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About the West Africa Rice Development Association (WARDA)

The West Africa Rice Development Association is an autonomous intergovernmental research association with a
mission to contribute to food security and poverty eradication in poor rural and urban populations, particularly in West
and Central Africa, through research, partnerships, capacity strengthening and policy support on rice-based systems,
and in ways that promote sustainable agricultural development based on environmentally sound management of
natural resources.

In collaboration with the national agricultural research systems of members states, academic institutions,
international donors and other organizations, the work of WARDA ultimately benefits West and Central African
farmers—mostly small-scale producers—who cultivate rice, as well as the millions of African families who eat rice
as a staple food.

WARDA was formed in 1971 by 11 countries with the assistance of the United Nations Development Programme
(UNDP), the Food and Agriculture Organization of the United Nations (FAQ), and the Economic Commission for
Africa(ECA). It now comprises 17 member states: Benin, Burkina Faso, Cameroon, Chad, Cote d’Ivoire, the Gambia,
Ghana, Guinea, Guinea-Bissau, Liberia, Mali, Mauritania, Niger, Nigeria, Senegal, Sierra Leone and Togo.

WARDA is a member of the Consultative Group on International Agricultural Research (CGIAR), a network of
16 international research centers supported by more than 45 public- and private-sector donors.

Donors to WARDA in 1999 were: the African Development Bank, Canada, Common Fund for Commodities
(CFC), Cote d’Ivoire, Denmark, France, the Gatsby Foundation, Germany, the International Development Research
Centre {Canada), the International Fund for Agricultural Development, Japan, the Netherlands, Norway, the
Rockefeller Foundation (USA), Sweden, the United Kingdom, UNDP, the United States of America, the World Bank
and WARDA member states.
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Message from the Director Generql
‘and Chairman of the Board of Trustees

HE YEAR that closed the ‘nineteen hundreds’ was one of immense activity for all of us associated

with WARDA. Several major projects were at or approaching the end of their first phase, and new projects and
new directions were coming ‘on line.” It was the start of an exciting, if busy, period in WARDA ’s history that will launch
us into the new millennium with great prospects for the long-awaited Green Revolution in Rice in West and Central
Africa.

To demonstrate the increasing activity at WARDA and among our partners, we are introducing a new annex to our
Annual Report: The Year in Review (page 51). This annex chronicles the events as they happened, showing the breadth
of research and development topics covered by the Association.

Perhaps the most important event from a management point of view was the Fourth External Program and
Management Review (EPMR) of WARDA. The Review Panel consisted of six members and a consultant, and was
chaired by Mandivamba Rukundi of Zimbabwe, Program Director of the W K. Kellogg Foundation, with expertise in
international agricultural research management, agricultural and food policy, and irrigation economics. The Panet
brought a wealth of international experience to bear on the critical review of WARDA’s program and management,
with most members having served on CG external reviews of other centers. The review process involved a series of
interactions with Center staff, Management and Board, and visits to selected national programs and WARDA s field
stations in Senegal and Nigeria.

The Review Report itself attests to WARDAs progress in research and management over the past six years (since
the Third External Review), and much praise is given to the interspecific hybridization work that has led to the
development of the interspecific rices, or NERICAs. Two quotations from the Report are worthy of note.

“WARDA is atthe cross road where scientific breakthrough will yield large productionincrease
in many developing countries where poor rice farmers now lag behind the technology curve. A
fundamental difference is that WARDA is now developing technologies that are adapted to the
African environment, without modifying the environment to fit the technology.”

“WARDA is best positioned to push hard for arice-based green revolution in WCA [West and
Central Africa]. The Panel urges WARDA to maintain focus on the impact of its work on people’s
lives—Dby putting morerice on the tables of poor and hungry people, and by putting more money into
their pockets.”

However, a major constraint that was identified in the overall impact of the products of our research was the lack
of economic incentives for wide and massive adoption, due to (a) poor technology transfer and delivery systems,
especially for seed, and (b) inadequate agricultural policies—policies are needed that encourage competitiveness of
domestic rice production against heavily subsidized and cheap imports. This is particularly crucial in West Africa, where
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rice increasingly means food for over 240 million people and demand is growing at an annual rate of 6%, resulting in
total annual imports of over 3.2 million tonnes atan alarming price of USS 1 billion. Thus, WARDA is faced with amajor
challenge and a pivotal role in enhancing national capacities, both individual and institutional, in policy analysis and
formulation for meeting the food security challenges of the 21st century.

The year saw alarger than average influx of new staff, especially when we consider the recently established middle-
management positions established in 1998 and 1999. New faces in 1999 included: Frank Abamu (Agronomist/Crop
Modeler), Mark Abekoe (Soil Agronomist, Visiting Scientist from Ghana), Antoinette Baroan (Personnel Officer),
Olivier Briét(Medical Entomologist, DGIS), Mory Cissé (Purchasing and Supplies Manager), Gilbert Kato (Transport
Officer), Mohamed Kebbeh (Agricultural Economist, Visiting Scientist from The Gambia), Rebecca Kent (Weed
Scientist, DFID}, Adrian Labor (Information and Communications Technology Manager, IDRC), Frédéric Langon
(Policy Economist), Marie-Noélle Ndjiondjop (Molecular Biologist), Francis Nwilene (Entomologist), Takeshi Sakurai
(Agricultural Economist, JIRCAS), Fassouma Sanogo (Translator), Olusegun Olubowale (Senior Accountant), Gaston
Sangaré (Farm Manager), Nko Umoren (Internal Auditor), and Norberte Zézé (Public-Awareness Assistant).

As we like to remind everybody, partnership is the modus operandi of WARDA. In December, we hosted an
International Workshop on ‘Effective and Sustainable Partnerships in a Global Research System: Focus on Sub-
Saharan Africa,” which we co-convened and coordinated with our fellow CG Center, the International Service for
National Agricultural Research (ISNAR), in collaboration with the Organizational Change Program (OCP) and with
significant support from other international agricultural research organizations. The Workshop significantly strength-
ened the mutual understanding of successes and failures in IARC-NARS partnerships in Sub-Saharan Africa, and
noted transparency, trust, fair attribution of achievements and financial opportunities as important factors for success.
Sharing of these lessons learnt from past research partnership experiences should help those involved to identify areas
for establishment of new innovative global partnerships.

As indicated in last year’s report, 1999 saw the merger of WARDA’s Task Forces with the Rice Network of the
West and Central African Council for Research and Development (WECARD/CORAF) to form the West and Central
Africa Rice Research and Development Network (Réseau Ouest et Centre Africain du Riz, ROCARIZ). The role
of ROCARIZ is to link rice stakeholders in the region to generate improved and relevant rice technologies and ensure
their successful and widespread adoption. lts purpose is to strengthen the capacity and capability of the national
agricultural research and extension services for coordinated research planning, and technology generation, evaluation
and transfer to end-users. Ultimately, this work—like all of WARDA'’s activities—is aimed at reducing poverty and
malnutrition through enhanced rice production and market development. A five-year strategy was developed and
accepted by USAID for funding.

The first phase of our flagship Interspecific Hybridization Project {(IHP) was drawing to a close in 1999 (it officially
ended in early 2000). The principal donors to the project—the United Nations Development Programme Technical
Cooperation among Developing Countries (UNDP/TCDC) and the Japanese Ministry of Foreign Affairs (MOFA)—
reviewed the progress over the three years of phase 1, concluding:

“The team highly recommends ... to consolidate funding and to identify ‘champions’ who will
assist WARDA inmoving thisunfolding revolution beyond research and development to production,
marketing, and the household consumer. Otherwise, the international community and friends of
Africa will be missing a golden opportunity to finally change Africa from a “food-aid’ recipient to
arice-surplus producing continent.”
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The community-based seed production system (CBSS) has become a major component of the [HP since its
introduction to WARDA in 1998 (see ‘Farmers Producing Seed for Farmers,” WARDA Annual Report 1998, page
40). We introduced the system because the formal system for producing Certified Seed of cultivated varieties is poorly
developed in most countries of the region. The CBSS enables farmers themselves to produce ‘seeds of acceptable
quality’ to be grown by themselves and their neighbors, with a view to providing seed of the New Rice for Africa
(NERICA) in this period of expanding demand; however, even this venture is not generating enough seed to meet
demand, as the review team points out:

“The team strongly believes that the direct participation of farmers from the initial stages of
technology development [in] the [H project [in] such approaches as the ‘village garden rice plots,’
PVS [participatory varietal selection] trials, and CBSS has been both effective and instrumental in
bringing about the positive outcomes of immediate and widespread acceptance of the NERICAs
forthe upland. In Céte d’Ivoire [two] varieties while in Guinea [three] varieties are not only already
being grown by many farmers, the demand for seed far exceeds the supply. ... Access to adequate
NERICA seed is a major constraint to greater widespread adoption of the new technology ... The
request for seed by participants in the PVS, CBSS, their neighbors, or farmers that have simply
attended ficld days was always top on the list of input needs during the team’s field visits to Cote
d’Ivoire, Guinea, and Nigeria. Although the current CBSS has been a good initiative and for which
the team commends WARDA, it is not an adequate source of seed. WARDA and its partners [in]
the CBSS [will need] to include contract seed growers and private seed companies.”

Thus, not only the External Program and Management Review, but also the donor review of the [HP recognize the
value of the NERICAs and associated technologies. Through their comments, many experienced research and
development managers around the world are recognizing that we are truly on the verge of a Green Revolution in Rice
in West and Central Africa. Funding for a second phase of the IHP is assured, and we call on the governments, policy-
makers and private-sector investors in our Member States to put in place the components of a suitable environment
(policy, socio-political, financial) that will enable it all to happen.

Inthelight ofthis threshold, we take the opportunity to look back over the ground-breaking development of NERICA,
with special thanks to the donors who made Phase I such a success (page 9). The effects of the JHP have been far-
reaching and have resulted in several spin-offs, one of which has been the establishment of molecular biology facilities
at WARDA’s Headquarters. The establishment of the laboratory and facilities is covered in our second feature story
this year (page 16).

Soil degradation is a potentiaily major problem in many farming systems throughout the world. This year, we are
highlighting the UK-funded research inirrigated systems in the Sahel (page 30) and the soil acidity problems in the humid
forest zone (page 23).

Another project winding down towards completion in 2000 was the Human Health Consortium, hosted at WARDA.
As an indication that research is not always the answer to the world’s iils, we highlight the difficulties involved with
indigenous perceptions of the potentially dangerous disease schistosomiasis (page 38). The Consortium is finalizing its
research publications in 2000, but WARDA will be retaining an active interest in health matters as it siarts to look at
the nutritional benefits at community level of the NERICA varieties.

This year’s Donor Country Profile highlights our complex relationships with colleagues and institutions in the
United Kingdom. We particularly welcome the UK’s stalwart support during this time of general decreases in
unrestricted core contributions to CG Centers.
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Let us share with you our vision for WARDA as we move into the Third Millennium...

We see WARDA as fulfilling a triple role as a dynamic center of excellence, as a model regional institution, and
as the hub or pivot of an efficient technology and knowledge delivery system. In the short term, our priority as a Center
of Excellence will be in fostering and sustaining an enabling environment that supports all staff in contributing to
excellent, effective and efficient research—research is our raison d étre. A central and leadership role for WARDA
in the third millennium is one of a model and pivotal regional institution for science and technology-based systems. An
institutional system will encompass broad partnership (WARDA’s modus operandi) among all players and
stakeholders, in contrast to an isolated center. The final element of our tripartite role is as the hub of an efficient
technology and knowledge system. This will build on our successful Task Force, Open Center and participatory
research approaches in the empowerment of farmers. It will constitute a sustainable framework to respond to current
and future challenges, with the aim of providing a constant flow of new technologies (international public goods) to
farmers. This triple role of WARDA represents a dynamic interlocked system with the ultimate objective of contributing
toward poverty alleviation and food security in the subregion.

It comes as no surprise tous that this Vision, developed during 1999, fits in well with the recently developed CGIAR
Strategy for Sub-Saharan Africa, which was developed in close collaboration with the CG Centers, subregional
organizations, and all-inclusive NARS partners.

We hope that you will enjoy reading the various stories in this Report with as much pleasure as it gives us to present
them to you.

o

Kanayo F. Nwanze N. Lindsay Innes
Director General Chairman, Board of Trustees
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WARDA's Programs for the Next
Millennium: Managing Continuity and
Change

AmirKassam
Deputy Director General for Programs

HE YEAR 1999 at WARDA will be remembered for its intense program review and planning activities. First, in

early 1999, WARDA revisited its annual programreview and planning process to assess the performance of annual
work plans, and the continuing relevance of multi-year program priorities and strategies as presented in the three-year
rolling Medium-Term Plan (MTP). Second, in June 1999, WARDA underwent a Center-Commissioned External
Review (CCER) of its Program Strategy and Management. Third, in preparation for the Fourth External Program and
Management Review (EPMR), with initial phase in November 1 999 and main phase in February 2000, WARDA took
a detailed stock of and documented its programmatic accomplishments since the Third EPMR. More information
on this and the outcome of the Fourth EPMR, including WARDA's response, will be provided in the 2000 Annual
Report.

The 1999 annual program review and planning exercise was used to critically assess WARDA s multi-year program
proposals, as presented in its MTP 1998-2000, and to formulate a significantly revised MTP for the period 2000-2002.
As elaborated below, the revised MTP resulted in a sharper operational mandate, and a dynamic and robust program
framework that responds effectively to the regional challenges of: growing population and poverty, rapidly increasing
dermand for food (especiallyrice), risk of environmental degradation, weak national research and development capacity,
and inadequate social capital base for development. The MTP 2000-2002 takes into account the region’s agricultural
potentials, and builds on WARDA’s significant scientific achievements since 1991 and on the advantage of its special
relationship with NARS and its concept of an ‘open center.’

Overall, WARDA continues to strengthen its role as a pivotal regional center for rice-based systems, focusing its
investments primarily on the unique problems of West and Central Africa. WARDA’s programmatic vision is to create
a regional research program to promote environmentally sound technical and economic change in the rice sector at
national and local level, leading to an equitable improvement in food security for the poor, and sustainable reduction in
rural poverty. WARDA’s programmatic response reflects its operational mandate, which aims at ensuring the
maintenance of its scientific excellence in: (i) rice genetic improvement; (ii) technology generation, evaluation and
dissemination for rice-based systems; and (iii) providing leadership to inland valley ecoregional activities.
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WARDA will continue to conduct strategic and applied research to generate urgently needed technologies for the
region. During the 2000-2002 MTP period, WARDA’s output-driven strategy will be implemented more effectively
by strengthening its development-oriented rice research efforts through collaborative technology evaluation and
transfer, supported by complementary information and training activities. Inthis regard, and consistent with initiatives
already taken in 1998, WARDA will remain open to the participation of rice scientists from East, Central and southern
Africa (ECSA) in its Task Forces, thereby responding to direct demand from the ECSA region and ensuring that the
rest of Africa benefits from the high spill-over potential of WARDA’s research. WARDA will also strengthen its
ecoregional research oninland valleys through the Inland Valley Consortium (1VC). The IVChas developed into atried-
and-tested vehicle for the evaluation and delivery of technologies generated by WARDA and others for productivity
improvement in inland valley land use systems. For the MTP 2000-2002, IVC will have a strong focus on integrated
natural-resource management to underpin sustainable land use intensification and diversification.

Drawing from lessons learned in African agricultural research over several decades, WARDA’s research
programs represent a major departure from the agro-climatic program structure that characterized WARDA prior to
1997, and go beyond the program structure proposed in the 1998-2000 MTP. The revised program structure for the
20002002 period allows for consolidation of program activities and consists of two technology-generation programs,
the Rainfed Rice Program (Program 1) and the Irrigated Rice Program (Program 2); a Policy Support Program
(Program 3); and an expanded and strengthened Program 4, renamed Systems Development and Technology
Transfer Program from the old Information and Technology Transfer Program. A full description of the programs,
with goals, objectives, outputs and milestones, is contained in the MTP.

Webelieve that the new program framework lays a strong foundation for the next millennium, and allows WARDA
to: (a) allocate research activities along the R-to-D Continuum in a logical way; (b) explicitly recognize the targeted
production systems in technology generation and development, as well as in technology dissemination; (¢) achieve a
closer integration of the ecoregional research activities based in the IVC with WARDA’s strategic research on
technology and knowledge generation for inland valley systems; and (d) create strong cross-program linkages to ensure
that the whole program agenda is of the highest relevance and scientific value, and cost-effective and efficient to
manage. 4

This structure is in full accord with the four pillars of the CGIAR Strategy for Sub-Saharan Africa and provides a
robust platform for responding to the challenges that face agricultural research and development in the region.

The Center-Commissioned External Review (CCER) on Program Strategy and Management panel was chaired
by Dr Bernard Tinker of Oxford University. The panel concluded: “WARDA is now a highly active and respected
member of the West African rice research community. Its applied research is producing new technologies, which are
being applied at an increasing rate. Some of these are adaptations of well-known principles, as in the saline and alkaline
soils in Senegal and Mali. Others are the continuation of its plant breeding for yield and against the pests, diseases and
soil constraints of West Africa. The mostimportant is the production of interspecific hybrids (the ‘newrices for Africa”),
that are showing great promise in some ecosystems. There seetns little doubt that it is now generating impact at an
increasing pace. ... WARDA has been treated relatively generously in proportion to the amount [of rice] produced in
its region. The increase in rice demand, and this promise of truly important research developments shows that this is
both deserved and well applied.”

Beyond the accomplishments that are featured in this Annual Report, there were several others that deserve
mention. The new interspecific rice plant type—dubbed ‘New Rice for Africa’ or NERICA—was released and
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actively disseminated. The estabilishment of WARDA’s regional network on participatory rice improvement—a
process begun in 1998, involving participants from all the 17 member countries—was completed. Decision tools for
scaling up integrated management of nutrients, water and pests in irrigated rice agro-ecosystems in the Sahel were
further developed. Policy research on competitiveness of rice production was strengthened, including the role of rural
financial services in rice technology uptake and resource management. The second phase of the Inland Valley
Consortium was launched, with an expanded membership and research agenda. The transfer of all responsibility from
IITA to WARDA forrice germplasm management in Africa was finally completed, and a Rice Genetic Resources Unit
was established at WARDA.

In the 1980s, WARDA succeeded in improving the productivity of mangrove rice with considerable impact. In the
1990s, WARDA made great strides in raising the productivity and output of irrigated rice in the Sahel, where yields of
4to 6t/haarenormal. The stage isnow set for a green revoiution in irrigated and rainfed rice across WARDA ’s mandate
region in the first decade of the next millennium.

Management of continuity and change is af the heart of WARDA’s program management processes, so that short-
term efforts remain consistent with longer-term objectives. This spiritis well illustrated in the feature articles that follow.
In the 1998 Annual Report, I said: “We remain confident that WARDA will continue to deliver a high level of
performance next year and beyond.” In 1999, WARDA’s dedicated and qualified scientists and support staff, working
alongside their national and international collaborators, certainly kept this promise. I am confident that WARDA will
continue to remain a high-return investment in the CGIAR System.
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New Rice for Africa... with a Little Help

from Our Friends

S OUR flagship Interspecific Hybridization Project comes to the end of its first phase, we. look back at
where we’ve come from and where we’re going, and pay tribute to those who have ‘paid the way” for us.

The Interspecific Hybridization Project (IHP) started in
1997 with support from the Japanese Government, the
Rockefeller Foundation and the United Nations Develop-
ment Programme (UNDP). It built on WARDA’s major
breakthrough—achieved in 1994—of producing fertile
offspring of crosses between indigenous African rice
(Oryza glaberrima) and Asian rice (O. sativa). Today,
the new rice plant type—dubbed ‘New Rice for Africa’
or NERICA—-is being grown on at least a few farms in
-every country in WARDA’s mandate region, and the
stage is set for a Green Revolution in rice in Sub-Saharan
Africa.

Background: the breakthrough in rice
breeding '

The brains and driving force behind WARDA s interspe-
cifichybridizationresearch is Monty P. Jones, upland-rice
breeder and program leader for rainfed rice at WARDA's
Headquarters in Cdte d’lvoire.

“The whole concept goes back to the mid-1970s,”
explains Jones, “when I was working for my national
program in Sierra Leone. WARDA had its Mangrove-
swamp Rice Program based at Rokupr at that time, and I
was seconded to the WARDA project.” Jones’s particu-
lar interest was in the short-season mangrove-swamp,
where sea-water incursion gives a maximum three-month

salt-free ecology. “Rice varieties for this ecology need to
be either very short-cycled or else salt-tolerant,” contin-
ues Jones. “The only varieties which were sufficiently
tolerant of the salt to be able to grow there were
glaberrimas.” In the years leading up to his ground-
breaking attempts to hybridize the two rice species, Jones
also noted that in marginal upland environments it was
again glaberrimas that were growing, rather than the
Asian sativas. “Thus, it seemed that the glaberrimas had
genes for resistance or tolerance to local stresses, such as
soil acidity, iron toxicity, and blast disease, which were not
available among the sativas.”.

s

Oryza globerrima was domesticated in Africa over 4500 years
ago. It is well adapted to the local environments, but yields
poorly beause of lodging and grain-shatfering
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With a view to accessing and exploiting these useful
genes, Jones brought all the available glaberrima material
from the gene banks at the International Rice Research
Institute (IRRI, The Philippines) and the International
Institute of Tropical Agriculture (IITA, Nigeria) to
WARDA. in 1991 to evaluate it in the field. “Wehad 1500
accessions,” Jones recalls. “We grew them first during
the main season at M’bé [WARDA Headquarters], then
we were so impressed with the results that we took them
south to Gagnoa [south-central Cote d’Ivoire] for re-
evaluation in the off-season.” From these 1500 acces-
sions, the team selected 48 promising varieties and tested
their potential compatibility for the interspecific cross—
only 8 survived this selection process!

Previous attempts to cross the two species had met
with failure—the offspring were infertile, or else the few
fertile seeds were not noticed among the infertile ones.
Jones’s determination to succeed led the team to unprec-
edented lengths: even the eight compatible varieties set
very little seed in the first generation of the cross (known
as F, generation)}—in fact, they were looking at less than
5% seed-set. “We were collecting 5 seeds or less from
apparently sterile plants,” laughs Jones, “but what a
goldmine we’d uncovered!”

These F, seeds were given extra-special care, and
then the plants grown from them were used for ‘back-
crossing’ with the sativa parent. After two or three
backcrosses, the fertility of the plants increased to a
‘reasonable’ level, but the plants were still segregating—
that is, not true-breeding—even after the fourth or fifth
generation. So, in 1993 the team decided to adopt anther-
culture to genetically fix the lines (see ‘Molecular Biology
Facilities at WARDA,’ in this Report). In 1994, the first
true-breeding interspecific lines were available at
WARDA.

Birth and development of the Interspecific
Hybridization Project

“With this breakthrough, we clearly wanted to expand the
work,” Jones reflects, “but WARDA core funds at that

Partners in the Interspecific Hybridization
Project

Donors

u United Nations Development Programme Technical
Cooperafionamong Developing Countries (UNDP-TCDC)

m Japanese Ministry of Forelgn Affairs (MOFA)

m RockefellerFoundation

m  CGlAR Systemwide Programfor Parficipatory Resedirch
and Gender Andilysis

m  Donorswho provide unrestricied financingto WARDA

Research institutions

® West Africa Rlce Development Assoclation (WARDA/
ADRAQ)

® Interncaiional Center for Tropical Agriculture {Cenfro
Infernacional de Agriculfura Tropical, CIAT, Cal,
Colombia}

a1 ComellUniversity (Iithaca, New York, USA)

m InfemnaiionalRice Researchinstituie (IRRI, LosBafios, The:
Philippines)

m Institut de recherche pour le développement (IRD,
formerly CRSTOM, Montpellier, France) ‘

m University of Tokyo (Japan)

m Yunnan Academy of Agricultural Sciences (YAAS, Kun-
ming, China)

Research Institutions with staff based at WARDA

m  Cenire de coopérafion interationate en recherche
agronomique potirle développement (CIRAD, France)

m Japanintemctional Cooperation Agency (JICA)

u Japan Internationdl Research Center for Agricuttural

Sciences(JRCAS)

Ministry of Agriculiure, Forestry andFisheries (MAFE, Japan)

NaturalResourcesinstitute (NRi, UK)

United Nations (UN Volunteers, from 2000)

time did not give us the scope to do s0.” In 1995, the team
submitted a ‘concept note’ to UNDP and the Japanese
Ministry of Foreign Affairs (MOFA). UNDP’s immedi-
ate response was to fund a workshop on interspecific
breeding, with special reference to rice, in December
1996, This meeting brought together all the institutions
already involved in the inferspecific hybridization re-
search—Centro Internacional de Agricultura Tropi-
cal {CIAT, Colombia}, Cornell University (USA), IRRI




and Institut frangais de recherche scientifigue pour le
développement en coopération (ORSTOM, France)—
together with seven national programs from West Africa
to assess the state-of-the-art in interspecific rice breeding
and identify the major problems still to be tackled. The
workshop was immediately followed by a strategic plan-
ning meeting financed by MOFA. The upshot of these two
meetings was that both the Japanese Government (through
MOFA} and the UNDP’s Technical Cooperation among
Developing Countries (UNDP-TCDC) agreed to fund the
ongoing research; thus, the ‘Africa/Asia Joint Research
on Interspecific Hybridization between African and Asian
Rice Species (Oryza glaberrima and O. sativa)’ was
born.

The MOFA/UNDP-TCDC Project (known as IHP)
was set for three years, 1997/98 to 1999/2000, with
funding to the tune of US$ 450,000 per year, and an
additional $ 474,000 from WARDA core over the three-
year period.

Stringent reporting

Our friends in Japan and at UNDP were conscientious,
and wanted to ensure that we are making the most of our
new knowledge and resources. Thus, evaluation
meetings were held both mid-term (November-Decem-
ber 1998) and toward the end of the first phase (Noveni-
ber 1999). These were good for the scientists who can
tend to be a bit sioppy in reporting, and the IHP’s progress
has been well documented, with informal annual reports
prepared for each year (1997, 1998 and 1999) for the
evaluation meetings, reports of the meetings themselves,
and formal publication of annual research highlights in
Focus: Interspecifics (1998 highlights) and Rice Inter-
specific Hybridization Project Research Highlights
1999.

The evaluation meetings brought together WARDA
researchers and Board members, representatives of the
collaborating institutions, and representatives from the
principal donors; in addition, the World Bank and USAID
showed a keen interest in the proceedings—the former
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sent a representative to both meetings, and the latter
would have done so, but for logistical problems with
travel. The meetings were ‘earthed’ by presentations
from the national agricultural research and extension
services in Cote d’Ivoire and Guinea, and farmers from
Cote d’Ivoire. Madame Delphine Koudou received a
standing ovation at the mid-term meeting—she is the
original ‘small-screen’ Bintu (see below)!

Participatory varietal selection

A major feature of the IHP, and one strongly favored by
the donors, was the use of participatory varietal selection,
or PVS, as a dual mechanism for obtaining feedback on
farmers’ preferences in new rice varieties, and for tech-
nology transfer. Conventional varietal release mecha-
nisms involve several years of on-station and on-farm
testing before release, then it often takes several years to
produce enough seed to disseminate to farmers. WARDA,
and its partners, desperately wanted to get the new rices
out to farmers as quickly as possible. So, WARDA
organized ameeting ofrice stakeholders—scientists from
national research programs, extension workers, farmers
and non-governmental organizations—in March—-April
1996 to discuss strategies for getting the new rices to
farmers. Aware that participatory research had
catalyzed agricultural adoption in India and Nepal at a
relatively low cost, and that it had also been adapted
for farmers to select beans in Rwanda,
the delegates opted to pursue the PVS
approach.

maR  The basic PVS adopted by WARDA is
AN a three-year program. In the first year,
WARDA and extension-agency staff es-
tablish a ‘rice garden’ in a target village,
often in the field of a leading or innovative
farmer. The rice garden comprises a dem-
onstration plot of between 60 and 100
varieties, not just interspecifics, but also
modern, improved sativas, popular local
and regional varieties, and a few
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recch as many farmers as possible. Men and women are
usualy kept separate so that researchers get imporiant
gender-differentiated data

glaberrimas. Farmers from the host and surrounding
villages are encouraged to visit the garden as often as they
wish to monitor progress, but three formal evaluation
sessions are established. The first, at maximum tillering,
enables farmers to select varieties on the basis of vegeta-
tive characteristics such as speed of growth, ability to
compete with weeds, and performance in the face of
diseases and insects. The second visit, at maturity just
before harvest, enables the farmers to assess plant height
and panicle structure, growth rate, pest resistance and
plant type. At the third visit, after harvest, farmers look at
yield and quality aspects such as percentage of broken
grains, cooking ability and taste.

These three assessments give the farmers the
information they need to select up to five varieties from
the rice garden, which they will then grow on their own
farms under their own management conditions in year 2.
Here they can make direct comparison with their tradi-
tional varieties. In the third year, farmers are asked to pay
for seed of their favorite varieties—this provides a test of
how much they really prefer them over their traditional
varieties. '

12

Having started the approach in Céte d’Ivoire in 1996,
and then taken it on to Ghana, Guinea and Togo in 1997,
WARDA decided to ‘spread the news’ among its other
member states, A training workshop was organized in
May 1998, to which an additional six countries were
invited—Benin, Burkina Faso, The Gambia, Guinea Bis-.
sau, Nigeria and Sierra Leone. With additional teams
coming from the original four countries, 10 West African
countries were now equipped to conduct the PVS on theix
own. In April 1999, WARDA held two consecutive
meetings. The first was a reporting and planning work-
shop, at which the 10 teams from 1998 reported on how
farmers had accepted the participatory approach in their
countries. The second meeting was a training seminar, at
which teams from the remaining seven WARDA member
states —Cameroon, Chad, Liberia, Mali, Mauritania, Ni-
ger and Senegal—were taught the PVS methodology.
WARDA received extra funding for these meetings from
UNDP and the CGIAR Systemwide Program for Partici-
patory Research and Gender Analysis. A fuil report of the
1998/99 activities as presented at the April 1999 meetings
was published by WARDA in a book, Participatory
Varietal Selection: The Spark that Lit a Flame, in the
second halfof 1999.

The trouble with seeds

Having achieved a certain.level of acceptance of new
varieties among farmers, the next step is to make suffi-
cient quantities of seed available for wider distribution. In
many countries of West and Central Africa the state-
operated mechanisms forseed production and distribution
are under-resourced, over-stretched and unable to meet
demand. Regular readers of this Annual Report will be
aware of community-based seed systems promoted by
WARDA to enable farmers to produce seeds for their
own communities (see ‘Farmers Producing Seed for
Farmers,” WARDA Annual Report 1998, pages 40-44),
With the initial success in Céte d’Ivoire, the system was
adaptedand adopted in Guinea, and is expected to be used
in Nigeria during 2000. Mainly owing to its ‘self-help’
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Farmers have gliadly adopted the idea of using their own
resources to multiply NERICA seed for their own communities

nature, the community-based seed system is another
popular activity of the IHP among our donors.

Telling the world about ‘Binfu and Her New
African Rice’

Since the THP has become very much our ‘flagship’
project at WARDA, our donors have provided resources
for public awareness. Even before the official start of the
THP, we had released a brochure entitled Unlocking the
Treasures of African Rice Species: Bintu and
Biodiversity in 1996. Thus, the concept of Bintu as the
typical West African woman rice farmer predates her
later rise to ‘small-screen’ fame.

“I'very muchliked the conceptof Bintu,” says WARDA
Director General Kanayo F. Nwanze. “So much so that
she has become the focus of numerous seminar presen-
tations that I have given on behalf of WARDA since
coming here in 1996.”

In 1998, our donors encouraged us to promote the ‘new
rice for Africa’ both in print and in a video. The video,
entitled Bintu and Her New African Rice, tells the story
of Bintu, this time played by Ivorian farmer Delphine
Koudou, participating in the PVS. It also includes inter-
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What's in a name?

Theinterspecificshave gone throughseveral incamations”in
terms of naming since the fiist lines were fixed in 1994.
However, the decisiontouse "New Ricefor Africq,’ firstin 1998,
then asthestandard frorn ecily 1999 was cruclal. *After ail,”
explains Dr Tatsuo Fujimura of UNDP-TCDC, New York, “WAB
450-bla-blaredlly doesn'tmean very much to a farmer, it's
simplytoolong.”

Inlate 1999, the decision was taken to standardize on
'NERICA." This will serve nof only as a general label for the
glaberrima-safiva interspeciiics, buf also as a numbered
seriesforthe released varieties.

in early 2000, the first seven varieties will be released on
awidescalein Cote d’ voireand Guinea. Forthose whohave
aninterestindetails, here they are:

MNERICA 1 = WAB 450--B-P-38-HB
NERICA 2 = WAB 450-11-1-P31-1-HB
NERICA 3 = WAB 450-I-B-P-28-HB
NERICA 4 = WAB 450--B-P-¢1-HB
NERICA 5 = WAB 450-11-1-1-P31-HB
NERICA & = WAB 450-1-B-P-160-HB
NERICA 7 = WAB 450-1-8-P-20-HB

views with many of the WARDA researchers involved in
various aspects of the IHP, and expounding the virtues
of the new rices.

Meanwhile, a general brochure on the IHP had
been released in 1997, to be followed by New Rice
Jor Africa in 1998. “The pub-
lished PVS proceedings—both
the 1999 Spark That Lit a Flame iy
and theupcoming 2000 The Flame
Spreads—are also very much in
the public-awareness arena,”
explains WARDA Information
Officer Guy Manners.

“Inaddition,” comments Monty
Jones, “our annual research high-
light publications were designed
to play a dual role of solid science
written in an easy ‘public-aware-
ness style” language.”

and D

w Agrican Rice
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‘Papa NERICA,'
Monty Jones and
'Bintu’ discuss the
virtues of NERICA
for the video Binfu
and Her New
African Rice,
made in 1998

Where are we now?

By the end of 1999, two interspecific varieties were well
advanced along the varietal-release process in Cote
d’Ivoire. Atthe same time, four interspecifics were doing
well in PVS and other variety adoption trials in Guinea.
These important milestones had already been predicted
by the early part of the year, and brought to a head aneed
that had been expressed by the donors at the mid-term
evaluation in late 1998. That was, the need for a specific
name for the new rices so that they could be recognized
wherever they may be. “Having standardized on ‘new
rice for Africa’,” explains Director General Nwanze, “it
was a simple step to come up with the name NERICA.”

Where next?

“The November 1999 evaluation meeting was dubbed
“final,” but we are expecting a delegation from UNDP to
visit and prepare a final evaluation report in June and July
2000,” explains Jones. “This will not be formal seminars

like in the Project-wide evaluations with all parties, but
rather one-on-one and round-table discussions with indi-
viduals and groups of scientists.” The evaluation team
will also be discussing the financial management of the
project with WARDA’s finance division. This will be the
official end of phase 1 of the THP, but the main donors—
MOFA and UNDP-TCDC—have already committed
themselves to a second phase. Phase two is also attracting
other donors. “The PVS seems to be a particular attraction
to other donors,” explains Jones. The Rockefeller Foun-
dation first showed interest in PVS in 1998 with a small
cash injection, and is now planning to fund activities in
Mali and Nigeria for three years from 2001, Meanwhile,
the Gatsby Foundation is supporting PVS in Ghana and
Nigeria from 2000 to 2002, and USAID is supporting the
work in Nigeria in 2001.

“The future is opening up before us,” enthuses Jones.
“We really are on the verge of a green revolution in rice
in West and Central Afiica, if not throughout Sub-
Saharan Africa! NERICA 1 and NERICA 2 will be
released in Cote d’Tvoire by the middle of 2000, and some
500 hectares will be planted with them.” Meanwhile,
NERICAs 3 through 7 are spreading from sites where
they proved initially popularin Guinea. AmadouMoustapha
Béye, technology transfer agronomist, is spearheading the
community-based seed system work and is intimately
involved ‘on the ground’ in Guinea. “Despite the lack of
official varietal release mechanism,” he expounds, “the
national agricultural research program has already ‘re-
leased” NERICAs 3, 4 and 5 to farmers. In 2000, we
expect Guinean farmers to be growing some 5000 ha of
five NERICA varicties.” Projections for Guinea run to
400,000 ha of NERICAs in 2002.

“The first decade ofthe new millennium promises to be
really exciting,” says Nwanze. “With the early success of
the upland NERICAs, we started to target rainfed lowland
and irrigated systems with interspecific crosses of their
own.” Fortheirrigated ecology, the first targeted NERICAs
are just beginning to be fixed—the point at which the
upland material was 5-6 years ago. “WARDA is moving




into the new millennium,” explains Nwanze, “looking at
a three-pronged strategy: stabilization of upland rice
production, in which the NERICAs and associated tech-
nologies are playing a vital role; intensification and
diversification of the rainfed lowlands, especially inland
valley bottoms; and, maximizing resource use efficiency
in the irrigated systems. We now have plant material—
especially the NERICAs—that can resist or tolerate most
of the region’s stresses, that survive and produce with
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minimal inputs, and yet respond bountifully once inputs
become available. What we are looking at is an upward
spiral, with productivity gains generating income, in-
come being invested in inputs, and inputs producing even
greater productivity gains. We truly will see subsistence
rice farmers being drawn up out of the poverty trap.”

With that sort of prospect, it is no wonder that the THP
phase 2 is attracting more donors than any other project in
the Association.

Just part of the wide network that makes up the IHP tfeam: WARDA and

collaborating researchers, donor representatives and support staff, who
attended the Mid-termn Evaluation of the project in 1998

15
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Molecular Biology Facilities at WARDA

OLECULAR BIOLOGY is generally considered an advanced science, and maybe not something most
people would immediately associate with an institution based in West Africa. So, why has WARDA

built its own facilities, and what is it doing with them?

Historical perspective

By the early 1990s, rice breeders at WARDA realized
that conventional breeding efforts over the previous
three to four decades had not achieved any remarkable
impact, especially inthe rainfed ecologies. Atthis time, the
idea of creating interspecific hybrids between African
(Oryza glaberrima) and Asian (0. sativa) rices was put
forward, with a view to utilizing the genes for local
adaptation in the African species (see ‘New Rice for
Africa... with a Little Help from Our Friends,” in this
Report). However, it quickly became apparent that there
were problems with ‘fixing” (stabilizing) the progeny of
these crosses and that something extra was going to be
required.

“In the early 1990s, we gave no thought to adopting
molecular biology at WARDA,” explains Upland Rice
Breeder and Rainfed Rice Program Leader Monty Jones.
“But we soon realized that an answer to our problem of
fixing the interspecifics was to adopt anther-culture.”
Anther-culture is a molecular technique whereby the
genetic complement of pollen grains is doubled. Pollen is
the plant equivalent of sperm and therefore contains only
half the gene complement of the parent in preparation for
combination with an egg-equivalent to produce a new
individual. By doubling the chromosomes of pollen, we
immediately obtain a fixed line, as the two sets of genetic
material are identical.

T T =4

Anther-cuiture: where it all began for WARDA

i

“Anther-culture had several advantages over conven-
tional breeding,” explains Jones. “First, itallowed us to fix
lines in two years, rather than in the normal five to six.
Second, the process helped reduce the problem of sterility
among the first-generation progeny of the interspecific
hybrids; and, third, it enabled us to recover ‘recombinant’
lines, that is lines combining features of both parents—in
itself, the first goal of the project.” WARDA was fortu-
nate to gain full support from the Rockefeller Foundation
to setup its anther-culture facility in 1992/93, and by 1996




several pure-breeding interspecific progenies had been
obtained by this technique.

“The new materials appeared to combine characteris-
tics of the two parents, as we’d hoped,” continues Jones,
“including the early growth vigor that gives glaberrima its
weed-suppressive abilities, along with other glaberrima
traits of resistance or tolerance to drought, blast disease,
rice yellow mottle virus and acid soils. However, wereally
needed to know exactly what had been transferred from
Oryza glaberrima into the new progenies, where the
genes were located and how we could utilize them.”
These questions could be answered by molecular biology;
to be precise, by genetic markers.

Within the Interspecific Hybridization Project (THP),
molecular biology activities had been assigned to Cornell
University in the USA and the Institut de recherche pour
le développement (IRD, formerly ORSTOM)} in France,
but now the decision was taken to establish facilities at
WARDA, with help from its partners.

Establishing the molecular biology

laboratory

Thierry Cadalen was appointed WARDAs first molecu-
larbiclogistin October 1997. “My first objective wasto set
up WARDA’s molecular biology lab,” Cadalen recalls.
“Monty Jones had already established the link with Susan
MeCouch at Cornell before I arrived, and the advice was
that WARDA should work with microsatellite markers.
AlthoughIwas amolecularbiologist, | wasnot specifically
trained in microsatellites.” Cadalen would betrained in the
appropriate techniques at Cornell, in Susan McCouch’s
laboratory. “But before I could go there, we had to equip
the lab.” Thus, the essential equipment for general mo-
lecular biology and for microsatellite work was ordered in
early 1998, freeing Cadalen to travel to Cornell for three
months training.

Cadalen returned to WARDA in April 1998, and a
laboratory assistant was recruited. The laboratory staff
increased by the addition of a research assistant in May
1998 and a part-time technician in June 1998. “The
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The WARDA molecular biology team in late 1999: from left,
lréne Dopeu. Jeanette A. Kouakou, Thierry Cadalen,
Kouamé Ipou, Marie-Noélle Ndjiondjop and Félix B. Guela

training at Comnell was not solely for my benefit,” ex-
plains Cadalen. “It was my job to train the new staff and
getthe lab up and running.” Enforced absence after aroad
accident showed that Cadalen had been doing his job—
Rescarch Assistant Pierre-Louis Amoussou continued
the microsatellite work for four months with only ¢-mail
and telephone contact to the outside world!

The material necessary for the methodology of choice
(silver staining and polyacrylamide gel clectrophoresis, or
PAGE, and other equipment) did not arrive until late 1998,
and it was not until the end of February 1999 that the
microsatellite procedures were functioning as planned.

Even after the arrival of the silver-staining and PAGE
materials, all was not plain sailing. Technical problems
continued to beset the work through August/September
1999. Principal among these was that of water quality (the
silver staining requires exceptionally pure water): a new
cartridge for the water-purifier ordered in February 1999
did not arrive until the end of August. Using impure water
gave results that were often unpredictable and unex-
pected, rendering such results effectively useless. An-
otherprobiem has been the difficulty ofobtaining required
chemicals (especially enzymes) at short notice. Such
probiems have caused inevitable delays in the research.
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Research results

Despite the various setbacks, research is underway in the
WARDA molecular biology laboratory, and some head-
way has been made in achieving its objectives.

As noted earlier, there was an ¢arly decision to work
with microsatellite markers. This was because a certain
amount of work had already been done using other
markets, in particularrestriction fragmentlength polymor-
phisms (RFLPs), and microsatellites had several advan-
tages over these. Perhaps most importantly, RFLP analy-
sis is technically complex, slow and costly. In addition,
RFLP and other marker systems had revealed very little
diversity (polymorphism) within Oryza glaberrima. Con-
versely, microsatellites were cheaper to analyze and
showed good polymorphism within O. glaberrima. The
ecarly microsatellite work within the IHP had been con-
ducted at Cornell, where 94 new markers were mapped
in 1997 alone.

Since its inception, the molecular biclogy laboratory
has concentrated on two main themes: genetic mapping
using microsatellites (for identifying quantitative traitloci)
on interspecific progeny, and diversity studies of Oryza
glaberrima using microsatellite markers.

Being genes, microsatellites may occur in a single
form or in two or more forms known as alleles. As the
genes occur on both members of a chromosome pair, each
‘normal” individual organism has either one or two alleles
of a particular gene. If an individual is pure-breeding for
a particular gene, it carries the same allele of the gene on
each member of the chromosome pair, and is termed
homozygous. For example, there may be a gene for
resistance to a disease, say rice yellow mottle virus
(RYMV); in a non-resistant individual the allele of the
gene that confers the resistance is replaced by an allele
that does not confer resistance. To avoid confusion of
terms, the position of a gene is referred to as its locus, so
we talk about number of alleles per locus, rather than per
gene.

To exploit the potential of the O. giaberrima genome
(that is, the full gene complement), especially its adapta-
tion to the stresses prevalent in Africa, we need to identify
and locate “informative’ markers on the genome. Infor-
mative markers occur where the microsatellite alleles at
a locus are different in O. sativa and O. glaberrima. We
used 132 markers in our comparison of the chosen parent
plants, and found a high level polymorphism between the
species in markers throughout the genome (see Figure 1).
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Figure 1. Genetic linkage map between Orvza glaberima and Q. sativa subsp. japonica (circles) and O. safiva
subsp. indica (diagmonds) developed at Cornell University. Blug indicates polymorphic, and white monomaorphic

markers,




This is good news: it opens the opportunity of finding
informative markers associated with the traits of interest
on the glaberrima genome (for example, weed-suppres-
sive traits, RYMYV resistance, drought tolerance). This in
turn opens up the possibility of using microsatellites in
marker-assisted selection. In marker-assisted selection, a
simple procedure can determine the presence or absence
of the desired gene in a small quantity of DNA material
extracted from young or early-generation plant material,
without the need for extensive and expensive large-scale
field screening to see which plants have inherited the
required trait. This early testing also minimizes any un-
desirable environmental effect whichmay result from full
field screening.

The first study on allelic diversity of O. glaberrima
was conducted on crosses among four varieties.
Pair-wise combinations revealed low levels of polymor-
phism (between 15 and 28%), but comparison across the
four varieties showed that 46% of the 77 microsatellites
studied were in fact polymorphic (with at least one
‘parent’ showing a different allele from the other three).
This confirmed that microsatellites were a good choice
of markers for the diversity study in O. glaberrima.

Detailedwork on allelic diversity within O. glaberrima
is the subject of PhD research by Sémon Mandé (formerly

@\.
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astaff member at WARDA) at Cornell University. Mcan-
while, preliminary studies were conducted by Cadalen on
a subset of 83 of Mandé’s 200 O. glaberrimas, while at
Cornell for a second visit in March—-May 1999. Cadalen
identified 155 alleles among 30 microsatellite markers,
giving a mean number of alleles per locus of 6.13—very
similar to the figure for a set of 13 O, sativas (6.63 alleles
per locus). However, the glaberrimas showed a much
wider variation among loci for the number of alleles, as
illustrated by six markers having 1 1-25 alleles, while at the
other extreme 11 markers had between 1 and 3 alleles.
Again, microsatellites are showing much more polymor-
phism within O. glaberrima than any previous marker-
studies had shown.

Parinerships

As with so many of WARDA’s activities, a key to the
success of the molecular biology work is the partnerships
built up and maintained with other institutions. We have
already highlighted the vital role of Susan McCouch’s
laboratory at Cornell University intraining WARDA staff,
providing technical expertise in the form of advice for
initially setting up the facility at WARDA, and in hosting
the allelic diversity study on O. glaberrima (Sémon
Mandé’s thesis research).

10bp

Figure 2. Allelic diversity profile of microsatellite RM333: 11 alleles detecied on 83 accessions of Oryvza glaberrima
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The Japan International Research Center for
Agricultural Sciences (JIRCAS) seconded Physiologist
Satoshi Tobitato work in the WARDA molecular biology
laboratory as part of the IHP in January 1998. Tobita’s job
is to look into the physiological aspects of gene-mapping.
“We need a team to gear-up the laboratory for marker-
assisted selection,” he explains: “the molecular biologist,
the breeder, and a physiologist. When we start to identify
markers for disease resistance, we also need a pathologist
on board.” In marker-assisted seléction, markers are
identified that are closely associated with the gene for the
trait we are interested in; this is what is called ‘gene
tagging.” In the IHP, microsatellites will be used to tag
genes for traits such as drought tolerance, rice yellow
mottie virus resistance, and plant growth characteristics.
Each of these target traits is believed to be govemed by
several genes that have an additive effect within the plant.
Thus, the alleles concerned are quantitative—thatis, each
provides some level of the trait—and are known as
quantitative trait loci (QTLs). The microsatellites associ-
ated with the QTLs then form the basis of the selection
tool.

Our other principal partner in molecular biology re-
search for the IHP has been the Institut de recherche
pour le développement (IRD), France. Marie-Noélle
Ndjiondjop did her PhD research at IRD focusing on
resistance to rice yellow mottle virus (RYMYV). Strong
resistance to RYMV conferred by a single gene has been
found in both O. glaberrima and O. sativa. Molecuiar
markers associated with this resistance have been identi-
fied, located on chromosome no. 4. These markers will
now be used in a marker-assisted breeding program to
transfer the resistance into popular lowland rice varieties
from West Africa. Other work at IRD produced a genetic
linkage map of an interspecific cross in 1999, showing
excellent compatibility with existing maps based on O.
sativa. An important contribution of the new map was the
location of a major sterility gene from O. glaberrima on
chromosome 6, which was known to exist but not previ-
ouslylocalized.

The work at IRD is giving direct benefits to the
WARDA laboratory, as Marie-Noélle Ndjiondjop is the
new Molecular Biologist at WARDA,

The future

So, what ofthe future? Ndjtondjop takes up the story: “The
genetic-mapping work is continuing with the generation of
a ‘mapping population’ derived from an interspecific
cross. This is essential for identifying markers associated
with quantitative trait loci (QTLs). A major problem is the
sterility of the first-generation hybrids—with very few
seeds being set for us to work with. Several back-crosses
are needed to raise the fertility to a useful level. Thus, we
are still working on a program of basic interspecific
crosses {of course, using the same parent varieties) and
back-crossing, as we need to generate about 300 progeny
from first back-cross generation by the end of 2000.”
Anther-culture will be applied to fix the lines after the
second back-cross. It is these plants to be generated by
anther-culture that will be used in the mapping work.

“Concutrently,” continues Ndjiondjop, ‘““we are using
the best NERICA lines, as selected and characterized by
WARDA scientists, for ‘graphical genotyping’.”
Microsatellites are used to determine the frequency of
glaberrima alleles in NERICA lines. “In particular, col-
leagues at IRD have asked us to do a rapid ‘graphical
genotyping’ of one particular NERICA line that is resis-
tant to nematodes.” Knowing that the nematode resis-
tance comes from the glaberrima parent, IRD scientists
are seeking to narrow the search for the resistance
gene—they need only search those parts of the NERICA
genome derived from the glaberrima parent.

WARDA Phytopathologist Yacouba Séré is keen to
see progress in the genetic control of RYMV. “With the
molecular marker identified at IRD, we are well on our
way to generating ‘bridging materials’,” he explains.
‘Bridging materials’ are inferspecific progenies that carry
the RYMV-tesistance gene from the glaberrima parent.
They are used simply because the fertility of crosses




between them and target varieties is going to be much
greater than that of direct crosses between the glaber-
rima donor and the target variety. “Once the ‘bridging
tnaterials’ are available,” continues Séré, “we will start
crossing them with popular lowland varieties from the
region, especially Bouaké 189.” Many varieties that are
popular with farmers in West and Central Africa, are
limited by their susceptibility to RYMV—"“webelieve that
by introducing that single resistance gene, we can in-
crease the value of these varieties many fold.” In addition,
the breeding teamis looking at transferring the ‘IRD gene’
into NERICAs that already have QTL-based resistance
to RYMV—this ‘pyramiding’ of resistance genes should
ensure that the resistance does not break down in the near
future. The newly developed lines will then be tested
against the full spectrum of available RYMYV isolates
under isolated (screenhouse) conditions, before testing in
the field at WARDA against the local Ivorian isolate.
Thus, despite various hiccups along the way, the
WARDA molecular biology lab is up and running, and
providing valuable input into WARDA’s breeding
program. “We often talk with some pride about our
partnerships,” says WARDA Director General Kanayo
F. Nwanze. “And 10 years ago, many people might
have told us to rely solely on our partners for molecular

WARDA Annual Report 1999
Features

Comparison of
RYMV-resisiant
glaberrima (left)
and RYMV-
susceptible sativa
(fight}, and
NERICA line
{rmiddleg)

biology work. But we saw the value in having a level of
in-house capacity and facilities, and are now reaping the
benefits from that decision. We could not have done this
alone, however, and are truly indebted to the partners and
colleagues who have helped make this possible.”
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On the Road to Overcoming Soil Acidity

in Upland Rice

OIL ACIDITY is amajor problem in most of the uplands in the humid forest zone, resulting in phosphorus
deficiency in growing crops. WARDA is looking at the possibility of using a combination of tolerant rice
varieties, rock-phosphate and nitrogen-fertilizer application to enable farmers to improve their rice production

in the uplands.

Nearly 70% of the upland rice in Westand Central Africa
is grown in the humid forest zone. However, the produc-
tivity ofrice in the uplands of the humid forest is probably
the lowest among all the ecosystems in which rice is
grown throughout West and Central Africa, averaging
about one tonne per hectare. These upland soils are acidic
and acid-soil-related infertility is the principal cause of the
problem. The acidic components in the soil (aluminum and
iron oxides) react with phosphorus and render it unavail-
able to plants. Since phosphorus is a vital element in plant
growth, this effective deficiency in the soil has a direct
impact on crop yield.

WARDA Soil Chemist, Kanwar Sahrawat, takes up
the story: “if we look at a cross-section of soils in West
Africa onanorth—south axis, we find that the further south
we travel, the higher the rainfall and the stronger the soil
acidity. At the same time, we find a decrease in phospho-
rus in the soil, to the extent that phosphorus-deficiency
becomes the most serious soil nutrient problem for grow-
ing crops in the humid forest zone.” Acidity is a problem
in its own right, in that rice varieties that are not tolerant
of soil acidity give no vield at all. Farmers’ varieties
(commonly known as ‘landraces’) are acid-tolerant be-
cause they have been selected over many generations in

23

acid soils. Improved upland varieties are also tolerant of
soil acidity, since the breeders have built on the work the
farmers started, and the plants are then specifically
selected in acidic uplands. Itis well known among agricul-
tural researchers and many farmers that nitrogen is almost
always alimiting factorin crop production, butin the humid
forest of West and Central Africa the soil phosphorus
levelis so low that the crops cannotrespond to the addition
ofnitrogen fertilizer alone, However, once the phosphorus
deficiency is overcome, the crop will respond well to
nitrogen fertilizer, which should never be far away from
the crop-manager’s armory.

“Phosphorus deficiency was known to be a problemin
tropical acid soils by the early 1970s,” explains Sahrawat.
“However, acid soils are also often deficient in other
nutrients—calcium and magnesium.” In one carly experi-
ment, therefore, WARDA investigated the effects of
applying these nutrients (along with nitrogen} in various
combinations to see what role they play in alleviating the
acidity-related infertility of the soil. The results were
conclusive: the addition of phosphorus alone or in combi-
nation with calcium, magnesium, or both, increased both
grain and straw yields of uplandrice; however, application
of calcium, magnesium, or both, without phosphorus did
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not increase yields (Table 1). In fact, the addition of the
calcium and magnesium to the suite of fertilizers had no
greater effect on yields than the application of phosphorus
alone.

Other nufrient problems may arise, however, in the
longer term. WARDA Soil Physicist Sitapha Diatta ¢x-
plains: “since 1997, we have been studying the effects of
long-term rice cropping on soil nutrient reserves. This has
confirmed that nitrogen and phosphorus are deficient in
the acidic uplands of the humid forest zone. In addition,
latest results indicate that potassium may also become
deficient in the third season of cropping. In traditional
slash-and-burn farming, this wouldn’tbe a problem, but as
farmers are forced to crop the same land for more
seasons, and to return to land after shorter and shorter
fallow periods, potassium may become a serious limiting
factor.”

It is important for subsistence-oriented farmers to
know if they need to add fertilizer to their soils and, if so,
how much. A next step was, therefore, to assess the
relationship between the availability of phosphorus in the
soil and the yield of the rice crop. The experiment was
conducted on a soil thathad received phosphorus fertiliza-

Table 1, Effects of calcium, magnesium and phosphorus ferfil
Man, Cote d’lvolre, 1994.

Compare same rice variety receiving Mali rock-phosphate
{left) with control receiving no P fertilizer (right) on acidic
upland soil. Note reduced tillering (more soll is visibie betweer.
plants) and fewer panicles of unfettilized plants

tion (in the form of commercially available triple super-
phosphate) in the preceding scason. For each experimen-
tal plot, available phosphorus was determined in the
laboratory. Owing to the vagaries of acid soils, plots
fertilized in the previous season had widely differing levels
of phosphorus that was available to growing plants (known

zation on yield (1/ha) of rice variety WAB 56-50, Ultisol,

Treatmentt Grain yield Straw yield
Controlf 202 2.14

P 3.14 2,99
Ca 2.11 2,43
Mg 2.28 2.86
P+ Mg 2.87 2,72

P +Ca 2.79 2.79
Ca + Mg 212 2.28
P+Ca+ Mg 2,98 2.81
LSD (0.05) 0.364 0.712

i All treatments received 100 kg N and 80 kg K per hectare.
I No P, Ca or Mg added.




as ‘available phosphorus”). This, however, was a positive
aspect and enabled us to calibrate grain yield (in the form
of relative grain yield—a percentage of maximum yield
achieved) against available phosphorus. The results es-
tablished a “critical limit’ of available phosphorus (for the
varieties tested) at 12.5 to 15 mg of phosphorus per
kilogram of soil. If a soil test gives a reading for available
phosphorus below this critical limit, the farmer needs to
appiy phosphorus fertilizer.

“Another indicator for grain yield—and a potentially
more accurate one—is the amount of phosphorus actually
accumulated by the rice plants,” explains Sahrawat.
“Therefore, we conducted a series of experiments to
relate plant phosphorus content to final grain yield and to
measure available phosphorus in the soil.” For the plant
test, whole plant tops (that is, all of the plant above the
ground) were collected at maximum tillering stage, that is
when the plants have maximum vegetative growth just
before they put out spikes to bear flowers and grains. Like
the soil, plants were tested for phosphorus content in the
laboratory. Again, results were positive, demonstrating a
linear relationship between phosphorus taken up by the

2.0

¥ =0.232 X + 0.649
r=0.810

Grain yield (tha)

@

25 3.0 3.5 4.0 4.5 5.0

Total P uptake (kg/ha)
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crop (as measured at maximum tillering) and final grain
yield, and also between plant phosphorus uptake and
available phosphorus in the soil (Figure 3). Thus, a rela-
tionship was established from available phosphorus in the
soil, not just to relative yield, but (through plant uptake) to
actoal grain yield. This means that the soil test can act as
a direct indicator of likely crop yield, and phosphorus-
fertilizer requirement.

Towards affordable phosphorus

A serious problem with all this need for phosphorus,
however, 1s the cost of commercial phosphorus fertilizer
(triple superphosphate, TSP). The experiment that con-
firmed phosphorus as the limiting nutrient used some 50 kg
of phosphorus per hectare, and other experiments gave
even better response with higher rates of fertilization (e.g.
90 kg P/ha). Fertilizer is sold by the sack, each sack
containing 50 kg of fertilizer, in this case TSP, but TSP is
only 20% phosphorus, so 50 kg of phosphorus would be
five sacks of TSP! Each sack of TSP may cost about
10,500 FCFA—that is simply too much investment for
subsistence farmers!

| ¥=0.296X+0293
r =0.826

(bl
'

Total P uptake (kgfha)

10 12 14 16 18 20

Extractable P-Bray 1 (mg/kg)

Figure 3. Relationship between grain vield and plant total P uptake (). and plant total P uptake and exiractable P in

the soil (b) of four upland rice varieties

25
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“Tocompound the problem of cost,” explains Sahrawat,
“there is the fact that TSP is only really effective in the soil
for one or two seasons. Our experiments on the soil test
for phosphorus availability demonstrated a significant
yield response to TSP applied in the first year by the
second-year crop, butonly as a fraction of the ‘immediate’
response.” By the fourth year, residual effect of applied
TSP is negligible, except for plots that received very high
doses of TSP (Figure 4). “With these facts in mind,”
Sahrawat continues, “we started looking for alternative,
and potentially affordable, sources of phosphate foruse on
this rice crop.”

Diatta takes up the story again: “we were aware of
work on phosphorus-demanding crops in the humid forest,
savanna and Sahel zones—groundnut, maize, millet and
sorghum—involving the use of local rock-phosphate.
These crops give a good response to rock-phosphate
applied as a fertilizer.” Much of this ground-breaking
work had been conducted by the International Fertilizer
Development Corporation (IFDC), which is headquar-

WAB 56-50

1200 A
1000 -+
800 +
600 1
400 4

LA,

45 90 135
P applied (kg/ha)

Girain yield response (kg/ha}

Figure 4. Residual effects of triple super phosphaie fertilizer after single application in 1993 on yield in iwo

upland rice cultivars on acid soil, Man, Cote d'lvoire

Grain vield response is additional vield over control that received no P fertilizer. WAB 56-125 demonstrates
over-riding effects of season weather seen on some culfivars :

tered in Alabama, USA, with an Africa Division based in
Lomé, Togo. Rock-phosphate occurs naturally through-
out the dry savanna and Sahel zones of West Africa, and
IFDC had characterized many of these for their reactivity
and solubility in acid soils. In 1997, WARDA established
trials to compare the effects on rice yield of rock-
phosphate from six sources—Burkina Faso, Mali, Niger,
Senegal (two sources) and Togo—with that of TSP.
“Plots receiving TSP significantly out-yielded those re-
ceiving rock-phosphate,” explains Sahrawat. “However,
among the rock-phosphate sources, that from Mali gave
good results and showed potential as a substitute for
expensive TSP.” The following year (1998), a trial was
established at Man, Céte d’Ivoire, to compare residual
effects of a single application of rock-phosphate with that
of annual application of TSP. That year, the Mali rock-
phosphate treatment performed as well as the TSP treat-
ment (Figure 5). In the second year of the experiment
(1999), all rock-phosphate treatments gave significantly
higherrice yield responses than in the first year—aclearly
demonstrated ‘residual effect.’

WAB 56-125

1600 -

1400 -

1200 -

1000

800 -

600

Grain yield response {kgiha)

400 A

ann

45 90 135 7 180
P applied (kg/ha)

. 1993
1994
N 1995
3 1996
N {998




What we are building on—the work of IFDC

The intemnationalFertilizer Development Corporation (IFDC)
hasamanddate for detailed research and devetopmentin
soilfertility rnanagement. itsheadguarters are in Alabama,
USA, and there Is an Africa Division based intomé, Togo.

[FBC hasa database containing characteristics of rock-
Qhosphcﬂe sources throughout the world, including many
frorn West and Central Africa, Particutarlyimportant gudiities
ofrock-phosphate are how easily it reacts with acidic soils,
andhow solubleitisinsuchsoils. These are used asmegsures
of the appropriateness of rock-phosphate froma particulcr
source being used as a direci-application fertilizer. These
data were used eallier in IFDC tests on the use of rock-
rhosphate fertilizet in drier-zone crops of West Africa, such as
groundnut, millet andsorghum. The Malirock-phosphate that
appearspromisingin WARDA fialshas anlFDC designation of
‘medium reactive’ and, as such, was potentially the most
usefulsource of thosetested, “TheFDC ground-workenabled
us to target our own research and resources,” explaing
Sahrawat, *but we are working ona crop and environment
comkination fuplandrice inthe humidforestzone] thathad
nofbeenresearched by IFDC. Ricereacts very differently o
solls and phosphate fertlization than dry-area crops.
Comparedtothe dry-areacropstested by IFDC, riceis acid-
soil toterant and less demanding of fertilizer phosphate;
however.itisstill igsponsive ic applied phosphate, especicily
inacidsoils,”
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Sitapha Diatta explains: “rock-phosphate is relatively
insoluble, sowe are not surprised that, generally, inthe first
year yields from rock-phosphate fertilized plots fail to
match those from plots fertilized with soluble TSP. How-
ever, the solubility of TSP works against its potential
residual effect, as it can be progressively immobilized by
the aluminum and iron oxides that are so common in the
acidicsoils.”

“Chemical reactions are not one-way events,” ex-
plains Sahrawat, “but rather reactions occur until a state
of equilibrium is reached.” Thus, in the absence of soluble
phosphorus, the acid elements are free to react with the
rock-phosphate, slowly but continuously releasing phos-
phorus. Some phosphorus therefore becomes available
for plant nutrition in the seasons following rock-phosphate
application. Thus, rock-phosphate Iooks increasingly like
aviable alternative to TSP forrice fertilization in the humid
uplands.

Improving acidity folerance in rice
varieties

Alongside the fertilizer management trials, breeders are
trying to improve the acidity tolerance

O Triple-super-phosphate

of available varieties. Three of the four
varieties used in the soil- and plant-test
diagnostic trials were WARDA-bred
materials, which are more acid-toler-
ant than the local traditional variety
IDSA 6. These improved rices have
formed the basis for assessing the per-
formance of WARDA interspecific
hybrid progenies (recently dubbed
NERICA for NEw RICe for Africa).

1700
® Mali rock-P
¥=-0,003x 2+1,99x+1099, r 2= 0,92
1600 J
% 1500+ ]
é’ »
= -
B, 1400 E .
a ',.'O
_ng?; 13001 ]
12004 L -
“' O Burkina Faso rock-P
Y=-0,001x24+0,98x+1126,t 2= 0,99
H00

100 200 300 400 500

P application rate (kg/ha)

Y=-0.0336:¢ +8.20x+1113, # = 0.99

T T T T

“Theinterspecific hybridizationproject
was initially established to developnew

30 60 90 120 1'50 1goPlant types for the uplands,” explains

P application rate (kg/ha)

Figure 5, Rice response to rock-P from Mali and Burkina Fasc {left) and to
triple super phosphate (right) In an acid Ultisol

upland-rice breeder and Rainfed Rice
Program Leader Monty Jones, “so we
should not be surprised to find the
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NERICAs doing well on acidic, phosphorus-deficient
soils in the humid forest zone.” At the acidic Man site in
Cote d’Tvoire, 15 NERICAs gave anaverage yieldof 1.16
tonnes per hectare without phosphorus fertilizer, com-
pared to 0.89 t/ha for the best Oryza sativa variety. In fact,
the best NERICA gave a staggering 2.9 thha without
application of phosphorus! In 1999, two NERICAs gave
grain yields in excess of 3 t/ha in unfertilized soil at Man.
One of these is scheduled to be one of the first NERICAs
to be officially released in the region—NERICA 1
[= WAB 450-1-B-P38-HB] in Céte d’Ivoire in 2000.

“What we really want is to encourage farmers down
the road of development,” explains Monty Jones. “First,
~ we need an acidity- and low-phosphorus-tolerant variety
that will increase farmers’ yields, and therefore their
incomes. But then we want to encourage them to take the
next step—applying fertilizer. Thus, we want varieties
that perform well under no inputs, but then respond
positively to inputs when the financial status of the farmer
allows their use.” Accordingly, WARDA is also testing
the response of the acidity-tolerant NERICAs to applied
phosphorus. In 1999, again at Man, four NERICAs were
tested for their response to phosphorus application in the
form of both TSP and Malirock-phosphate. And the good
news—all four NERICAs responded positively to rock-
phosphate application, one of them even giving a linear
response to application of up to 450 kg P/ha (Figure 6).
What’s more, the yields of these NERICAs were higher
than those ofthe traditional check atall levels from 0 to 450
kg P/ha.

Outstanding questions

So, it can be seen that we are developing a three-pronged
approach to the soil-acidity related infertility problem in
upland rice in the humid forest zone. We are developing
varieties that are tolerant to both soil acidity and phospho-
rus deficiency, but that are also responsive to the addition
of phosphorus once farmers can afford to buy it. Then we
are working towards a long-term phosphorus-fertilizer

strategy involving local rock-phosphate, possibly with
the use of TSP in the first year of rice cropping. After that,
we may be in a position to refine nitrogen-fertilizer
recommendations to improve the benefit—cost ratio of
upland rice farming further.

“We are well along the road,” Sahrawat cheerfully
explains, “but we still have a long way to go. So far all this
research has been an academic exercise to examine the
possibilities, but we are still a few years off from making
concrete recommendations to farmers,” Results from on-
going trials—which may be available as soon as the end
0f2000—should determine once and for all the agronomic
viability of rock-phosphate as a fertilizer for upland rice,
then we will have to seriously look into the socio-economic
aspects. Rock-phosphate is available in large quantities in
the northern Sahel and dry savanna zones of the region,
butitis needed in the southern humid forest. To date, Mali
rock-phosphate has not been commescially exploited as a
fertilizer, so there are outstanding questions of logistics.
Can the rock-phosphate be formulated where it is mined
into a product that is both easily transportable and imme-
diately usable on the farm?

The only rock-phosphate available commercially in
Céte d’Ivoire comes from Senegal, and is distributed by a
company in Abidjan—a fortunately suitable center for
distribution to the humid forest zone. The other rock-
phosphates used in the WARDA experiments were car-
ried in from their sources. “In our experiments,” explains
Diatta, “we used powdered rock-phosphate. However,
this has several disadvantages. First, it is bulky and
difficult to transport. Second, and perhaps more impor-
tantly, it is labor-intensive to apply—application by hand
results in the farmer being covered with white dust, so it
is better if the powder is first mixed with humid soil and
then applied. It can take a whole day to fertilize one
hectare, but then again, we are not talking about an annual
event! We believe that it should be possible to formulate
the rock-phosphate as granules.” These would be both
casier to transport and easier to apply.
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Figure 6. Response of two NERICA rice varieties and
control to Mali rock-phosphate in humid forest acid soll

Once we have a suitable formulation, transport costs
will then determine the viability of using the product as
proposed. If transport costs are too high, farmers in the
humid forest will not be able to afford the rock-phosphate,
and therefore will not use it. We believe that rock-
phosphate fertilizer made and distributed within the
region will be much cheaper than imported fertilizers
like TSP. But TSP is so expensive, that it remains to be
seen whether a mechanism can be found to make the
rock-phosphate product available at a cost affordable to
resource-poor farmers.
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Future avenues

“Our studies are far from compiete,” says Diatta. “One
thing we need to do is to study plant uptake of phosphorus
from fertilizer rock-phosphate in much the same way as
we calibrated yield to plant uptake with TSP. A further
avenue is the possibility of P-32 isotope analysis to
determine the rate of immobilization of soil phosphorus
fixation by the action of aluminum and iron oxides.”
WARDA does not have the facilities for this work, but
Diatta has contacts in France with whom he hopes to
collaborate on this work.

The first on-farm trials with rock-phosphate will take
place at three sites in Cote d’Ivoire (humid forest and
savanna zones) in 2000. These will be an addition to the
ongoing participatory varietal selection program (see ‘New
Rice for Africa... with a Little Help from our Friends’ in
this Report) and will involve 25 farmers at each site.

Another potential avenue for the future is to combine
our agronomic work on fallow-replacement legumes into
the ‘package.” Using legumes in place of natural (weed)
fallow has the double benefit of reducing the weed
population and not depleting the nitrogen reserves of the
soil. In fact, if a cover-crop legume is used and the whole
crop plowed back into the soil, the legumes actually
replenishthe soil’s nitrogen, reducing the need fornitrogen
fertilizers (see WARDA Annual Report 1998, pages 36—
37). “Even whatnitrogen is held in the leaves can improve
soil nitrogen status,” explains Diatta. So, he is lookinginto
the possibility of starting rotation trials with cowpea—the
seeds of which can be harvested for food—in the 2001
seasonl,
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A Holistic Approach to Irrigated Rice
Farming Problems Uncovers More Than

Just Soil Degradation

T FIRST sight, Foum Gleita in southern Mauritania is an ideal place for irrigated rice farming. But less

than ten years after the construction of a dam to provide the necessary quantity of water, farmers
were complaining of salinity problems and abandoning fields. A WARDA scientist came across the site
in 1996, and decided it would make an ideal field-laboratory for soil-degradation studies, but first they
had to gain the farmers’ confidence by looking at the problem as they perceived it.

Background

The dam across the Gorgol River, constructed with
funding from a variety of donors (including the World
Bank) in 1984, created a large artificial lake with a normal
retention capacity of about 500 million cubic-meters of
water. This enables gravity irrigation of the land down-
stream, and the gentle land slope (1--2%) equally allows
for gravity drainage back into the river. By 1989, the
infrastructure was in place to irrigate some 1950 hectares
ofland forrice cropping. Initially, yields were reasonable
{4.6-5.2 tonnes per hectare), but declined rapidly to 2.7-
4.6thain 1992-1996. By 1993, some 237 ha had already
been abandoned by farmers.

In 1996, a joint WARDA/ORSTOM ({nstitut frangais
de recherche scientifique pour le développement en
coopération, now Institut de recherche pour le
développement, IRD) mission looking at salinity and
alkalinity problems in the Senegal River valley arrived at
the site to find the local extension service (Societé
nationale pour le développement rural, SONADER)
eager for partners to help them resolve the problems that

the local farmers were facing. “Foum Gleita irrigation

. watercontainedpositive calcite residual alkalinity—asign

that soil degradation may occur upon concentration in the
root zone,” explains Marco Wopereis, WARDA agrono-
mist and member of the 1996 mission. “We decided that
the site may be a useful field-laboratory for studying the
processes of soil degradation in general, and alkalinization
in particular.” The hypothesis was that the concentration
of alkaline water may lead to faster degradation of the
soils of Foum Gleita than at other sites along the Senegal
River valley, and that the site may act as an early-
warning system of what might occur elsewhere in the
longer term.

With thisin mind, the UK Department for International
Development (DFID) is funding a three-year project to
determine the extent of the degradation problem, and the
principal degradation processes, to establish and provide
training to the extension service on a system for monitor-
ing soiland water quality, and to develop low-costalterna-
tive land and water management options tailored to the
farming context (see Box).




The DFID Soil Degradation Project

International organizations

m  West Africa Rice Development Association (WARDA/
ADRAQ) .

m [nternational WaterManagement institute (IWMI)

National research instituies

m  Cenire naiional de recherche agronomique et de
développement agricole (CNRADA, Mautitanic)

m Institut del'environnement et desrecherches agricoles
(INERA, Burkina Fasc)

Extension services

m Sociéié nationgle pour le développement rural
(SONADER, Mauritcnic)

m Autorité de Mise en Valeur de Valiée de Sourou (AMVS,
BurkinaFaso)

What the farmers said and what the

researchers thought
Ataworkshop in June 1998, farmers complained that the
areas north of the Gorgol River were degraded (most of
the abandoned fields were north of the river), and that soil
salinity was a major constraint to rice production. They felt
astrong need forimmediate solutions to this problem from
the researchers. However, at the same time, they were
highly skeptical of researchers in general—previous re-
search into the soil degradation problem at the site had
neither involved them personally nor yielded any concrete
results that either extension or farmers could understand.
Researchers and extension workers from WARDA
and Mauritania took a more holistic view, however,
Although salt patches were observed on the soil surface,
itwasnot atall clear that salinity was actually the principal
constraint facing rice production, but it could easily be-
come so in the future. In either case, soil degradation by
alkalinization is a long-term process, and researchers
would need more time to achieve practical results than it
appeared the farmers were prepared to give them. Thus,
WARDA decided to look at the farming practices at the
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same time, with a view to making recommendations for
improving production in the short term.

Work elsewhere showed that the alkalinization pro-
cess is practically irreversible, and can severely affect
yields. Alkalinity occurs as a result of the build-up of
carbonate salts in solution, especially in relation to rela-
tively low concentrations of calcium and magnesium (see
Box).

Researchers follow clues along the way
Thus, the research became broad based, looking at two
themes at the same time: soil degradation and farming
practices.

A first step was to map salinity throughout the scheme
by means of a tool (known as EM38) that does not require
soilsampling and extensive laboratory studies—this map-
ping was conducted in collaboration with the Centre
national de recherche agronomique et de
développement agricole (CNRADA) and SONADER.
The study revealed that soil salinity was in fact very low
at Foum Gleita, and that abandoned soils were not neces-
sarily those with the highest salinity. A surprisingly poor
relationship was found between EM38 and laboratory
salinity tests of the same soils. The reason for this was
discovered by our partners at IRD: precipitated minerals,
such as calcite, did not affect the EM38 readings since
they were not in solution in the soil, but the laboratory
processredissolved much of these minerals, giving higher
salinity readings. The lab tests revealed alkalinity in the
Foum Gleita soil, but not to the same e¢xtent as that found
in the Office du Niger scheme in Mali, where good rice
production isstill achieved. Thus, we wereaa little skeptical
of the farmers’ assertion that salinity was their major
production problem.

Next, WARDA Sahel staffapplied their standard suite
of farming-practice tools to the situation in Foum Gleita.
They monitored farming practices ‘on the ground’; con-
ducted nutrient-omission trials on both ‘good’ and ‘prob-
lem’ soils, in which nitrogen, phosphate or potassium are
deliberately notapplied toindividual experimental plots to
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What is alkalinization?

Although both are associated with what we term salts, the
processas of ‘salinization” and *alkalinization’ are qualifaiively
different: salinization occurs in the presence of sodium chlcride
and calcium suifate with minimal carbonate ions, while
alkalinization is ¢ resuit of high concentration of carbonate ions
in refation to calcium and magnesium.

All the main Sahelian rivers have a positive calcite residucl
alkalinity. Soils that are relatively rich in calcium can buffer
imgation-water alkalinity. However, if soil leaching (that s,
flushing out of scits by the hfigation water) is insufficient, andg no
preventive measures are taken, ihis buffering capacity will
eventually run out. Eventually, the soil solution wikt consist mainly
of carbonate and sodium ions, leading to an increase in
‘exchangeable sodium percentage’ (sodication), and Q rise
in pH (clkdlinization). Sodication eventually destioys the soil's
structure, resulting in an impermeable mass, like concrete,
Although rice can still cope 10 some extent with such
unfaverable soil properties, other non-flocded crops cannot,
The complexity of alkalinization and sodication mokes them
difficult to recognize. In addition, the processes are rather
irreversible in practical fermns, because of the cosis involved
in adding acid and gypsum in combination with heavy
rmachinery needed o plow these producis into the soll. For this
reason it is esseniial to monitor dlkalinization (and scdication),
50 that we can intervene before sodication destroys the soil
structure, The advantage of the Foum Gleita site is that the initial
alkalinity readings were three times the average of the Senegal
River valley, so alkalinization will occur here much earlier than
it willin the larger vatley. Thus, we can use Foumn Gleita as afield-
laboratory for what might happen on a wider scale in the
future.

To make maiters worse, increasing alkalinity reduces the
solubility of phosphate, and this too is lost from soil solution. This
is the major cause of poor iice perfformance in Fourn Gleita,
where no phosphate fertilizer is nommally added to the crop.

determine their relative importance; and conducted trials
to determine the efficiency of farmers’ fertilizer regimes,
by leaving small plots within farmers” fields unfertilized
(known as TO plots—see WARDA Annual Report 1998,
pages 18-19). Inaddition, variety trials were conducted to
see if there were varieties available that would perform
better under farmers’ management than their existing
varicties. At various times during the season, the
SONADER extension agents gathered groups of farmers
to assess the trials.

As expected from our initial skepticism, the potential
for rice production in Foum Gleita is a lot higher than one
would assume from the farmers’ performance, and a
whole series of management practices contributed to the
low yields achieved there. Farmers used poor-quality
seed, and took little care of the seedbed. Land preparation
(orsoil tillage) prior to transplanting was either minimalor
completely absent. Phosphate fertilizer was never ap-
plied, andnitrogen fertilizer poorly managed. Both sowing
and transplanting were carried out rather later than at the
optimal time. Transplanting itself was poor, both interms
of depth and spacing between plants. The rice fields were
not drained when the grains matured, and harvesting was
delayed and took a long time (up to one month)}—resulting
inloss of grain and quality. However, when comparing soil
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Figure 7. Nukient-omission fricls, dry season 1999: Not applying
phosphate to *problem’ soils renders other management
practices effectively useless—farmers normally achieve in
excess of 2 t/ha with their current practices
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suggested that the levels of alkalinity in Foum Gleita
could not account directly for this yield loss, so what is
goingon?

The answer lay in the results from the nutrient-
omission trials, where even with optimal management of
other fertilizers, experimental plots on ‘problem’ soils
without phosphate fertilizer gave yields close to what the
farmers achieved (Figure 7). It was already known from
elsewhere that phosphate and zinc can become defi-
cient—that is, inadequate to support plant growth—in
alkaline soils. Moreover, during one field-visit meeting of
researchers, extension agents and farmers” cooperative

Rice seedlings are often transplanted by young children, who leaders, the farmers were asked to indicate the location of
dre pcid on an ared bq5|s (about US}S 156 per hectare)—this the ‘problem’ soils on a map. When this was compared
feads 1o sloppy work, with planis being placed too far apart R i _

and not properly imbedded in the soil. Note also that there with an carlier soil map prepared for SONADER, there
was no priof land preparation was a clear link between farmer-perceived ‘problem’

soils and research-determined shallow (fess than about

80 cm deep) soils. Graphical representation of these
and lab tests with rice performance inthe fields, therewas  fields in terms of topography (that is, position on the
aclearrelationship between the level of soil alkalinityand  valley slope and depth of soil) showed a clear relationship
rice grain yield: the higher the alkalinity, the lower the  with yield in unfertilized (TO) plots and that in farmers’
yield. But the experience in the Office du Niger scheme  fields (Figure 8).

ROCK QUTCROP UPPER AND MIDDLE LOWER SLOPE AND RIVER BANKS
SLOPE DEPRESSION
Q,8.T G3. 62,61 AE, AG, AA AB, ABA

/_\
\ Strtace

\

Mo rice cropping 28 participants 23 participants 6 participants
62% abandoned 50% abandoned 33% abandoned
To yield = 1.56a T, yield = 2,35b Te yield = 3.60¢
Te yield = 3.42 T yield = 4.22 Te yield = 5.34

Figure 8. Toposequence diagram showing farmers’ performance (% farmers abandoned, Tp and T0 vields) as
function of topographic position and soil depth.
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Subsequent detailed soil analysis revealed that alka-
linity increases within the soil as one approaches the
bedrock. Itis this schist bedrock (or parent rock) that is the
source of the carbonate, which is released by water action
into the adjacent soil. In the shallower soils, the alkalinity
is clearly much closer to the plant roots, and results in
the phosphate-deficiency problems that depress rice
yields.

Despite all this, however, very few ofthe soils at Foum
Gleita would warrant classification as ‘degraded’ accord-
ing to internationally recognized scales. At an end-of-
season workshop for sharing the research results with
farmers, WARDA researchers emphasized the impor-
tance of improving farming practices as the route to
improved rice production (see Box).

Changing perceptions and their
scientific and socio-economic bases
In the dry season of 1999, SONADER agents again
monitored farmers’ practices and additionally asked them
to rank constraints to production in order of importance.
QOverall, farmers no longer consider salinity as a very
important problem, although the average across the vari-
ous soil-types masks the views of those farming on
‘problem’ soils, who continue to see salinity as a problem.
Afterbird damage, the availability of fertilizers is the major
production constraint. This is well known to WARDA, as
phosphate fertilizer is rarely available to farmers in Mau-
ritania—perhaps because it was never part of the old
‘blanket’ fertilizer recommendations, and therefore farm-
ers could never obtain credit from the bank to buy it.

Farmers claim to be sufficiently aware that their
farming practices ate not optimal, but blame external
forces such as the availability of credit (fo buy inputs—
seed, fertilizer), phosphate fertilizer, and labor for their
inability toimprove thetiming of various activities (sowing,
transplanting, fertilizing).

Researchers also blame the majority of the problem on
suboptimal management practices and acknowledge the
importance of external factors, such as theavailability and

Recommendations for improving rice
production at Foum Gleita

In a way, WARDA has now “doneits job’ for the exiension
services and farmers at Foumn Gleita. All they now have to
do to improve their farming system is 1o impiement-the
following practical recommendations—but they still face
numerous constraints, some of which are not under their
control,

e :x%f%ﬁ-'“éﬁ.;‘ s

Comparisen of farmer's practice (foreground) with tricls

Seedlings should not be left in the nursery too long, but
rather transplanted while young and vigorous,
Fieldsshould be filedin advance of transplanting.
Transplanting requires better managerment, particularly
in terms of plant spacing and secureness within the
soll.

Fertilizers need careful management, in particuior
phosphate needs to be applied and the timing and
dosage of nitrogen needs better control—minimaol
improvermentin productionispossible onthe “problem’
sails without the addition of phosphate (see text for
problems with phosphate avallability); once that is
resolved, pioper management of nitrogen can
increase yieldsstillfurther, asit already willon the ‘good’
soils,

Fieldsshould be drdined before harvest, andthenshould
ke harvested soon dfter maturity and quickly.

The adoption of new varietiescouldincrease vieldsby o
further 10-25%.

demonstrating improved management—farmers were
clearly falling far short of potential

N, /4



price of inputs. However, they also atiribute low yields to
lack of knowledge on the part of the farmers themselves,
in addition to poorly organized farmers’ cooperatives,
Researchers do, however, recognize the potential of the
alkalinization problem getting worse—therefore, strategic
researchis needed to monitor soil degradation, Equipment
has been placed in various fields to monitor water move-
ment and properties as part of the long-term research.

Moctar Quld Isselmou, formerly Chef Service de
Vulgarisation (that is, in-charge of the extension activi-
ties) at Foum Gleita, and now Chef Service Vulgarisation
et Recherche en Milieu Paysan (Head of Extension
Services) for SONADER as a whole, sees the current
problem mainly as one of finances. “Initially, we had a
World Food Programme ‘Food for Work® program in
place, whereby farmers of the various cooperatives main-
tained the irrigation canals, for which they were given food
and also earned a reduction in their contribution to
SONADER for scheme upkeep.” Primary and secondary
canals are shared among cooperatives, but are managed
by SONADER—a service for which the cooperatives
have to pay, if they want. SONADER to release water
fromthe secondary canals into their fields, With the abrupt
removal of the ‘Food for Work’ program (in 1992),
farmers are no longer motivated to do their bit in canal
maintenance.

Moctar again: “When we had external funds,
SONADER bought the seed and fertilizer for the whole
scheme, and farmers paid us back out of their profits. Now
they have to buy these inputs commercially and pay for
them at the time of receipt, as well as paying their
contribution to SONADER for scheme upkeep.” The
cooperatives have major problems coordinating the pay-
ments: many farmers pay their contributions late, so the
season starts late, with subsequent loss of yield. Some
farmers also delay paying back their bank credit, so cannot
draw further credit for buying inputs. The compounded
effects of lack of credit and unavailability of fertilizers
conspire to delay the onset of the cropping season still
further. So, “SONADER created a Union among the
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farmers’ cooperatives to manage the scheme as a whole,
including the finances,” explains Moctar. “The money
paid to SONADER (redevance) for scheme mainte-
nance is kept in a bank account, to which the regional
director of SONADER and the president of the farmers’
union have equal access.” It remains to be seen how
effective the union will be in helping to manage these
funds.

What of the future?

Thanks to the careful inclusion of farming-practices re-
search into the project, WARDA and its partners have
been able to give short-term advice (recommendations) to
the rice farmers at Foum Gleita, and have thereby gained
the good reputation of being the first researchers to visit
the site and to have come back with some useful informa-
tion—remember how skeptical the farmers were in 19987
This now gives us the opportunity to use the site for longer-
term strategic research on soil-degradation processes
associated with alkalinization—an opportunity we would
otherwise not have had. Salt and water monitoring equip-

SONADER no longer has financial resources for automatic
mechanical weeding. The use of herbicides or emptying
(drying) the canals is not possible as the water is alsc used for
domestic purposes, The few farmers who can swim are paid to
rnanually weed the canals, The fipha is cut just below the
water line—vigorous regrowth means that the measures
normally only last for a short period (few weeks/months).

¢ |
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The Sourou Valley—The other half of the DFID project

Foum Gleita comprises only half of the WARDA-DFID soil-degradation project. The other half is based in the Sourou Valley in
Burkina Faso. Soma Etienne Barro is a soil sclentist based af the Farako-Bd station of the Insfifut de I'environnement ef des
recherches agricoles (INERA), and is principal contact for the project in Burking. “The first tice scheme was established in the
Sourou Valley In 1985,” explains Bairo, “when an area of 50ha was broughi *online’.” INERA became Invelved in 1995/96, when
the local extension service (Authorité de Mise en Voleur de Vallée de Sourcu, AMYS) contacted them and WARDA because
farmers were complaining of salinity problems, and abandoning fields-—sounds familicr? By that time, some 3000 hat were under
irrigation, and the majority of the abandoned fields were in the oldest blocks. Here inthe Sourcu, however, low productivity was
associated with patchiness of rice performance in the field, and there were calcareous (calcite) nodules in the soil. “Even
before the DFID project,” Barre contfinues, *we were in contact with Marco Wopereis at WARDA,” Together, they decided to
meonitor farmers” practices, with INERA taking the lead—the Sourou Valley is a long way from WARDA's Sahel Station, even after
a flight into Burkina. "We identified a great diversity among farmners’ practices,” says Barro, “with very few adhering to local
recornmendations, and all short of optimal. We believed that this was sufficient to explain part of the vield loss we saw in the
fleld, but the farmers disagreed with us both on the classification of their practices as *sub-optimal” and on our belief that they
coniributed to the yield loss.”

At the start of the project. the researchers looked af the pockets of low productivity in ,
the farmers’ fields. They found that sorne were highly calcareous (that is, rfichin calcitey and  § :
some had didinage problems. "During a field visit, famers asked us to find a solution,”
continues Barro, "but first we wanted fo know their own experience,” Farmers said that they
achieved partial relief from the problem by applying organic matterto the fields, but thisonly
lasted for one season; they clso obicined shori-term relief by removing the calcarecus
nodules. The objectives of the project at Sourou were effectively the same as those ai Foun
Gleita. "However, on the basis of the famers’ reports, we decided to conduct a series of
organic-matter trials,” says Barro, “We tested the effects of manure, compost and straw on
both rice performance {yield) and soil chemistry.” Both manure and compost improved
crop yields, but straw had virtually no effect. "There are two possible explanations for the
effect of manure and compost. First, they may be altering soil chemistry, and enalbling the
binding of carbonates, so that they no longer create an alkalinity problem. Or second, they
are simply providing nutrients that the plants can take up.” Plant and soil samples are being
analyzed, but “we suspect that there may be some nutrient-deficiency problem, possibly
either zinc or phosphate.” Piet van Asten favorsthe former option, i seems very unlikely that
phosphate is a problem,” he says, “as all rice farmers in Burking already apply adequate
amounts of phosphate fertilizer to their crops, so | guess we will find that zing is limiting here.”

Other preliminary work included finding and interpreting old soil maps of the valley for h
possible clues; sampling of water fromirigation and drainage canals and wells for analysis; 3 ‘;’/_;;3\&\
sampling of soils from productive and unproductive pockets in farmers’ fields; and rapid B NI .:'.w_.{'-' ;
EM3§ salinity festing. So fc:r,_ there .is no clear salinity proplem. Both V\{GTG! and soil are sl_ighﬂy Unproductive patches are common
alkaline, however, suggesting a similar problem o that in Foumn Gleita, and the possibility of i tqrmers” fiets in the Sousou Valiay.
longer-term soil degradation. "If this is a nutrent-deficiency problem,” says Barro, “isit that  they may be associated with
there are not enough nutiients in the soil, or are such nutiients belng blocked by, 10 calcarecus deposits and/for drainage
example, alkalinity?” pbroblems. The higher productivity

Samples from soil profiles (to moniior changes in soils with depth) have revedied near the field bunds is an indication of
increasing concentrations of calcareous nodules below 30 cm., These nodules have hard  a possible nutrient-deficiency
centers, and are soft on the ouiside—but whether they are dissclving in the soil to release  problem—planis near bunds suffer
carbonates and increase alkalinity, or whether they are being deposited by precipitation  less compaedition for nutiients
of calcite from the soll is Gs yet uncledr.

Other problems are abundant in the Sourou Valley solls—for example, nematodes—but
these do not seem to be related to the unproductive pockets. Farmers complain about the abundance of earthworms, which
pile soll up at the base of the rice planis and reduce tillering. A pathological survey found a lot of plant disease, but again
nothing specifically associaied with the pockets,

Nutrient-omission tials are being started in 2000 to 1un for at least two seasons, especially 10 lock at the role of phosphate
and zing feriilizers, but alse inciluding a treatment with nematicide, Monitoring of farmers’ practices will continue, and the
earthworm situation will be monitored and assessed. *Maybe in the next year, we wili start 1o test the water and salt balances,
and install piezometers to monitor the changes in groundwater depth,” concludes Bano,

=




Moctar Culd
Isselmou (second
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Soma Etienne
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5l screened trials af
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Marco Wopereis
(leff) and Piet van
¥ Asten (right)

ment is now in place in various fields (on both ‘good” and
‘problem’ soils) and water quality is monitored throughout
the scheme by SONADER, which has installed a small
laboratory there, paid for by project funds. “We need
aboutone more year to gather data on groundwater quality
and water and salt movements,” explains Piet van Asten,
Dutch associate soil scientist handling most ofthe WARDA
end of the DFID project, “and then we will move into
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modeling to determine just how important the alkaliniza-
tion process is likely to be at Foumn Gleita in the long term.”
Thus, with continued good-will from both farmers and
SONADER, there is still the possibility of using Foum
Gleita as a field laboratory for what might happen else-
where.

The original plan was for the scheme to cover a total
of 3600 hectares. The knowledge gained to date through
the DFID project—that shallow soils are most affected by
degradation—will serve as an important guideline for the
positioning of further irrigation infrastructure once any
such expansion goes ahead.

“This year (2000), SONADER will help the Foum
Gleita farmers’ union to work together with the Kaédi and
Boghéunions to buy inputs (certified seed, phosphate and
urea fertilizers} in bulk,” says a positive-loocking Moctar.
“This should enable the farmers to have their inputs both
cheaply and well before the start of the wet-season
campaign.”
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Perception is Reality

ERCEPTION molds people’s reactions to the world around them. In West Africa, the perceptions that
communities have of the potentially deadly disease of schistosomiasis make it particularly challenging
for prevention programs to be implemented successfully.

Wetland water management and irrigation schemes are
thought to make vector-borne disease endemicity worse
in Westand Central Africa. The development and promo-
tion of wetland, or irrigated, rice cultivation has been
restrained because of such health concerns. However,
with the rapidly growing consumer demand for rice in
the region and the limited options for intensification of
upland areas, wetland rice development becomes a major
focus for agricultural policy-makers and farmers. Inland
valley bottoms in West and Central Africa represent
approximately 50% of the agriculturally available
wetland area (375,000 to 842,910 km?).

The Human Health Consortrum brings together six
multidisciplinary West African research institutions
(see Box) to evaluate the health and social impacts of
various degrees of wetland water management and
irrigation in the humid rain-forest, savanna and Sahel
zones. This work is conducted with a view to providing
relevant information to planners and policy-makers.

The Human Hedalth Consorfium

National Institutions

Céte d’lvoire

m Cenfre universitaire de formation en enfornologie

médicale et vétérinaire (CEMV), Bouaké

Institut Pierre Richet (IPR)/ OCCGE, Bouaké

m Internafional Development Research Centre (IDRC,
Otiawa)

Marli

N Foculfé de médecine, de pharmacie et d’cdonto-
stomatologie, MdlariaResearch Training Centdre, DEAP,
Bamako

a Institutd’economierurale, Niono/Barnake

m Institut national de recherche en sanfé publique,
Bamake

International Institutions :

m  West Africa Rice Development Association (WARDA/
ADRAO)

m World Health Organization Panel of Experis on
Environmental Management for Vector Control (WHO-
PEEM)

The Consortium focuses on two major vector-bore Donors

diseases—malaria and schistosomiasis. Results are to u I%ggmc"k (DANIDA)
. u

be used to develop environmental management m  Norway

strategies that will minimize the health risks related to
land use. We have previously looked at malaria (‘Rice
Cultivation: Kill or Cure?” WARDA Annual Report
1996, pages 27-31); this year we turn to schisto-
somiasis.
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Targeted funds for the Health Consortium were provided
from May 1994 to June 2000, during which period the
objectives were accomplished. Health-related research
continues at WARDA on the nuttitional impact of NERICA
varieties on farm families, especially childien.






WARDA Annual Report 1999
Features

The disease

Schistosomiasis, also known as bitharziasis, is the second
most common parasitic disease in the world after malaria.
Itisestimated that some 200 million people in 76 develop-
ing countries are infected world-wide. Of these, about
two-thirds show symptoms, and about 10% (that is, about
20 million people) will suffer serious, debilitating dis-
ease—80% of all cases occur in Africa.

The disease-causing organisms develop alternately in
humans and aquatic snails. Snail-infective parasites are
excreted in human feces and urine, and human-infective
parasites are released in millions from infected snails.
Thus, the discase is prevalent where people are in fre-
quent contact with snail-infested water. The snails require
vegetated banks of lakes and slow-movingriverstolive in.
It is not surprising, therefore, that there has long been
concern over the role of agriculture in general, and
irrigated rice farming in particular, in increasing the inci-
dence of schistosomiasis.

Impact of human activity

People depend on water to live; they also alter their
environment to meet their needs—rather than adapting to
their environment, which is what most other forms of life
do. People use water sources for drinking, cooking,
washing and recreation, and how they manage their water
resources can have a major effect on the incidence and
spread of schistosomiasis. For example, we have stated
that snail-infective schistosomes are excreted in urine and
feces, so if a community allows its members to urinate or
defecate near snail-infested water, the disease cycle is
going to be continually refueled. Conversely, if these
activities are kept away from the water source, the supply
of snail-infective organisms should be significantly re-
duced.

Conditions ‘on the ground’
Although schistosomiasis has the potential tobe a problem
in most rice-growing areas of West and Central Africa,

The altemnate hosts of
sChistosomiasis are tiny
aguatic snails (leff), which
favor still or slow-moving
water with plenty of
vegetation (below)

we find that the situation in each ecology is primarily
influenced by how people behave in the vicinity of water.
The prevalence of schistosomiasis is high inboth the Sahel
and the forest zone. In the Sahel, the discase is (probably
correctly) seen as a direct result of irrigation practices
introduced in the 1970s. This has particularly been the
case in the Office du Niger scheme of Mali, where
development agencies were blamed for schistosomiasis
‘epidemics’ when they developed and rehabilitated the
irrigation infrastructure. As a semi-desert habitat, the
Sahel has very little standing water, except for irrigation
schemes, so these are the very areas where snail popula-
tions build up and people congregate to collect essential
water supplies.

In the forest zone, there is plenty of slow-moving and
standing water, Here schistosomiasis is associated with




sites where commonly used pathways traverse streams
and slow-meoving rivers, It is here that human—water
contact is at its greatest in this zone. Overall, about 70%
of the populationis affected, with very high worm-loads in
infected individuals, butit is difficult to show any effect of
wetland rice farming in increasing disease prevalence.
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Irrigation schemes established in the early 1970s seem to
have had no effect on the disease burden of the commu-
nities using them—in both single- and double-cropped
areas, schistosomiasis-infection prevalences are low, with
low parasite counts in infected individuals. Conversely,
populations with access to dammed lakes tend to be

Rice fields themselves have no floating vegetation for the
snails to live in, but irrigation infrastructure may provide
suitable snail habitat. We found large differences in
prevalencerates in school children between villages, both
within and across rice-cropping systems—for example,
0-51% for Schistosoma haematobium, and 4-77% for
S. mansoni (see Table 2)—but these could not be linked
tothe size ofrice cultivations in village perimeters ininland
valleys nor to the cropping system (single or double
cropping) used.

Instrong contrast to the situation in these habitats is the
situation in the savanna. Here, communities are far more
conservativein their toilet habits. So, despite the existence
of more water than in the Sahel, the only major risk group
are the children who swim. Again, we observed large
differences in disease prevalence rates between villages
in similar habitats, indicating no simple link between rice
cultivation system and disease prevalence (see Table 2).

¥ hed LA X -
Recreational use of water makes for high risk of schistosomiasis
infection, especially in children

Table 2. Prevalence of schistosomiasis in school children in the forest and savanna zones of Cote d’ivoire.

Zone Rice NG, 8. haematobium S. mansoni
systemt villages prevalence (%) prevalence (%)
Mean Range Mean Range
Forest RO 7 1.7 0.4-4.9 17.6 3.7-50
R1 7 4.4 G-51.2 46.6 16.7-65.1
R2 7 0.9 2.6 61.3 20.3-77.2
Savanna RO 8 0.7 0-2.2 2.1 0-6.3
R1 8 2.3 0.5-6.2 1n.e 15269
R2 8 4.8 0-30.8 16.1 4.9-38.3

1 RO = villages without rice cultivation; R1 = villages with one rice crop per year, ininland valleys with no or partial water control; R2 = villages in inland
valleys with partial or complete water control that permits two or more rice crops per year,
Data from individual villages were subjected to angular transfermation, one-way ANCVYA and then Scheffé’s posthoc test for multiple comparisons.
(1) In both zenes, there was no significant difference between cropping systems for S. haernatoblum. (2) For both zones, S. mansoni prevalence in RO
was significantly (a= 0.05) lower than that in R1 and R2,
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Figure 9. Distribution of schistosomiasis in Céte d'lvoire

heavily infested—for example, some 80% of the children
living by the 1ake thatsupplies drinking water to the Ivorian
town of Katiola suffers from disease caused by
S. haematobium.

Efforts to control the disease

In the past, disease-control efforts have concentrated on
reducing the contact between people and infested water,
mostly through improved sanitation and health education.

Schistosomiasis
W 5. haemarobium
S. mansoni

Height of blocks represents
relative abundance

-8 No schistosomiasis

Rice cultivation (m? per capita)

750 t01,000 (18)
[] 500 to 750 (3)
[} 250 to 500 (10)
] 0 to 250(38)

Chemical control of snails is difficult and expensive. In
East Africa, a plant was discovered that liberates a snail-
toxic chemical when crushed or pounded; however, the
chemical is also toxic to fish, and when attempts were
made to introduce it as a means of snail control, it was
instead adopted for fishing!

Schistosomiasis itself has proved easy to controi with
modern drugs, which are highly effective in a single-dose
formulation and have minimal side-effects. Thus, it seems




simplest to manage the disease through a health-
service based program of diagnosis and treatment,
although reinfection is common in high-risk groups. In
particular, school-based control campaigns have been
successful—where they have been maintained.

Another potentially useful avoidance practice is the
simple wearing of boots. Schistosomes are not the only
nuisance in wetlands. Farmers (and others) are also
plagued by leaches, large snails, and an animal known as
the ‘double-headed snake.’ Boots protect the wearer from
all of these. Migrant workers who opt for wearing boots
do so to avoid these nuisances. However, in resource-
poor farming communities, boots are considered a work
tool, and one that is expensive; thus, with expenditure
controlled by the head of household, it is only he (or
- exceptionally she) who is likely to possess them, leaving
the rest of the household still at risk. In both the savanna
and the forest, while men are usually the ones owning
and wearing boots, most of the work in lowlands is
done by women who do not have access to boots (a
notable exception is migrant groups from Sahelian
countries, where men are largely involved in lowland
agriculture). ,

In addition to surveying for baseline data, the Human
Health Consortium also looked for ways to control the
spread of the disease. It hypothesized that, in large
irrigation areas such as the Office du Niger with 70,000
ha of irrigated land, it should be possible to identify the
vegetation types responsible for mainfaining snails in
contact zones, and therefore control the vector by vegeta-
tion clearance. Once such vegetation blocks could be
identified, a series of removal experiments would be
necessary to test the hypothesis; however, the work never
got that far...

Native perceptions of disease

A major stumbling block made such intervention
theories falter to the point that continuation of the work
would have been a complete waste of effort. The problem
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is the perception that the native communities have of
diseases.

There is a perception among rice-based rural farming
communities in the humid forest and savanna of West and
Central Africa that all diseases are already present in the
body. Itis perceived that ‘risky behavior® causes diseases
to become manifest, rather than such behavior increasing
the likelithood of infection by an external germ (the scien-
tific understanding). Furthermore, it is only in areas with
high parasite infection rates that people actually identify
schistosomiasis as a specific disease. Intestinal schistoso-
miasis is often associated with dysentery, and urinary
schistosomiasis associated with sexually transmitted dis-
eases among teenagers and adults, Even in areas where
the disease is identified as such and is known to be
associated with lowlands (in areas where large education
campaigns have been undertaken), people usually associ-
ate the disease with the drinking of dirty water rather than
with standing or working in the water. Thus, the ‘risky
behavior’ may be coming into contact with water, butlittle
or no value is attached to prophylactic measures, such as
wearing boots or using latrines, even in arcas where the
disease is well known.

Schistosormes under the microscope




WARDA Annual Report 1999
Features

In addition, schistosomiasis is simply not perceived
as life-threatening, or even as debilitating. This is due to
the fact that many infected people do not suffer to any
great extent. Urinary schistosomiasis is seen rather as a
disease of adolescence—a sign that a child (particularly a
boy) is growing into an adult. In 90% of infected indivi-
duals, ‘red urine’ is the only symptom of schistosome
infection (see Box), and that occurs during late childhood
(school age) and early adolescence.

Both intestinal and urinary schistosomiasis are easy
to cure. The intestinal form requires laboratory analysis
to differentiate it from either amoebic or bacterial
dysentery, but then is treated by administration of a single
dose of the appropriate anthelminthic drug. However,
reinfection is very common, as exposure is usually con-
tinuous.

The fact that the disease is chronic and untreated ‘red
urine” in adolescence could lead to kidney failure at the
age of 45-55 years is simply not known or acknowledged.
For some reason, untreated intestinal schistosomiasis
results in severe liver disease much less frequently
in many parts of Africa than it does in some other
continents.

Red urine (left, compared with normal urine, right)—often the
only symptom of schistosomicsis

Schistosomiasis in West Africans

Schisfosomiasis is a parasitic disease trought about by
worms, known as schistosomes. There are two types of
schistosomiasis which infect humans in West and Central
Africa; udnogenital, caused by Schistosoma haematobium,
and intestinal, caused by Schistesoma manseoni. In koth
cases, the diseaseis brought about by the body’simmune
reaction to worm eggs deposited in target-organ tissues,
rather than by the schisiosomes themselves. The immune
system seeks to encase the deposited eggs, and it is the
body’sinflammatory response to the eggs that causes the
disease sympioms.

Urinogenital schistosomiasis

Adult worms migrate through the venous biood system
and eggs are deposited in the bladder wall. The
inflammatory response to the worm eggs causesbladder-
wal bleeding. This resultsin whatis often the disease’s only
sympiom, ‘red urine.’ As the worm eggs are encased
close to the base of the urethras (wine-tubes), the urethras
become blocked. With fime, this blockage of urine cutfiow
can extend backio the kidney and result in kidney faiture,
which is inevitakly fatal if both kidneys are involved;
however, this is unlikely ic occur before the pailient is 45
years old. In other cases, chronic bladder infection may
eventually lead to cancer of the bladder. In populations
where life-expectency is short, the chronic (long-term)
effects of schistosomiasisinfection are simply not apparent.

Intestinal schistosomiasis
Intestinalschistosomiasisisinitially manifest aspainful bloody
dysentery, which usually leads to the patient (or theirfamily)
seekingmedicaladvice andprompt curative freatment. The
wormmigratesthrough the venousbloodsystemtotheliver,
where the ensuing worm-egg inflammation results in
granuloma, which overtime will destroy the nomatliver fissue,
leaving scar tissue and resulting in cirthosis. Liver cirnthosis is
again fatal; however, in most cases, either the disease is
freated with the onset of diarrhea and dysentery, or else
people die from ofher causes before the effects of liver
failure or cirhosis become manifest.

Lessons learned

The Health Consortium’s work on schistosomiasis showed
very clearly that community perceptions can have a
marked effect on the success of scientific interventions.
In theory, it should have been possible to identify vegeta-




tion types associated with schistosome-vector snails, but
the lack of understanding of how the disease works would
have meant that the suggestion of clearing appropriate
vegetation to decrease the snail habitat would have gone
unheeded. It is proving almost as difficult to persuade the
farming communities involved in this research to adopt
bed-nets as a means of preventing malaria, and that
disease is a well-known killer! Thus, agricultural (and
other development-oriented) research needs to look be-
yond its own sphere and take such fields as sociology into
consideration when developing technology to improve the
livelihoods ofits clientele.

In contrast to the ‘failure’ of snail-control technology,
the sociological surveys conducted by the Consortium,
and others, have shown ways of improving the health
status of farming communities. Where women achieve
increased independence through income-diversification
(that is, they have several sources of income, rather than
just one agricultural crop), they are better empowered to
take control of their families’ health. While traditionally it
is men who are in charge of all heaith-related expenses
and decisions, in practice it is women who most often
identify the medical needs of their family members, and
when they have the financial resources to do so, they play
anincreasing role in the decision and choice of the medical
treatment to seek. It has been shown that the families of
women with diversified income sources have up to 40%
fewer malaria episodes compared with those of women
with undiversified income sources. Clearly, the more
independent the woman concerned, the more financial
decision-making freedom she has to obtain that help
quickly. Thus, a simple prescription to improved farmer

45
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Linking research with community
development

Community-focused researchrepresentsasubstantial time
investment by participants and, consequently, there s a
need for some sort of ‘pay-off’ or ‘pay-back’ that directly
benefits the communities concerned. Many bio-medical
reseqrCh projecisprovide thisin the form of shor-term health
care, with the medical personnel providing treaiment for
dilmenis when they visit the project site (or else making
specific visits to provide such trecatment). The Health Consor-
tium decided to provide sustainable assistance to villages
participating inits research activities in the savanna zone
throughsupporttothelvorian Governmment's villuge revolving
drugfund’ strategy. Thestrategy aims atfacilitatingaccessto
essential drugsin vilages that have no formatheatth services
(the majority of villagesin Céte d’Ivoire), The Health Consor-
tium provided the initial investment funds in the form of ¢
complete drugkitforeach participating vilage. The Consor-
tium also helped establish appropriate management tools
fortherevolving fund atthe community level. Once the kit is
available, the villagers purchase fromit and so a revolving
fundisestablished toreplenishsupplies. One ofthe 12 villages
involved withthe Health Conscrtiurn wonthe Ministry of Public
Hedlth Prize for having successfully implemented the
strategy, setting anexample for other rural communities to
follow.

Researchactivities also provide asuitable framework for
fraining junior scientists, The Consortium’s activitiesincluded
posigraduate tsaining (Masters and Doctorallevels) for 12
young scientists in Cote d'ivoire and Mali. Three of these
studentsreceived piizesfromtheiruniversitiesfor best thesis-—
aclearindication of the quality of the research conducted
andsupport givento these youngscientists.

health is development projects that target the diversifica-
tion of women’s farming practices, and helping them to
achieve greater financial autonomy.
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Donor Country Profile: United Kingdom

HE RELATIONSHIP between WARDA and the United Kingdom goes back to at least 1975. The UK has
provided direct grant support to core and restricted projects, ‘in-kind’ grants, and seconded staff. In recent
years, WARDA has teamed up with several UK ‘high-tech’ instituttons in research partnership.

Since the earliest days, the United Kingdom has
maintained strong development-aid links with members of
the British Commonwealth; it has also expanded those
links to non-Commonwealth countries throughout Sub-
Saharan Africa and to multilateral agencies such as
WARDA.

Seconded experts

In 1993, DFID (then the Overseas Development Admin-
istration, ODA) posted scientists from UK institutions to
WARDA to work on jointly implemented projects.
Charles Williams, entomologist with the Centre for Agri-
culture and Biosciences International (CABI), was
posted to WARDA s Nigeria Station, based at the Inter-
national Institute of Tropical Agriculture (IITA), Ibadan.
The ODA-funded project on African rice gall midge
brought together expertise from CABI’s Institute of
Biological Control and Institute of Entomology with
WARDA staff, members of the WARDA-NARS Task
Forces on Integrated Pest Management and Lowland
Breeding, and other West and Central African NARS
scientists, while IITA provided facilities and administra-
tive support. The work sought to assess the distribution
and econoimic importance of African rice gall midge in
West Africa; to assess the role of pest ecology, alternative
hosts and farm cultural practices in gall-midge population

dynamics; to identify natural enemies (predators, para-
gites) of gall midge and their importance in the natural
regulation of pest populations; and, to develop resistant
rice varieties with good agronomic characteristics and
grain quality. The project mapped the distribution of gall
midge in at least six countries in the region, and also
devised equations to predict yield loss from a knowledge
of the midge infestation level. Through field surveys and
insectarium tests, project staff determined that African
rice gall midge is restricied to plants of the genus Oryza,
with the weed O. longistaminata and volunteer and
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ratoon rice as the principal alternative hosts that enable
populations to survive through the non-growing season.
Two parasitoids were identified that constitute the pest’s
most important natural enemies—one of these also para-
sitizes a related gall midge of a regionally common weed,
thus suitable management of the weed could yield more
parasitoids to attack rice gall midge. Gall-midge resistance
proved surprisingly elusive in rice, despite thousands of
lines being screened. The best find was of an Indonesian
variety, Cisadane, which was subsequently released for
cultivation in the gall-midge endemic region of southeast
Nigeria. Meanwhile, the project’s activities did serve to
develop a suitable screening methodology for gall-midge
resistance. Research on African rice gall midge at
WARDA continues today under core funding.
Ataboutthe same time, David Johnson, weed scientist
with the Natural Resources Institute (NRI}, was posted to
WARDA Headquarters. Since 1994, DFID has funded
several weed projects in West and Central Africa—some
specific to WARDA, and others where the NRUWARDA
weed scientist has given input into non-WARDA projects.
Much of the NRI/'WARDA weed work was reported last
year (see ‘Allies in the War on Weeds,” WARDA Annual
Report 1998, pages 33-39). In 1999, the weed team was

WARDA Annual Report 1999
Features

boosted by the arrival of Rebecca Kent under DFID’s
Associate Professional Officer Scheme.

In 1994, Daniel Coyne, nematologist also with NRI,
was posted to Headquarters. The NRI/'WARDA nema-
tology project also brought in expertise from CABI’s
Institute of Parasitology. The projecthighlighted the insidi-
ous nature of nematode infestation in rice—a problem
almost unknown to West and Central African rice
farmers, although almost every field is infested to some
extent, with nematodes accounting for an estimated 10%
of all crop losses. Some ¢ight genera of nematodes are
responsible for root and foliar damage to rice in the
region, and a brochure is in preparation (with NRI/CABI
and the International Rice Research Institute, IRRI) to
raise the awareness of these important pests among
research, extension and development agents working on
rice world-wide.

More pests... but also genetic resources,
soils and drought

The UK’s expertise and keen interest in pest management
is clearly seen in the specializations ofthe four secondees.
British funds have also been geared toward addressing
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David E. Johnson, NRI/WARDA weed scientist, 1992-2000
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Figure 10. UK funding o WARDA, 1988-1959
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the problems caused by the major rice diseases in West
and Central Africa. Since 1996, the WARDA phytopa-
thology team has been helping CABI and Horticuiture
Research International (HRI) with the characterization
of sites in Céte d’Ivoire, Ghana and Nigeria for screening
for blast and scald resistance. Then in 1997, DFID started
to provide funds for us to screen varieties for their
resistance to rice yellow mottle virus (RYMV)in Maliand
Niger. Most recently, DFID has attributed funds (from
1999) for research on integrated management of RYMV
and the study of the genetic diversity of the blast fungus
pathogen. '

In 1994-1996, DFID “picked up the tab” for the
relocation of the International Network for the Genetic
Evaluation of Rice for Africa (INGER-Africa) fromIITA
to WARDA. Formerly operated under the direct auspices
of IRRI, INGER-Africa is now fully imbedded in the
WARDA program, it tailors nurseries to the precise needs
and resources of its partners in national programs through-

1993

1994 1995 1996 1997 1998 1999

out Sub-Saharan Africa. The first INGER-Africa meet-
ing since the relocation was scheduled for early 2000, and
the Network receives on-going valuable support from
DFID.

In 1997, DFID agreed to support a special project on
soil degradation in irrigated rice systems in the Sahel,
which is conducted by WARDA and its national partners
in Burkina Faso and Mauritania. A detailed account of
some of that work in given in ‘A Holistic Approach to
Irrigated Rice Farming Problems Uncovers More Than
Just Soil Degradation,” in this Report.

Alsoin 1997, WARDA scientists became involved in
DFID’s work on testing drought-tolerant varieties of
upland rice in Ghana, in collaboration with the University
of Reading.

In 1998, a project was launched on seed priming, as a
component of integrated weed management. This project
also involves another UK institution—the Centre for Arid
Zone Studies of the University of Wales. It is planned to
incorporate seed priming with some of the participatory

. s [ |



varietal selection trials being conducted throughout
WARDA’s mandate region.

In 1999, a three-year project was initiated on ‘weedy
rice,” based at WARDA, with field trials in Ghana and
Mali. Two species of wild rice cause problems fo farmers
in many parts of Africa—Oryza longistaminata (a pe-
rennial) and O. berthii (an annuval). One of the main
problems is that during early growth stages, the wild
species loak similar to the cultivated species. The project
seeks to develop a range of control measures for an
integrated approach—there are both biological and
social scientists on the project team. The project also has
field activities in Tanzania, and glasshouse studies are
being conducted at Long Ashton Research Station in
the UK.

Networking

Increasingly, WARDA sces itself as a linkage between
so-called advanced institutions and the region’s national
research and extension services. OQur goal is to ensure that
the resources of each partner are utilized in the most
efficient way, then bring everything together for the
benefit of all parties, and our uliimate clientele—the
resource-poor farming households of West and Central
Afiica.

The UK expertise in pests and diseases continues to be
of benefit to the WARDA team, On-going collaboration
in blast rescarch involves NRI, CABI and the Common-
wealth Mycological Institute, with molecular analysis and
pathotyping being conducted by HRI. NRlalso continues
to be involved with RYMV work, looking at virus trans-
mission by insects. An initial project on developing
transgenic resistance to RYMYV in rice was a collabora-
tive effort between the Sainsbury Laboratory (part of the
University of East Anglia) and WARDA. The latest such
project, however, is being conducted in collaboration with
the John Innes Centre, where colleagues are conducting
molecular characterization of the virus with a view to
developing transgenic resistance to RYMV. The John
Innes Centre is also using NERICAs to map natural
resistance genes to nematodes and RYMYV, and genes for
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weed competitiveness. With the early success oftransgenic
research for RYMYV resistance, we are looking into the
possibility of linking up with Leeds University to inves-
tigate the possibility of transgenic nematode resistance.

Gatisby Foundation

“Work with the British is not all about direct government
aid funding,” says WARDA Director General Kanayo
Nwanze. “One exciting development is our growing rela-
tionship with the Gatsby Foundation.” As a philanthropic
institution, the Gatsby Foundation is an ideal supporter for
agricultural research and development. In 1997, Gatsby
made a contribution to WARDA’s efforts to build a
containment facility at its M"bé headquarters, as part of its
biosafety mandate in the region. This support is expected
to be reinforced in 2000.

Gatsby have also shown an interest in the participatory
varietal selection (PVS) research aspect of the interspe-
cific hybridization project, and have agreed to fund PVS
activities in Ghana and Nigeria for three years from 2000
{see ‘New Rice for Africa... with a Liitle Help from Our
Friends,’ in this Report).

Training

A mix of training opportunities has been provided through
WARDA-UK collaboration. Between 1977 and 1987,
four regional scientists were sponsored by ODA fo carry
out MSc work at Reading University in collaboration with
Rokupr Rice Research Station (then part of WARDA).

DFID is currently sponsoring three postgraduate schol-
ars at WARDA: Tien Hoang (Dutch) taking an MSc¢ in
salinity tolerance in irrigated rice at Wageningen UR;
Daba Ndour (Senegalese) researching for a PhD in
irrigated-rice breeding at Cheikh Anta Diop University,
Dakar; and, Jill Cairns (Scottish) researching fora PhDin
rice genetics at Aberdeen University.

In addition, two WARDA staff are scheduled to leave
WARDA in 2000 to take up PhD studies at the University
of East Anglia, as part of the WARDA/John Innes Centre
RYMYV research program.
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An unusual recent development is the work of Cary
Clark (US citizen), who is funding her own way through
PhD research with Reading University, in community
resource management and credit systems,

The British influence: Board chair and

other staff
In 1997, Lindsay Innes of the Scottish Crop Research
Institute was elected to the WARDA Board of Trustees.
His clear insights and leadership qualities have led to his
being elected Chairman of the Board from 2000.
Between 1996 and 1997, ‘Brit’ Andrew Urquhart
served WARDA as acting Head of Finance and Person-
nel Services. Then in 1998, two more ‘Brits’ were hired
by WARDA as core senior staff: Amir Kassam joined as
Deputy Director General for Programs, and Guy Manners
as Information Officer.

From strength to strength

At a time when so many donor nations seem to be
‘shying away’ from international agricultural research, it
is pleasing to see the faith and trust placed in WARDA by
the United Kingdom. DFID in particular has recognized
the value of entrusting WARDA with rice research

50

activities for Africa, and has encouraged us by increasing
its support to our activities during this difficult time. For
this they receive our grateful thanks, and we look forward
to continued fruitful collaboration well into the next
millennium.

Just what is the UK?
A lesson in political geography

*Onethingthatreally confuseseveryone,” saysGuy Manners,
WARDA's ‘veryEnglish’ information officer, “isthe relationship
between (Great) Britain, the United Kingdom and their
componenteniities.”

Hereis asimple guide to the poliical and geographical
complexities of those islands off the northwest coast of
continental Euiope:

m  GreatBritain = England, Scotiand and Wales (political)
m United Kingdom = Great Britain and Northem ireland
(poltical)

British [sles = United Kingdom, Irish Republic and all’
associatedisiands, or (originally) Great Britcin andlreland
(geographical}
“Whatmakesforthe greatest confusion,” continues Guy,
“isthefact that those of usfrorn the UK are usually expected
tostate curnationality as *British’!'ve neverunderstood that
onellamEndglish, British and a cifizen of the United Kingdom.
Personally, [prefertosay thatl’mEnglish.”
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The Year in Review: 1999

HE YEAR 1999 was a busy one for WARDA and its many partners. With several major projects at or
approaching the end of their first phase, and new projects and new directions coming ‘on line,” it was
a time for review and planning. It marked the start of an exciting, if busy, period in WARDA’s history.

In January, the National Coordination Unit of the Inland
Valley Consortium (IVC) in Céte d Ivoire held its Atelier
national sur les bas-fonds en Céte d’Ivoire in Gagnoa.
The meeting was attended by representatives from IVC
and the Human Health Consortium (HHC), the Ivorian
national program (CNRA), the University of Bouakeé,
various development agencies and NGOs. The meeting
revived the Ivorian National Coordination Unit and pre-
pared an action plan for the coming years, including
activities to strengthen the linkages between research and
development.

A major public-awareness event was held in Abidjan,
Cote d’Ivoire—Journée ADRAO, or WARDA Day, on
16 February at the Hotel Ivoire. This was a one-day event
where WARDA presented itself to the region’s diplo-
matic community and others; an event sponsored by
AfDB, FAQO, UNDP and the World Bank. The day was
a great success, with speeches from the sponsors,
WARDA’s Council of Ministers, the Ivorian Minister of
Agriculture and Animal Resources, farmers and national
partners. The Ivorian Prime Minister was guest of honor.
Other guests included diplomats representing the donor
community, WARDA member states and other African
nations from missions based in Abidjan and elsewhere in
the region. In the afternoon the exhibition was opened to
the public, and we estimate that some 600—1000 people
saw the displays.

During 17-20 February, 16 participants representing
GTZ, WARDA, the University of Hohenheim, the NARS
of Nigeria and Benin, the agricultural extension system
of Benin and farmers’ organizations from both Nigeria
and Benin, took part in a Planning Workshop on
Farmer Participatory Improvement and Adaptation
of Production Technologies for Rainfed Rice-based
Systems in West Africa with Emphasis on Nigeria
and Benin, at WARDA Headquarters. As a result of the
workshop and subsequent project proposal, BMZ is fund-
ing a project on this subject, implemented by WARDA in
collaboration with the University of Hohenheim.

March saw the final meetings of the WARDA/NARS
Task Forces at which they began to be remodeled into
ROCARIZ, with a Task Forces Stakeholders’ Meeting
on 15-17 and full Task Forces Meeting on 18-19. Over
100 delegates attended, comprising NARS Task Force
members, WARDA researchers, and WECARD/CORAF
representatives. It was at this meeting that an Interim
Steering Committee was established for ROCARIZ, which
was mandated to draw up rules and regulations for the
new network for approval at the First Regional Rice
Research Review in early 2000,

A training course on Systems Analysis and Simula-
tion of Rice Production and Rice—Weed Inter-
actions was held at WARDA Headquarters between 22
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and 30 March, conducted by the Department of Theoreti-
cal Production Ecology, Wageningen Agricultural Uni-
versity, The Netherlands. It was primarily aimed at
WARDA research staff, although 5 NARS personnel
also took part.

Another public-awareness event took place from 25
March to 4 April—Carnaval de Bouaké (Bouaké
Carnival). An estimated 2-3 thousand people visited the
WARDA stand on one of the main streets of WARDA’s
host city.

The Inland Valley Consortium (IVC) was also in
transition in 1999, as the year marked the end of phase I
and the establishment of a new status in preparation for
phase II. The IVC Heads of Member Institutions met on
13--14 April, immediately followed by the Annual Planning
Workshop through 16 April. A collaborative agreement
was signed by the heads of institutions and a Consortium
Management Commitiee was established. The ground
was set for the wrapping up of phase I activities (princi-
pally some unfinished agro-ecological characterization
work in several countries) in 1999-2000, and for the start
of phase II in 2000 with new emphases and activities,
building on the lessons learned in phase I and other inland-
valley and technology-transfer initiatives. The IVC is
now an integral component of WARDA’s research pro-
gram structure, being housed in a project in the Systems
Development and Technology Transfer Program—
Inland Valley Systems Developmeni and Technology
Transfer—, rather than being a separate entity with no
overlap (and little interaction) with WARDA’s main-
stream program.

Building on the success of participatory varietal
selection (PVS)in several countries upto 1998, WARDA
organized two workshops from 19 to 28 April 1999. The
first—Participatory Rice Improvement and Gender/
User Analysis Reporting and Planning Workshop—
brought together the PV'S teams from 10 countries (many

of whom had been trained in 1998) fo report on their
experiences, share ideas and plan activities for the 1999
campaign. The follow-on Participatory Rice Improve-
ment Training Workshop offered PVS skills to teams
from the remaining seven WARDA member countries, so
that all 17 member states have now received PVS
training. The reporting and planning workshop is set to
become an annual event, as more donors are giving
backing to this technology-transfer research initiative.

In May, our financial team were put ‘under the micro-
scope’ by the Center-Commissioned External Re-
view on Financial Management and Control. The
review panel made 23 recormmendations and concluded
thatthe mechanisms were in place to significantly improve
financial reporting.

The year was also set to be crucial for the Human
Health Consortium, as the project was coming to an end
and had met its objectives (or, in the case of schistosomia-
sis, showed that some avenues of research are doomed to
be unproductive—see ‘Perception is Reality’ in this Re-
port). The Consortium is a joint undertaking between
research and extension agencies in Coéte d’Ivoire and
Mali, WARDA and the World Health Organization’s Joint
Panel of Experts on Environmental Management for
Vector Control (WHO/PEEM). The Consortium Scien-
tific Advisory Committee—chaired by WHO/PEEM—
met with IDRC (representing the donors) in Bouaké, on
24-26 May for their annual meeting to discuss results and
plan activities through the end of the project in 2000,
Unfortunately, with a lack of donor funding for a second
phase, theend of the project will see the end of Consortium
activities hosted by WARDA.

June saw the WARDA research staff taking a good
hard look at themselves as they were evaluated by a
Center-commissioned External Review of Program
Strategy and Management. The Review, chaired by Dr
Bernard Tinker, was generally positive, but gave valuable




feedback on issues such as the balance between adaptive
and strategic research. The Review was timed to provide
valuable feedback and input into the External Program
and Management Review, which started towards the end
of the year.

‘Summer’ is always a quiet time at the international
centers, as many senior staff take their annual holidays to
spend time relaxing with their families. However, “Fall’
kicked in with the Twenty-second Ordinary Session of
the Council of Ministers Meeting, on 16-17 Septem-
ber, where member-state ministers of agriculture met to
discuss WARDA s progress and make recommendations
for the future. This year, the meeting made history as the
first international forum to meet in Liberia since the onset
of the civil war there. Eight member states were repre-
sented at the meeting, five of those at ministerial level.
Despite the lack of quorum, nine resolutions and two votes
of thanks were drafted for submission to the full Council
for approval.

The Crop Science Society of America (CSSA)
offered the CGIAR the opportunity to present seminars
and an exhibit-stand at its Annual Meetings, starting
with IRRI and WARDA in Qctober-November 1999, in
Salt Lake City, Utah, USA. We, of course, jumped at the
opportunity to ‘spread the word’ of our work among the
elite of America’s crop scientists. Three presentations
were made by WARDA staff, and they and the exhibits
were well received.

Another important event for the Human Health Con-
sortium was the Ecosystem Health Analytical Work-
shop from 6 to 24 November. The meeting, split between
Abidjan and WARDA Headquarters, focused on Map-
ping makaria Risk in Africa (MARA) in West Africa:
The role of humid zones and open water bodies. The
combined results of several research groups were brought
together to develop the first map of malaria risk in Africa,
now available on the Internet,
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The biennial Salon international de agriculture
et des ressources animales (SARA)—a regional
forom for promotion of all things agricuitural, both
commercial and not-for-profit—was held in Abidjan
between 12 and 19 November. WARDA again had a
booth, and senior staff took turns discussing our work
with members of the public, commercial farmers, and
dignitaries from all over the region—an estimated 8000
visitors.

The Initial Phase of WARDA’s Fourth External
Program and Management Review (EPMR) ran from
20 to 30 November, with general presentations to the
Panel (chaired by Dr Mandi Rukundi of Zimbabwe) and
preliminary discussions on matters of interest to Panel
members. This was to pave the way for the Main Phase
in early 2000, The report of the EPMR was presented to
the CGIAR Mid-Term Meeting in Dresden in May 2000,
Issues facing WARDA as it enters the next millennium,
and the overall assessment of the Review Panel are
presented in the Message from the Director General and
Chairman of the Board of Trustees (page 1).

At the November meeting of the Board of Trustees,
the new Information and Documentation Center (IDC)
andresearch extension buildings were inaugurated. Build-
ing costs of US$ 1,677,084 were provided by the WARDA
member states—attesting to both their political support
and ownership of the Association. The meeting also
marked the last meeting of Chairman Dr Just Faaland of
Norway. Dr Faaland served as Chairman for six years,
extending his term to seven years in order to provide
continuity and smooth transition during the EPMR vear.
Prof, Lindsay Innes of Scotland (UK) was elected as the
incoming Chairman, to be effective June 2000 at the next
Board meeting.

The Final Evaluation of the Interspecific
Hybridization Project Phase I took place on 29 and 30
November, with representatives from UNDP/TCDC,




WARDA Annual Report 1999
Annexes

the World Bank, the Japanese Ministry of Foreign
Affairs, the Japanese Embassy in Abidjan and JIRCAS,

along with research partners from IRRI, IRD, Comell

University, Yunnan Academy of Agricultural Sciences
(China) and Guinea. (See ‘New Rice for Africa... with a
Little Help from Our Friends’ in this Report.)

In December, WARDA hosted an International
Workshop on Effective and Sustainable Partner-
ships in a Global Research System: Focus on Sub-
Saharan Africa. The workshop was convened and coor-
dinated by WARDA and ISNAR, in collaboration with the
Organizational Change Program (OCP) and with signifi-
cant support from other CG Centers, the Global Forum for
Agricultural Research (GFAR) and the Technical Centre

for Agricultural and Rural Cooperation (CTA). Thirty-
nine participants represented 27 organizations and 18
countries.

The activity in 1999 set the stage for WARDA to
launch a full and exciting agenda into 2000 and beyond.
The events listed here were only the first signs of
WARDA’s renewed energy and enthusiasm for the work
ahead, and provided a platform on which upcoming meet-
ings in 2000—the first Regional Rice Research Review
(ROCARIZ), the first INGER-Africa workshop under
the auspices of WARDA, the third series of PRIGA/PVS
workshops, the second biennial meeting of the Nation~1
Experts Committee, and the Universities Collaborative
Platform—would build.
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Financial Statement
1. Position for the year ended 31 December 1999 (in US$)
ASSETS 199% ) 1998
Current Assets
Cash and Bank Balances 2 637 527 1 669 204
Accounts Receivable:
Donors 1044 533 1662227
Employees 177948 201 862
Others 902 768 864 039
Inventories 683 361 832 388
Prepaid Expenses 30670 57925
Total Current Assets 5476 807 5287 645
Fixed Assets
Property, Plant and Equipment 19 768 974 18 936 253
Less: Accumulated Depreciation (5415 464) (4 941 190)
Total Fixed Assets (Net) 14 353 510 13 995 063
TOTAL ASSETS 19 830 317 19282 708
LIABILITIES AND FUND BALANCES
Current Liabilities
Cash and Bank Balances (Overdrafi) 71 067 808 166
Accounts Payable:
Donors 3 875936 2581774
Employees 129 818 187 039
Others 1288 254 1234 384
Provisions and Accruals 1024 696 1053 154
Total Current Liabilities 6389771 5864 517
Total Liabilities 6389771 5864 517
Net Assets
Capital Invested in Fixed Assets
Center-owned 14 353510 13 995 063
Capital Fund 12301 281933
Operating Fund (925 265) (858 805)
Total Net Assets 13 440 546 13418191
TOTAL LIABILITIES AND NET ASSETS 19 830 317 19 282 708

. |
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2. Statement of activities by funding for the years ended 31 December 1998 and 1999 (in US$)

Total

Unrestricted Restricted 1999 1998
REVENUE
Grants 6511825 2557817 9 069 642 8 077201
Member States” Contributions 83 924 83924 762 497
Other Income 399 778 399 778 305974
TOTAL REVENUE 6 995 527 2 557 817 9 553 344 9145 672
OPERATING EXPENSES
Research Programs 3048 070 2 482 766 5530836 5901 627
Administration and General Operations 32989022 3298922 2931 510
Depreciation 735 660 735 660 625 600
Gross Operating Expenses 7082 652 2 482 766 9565418 9 458 737
Recovery of Indirect Costs (258 498) (258 498) (291 459)
OPERATING EXPENSES (NET) 6824 154 2482 766 9306 920 9167 278
EXCESS/(DEFICIT) OF REVENUE OVER EXPENSES 171 373 75 051 246 424 (21 606)
Allocated as Follows:
Operating Funds (171 373) (171 373) 135 643
Capital Funds {75 051) (75 051) (114 037}
MEMOC ITEM
Operating Expenses by Natural Classification
Personnel Costs 3 569 585 624 306 4193891 4707 373
Supplies and Services 2406 769 1533464 3940 233 3460476
Operational Travel 370 638 324 996 695 634 665 288
Depreciation 735 660 733 660 625 600

Gross Operating Expenses 7082652 2 482 766 2565418 9458 737
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3. Grants for the year ended 31 December 1999 (in US$)
Unrestricted research agenda

1999 1998
Belgium 115 796
Canada 468 133 478 077
Céte d’Ivoire 109 176
Denmark . 294 737 342 773
France 89 455 121 296
Germany 328 940 349 627
Japan 1584 382 1367018
Netherlands 247 083 260 824
Norway 279 641 293 403
Sweden 442 938 473 100
United Kingdom™* 260720 168 574
United States of America (USAID) 250 000 : 200 000
World Bank 2 150 000 1 100 000
Total unrestricted grants 6511825 _ 5263 868
Restricted research agenda
African Development Bank (Institutional Support) 155 787
Canada {(Laval University) 45134 48 579
Canada (Health—Vector-borne Diseases Project) 365 631
Canada (FDCIC Project) 11342 11
Denmark (Phytosanitary and Seed Health Project) 24 107 22671
France {Agrophysiology Project) 74 488
France {Inland Valley Consortium Project) 87337 100 248
Gatsby Foundation (Containment Facility) 30 708
Germany (GTZ) (Pesticides Project) 14 448
Germany {GTZ) (Soil Nitrogen Project) 48 691 17 673
Germany (GTZ) (Projet riz nord) 78032 40 499
Germany {(GTZ) (Improved Nutrient Management) 91011 59910
IFAD {RADORT Project) 132 984 277 226
IVC/CFC Spirivwa . ‘ 149 391
Japan (Post-doctoral Studies) 41120 57 542
Japan (Grain Quality Studies)} 40 381 98 892
Japan/UNDP (TCDC Project) 427 000 427 000
Japan/MAFF/WARDA Project 115951
Netherlands (Inland Valley Consortium Project) 323 258 361297
Norway {Vector-borne Diseases Project) , 132 997 34 555
Norway (Training Project) 46745 72 967

#* UK funds are ‘attributed’ to specific WARDA Core Medium-Term Plan projects.

I >’
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Restricted research agenda (continued)

Rockefeller Foundation (Anther Culture Project)

Rockefeller Foundation (Post-doctoral Studies)

United Kingdom (Weeds Project)

United Kingdom (Nematology Diagnosis and Contrel Project)

United Kingdom (RYMV CRF Project)

United Kingdom (Soil Degradation CRF Project)

United Kingdom (Seed Priming Project)

United Kingdom (INGER- Africa Phase 2)

United Kingdom (Wild Rice Project)

United Kingdom (University of Wales)

United Kingdom (University of Aberdeen)

UNDP (IAEG Germplasm Assessment Project)

United States of America (USAID) (Arkansas Linkage Grant)

United States of America (USAID) (Network Project) '
United States of America (USAID) (Sub-Sahara Africa Technology Dissemination Project)
United States of America (USAID) (Sub-Sahara Africa Email Project)

Total restricted grants

Total Grants

1999

178 250
5978
15851

22439
27128
14343

7895
11716
19 400

7026
13999
11199

194 409

2732

43 477

2557817

9 069 642

1998

157745

_ 11065
38 000
33590
11732

5712
356 670
50286
63 797

2813333

8077201
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Board of Trustees

Chairman : Just Faaland (Norway)

Members Midred A. Amakiri (Nigeria)**
Jacob Ayuk-Takem (Cameroon)
Alois Basler (Germany)**
Ba Diallo Daoulé (Mali)**
Mamadou Diomandé (Cote d’Tvoire)
Lindsay Innes (UK)
Ryuichi Ishii (Japan)
Diana McLean (Canada)
Richard Musangi (Kenya)
Akilagpa Sawyerr (Ghana)**

Ex-officio: Director General, WARDA Kanayo F. Nwanze (Nigeria)

** Leftin 1999
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Senior Staff and Associates

Office of the Director General

Kanayo F. Nwanze
P.-Justin Kouka
Adrian Labor*

Nko Umoren®

Guézi Norberte Zézé*

Administration and Finance Division

Michael F. Goon
Bola Andrews
Antoinette Baroan®
Chitti Babu Buyyala
Mory Cissé*+
Gabriel Dao

Vincent Elegho
Mark Etsibah
Casimir Grouto
Gilbert Kato*
Robert C. Lemp**
George Maina
Olusegun Olubowale™
Gaston Sangaré*

Programs Division
AmirKassam

Frank Abamu*
Mark Abekoe*
Abdoulaye Adam

Folkard Asch**
Mathias Becker**

Amadou Moustapha Béye**

Thierry Cadalen**
Timothy J. Dalton**
Alassane Diallo

W

Director General

Executive Assistant to the Director General

Information and Communications Technology Manager (IDRC)
Internal Auditor

Public Awareness Assistant

Deputy Director General for Administration and Finance
Support Services Manager

Personnel Officer

Head of Operations

Purchasing & Supplies Manager

Interim Head of Human Resources and Administrative Services
Mechanical Maintenance Manager

Senior Accountant

Physical Plant Services Manager

Transport Officer ‘

Head of Administration and Support Services

Head of Finance

Senior Accountant

Farm Manager

Deputy Director General for Programs
Policy Support Program Leader
Agronomist/Crop Modeler (Laval University/CIDA)
Soil Agronomist (Visiting Scientist)
Biometrician

Acting Tralning Coordinator**

Crop Modeler (Laval University/CIDA)}
Cropping Systems Agronomist
Agronomist/Breeder (Visiting Scientist)
Molecular Biologist

Production Economist

Documentalist
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Sitapha Diatta Soil Physicist
Koichi Futalcuchi Crop Ecophysiologist
Robert Guei : INGER-Africa Coordinator
Monty P. Jones Rainfed Rice Program Leader
Upland Rice Breeder
Mohamed Kebbeh*® Agricultural Economist (Visiting Scientist, Sahel)
Frédéric Langon® Policy Economist
Nina Lilja** Agricultural Econormist
Guy Manners Information Officer
Kouamé Miézan TIrrigated Rice Program Leader (Sahel)
Irrigated Rice Breeder
Sié Moussa™* Rice Breeder (Visiting Scientist, Sahel)
Marie-Noélle Ndjiondjop* Molecular Biologist
Francis Nwilene* Entomologist
Olurnuyiwa Osiname Interim Coordinator, WARDA Nigeria Station
Kanwar L. Sahrawat Soil Chemist
Fassourma Sanogo* Translator
Yacouba Sére Pathologist
Mémouna Sidi-Touré Translator
Brent Simpson Systems Development and Technology Transfer Program Leader
B.N. Singh** Lowland Rice Breeder
Alssata Sylla Desktop-publishing Assistant
Thomas Teuscher Human Health Project Coordinator
Marco Wopereis Irrigation Agronomist (Sahel)

Collaborating Scientists

Alain Audebert Plant Physiologist (CIRAD)

Olivier Bridt* Associate Medical Entomologist (DGIS)

Niels Hannsens** RADORT Project Coordinator (Winrock International)
Stephan Hafele Associate Agronomist (Sahel, GTZ)

Wilfried Hundertmark Water Management Specialist (IWMI)

Jean-Yves Jamin Inland Valley Consortium Regional Coordinator {Coopération frangaise)
David E. Johnson Weed Scientist (NRY)

Rebecca Kent* Associate Weed Scientist (DFID)

Takeshi Sakurai* Agricultural Economist (JIRCAS)

Satoshi Tobita Physiologist/Molecular Biologist (JIRCAS)

Peirus van Asten Associate Soil Scientist (Sahel, DGIS)

Hideo Watanabe Grain Quality Specialist (JICA)

Peter Windmeijer** Inland Valley Consortium Research Coordinator (SC-DLO)

* Joined in 1999
#* Left in 1999
+ Mory Cissé passed away on 1 January 2000
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Training

Courses Given in 1999

Title and dates Location Language Participants

Male Female Total

Systeins Analysis and Simulation of Rice Production ~ M’bé, Bouaké, English 18 2 20
and Rice—Weed Interactions [Postgraduate course Céte d’Ivoire
of the Department of Theoretical Production (WARDA)
Ecology, Wageningen Agricultural University]
22-30March
Participatory Rice Improvement and Gender/User Yamoussoukro, English, 28 3 3
Analysis Cote d’Ivoire French
19-25 April {Hotel President)
Community-based Seed Production Sérédou, Guinea French, 2 8 M
26-29 April Kissien,
Mandingou

Formation agronomique de base M"bé, Bouaks, French 30 0 30
26-30 Apil Céte d’Ivoire :

(WARDA)
Community-based Seed Production Kindia, Guinea French, 2 6 2
-3 May Peulh,

Soussou

Les techniques de production de riz irrigué Rosso, French 24 1 25
29 May to 10 June Mauritania
Rice Seed Production Techniques, Organization, Ghana (CRI) _ English 17 1 18

Management and Varietal Release Procedures
26 September to 9 October

Total 167 21 186




I e o

Postgraduate Trainees in 1999

Name and thesis topic

Ajayi, Qluyedi Olutomide Clifford*

Pesticide use practices, productivity and farmers’
health: the case of cotton-rice system in Céte d’Ivoire,
West Africa

Akanvou, René

Optimizing rice—legumes intercropping in inland valleys
in West Africa: A systems approach to interspecific
competition

Aluko, Kiodé Gabriel
Genetic studies of soil acidity tolerance in rice

Bousquet, Violaine
Variation de ’enracinement du riz pluvial en fonetion
du cultivar et du type de sol

Cairns, Jill
Root penetration and QTL mapping in upland rice

Clark, Cary
Rural finance systems and related constraints for lowland
rice intensification

Gueye, Talla
Nitrogen use efficiency in irrigated rice

Hiifele, Stephan
Soil fertility management in irrigated rice

Jalloh, Alpha Bella

Genetics of iron toxicity tolerance in indica rice

Keita, Moutar
Criblage de variétés de riz pour la résistance horizontale & la
pyriculariose 4 Bouaké M’bé et & Man (Céte d’Ivoire)

Maji, Alhassan Tswako
Genetics of resistance to African rice gall midge in
Oryza glaberrima

Institution

University of
Hannover

Wageningen
Agricultural
University

Louisiana State
University
Institut National
Polytechnique
de Nancy

University of
Aberdeen

University of

Reading

University of Géttingen
University of Hamburg
University of

Sierra Leone

Ecole supérieure
d’agronomie (ESA),
Yamoussoukro

University of Ibadan

WARDA Annual Report 1999
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Sponsor Degree
GTZ/WARDA PhD>
Netherlands/ PhD
WARDA
Rockefeller PhD
Foundation
CIRAD DEA
DEID PhD
Private/ PhD
WARDA
DAAD PhD
GTZ FhD
ADB MPhil
MESRS/WARDA DAA
Rockefeller PhD
Foundation
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Mandé, Sémon
Assessment of biodiversity in Oryza glaberrima
using microsatellite markers

Masiyandima, Mutsa*
Impact of land use on recharge to shallow groundwater

Ojehomon, Ohifeme
Effects of parboiling, storage, and cultivar management on
rice grain quality

Ouassa, Anne-Marie®
Control of mosquito populations in Gambian rice fields

Soko, Dago Faustin
Variabilité pathologique de quelques isolats du virus de la
panachure jaune duriz (RYMV) de Gagnoa (Cote d’Ivoire)

Somado, Eklon Attiogbévi
Enhancing nutrient cycling in rice-legume rotations
through phosphate rock in acid soil

Timmerman, Henk-Jan™*
The impact of land use intensity on soil degradation

van Asten, Petrus
Salt-related soil degradation in frrigated rice-based cropping
systems in the Sahel

* Completed in 1999

Cornell University

Cornell University
Foundation

University of Ibadan

University of Abidjan/
Institut Pierre Richet

Université de Cocody,

Abidjan

University of
Gittingen

University of
Amsterdam

Wageningen UR

Rockefeller
Foundation

Rockefeller

WARDA

AfDB/WARDA
(Health Consortiurm)

MESRS/WARDA

DAAD

IVC/University
of Amsterdam

DGIS

PhD

PhD

PhD

PhD

DEA

PhD

MSc

PhD
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Publications

Afun, I V.X., D.E. Johnson and A. Russell-Smith, 1999. The effects of weed residue management on pests, pest
damage, predators and crop yield in upland rice in Cote d’Ivoire. Biological Agriculture & Horticulture 17.
47-58.

Afun,].V K., D.E. Jonhson and A. Russell-Smith, 1999. Weeds and natural enemy regulation of insect pests in upland
rice; a case study from West Africa. Bulletin of Entomological Research 89(5): 391-402.

Asch, F., A. Sow and M. Dingkuhn, 1999, Reserve mobilization, dry matter partitioning and specific leaf area in
seedlings of African rice cultivars different in early vigor. Field Crops Research 62: 191-202.

Asch, F., M. Dingkuhn, C. Wittstock and K. Doerffling, 1999. Sodium and potassium uptake of rice panicles as affected
by salinity and season in relation to yield and yield components. Plant and Soil 207: 133145,

Becker, M. and D.E. Johnson, 1999. Rice yield and productivity gaps in irrigated systems of the forest zone of Céte
d’Ivoire. Field Crops Research 60: 201-208.

Becker, M. and D.E. Johnson, 1999. The role of legume fallows in intensified upland rice-based systems of West
Africa. Nutrient Cycling in Agroecosystems 53: 71-81.

Ceuppens, J. and ML.C.S. Wopereis, 1999. Impact of non-drained irrigated rice cropping on soil salinization in the Senegal
River delta. Geoderma 92: 125-140.

Chipili, J., S. Sreenivasaprasad, Y. Séré and N.J. Talbot, 1999. Characterisation of the rice blast pathogen populations
at screening sites in West Africa. In: S. Sreenivasaprasad and R. Johnson (ed.} Major Fungal Diseases of Rice
Present Status and Perspectives. Kluwer Academic, The Netherlands.

Clausnitzer, D.W., M.M. Borman and D.E. Johnson, 1999. Competition between Elymus elymoides and Taeniatherum
caput-medusae. Weed Science 47(6): 720-728,

Coyne, D.L. and R.A. Plowright, 1999. Susceptibility of some cereal crops to cyst nematode Heferodera sacchari
in West Africa. International Rice Research Notes 24(3): 17.

Coyne, D.L., D.E. Johnson, M.P. Jones and R.A. Plowright, 1999. Influence of weeds and rice cultivar on nematode
population densities in lowland rice. International Rice Research Notes 24(1). 25-26.

Coyne, D.L., R.A. Plowright and B. Fofana, 1999, Observations on the susceptibility of Oryza sativa and resistance
of Oryza glaberrima to the cyst nematode (Heterodera sacchari) and the influence of weed management in
upland rice in Ivory Coast. International Journal of Pest Management 45(4): 255-258.
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Coyne, D.L., R.A. Plowright, J. Twumasi and D.J. Hunt, 1999. Prevalence of plant parasitic nematodes associated
with rice in Ghana with a discussion of their importance. Nematology 1(4): 399-405.

Coyne,D.L., B. Thio, R.A. Plowrightand D.J. Hunt, 1999. Observations on the community dynamics of plant parasitic
nematodes of rice in Cote d’Ivoire. Nematology 1(4): 433-441.

Dingkuhn, M. and F. Asch, 1999. Phenological responses of Oryza sativa, O. glaberrima and inter-specific rice
cultivars on a toposequence in West Aftrica. Fuphytica 110: 109-129,

Dingkuhn, M., A. Audebert, M.P. Jones, K. Etienne and A. Sow, 1999. Control of stomatal conductance and leafrolling
in O. sativa and O. glaberrima upland rice. Field Crops Research 61: 223-236.

Dingkuhn, M., D.E. Johnson, A. Sow and A.Y. Audebert, 1999. Relationships between upland rice canopy
characteristics and weed competitiveness. Field Crops Research 61: 79-95.

Dionisio-Sese, M.L., M. Shono and S. Tobita, 1999, Effects of proline and betaine on heat inactivation of ribulose-
1,5-bisphosphate carboxylase/oxygenase in crude extracts of rice seedlings. Photosynthetica 36(4): 557
563.

Donovan, C., M.C.S. Wopereis, D. Guindo and B. Nébié, 1999. Soil fertility management in irrigated rice syétems in
the Sahel and Savanna regions of West Africa. Part 11. Profitability and risk analysis. Field Crops Research
61:147-162.

Duale, A.H. and K.F. Nwanze, 1999. Incidence and distribution in sorghum of the spotted stem borer Chilo partellus
and associated natural enemies in farmers’ fields in Andhra Pradesh and Maharashtra states. Infernational
Journal of Pest Management 45(1): 3-7.

Hifele, S., M.C.S. Wopereis, P. Boivin and A M. Ndiaye, 1999. Effect of puddling on soil desalinization and rice
seedling survival in the Senegal River delta. Soil and Tillage Research 51: 35-46.

Harris, K.M., C.T. Williams, O. Okhidievbie, J. LaSalle and A. Polaszek, 1999. Description of a new species of
Orseolia (Diptera: Cecidomyiidae) from Paspalum in West Africa, with notes on its parasitoids, ecology and
relevance to natural biological control of the African rice gall midge, O. oryvzivora. Bulletin of Entomological
Research 89; 441-448.

Ishii, R. and K. Futakuchi, 1999. Report on the recent research activities and achievement in West Africa Rice
Development Association (WARDA). International Cooperation of Agriculture and Forestry 22(3): 20-24.

Jagtap, S., F.J. Abamu and Kling, 1999. Long term assessment of nitrogen and variety technology on attainable maize
yields in Nigeria using CERES-maize. Agricultural Systems 60(2): 77-86.

Johnson, D.E., M.P. Jones, T. Dalton and M. Dingkuhn, 1999. Rice plant types for areas of low-input management in
West Africa. 19th Session of International Rice Commission, 7-9 September 1998, Cairo. FAQ, Rome, Italy,
pp. 205-210.
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Johnson, D.E., M.P. Jones and M.C. Mahamane, 1999. Screening for weed competitiveness among selection of rice
in West Africa. Weeds (1-3): 963-968.

Jones, M.P., 1999, Food security and major technological challenges: the case of rice in Sub-Saharan Africa.
Japanese Journal of Crop Science 67 (extra issue 2): 57-64.

Jones, M.P., 1999. Basic breeding strategies for high vielding rice varietics at WARDA. Japanese Journal of Crop
Science 67 (extra issue 2): 133-136.

Jones, MLP., 1999, Food security and major technological challenges: the case of rice in sub-Saharan Africa. In:
Proceedings of the International Symposium “World Food Security,” Kyoto. Pp. 57-64.

Jones, M.P. and B.N. Singh, 1999. Basic breeding strategies for high yielding rice varieties at WARDA. In:
Proceedings of the International Symposium “World Food Security,” Kyoto. Pp. 133-136.

Jones, M.P., K.F. Nwanze, K.M. Miezan, B.N. Singh and R. G. Guei, 1999. Rice germplasm evaluation and
enhancement at WARDA. In: IN. Rutger, J.F. Robinson and R.H. Dilday (ed.) Proceedings of the
International Symposium on Rice Germplasm Evaluation and Enhancement. Arkansas Agricultural
Experiment Station. Pp. 29-37.

Li,C.,S. Yanagihara, .H. Somantri, Y. Zhang, T. Nagamine, K. Iseand S. Tobita, 1999, Selection and characterization
of MNU-induced salt-tolerant mutants from a sensitive rice variety (Oryza sativa L. cv. Hitomebore). In:
Abstracts of the General Meeting of the International Program on Rice Biotechnology, 20-24 September
1999, Phuket, Thailand, pp. 168.

Lorieux, M., M.-N. Ndjiondjop and A. Ghesquiére, 1999. A first interspecific Oryza sativa x O. glaberrima
microsatellite-based genetic linkage map. Theoretical and Applied Genetics 100: 593-601.

Miézan, K., M.C.S. Wopereis and C. Donovan, 1999. Technology transfer through partnerships:
WARDA’s experience with irrigated rice in the Sahel. Entwicklung und laendlicher raum (99/4). 30—
32. ,

Narteh, L.T. and K.L. Sahrawat, 1999. Influence of flooding on electrochemical and chemical properties of West
African soils. Geoderma 87: 179-207.

Ndjiondjop, M.-N., L. Albar, D. Fargette, C. Fauquet and A. Ghesquiére, 1999. The genetic basis of high resistance
to rice yellow mottle virus (RYMYV) in cultivars of the two cultivated rice species. Plant Disease 83: 22-24.

Nwilene, F.E., 1999, Current status and management of insect vectors of rice yellow mottle virus (RYMV) in Africa.
Insect Science and its Application 19(2/3): 179-185.

Owusu Nipah, J., O. Safo-Kantanka, M.P. Jones and B.N. Singh, 1999. Genetics of tolerance for iron toxicity in rice.
International Rice Research Notes 24(1): 11.

Oyediran, 1.O. and E.A. Heinrichs, 1999. Seasonal abundance of rice-feeding insects and spiders in confinuously
cropped lowland rice in West Africa. Insect Science and its Application 19(2/3): 121-129.
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toposequence in a West African inland valley. fusect Science and its Application 19(2/3): 109-119.

Plowright, R.A., D.L. Coyne, P. Nash and M P. Jones, 1999. Resistance of the rice nematodes Heterodera sacchari,
Meloidogyne graminicola and M. incognita in Oryza glaberrima and O. glaberrima X O. sativa interspecific
hybrids. Nematology 1(7-8). 745-751.

Sahrawat, K.L., 1999. Phosphate sorption in benchmark Vertisol and Alfisol profiles. Journal of the Indian Society
of Soil Science 47: 144-146.

Sahrawat, K.L., 1999. Assessing the fertilizer phosphorus requirement of grain sorghum. Communications in Soil
Science and Plant Analysis 30{11&12): 1593-1601.
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conditions in West Africa. International Rice Research Notes 24(2): 30.
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Vertisol. Nutrient Cycling in Agroecosystems 54: 93-97.
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Teuscher, T., 1999. The effects various livestock farming systems have on the environment. The case of humid tropics
and subtropics. Agricultural and Rural Development 6(1): 52-54.
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Consortium “Santé” ADRAQO, OMS-TEAE, CRDI, DANIDA, Gouvernement norvégien, 1999. ADRAO/
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Abbreviations and Acronyms

ADRAO : Association pour le développement de 1a riziculture en Afrique de 1°Quest (French name of WARDA)

AfDB African Development Bank

AMVS Autorité de mise en valeur de 1a vallée de Sourou (Burkina Faso) [Sourou Valley extension service]

BMZ Bundesministerium fiir Wirtschaftliche Zusammenarbeit (Germany)

Ca calcium

CABI Centre for Agriculture and Biosciences International (United Kingdom})

CBSS community-based seed (production) system(s)

CCER Center-Commissioned External Review

CEMV Centre universitaire de formation en entomologie médicale et vétérinaire (Cdte d’Ivoire)

CFC Common Fund for Commodities [donor]

CG Consultative Group on International Agricultural Research

CGIAR Consultative Group on International Agricultural Research

CIAT Centro Internacional de Agricuitura Tropical

CIDA Canadian International Development Agency

CIRAD Centre de coopération internationale en recherche agronomique pour le développement (France)

CNRA Cenire national de recherche agronomique (Cote d’Ivoire)

CNRADA Centre national de recherche agronomique et de déveleppement agricole (Mauritania)

CORAF Conseil Quest et Centre afticain pour la recherche et le développement agricoles (formerly, Conférence des
responsables de la recherche agronomique africaine)

CRDI Centre de recherche pour le développement international (French of IDRC)

CRF Competitive Research Funds (DFID)

CRI Crops Research Institute (Ghana)

CSSA Crop Science Society of America

CTA Technical Centre for Agricultural and Rural Cooperation (the Netherlands)

cv. cultivar

DAA Dipléme d’agronomie appliquée

DAAD Deuischer Akademischer Austauschdiensi

DANIDA Danish International Development Agency

DEA Diplome d’études approfondies (degree)

DEAP Département d’épidémiologie des affections parasitaires (Mali)

DFID Department for International Development (formerly ODA, UK)

DGIS Directorate General for International Cooperation (The Netherlands)

ECA Economic Commission for Africa (UN)

ECSA Eastern, Central and Southern Africa

ed. editor(s)

EPMR External Program and Management Review

FAO Food and Agriculture Organization of the United Nations

FDCIC Fonds de contrepartie ivoiro-canadien

GFAR Global Forum for Agricultural Research

GTZ Gesellschaft fiir Technische Zusammenarbeit (Germany)

e |
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HHC Human Health Consortium (WARDA)
HRI Horticultural Research International (UK)
IAEG Impact Assessment and Evaluation Group (CGIAR)
IARC international agricultural research center (CGIAR)
IDC Information and Documentation Center (WARDA)
IDRC International Development Research Centre (Canada)
IFAD International Fund for Agricultural Development
IFDC International Fertilizer Development Corporation
IHP Interspecific Hybridization Project (WARDA)
HTA International Institute of Tropical Agriculture (Ibadan, Nigeria)
INERA Institut de I’environnement et de recherches agricoles (Burkina Faso)
INGER Intemnational Network for the Genetic Evaluation of Rice
1PR Institut Pierre Richet (Cdte d’Ivoire)
IRD Institut de recherche pour le développement (formerly ORSTOM, France)
IRRI International Rice Research Institute (Los Bafios, The Philippines)
ISBN International Standard Book Number
ISNAR International Service for National Agricultural Research (The Hague, The Netherlands)
vC Inland Valley Consortium (WARDA)
ITWMI International Water Management Institute
JICA Japan International Cooperation Agency
JIRCAS Japan International Research Center for Agricultural Sciences
K potassium
LSD least significant difference
MAFF Ministry of Agriculture, Forestry and Fisheries (Japan)
MARA Mapping malaria Risk in Africa
MESRS Ministére de I’enseignement supérieur et de la recherche scientifique (Cote d’Ivoire)
Mg magnesium
MOFA Ministry of Foreign Affairs of Japan
MPhil Master of Philosophy (degree)
MSc Master of Science (degree)
MTP Medium-Term Plan
N nitrogen
NARS national agricultural research systemys)
NERICA New Rice for Aftica
NGO non-governmertal organization
NRI Natural Resources Institute (UK}
OCCGE Organisation de Coordination pour la lutte Contre les Grandes Endémies (Céte d’Ivoire)
ocp _ Organizational Change Program
ODA Overseas Development Administration (now DFID, UK)
OMS-TEAE Organisation mondiale de la santé - Tableau mixte d’experts sur I’aménagement de [ environnement pour la lutte
antivectorielle (French of WHO-PEEM)
ORSTOM Institut frangais de recherche scientifique pour le développement en coopération (now IRD, France)
P phosphorus
p./pp. page(s)y/pages _
PAGE polyacrylamide gel electrophoresis
PEEM Joint Panel of Bxperts on Environmental Management for Vector Control (WHO/FAO/UNEP/UNCHS)
PhD Doctor of Philosophy (doctorate}
PRIGA Participatory Rice Improvement and Gender/User Analysis (WARDA)
PVS participatory varietal selection
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QTL(s)
RADORT
RFLP
ROCARIZ

R-to-I»
RYMV
SARA
SC-DLO
SONADER
subsp.
TCDC

TSP

UK

UN

UNDP

us

USA
USAID
WARDA
WCA
WECARD
WHO
WHO-PEEM

YAAS
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quantitative trait locus (loct)

Research on Accelerated Diffusion of Rice Technology (WARDA/Winrock International project)
restriction fragment length polymorphism

Reseau Ouest et Centre africain du riz (WARDA/CORAF Rice Research and Development Network for West
and Central Africa)

research-to-developrment

rice yellow mottle virus

Salon intemational de ’agriculture et des ressources animales

Winand Staring Cenire for Integrated Land, Soil and Water Research (Wageningen, the Netherlands)
Société nationale pour le développement rural (Mauritania)

subspecies

Technical Cooperation among Developing Countries (UNDP)

triple supetphosphate

United Kingdom

United Nations

United Nations Development Programine

United States

United States of America

United States Agency for International Development

West Africa Rice Development Association

West and Central Africa

West and Central African Council for Research and Development (English of CORAF)

World Health Organization

World Health Organization Panel of Experts on Environmental Management for Vector Control

Yunnan Academy of Agricultural Sciences {China)
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About the Consultative Group on International Agriculiurq! Research (CGIAR)

The Consultative Group on International Agricultural Research (CGIAR) was founded in 1971 as a global endeavor
of cooperation and goodwill. The CGIAR’s mission is to contribute to food security and poverty eradication in
developing countries through research, partnership, capacity building and policy support, promoting sustainable
agricultural development based on the environmentally sound management of natural resources. The CGIAR works
to help ensure food security for the twenty-first century through its network of 16 international and autonomous
research centers, including WARDA. Together, the centers conduct research on crops, livestock, fisheries and forests,
develop policy initiatives, strengthen national agricultural organizations, and promote sustainable resource manage-
ment practices that help provide people world-wide with better livelihoods.

_ The CGIAR works in partnership with national governmental and non-governmental organizations, universities
and private industry. The United Nations Development Programme, the United Nations Environment Programme, the
World Bank, and the Food and Agriculture Organization of the United Nations sponsor the CGIAR. The CGIAR’s 57
members include developing and developed countries, private foundations, and intemational and regional organiza-
tions. Developing world participation has doubled in recent years. All members of the OECD (Organisation for
Economic Co-operation and Development) Development Assistance Committee belong to the CGIAR.

The CGIAR is actively planning for the world’s food needs well into the twenty-first century. It will continue
to do so with its mission always in mind and with its constant allegiance to scientific excellence.

CGIAR Centers

CIAT Centro Internacional de Agricultura Tropical (Cali, Colombia)

CIFOR Center for International Forestry Research (Bogor, Indonesia)

CIMMYT Centro Internacional de Mejoramiento de Maiz y Trigo (Mexico, DF, Mexico)

crp Centro Internacional de la Papa (Lima, Peru)

ICARDA International Center for Agricultural Research in the Dry Areas (Aleppo, Syria)
ICLARM International Center for Living Aquatic Resources Management (Penang, Malaysia)
ICRAF International Centre for Research in Agroforestry (Nairobi, Kenya)

ICRISAT International Crops Research Institute for the Semi-Arid Tropics (Patencheru, India)
IFPRI International Food Policy Research Institute {Washington, DC, USA)

IITA International Institute of Tropical Agricuiture (Tbadan, Nigeria)

ILRI International Livestock Research Institute (Nairobi, Kenya)

IPGRI International Plant Genetic Resources Institute (Rome, Italy)

IRRI International Rice Research Institute (Los Baiios, Philippines)

ISNAR International Service for National Agricultural Research (The Hague, Netherlands)
TWMI International Water Management Institute (Colombo, Sri Lanka)

WARDA West Africa Rice Development Association (Bouaké, Cote d’Ivoire)



