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Executive Summary

Increased agricultural productivity is a major stepping stone on the
path out of poverty, but farmers in sub-Saharan Africa and South Asia
face tremendous challenges improving production. Poor soil, inefficient
water use, and a lack of access to plant breeding resources, high-quality
seed, and fuel and electricity—combined with some of the most extreme
environmental conditions on Earth—have made yields in crop and animal
production far lower in these regions than world averages. This report iden-
tifies 60 emerging technologies with the potential to significantly improve
agricultural productivity in sub-Saharan Africa and South Asia. Of these,
18 technologies are selected as priorities for immediate development and
deep exploration (Table ES-1).

“Tier I” tools and technologies are those that should be given the high-
est priority for development into specific applications. Although these tech-
nologies largely already exist, they are new from the perspective of farmers
in sub-Saharan Africa and South Asia because applications specific to the
needs of farmers in these regions have not been developed or widely used.
“Tier II” technologies include ideas that are emerging from advances in dif-
ferent scientific fields. In concept, applications based on these technologies
would have a great deal to offer farmers in the two regions.

In general, technologies with the greatest potential impact on agricul-
tural production in sub-Saharan Africa and South Asia are those that help
to (1) manage the natural resource base supporting agriculture; (2) improve
the genetic characteristics of crops and animals; (3) reduce biotic con-
straints (such as disease, pests, weeds) that decrease yields; and (4) provide
affordable, renewable energy for farmers.
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2 EMERGING TECHNOLOGIES TO BENEFIT FARMERS

TABLE ES-1 Priority Technologies and Applications for Improving

Agriculture

Tier 11
Focus of Tier I High Priority for
Technology High Priority for Development Additional Exploration
Natural e Soil management techniques e Soil-related nanomaterials
Resources e Integrated water management  ® Manipulation of the rhizosphere
Management e Climate and weather prediction ® Remote sensing of plant

physiology

Improving e Annotated crop genomes o Site-specific gene integration
Genetics of Crops ® Genome-based animal breeding e Spermatogonial stem cell
and Animals transplantation

e Microbial genomics of the rumen
Overcoming e Plant-mediated gene silencing

Biotic Constraints ® Biocontrol and biopesticides
¢ Disease-suppressive soils
e Animal vaccines

Energy
Production

Solar energy technologies
Photosynthetic microbe-based
biofuels

e Energy storage technology

Although these technologies offer many opportunities to address the
challenges to agricultural production in sub-Saharan Africa and South Asia,
a broader set of factors will influence the ability of a technology to have a
positive impact on productivity:

o A system-wide approach: Agricultural production is a complex
system; consequently, agricultural technologies are interdependent.
For example, it is difficult to improve livestock or increase meat or
milk production if the animals are chronically infected with patho-
gens and are fed low-quality, poorly digestible forages. Solving the
problem of poor agricultural productivity requires a multifaceted
approach.

e Local expertise and participation: Agricultural technologies de-
veloped in industrialized countries may not always work in
sub-Saharan Africa and South Asia. Crop breeding requires the
evaluation of traits under local environmental conditions; weather
prediction algorithms need data collected at the ground level;
farmers need an opportunity to provide input and acquire informa-
tion. These tasks require a committed, trained, local workforce—a

Copyright National Academy of Sciences. All rights reserved.
This executive summary plus thousands more available at http://www.nap.edu



Emerging Technologies to Benefit Farmers in Sub-Saharan Africa and South Asia
http://books.nap.edu/catalog/12455.html

EXECUTIVE SUMMARY

3

workforce of extension agents, scientists, veterinarians, and en-
gineers that must be built with national efforts and international

help.

o Agricultural innovations for the developing world do not need to
be “low” technology: Technologies addressing specific needs in
sub-Saharan Africa and South Asia might never materialize if they
do not fill a niche in the industrialized world. As a result, important
opportunities, such as the development of advanced off-the-grid

electrical power, might be missed. Farmers need more than “old”

or “low” technology. Incentives and support for the development
of specific applications could deliver benefits faster than waiting for
market forces to propel technological development.

e Attention to the implications of climate change: Farmers in sub-

Saharan Africa and South Asia already face severe environmental
constraints. By all predictions, their livelihoods will be imperiled by
the future consequences of global climate change, especially water
scarcity. Comprehensive planning to alleviate the economic and

ecological impacts of drought will be needed, as well as technolo-

gies that increase the availability of water and efficiency of water

use.

A whole suite of approaches—some technological and some not—must
come together for farmers to realize the benefit of any innovation. Scientists

from all backgrounds have an opportunity to become involved in bringing
these and other technologies to fruition. The opportunities identified in this

report offer new approaches that can be used by the Bill & Melinda Gates

Foundation and other actors to help transform agriculture in sub-Saharan

Africa and South Asia.
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Preface

In 2006, the Bill & Melinda Gates Foundation approached the Na-
tional Research Council’s Board on Agriculture and Natural Resources
(BANR) about organizing a study to identify recent scientific knowledge
and promising technologies that could transform the production capabili-
ties of small-holder farmers in sub-Saharan Africa (SSA) and South Asia
(SA). The premise underlying the proposed study was that the historical
increase in agricultural productivity in the United States occurred largely
through scientific and technological innovations. Crop productivity in SSA
and SA lags far behind that in most agricultural areas of the world, but
there also has not been a systematic application of science and technology
that could improve the situation. The subsistence farming practiced in
these regions results in yields and incomes that are unpredictable, leads to
environmental degradation, and ultimately leads to a lack of food security.
Many of the farmers produce barely enough food to survive, let alone pro-
vide a “cash crop.”

Identifying ways to improve agricultural productivity in SSA and SA
has been the focus of many private, national, and international organiza-
tions in recent years, and many publications describe the challenges and
opportunities in addressing the factors that constrain agriculture in these
regions. Among them is the 2004 publication by the InterAcademy Council,
Realizing the Promise and Potential of African Agriculture. That report de-
scribes the unique features of African agriculture and the array of farming
systems distributed across its agroecological zones and identifies broad sci-
ence and technology strategies for increasing crop yields. With those reports
in mind, the study committee assembled by the National Research Council
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viil PREFACE

began its work by querying scientists and agriculturalists at research insti-
tutions in Africa and South Asia to learn what they thought were the most
serious constraints affecting farmers (see Appendix C). But although the
committee believed it important to ground its study in reality, the vision and
expectation of the assignment were to take a longer view of the agricultural
situation in SSA and SA and to consider science and technology that would
bring about dramatic improvements, even if the technology required 10 to
20 years to implement. Indeed, the committee was asked to focus on na-
scent innovations, including those that posed high risks, but could also be
novel and powerful. In light of that scope, the committee considered basic
research projects that could be performed at any location, providing there
were an application and a reasonable cost:benefit ratio.

The diverse study committee included people with appropriate knowl-
edge of science and technology in plant and animal agriculture, many
of whom had knowledge of and work experience in SSA and SA. It was
important to find the right combination of committee members who knew
the agricultural constraints of the regions and the status of cutting-edge
agricultural science and technology, but it was not possible to include ex-
perts in all the relevant subjects. That was true not only for some aspects of
plant and animal agriculture but for a number of topics in nanotechnology,
chemistry, physics, and engineering. To try to address that limitation, ex-
perts representing diverse fields (economics, global and rural development,
metagenomics, cyberinfrastructure, soil science, weed science, livestock
reproductive physiology, environmental engineering, agricultural engineer-
ing, space-systems technology, nanotechnology systems for monitoring en-
vironmental quality, and molecular genetics and genomics) were invited
to the first workshop to complement the knowledge and experience of the
committee. The interdisciplinary approach proved to be valuable in shap-
ing the scope of additional workshops, and the committee is grateful to all
those experts (see Appendix D). The workshops covered a wide variety of
topics that are described in the report.

The severity of the current agricultural situation in SSA and SA and the
accompanying social, political, and health consequences made it difficult
not to consider the potential benefits of currently available technologies
and approaches that could be adapted to help farmers in these regions.
Consequently, as we formulated our report, we felt it important to define
“emerging” technologies as both existing technologies that might not yet
have been effectively applied to problems in SSA and SA and approaches
that will require additional research and technological development before
they can be applied. The task required the committee to take on a mindset
to be realistic and visionary at the same time. As the committee developed
a framework for developing priorities among different research approaches
and technological directions, it was struck with the difficulty of establish-
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PREFACE x

ing priorities among them, because improving agricultural productivity
requires a systems approach. The committee’s recommendations ultimately
reflect that reality, and include priorities for improving all elements of the
production system.

The committee believes that its report provides a compressive overview
of many current and some future problems that will affect agricultural pro-
ductivity in SSA and SA. It was prepared as an independent study funded
by the Bill & Melinda Gates Foundation to identify emerging technologies
in agriculture that have the potential to improve the quality of life of small-
holder farmers in the regions. We hope that a broad range of stakeholders
will find the report’s conclusions and recommendations to be of value in
their efforts to improve agriculture and enhance the lives of people living
in those regions.

On behalf of the committee, I want to express our thanks and ap-
preciation to Robin Schoen, director of BANR, for the time and effort she
put into assembling the committee, planning the meetings and workshops,
and organizing the written report. Those tasks would have been impos-
sible without her enduring patience and hard work. We also thank all the
BANR study staff for their support and assistance with our meetings and
in preparing the final report.

Brian A. Larkins, Chair
Committee on a Study of
Technologies to Benefit Farmers in
Africa and South Asia
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Al
AMSR-E

BSE
Bt
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CGIAR
CMV
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Abbreviations and Acronyms

1-aminocyclopropane-1-carboxylate

African cassava mosaic disease

Alliance for a Green Revolution in Africa

artificial insemination

Advanced Microwave Scanning Radiometer for the Earth
Observing System

bovine spongiform encephalopathy
Bacillus thuringiensis

charge-coupled devices

complementary DNA

Consultative Group on International Agricultural Research
cucumber mosaic disease

circumsporozoite protein

U.S. Department of Energy

enzyme-linked immunosorbent assay
embryo transfer

Food and Agriculture Organization of the United Nations

gross domestic product
Gravity Recovery and Climate Experiment
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XX ABBREVIATIONS AND ACRONYMS
GW gigawatt

HHMI Howard Hughes Medical Institute

IAC InterAcademy Council

TARCs International Agricultural Research Centres
ICSI intracytoplasmic sperm injection

IG Indo-Gangetic

IT information technology

IWMI International Water Management Institute
LSM NOAH Land Surface Model

MODIS moderate-resolution imaging spectrometer
MSvV maize streak virus

MudPIT multidimensional protein identification technology
MUS managed underground storage

MW megawatt

MWCNs multiwall carbon nanotubes

NDVI Normalized Difference Vegetation Index
NPK nitrogen-phosphorus-potassium

NRC National Research Council

PASS Program for Africa’s Seed System

PCD programmed cell death

PCR polymerase chain reaction

PIPRA Public Intellectual Property Resource for Agriculture
PV photovoltaic

QTL quantitative trait loci

RNAi RNA interference

RVF Rift Valley fever

RYMV rice yellow mottle virus

SA South Asia

SDI subsurface drip irrigation

shRNA short double-stranded RNA

SNPs single nucleotide polymorphisms

SOC soil organic carbon

SSA sub-Saharan Africa
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ABBREVIATIONS AND ACRONYMS X1
SSC spermatogonial stem cell

ssDNA single-stranded DNA

TILLING targeting induced local lesions in genomes

TLU tropical livestock unit

TRMM Tropical Rainfall Measuring Mission

™ terawatt

vCJD variant Creutzfeldt-Jakob disease

ZFNs zinc finger nucleases
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