing varieties grown for grain and late-matur-
ing varieties that are grown for fodder produc-
tion. With 25% protein in its grains, cowpea is
an important source of low-cost nutrition to the
urban and rural poor who cannot afford meat
and milk products. Cowpea haulms contain over
15% protein and constitute a valuable source of
fodder. In view of its early maturity and ability to
fit into a niche crop in multiple cropping systems
involving maize, sorghum and millet, cowpea
has quickly become one of the most important
food, as well as cash, crops in Africa.

Cowpea is extensively covered in the DIIVA
Project. The 18 survey countries account for
more than 98% of area and production in SSA
where cowpea is produced on more than 10 mil-
lion hectares. Cowpea production is heavily con-
centrated in Nigeria and Niger, with the area
ranging from 3.5 million hectares in Nigeria to
5.5 million hectares in Niger. With an estimated
45% share of the global cowpea production and
over 55% of the production in Africa, Nigeria is
the world’s largest producer and consumer of
cowpea. Nigeria and Niger together account for
more than 50% of world cowpea production.

Burkina Faso is also an important produ-
cing country with over 0.6 million hectares. At
the other extreme, 6 of the 18 survey countries
are very small producers with harvested area of
less than 100,000 hectares.

Given its global mandate for cowpea im-
provement, IITA has developed and distributed
improved cowpea varieties to a large number of
national programmes in Africa, Asia and Latin
America. To meet the regional preferences for
specific seed types and adaptability to different
environments, IITA's general strategy is centred
on developing a range of breeding lines and var-
ieties with diverse maturities and plant and seed
types characterized by broad adaptability in

backgrounds featuring high yield and resistance
to major diseases, insect pests, and the parasitic
weeds Striga and Alectra.

In addition to IITA and NARS efforts, donor-
supported collaborative networks have played an
important role in developing and promoting the
use of improved cowpea varieties in the region.
In particular, USAID’s Bean/Cowpea CRSP has
catalysed and supported research on cowpea
improvement in Cameroon and Senegal.

Scientific staffing of cowpea
improvement programmes

The successful implementation of research pro-
grammes depends on the availability of well-
trained professionals. In 2009, IITA employed
4.5 FTE researchers in cowpea improvement
(Table 6.6). Proportionally, these international
scientists represented only about 5% of the 76 FTE
researchers working in NARS in the 18 cowpea-
growing countries covered in the DIIVA Project
(Appendix Table 6.A1).

The level of scientific investment in cowpea
genetic improvement is low not only internation-
ally but also nationally. Only Nigeria, Senegal
and Burkina Faso had atleast 10 FTE researchers
in their cowpea improvement programmes in
2009. For Nigeria and Burkina Faso, exceeding
a critical threshold of 10 researchers is war-
ranted by the size of their national production.
With an estimated 45% share of the global cow-
pea production and more than 55% of the pro-
duction in Africa, Nigeria is the world’s largest
producer (and consumer) of cowpea, followed by
Niger (15%) and Burkina Faso (5%). Relative to
national production, Niger and Cameroon show
the lowest levels of investment of the cowpea-
growing countries in Table 6.6.

As expected, germplasm conservation and
breeding at about 40% contribute a sizeable share
to the disciplinary composition in cowpea im-
provement programmes. Agronomy, seed pro-
duction, entomology and pathology are also well
represented in Table 6.6. But only four pro-
grammes have a specialized capacity in pathology
at 0.5 FTE scientists or more. Investment in ento-
mology is somewhat higher but, given the im-
portance of insect pests in cowpea production,
this area has received less emphasis than antici-
pated. The three largest national programmes



Table 6.6. Full time equivalent staff by major specialization working on cowpea improvement in sub-Saharan Africa, 2009.
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Major specialization

CGIAR/

NARS Germplasm Molecular Entomology/ Seed Tissue Social  Food

Programme  conservation Breeding Pathology biology = Nematology Agronomy production culture Postharvest science science Others Total
CGIAR (lITA) 0.2 35 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 4.5
NARS 7.0 24.3 6.1 3.6 8.4 12.6 6.1 0.5 2.6 3.9 0.7 04 76
Benin 1.1 2.1 0.3 0.0 1.2 1.2 1.3 0.0 0.8 0.2 0.1 0.4 8.5
Burkina Faso 0.3 3.9 1.3 1.6 3.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 104
Cameroon 0.2 0.1 0.0 0.1 0.1 0.2 0.2 0.0 0.0 0.2 0.0 0.0 1.1
Cbte d’lvoire 2.3 0.3 0.1 0.0 0.1 0.4 0.4 0.0 0.4 0.0 0.0 0.0 4.0
DR Congo 0.2 0.2 0.1 0.0 0.0 0.2 0.3 0.0 0.0 0.0 0.0 0.0 0.8
Ghana 0.0 1.8 0.1 0.2 0.8 0.8 0.5 0.0 0.1 0.3 0.0 0.0 4.5
Guinea 0.0 0.2 0.3 0.5 0.3 0.2 0.1 0.3 0.3 0.1 0.0 0.0 2.0
Malawi 0.0 0.8 0.2 0.0 0.2 0.2 0.0 0.0 0.0 0.2 0.0 0.0 1.6
Mali 0.0 23 0.1 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 3.4
Mozambique 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
Niger 0.2 1.8 0.3 0.0 0.6 0.8 0.7 0.0 0.3 1.3 0.6 0.0 6.4
Nigeria 1.0 4.7 1.5 0.2 1.0 4.3 1.0 0.2 0.7 1.4 0.0 0.0 16.0
Senegal 0.0 1.5 1.0 1.0 0.5 0.5 0.3 0.0 0.0 0.0 0.0 0.0 4.8
Tanzania 0.2 1.5 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.4 0.0 0.0 2.4
Togo 1.4 0.7 0.7 0.0 0.7 0.7 1.0 0.0 0.0 0.0 0.0 0.0 5.2
Uganda 0.0 1.0 0.1 0.0 0.1 0.6 0.0 0.0 0.0 0.0 0.0 0.0 1.8
Zambia 0.0 0.3 0.1 0.0 0.0 1.3 0.3 0.0 0.0 0.0 0.0 0.0 1.9
Zimbabwe 0.1 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
Average 0.4 1.3 0.3 0.2 0.5 0.7 0.3 0.0 0.1 0.2 0.0 0.0 4.2
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also allocated a small proportion of their discip-
linary research portfolio to molecular biology.

The majority of the 76 researchers had
earned at least a master’s degree in various areas
of specialization. Countries with a high level of
doctoral training are Nigeria (with 6.5 FTE PhD
scientists), Burkina Faso (6.3) and Ghana (3.2).
Only four of the very small programmes lacked a
PhD presence in their national cowpea improve-
ment programmes.

Varietal output of cowpea
improvement

Since 1970, 202 improved cowpea varieties
have been released nationally in SSA (Table 6.7).
There are more than ten released varieties in
Nigeria, Benin, Ghana, Mali, Mozambique, Guinea,
Niger and Cameroon.

Half of the reported 202 varieties are IITA-
bred materials or genebank accessions released
directly following adaptation tests by NARS.

The bulk of the other half (36%) comes from
non-IITA materials, mainly national landrace
selections. The remaining 14% of the total re-
leases were developed by NARS using IITA ger-
mplasm as a parent.

The majority of the released varieties were
developed under collaborative research projects
like CRSP, the Semi-Arid Food Grain Research
and Development (SAFGRAD) Project, Project
for Cowpeas in Africa (PRONAF), the Grain Leg-
ume Improvement Program (SADC-GLIP) and
the Latin America Regional Legume Promotion
Program under EMBRAPA (Empresa Brasileira
de Pesquisa Agropecuaria) in Brazil. The con-
tribution of national programmes and other
research centres is more pronounced in the
1980s and 1990s. Non-IITA varieties constitute
recommended landraces and other improved
varieties whose pedigree is devoid of IITA mater-
ials. These improved cultivars are maintained
and propagated by alternative suppliers in the
cowpea improvement process, e.g. national and
international public universities and private com-
mercial seed companies.

Table 6.7. The IITA content of improved cowpea varieties in Sub-Saharan Africa, 1970-2010.

Number of varieties released

Percentage of total release

Country IITA-bred IITA-parent Non-lITA Total [ITA-bred [ITA-parent Non-lITA
Benin 14 3 2 19 74 16 11
Burkina Faso 3 5 1 9 33 56 11
Cameroon 6 2 2 10 60 20 20
Céte d’lvoire 7 0 1 8 88 0 13
DR Congo 4 0 4 8 50 0 50
Ghana 10 2 3 15 67 13 20
Guinea 8 2 2 12 67 17 17
Mali 6 3 5 14 43 21 36
Niger 7 0 8 15 47 0 53
Nigeria 21 2 17 40 53 5 43
Senegal 0 2 6 8 0 25 75
Togo 3 0 0 3 100 0 0
West and Central 89 21 51 161 55 13 32
Africa
Malawi 2 0 0 2 100 0 0
Mozambique 4 2 19 25 16 8 76
Tanzania 4 2 0 6 67 33 0
Uganda 1 1 0 2 50 50 0
Zambia 0 3 2 5 0 60 40
Zimbabwe 1 0 0 1 100 0 0
East and Southern 12 8 21 41 29 20 51
Africa
Sub-Saharan Africa 101 29 72 202 50 14 36
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West and Central Africa accounts for 161
varieties representing over 80% of the total
varietal releases between 1970 and 2010. Mo-
zambique is the only country in Eastern and
Southern Africa that has released more than
20 varieties within the analysis period. Coinci-
dentally, in 1992, Mozambique took over from
Botswana the project coordination activities for
the implementation of the SADC-GLIP, which
helped spearhead the release of IT82E-18 and
five other varieties in the Timbawene family.
Botswana, Lesotho, Swaziland, Tanzania and
Zambia are the other member countries where
the SADC project facilitated the development
and selection of improved cowpea germplasm.
In 1993, a number of cowpea varieties were
recommended for formal release in these
countries.

There are 28 informal releases, so named
because the date of release is not recorded or
these varieties have not been formally cleared
by release committees. These unofficial releases
are concentrated in Benin, Mozambique and
Nigeria.

Enhanced NARS capacity and improved
efficiency in research peaked during the 1990s
(Fig. 6.2). At that time, the transfer of material,
design and capacity blossomed after two decades
of investment. Augmented capacity is reflected
in the varieties developed from IITA-parent ger-
mplasm that were crossed by the national pro-
grammes themselves. In this period, non-IITA
varieties (which mainly include local landraces)
declined from their maximum in the 1980s

70

(Fig. 6.2). IITA-bred lines or varieties crossed with
[ITA-parental materials trended upwards in the
1990s. The decline in aggregate releases since
2000 should be a cause for concern.

Like almost all TARC crop improvement pro-
grammes, specific IITA-related releases reflect an
evolving breeding strategy since the early 1970s.
First-generation cowpea breeding produced var-
ieties that were high yielding, early maturing,
erect, disease-resistant and photoperiod insensi-
tive compared to the parent germplasm or acces-
sions from which they were derived (IITA, 1992).
In developing these varieties, other producer
and consumer preferences such as seed features
of size, colour or texture were not thoroughly
incorporated. As a result the developed mater-
ials were less popular to West African consumers
and semi-subsistence producers. Nevertheless,
they provided an excellent base for further
improvement in second-generation breeding.
Cowpea consumers in West Africa and other
regions as well have high preference for large
brown, white or cream cowpea seeds with small
eyes and wrinkled or rough testa that can quickly
imbibe water to facilitate the easy removal of
the seed coat during food processing (Singh and
Ntare, 1985).

The breeding strategy in the 1980s placed
more emphasis on matching consumer prefer-
ences and on avoiding susceptibility to the ex-
treme severity of insect damage, while retaining
the superior traits identified in earlier initiatives.
Cowpea improvement work in the subsequent
decade also focused on developing extra-early
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Fig. 6.2. Trends in cowpea varietal releases by germplasm content, 1970-2010.
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maturing cowpea varieties with low pesticide re-
quirement suitable for short rainy season areas
or for relay cropping in the sub-humid and
humid tropics. In the process, varieties ITS2E-18,
IT82E-16 and a series of similar varieties showed
resistance to 11 major cowpea diseases including
those transmitted by viruses. A backcrossing pro-
gramme was undertaken that incorporated aphid
resistance to existing lines and led to the isolation
of one early maturing variety (IT82E-60) and to
the development of medium maturing varieties
TVx 3236,IT81D-1137,IT82D-699, IT§1D-985,
IT81D-994 and IT85D-3516-2, which were initially
susceptible but were successfully upgraded to be-
come resistant. Most of these varieties were as
good as or better than other popular varieties,
such as Ife Brown. For instance, demand for the
variety IT82E-60 is strong among farmers in
short rainy season regions like northern Kano
and Bida in Nigeria, because it is white-seeded
and has a maturity period of 60 days, which is
about two weeks earlier than the standard
varieties. Based on multi-location trials con-
ducted by IITA and its partners, the varieties
1T84S-2246-4,1T83S-742-11,1T82D-716 and
IT81D-1020 have shown combined resistance
to cowpea diseases and pests. These varieties
have been tested and recommended for release
by numerous national programmes across Af-
rica and are still being grown in West, Central
and Southern Africa (i.e. Benin, Burkina Faso,
Cameroon, Malawi, Mozambique, Nigeria and
Zambia).

Demand-driven breeding has continued. This
process takes into account contemporary chal-
lenges as experienced by the end-users, while
retaining the superior performance demonstrated
by early varieties. The breeding programme has
identified emerging themes and in the process
rightfully incorporated desired traits such as re-
sistance to parasitic weeds like Striga (e.g. VITA 3,
IT81D-985, IT90K-76, IT90K-59, TN 121-80,
IT81D-994, 1T82D-849 and IT89KD-245),
drought tolerance (e.g. IT96D-604), dual pur-
pose cowpea with high grain yield and fodder
quality for crop-livestock systems (e.g. IT89KD-
288 and IT90K-277-2) and varieties suitable
for cereal-cowpea intercropping (e.g. IT95K-
193-12 and IT95K-222-3).

In spite of the progress made in cowpea
breeding both nationally and internationally,
varietal releases over the period between 1970
and 2010 have been episodic. Nigeria tops the

table in terms of frequency of release with 14
released varieties in the 41 years of the review
period. Most of the countries, especially Malawi,
Mozambique, Uganda, Zimbabwe, Guinea and
Togo are characterized by large coefficients of
variation indicative of only a few release events
since 1970.

Of the 18 countries surveyed, only six
countries (DR Congo, Ghana, Malawi, Niger,
Tanzania and Uganda) showed a positive trend
in mean annual variety release and decreasing
variability as evidenced by a decline in the coeffi-
cient of variation between 1970-1997 and
1998-2010. This trend in Ghana, Tanzania and
Uganda — three of the region’s ‘Big Eight'? — is
expected to continue as it coincides with the in-
crease in research investment in these countries.
Agricultural research and development spend-
ing more than doubled in Ghana during 2000 to
2008. Uganda experienced a threefold in-
crease in agricultural research spending and
Tanzania also registered a 1.4% annual
gain over the same period. Despite plummet-
ing agricultural research and development
spending owing to sociopolitical tension in
the 1990s, DR Congo maintained the same
annual release rate and reduced variability in
release over time. In Niger, cowpea is the se-
cond most researched crop. A small increase
in annual varietal release from 0.32 to 0.46
between the two periods was anticipated. In
these countries, change stems from increased
donor support along with growth in govern-
ment funding to support increased staffing and
salary levels, as well as substantial investment in
research infrastructure and equipment (Flaherty
et al., 2010; Stads et al., 2010; Beintema and
Rahija, 2011).

Since 1998, six of the 18 survey countries
have not formally released new cowpea var-
ieties. This apparent lack of progress is especially
disappointing in a large producer such as Bur-
kina Faso. Additionally, the mean annual release
rate of 1.0 for Nigeria fell to 0.62 in the recent
period from 1998 to 2010. Much of the decline
in release activity is attributed to the closure of
the aforementioned SADC-related cowpea pro-
ject that sparked increased varietal output
among several smaller-producing countries in
Southern Africa in the 1990s. But several West
African countries were also characterized by
poor performance in the recent past. Senegal has
released only one variety since 1997.
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The incidence of spill-over varieties, i.e. those
released in more than one country, is high in
cowpea genetic improvement in SSA (Table 6.8).
TVx3236 and IT82E-16 have been released for
cultivation in Benin, Burkina Faso, Cameroon
and Nigeria in West and Central Africa, and also
in Malawi, Mozambique and Zambia in South-
ern Africa. IT84S-2246-4, VITA-5, Ife Brown,
IT82E-32 (Asontem), IT 89KD-374 (Korobalen)
and IT89KD-374-57 are found in at least three
countries but are largely restricted in West and
Central Africa.

Typical of several of these spill-over varieties,
IT84S-2246-4 combines multiple sources of dis-
ease resistance with desirable agronomic and
seed characteristics (II'TA, 1987). Other import-
ant traits of IT84S-2246-4 are its short duration
(65 days), rough medium-sized seeds, high pro-
tein content and relatively short cooking time
(30-45 min).

Adoption of improved cowpea varieties

Adoption of improved cowpea cultivars is gener-
ally low in SSA, but the estimates in Table 6.9
display considerable variation across countries.

In 2009, an estimated 12 million hectares were
allocated to cowpea production; expert opinion
estimates suggest that, of these, 2.7 million hec-
tares were under improved cowpea varieties.
This translates into an estimated adoption rate
of 23% for SSA. The adoption of IITA-related
cowpea varieties is estimated at 16% of the total
cowpea area in the region. In West and Central
Africa, some 25% of the cowpea area was under
improved varieties.

The highest adoption rates are reported for
DR Congo, Ghana, Cameroon, Guinea, Benin
and Mali, where the share of improved cowpea
area is between 50% and 87% of the total
area under cowpea cultivation. Six countries
(Zimbabwe, Togo, Nigeria, Tanzania, Senegal and
Cote d'Ivoire) are classified in the middle cat-
egory for improved cowpea adoption in Africa.
These countries have reached adoption rates of
at least 20% but fall below 50% of total cowpea
area. Nigeria has the largest number of released
varieties and relatively higher research expend-
itures committed towards cowpea improvement
programmes in Africa but the country has a
modest cowpea adoption rate estimated at 39%
compared to other countries in the high-adoption
category. Despite the high economic importance

Table 6.8. Varietal spill-over of improved cowpea varieties in sub-Saharan Africa, 1970-2010.

Release Countries
Name of variety year Countries releasing/adopting (number)
Ife brown (Irawo) 1970 Nigeria, Cameroon, Guinea 3
VITA-5 1974 Benin, Nigeria, Togo 3
IT81D-985 (VITOCO) 1978 Cameroon, Togo 2
Gorom locale 1979 Mali, Burkina Faso 2
VITA-7 (KN-1) 1982 Burkina Faso, Céte d’lvoire, DR Congo, Guinea 4
IT82E-16 1984 Benin, Malawi, Mozambique, Zambia 4
TVx 3236 1984 Benin, Burkina Faso, Cameroon, Nigeria 4
IT81D-985 (BR1) 1985 Cameroon, Togo 2
IT81D-994 (BR2) 1985 Cameroon, Nigeria 2
IT82E-32 1985 Benin, Cameroon, Ghana 3
Vya 1986 Cameroon, Guinea 2
1T84S-2246-4 1988 Benin, Guinea, Nigeria 3
IT89KD-374-57 1991 Mali, Niger, Nigeria 3
1T84S-2246-4 1993 Benin, Guinea, Nigeria 3
IT89KD-374 (Korobalen) 1993 Mali, Niger, Nigeria 3
IT90K-277-2 (GLM-93) 1993 Cameroon, Nigeria 2
IT82E-18 1994 Mozambique, Zambia 2
IT90K-372-1-2 (Wilibali) 1996 Mali, Niger 2
IT9OK-372-1-2 2001 Mali, Niger 2
IT97K-499-35 (Songotra) 2008 Ghana, Nigeria 2
IT9OKD-277-2 2008 Cameroon, Nigeria 2
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Table 6.9. Adoption of improved cowpea varieties in sub-Saharan Africa, 2009.

Proportion of total cowpea area

Materials containing lITA

planted to: germplasm or directly
2007-2009 related to IITA activities
cowpea area Local varieties Improved
Country (’000 ha) (%) varieties (%) '000 ha MV area (%)
Benin 68 49 51 31 45
Burkina Faso 623 91 10 33 5
Cameroon 111 30 71 55 50
DR Congo 96 13 87 49 51
Ghana 164 19 82 127 78
Guinea 4 38 62 2 60
Malawi 83 90 10 8 10
Mali 264 47 53 80 31
Mozambique 352 89 11 30 9
Niger 5,102 91 9 159 3
Nigeria 3,768 62 39 1,066 28
Senegal 219 73 27 42 19
Tanzania 148 69 31 46 31
Togo 179 60 40 71 40
Uganda 74 85 15 11 15
Zambia 74 83 17 8 11
All 11,328 76 24 1,820 16
Sub-Saharan 11,504 77 23 1,820 16

Africa

of cowpea in Niger and Burkina Faso, the two
countries reported very low levels of adoption of
improved varieties.

Low adoption could be explained by a size
of country production that dwarfs the levels
of human and financial resource investments.
Estimated research intensities per unit area of
land (US$/ha and scientist/ha) are very low in
Burkina Faso and Niger and could be inadequate
to leverage meaningful adoption. The other fac-
tor responsible for low adoption could be limited
access to improved cowpea seeds or lack of desir-
able quality traits that appeal to the users.

Adoption rates below 20% were also esti-
mated for Malawi, Mozambique and Zambia.
Except for Mozambique, these countries have
released few improved cowpea varieties and farm-
ers have limited opportunities for the uptake of
suitable varieties. The pool of available improved
varieties may not substantially address the needs
of the cowpea consumers in the changing biotic
and socio-cultural environment. Malawi, Mozam-
bique and Zambia have low to medium research
expenditures committed towards cowpea im-
provement activities (Table 6.6). It is noteworthy
that apart from USAID’s Bean/Cowpea CRSP, no

other major collaborative research programme
has been carried out in Southern Africa that is
of a magnitude equal to those implemented in
West and Central Africa.

Cowpea varieties that accounted for at least
1% of national area are considered to be success-
ful and economically important. These varieties
are presented in Table 6.10 for the 18 survey
countries in sub-Saharan Africa. Popular var-
ieties in terms of farmer adoption are IT82E-32
covering 23% of the total cowpea area in Ghana,
11% in Benin and 2% in Cameroon followed by
VITA-7 accounting for 22% of total cowpea area
in Guinea and 13% in DR Congo. The adoption
rate for variety IT81D-1137 is estimated at 17%
in DR Congo and 14% in Benin. These varieties
are attractive to the farmers because they em-
brace multiple attributes such as high yield
potential, disease tolerance and short maturity
period. Other varieties with high single-country
adoption rates are: IT81D-985 or BR1 (30%)
and Lori Niebe (18%) in Cameroon; IT82E-16
(8%) in Benin; H36 (33%) and Diamant (11%)
in DR Congo; IT87D-1951 or Asetenapa (19%),
ITXP-148-1 (Apagbaala) (14%), IT97K-499-35
(Songtra) (10%) and IT95K-193-2 (Bawutawuta)
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Table 6.10. Economically important improved cowpea varieties in sub-Saharan Africa, 2009.

Country Variety Release year Adoption (% area)
Benin IT 82 E- 32 1985 13
IT 81D 1137 1990 11
NI 86-650-3 Informal 6
KVx396-18 1988 5
IT99K- 494-6 Informal 3
IT 97K-568-18 Informal 3
TVx1850-01E 1987 3
TVx 32-36 1988 3
IT95K-193-12 Informal 2
IT84D-513 Informal 2
IT98D-1399 Informal 1
KVx313-2 Informal 1
All MVs (National) 51
Burkina Faso Gorom locale 1982 4
KVx 396-4-5-2D 1990 3
KVx 61-1 Informal 2
All MVs (National) 9
Cameroon IT81D-985 (BR1) 1985 30
Lori Niebe (C93W 24-130) 1999 18
Asontem 1995 2
All MVs (National) 71
Coéte d’'lvoire KN1 Informal 16
1T86-D400 Informal 6
IT88D-363 Informal 3
All MVs (National) 27
DR Congo DIAMANT 2000 18
MUYAYA Informal 17
Limbimi (IT87D-1137) 2002 17
VITA7 (TVx 289-46) 1988 13
H4 1988 9
H36 1988 7
H204 Informal 3
VIMPI 2003 3
All MVs (National) 87
Ghana IT82E-32 (Asontem) 1988 23
IT87D-1951 (Asetenapa) 1992 19
ITXP-148-1 (Apagbaala) 2003 14
IT97K-499-35 (Songotra) 2008 10
IT95K-193-2 (Bawutawuta) 1992 6
SARC 3-122-2 (Padi-Tuya) 2005 5
SARC 4-75 (Zaayura) 2005 3
Bengpla (IT83S-818) 1992/2003 1
& Marfo Tua (SUL 518-2)
All MVs (National) 82
Guinea VITA-7 1993 22
IT83S-899 1992 11
TV4-3000 1993 7
Ife Brown 1993 5
IT84S-888 1993 5
IT84S-2246-4 1993 4
IT86F-2014-1 1992 2
IT84E-116 1992 2

Continued
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Table 6.10. Continued.

Country Variety Release year Adoption (% area)
KVx414-22-21 1993 2
IT81D-1228-14 1992 1
1T84S-22 1993 1
VYA 1993 1
All MVs (National) 62
Malawi Sudan-1 2003 7
IT 82E-16 2003 3
All MVs (National) 10
Mali Korobalen (IT89KD-374) 1993 18
Sangaraka (IT89KD-245) 1993 12
Yere wolo (PRL 73) 1986 11
Djemani (PBL 22) 1998 7
Dounan fana 1986 5
All MVs (National) 53
Mozambique IT18 1995 8
INIA 36 Informal 2
Timbawene 1995 1
IT16 2011 1
others 0
All MVs (National) 11
Niger TN5-78 1984 2
KVx30-309-6G 1994 1
TN28-87 Informal 1
IT89KD-374-57 2001 1
IT90K372-1-2 2001 1
TN27-80 1984 1
TN121-80 1995 1
All MVs (National) 9
Nigeria IT90K-277-2 2008 11
IT89KD-288 2009 6
Ife brown 1970 5
Sampea-7 (IAR 48) 1986 4
IT97K-499-35 2008 4
IT89KD-391 2009 3
IT89KD-374-57 1991 2
IT88D-867-11 Informal 2
Ife Bimpe (Ife BPC) 1985 1
IT84S-2246-4 1991 1
All MVs (National) 39
Senegal Mélakh 1995 18
Yacine 2005 8
Mouride 1991 1
All MVs (National) 27
Tanzania IT85F-2020 (VULI-2) 2003 11
TUMAINI (TVU 410/TVU 1982 9
2616/SVS 3)
TVx1948-01F (FAHARI) 1982 9
IT82D-889 (VULI-1) 1987 3
All MVs (National) 31
Togo VITOCO 1978 27
Vita-5 1974 13
All MVs (National) 40

Continued
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Table 6.10. Continued.

Country Variety Release year Adoption (% area)
Uganda SECOWA1T (K21) 2002 8

SECOW2W (IT81-D-985) 2002 8

All MVs (National) 15
Zambia Bubebe (IT82E-16) 1995 11

Katete 2004 3

Lutembwe 1993 3

All MVs (National) 17
Zimbabwe IT18 1994 45

All MVs (National) 45

(6%) in Ghana; IT83S-899 (11%) in Guinea; and
IT89KD-374 (Korobalen) (18%), ITS9KD-245
(Sangaraka) (12%), PRL 73 (Yere Wolo) (11%)
and PBL 22 (Djemani) (7%) in Mali.

Maize

Maize is a major food crop in West and Central
Africa and the trends in maize production indi-
cate a steady growth due to both area expansion
as well as increased yields. For instance, the aver-
age maize yield in Africa during 1989-1991 of
1.2 tonnes per hectare was twice that estimated
for the 1950s, before improved varieties were
generally available (Byerlee and Heisey, 1996).
Widespread adoption of improved maize var-
ieties in the savannahs of West and Central Af-
rica has changed the status of maize from a back-
yard crop to a major cereal grown for both cash
and food (Smith et al., 1994; Alene et al., 2009).

IITA has a regional mandate for maize re-
search in West and Central Africa. IITA works in
partnership with international and national re-
search and extension services to develop and dis-
seminate improved maize varieties and hybrids
that meet the requirements of smallholder farm-
ers. The first scientific breakthrough in West
Africa came in the 1970s with the release of the
IITA-developed open-pollinated varieties (OPVs),
TZB and TZPB. These varieties combined high
yields with resistance to rust and blight (TZPB)
and drought tolerance (TZB), spearheading the
Nigerian maize revolution in the 1980s (Smith
etal., 1994). They also have been widely adopted
elsewhere in West Africa. Later varieties focused
on streak virus resistance and are the basis for
currently grown varieties.

The 11 surveyed countries in the DIIVA
Project accounted for about 10 million hectares
of area in 2007-2009. The majority produced
several hundred thousand hectares of maize.
Nigeria was the leading producer in the region
where the area under maize increased from
nearly 4 million hectares in 2007-2009 to 6
million hectares in 2011. Currently Nigeria ac-
counts for over 50% of the maize area and pro-
duction in West and Central Africa.

Scientific staffing of maize
improvement programmes

In general, the total number of FTE scientists in
maize national programmes is about the same
as in cassava. But, unlike the more diversified
allocation in cassava, maize improvement pro-
grammes are more heavily concentrated in
fewer disciplines, especially breeding, agron-
omy, seed systems and postharvest technologies
(Table 6.11). Nigeria employed more than 77 FTE
researchers, which represents a 4—5-fold in-
crease from the 16 FTE researchers employed
in 1998 (Alene et al., 2011). Cameroon is the
second highest employer in maize research with
17 FTE researchers. Allocations for five other
sampled countries fell within the range of 5-10
FTE researchers: Ghana, Cote d'Ivoire, Senegal,
Togo and DR Congo. The small maize research
systems of Benin, Burkina Faso, Mali and Guinea
devoted less than five FTE researchers each.

The large number of FTE researchers work-
ing in Nigeria is consistent with the importance
of maize and also with recent evidence showing
that maize accounts for about 4% of total FTE



CGIAR - CABI

Table 6.11. Full-time equivalent staff by major specialization working on maize improvement, 2009.

Major specialization
CGIAR/

NARS Germplasm Molecular Entomology/ Seed Tissue Social  Food
Programme  conservation Breeding Pathology biology = Nematology Agronomy production culture Postharvest science science Others Total

CGIAR (lITA) 0.10 6.00 0.35 0.10 0.00 0.15 0.00 0.00 0.00 0.00 0.30 1.00 8.00
NARS 7.37 32.60 6.92 2.80 9.85 26.67 20.90 3.87 16.03 12.35 0.00 0.18 140

Benin 0.30 0.90 0.00 0.30 0.70 1.10 0.45 0.00 0.20 0.40 0.00 0.00 4.35
Burkina Faso 0.10 1.50 0.20 0.05 1.00 0.50 0.25 0.00 0.00 0.10 0.00 0.00 3.70
Cameroon 1.87 5.20 0.57 0.30 0.40 3.87 4.20 0.57 0.13 0.40 0.00 0.00 17.50
Cobte d’lvoire 1.30 1.60 0.00 0.00 1.00 1.00 1.50 0.00 0.00 0.00 0.00 0.00 6.40
DR Congo 0.00 3.00 1.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00
Ghana 0.00 3.10 0.20 0.10 1.10 1.50 0.35 0.00 0.20 0.55 0.00 0.00 7.10
Guinea 0.00 1.10 0.00 0.00 0.00 0.70 0.80 0.00 0.00 0.15 0.00 0.18 2.93
Mali 0.00 1.50 0.05 0.05 0.05 1.50 0.20 0.00 0.00 0.05 0.00 0.00 3.40
Nigeria® 1.00 12.10 4.00 2.00 5.40 14.00 11.00 3.30 15.50 9.20 0.00 0.00 77.50
Senegal 1.50 2.00 0.30 0.00 0.20 0.30 1.25 0.00 0.00 0.30 0.00 0.00 5.85
Togo 1.30 0.60 0.60 0.00 0.00 1.20 0.90 0.00 0.00 1.20 0.00 0.00 5.80
Average 0.67 2.96 0.63 0.25 0.90 2.42 1.90 0.35 1.46 1.12 0.00 0.02 13

2Data for Nigeria include private sector (Premier Seed Ltd) as well as university researchers (Amhadu Bello University and Obafemi Awolowo University).
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researchers (Flaherty et al., 2010). On the other
hand, the fivefold increase in maize research
capacity could be a result of a 35% increase in
total agricultural research capacity between 2000
and 2008. For maize and cowpea in Nigeria, the
data on scientific staffing includes private-sector
(Premier Seed Ltd) and university (Amhadu
Bello University in the north and Obafemi
Awolowo University in the south) researchers
working on maize improvement. Expanded sec-
tor participation partly explains the greater con-
centration of scientific staff working on maize
relative to other crops (e.g. cassava) in Nigeria
as well as the greater concentration of scientific
staff working on maize in Nigeria relative to other
countries in West and Central Africa. In particu-
lar, the greater number of researchers carrying
out research in the areas of postharvest (15 FTEs)
and socioeconomics (9 FTEs) is attributable to
university programmes that have a large num-
ber of faculty staff studying a range of crops
with a practical focus on maize as part of larger
collaborative efforts led by IITA and other inter-
national research and development agencies.

With a regional mandate for international
maize research in West and Central Africa, IITA
had about eight FTE researchers working on
maize improvement in 2009. Unlike East and
Southern Africa, West and Central Africa has
not benefited from private sector investment in
maize improvement. With the exception of Pre-
mier Seed Ltd in Nigeria, there is no private sec-
tor investment in maize research in West and
Central Africa. Premier Seed had about 6 FTE
researchers working on maize breeding and seed
production in 2009.

The contrast between East and Southern
Africa and West and Central Africa in terms of
the relative importance of the private sector is
largely related to the relative historical em-
phasis of the respective maize research
programmes on OPVs and hybrids. The use of
hybrids in East and Southern Africa reflects the
fact that maize research programmes in this re-
gion were developed originally for the large-scale
commercial sectors in Kenya, Zimbabwe and
South Africa. Hybrids later spread to small-
holder farmers in these and neighbouring coun-
tries, such as Malawi, Swaziland and Zambia.
In most of these countries, the dominant maize-
growing ecology is located in mid- and
high-altitude areas. In West and Central Africa,

on the other hand, improved OPVs are more
important than hybrids. In these areas, the dom-
inant ecology for maize is the tropical lowland.
Hybrid materials were unavailable for this ecol-
ogy until recently (Byerlee and Heisey, 1996).

Besides improved capacity in the implemen-
tation of the research programmes, PhD scien-
tists are needed to facilitate internal capacity
for transformation through in-service training
where senior researchers offer training to junior
researchers. In-service training through ‘learn-
ing by doing’ facilitates the smooth takeover and
continuity of research programmes. Further-
more, senior scientists help in the organization
of the breeding programme and offer strategic
direction. In 2009, close to three-quarters of
the total maize FTE researchers in the sample of
11 countries had postgraduate-level training.
With 29 PhD and 29 MSc researchers, Nigeria
had the most educated staff working on maize
research, followed by Cameroon with 10.4 MSc
and 4 PhD researchers involved in maize genetic
improvement. Almost half of the postgraduate
staff working on maize research had a PhD
degree. High postgraduate qualifications are
expected in Nigeria and Ghana because they
are among the countries with the most complex
agricultural research systems.

With almost all staff qualified to BSc level
only, researchers in Guinea are the least highly
qualified of those in the 11 countries surveyed,
followed by DR Congo with three-fifths of total
maize FTE researchers qualified to BSc level only.
Both countries have experienced an overall re-
duction in research and development spending
since 2000. According to Stads et al. (2010), low
levels of postgraduate-qualified researchers in
Guinea are due to the country’s lack of agricul-
tural development and to its isolation until the
mid-1980s. Guinean universities do not currently
offer PhD-level courses in agricultural and veter-
inary sciences. In DR Congo, the decline is largely
attributed to the retirement of a large number of
researchers employed by research centres placed
under the General Delegation of Scientific and
Technical Research (DGRST), exacerbated by a
public-sector hiring freeze (Stads et al., 2010).

Relative to size of production in the sur-
veyed countries, human resource investment in
maize research is substantially greater than for
cassava and cowpea. In 2009, West and Central
African countries invested 8 FTE researchers per
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million tonnes of maize production. Estimated
research intensities in maize improvement pro-
grammes are also more tightly clustered than
comparable ratios in cassava and cowpea pro-
grammes. Inter-country comparisons show that
intensity ratios vary from 2.9 to 19.2 FTE re-
searchers per million tonnes of production. This
difference among crops suggests that countries
have either prioritized maize investments or found
ways to protect maize research investments to
ensure a reasonable level of capacity of human
resources.

Intensity ratios that stand out as high are
those for Senegal (19.2), Cameroon (11.6),
Nigeria (10.5), Cote d'Tvoire (9.8) and Togo (9.3).
The West Africa Agricultural Productivity Pro-
gram (WAAPP), which was first implemented
in 2007, could be the reason behind high invest-
ment levels in maize research in Senegal. Financed
through World Bank loans, WAAPP's objective
is to develop and disseminate improved agricul-
tural technologies in the participating countries
and Senegal was put in charge of cereals. Benin,
Burkina Faso, Ghana, DR Congo and Guinea
allocated 3—5 FTE researchers per million tonnes
of maize production. Relatively low investment
in maize research in Burkina Faso and DR Congo
could be attributed to diversity in their agricul-
tural research systems, which translate into low
budgetary shares of 30% in Burkina Faso and
less than 35% in DR Congo for crop research
(Beintema and Rahija, 2011). Mali was charac-
terized by the lowest research intensity in maize
research, employing only 2.9 FTEs for each million

tonne of production. It is likely that this low
estimate was precipitated by staff layoffs that fol-
lowed the completion of large donor-funded pro-
jects in Mali between 2001 and 2008, financed
by the World Bank, the Netherlands and the
Syngenta Foundation (Stads and Maiga, 2010).

Varietal output of maize improvement

From 1970 to 2010, 327 improved maize var-
ieties have been released by the national pro-
grammes or informally deployed for cultivation
by farmers (Table 6.12). Nigeria accounts for
about one-third of total releases but all surveyed
countries have released at least ten varieties.
The use of IITA germplasm by maize breed-
ing programmes has been extensive in West and
Central Africa. More than half (54%) of the en-
tries in Table 6.12 were IITA-bred and 16% were
developed from IITA parents, indicating that
about 70% of the maize varieties released have
IITA germplasm. Indeed, more varieties have
been developed from crossing with IITA parents
than via selection of IITA-bred progenies by NARS.
Country differences are evident in the IITA
content of the released varieties. Maize breeding
in Togo, Nigeria, Benin, Guinea, Senegal and
Cameroon relies heavily on IITA materials. In
contrast, variety releases without IITA germplasm
are dominant in Burkina Faso and Ghana. Nigeria,
Cameroon and Benin have stronger capacity to
develop and release varieties as evidenced by

Table 6.12. The IITA content of improved maize varieties in West and Central Africa, 1970-2010.

Number of varieties released

Percentage of total release

Country IITA-bred  [ITA-parent Non- [ITA  Total lITA-bred IITA-parent  Non-lITA
Benin 21 7 8 36 58 19 22
Burkina Faso 10 3 19 32 31 9 59
Ghana 12 15 27 44 0 56
Cameroon 11 19 14 44 25 43 32
Cobte d’lvoire 5 1 5 11 45 9 45
Guinea 8 1 3 12 67 8 25
Mali 10 2 9 21 48 10 43
Nigeria 75 16 20 111 68 14 18
Togo 12 1 13 92 8 0
Senegal 6 1 3 10 60 10 30
DR Congo 5 5 10 50 0 50
Total 175 51 101 327 54 16 31
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their use of IITA parents or ancestors without
direct IITA involvement.

About 13% of the released varieties in
Table 6.12 are informally released varieties or
varieties with unknown release years. Unlike
other crops reported in this chapter, most of the
surveyed countries have one or more unofficial
maize releases.

Of the 284 dated releases, 184 (65%) were
released between 1970 and 1997, and 100 (or
35%) over the recent period between 1998 and
2010. A regional average release rate of eight
varieties per year in the recent period indicates
sustained progress in public sector maize breed-
ing in most of the surveyed countries. The excep-
tions are Cote d'Ivoire and DR Congo with no
releases in the recent period.

Compared to the 1970s, maize releases
doubled in the 1980s and 1990s and trended
further upward in the 2000s (Fig. 6.3). Much of
this trend is driven by the increase in the use of
IARC-related materials, especially those from
IITA. IITA-bred varieties increased from three
in the 1970s to 46 releases in the 1980s. Over
the same period, total releases in the region
also doubled from 40 to 80 varieties. The sharp
rise is varietal output reflects the activities of
Semi-Arid Food Grain Research and Develop-
ment (SAFGRAD) project mainly funded by
USAID with a vision to reinforce and coordinate
agricultural research and develop suitable farm-
ing systems for increased productivity of major
food staples including maize. Collaborative efforts
of SAFGRAD and IITA were the main mover
of maize germplasm improvement in West and

Central Africa (Sanders et al., 1993). SAFGRAD
worked as an intermediary between IARCs (II'TA
and CIMMYT) and NARs by facilitating the
movement of new germplasm and new technol-
ogy concepts. The phasing out of the SAFGRAD
project coincided with a slight fall in number of
IITA-bred maize variety releases from 46 to 35
in the 1990s, and an increase in the release
of varieties with IITA parents from nine to 17.
Increased usage of IITA germplasm as parents in
maize breeding implies growth and development
in maize breeding systems in the region. Several
NARs are capable of carrying out crossing pro-
grammes and producing improved varieties on
their own.

All the countries surveyed experienced
periods of inactivity where no varieties were
released for several consecutive years. Nigeria has
the highest average release rate of three varieties
per year. Six of the 11 countries, namely Cote
d’Ivoire, DR Congo, Guinea, Mali, Senegal and
Togo, are characterized by a release rate of below
one variety per year.

Years with zero releases are strikingly high:
seven of the 11 surveyed countries did not re-
lease maize varieties in 40 or more years from
1960-2010. At the opposite end of the output
spectrum, Nigeria registered a positive outcome
in varietal release in 25 years from 1960. Releasing
maize varieties in roughly half of the years of a
50-year period is truly a remarkable achievement
for a developing country.

For the majority of the surveyed countries,
the abundance of non-release years signifies
inactivity or lack of progress in a plant-breeding
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Fig. 6.3. Trends in maize varietal releases by germplasm source, 1970-2010.
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programme. Lack of continuity, in turn, could be
explained by several constraints, such as weak
scientific capacity, funding scarcities, inadequate
linkages with research systems outside the region
and non-adherence to a research master plan
(Venkatesan and Kampen, 1998). A comparison
of decadal intervals shows that highest incidences
of variety releases were recorded in the period
starting from the 1990s extending into 2000s for
most of the countries in the region.

Average annual releases for West and Central
Africa between 1970-1997 and 1998-2010
changed remarkably from 0.43 to 0.77, up by 80%.
Nigeria and Togo registered very high in-
creases in mean releases from 1.61 and 0.05 in
1970-1997 to 2.92 and 0.77 in 1997-2010.
The presence of IITA headquarters in Nigeria to-
gether with the size of NARs explains the success
of the maize breeding system in Nigeria. In add-
ition to providing financial assistance, breeders
at IITA backstop research activities by providing
material as well as technical assistance and cap-
acity building to Nigeria's maize improvement
programme.

In Togo, maize has become the most re-
searched crop, accounting for 14% of total FTE
researchers. Variability in annual releases as
measured by coefficient of variation for varietal

releases has also declined in Benin, Burkina
Faso, Cameroon, Cote d'Ivoire, Guinea, Senegal
and Togo between the two periods, signifying
positive progress in productivity of maize research
in SSA.

Adoption of improved maize varieties

During the period between 2007 and 2009, the
total area allocated to maize production in the
region was estimated at 12 million hectares, of
which 5.3 million hectares were under improved
maize varieties in the 11 country observations
in the DIIVA Project (Table 6.13). This repre-
sents an adoption level of 67% of the total maize
area in the countries surveyed and 57% of the
maize area in West and Central Africa (assuming
no adoption of improved varieties in the non-
surveyed countries).

Both Nigeria and Senegal are approaching
full adoption of improved maize varieties. Adop-
tion of improved varieties in Cameroon, Burkina
Faso and Mali was also high, occupying 82%,
72% and 71% of maize harvested area, respect-
ively. Benin, Guinea, Cote d'Ivoire and Ghana
allocated more than 50% but less than 70%
of their maize area to modern varieties and

Table 6.13. Adoption of improved maize varieties in West and Central Africa, 2009.

Proportion of total maize area

Materials containing
IITA germplasm or
directly related to [ITA

planted to: activities
2007-2009 maize area Local Improved MV area
Country ('000 ha) varieties (%) varieties (%) ’000 ha (%)
Benin 830 46 54 291 35
Burkina Faso 555 28 72 290 52
Cameroon 686 18 82 444 65
Céte d’lvoire 302 46 54 51 17
DR Congo 1,489 85 15 1 0.1
Ghana 864 43 57 294 34
Guinea 440 33 67 64 15
Mali 409 29 71 190 47
Nigeria 3,708 3 97 3,586 97
Senegal 191 3 97 139 73
Togo 445 95 5 20 4
All 9,919 33 67 5,369 54
West and 11,702 43 57 5,369 46

Central Africa
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hybrids. With only 15% and 5% of area under
improved varieties, the DR Congo and Togo
lagged far behind the other surveyed countries
in the uptake of modern varieties.

How do the findings in Table 6.13 compare
with those of the 1998 initiative by Manyong
et al. (2003)? Area planted to improved varieties
in West and Central Africa increased from 37%
in 1998 to 57% in 2009. In Nigeria, adoption of
improved varieties was very rapid, reaching 97%
by 2010 compared to 40% recorded in 1998. All
other surveyed countries except DR Congo and
Ghana more than doubled the area under im-
proved varieties between 1998 and 2009. Area
under improved varieties in Ghana increased
only by 4 percentage points, from 53% in 1998
to 57% in 2010.

Of the total 11.7 million hectares planted to
maize in West and Central Africa, about 5.3 mil-
lion hectares (46%) were planted to varieties
containing IITA germplasm (Table 6.13). How-
ever, the use of IITA-derived varieties varied
widely by country. The whole area under
improved varieties in Nigeria was under IITA-
related varieties. More than 50% of maize area
was planted to IITA-related varieties in Sene-
gal, Cameroon and Burkina Faso. Conversely, in
DR Congo and Togo, only 0.1% and 4% of maize
area was devoted to IITA-derived varieties. Togo
spends less on research and development than
most other countries in the region; worse still,
expenditure on agricultural research has been
declining at a rate of 4% over the past 10 years.
Recent releases have not yet translated into
adoption.

Important varieties, estimated to contribute
at least 1% to national adoption, are listed in
Table 6.14. An IITA high-yielding dent variety
called DMR ESR W, which was released in 1987,
is the leading modern maize cultivar in Benin,
occupying about 23% of total maize area. EVDT
97 STR C1 is another important IITA-derived
variety prized for its drought tolerance and high
yield. It was formally released in 1999, first
adopted in 2002 and now accounts for about 7%
of total maize area in Benin.

Six improved varieties occupy at least 3%
of total maize area in Burkina Faso. The most
important varieties are SR21 (EV8421 SR) with
about 20% coverage and Obatanpa (Pop 62) with
19%. SR21 (released in 2001) is an IITA-bred
variety with Maize Streak Virus resistance and

average grain yield of 5 tonnes/ha. Released
in 1998, Obatanpa is a protein-rich variety
that was derived from IITA and CIMMYT genetic
materials.

In Cameroon, Kassai (CHC 201) is the lead-
ing variety. It is a 22-year old variety derived
from an IITA parent. About one quarter of the
area in Cote d’'Ivoire is occupied by a non-IITA
variety called F 7928, which was released in
1992. It is high yielding as well as tolerant to
streak virus. In DR Congo, almost all the maize
area under improved varieties is under a MUS-1
(MUS-1 is a NARS-bred variety released in 1996),
accounting for nearly 15% of area. In Ghana,
Obatanpa was released in 1992. It occupies 26%
of the maize area under improved varieties.
Etubi is another important variety in Ghana. It is
a variety released in 2007 and it now occupies
about 11% of total maize area. It is a hybrid of
medium maturity and can yield as much as 6.5
tonnes per hectare. Oba 98, Suwan 1-SR, TZE-Y,
Sammaz 11 (Acr 97 TZL Com. 1-W), NARZH 1
(Oba Superl) and TZEE-W are the most import-
ant varieties and hybrids with adoption rates
ranging from 10 to 17% of total maize area in
Nigeria. Suwan 1-SR (released in 1988) and
NARZH 1 (Oba Superl) (released in 1984) are
the oldest varieties under wide cultivation.
Suwan 1-SR is a late-maturing variety with
resistance to streak and downy mildew, whereas
NARZH 1 (Oba Superl) is a semi-flint hybrid
with resistance to Striga, streak, and weevils. Oba
98 and Sammaz 11 (Acr 97 TZL Com. 1-W) were
both released in 2001 from IITA materials.
TZEE-Y and Early Tha