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FOREWORD

The three major events which dominated WARDA'S calendar of activities in 1992 were the
completion and occupation of the Association’s Main Research Center and Headquarters at M°bé in
Cote d'lvoire, the external review of WARDA'S programs and management by a panel of experts
appointed by the Technical Advisory Committee (TAC) of the Consultative Group on International
Agricultural Rescarch (CGIAR ). and the development of proposals for WARDA's second
Medium-Tenn Plan (MTP) for the period 1994-98,

The construction of the first phase of the research facility was completed on schedule in February
1992, and occupied in May . contributing significantly 1o the efficient implementation of the 1992
program of work. The research complex consists of well-equipped laboratories, offices and basic
infrastructural support facilities for our research farm. Good progress was also made in the execution
of WARDA s Tong-term master land use plan.

The first two activities relating to WARDAs third External Program and Management Review
(EPMR). namely the review of the Board of Trustees by the external review panel and the initial
phase of the EPMR, were held in April and August 1992 respectively. The main and final phase was
scheduled for January 1993, In line with the decision by the CGIAR to harmonize the implementation
of the second MTPs tor all its 18 centers, it was agreed that WARDAS tirst MTP (1990-94) would
terminate in 1993, This new timetable meant that certain critical decisions had to be made by the
Board and management on the content of tne 1992 and 1993 programs and their effect on the
program for 1994, WARDAs programs and management were therefore subjected to an in-depth
internal review in April 1992 in preparation for the EPMR and for the formulation of proposals for
the second MTP. These propesals were completed in December in time tor consideration by the
external review panel and the TAC Working Group assigned to WARDA for preliminary discussions
on the proposiis.

Severe budgetary constraints resalted in the modification of the scale and dimensions of the programs
originally proposed for 1992, Management therefore effected appropriate adjustments 1o ensure
continuity of the programs implemented in 1991 and 1o protect the integrity of programs proposed in
the first MTP.

In 1992, WARDA consolidated its efforts to develop an innovative program of partnership with its
national program collcagues. These initiatives calminated in the establishment of tour new Regional
Task Forces for collaboration in the development of technologies which would increase sustainable
rice production in West Africa. Sixteen countries participated in these Task Foree activities to
implement collaborative projects in upland and lowland rice breeding for the continuum environment.,
irrigated rice improvemenit for the Sahel and integr: ted pest management. The activities were jointly
planned. prioritized and executed as fully integrated regional research programs. The participation of
national scientists in these activities was supported by small grants specifically provided by
WARDAs donors.

WARDA continued its etforts in 1992 to integrate the key components of its research, training and
communications activities in a m-nner that would ensure not only pregress in technology generation
but also the development of the human resources of its national program partners. Thus., there was an
increase in the number of reseaich scholars conducting research at WARDA s tield locations.

The loss of WARDAs Training Center in Liberia. coupled with the budgetary constraints which
fimited recruntment of interational-level training specialists, led to the suspension of training



activities in 1991, In 1992, WARDA continued with its itinerant training strategy initiated in 1990 in
member countries, in partnership with national scientists. This approach allowed these scientists to
participate fully in the design and implementation of training courses, ensuring that the orientation of
these courses addressed their needs. National scientists also served as resource persons and their
course notes were utilized extensively to develop training manuals.

In the area of communications, WARDAs selective dissemination of information (SDI) service was
strengthened in 1992 to enable the Association to target literature to specific user needs throughout
West Africa. The document delivery and literature search services to national programs were
expanded considerably in an effort to satisly the increased deniand for information from rice scientists
and other agricultural rescarchers in the region.

This Annual Repori provides details and summaries of all the activities outlined above. including
reports on on-going research activities in the continuum, Sahel and mangrove swamp rice production
systems and on progress in our training and communications programs. [t also contains a teature
article which presents details of the main results and conclusions from WARDA s research on salt
tolerance of rice varieties grown under irrigated conditions in the Sahel.

On behalf of the Board of Trustees. management and staft, it gives me great pleasure 1o present
WARDA's 1992 Annual Report. [ take this opportunity to express our sincere appreciation to our
donors for their continued strong financial and moral support. | would also like to thank all
WARDA's national, regional and international partners for their important contributions to the
progress achieved in 1992, T expect and hope that the activities described in this report, and the
technical and scientific knowledge generated through those activities, will significantly enhance our
collective efforts to achieve sustainable food production in sub-Saharan Africa.

Eugene R. Terry, PhD (Hlinois)
Director General
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About WARDA

The West African Rice Development Association {tWARDA) WARDA's goal is to strengthen West Africa’s apability in
is an intergovernmental research association with a mandate the science, technology and socio-cconomics of rice

to conduct rice research, training and conimunications production. Through these efforts, it is envisaged that the
activities tor the benetit ot the West African region. Formed livelihood of the small farm family can be sustained and

in 1971 by 11 countries with the assistance of the UNDP, improved, opportunities for rural employment tncreased and
FAO and ECAL WARDA now consists of 17 member prospects for food security enhanced.

countries, including Cameroon which joined in 1991,

WARDA is s member of the network of 1% international The Headquarters of WARDA are in M'bé. Corne d'Ivoire,
agricultural research centers supported by funds from donors WARDA maintains regional research sites near St Louis in
of the CGIAR Senegal. at Rokupr in Sierra Leone and at Ibadan in Nigeria,

WARDA's Main Research Center and
Headquarters at M'bé, Céte d'lvoire

Donors
African Development Bank (AfDB) Member States in West Africa
Belgium Benin
Cunada Burkina Faso
Deutschie Geselischatt fiir Technische Cameroon
Zusammenarbeit (GTZ) Chad
European Economic Community (EEC) Cote d'voire
France Ghana
Germany Guinca
Internaticnal Development Research Centre (IDRC) Guinea-Bissau
Raly Liberia
Japan Mali
Rockefeller Foundation Mauritania
Swedea Niger
The Netherlands Nigeria
United Kingdom Senegal
United Nations Development Programme (UNDP) Sierra Leone
United States of America The Gambia

World Bank Togo



http:tcchnmo.lg

Council of Ministers

Minister for Scientific Research and Professional and
Technical Education (Chairman)
Abidjan, Republic of Cote d’lvoire

Minister for Rural Development and Cooperatives
Cotorou, Republic of Benin

Minister of Secondary and Higher Education and Scientific
Research
Quagadougou. Burkina Faso

Minister for Scientific and Technical Research
Yaounde. Republic of Cameroon

Minister of Agriculture
N 'Djamena, Republic of Chad

Minister of Agriculture
Banjul. Republic of The Gambia

The PNDC Secretary for Agricutture, Ministry of Agriculture

Accra, Republic of Ghana

Mirister of Agriculture and Animal Resources
Conakry. Republic of Guinea

Minuster of Rural Develonment
Bissau, Republic of Guinea-Bissau

Minister of Agriculture
Monrovia, Republic of Liberia

Minister of Agriculture
Bamako. Mali

Minister of Rural Development
Nouakchott, Istamic Republic of Mauritania

Minister of Agriculture and Anintal Resources
Niamey, Republic of Niger

Minister of Agriculture and Natural Resources
Abuja, Federal Republic of Nigeria

Minister of Rural Development and Water Resources
Dakar, Repubiic of Senegal

Minister of Agriculture, Natural Resources and Forestry
Freetown, Republic of Sierra Leone

Minister of Rural Development
Lomé, Republic of Togo

Board of Trustees

Protessor Dr H.C. Weltzien (Chairman until April 1992)
79 Kaufmannstrasse, 5300 Bonn, Germany

Mr R.J. Audet
Vice President (Resources), IDRC,
P.O. Box 8500, Ottawa, Ontario K1G 3HY. Canada

Mr H. Cursalade (Chairman from April 1992)
Director General, CIRAD,
42 Rue Schefter, 75116 Pans, France

Dr W.R. Coffman

Professor, Plant Breeding and International
Agriculture,

252 Emerson Hall, Cornell University, lthaca,

New York 14853, USA

Dr: L.O. Fresco

Department of Tropical Crop Science, Agricultural
University of Wageningen,

P.O. Box 341, 6700 AH Wageningen, The Netherlands

Mr A. Kouassi
s/c du Ministere de la Recherche Scientifique.,
Abidjan. Cote d’Ivoire

Dr S.Z. Morris
Subah-Belleh Associates,
P.O. Box 10-2711, 1000 Monrovia, Liberia

Mr M. Sedogo
Director General, CNRST.
BP 7047, Ouagadougou. Burkina Faso

Mr M.S. Sompo-Ceesay (Vice Chairman)
Assistant Director of Agriculture (Research).
Department of Agriculture, Cape St Mary, The Gambia

Dr D.N. Srivastava
Emeritus Scientist,
TARI Campus. Pusa, New Delhi 110012, India

Professor T. Takeda
3-9-11, Mizutani, Higashiku, Fukuoka 813, Japan

Mr B. Traoré
Director General, BNDA,
BP 2424, Bamaka, Mali

Dr E.R. Terry
Director General, WARDA,
(1 BP 2551, Bouaké (1, Cote d'Ivoire
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Calendar of Events in 1992

January
6-31
15-18
20-21
22
28

February
12
14
19-20
26

March
2-30

12-22

April

May
37

46

4-13
11-12

12
14

16-22

21

Training course: Computer applications and
statistical analysis in agriculturat research, ICRISAT,
Niamey, Niger

Director General attends CG!AR Strategy
Formulation meeting in London, UK

Lowland Breeding Task Force meeting. Ibadan.
Nigeria

Meeting of the Steering Committee of the Upland
Rice Breeding Task Force, tbadan. Nigeria

Nigerian Ambassador to Cote d'lvoire, H.E. J. Coker,
visits WARDA

Estates Committee meeting, M'bé and Bouake
Tenders Committee meeting (No. 22). Bouake
Integrated Pest ManagementTask Force meeting.
Bouaké

Reception Provisoire of the Main Research Center
and Headguarters, M'bé

Training course: Water and irngation manage-

ment for rice production. Quagadougou. Burkina Faso
Program Management Co:nmittee meeting, Bouahé
Director General attends TAC meeting (No. 57).
Aleppo. Syna

Director General attends UN‘World Bank/FAQ
sponsored Special Briefing. New York, USA
EFMR Consultant, Dr Ralph Riley, underiakes
country visits

Internal Prog-am Review and In-House Roview
Meetings of the Board of Trustees Program,
Nominating and Executive Commitiees, Bouaké
Integrated Pest Management Steering Commitiee
meeting. Bouaké

Inter-Center Rice Review Chairman, Dr Grant
Scobie, visits WARCA

WARDA/NARS seminar: Human resources
development for rice science in West Africa, M'bé
Training Working Group meeting, M'bé

Office of the Director General moves to M'bé
Developrient Officer moves to Mbé

Crop and Resource Development Working Group
meeting. Banjul, The Gambia

Mayor of Bouakeé visits M'bé

Ivorian Minister for Scientific Ressarch and
Professional and Higher Education visits WARDA,
accompanizad by representatives of Ministers

of Agriculture, Environment, Construction and
Urbanism, and Communications

Office cf the Director of Administration and Finance
moves to Mbé

Office of the Director of Research moves to M'bé

June
1-29

5

19
22-29

24-27

29-11 July

July
510
13-7 August
22-24
August
6-11
17-18
12-23
September
34
7-14
7-14
18
20-25
24
28-29
October
5

12-15
26-30

November
15-20
16-28
24

December
7

9-13

Training course: Training of agricultural trainers.
Cotonou, Benin

Office of the Director of Training and Communications
moves to M'bé

Continuum Program moves to Mbe

Director General attends TAC meeting (No. 58),
Rome, Italy

Director of Training and Communications attends
closing stages of Training of agricultural trainers
course. Cotonou, Benin

Director of Training and Communications attends
CGIAR Senior Management Development Course. USA

Director General visits AVRDC in Taiwan
Traiiing course: Crop protection in rice, Bouake
CGIAR Senior Finance Officer visits WARDA

EPMR: initial phase at WARDA

CGIAR Chairman and Executive Secretary visit
WARDA

EPMR: field visits to WARDA member states

Japanese scientists visit WARDA

Training course: Upland rice production, Bouake
Director of Agricultural Research, Caireroor, and

the Coordinator of the Cameroon Rice Program

visit WARDA

Director of Administration and Finance. Gordon
MacNeil, leaves WARDA

Director General and Director of Research make
official visit to Cameroon

British Ambassador to Cote d'lvorre, H.E. M.!. Rothwell,
visits WARDA

Varietal Improvement Working Group meeting, Ibadan,
Nigeria

Experts from the AICAF. Japan., visit WARDA

Director General visits BMZ, GTZ and ATSAF, Germany
Director General and Director of Research attend
International Centers Week, Washington DC, USA

Director General attends 13th SPAAR Plenary
Session. The Hague. The Netherlands

Training course Scientific writing for agricultural
research scientis!s Yamoussoukro, Cote d'lvoire
Program Management Committee meeling, Bouaké

Deputy Director. Industrial Cooperation, Ministry of
Agriculture. Japan. Mr K Sakata, visits WARDA
Director General visits Sierra Leone on behalf

of the EEC




RESEARCH’

OVERVIEW
Peter Matlon

As 1992 came to a close, WARDA'S research scientists could
take satistaction in the manner with which they had worked
together as team not only to expand and aceelerate their
research efforts but also to meet three particular challenges
they had faced during the year, The first was to initiate
collaborative research through the newly formed Task Forees;
the second was 1o prepare for the External Progam and
Management Review (EPMR): and the third was to develop
the 1994-98 Medium-Term Plan (MTP). The MTP retlects
the importance WARDA attaches to fostering regional and
internationai collaborstion in the development of
technologies which will increase sustainable rice production
in West Atfrica.

Task Force Initiatives

Task Forces are the key mechanism through which WARDA
works with scientists in national programs 1o jointly plan and
execute fully integrated regional research programs in arcas
of mutual interest. The priorities for collaborative activities
are determined by national scientists,

Four Task Forces were formed in 1092 thiee in the
Continuum Program (the Upland Rice Breeding Task Foree,
the Lowland Rice Breeding Task Foree and the Integrated
Pest Management Task Foree) and one in the Sahel Program
tthe Sahel Irrigated Rice Improvement Task Foree). At the
planming workshops. the importance of production constraints
and rescarchable problems were evaluated country by country
and aggregated to the regional level. The ability of institutions
participating in the Task Forees 1o address the major regional
prablems were critically evaluated and responisibilitios were
assigned based on comparative advantage. National scientists
then developed project proposals within the contest ¢f these
assignments. The proposals were reviewed by Tash Foree
Steering Committees chaired by national scientists. For all
approved projects, the Task Forees awarded small grants 1o
help national programs conduct activities which had the
potential to make a significant impact on the region.

Sixteen countries participated in Task Foree activities in
1992, A total of 59 collaborative projects henetiting from
Task Force support were conducted by national scientists.
Table I summarizes the Task Forees activities in 1992,

Table 1 NARS/WARDA Task Forces, 1992
First year No. of WARDA Projects supported
Task Force active countries b, small grants Research priorities
Mangrove Swamp 1991 6 20 Varietal tolerance to saline and acid soils
Rice High and stable yields
Consumer accentability
Upland Rice 1992 14 8 Varietal tolerance to drought. acid soils, rice blast and weeds
Breeding High and stable yields
Consumer acceptability
Lowland Rice 1992 13 9 High and stable yields
Breeding Varietal tolerance to waterlagging. submergence, iron toxicily, rice
blast. rice yeliow mottle virus and African rice gall midge
Censumer acceptabiity
Integrated Pest 1992 12 13 Rice blast
Management Rice yellow mottle virus
Stem borers
African rice gali midge
Sahel Iricated 1992 7 9 High yield potential

Rice Improvement

Varietal tolerance to extreme temperatures and salinity

RESEARCH
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External Program and Management Review
and Medium-Term Plan

The EPMR began with an initial visit by the external review
panel in August 1992 10 WARDA research locations in Cote
d'lvoire, Nigeria, Senegal and Sierra Leone, as well as to
national programs in those countries and in Burkina Faso. All
scientists participated in preparing presentations and drafting
documents requested by the panel.

The Rescarch Division took advantage of the timing of the
EPMR to conduct aav internal review and to advance our on-
going program planning. An planning document, *Project,
Sub-Project and Activity Summaries”, was produced after a
thorough review and restructuring of research projects in the
Continuum and Sahel Programs. The aim of this restructuring
exercise was to achieve greater interdisciplinarity in all our
rescarch activities and to emphasize priority resource and

crop management issues. The document also gave more
accountability 10 WARDA's rescarch by specitying
measurable outputs for all research activities year by year,
through to 1995, The accent on accountability was
strengthened by the production of a companion study which
established research targets and quantified their potential
impact on production, through to 1998, Both documents will
be used extensively as reterence points against which research
progress will be measured.

In addition to meeting the needs of the review panel and
catalyzing the on-going internal review process., the papers
which were prepared for the EPMR were also designed 1o
contribute directly to the development of WARDA's 1994-98
MTP. A first complete draft of the MTP was available for
review by a Technical Advisory Committee (TAC)

Working Party in December and by the EPMR panel in
January 1993,



SALT TOLERANCE OF RICE VARIETIES UNDER
IRRIGATED CONDITIONS IN THE SAHEL

M. Dingkuhn, F. Asch and K. Miézan

Soil and water salinity are important constraints to irrigated
rice production in the Sahel. Atthough only a few Sahelian
environments are inherently saline because of their proximity
1o the sea. most irrigation schemes in the region tend to
accumulate critical concentrations of salt in the topsoil,
particularly if drainage is poor.

Lysimetric studies at WARDA's rescareh sites in the Sahel
show that evapotranspiration from rice plots is 7-10 and
10-13 mm/day during the wet and the hot-dry seasons,
respectively. Percolation is poor in the heavy soils of the
region (< I mm/day) and rainfall is low (100-660 mm/ycar,
usually with no rainfall in the dry season). If topsoil
sahinization is to be prevented. salt imported through
irrigation water must he drained off. Salinization is also
caused by the rise of a saline ground water table under
irrigation. Salinity stress is sometimes compounded by
alkalinity due to the accumulation of sodium bicarbonate or
by acid sulfaic.

Severe salinization can be prevented if appropriate irrigation
systems are in place and farmers follow recommended
practices. In many systems, however, topsoil and tloodwater
salinity tend to remain high, particularly in village-level
systems where drainage is poor, Small- 1o medium-scale
systems are becoming increasingly conumon in several
Sahelian countries because of reduced state intervention and
increased private sector involvement in rice production
schemes: however, these systems tend to be characterized by
sub-optimal water control and plot leveling, and instead of
deep drainage at the end of the season, the floodwater is
simply evacuated from the field. While this practice is usually
appropriate for controlling progressive salinization, it is often
associated with transient salinity Ievels which are harmful to
salt-susceptible varieties, Under arid conditions. a floodwater
electric conductivity (EC) of 1-3 mS/em can significantly
aftect rice yieids, unlike the situation in monsoonal climates
where such EC fevels are considered sub-critical,

Research on rice salt tolerance began ot WARDA in 1990, It
is based on physiological ficld experiments, varietal selection,
and hybridization at the rescarch farm at N'Diaye in the
Senegal river delta. In-depth physiological studies arc being
conducted in collaboration with the Univeristy of Hamburg,
Germany. WARDA is collaborating with NARS in the Suhel
to develop improved plot-level technologies which will
control salinization and soil degradation. Recent studies
conducted by WARDA on small- and medium-scale

irrigation systems have yielded new approaches in the effort
1o improve village-level rice production systems.

Research approach

The sustainable control of salinity in the Sahel should include
at least two technology components:

e water management practices at both the irrigation scheme
and plot levels which allow for the removal of salt
imported with ‘rrigation water

¢ high yielding varicties thai tolerate moderate salinity
without significant losses in grain yield and guality

Varieties should also show tolerance to extreme temperitures,
appropriate duration under the thermal and photoperiodic
conditions of the Sahel. and adaptation to the hot, dry winds
(the Harmattan) which oceur in the dry season. The twe most
salt-susceptible growth stages, seedling and heading, usually
oceur in difterent climatic periods. The dry-season crop is
exposed initially to cold air and water, whereas the
reproductive stage is affected by winds with temperatures of
up 1o 50°C. Since climatic and salt stress interact
physiolegically. an integrated research approach is required to
study their effects on the performance of rice varieties in
Sanelian conditions.

The combination of salt telerance with climatic stress
tolerance is a complex phenomenon. Our approach was 1o
characterize the component morpho-physiological and genetic
traits and to selectively combine them. Among the
determinants of salt tolerance are plant uptake and transport
of cations, particularly K* and Na*. These processes are
governed partly by physiological root properties but are
modulated by the crop’s transpiration rate. The latter depends
on water status, stomatal regulation and climatic parameters.
Salt tolerance also depends on the efficient removal of excess
salt from plant organs, and jon and osmotic stress wlerance
in young tissues. The focus of the study described here was
on plant ion relationships, morphology, water status and the
regulation of leal gas exchange.

The materials characterized tor salt tolerance were
simultancously but separately characterized for thermal
dependency of crop duration, adverse temperazure tolerance
and yicld potential. Based on this information, key traits were
identified and are now being analyzed genetically, using

RESEARCH
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diallet crosses ol selected materials. During this process,
pazents are being identified tor a hybridization program aimed
at devetoping germplasm well adapted to Sahel conditions.,
Introduced materials with good performance are also being
icentificd, using the same evaluation process: they are then
tested throughout the region tor possible r:lease by national
programs,

The specific objectives of our study can be summarized thus:

* 1o identfy and characterize physioclogical mechanisms and
component traits contributing to salt tolerance under
Sabelian climatic conditions

+ todetermine the salt tolerance of materials adapted to the
Saheliun climaie

* 1o idendly new materials bearing component traits for salt
tolerance for use in hy bridization

Materials and methods

Starttng in mid-1991_ 1wo crops were planted annually at the
N Diaye ferm in a continuous salinity trial. AN materials
(27-34 rice genotypes per season) were introductions: half
were advanced selections trom WARDA'S Sahel frrigated
Ric: Program, and halt were checks or sefections from an
intial evaluation of entries from external salt tolerance
nurseries. The locally adapted varicties T Kong Pao (IKP) and
IR 31785-5K8-2-2 served as local tolerant and susceptible
cheeks, respectively: Pokkali and IR 28 served as the
nternational tolerint and susceptible checks. respectively.

Scedbeds were established in mid-February ¢hot-dry scason)
and late July (wet season). Each treatment (irrigation with
fresh water, and irrigation with saline water with an EC of
3.5 mS/emy was replicated three times in a randomized strip
plot design: 34 hills per variety and plot were transplanted at
a 20 x 20 em spacing. To achieve salinization, evaporative
saht residues scraped from nearby soil were added o a clay
water reservoir. Floodwater EC was kept constant during the
season. The soil was a heavy, slightly acid Vertisol clay
tpercolation < I mm/day). Initial soil samples were taken
for cach experiment. Topsoil salinity depended on the
treatment but the subsoit had nataral salinity. Roots and
shoots were sampled at 10-day intervals during vegetative
growth to determine dry matter and morphology. Sampling
for leal positions, stem segments and roots 100k place in

the late vegetative stage for analysis of K- and Na* content.
using acid extraction and tlame photometry. For selected
varieties, pre-noon measurements were made of leaf net
phowsynthetic rate, stomatal resistance and intercellular
CO, concentration (Ci). using a portable infra-red gas
analysis system. Leaf water potential (LWP) was measured
by pressure probe. Yield and yield components were
determined from a 12-hill sample.

WARDA's salt-susceptible check variety, IR 31785,
planted alongside a new sait-tolerant entry in a salinity trial,

N'D:aye. Senegal, 1992

The yield response of IKP to various salinity levels was
studied in a separate trial. The impact of salinity on paddy
yields in farmers” trialy was estimated from yield surveys and
corresponding measurements of floodwater EC in irrigation
schemes adjacent to the N'Diaye farm.

In a complementary study with the University of Hamburg,
Pokkali, IR 28, IR 31785 and IR 50 were grown in growth
chambers at 40% and 75%% humidity and at different levels of
substrate salinity. Stomatal resistanee was measured
porometrically and root water potential (RWP) by pressure
probe, applying a pressure gradient between the root and the
stem base. Xylem sap was analyzed for abscisic acid (ABA)
content by radio-imniuno assay.

Results and discussion
Extent and dynamics of salinity and impact on rice vield

Observations on farmers® fields, The irriguion water
available 1o most schemes in the Senegal deltais low in salt
(0.05-0.1 mS/em EC). Evaporative residues and the capillary
rise of salt between crops, however, can lead to salt accumu-
lating in the topsoil even under conditions considered non-
saline, making it necessary 1o flush fields at the onset of cach
scason. The EC of evacuated water can reach 18 mS/cm. With
the saline crust removed. water salinity remains moderate
(typically. 0.2-£.5 mS/em EC) in the following scason but
fluctuates considerably oad can rapidly become critical under
low water conditions. ! the delta, sea-borne salts in the
subsoil contribute to topsoil and water salinity. [n the hot-dry
Seuson stagnant waler accumutates salt, sometimes raising the
irrigation water EC to over T mS/em/s. The major cations are
Na' 164-72% ), Mg (19-28% ) and Ca** (8-9% ): the major
anions aie CI (>80 ) and SO, (10-194),



A survey on 29 farmers” fields inan irrigation scheme near
the N'diaye farm during the 1992 hot-dry scason indicated
significant yield reductions due to water salinity at the
heading stage. The variety grown was Jaya. high yvielding tut
sl susceptible. Atthough the EC was 0.75-2.73 mS/cm (only
up to half the level critteal for rice in monsoonal Asian, vields
were reduced by about A4 t/ha per unit of X (P < 0.01),
Yields ranged from 0.7 10 7.2 t/ha tmean 4.7 vha, typical of
the delta). Other Facters responsible tor vield reductions were
N fertitizer rate x split (P < 0.03) and sedge-type weeds

(P <0.00) (R of multiple linear regression 0.76, with

P <0.001).

Observations on experimental fields. In a vield trial
conducted inthe 1991 hot-dry season to determine the impact
ol salinity IKP was planted in 15 moderately saline plots
tmean topsoil EC 200 mS/em and pH 4.8y and subjected 1o
difterent irngation/drainage frequencies. Nutrient removal
through drainage was compensated by a high N dosage

(150 kg N/ha, triple splin. The Qoodwaier EC varied between
Lo and 2.8 mS/em in the vegetaiive stage. depending on
water regime. and gradually fell to 1.2-1.8 mS/em at
flowermg. Due to day-to-day tluctuations in floodwater depth
{5-12cmy, however, daily EC levels oscillated by about 504
around the mean value,

Grain yvields (4.6-9.7 1/hay were negatively correlated with EC
atthe reproductive stage (P < 0.01). An inciease in EC by
LmS/em was associated with a L5 t/hacdectine in yield: an
EC ot about 3 mS/em reduced yields by 50% . The eftect of
salinity on yield was much greater in this study and in nearby
farmers™ ticlds than that reported from more humid Asian
cnvironments, suggesting that climate may modulate the
physiological effects of salinity. Indeed. rescarchers at IRR]
reported greater varietal salt tolerance in the wet than in the
dry season.

The relationship between yield and salinity observed in
tarmers” ficlds and the experimental fields indicated that the
margin ol tolerable salt concentrations in soil and water is
narrow in the Sahel. Under poor water management, salinity
can rapidly become critical. even in i soil classified as
non-saline,

Varietal performance in the wet and hot-dry seasons

We studied the response of 29, 34 and 34 cultivars to salinity
in the 1991 wet season, 1992 hot-dry scason and 1992 wet
season, respectively. Floodwater EC was kept at 3.5 mS/em
to induce severe but non-lethal stress. Mean yields in the
control treatments were 723 g/m” in the 1991 wet season and
744 g/m* in the 1992 hot-dry season. Salinity reduced yields
by 48% and 54% . respectively, reflecting independent
observations in farmers” fields and other experimental fields.

Twenty varicties tested 11991 showed signiticant (1P < 0.05)
reductions in viekd compared with the control. This was
caused by spikelet sterility and incomplete grain filling. Tiller
number was generally unatfected. Only four caltivars had
significantly reduced dry matter. The nuinber of spikelets per
panicle was reduced in four cultivars,

Aborted and degraded spikelets. typical of salt injury
in rice under Sahelian conditions, in a salinity trial
at N'Diaye. Senegal, 1992

In the 1992 hot-dry season, salinity had a similar effect on
spiklelet fertility (-38¢ for all cultivars) and grain filling
(-27%) 1otal dry matter was also significantly reduced
(-37¢0). Inonly two cultivars were iller and panicle aumber
reduced. Chlorophyll content of young. fully expanded lcaves
at the vegetative stage was generally unattected, and visible

njury such as necrotic discoloration appeared on older leaves.

Upen tlag leal emergence and booting of the panicle,
however, the salt-treated plants degencrated rapidly and
many were completely discolored at anthesis.

Varieties shonwed significant and generally consistent
difterences in salt tolerance across seasons. However,
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comparison with data front other (e.g. Asian) environments
was ditficult due to the anomalous performance of the
international chechs IR 28 (susceptible) and Pokkali and
Nona Bokra (tolerant), Both the tojerant checks showed
salt-induced viela reductions of over 504 in 1991, compared
to ondy 387 for IR 28, They also showed visible sult injury
such as carly leaf discoloration and rolling (Pokkali) or
curling (Nona Bekray. Their usetulness was turthicr reduced
by the long duration of the hot-dry season due to
photoperiodism (Pokkali and Nona Bokra) and by high
spikelet sterility under hot-dry conditions (IR 2¥), even in the
absence of salinity.

The tocal cheek TKP showed consistently goad nerformsance
under saline conditions, as did some materials which had
recently been selected for the Sahel. including IR 4630-22-2,
32-Nuan SCITA 222 and BW 293, However. a promising
short-duration. high yielding line (1R 31785-58-22-1) with
superior adaptation to arid conditions wits extremely
suseentible at all growth stages and for both growth and
reproductive processes (spikelet tertility and grain filling).
The morphological similarity of IR 31785 with more

tolerant entries such as IR 29725 30-3-2-3 suggests that salt
tolerance under and conditions probably depends on
physiological traits rather than morphological plant type. This
observation suggests that there may be substantial diversity in
salt tolerance among the high vielding. short-duration

Physiological vesponses to salinity

The physiological components of salt tolerance were
investigated for tive cultivars in the 1991 wet season and the
1992 hot-dry season: TRP (locally grown, salt-tolerant
Japontca cultivary: Pokkali tmoderatehy tall raditional
cultivar with superior salt-tolerance in monsoonal Asia):

IR 50 timproved. moderateiy salt-tolerant indica cultivar,
well adpated to the Sahelian climate): IR 28 timproved

indica cultivar, salt-susceptible in monsoonal Asiar and

IR 31785-58-2-2 cimproved indica caltivar, well adapted 10
the Sahehan climate but extreniels silt-susceptibie). Due to its
consistent yvield reductions by at Least 737 under saline
conditions over three seasons, IR 3785 15 now used as
WARDA S susceptbile chieck: IKE s the tolerant check. Yield
data are presented in Table 2.

Cation uptake and distribution in the plant. Salt stress is
partly a nutritional stress because of the physiological
displacement ot an essential element (K by a chemically
similar but physiologizally functionless element (Nay,
Selective uptake ot K by the roots, or removal of Na from
metabolically active tissues, are therefore important
components of salt toferance, cnabling a tavorsble K/Na ratio,
The highest K/Na ratios were found in young leaves (see
Figure 1), No ditferences were found between upper aid
tower segments of the same leal. The lower K/Na ratios in

materials. 1992 were probably due to greater transpiraiion and thas
Table 2 Effects of sality on grain yield (GY), harvest index (HL), spikelet sterility (SS) and dry weight of 100 filled grains {100GW)
in five ric2 cultivars in the 1991 wet and 1992 .,ot-dry seasons, N'Diaye, Senegal
GY Treatment Ml Treatment SS Treatment 100GV
Eniry {g/m?) effect (%)? (g/gl) effect (%) (%) eftect (%) ("> of control)
Wet season 1991
IR 31785 126 -80° 0.28 -36° 70 +57° -36
IR28 394 31" 053 -1 27 +9 -1
IR 50 336 -38° 0.52 -18 32 +15 -18
| Kong Pao 486 27" 0.47 -27° 40 +29 -2%
Pokkali 142 -49° 0.28 -67° 41 +12 -14
Mean 336 -44 045 -23 42 +28 -23
{exciuding Pokkal)
LSO (5%) 145 0.06 13
Hot-dry sea<on 1932
IR 31785 74 -86° 0.17 -68° 79 +55° -44*
iR 28 200 -59° 0.22 -40° 48 0 -24°
IR 50 287 -62° 0.36 -38 47 +25 -3
| Kong Pao 4an -43" n42 -33 K| +16 -33°
Pokkah® — — - - — - -
Mean 258 -52 0.29 -45 51 +24 -33
LSD (5% 137 0.09 16
Note: a Relative to control

b Pokkal did not flower in the het-dry season. 1992, due to photoperiodism

P<0.05




Figure 1 Molar K/Na ratios in five rice cultivars at the vegatative
stage under irrigation with saline water
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greater passive uptake of Na. The cultivar IR 31785 had low
K/Na ratios, while Pokkali had the highest, followed by

IR 50. Under test conditions, a high K/Na raiio was probably
essential (IR 31785) but not sufficient (Pokkali, IR 50) for a
cultivar to be salt tolerant.

With fresh water, all cultivars maintained high K and low Na
contenis in the leaves (see Figure 2 overleaf). Great quantities
of both ions were accumulated in the stems, particularly in
1992, Salinity dramatically reduced tissue K content in

IR 31785, the reduction in K uptake equalling the additional
uptake in Na. In Pokkali, Na content also increased but did
not significantly aftect K contenit. All cultivars accumulated
K in young leaves and Na in old leaves, and high amounts of
both in the stem base. Within a treatment and season, the

cultivars had atmost identical molar concentrations of Na and
K combined. Ditferences, therefore, were due to ion select-
ivity in uptake and transport in the plant. In IR 31785, salt-
susceptibilty was associated with poor selectivity of cation
uprake, leading to alow overall K/Na ratio, and an inability to
maintain high K concentrations in the first and second leaves
which produce most of its photosynthates.

The physiological function of Na and K accumulation in the
stem, particularly its base, requires further rescarch. 1t is
tikely that the stem base contains much K* at the center where
the apex is 'ecated. and much Na* in the periphery corsisting
of sheath bases. lon relationships in the apex may be
important for panicle differentiation. and perhaps explain the
frequent appearance of maltormed, feathery panicles under
saline conditions,

Leaf gas exchange and water status. Leaf water potential
(LWP) and gas exchange were measured for five cultivars at a
late vegetative stage. LWP was lower (not significantly) in
salt-treated plants by about 0.2 MPa comparcd 1o the controls
(see Table 3). The check IKP had significantly lower LWP
under both saline and control conditions compared with

IR 31785. Low LWP therefore did not necessarily reflect a
high level of stress suffered by the plant; instead. it might
have resulted from osmotic adjustment.

All cultivars except IR 50 had greater stomatal resistance in
the stress treatment. This was associated with a mild
reduction in net CO, exchange rate (CER) and Ci. Midday
correlations between stomatal resistance and LWP indicated
that stomatal sensitivity to LWP was almost identical and
unaffected by salt treatment for all cultivars except Pokkali.
The stomata of Pokkali were more sensitive to LWP,

closure occurring abruptly at about -1.0 MPa (salt-treated) or
-12.5 MPa (controls). Salinity therefore increased Pokkali's
stomatal sensitivity.

Comparing gas exchange (see Table 3) with cation uptake
(see Figures 1 and 2), it seems that varieties with high K/Na
ratios also had high stomatal resistance but lower Ci. It is

Tahle 3 Difference in leaf water potential (LWP), stomatal resistance {rs), CO, exchange rate (CER) and intercellutar CO, concentration (Ci)
for five rice cultivars grown in the field and irrigated with fresh water (FW) or sait water {SW, 3.5 mS/cm EC), measured 51 days after
transpianting, N'Diaye, Senegul, 1992 hot-dry season

LWP (MPa) rs (s/m) CER (umol/m¥s} Ci

Entry FW SW FW SW FW SW FW SW

IR 31785 0.54 0.78 30.3 58.5 28.2 23.0 289 268

IR 28 0.66 6.97 300 54.4 27.7 25.0 281 269

IRE0 0.68 0.87 30.0 47.7 267 26.1 272 257

| Xong Pao 1.10 1.36 40.3 62.8 271 26.0 267 243

Pokkali 0.95 1.12 529 742 19.3 17.6 258 255

Mean 0.79 1.02 36.7 59.5 258 235 273 258

LSD (5%) 0.38 201 46 23
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Concentrations of K* and Na* at the vegetative stage in various plant organs and the means for the whole plant in five rice cultivars

Figure 2
irrigated with saline or fresh water, N'Diaye, Senegai, 1991 wet and 1992 hot-dry seasons
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possible that greater cation selectivity in IKP and Pokkali was
due partly to greater water-use etficiency (WUE). Generally,
WUE is negtively correlated with Ci and permits lower water
consumption per unit of growth, Lower water uptake, in turn,
is likely to reduce the proportion of cations passively
absorbed by the roots. which may explain the high K/Na
ratios of Pokkali and IKP in the past.

More rescarch is needed on root ton selectivity, osmotic
adjustment and WUE, particularly for improving saht
tolerance under conditions of high evaporative demand.

Interactive effects of dry air and salinity. There were
significant varietal ditferences for ion uptake and selectivity,
but they did not entirely explain the variation in performance
under saline conditions. We tested the hypothesis that the dry
air conditions of the Sahel require additionai traits for salt
tolerance.

Arid conditions are associated with a great evaporative
demand and, thus. high transpiration. The tendency of Pokkali
to develop greater water deficits (in terms of LWP) and close
its stomatia more readily (in terms ofstomatal resistance) than



other cultivars suggests an involvement of water stress. Two
morphological traits were probably responsible for this:
Pokkali’s height, which exposes it to hot-dry winds; and its
comparatively small root system under experimental
conditions. In control plants, the root/plant weight ratio
decreased over time (see Figure 3). In the semi-dwarf
cultivars, however, relative root dry matter remained constant
throughout the vegetative stage; the roots probably used more
energy tor osmo-regulation and replacement of dead roots,
feaving less assimilate for sioot growth. Pokkali's low LWP,
smaller root system and more rapid senescence suggest that it
is particularly sensitive 1o water stress induced by dry air.

Root-specific weight (ar indicator of root porosity and,
indirectly, the radial resistance to water flow) was gencrally
uniform (0.75-0.% g/g). Mean root diameter. however, was
12-14% smaller (P < 0.05) in the saline than in the control
treatment, regardless of variety. Root diameters of controls
ranged from 0.98 mm (IR 31785) 10 1.4 mm (Pokkali and
IR 2¥). showing no link with salt tolerance.

Figure 3 Relative root dry weight und dead leaf weight during
the vegetative stage of five rice cultivars irrigated with
saline cr fresh water in the field, N'Diaye, Senegal,
1991 wet season
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To obtain further ¢ vidence of Pokkali's dry air sensitivity, a
phytotron study was conducted with the University of
Hamburg in Germany. Pokkali, IR 28, IR 50 and IR 31785
were subjected to dry (40% R and humid (75%) air, and to
saline and non-saline substrates. Pokkali's stomatal resistance
increased threefold in the dry air (see Table 4).

Table 4 Effect of a nonstant level of air humidity (RH) on the
stomatal resistance (rs) of four rice cultivars grown
under non-saline, controlled conditions, University of
AHamburg, Germany 1992

ts (75% RH) 1S (40% RH) " Relative

Entry (s/m) (s/m) effect (%)

IR 31785 76 183 241

IR 28 113 245 217

IR 50 135 213 158

Pokka:i 97 312 322

Mean 105 238 235

LSD (5%) 51

For the same four cultivars, a hypothetical cascade of
physiological parameters affecting stomatal resistance was
analyzed:

I soil solution EC

2 RwP

3 ABA concentration in the xylem sap
4 stomatal resistance in ihe leaves

It wus assumed that EC affects RWP (steps | 10 2), RWP
induces the production of ABA in the roots and its release to
the transpiration stream (steps 2 10 3), and ABA is transported
to the leaves where it induces partial stematal closure (steps
310 4). The theory was that a root signal (ABA) induces
stomatal closure. For every step for a given cultivar and level
ol air humidity, the physiologically dependent variable was
linearly regressed against the hypothetical effector variable
(see Figure 4 overleaf). For casier comprehension, the slopes
of the relationships (correlation coefficients B) were
expressed as the percentage of the varietal mean: a higher
value for B indicates greater sensitivity.

Most correlations tested were highly significant (P < 0.01).
The response of RWP 10 EC was similar for the four cultivars,
dry air slightly enhancing it. ABA release from the root to the
xylem was little affected by RWP in Pokkali. The apparent
stomatal response to ABA, however, was strong, esvecially in
dry air. The overail response of stomatal resistanceto EC

in Pokkali was greater in dry than in humid air. Assuming
that ABA mediated this reponse, Pokkali's roots produced
linle ABA in response to salinity but its stomata were

highly responsive. In several ways. the salt-susceptible. dry
air-tolerant IR 31785 was the physiological opposite of the
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Figure 4

Relationships between physioiogical variables forming a hypothzatical cascade of events from substrate salinity (EC) over root

water potential and abscisic acid hormone concentration in the xylem sap to stomatal resistance, WARDA/University

of Hamburg/Institute for General Botany, Germany, 1992
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salt-tolerant, dry air-susceptibice Pokkali. In IR 31785, the
effects of EC on stomaial resistance were small and
unaffected by air humidity. High ABA release rates in
response 1o salinity were not reflected by stomatal resistance,
probably indicating that the stomata of IR 31785 are
mnsenstive to the root signal. IR 28 and IR 50 were
intermediate in terms of apparent stomatal resistance (o root-
borne ABA. IR 31785 differed protoundly from the other
cultivars regarding its comparative stomatal insensitivity to
salinity in both dry and humid air.

The University of Hamburg results help explain the extreme

salt-sensitivity of IR 317835 and the unexpectedly poor
performance of Pokkali under saline-arid conditions:

+ IR 31785 appears to be a high-transpiring cultivar with
poor ability to regulate its stomatal conductance under salt
stress; high transpiration combined with poor WUE may
be responsible for high salt uptake and a poor K/Na ratio

» Pokkali had superior K* uptake and. probably, WUE; its
height and small root system, however, probably caused
water deficit and poor photosvathesis, followed by carly
senescence and poor yield under dry air and salt stresses.,




Component traits for sal tolerance under arid conditions

The tollowing morphophysiological traits appear 10 play an
important role in salt tolerance in rice grown under arid
conditions:

= high K/Na in the whole plant

* accumulation of K* in young leaves and Nat in old
leaves

+  high root/plant weight ratio and probably short stature

+ high WUE and efficient regulation of transpiration in
response to salt stress

+ high tolerance of reproductive organs to hot, dry winds
and water deficit

Some additional factors which may be related to combined
salt and dry wir tolerance require turther study:

« the accumulation of K* and Na* in the stem base and leaf

sheaths

« ion relationships in the shoot apex

« osmotic adjustment, particularly in the roots

* the importance of hormonal root signals in regulating salt
and water uptake

» plantlcatiness and continued leaf expansion after full
emergence of the terminal (flag) leaf

Leaf growth patterns may be particularly important for salt
tolerance. After a period of good tolerance in mid-season.,
plants rapidly developed salt injury once the last leaf
generation (flag leaves) had emerged. Having no salt
excretion mechanisms, cultivated rice has limited scope to
shift salt within the plant once vegetative growth ceases.
The continued presence of tissues where salt can be dumped
after emergence of the last leat generation, and a
late-senescing flag leaf, may be essential features of high
vielding, salt-tolerant rice varieties.

Future research

Morpho-physiological mechanisms exist that could improve rice
tolerance to combined salt and dry air stresses. Genotypes ditfer
strongly in the expression of these mechanismis. It will therefore
be possible to identify a number of key component traits for
breeding. WARDA''s physiological rescarch on salt tolerance in
1993 will have the following objectives:

* adetailed characterization of component traits. particularly
those identified in 1992 but not vet characterized

* the development ol screening tools

* the iniensification of collaborative rescarch on regulatory
mechanisms

Fhe salinity trials described here require little modification to
accommodate a larger number of genetic materials. Traits related
to K~ and Na* uptake and transport can be screened rapidly and
cheaply. Gas exchange measurements, however, are expensive
and tedious, and will be replaced by two methods better suited to
mass screening: remote, infra-red sensing of leaf/air tiemperature
differentials to estimate transpiration: and, n collaboration with
external partners, measurement of *C discrimination to evaluate
WUE. Diallel crosses among selected parents will be performed
in 1993 to determine genctic parameters of component traits,
Based on the genetic information, a breeding strategy will be
formulated.

WARDA will continue to develop its integrated approach to
salinity — breeding for high yielding varieties tolerant to
moderate salinity in an arid climate and developing plot-level
cultural practices that ecconomically and sustainably control soil
degradation and salinization. WARDA is currently addressing
the latter mainly agronomic and socio-cconomic issues in
collaboration with NARS. An in-house agronomic research
capacity for the Sahel will be developed and collaborative
research on cropping systems will be strengthened.
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SUMMARIES OF RESEARCH ACTIVITIES

Upland/Inland Swamp
Continuum Program

The continuum rice growing environment
covers about 824 of total nce arca in West
Afrtca and accounts for 75% ot regional
production. It consists of several
contiguous ccosystems where rice is grown
in warn sub-humid and humid tropical
conditions: the upland rainfed ecosystem
(57% ) where rice depends entirely on
raintall for soil moisture: the hydromorphic
ccosystem (1840 where the water table is
within the crop’s root 7one at key growth
penods: the rainfed ccosystem or inland
valleys (20% ) where rice 1s periadically
flooded: and the irrigated lowland
ceosystem (5% ) where there is a high level
of water control. Because these ecosystems
vary m space and time as a function of
local rainfall, precise estimates of
cultivated areas and production are not
available,

In 1992 WARDA completed a
comprehensive review of research hiterature
on rice in West Africa, undertaken parthy to
identify and prioritize the main physical
and hiological constrainis to the
sustainable intenstfication of rice
production. The review showed that the
main constraints in the upland/
hydromorphic ecosystem are drought
stress, low soil tertility . acidity and erosion.
In the hydromorphic/lowland ccosystem, @
complex of poorly understood soil
conditicns, irctuding tron, aluminam and
manganese tovicity, are often entical,
Major hiological stresses common to both
ccasvastens are weeds, blast, feat scald.,
hrown spot and inseet pests tmainly stem
borers and the stalk-eyved flvy, Potenual
major threats to rice production under
hydromorphic/swamp conditions are rice
yellow mottle virus, umique to Africa, and
the African rice gall midge. Although local
rice varieties are generally well adapred 1o
low-input systems. most of them have
modest yield potential iand poor response 1o
improved inputs such as fertilizers and
insccticides.

The goul of the Continuum Program is to
develop technology options suitable for
resource-poor farmers making the transition
from extensive to intensive cropping
systems. These technologies should be

soctally profitable, maxinmize the use of
farm resources and of purchased external
inputs. he technically sustainable, minimize
environmental degradation, be amenable to
the incremental adoption of new
technology componeants, and minimize the
need for major changes in social behavior
and institutions, Technologies will be
designed which enable Farmers to shifi
from fragile uplands towards intensive
cultivation of more robust Land ty pes across
the continuum, particularty the inland
valley ccosystems, where rice has a strong
comparative advantage.

PROJECT |1 CHARACTERIZATION OF
RICE GROWING ECOSYSTEMS

The goai of the characterization project is
1o identify and quantitatively assess the
major tactors affecting rice production

on the continuum. The approach is twofold:
first. to determine the major production
systems (maero-level characterizationy,
and second. 1o select representative key
sites where irore intensive dirgnostic
rescarch can be conducted on the
soilschydrology | cropping sytems and
socio-ceonomic factors determining overall
system productivity tmicro-level
characterization),

Macro- and micro-levet characterization
of rice ccosystems
A Adesing

In 1992 a macro-level characterization of
the major rice production systems in Cote
d’voire was completed. The study, which
began in mid- 1990, used rapid rural
appraisal technigues and socio-cconomic
criteria to classify rice svatems,

The area under rice was estimated to be
about 330000 ha. A map ¢l 210049 00y of
the arca was developed and the disiribution
of 10 rice production systems wis defined
on the basis of agro-ccological zones, local
hydrology, ethnicity. tand tenure. rice
production objectives, use of modern
varieties, gender of rice grower, planting
and tllage methods, and intercropping
patterns. The 10 praduction systems can be
grouped 1o SV IEOr Tice ccosystems,
The improved uplands €17.2¢¢ of the rice
arca). found only i the savanna, can be
further divided into those which are tully
mechanized and ihose where animal
traction or small 25-30 hp Bouver tractors
are used (see Table 5y

Following this macro-leve! characterization
study, an intermediate characterization
study was conducted. Representative

Farmer planting rice under the low-input management conditions

typical ot much of West Africa




Table 5 Area under rice in the six
major rice ecosystems in
Cote d'Ivoire, 1992
Area % total
Ecosysctem (‘000 ha) area
Upland (traditional) 187.3 57.0
Unland (improved: ammal
traction or small tracters) 493 15.0
Upland (improved: fully
mechanized) 74 2.2
Lowland (traditronal) 49,5 15.1
Flood plains 10.5 33
Irngated 244 74
Total 3288 100.0

siies were selected for more intensive
vertical characterization, using satellite
pictures and SPOT images compleriented
by on-the-ground verification. A range of
physical parameters dncluding geology.
hydrology - morphology and climate) were
then used o select three key sites, Gagnoa
and Duckopué thumid-torest zone) and
Boundiali (Guinea savanna zone). Detailed
micro-level characterization studies, bio-
physical and socio-economic wt the
watershed and tield fevels, are being
conducted at these sites,

PROJECT 2: CROPPING SYSTEMS

In developing new rice production
technologies. it is necessary to consider the
crop within the context of the range of
agricultural activities performed by rice
farming houscholds in West Africa,
including cultivating other crops and
raising livestock. The design of appropriate
technologies must also take account of the
resources and ohjectives of rice tarmers.

With increasing deanographic pres ures in
the region, farming systems aie undergoing
intensitication. The greatest pressure is in
the uplands where there is least potential to
maintain sustainable intensive rice
cultivation; fallow periods. vital in
maintaining the productivity of most
upland systems. are being reduced. In
contrast. the inland valleys, which can
sustain continuous cultivation wt higher
levels of productivity in mast of the region,
are under-utilized. The main constraints to
sustainable intensification need to be
clearly identified in order to gaide cropping

systems rescarch towards intensitying rice-
based cropping in the lowlands and
devetoping low-cost technical options to
<wabilize production systems in the uplands.
An initial objective of the cropping systems
project is to identify and classify rice
farming systems in the transition from
extensive to intensive production.

Production costs and profitability of
rice-based cropping systems
A. Adesina

Information on farm-level production costs
and the reltive profitability of rice
cultivation in focal farming systems
provides useful guidelines for developing
appropriate rice technotogies. As much of
the available data in West African countries
are no longer reliable because of the
substantial policy and technological
changes of the past decade. a study is being
conducted to generate indices of farm-level
and soctal profitability tor alternative rice
systems in Cote d'voire.

The first step was 1o characterize the major
TICE CCOSYSIems deross agro-ccological
cones and determine representative
production systems for detaited micro-
ceonomic analysis, buiiding on the
characterization study in Cote d'Ivoire
completed in 19920 Houschold sarveys are
being conducted at sites representative of
the three agro-ceological zones of Cote
d’lvoire (Gagnoa - humid-forest; Touba
— forest-savanna: and Boundiali ~—
savanna) to determine the proportion of
farmers growing rice under different
production systems. In addition, production
systems are being characterized according
to: position ot nice field on the

toposequence: level of water control; use of

modern inputs: and tillage technology
thand, oxen, small tractors or full
mechanization).

The survey, conducted over 3 months in
1992, covered 1912 farmers in 39 villages.
Adtotal of 20 production system
combinations were identilied (see Table 6).
A random sampie of 180 farmers,

Table 6 Number of farmers growing rice in various ecosystems in three
agro-ecological zones in Cote d'lvoire, 1992
Agro-ecological zones
Humid-forest Savanna Forest-savanna
Ecosystem (Gagnoa) (Boundiali) (Touba)
Rice ecosystem
Upland {traditionat) 459 12 256
Upland (improved) 9 282 75
Inland valleys {IVS) (traditional) 84 96 4
IVS {semi-traditional) 2 —_ -
IVS (improved) 10 8 -
irgated {partial water control) - — 43
Irrigated (complete water control) - 41 1
Cross-ecosystem
Upland (traditional} + VS (traditional) 118 1 28
Upland (traditional) + IVS (improved) 10 — -
Upland (tradhonall} + upland (improved) — 2 12
Upland (improved) + IVS (traditional) - 14 1
IVS (traditional) + IVS (modern) — 6 -
Upland (improved) + IVS (traditional)

+ IVS (improved) - 3 -
Upland (improved) + IVS (improved) — 1 —
Upland \traditional) + wrigated {complete

water control) - 1 -
Upland (improved) + irngated (partial

water control) — 7 -
Upland (traditional) + IVS {traditional)

+ IVS (modern) - 2 -
Upland (traditional) + IVS (traditional)

+ Irngated (complete water control) — — 1
IVS {traditional) + irngated (partial

water control) — — 4
Upland {traditional) + ingated (partial

water control) — — 209
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representing the major production systems,
wis then selected for more intensive
monitoring of field operations and
production data for rice ared non-rice
enterprises: complementary dati on
oft-season activities amd the rice milling
industry were also collected. Preliminary
analysis ot these data will begin in 1993,

Identification and distribution of
key weeds
D Johnson

A clear understanding of the diversity and
problems of important weed spezies in the
rice ccosystems of the continuu is
essential in determining appropriate
management strategies. The
characterization of weed species in M hé
valley was initiated in 1989 with a survey
of Tarmers” ficlds in seleeted sites on the
continuum. In 1992 as part ol a
multidisciplinary experiment in which eight
rice varietics were grown at M hé, weeds
were sampled at hirvest from unweeded
strips located at tived intervals across the
slope. Surveys of weeds on tarmers” fields
and of Striga species growing on rice in the
Guinea savanna of northern Cote &' Ivoire
were conducted i collaboration the NRIL

Weed sampling in rice crops across the
continuun at Mhé reveuled 63 species.

Figure 5 Distribution of five weed
species in rice across the
continuum at M'bé, Cote
d'lvoire, 1992
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Position on the continuum

Weed infestation, a major constraint to rice
production in West Africa

with floral composition strongly influenced
by position on t+ aposequence. The
distribution of five species, which together
formed a Large proportion of the weed
biomass, is shown in Figure 5. Total weed
biomass was greatest on the upland portion
of the continuum: the diversity of weed
species was also greatest in this ecology:,
There were no significant differences in
weed growth among the eight rice varicties
grown in the experiment. The studies on
farmers” fields in the humid-forest zone
were interrupted by drought. In the forest-
savanna transition zone, weed growth
(including Paspaluni and Imperata species)
wis closely correlated (P < 0.001) with
reduced grain yield. In northern Cote
d'Ivaire, tour species of Striga were
observed growing on rice; two of them

(S. hermonthica and S. aspera) caused
significant damage to the rice plants,

Similar stadies will be conducted at M'hé
and at key sites in Cate d'lvoire during
1993,

Competitiveness of rice with weeds
D dohnson and M. Jones

Rice varicties ditfer in their ability o
tolerate or compete with weeds. The ability

1o compete successfully would significantly

enhance rice vield stability under the
extensive, low-input conditions common in
West Africa. Because of shortage of labor

and capital on many farms, weeds are not
controtled sutticiently to prevent signiticant
yield losses. In 1992 research was initiated
at M hé, Core d'ivoire to measure varictud
difterences in weed competitiveness and io
determine the varietal traits contributing to
these differences,

Studies were conducted on two sereening
trials (elite carly selection of 13 varieties
and advanced vield selection of 20
varieties) grow on land recently clearcd
from bush fallow and retlecting widely
used practices dow levels of fertilizer. zero
tiltage and one handweeding). Weed
growth in these experiments was studied to
determine how rice plant growth influenced
weed growth, Ai harvest, weeds from cach
plot were cut, separated by species, and
weighed. T the elite trial there were
significant ditferences (P < 0.001) in weed
weight: weight tended 1o be lowest in
varieties tadler than 90 cm and producing
striew weight exceeding 400 g/, There
were significant (P < 0.05) negative
correlations between plant height, straw
weight ard grain vield against weed weight
at harvest. In the advanced trial there were
no significant differences in weed weight,
In both experiments plants sufered from
drought stress, which prevented good
establishment in the advanced yield trials.

In 1993, rice varicties of differing and
distinct plant type will be selected utilizing
information from the varicetal


http:s-ste.ts

characterization studies. The growth of Table 7 Percentage of farmers citing various pests as problems in rice production
these varieties will then be compared under in three agro-ecolegical zones in Céte d'lvoire, 19922
different levels of weed control 1o
determine plant traits related to tolerance or Agro-ecological zones
competitiveness with weed growth, Humid-forest Forest-savanna Savanna
Pest {Gagnoa) {Touba) (Boundiali) All zones
PROJECT 3: DEVELOPMENT OF Weeds 100 100 100 10¢
INTEGRATED PEST MANAGEMENT Birds 98 98 53 84
PRACTICES Bush rats 88 87 2 60
Insect pests 48 60 12 40
Weeds., discases. insects, nematodes, _
Note: a Number of farmers = 67 in Gagnoa, 60 in Touba, and 58 in Boundiali

rodents and birds are among the most
important environmental constraints to rice
production in West Atrica. The severity of
pest problems generafly increases with an
intensification of production systems and a
growth in fertilizer and pesticide use. Nis
estimated that 4 willion tof rice are lost
annually to weeds, insects and diveases in
Africa: additional losses are caused by
nematodes., rodents and birds. There is thus
an urgent need to develop effective but
low-cost pest management technologies.
Socially acceptable, ceologically sate and
ceonomically profitable stretegies are being
developed using an integrated pest
nanagement (IPND) approach.

The major coatribution of IPM 1o rice
production in West Atrica will be to reduce
yield losses through the improvement of
current traditional pest control practices,
the integration of natural control agents and
the development of pest-resistant cultivars,
To determine the target pests against which
genetically resistant rice cultivars can be
developed. basic information on the vietd
losses caused by virious species and an
understanding of their biology and ccology
are needed. The zoal of WARDAS IPM
project is to develop technologies that
maintain pest populations at levels below
the cconomic injury level. In 1992, the
project focused on: a survey of famers”
pest pereeptions and pest management
practices; distribution and abundance of
pests: integrated blast control: rice yellow
mottle virus detection, distribution and
resistance sources: biology and ecology of
key insect pests: and identification of
insect-resistant cultivars,

Rice pests, farmers® perceptions and
management methods
A Adesina E. Heinvichs and D. Jolnson

To generate information on farmers’
perceptions of pests and the control
mcethods used, an interdisciplinary survey
was tnitiated in 1992 in Cote d'Ivoire,

covering 178 farmers in three key site
villages in three agro-ccological zones. The
use of formal survey instruments was
supplemented by informal discussions with
farmers (individually and in groups).
Although information was gathered on
vericbrate pests during the informal survey,
the focus of the formal survey was on
weeds and insect pests,

Farmers were askhed to indicate what they
considered to be the most important pest
problems atfecting rice production (see
Table 7). Weeds were cited by all
respondents as @ major problem, and 53
species were identified as common in rice
fields. In the humid-torest zone the most
important species weve Panicum laxum
(cuted by 100% of the farmers).
Chromolaena odorata (6850, Centrosena
species (2% ) and Scleria species (329 ),
None of these species was mentioned by
tarmers in the other two zones. The most
commonly cited weeds in the savanna zone
were Echinochloa colona (504 ),
Rotthoellia cochinchinensiy (45¢),
Agerattom conyzoides (26% y and Euphorbia
hete.ophiyita (22%). In the forest-savanna
transition zone the major species cited was
Imperata exlindrica (724 ); less important
species were A conyzoides (624),
Paspalum scrobiculatum (374, Digitaria
horizontalis (33% ) and R. cochinchinensis.
On weed control methods, 694 of the
farmers reported using long-duration
fallow, 48% used practices linked with soil
tillage and 15% used date of planting: only
five farmers (alt in the savanna zone) used
crop associations as a method of weed
control. Data were also collected on
whether famiers relied on hand pulling,
hoes, herbicides or a combination of these:
nearly half relied on hand pulling and hoes;
only 2% relied exclusively on herbicides,
Although most fammers were aware of the
effect of insects on rice production, only
45% were able 1o recognize the major

15

insect pests. Across all zones, $1%
identified leat feeders (Frichispa spp. ) as
the most important inseet pests; other pests
cited as important were stem borers
(Diopsis spp.y (319 and termites (23%). In
the uplands. 5197 of the respondents cited
leat feeders as the most important insect
pests. while 464 cited termites. In the
infand valley ssamp ccosystems, 284 cited
stem borers as the most important insect
pests. In general, farmers showed
constderable understanding of the factors
(such as soil tvpe and fertility, diought
occurrence, standding water and presence of
certain weeds) causing insect problems in
their rice fields. Among the control
methods used were random disposal of
lemons on tields, pouring hot water on or
destroying termite halls, Laying palm leaves
on tields and using traditional herbalists,
The percentages of respondents i each rice
ceosystem using insecticides were 6% in
the uplands. 13¢% in the traditional
lowkands, 60% 1 the semi-traditional
lowlands, 68 in the improved lowlands,
100 in the arrigated systems and 13% in
the flooded rice systems.

The survey data will contribute to the
design of IPM technologies that are
compatible with farmers” resources, build
on indigenous control inethods and
mininize reliance on chemical inputs. In
1994, a major study will be conducted in
Nigeria to determine farmers’ perceptions,
control methods and the economic impact
of losses due to the African rice gall midge,

Inventory of rice inseet pests and their
natural enemies

I Heinrichs (WARDA), A Russell-Smith
(NRD), A, Barrion (1RRU) and D. Rider
(NDSU

Rice pests and their nataral enemies vary in
species composition and population levels,
as welbas in time and space across the
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Tabie 8 Insect pests collected in rice fields, Burkina Faso and Céte d'lvoire, 1992
Ecosystem Insect pest species
Upland Anthicidae Formicomus sp. 1
Buprestidae Argilus sp.; Aulacophora sp.: Agonita sp.. Archicollivins sp.; Chaetocnema
pulla: Chaetocnema pusi'la. Chaetocnema sp.. Cryptocephalus sp. A,
Cryptocephalus sp. B: Dactylispera spinigera; Dicladispa viridicyanca
Hispa sp.. Monolepta ? bifasciata; Nisotra nr. maculiceps
Cicindelidae Cicindela sp.
Scarabeidae Pachnoda sp.
Alydidae Riptortus dentipes
Cercopidae Locris sp. B
Cicadellidae Nephotettix afer, Nephotettix modulatus, Paramesus sp.
Lygacidae Amblypelta cocophaga: Cletus fuscescens; Parabrachius sp. A; Paramius
piratoides
Nabidae Arbela confusa
Pentatomidae Aeliomorpha gnseoflava; Aethemenes chloris: Aspartia acuminata; Aspauia
albidomaculata; Aspawia armigera; Aspauia brunnea; Carbula citheris; Carbula
difficitis: Carbula sp.; Diploxys arkheana; Diploxys bipunctata: Diploxys sene-
galensis, Doryconis pavoninus; Durmia tomentiventris; Eysercoris ventralis. Me-
nida sp.. Mormidea sp.; Nezara viridula; Scotinophara sp. A, Zincrona caerules
Pyrrhocoridae Dysdercus superstitiosus
Acrididae Catantoos melanoshctus
Tettigoniidae Conocephalus sp.

Total number of species collected — 51 (60%)

Anthicidae
Carabidae

Irrigated

Chrysomelidae
Curculionidae
Meloidae
Diopsidae
Alydidae
Cerlopidae
Cicadellidae
Ciriidae
Lyaeldae
Pentatomidae
Pyrrhocoridae
Reduviidae
Acrididae

Formicomus sp. 2

Drypta sp. A; Dryptasp. B

Aspidomorpha aerala; Trichispa sericea

Cylas puncticolis

Cylimdrothorax sp. A; Cylindrothorax spurcuticollis, Mylabris sp.
Diasemopsts meigeri, Diopsis apicalis; Diopsis lindneri
Stenocoris annulicornis

Locris sp. A

Hecalus sp.. Hortensia similis

Oliarus sp.

Blissus leucopterus; Clavigralia ? gibbosa; Parabrachius sp. B
Agonoscelis sp. nr. pubescens; Diploxys fallax; Scotinophara sp. B
Dysdercus volkeri

Rhinocoris sp.

Atractomorpha acutipennis gerstaekeri

Total number of species collected — 26 (31%)

Irmigatediupland  Coccinellidae
Forficulidae
Diopsidae
Alydidae
Cicadellidae
Nabidae
Tettigoniidae

Microspis striata

Diaperasticus erythrocephalus
Diopsis macrophthalma

Mirperus jaculus

Cofana spectra; Cofana unimaculata
Stenonabis conspurcatus

Paratettis sp.

Total number of species collected — 8 (9%)

CONUNUUNT, ACTOSS dgro-ccosy stems and
across climatic zones. Because of this
variation. it is necessary to understand the
factors attecting the distribution and
abundance of rice pests and ther natusal
encmies in order to develop cconomic pest
management technologies. A survey was
initiated in 1992 in Burkina Faso and Cote
d’Ivoire to determine the insect pest/natural
enemy complex in irrigated and upland
rice. Arthropods were collected mainly
with sweep nets, but sonie spiders were
collected by hand. The arthropods were
identified by taxonomisi. at IRRI, NRI and
North Bakota State University, USA.

Among the insect pests collected were
leal-feeding beetles (including reportad rice
yetlow mottle virus vecters) and grain-
sucking insects (see Tabie 8). Spider
composition was extremely diverse (see
Table 9): many species in the family
Lycosidae have been reported previously as
predators of stem borers. Additional
survevs will be conducted in other West
African countries in 1993 1o fully
characterize the phenological growth stages
of rice before assessing the relative
importance of the various insect pests and
their natural enemies.

Effeet of toposequence position on
distribution and abundance of rice inseet
pests and their natural enemies

E. Heinrichs

Preliminary studies show that the
abundance of certain rice insect species
varies along the continuuin. To develop
IPM technologies adapted to this variation,
more information is needed on the effect

of toposequence position and rice varietal
type (upland vs Jowland) on the abundance
and species composition and on insect pest-
related rice plant damage.

In 1992 an experiment was conducted at
Mbé to characterize the soils, vegetation
and insects along the continuum. Five
upland rice cultivars (IDSA 6. ITA 257,
WAB 56-104, WAB 56-125 and

WAB 56-50) and three towland cultivars
(BG 90-201TA 212 and Bouaké 189) were
planted in three replications in a
randomized complete block design.
Toposequence sites were divided into the
upper and lower portions of the upland
(Upland 1 and 2). the upper and lower
portions of the hydromorphic zone
(Hydromorphic and 2) and the valley
bottom (Lowland). The upland and

———



Table 9 Spiders collected in rice fields, Burkina Faso and Céte d'lvoire, 1992
Ecosystem Spider species
Upland Araneidae Araneus minficus; Cyclosa sp.: Gasterocantha mammosa; Gaslerocantha sp..
Hyposiriga sp.. Neoscona sp
Argiopidae Argiope sp.
Clubionida Aphantaulax . cimia. Clubiona sp., Cheiracunthium sp.
Dolomedtdae Dolomedes sp.
Gnaphosidae ‘Camilling huteus
Lycosidae Hippasasp.. kippasa sp. A: Hippasa sp. B: Lycosa sp.; Pardosa sp.A;
Wadicosa oncka
Linyphiidae Deelemaria sp
Oxyopidae Oxyope. <p.. Peucetia sp. nr. diversipes
Theridiidae Thendula gonygaster: Theridula sp.
Thomisidae Runcinia sp.. Thomisus sp.

Number of species collected - 25 (37%)

Irmgated Araneidae Araneus sp. B- Neoscona sp.

Lycosidae Pardosa sp.. Pirata sp.

Linyphiidae Eburnelia sp.. Labullula annufipes: Lephthyphantes sp. Meineta sp.;
Metalepthyphantes machador. Metalecthyphantes sp.; Oedothorax
macrophthalmus

Metidae Leucauge sp.

Philodromidae Thamatus sp.

Disaundae Dofomedes sp.. Thalassius sp.

Salticidae Heliophanus cf paulus: Myrmarachne sp. B Myrmarachne sp. C

Tetragnathidae Tetragnatha boyd. Tetragnatha javana; Tetragnatha mandibulata; Tetragnatha
nitens: Tetragnatha subsquamala

Theridiidae Coscinidia tibialis. Theridion sp.

Thomisidae Runcima aethiops. Runcinia depressa. Synaema sp.

Number of species collected — 28 (42%)

'rigatediupland  Araneidae

Araneus sp. A: Araneus sp. B.. Neoscona theisi
Arctosa sp.. Pardosa injucunda; Trochosa sp.

Cyliobeitus rufopictus, Myrmarachne sp. A

Lycosidas

Linyphidaz Simplicistilus tanuekes
Risaundae Pisaurina sp

Salticidae

Tetragnathidee Tetragnatha jaculator
Thendiidae Dipoena sp.. Enoplognatha sp.
Thomisidae Imarus sp.

Number of species collected — 14 (21%

hydromorphic plots were seeded with a
drill and the lowland plots were trans-

The number of arthropods collected
increased trom Upland 1 to Lowland (see

planted on 17 June. The plots (4 x 20 m)
consisted of 16 rows per cultivar and were
divided into unweeded and weeded
(herbicide) sections, Sweep net counts were
made, tillers were dissected to determine
stem borer infestations and plant damage
was recorded in each plot.

Figure 6). However, the abundance of
individual species at different positions on
the toposequence varied: some vere
equally abundant at all positions, others
were more abundant at cither the upper or
lower positions. Plant damage was scored
ona 1-9 seales where 1= 0-197 of leat & ea

damaged (mainly by lead-feeding beetles,
Trichispa sericeay and 9 = more than 5074
of leal area damaged. Rice plants scored
about in Upland | but averaged 7 in
Lowland, Dissections to determine the
pereentage of tillers infested by stem borers
showed an increase from less than 14 in
Upland [ to 6 in Lowland. Populations of
most arthropod species were higher in the
unweeded than in the weeded ptots. The
cight cultivars responded similarly.

These results underline the nead to
accumulate the relevant information on pest
and natural enemy relationships required o
develop distinet insect management
strategies for the varicus continuum
ccosystems. The experiment witl be
repeated in the 1993 wet season to verify
the 1992 resunts.

Figure 6 Numbers of arthropods
collected at points along the
continuum, Cote d'lvoire
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=

o

o
1

No. arthropods/600 sweeps
(5]
53

Upland 1 Upland 2 Hydro 1 Hydro 2 Lowidand 1

Toposequence site
Unweeded Il Weeded []

Grain yield losses caused by stem borers
and the African rice gall midge
£ Heinrichs

Rice stem borers are pests tiroughout the
continuumi the African rice gall midge iy a
pest maindy under low land irrigatea
conditions but it has recentdy been observed
ifesting fields in the hydromorphic zone,
A study was conducted wt M bé, Cone
d*Ivoire 1o measure yvield {osses caused by
combined sten borer and gall midge attack.
The rice variety TDSA 1O (F18-day
durationy was sown on 13 June: the upper
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Figure 7 Eftect of percentage ot tillers attacked by stem borers and the African rice
gall midge on grain yield of IDSA 10 in (a) the hydromorphic zone and
(b) the upland area
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section of the experinent arca was in the
upland zone (60 plots) and the lower
section in the hydromorphic zone (60)
plots). Fertilizer was applicd basally o
200 Kg/ha (10-18-1% NPK 1, with 2
topdressing of 40 kg N/ha. The percentage
of stems which were attacked by the

two pest species was recorded on

3 August. At maturity, the plots were
individually harvested and grain vields
recorded.

The lincar regressions of yvield against the
percentage of tillers attacked are shown

in Figure 7. The predictive equation
indicated & 32.6 kg/ha yvield loss for cach
percent tiller attack in the hydromorphic
cone and a 89,1 kyp/ha vield toss in the
upland area. The predictive equations
were used to the estitnate ceconomic

injury levels (EILs). First, a gain threshold

(Gthy ot 303 kg/ha of rough rice was
established as follow s

Cost of control {USS72.62/ha)

Gth = )
Price of mough rice (USS0.24/kg)

One application of carboturan granules at
1O kg aifha costing USS72.62 is considered
adeqguitte to control the gall midge end stem
borers when applied with the seed
planting. The price of rough rice in
February 1993 in the M bé area was

USSO. 24/, The estimated EllLs
(percentage tillers attacked where the gain
threshold is reached. caleulated as Gth/hg
per ha vield loss for cach percent tillers
attacked) are 9,34 (203/32.0) tor rice in the
hydromorphic zone and 3.4 (303/89.1)
for rice in the upland arca. The cconomic
impact of stem-teeding inseets is evident

from these resulis, underlining the need to
develop effective and cconomic strategies
to nuanage these pests. Additional studies
will be conducted in 1993 in which the
effect on vield of various stem horer
species and the gall midge will be isolated.

Identification of representative sites for
selecting blast-resistant rice cultivars
ASVOWARD AL K Muri (INGER-Alrica),
E molehin (NCRI) M. Jones CVARDA)
end Y. Néré (INERA;

The release of rice cultivars with discase
resistance levels aceeptable to fiarmers can
be achieved only atter careful sereening w
representative sites. One of the aims of
multilocational trial established in 1992
was to collect data that could help measure
the extent to which study sites in West
Africa reflected actual conditions.
Environments were ranked according 1o the
degree of blast pressure. The trial involved
50 entries and the sites were w Farako-Ba
in Burkino Faso. Santchou in Cameroon.,
Man and M'b¢ in Cote d ' Ivoire, Nvankpala
in Ghana, Ibadan snd Onne in Nigeria, and
Rokupr in Sicrra Leone. Only the data tor
sites in Burkino Faso, Cote dIvoire and
Nigeria, representing five environments,
are reported here,

Plotsizes were [ x 2m (10 x 20 em
spacing. 10 rows, ); alternate rows were

Figure 8 Incidence and severity of
blast at sites representing
five environments in West
Africa, 1992
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Susceptible (left), highly susceptible
{centre) and resistant (right) rice varieties
in a blast nursery

used for disease assessment. To score
discase incidence (proportion of attected

plantsy and severity (expression of fevel of

severity ), o moditied Castano and Zaini
scoring scile was used (1 = absence of
visible symiptoms, 3 = 1o < 37 leat
lesions, 7 = S0 Teat lesions). Fora
given enviromunent, the environmental
index () was estimaied by deducting the
average performance of the host-plant
population in that environment from the
average performance of the host-plant
population i all five environmems
studied.,

Blastincidence and severity were highest
at Fargho-Bi. as shown in Figure 8.
Two-way analysis of varknee with two
classtfication criteria (mixed model and
cross classification) revealed highly
significant differences inthe five
environments studied. the intrinsic host-
plant potential and the reactions of entries
to the gradient of the environment. At
Faraho-Ba. FARO 29 had average rates of
42.7 tincidencey and 8.8 veverity ), At
Ibadan and Onne, IDSA 13 and

WAB 99- 14, respectively, showed
complete resistance. At the Cote d'Ivoire
sttes, the best variety wis WARB 536-60),
From the analysis of entries at all sites,
the performance of WAB 56-123 was
superior 1o all other entries. The best
entries will undergo turther trials in

193,

Sereening for the genetic basis of blast
resistance: African Rice Blast Nursery
ACSYOWARDAL K. Awri (INGER-Africa),
FoAbamu (INGER-Africay and K. Akator
(WARDA)

Identifying durable resistance in rice
against the diversity of blast fungus
populations is essential for increased rice
production. WARDA participated ina
multtlocational trial conducted by INGER-
Africain the African Rice Blast Nursery in
1992, The min aims of the trial were to;
identify varicties/lines with stable spatial

resistance: analyze the virulenee spectrum
of Pyriculuria orvzae populations at sites
throughout Atrica: and obticn mformation
ot the different rice growing areas. The
assessment of the 160 entries in the trial
was undertahen over S week period.
starting frony the date the st symptoms
appeared; entries were sewn i single
rows, hordered by the <usceptible check,
Uisen.

The resulis, summarized in Figure 9,
indicate that multilocational screening of
this Kind s usetul for characterizing sites
and genetic materials, Among the entries
which showed good resistance
(maximum severity score of |y were:

Kataktarada 2. BG 367-4, IRAT 156, IRAT

FO1ITA 143, Salumpikin, TOX 1011-4-
A2UIR 13400 IR 31429-14-2-3,

IR ASST2-SRN-41-B-1-1. OR 79-21.
Suweon M1, TON 3112-41-1-3-0-3,
TOX 3ITIR-6E2-1-4. TON 31[8-73-2-
IR 31805-20-i-3-3. IR 353546-17-3-1-
IR 37873-16-2-3-3-1, [R 3880-10,

IR 39323-110-5 22, IR 39337-45-2-2-3,

1.
.1-

IR 39379.90-2-2.2.2 R 39379-94-2-3.3.2,
IR 406375-CPA-19-3-1, IR 48751-B-B-30-2,

IR 49500-54-1-2-3.P 2075 FA-93-2.2448,
Tuinug Sen Glutinos 2. TON 3114-10-1-2

3-LTOXN ITIS-0-E2-3and TON 3142-1-1-

[-3-1. The resistant check. IDSA 6. had a
resistance profile slightly Tower (severity
0-3) than ihose of the entries studied.

After INGER-Africa has analvzed the data
collected in 1992 listof promising
materials will be sent to WARDA for
possible inclusion in the plant breeding
progam.

1-1.

Figure 9 Blast frequency based on severity in a multilocational trial, 1992
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Characterization of germplasm for
resistance to leaf blast: Rapid
sereening nursery

ASv M Jones and K. Akator

During 1992 two sets of entries underwent
rapid screeming in upland conditions at
Mhe Cote d"Ivorre 1o define the blast
profile of fixed or segregating materials
(hased on the IRRI standard evaluation
svstem, identify susceptibie and resistant

checks, provide data for the development of

arice blast resistancs improvement strategy
and adentity entries to be used inan -
depth sereening pregram. The trial design
followed that used by the African Rice
Blast Nursery, with cach entry replicated
four times (4 rows, 30 em long),

For the susceptible check. in the first trial
(242 entriesy the average severity for
Marateli ranged tfrom 4 10 9 and for Fanny
and €O 39 from 510 9; the corresponding
scores in the second triad (236 entriesy were

8109 and 710 9. For the resistance check,
in the first triad the average severity for
Moroberehan. OU 244 and CG 20 runged
from ! 1o 3; in the second trial,
Moroberekan and OU 244 scored 3 1o 3 and
CG 20 scored 2o 3 Thers were 27 highly
resistant entries in the fiest triat and three in
the second: the number of highly
susceptible entries was 12 in the first trial
and 125 in the second (see Figure 10),

The best performing entries in the first trial
were IR 46, CICA ». Lulae, Orvrzica 3,
CTA 6775-5-17-4-2-70. CT 6775-5-17-4-2-
SPUIR 35366-40-2-3-2.2 QR 42 1TA 139,
ITA 402 WAB 56104, CG 4L Kinandang
Patong. TOX 3081-306-1-4-1-1, KR 27,
CT 6240-12-2-2-3-6P ITA 135,

CNA G675 IR 25587-133-3.2.2.2,

IR 20082-41-2 IR 21118-138-2-3,

IR 32429-138-1-3-3, IR 355406-17-3-1-3,
IR 20725-760-3-3-2, 1R 2822K-12-3-1-1-2,
[FAROX 300-3-2 and FAROX 317-3.5.2
In the second trial, the only entries

Figure 10 Blast resistance profile for (a) 242 entries and (b) 236 entiies screened
at M'bé, Cote d'lvoire
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matching the pertormance of those listed
above for the first trial were TOS 13031,
TOX 38 73-2-1-1-1 and 15891,

Screening for resistance to rice yetlow
mottle virus: RYMY evaluation
screening test

ACSVOWARDAL K Aot (INGER-\frica),
o Abamic (INGEP-Africay and K. Akator
(WARDA)

Rice vellow mottle virus occurs mainly in
the Towland ecosystems, but has also been
observed in the irrigated uplands. In spite
of advances in knowledge of the biology of
this pathogen. it is difficult to estimate its
contribution to vield loss. In 1992, trial
wis conducted in MTbé and Gagnoa. Cote
d’Tvoire in collaboration with INGER-
Africa to assess the genetic diversity of the
virus, identity rice senotypes with durahle
spatial resistance and contribute to a pan-
African strategy to combat the discase,

The trial invobved 100 entries. with
Moroberekan and BG 690-2 as the
resistance and susceptible checks.
respectively, and Bouakdé 189 (susceptibley
as the Tocal cheeh. Artificial inoculation
tinoculum produced by Bouakd 184, which
wits naturally infested on adjacent plots)
was carned out 39 days after transplanting:
disease rating was based on the [RR1
standard evaluation system. The most
promizing entries on the Hth day atrer
inoculation were TOG f681. Moroberehan,
FARO 39 (IRAT 44y, FARO 43 (ITA 128).
IRAT T2 IRAT 208, WABIS 15,

WABIS 675, TOX 3629-1-4NR-06.

Yu Keng 130, Yu Keng 219 and Xinan
175, Entries which were severely atfected
included IR 4632-2-3, TOX 3069-06-2-3-6.
IR 5. BGY0O-2. TOX 3055-10-1-1-1 and
TOX 3211 14-1-2-1-2A, However, the
most suitable susceptible checks, showing
spectacular symptoms of foliar attack., were
Bouaké 189, TOX 3211-49-1-2-2 and
TOX 3058-50-1-2-5-1.

Plans are under way to implement an in-
depth study on rice yellow mottle virus in
1993, based on assessing the impact of the
disease ortillering, yield and grain weight.

Varictal resistance profiles for rice
vellow mottle virus
ACSvand Ko Akaror

Within the context of research on rice
vellow mottle virus, a trial was established
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in 1992 to compile the resistance profiles of

36 rice varieties and characterize the M bhé
and Gagnoa sites in Cote d’Ivoire. Entries
were taken from WARDA and INGER-
Africa collections, multiplied, and grown in
a rundomiced complete block design, with
three replications. The resistant check was
Moroberekan and 12 susceptible checks
Jayaand IM 16, Where necessory. artificia’
inoculation was carried out on the 12th day
after transplanting. Discase assessment,
using the IRRI standard evaluation system,
was conducted over a 65-day period,
starting 2 weeks after inocrlation,

No varieties showed fevels of resistance
cqual to that of the cheek, Moroberekan.
TOX 3068-28-1-i »ad TOX 3233-31-6-2-
[-2A were supedaor to all other entries,
irrespective of the site. Varieties showing
high susceptibility at both sites were

TOX 3219-5-1-1-1, TOX 3441-96-1-1-13,
TOX 3559-6-2-2-2. TOX 3399-158-1-3-2,
TOX 3352-84-1-2-1.ITA 306, BG 90-2,
ITAJ00ITA 402, FAROX 315-1-2-2,
ITA 304 and I'TA 305, Under artificial
inoculation, there was a signiticant eftect
on the formation of florat organs and
delayed exsertion, leading to a sharp
increase in the pereentage of deticient
panicles: at M hé, this ranged from 174
funinoculatedy to 634 tinoculated) for
Bouzké 1892 at Gagnoa. the corresponding
figures were 19 and 714 . The impact of
artificial inoculation on plant height was
also recorded. The maximum reduction in
height was 33% for TOX 3552-84-1-2-1 at
Gagnoa and 26% for "TA 400 at M'hé,
There was no signific.nt reduction in the
heights of the resistant varietics TOX 3058-
28-1-1 (average height 86 cm at M'bé andd
75 e at Gagnoa), TOX 3211-14-1-2-1-2
(94 cm and 85 em) and Moroberekan

(110 cm and 95 e,

In 1993 work will be undertaken to
broaden the scope ot this trial in
collaboration with NARS, study the impact
of rice yellow mottle virus on tillering and
assess yield Josses caused by the virus,

Characterization of the continuum
toposequence for disease prevalence
ACSy AL Adesina, E. Heinvichs, M. Jones,
D Johnson and K. Sulrawat

The _ontiuum offers an ideal environment
for the assessment of the population
dynamics of pathogenic agents and the
adaptibility of their host populations. A
trial was conducted at various points on the

Figure 11 Reaction of rice varieties grown in different ecosystems along the continuum wn
to (a) brown spot, {b) leai scald and (c) rice yellow mottle virus (RYMV) 48]
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toposeyuence, using a randomized
cemplete block design, with three
replications; in each replication, entries
were sown parallel to the gradient on a

< x 100 m plot. The plot was divided into
five sections, representing: upper and lower
rainfed unlands (Rainfed |and 2); upper
and lower hydromorphic zone (Hydro-
morphic | and 2y; and lowiand (Lowland).

The upland varieties tested were

WAB 56-104, WAB 56-125, 'TA 257 and
IDSA 6 (cheek): the lowland varieties were

T

ITA 212, BG Y0-2, WAB 56-50 and
Bouaké 189 (cheek). The prevailing disease
patterns for cach section of the
toposequence were diagnosed and the
levels of severity assessed. using the IRR]
standard evaluation system. The
predominant diseases were hrown spot
(Drechstera oryzae). leat scald (Gerlachia
orvzae) and rice yellow mottle virus (see
Figure 11).

The results confirmed a relationship
between soil-climate characteristics and
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discase incidence. Rice yellow mottle virus
predominated in the Tower part of the
toposequence, whereas brown spot was
prevalent in the upper parts. The absence of
blasi and the refatively Tow severity for the
other three diseases were due nuinly 1o the
nature of the experimental site and the
varieties tested. The response of ITA 212, a
lowland variety with good resistance to
brown spot, illustrated the effect of
transterring a variety to an ecosystem too
tar from its preferred environment,

PROJECT 4: SOIL FERTILITY
MANAGEMENT

Nitrogen and phosphorus deticiency are the
mostimportant nuirient constraints 1o rice
production in the continuum. N deficiency
oceurs throughout West Africa, but is most
severe in the savanna zone; P deficiency is
a serious problem in the forest zone and in
acidic uplands. In the lowland and irrigated
ceologies, iron toxicity is the most
iraportant nutrient disorder, and the
development of improved varietal tolerance
is considered the most practical solution to
this problem for resource-poor farmers,
WARDA's rescarch on soil fertility
management 1s focusing on the diagnosis
and management of these soil disorders.
Complementary studies have been
undertaken to determine the mineral
reserves in the upland and irrigated lowland
ceosystens,

Soit nutrient deficieney studies
K. Salrawat and S. Diattu

A multi-year experiment to determine the
status of mineral reserves in an upland soil
was initiated at M'bé, Cote d'Ivoire in
1989. A parallel experimant in a lowland
soil under irrigated conditions, using a
similar design, began at M'bs in 1992,

A complete fertilizer (CF) treatment
(100 kg N/ha as urea, 100 kg PO /ha,
100 kg K,O/ha as KCE 30 kg CaO/ha as
hydrated lime, 50 kg MgO/ha as MaCO,,
and 10 kg ZnO/ha as ZaSO,) was

compared with treatrments in which N, P, K,

Ca, Mg and Zn were individually omited.
A randomized complete block design was
used. with four replications. P, K, Ca, Mg
and Zn were applied basally at planting;
N was applied in three equal splits at
planting/transplanting, tillering and
flowering. The cultivar IDSA 6, a widely
grown upland variety, was used for the
upland trial; Bouaké 189, common in the

Table 10 Yizld and yield attributes of IDSA 6 under different fertilizer treatments in the
fourth year of a continuous cropping trial in upland soil conditions

Grain yield Straw yield Tilters Panicles
Treatment? {tha) (vha) (no.m?) (no./m?)
Checis {no fertilizer) 1.61 1.84 220 185
CF 290 3.66 265 223
CF-N 1.54 1.67 227 17
CF-P 283 2.88 226 186
CF-K 349 3.57 292 225
CF-Ca 245 3.49 285 238
CF-Mg 3.06 343 286 238
CF-Zn 2.15 320 274 186
LSD /5%) 0.895 0579 730 52.1
cv 24.53 13.27 191 17.5
Note: a  Seetext for details ot treatments
Table 11 Yield and yield attributes of Bouakeé 189 under diiferent fertilizer treatments in

the first year of a continuous cropping trial in lowland irrigated conditions

Grain yield Straw yield Tillers Panicles
Treatment? (vha) {tha) {no.J/m?) (no./m?)
Check (no fertilizer) 1.44 253 235 135
CF 2.77 423 303 177
CF-N 1.66 KXK)| 232 133
CF-p an 5.58 347 186
CF-K 2.68 443 KIE) 163
CF-Ca 2.62 5.64 282 163
CF-Mg 275 5.10 334 178
CF-2n 2.62 4.81 319 178
LSD (5%) 0.549 0.968 475 126.9
cv 15.20 14.77 10.9 9.0
Note: a  Seetext for details of treatments

lowlands, was used for the irrigated
lowland study.

Since 1989, trials have been conducted at
M'bé to determine the nateral nutrient
reserves in soils at different locations
(plateau, upper slope and mid-slope) in the
upland ecosystem. The trial ficlds were
under tallow for 5-7 vears: the soils are
shighily acidic (pH 6.5) in the op 20 ¢m
layer and low in organic matter, The soil

profile is gravelly throughout, with a sandy
clay texture in deeper horizons (30-50 cm);

N was the only deficient nutrient.

Tables 10 and [ sunmarize the 1992 deta
on yield and yield attributes for the uplana
and low "and ecologies. In the upland trial,
grain and straw vields and numbers of
tillers and panicles in the CE-N treatment
were significantly lower than in CF. In the
CFE-P treasment. numbers of tillers and
panicles were significantly lower than in

22

CF: straw yield was also lower in the CF-P
treatment. In the fowland trial, grain and
straw yields and numbers of tillers and
panicles were significantly lower in the
CF-N treatment than in CF. For all other
treatments there were no significant
differences in grain and straw yiclds. The
results suggest that inadequate N is the
most important nutrient deficiency in these
ceologies. This trial will continue for a
further 3-4 years.

Response of upland rice varieties to
phosphorus deficiency in a forest
zone Ultisol

K. Salravwat, M. Jones and S. Diatta

Phosphorus is the most limiting nutrient in
the acidic soils of West Africa’s humid-
forest zone. Availability of £ in these soils
is reduced by the interaction of soluble P
with iron and aluminum oxides. An



experiment was initiated in 1992 at Man in
Cote d'Ivoire to measure the P responsive-
ness of five upland varicties and detenmiine
their P requirements and efficiencies in an
Ultisol low in available P. Exchangeable Al
content 1s high and P is unavailable because
itis combined with Al The <oil s loamy
sind and has adequate organic matter
content. The wim of this study is te develop
better P nranagement practices for acidic
uplands by integrating soil management
with improved varietal efticiency.

Four rates of P were applied (0, 30, 60) and
Y0 kg P/haas triple superphosphate) in an
Ultsol {pH 4.8: organic C 154 ) low in
available P (2.9 ppm Bray-1 extractable Py,
A randomized complete block design was
used. with four replications. Each plot

(5 x 3y received N U100 kg N/ha in three
splits at planting. tillering and lowering.
Plots were handweeded at 3 and 6 weeks
atter scedig. Without applied P,

WAB 56-125 gave the highest vield (see
Table 12). Because of severe disease
meidence thrown spot and other diszases)
ITA 257 did not give a significant response
to applied P. The response equaticns for the
remaining varieties were:

WAB 56-125:

Rice ciop response 10 applicetions of 0 kg P/ha (foreground)
and 30 kg P/ha (background)

The P efficiency of the cultivars will be
determined after analyzing gratin and straw
for P content. In 1993 the residual value of
the P applicd in 1992 will be determined
without additional applied P. The
experiment will be repeated in 1993 10
cover a higher and wider P response
range.

Y\ = 104+ 0.0483P - 0.00037P- Evaluating nromising rice cultivars for
R- = 0.084 iron toxicity tolerance in lowland soils
WAB 56-104: K. Salrawat, B. Singh, S. Diatta und
Y = LA+ 0.03638P - 0.00021P2 M. Jones
R = 0811
WAB 56-50: [ron toxicity is a major nutrient disorder of
Y’ = 122+ 0.0555P - 0.00034P lowland and irrigated rice in West Africa.
R- = 0800 Varietal tolerance is a practical and low-
IDSA 6: cost means of increasing rice productivity
Y o = 140+ 0.0124P in iron-toxic conditions. An experiment
R* = 0530 was conducted in 1992 1o evaluate the iron
toxicity tolerance of promising lowland rice
where: L varieties and to provide additional
Y = gram )f'dd n l/h‘f ' information for selecting breeding
P = rate of applied P in kg/ha materials. The varieties tested included five
Table 12 Response of five upland rice cultivars to phozphorus deficiency in an U'tisol
in the forest zone, Céte d'lvaire, 1992
Prate Grain yield (tha)
(kg/ha) WAB 56-125 WAB 56-104 WAB 56-50 IDSA 6 ITA 257
0 1.64 1.43 1.1 1.32 0.90
30 2.75 239 278 1.87 2.24
60 3.19 282 3.09 2.20 1.21
90 296 3.03 3.49 2.44 1.44
LSD (5% 0.757 0477 0.836 0.469 ns?
cv 17.97 1243 19.88 14.98 -
Note: a  Notsignificant

upland cultivars which had shown good
performance in acidic upland soils.

Twenty cultivars were grown at M*bé and
Korhogo, Cate d'Ivoire. These two sites
represented markedly different iron toxicity
pressures in the 1992 growing season. The
iron toxicity score (hased on the IRR]
standard evaluation system) for the
standard tolerant check. Suakoko 8. was
high (3) and sustained a1 Korhogo and very
low (1) ar M'hé. A randomized complete
block design was used, with four
replications. All the plots (12 m?) received
a basal application of 200 kg NPK/ha
(10-18-18).

Tuble 13 (overleafy summarizes the yield
data, The upland varieties (the fast five
varieties in the table) showed little
tolerance at Korhogo: their performance at
Mhé was relatively poor, reflecting poor
adaptation to flooded conditions.

Suakoko 8 gave a lower grain yield at
Korhogo than at M*bé. The performance of
the Tocal check. Bouaké 189, reflected its
ability to tahe advantage of the low
iron-toxic conditions prevailing at M'hé
during 1992, The check variety 1TA 247
appeared to he relatively tolerant to iron
toxicity.

These results show that some TOX lines
may have promising iron toxicity tolerance.
In contrast. the iron toxicity-tolerant variety
Suakoke 8 may lave low vield potential
and thus be uniquely suited for conditions
ot high iron toxicity pressure. The study
will continue at M'bé and Korhogo in
1993, accompanied by collaborative studies

RESEARCH SUMMARIES .
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Table 13 Performance of 20 rice cultivars at a site with high iron toxicity (Korhogo, Cote

d'lvoire) and a site: with Icw iron toxicity (M'bé, Cote d'lvoire), 1992

Grain yield {Vha) Iron toxicity score

Entry Korhogo Mbe at Korhogo
TOX 3100-32-2-1-3 5.04 6.35 2
TOX 3107-39-1 21 5.00 5.65 2
Suakoko 8 {standard tolerant check) 4.85 4.44 3
ITA 408 4.42 6.49 3
ITA 247 (check) 437 468 3
TOX 3113-6-E2-3-2 4.33 572 3
TOX 3081-36-2-3-1 433 554 3
TOX 3027-43-1-E3 4,26 5.79 3
TOX 3118-42-141 4.09 8.36 3
ITA 326 395 4.50 3
TOX 3050-46-E3-3 3.31 6.52 3
TOX 85C-C1-10-WAS 3.29 470 5
TOX 85C-C1-17-WAS 3.24 470 7
Bouake 189 (local check) 2.87 5.64 7
TOX 3052-46-3-3-1 2.76 5.96 5
IDSA 10 <0.10 3.80 9
IDSA 16 <0.10 412 9
IRAT 144 <0.10 3.60 9
ITA120 <0.10 5.90 9
ITA 257 <0.10 3.64 9
LSD {5%) 1.078 0.959
cv 27.50 18.40

with Louisiana State University, USA on
iron toxicity processes in the lowlands.

PROJECT 5: DEVELOPMENT OF
IMPROVED RICE VARIETIES

The goal of this project is to develop higher
and more stable vielding rice varieties for
the upland/hydromorphic and
hydromorphic/lowland ecosystems of West
Africa. Although most rice farmers in these
ccosystems are likely to continue with
traditional low-input cultivation systems in
the medium-term, some are making the
transition to high-input intensive systems.
WARDA's goal is to develop varieties for
low-, medium- and high-input production
systems in order to cater for all levels of
management.

The improved materials should perform as
well or better than local varieties under
low management, should respond well to
better management and the addition of
nitrogen, and should be at least as tolerant
as most traditional varieties to drought,
flooding, adverse soils, insect pests and
discases. They should ulso have appropriate
plant architecture to minimize lodging and
suppress weeds, as well as prain quality
properties which suit the diverse
preferences of the region’s consumers.

In 1992, upland yicld and stress trials were
conducted in Cote d'Ivoire at WARDA's
experimental farm at M'bé (forest-savanna
transition zone: bimodal rainfall: 1992 total
rainfall 1030 mm), at Man and Gagnoa
(humid-forest zone; monomodal: 1563 mm

aned 1610 mm, respectively) and at
Korhogo (savianna zone: monomodal;

1302 mm). Lowland breeding acuvities
concentrated on breeding for yield

and yield stability and selecting for
resistance or tolerance to the major stresses,
including blast, glume discoloration, leaf
scald, rice yellow mottle virus, stem borers,
gall midge. drought, floodirg, submergence
and iron toxicity. The trials were conducted
in Nigeria at tbadan, Edozhigi, Kano,
Ikenne, Onne and toikin; these sites
represent a wide range of lowland rice
growing conditions in West Alrica.

Farmers’ knowledge and preferences for
rice varietial characteristics
A. Adesina and M. Jones

The adoption rate of new rice varieties is
often iow because they lack the traits
preferred by tarmers. To address this
problem, surveys were initiated in 1992 in
Cote d'Ivoire to characterize the diversity
of existing germplasm, determine farmer
knowledge of germplasm conservation and
assess farmers” preferences for specific
varictal traits. The study covered {74 farms
in 12 villages in the humid-forest, forest-
savanna and savanna agro-ccological zones.

The results, suninarized in Table 14, show
that farmers considered that local varicties

Table 14 Farmers' comparison of the best local rice varieties with the best improved
varieties, Cote d'lvoire, 1992
—— Comparison of local and improved varieties (% of respondenls)a
Trait Local better Improved better No difference Not applicable
Agronomic fraits:
Plant height 86 4 10 —
Resistance to shattering 81 12 7 -
Weed competitveness 79 7 14 —
Panicle length 76 17 7 -
Panicle exsertion 74 12 14 —
Tillering capacity 73 17 10 -
No. grains per panicle 52 45 2 —
Yield 50 40 10 -
Drought tolerance K| 45 17 7
Insect pest and disease
tolerance 7 81 10 2
Early maturity 2 9N 7 —
Post-harvest traits:
Good aroma 64 17 19 -
Ease of cooking 29 33 38 -
Taste 29 29 23 19
Ease of milling 9 74 17 —
Ease of threshing 5 76 3 16
Note: a N =42farmers

———




Table 15 Farmers’ as~essment of the relative importance of agronomic and pust-harvest
traits in adoption decisions on rice varieties, Cote d'lvoire, 1992
— Assessment of importance of tr2it: (% of respondents)® —
Trait Very important Important Minor importance  Not applicable
Agronomic traits
Yield 99 1 — -
Tillening capacity 99 - i -
Drought tolerance 93 1 6 -
Panicle exsertion 88 1 1 -
Resistance to shattenng 50 32 18 -
Plant height
*all 72 9 1 18
medium 55 13 1 31
short 1 3 1 95
Crop duration
long 1" " 9 69
medium 55 21 8 16
short 39 13 7 4
Weed competitiveness 34 24 42 —
Insect pest tolerance 24 9 67 —
Disease tolerance 24 7 69 —
Post-harvest traits:
Good taste 97 2 1 —
Ease of cooking 82 17 1 —
Ease of milling 7 17 € -
Good aroma 57 21 22 —
Note: a  N=140farmers

had several advantages over improved
varieties, particularly in terms of plam
height, resistance to shattering. panicle
length and exsertion, competiti 2ness with
weeds, and tillering capacity. Interestingly,
they did not pereeive a distinet yield
advantage for improved varieties over local
ones, Table IS summurizes farmers”
responses on which varietal traits they
considered “very important’, “important” or
of "minor importance”.

From these surveys, a comprehensive
database was developed on the major local
varieties cultivated by farmners in the
surveyed villages, and Tarmers” preference
profiles for different agronomic and post-
harvest traits were compiled. Because of
the considerable interest in this type of
study shown by rice breeders in the region,
this work will be expanded over the next §
years to involve national researchers in the
development of a database on the varietal
preferences of rice farmers in West Africa.

Germplasm characterization
M Jones, D. Johnson, K. Salirawat,
ALSv E Heinrichs and S, Mandé

The ability of improved rice varieties
developed by WARDA, {ITA and IRAT to

tolerate ccosystem-specific stresses along
the continuum is inhibited by the lack
certain morpho-agronomic traits. In 1992
a multi-year, multidisciplinary study was
initiated at M"hé, Cote d'lvoire to
measure the vield response of improved
varieties and identity the traits which
cnhance adaptability to specific
ceosystems.

Five elite upland cultivars (WAB 56-50,
WAB 56-125, WAB 56-104, ITA 257 and
IDSA 6) and three elite lowland cultivars
(ITA 212, BG 90-2 and Bouaké 189) were
grown along the continuum at five
positions on the toposequence representing
the major ecosystems (Upland 1 and 2,
Hydromorphic | and 2, and Lowland). The
average slope was 1-3% . with Upland | at
the uppermost position. A split plot design
with three replications was used., with
weeded and unweeded plots of cach variety
in cach ccosystem: 200 kg NPK/ha was
applied at planting, and 40 kg N/ha was
applied as urea in equal doses at flowering
and maximum tillering.

The grain yields are given in Figure 12
foverleaf). In Upland 1. where the water
table was aiway s below 1.5 m, vields
ranged from O to 0.1 t/ha from 0 10
.37 t/ha under unweeded and weeded

conditions, respectively. The five highest
yielding cultivars in weeded and unweeded
plots showed better resistance to the
drought conditions experienced during the
carly vegetative and fate repreductive
stages and had good tillering capacity with
well-exserted panicles. Under unweeded
conditions. significant correlations were
obtained between grain vield and growth
duration (r = 0,385, P < 0.05), panicle
number (r = 0.409, P < 0.005) and plant
height (r= 0,402, P < 0.005), indicating
that medivm-statured varicties

(100-129 cm) with carly maturity
(100-110 days) and moderate tillering
(250 panicles/m?y are best suited to this
ccosystem. In Upland 2, where the water
table was always below 1 m, vield was
again correlated with duration, plant height
and panicle number, as well as with

neck blast (r=0.3760, P < 0.005) under
weeded conditions, and with teaf blast
(r=0.397, P < 0.005) and neck blast
(r=0.651, P <0.001) under unweeded
conditions, The results indicate that the
most suitable varieties for this ecosystem
are carly maturing types with medium
stature, moderate tillering and blast
resistance.

The highest average grain vields were
obtained in Hydromorphic 1, where the
water table was within 60 ¢m of the soil
surface. Yield was significantly correlated
with duration (r = 0.746, P <0.001) and
plant height (r=0.028. P < 0.00}) under
weeded and unweeded conditions. The best
adapted cultivars bad medium stature and
medium duration (120-135 days). In
Hydromorphic 2 the water table was at the
soil surface throughout the scason. Yield
was significantly correlated with plant
height (r = 0,439, P < (.005), panicle
number (r=0.508, P = 0.001) and growth
duration (r = 0494, P < 0.005) under
weeded conditions, and with emergence
(r=0.715,P = 0.001) under unweeded
conditions, In this ccosystem, lowland
cultivars with medium duration

(120-130 days) and short to medium stature
performed best.

High vields were produced by lowland
varieties in flooded conditions. Yield was
significantly correlated with duration
(r=0.8210.718. P < 0.001), panicle
number (r = 0.888/0.922 P < 0.001) and
plant height (r = 0.455/0.412, P < 0.005)
under weeded and unw eeded conditions,
respectively. indicating that medium-
duration varicties with high tillering
capacity (over 300 panicles/m2y and shont
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stature are best suited to the lowland
ccosystem. This trial will be repeated in
1993 at M™bé and two additional Icoations,
using the same entries.

Initial screening for adaption to upland
and hydromorphic conditions
M. Jones

Since 1985, WARDA has evaluated about
S000 varieties/lines introduced from Asia,
Latin America and Africa. Introduced
varicties with high yield potential,
fertitizer responsiveness., resistance or
tolerance to major environmental stresses
and suitable plant type have been
identified ror use in breeding programs.
During 1692, 490 introductions were
evaluated in observational nurseries at

M hé, Man and Korhogo, Cote d'Ivoire.
The entries were grown in single plots

(4 rows, 5 m long): the cheek vaneties,
WABC 165 (short duration) and IDSA 6
(medium duration) were repeated after
every 20 test entries.

At Korhogo., severe leaf, neck and panicle
blast, sheath rot, leaf scald and drought
allowed casy identitication of susceptible
entries. At Man, only those entries with
resistance to blast, sheath rot and glume
discoloration, and tolerance to soil acidity
and low P were selected for further
eviluation. At M'bé, crop stand was good
throughout the growth cyvele: with the low
incidence of discase. insect and soil
problems, it was possible to assess the
phenotypic adaptation of the entries under
low stress.

Entries with consistently good pertormance
at all three locations were CT 7242-16-4-3-
2-3PIRAT 302, B 2997C-TB-60-3-3,
CABACU, WAB 33-19, CNA 762069,
IRAT 300. WAB I181-18. WARB 32-133,
Ortava, Matumira and Jibudr. Entries
showing good resistance to acidity and low
P (pH < 4.0y at Man were WARB 32-80,
WARB 32-59, WAB 36-54, WAB 30-24 and
WARB 32-133. Entries showing good
drought tolerance at Korhogo were

CT 6949-7-1-4-2-M, IRAT 301,

WABIS 737. WAB I81-1K, WAB 32-55
and [RAT 300.

A total of 129 entries with acceptable grain
properties and better phenotypic
aceeptability scores than the check were
selected for inclusion in observational yield
and stress trials in 1993,

Figure 12 Graini yields of upland and lowland rice varieties grown in weeded and
unweeded conditions in the major ecosystems on the continuum at M'bé, Cote
d'lvoire, 1992: (a) Upland 1; {b) Upland 2; {c) Hydromorphic 1;
(d) Hydromorphic 2; (e) Lowland
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Screening promising upland rice
selections
M. Jones

Several improved rice varieties with
moderate resistance to drought and blast
(ITA PO ITA 150, ITA 257, IRAT 13,
IRAT 116, IDSA 6 and WAB 56-104)

are being adopted by farmers in the region

because of their carliness and high yields
under improved management conditions.
Toidentity variceties with higher and
more stable yields under high-input
management for the upland and
hydromorphic cecosystems, WARDA is
conducting observational and replicated
vield trials of promising varieties and
advanced lines.




Two observational vield trials (short and
medium duration) were conducted at M'hé,
Man and Korhogo in Cote d"Ivoire o
evaluate 190 entries under various
environmental conditions; a trial (medium
duration) was also conducted at M hé on
hydromorphic soils. Entries were grown in
single plots €2 x5 m), with the check
varieties WABC 165 (vhort duration) and
HISA 6 (medium duration) replicated after
every 20 entries. At M bhé, grain yields
ranged from 0.57 10 3.59 t/ha: the check
vielded 2.0-2.22 ¢ha. On the basis of high
vields, pood phenotypie acceptability and
stress resistance. 38 varicties were selected
for further testing. Varieties vielding over
3.0 vha and exceeding the checks by
10-384% were WAB 99-81, WAB 181-30,
WAB I81-32, WAB I81-37 and WAB
181-18 (short duration), and TOX 3449-34-
331 TOX 3443-28-2-2-1 and TOX 3380-
8-2-2-3 (medium duration). Under
hvdromorphic conditions, 17 varieties
outviclded the best cheeks by 14-85¢¢; the
top tive with vields eaceeding 3 tha, were
WAB 96-B-12-1B. WAB 99-H-14-HB,

WAB 126-i8-11-HB, WAB 224-16-H-HB
and WAB 99-H-16-HB. At Man and
Korhogo, leaf and neck blast. leat scald and
brown spot were recorded: drought was
also severe at Korhogo. Sixteen entries
rated as resistant or moderately resistant to
these factors were selected. The checks
vielded 1.0-1.8 tha. Entries with vields
exceeding 1.5 and 2 t/ha at Korhogo and
Man, respectively, were WAB 95-B-B-40-
HB. WAB 56-125, WAB 181-37. WAB
IR1-18, WAB 95-B-B-B-8-HB and

WAR 99.1-1,

As i follow-up to trials of varicties/
advanced lines selected in previous
seasons, 120 entries were sereened in two
preliminary vield trials, two advanced yield
trials and two elite variety trials. Blast,
sheath ror and glume discoloration were
recorded at Man and Korhogo, Mild acidity
and low P were also poted at Man, while
drought was severe during the vegetative
and reproductive stages at Korhogo, In all
trials, vields were higher at M™bé than at
Man and Korhogo (see Table 16 and Table

17 overleaf). and  large proportion of the
entries outvielded the cheek varieties.
Many emries also had long. stender and
translucent grain type, which is preferred
by most West African consumers. The best
entries will be evaluated in Task Forcee
regional trials in 1993,

Breeding for plant type, grain vield and
vield stability under low-input
management

M. Joneys

In the past 40 years, rice research in West
Africa has emphasized evaluaiing
germplasm under intensive systems in
favorable environments, and thus many
improved cultivars do not match the
performance of traditional varieties in the
low-input conditions under which 80% of
upland and hydromorphic rice is grown in
the region. In 1992, observational and
replicated yvield trials of materials
developed under improved conditions were
conducted at M'hé, Cote d'lvoire under

Table 16 Performance of three highest yielding, short-duration varieties in preliminary yield trials in upland conditions
at M'bé, Man and Korhogo, Céte d'lvoire, 1992
Stress resistance rating®
Grain yield Plant height Days-to- Leaf Neck Glume Drought
Entry (tha) {cm) maturity blast blast discoloration stress Acidity
Mbe (transition zone,
bimodal rainfall):
WAB 96-36 3.76 116 98 3 2 2 1 —
WAB 56-104 3.70 103 93 3 1 1 1 -
WAB 99-5 3.56 14 9 3 3 3 1 —
WABC 165 (check) 2.96 100 100 4 3 3 1 —
Mean of 20 entnies 3.20 12 104 4 3 3 1 —
CV (5%) 18
SE+ 300
Man (forest zone,
monomodal rainfall):
WAB 99-5 2.63 98 104 1 3 1 - 2
WAB 56-104 2.53 97 103 1 3 2 — 2
WAB 96-9-1 2.30 110 107 3 7 4 — 2
WABC 165 {check) 1.01 95 115 1 4 4 - 3
Mean of 20 entries 1.68 100 107 2 6 4 — 4
CV (5% 18
SE+ 150
Korhogo (savanna zone,
monomodal rainfall):
CNA 1.20 97 96 1 2 2 3 -
WAB 997 1.08 99 96 1 2 1 2 -
WAB 56-104 1.02 102 97 1 2 2 4 -
WABC 165 (check) 0.85 102 98 1 2 2 3 —
Mean of 20 entries 0.59 108 98 1 2 2 5 —
CV (5%) 31
SE+ 153
Note: a  Scored according to the IRRI standard evaluation zystem (0 = no damage, 9 = dead plant)
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Table 17 Performance of three highest yielding, short-duration varieties in advanced yield trials in uptand conditions
at M'bé, Man and Korhogo, Cate d'lvoire, 1992
i Stress resistance rating?
Grain yield Plant height Days-to- Leaf Neck Glume Drought
Entry (Vha) {cm) maturity blast blast discoloration stress Acidity
Mbe (transition zone.,
bimodal rainfall):
WAB 181-18 4.26 104 101 2 1 1 1 —
WAB 56-104 365 103 97 2 1 1 1 -
WAR99-1-1 364 101 102 1 1 2 1 -
WABC 165 (check) 2.96 116 N 2 2 2 1 —
Mean of 20 entnes 3.26 108 107 2 2 2 1 -
CV (5% 17
SE + 275
Man (forest zone.
maonomodal rainfall)
WAB 181-18 349 98 1m 3 2 2 1 2
WAB 56-39 342 110 124 4 1 1 1 2
WAB 56-125 314 107 115 3 1 1 1 2
WABC 165 {check) 267 14 115 1 2 1 1 2
Mean of 20 antries 2.61 109 115 4 2 2 1 3
CV (5%) 23
SE 4+ 294
Karhogo (savanna zone,
monomydal ranfall}
TOX 1011-4-A2 1.50 85 97 1 1 3 3 —
WAB 99-1-1 1.49 93 98 1 1 3 2 -
WAB 56-104 1.3 87 98 1 0 6 4 -
WABC 165 (check) 1.10 101 106 1 1 4 5 —
Mean of 20 entries 0.61 98 99 1 1 5 5 -
CV (5%) 37
SE + 17
Note:  a Scored according to the IRRI standard evaluation system (0 = no damage, 9 = dead plant)

low-input conditions (minimal land
disturbance. with tree stumps retained; land
not levelled bat a hoe used to scarily the
top Sem 40 kg N/ha applied as area in
equal doses, 15 and 435 days after sowing:
plots handweeded at 28 davs after sowing).

In the observational trial (single plots,
Hrows, S mlong), 148 raditionat and
improved entries were tested against four
improved varicties (WAB S6-104, WARBC
165, IDSA 6 and IRAT 144). Only six
improved varieties produced grain (WAB
96-1-1, 1.07 t/ha; WAB 56-10, 1.06 1/ha)
WABC 165, 0.85 t/ha: [DSA 6, 0.55 tha:
IRAT 144, 0.54 t/ha and ITA 257,

0.24 t/ha). Most other improved varicties
were smothered by weeds and were stunted
and highly chlorotic, with marked N
deficiency symptoms. Most traditional
varieties had higher yields and hetter
phenotypic acceptability and seedling vigor
scores than the improved varicties, The 20
varieties selected for inclusion in the 1993
observational trials included the following
highest yielders: SP4. YS 236, Jeka Djare,

ES17A.D10.SP 8, YS 231, WAB
56-104. Digba-Youho, M 2, IDSA 6, WAB
96-1-1 and WAB [81-18.

I the three replicated trials (randomized
complete block design, with six
replications; plots 3 x 3 m), yields of the 60
preliminary. advanced and elite varieties
tested were very low (0.72-1.0 t/ha).
Varieties yielding over 0.9 t/ha were

IRAT 144, WARB 313-25. WABC 165,
WAB 96-1-1. WAB 32-46. IDSA 46,
WAB 33-17. WAB 181-18. CNA 4136 and
WAB 99-17. Fifteen entries were selected
for turther tests for grain yicld. phenotypic
acceptability, seedling vigor and weed
suppression,

The sustained yields inexcess of 1.2 t/ha of

a few promising improved and traditional
varieties after 2 years of screening under
low-input conditions is encouraging.
Efforts will be intensified in 1993 1o
indentify the factors determining inter-
varietal differences in grain vield, weed
suppression and performance in poor soils.

28

Breeding drought-resistant upland rice
varieties
M. Jones and K. Sulirawat

The lack of efficient sereening methods has
hampered progress in breeding for drought
resistance. In December 1991 studies were
initiated on varietal differences in
resistance, recovery and vield under
drought conditions in the upland and
hydromorphic ccosytems The method
involved subjecting two sets of test and
check varieties to 35 days of moisture
stress during the vegetative stage (from 13
days after sowing) or the reproductive stage
(rom 45 days after sowing). This allowed
tor a comparison of drought resistance at
the two stages and 1ook into account
drought adaption. escape. avoidance and
recovery,

During 1992, 2500 eatries (traditional and
improved materials, and advanced
breeding populitions) were sown in I m
rows, with resistant (OS 6) and susceptible
tIR 20y cheek varieties repeated afier every




20 entries. Four sereenings were conducted
{two field and two sereenhouse), reducing
the number of entries 10 200 with the last
evaluation. Figure 13 shows the
distribution of drought resistance scores

in the vegetative and reproductive

stages. A positive correlation between
resistance seores at these two stages
(r=0.189, P <0.001) was obtained. There
was ahighly significant correlation
between resistince scores, after 4 weeks

of moisture stress at the reproductive
stage, and seedling vigor (r = (122,

P <0001, and a negative correlation
(r=0.391, P <0.001) betw een resistance in
the reproductive stage and leat-rolling
abihity .

The results indicate that varieties with good
resistance at the reproductive stage had
good seedling vigor and high leat rolling
abtlity undes stress conditions in the
vegelative stage. Lines consistently
showing good resistanee at soth stages
were: WARB 340-B-B-B-1-H3 IR 47 310-
O4-4-3-1, FAROX 302, WAR
J72-B-B-7-H2OWAB 92-B-B-B-B-1-HI.
WAR 3206-B-B-12-H2, WARB 326-B-B-8-
HIUIR 47686-0-06-1-1, CT6 775-5-17-4-
2-HIPCIRAT L WAB 56-125, WAR 326-
B-B-2-H3, WAB 326-B-B-22-H1, WAB
56-30. IR 5789360 and OS 6.

Figure 13 Frequency distribution of
scores for drought
resistance in 200 selections
after 4 weeks of exposure
to drought during the
vegetative and reproductive

stages, 1992
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Screening upland rice varieties for drought
resistance, M'bé, Céte d'lvoire

[ the 1992 wet season 112 entries, as well
as 43 entries from the International Rice
Drought Tolerance Nursery (IRDTN), were
screened inan observational vield trial
conducted at M'bé and Korhogo, Cote
d'Ivoire. Drought was severe during both
growth stages at Korhogo but mild in the
vegetative stage at Mhé The top five
vielders (inexcess of 3.0 and 10O t/ha at
Mbé and Korhogo, respectivelyy were
WAB 326-B-B-22-H1. WAB 56-30,
WARB 326-B-B-12-H2. WAB 97 B B 21
HI and WAB 220-B-9 H4, Of the 112
entries, 15 were selected for evaluation in
Task Foree regional trials scheduled for
1993, In the IRDTN, 15 promising lines
with i score of 1, and 22 with a score of 3,
will be advanced 1o observational vield
trials in 1993,

Breeding for disease resistance
M. Jones. A Sy and S. Mandé

Sources of durable resistance to blast, the
maost important rice discase in West Alrica.

have been found in some African Lindrices.

including Moroberekan, OS 6. 63-104 and
LAC 23, These varicties have been used
extensively in hybridization and mutation
rescarch in the region. Other varicties
showing maderate to high levels of vertical
resistanee to blast include ITA TS, 1TA
257 0TA 25 WAB 99-1-1, IRAT 144 and
WAB 56-57

In 1992 WARDA condaucted rescarch to
uperade levels of blast and drought
resistance i improved lines, using the
male-sterile tms) facilitated recurrent
selection scheme. IR 36 (msyas the

female parent was crossed with the
following donor parents identitied as being
at feast moderately resistant 1o drought

and blast: WAB 100-B-B-21-H1.

WAB 95-B-B-14-H2, WAB Y5-B-B-27-
HI1. WAB 95-B-B-8-H1. WAB 95-B-B-29-
HIWAB 95-B-B-23-1H, WADB 100-i3-13-
22-H WARB 100-B-B-24-1H1,
Moroberekan. OS 6 and IDSA 78,

F, progenies were interplanted with IR 36
{ms) to praduce F, and back-cross seeds
simultancously. The interbreeding
populations were grown at M'hé and
several promising plant selections were
made.

Observational vield trials of 112 entries
selected in 1991 for field resistance 1o blast
were grown at M'hé and Man, Cote
d’Ivoire. The entries that yielded as well or
better than the checks were CNA 6795,
IRAT 200, WARB 50-57, WAB 33-17,
IDSA 6, WABC 165, IR 47686-9-2-1,

CT 6775-5-17-4-2-8-P, WAB I81-50 and
FEA IS AUMbE. where blast pressure
wis low in 1992011 entries vielded over
2.5 t/ha. compitred 10 2.2 t/ha for the
check. Moroberehen. The selected entries
will be further evaluated in yield and stress
tritls in 1993,
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Breeding for insect pest resistance
M. _Jones and 5. Heinrichs

About 20 of the more than 80 insect species
harboured by rice in West Africa cause
cconomic losses. lasect pests are generally
more important in lowland rice; in upland
rice, the prolonged drought pressure
between harvesting one crop and planting
the next reduces pest population build-up.
However, stem borers, termites and grain-
sucking bugs can be important in upland
fields.

Breeding for varictal resistance to stem
borers began at WARDA in 1986, Research
focused on the African white borer
(Maliarpha separatetla). the African pink
borer (Sesamia zaceoniuy) and the stalk-
eved (y (Diopsis longicornis), Field
sereening of advanced lines and traditional
varicties at M'bé, Man and Qdienne in Cote
d’Ivoire has identified several lines with
resistance or moderate resistance to stem
borers: some of these lines (including
Moroberekan, Madeka D, OS 6, LAC 23,
ITA 121 and TOX 936-153-5-3-3) were
used as donors in 14 successtul crosses
made during 1992, Segregating populations
will be evaluated in 1993,

Breeding for resistance to soil
mineral stress
M. Jones, K. Sahrawat and S. Mandé

The acidic soils on which much of the
upland rice in West Africa is grown are
commonly tound in the humid-forest zone,
where rainfall can exceed 2000 mm per
annum. P deficiency and Al und Mn
toxicity are also common in the soils in the
region’s humid tropies. Breeding for
greater tolerance 1o these stresses offers
considerable promise for increasing
production on marginal and less fertile
lands, but the development of efficient
laboratory screening techniques has been
inhibited by difficulties in controlling the
soil system, describing and reproducing the
stresses, and isolating a particular stress
response from that of other stresses.
WARDA is therefore conducting analytical
field screening at a “hot spot” location in
Man. Cote d’Ivoire.

In the 1992 wet season, 1) elite varicties
and advanced lines were screened in soils
with a pH of 4.5 and low P availability

(2.9 ppm Bray-1 extractable Py An
augmented design was veed, with the check
varieties LAC 23 (tolerant) and ITA 301

(susceptible) repeated after every 20
entries. Entries showing tolerance to acidity
and associated soil problems were 1AC
165, IDSA 75, WAB 6-24, WAB 96-5-1,
WAR IR, WAR 30-24 WARB Y6-1-1,
CNA 762009, CT 6258-5-2-3-3P, IREM
192, WARB 32-80, WAB 32-59, WAB 13-
17.IR 26957-86-2, KU 82, WAB 35-2-FI,
WAB 56-50, ITA 335, CT 6240-12-2-2-3-
OP and WAB 56-125. These and other lines
will be further tested in observational yield
and stress trials in 1993,

Hybridization and selection from
segregating populations of upland rice
M. Jones

Work continued in 1992 on searching for
new donors of Oryza sativa (jupouica and
indicay and O. glaberrima origin with
desirable traits to diversify and broaden the
genetic base of new breeding materials.,
The upland breeding program used a
limited number of parents. emphasizing
selection of parent combinations of the
traits required to achieve desired objectives.
To improve their resistance and yield
potential, clite varicties and breeding lines
were used extensively in crosses with new
donors.

A crossing block of 58 entries was grown
in the 1992 dry scason under irrigation
Seventy successful crosses were made,
aimed at incorporating genes for high yield
(12), appropriate plant type to compete
with or suppress weeds (20). blast
resistance (8), drought tolerance (15),
acidity tolerance (5) and good grain quality
properties, including good aroma and taste

and grain etongation abitity (10y. Of the
400 cresses made in 198690 1o incorporaie
genes for high vield, earliness and short- to
medium-stature into improved varieties, 70
I, populations were grawn in 1992 for
advancing to IF, and possible use in top-
back- and double-crosses. Fifteen hybrid
combinations were targeted to
hydromorohic conditions: the others were
for rainfed uplands, mainly to combine
improved plant type and adaptability with
good aroma and taste and resistance 1o
blast, drought and acidicty. Currently, 70
F, populations are being evaluated and
3600 selections with a range of traits have
been made. Sclections will be evaluated in
pedigree nurseries in 1993, Ot the 1400
F-F, populations screened under high- and
low-input levels of management in 1992,
over 1200 individuals were selected: some
of the selected lines combine a range of
traits (see Table 18). A total of 240 fixed
lines were bulk harvested for promotion 1o
observational yield trials in 1993,

In rescarch on the potential of (. ¢laber-
rima. five successtul crosses (WAB 56-144/
CG 20, CG 20/WAB 56-125,

CG 20/WAB 56-104, CG I H/WAB 56-14
and CG 17/WAB 56-14) weie obtained
from O. sativa and O. gluberrima parents,
The O. glaberrima varieties (CG 20, CG 14
and CG 17) possess usetul traits for
drought, blast and acidity tolerance, weed
suppression, and good aroma and taste. The
F, and F, populations had vigorous
vegetative growth, with secondary branches
on the panicles: ligules, however, were of
the <hort glaberrime type. The high
percentage sterility in Fpand F, (> 90G)
was improved slightly (by 20% ) through

F, crosses yielding desirable lines under low- and high-input management

in the upland pedigree nursery at M'bé, Cote d'lvoire, 1992

Desirable traits

Table 18
No. of plants

Cross Parents selected
High input:

WAB 492 WAB 56-104/DR 2 400

WAB 49 WAB 56-125/Suakoko 8 100
Low input:

WAB 463 WAB 56-14/45 205-1 99

WAB 470 CGDR 2 150

Appropriate plant type, high yield, large panicle, good
taste and aroma. resistance to diseases and lodging

Aporopriate plant type, resistance to diseases and insect
pests. tolerance to acidity and phospherus deficiency

Rapid vegetative growth, appropriate plant type, high
yield. good performance in low-nutrignt soils, drought
resistance

Rapid vegetative growth. drought resistance.
infermediate stature. good performance in low-nutrient
soils, good taste and aroma
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hack-crossing: anther culture is now being
used to address this problem,

Crosses were made between upland
(juponica) and lowland (indica) varieties to
introgress desirable indica traits into upland
types and vice versa. The lowland types
generally have better resistance to lodging.
high tillering ability and higher yield; the
upland types have better resistance to blast,
drought, acidity and rice yellow mattle
virus. The juponicafindica crosses also
showed good seed set and 30-60¢47 sterility
in the F, hybrids: again, anther culture is
being applied to overcome this sterility
problem.

Ur:end Rice Breeding Task Force
regional trials
M. Jones

Eavironmental and socio-cconomic
constraints to rice prodiction in West
Africa reduce average grain vields to less
than 0.8 t/ha. The Upland Rice Breeding
Task Force (UIRBTF) was established in
1991 to involve all rice scientists in
WARDA and the region's NARS ina
collaborative research effort to overcome
these constraints, taking into account the
varying strengths and weaknesses of the
NARS and assigning rescarch
responsibilities accordingly.

In 1992, 54 URBTF trials were conducted
in WARDA member countries. Over 2000
fixed and segrepating populations were
tested in observational nurseries (for yield
and/or stress) and replicated yield trials
(grouped by duration, stature and grain
traits, with separate yieid trials of materials
selected for stress resistance). The
composition ot individual trials was based
on requests from individual NARS for
specific combinations of traits, In general,
the observational nurseries were planted in
single plots (4 rows, 5 m long), with local
check varieties repeated after every 20
entries: in the replicated yield trials, the
plots (10 rows, 5 m long) were replicated
four times. Seeds of segregating
populations were dibbled at 2-3 seeds/hii
(25 x 25 em spacing). Fertlizer application
and other caltural practices reflected the
conditions commonly found in cach
country.

In the short-, medium- and long-duration
replicated yield trials (10, 7 and 2,
respectively) conducted in 14 countries the
best yielders (all yielding as much or more

than the tocal cheeks) were WAB 32-80.
WAB 33-25, WAB 56-104, WARBC 165.
WARB 65-50, IDSA 10, ITA 257 and
WAB 99-1-1. The first four performed very
well at humid-forest sites in Guinea,
Guinea-Bissau and Sicerra Leone: the last
three performed well in savanna arcas. At
sites in nine countries. 342 entries were
screened for resistance to blast and other
diseases. I western Cameroon, northern
Guinea and north-western Sierra Leone,
blast and glume discoloration were severe.
Mild blast pressure was recorded at sites in
Benin, Burkina Faso, Guinea-Bissau.
Nigeria and Senegal. The best entries with
resistance to blast at more than one site
were IDSA 62, NDR 97, WAB 181-306,
WAB I81-11, WAB 18149, CNA 0675,
CNA 6719, IDSA 6, WAB 381-B-12-i.1.
WAB 3R1-B-17-L4. IRAT 144 and
FARO 41, Over 300 entrics were screened
for drought resistance at 10 sites in Benin,

Burkina Faso, Chad, Céte d'Ivoire, Guinea-

Bissau, Nigeria, Senegal and The Gambia,
Among the 48 varicties/lines which were as
resistant or more resistant than the local
checks, the best were WAB 99-1-1, CNA
6698, WARB 32-60, WAB 181-46, WAB
I81-51, IRAT [44, WAB 326-B-B-9-L1
and WAB 326-B-B-4-13. In five acidity
and low P tolerance trials at “hot spot” sites
in Cote d'Tvoire. Guinea-Bissau, Sierra
Leone. The Gambia and Togo, 34 of the
284 varicties/lines sereened were selected
for further study. Among the entries

which performed well across sites were

Table 19

WAB 32-80, WARB 32-16, WAB Y0-18.
WAB 99-24 TAC (64 and ITA 150,

NARS recommended over 154 varicties
and 50 segregating lines tor inclusion in
regional yield and stress trials to be
conducted by the URBTF in 1993,

Breeding for irrigated lowlands
BN. Singh

In the 1992 repional irrigated lowland yield
trial, work continued on selecting high
vielding lines with semi-dwart plant type,
iron toxicity tolerance, and multiple
resistance to leaf and panicle blast. rice
yellow mottle virus and African rice gall
midge. Twenty lines selected in 1991 were
grown inan advanced trial a1 11 sites in
WARDA member countries. Blust was
observed in Cameroon, gall midge and iron
toxicity in Nigeria (Wuya), rice vellow
mottle virus in Cote d'Ivoire (M'bé), and
leal scald and brown spot in Cote d'Ivoire
(Bouaké) and Sierra Leone. The
performance ol the best entries at cight sites
is summarized in Table 19.

In an on-station replicated yield trial at
Ibadan, Nieeria, of the 358 lines tested for
yield potential, six were significantly better
than the best cheek (IR 36): TOX 3057-7-
4-1-1, TOX 3118-56-1-2-5, TOX 3249-49-
2-3-1, TOX 3109-73-4-1-3, TOX 3054-12-
1-3-2-1 and TOX 3440-164-2-3-1. The trial

Top-ranking entries in the regional irrigated lowland yield trial, 1992

Location Entry (yield)

Niaouli, Benin

ITA 306 (5.4 tha), TOX 3081-36-2-3-1 (5.4 t'ha), TOX 3050-6-E2-3-4 (5.4 tha),

ITA 230 (4.5 tha). ITA 312 (4.5 tha)

Lagdo, Cameroon

Bouaké (IDESSA)
Céte d'lvoire

Mbé (WARDA)
Cote d'lvoire

Badeggi, Nigeria

TOX 3050-6-E2-3-4 (7.0 tha). TOX 3081-36-2-3-1 (.9 t'ha), TOX 3107-39-1-2-1-1
(6.9 tha), ITA 306 (6.7 tha)

{TA 338 (7.0 uha), TOX 3050-6-E2-3-4 (6.2 Vha), Bouaké ITA 230 (6.1 tha),
TOX 3058-52-2-2-3 (6.0 tha), TOX 3092-35-2-3-3 (5.8 tha)

ITA 338 (4.8 tha), ITA 334 (4.1 tha), TOX 3217-69-3-1 (3.9 t'ha),
TOX 3052-46-3-3-1 (3.7 tha). Bouaké 189 (3.6 t:ha)®

TOX 3050-6-E2-3-4 (2.9 t'ha). ITA 410 (2.7 tha), TOX 3052-46-3-3-1 (2.5 tha),

FARO 29 (2.6 tha)®, TOX 3081-36-2-3-1 (2.6 tha)

Wuya, Nigena
(on-farm trial)

Rokupr, Sierra Leone

TOX 3107-39-1-2-1-1 (5.1 tha), TOX 3233-46-3-3-4-2-2 (5.2 tha), ITA 306
(5.1 ¥ha). TOX 3081-36-2-3-1 (5.1 t'ha), ITA 230 (4.9 t'ha)

TOX 3255-82-1-3-2 (4.1 tha). TOX 3058-52-2-2-3-2 (3.9 t'ha). ITA 306 (3.8 tha),

TOX 3109-73-4-5-1 (3.6 tha), ITA 410 (3.3 tha)

Bakendik, The Gambia

TOX 3233-46-3-3-4-2-2 (4.6 tha). ITA 324 (4.6 tha). TOX 3109-73-4-5-2

(4.5 tha), TOX 3217-69-3-1 (4.2 tha). IET 3137 (4.2 tha)?

Note: a Local check
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wits repeated at Wuyia, where the check
(ITA 306) gave the highest vield (5.0 t/ha).
ITA 02 ITA 44 TOX 2107-39-1-2-1-1
and TOX 3402-6-3-2-2 also gave high
vields and will be tested in the 1903
regional irrigated lowland vield trial. There
was mild gadl midge mfestation (1-5¢) at
Wuya: three entries (TOX 3399-121-1-3.2,
TOX 3058-41-1-1-2-4-2 and TOX 3231-
31-0-2-06-1) were severely infested
{14-20%) by bakanae.

I an observational viekd trial, 130 entries
setected from pedigree lines were evaluated
for vield potential in an augumented
design. The best vielders were TOX 3440-
47-4-2-3-2and RF 8SC-C1-37-1-1-1-3-1-2;
48 entries showed good resistance to blast
and the remainder showed moderate
resistance. Gall midee attack was observed
but 14 entries had no infestation: their
resistance will be evaluated i a gall midge
sereening trial in 15935, Based on plant
height, 20 and 33 entnies were selected for
rainfed and irigated lowland trials,
respectively, to be conducted in 1993,

Breeding for rainfed lowlands in
favorable areas
BN Singh

A regional rainfed lowland yield trial of 20
clite tines was conducted at 13 sites in West
Africain 19920 Severe African rice gall
midge infestation wis observed in Guinea-
Bissau; mild infestation was observed in
Nigeria (Wuyia) and Senegal. Blast was
recorded in Senegal and Cameroon, rice
yellow mottle virus in Cote d"lvoire
(Mbé). and brown spot and leal scald in
Sierra Leone and Cote d'Ivoire (Bouaké).
The best entries at 10 sites, together with
some vield data, are listed in Table 20,

[n an on-station trial at Thadan. Nigeria,
406 entries were evaluated for yield
potential. At Wuya, 28 entries were
evaluated. The best entries at Wuya, with
yields significantly higher than the check
(R 46), were TOX 3963-8-1-3 (4.2 t/ha),
TOX 362-11-1-2-1-1 (3.5 vhy and TOX
3399-108-3-2-2 (3.4 thay. In some entries,
hakanue infestation was as high as 284% .
Medium-duration lines (TOX 3399-157-1-
3-2.TOX 3580-12-2-2-1-1, TOX 3580-41-
2-2-2-2, TOX 3552-84-1-2-2, TOX 3552-
80-3-3-3 and TOX 3530-41-3-1-3) were
susceptible to bakanae.

An observational vield trial with 282
entries was planted at Thadan in an

Table 20

Top-ranking entries in the regional rainfed lowland yield trial, 1992

Location Entry (yield)

Nianuli. Benin

TOX 3133-75-1-2 (6.1 thaj. ITA 342 (5.9t ha), Cisadane (5.6 tha).

TOX 3052-39-1-2-1 (5.6 tha;. TOX 3154-17-1-3-2-2 (5.4 tha)

Bantora, Burkina Faso

TOX 3069-66-2 1-6 (6.7 tha). TOX 3118-2-62-2-1-1 (6.6 tha).

TOX 3133-74-1-2-2-2 (6.1 tha), TOX 3552-84-1-2:3 (6.1 tha),
TOX 3052-56-3-1-3-2 (5.9 t ha)

Bokle, Cameroon

IR 46 (6.9 tha). TOX 3100-32-2-1-3-5 (6.2t ha). TOX 3084-131-1.3-1-2 (5.6 Vha),

ITA 342 (5.4 tha), TOX 3133-74.1.2-2-2 (5.4 t hay

Bouaké (IDESSA),
Cote d'lvoire

Mbe (WARDA),
Cote d'lvoire

Cantuboe!,Guinea-Bissau

TOX3084-136-1-3-1-2{9.0t ha) ITA 342 (8.1 L ha). TOX 3052-41-E1-2-1-2(8.0t'ha),
TOX 3118-2-E2-2-1-1 (6.9t ha), TOX 3100-32-2-1-3-5 (6 8 t'ha)

IR 46 (4.8 tha), TOX 3052-39-1-2-1 (4.4 tha). Cisadane (4 21 ha),
TOX 3052-56-3-1-3-2 (3.9t ha). TOX 3095-52-3-2-3 (3 9t ha)

TOX 3100-44-1-2-3-3, TOX 3100-32-2-1-3-5, TOX 3226-7-1-3-2-1,

TOX 3118-2-E2-2-1-1. Senquere”

Badegg. Nigeria

70X 3100-44-1-2-3-3 (4.8 tha), TOX 3084-136-1-3-1-2 (4.7 t ha).,

TOX 3052-41-E1-2-1-2 (4 3t ha). TOX 3410-151-1-3-2 (4.1 t ha),
TOX 3069-66-2-1-6 (3.9 tha)

Wuya, Nigena
{on-farm trial)

TOX 3100-44-1-2-3-3, (4.8 t ha). TOX 3084-136-1-3-1-2 (4.7 tha).
TOX 3052-41-E1-2-1-2 (4.3 t ha), TOX 3440-151-1-3-2 (4.2 tha).

TOX 3069-66-2 16 (3.9t hay)

Rokupr (WARDA),
Sierra Leone

Djibelor. Senegal

TOX 3100-44-1-2-3-3 (3.8 tha). IR 46 (3.3 tha), Kuatic Kundir (3.2 tha)" .
TOX 3095-52-3-2-3 (3.2 tna), TOX 3133-74-1-2-2-2 (3.1 tha)

TOX 3118-2.E2:2-1-1 (.5 tha). TOX 3100-44-1-2-3-3 (3.3 tha).

TOX 3100-32-2-1-3-5 (3 0 tha}. TOX 3052-39-1 2-1 (2.8 tha),
TOX 3052-56-3-1-3-2 (2.7 t ha)

Note: a Local check

augumented design, with five checks
repeated alter every [0 entries. Gall midge
infestation was mild. Seventy-nine tines
yielding more than 4 t/ha and showing blast
resistance were selected. Based on plant
height, entries were promoted to the
irrigated or rainfed fowlind replicated yield
trial. In 1992, 115 new crosses were made
using blast-resistant donors and elite
rainfed lowland lines, Abowt 3572 pedigres
lines from F-F, generations were evaluated
and individual plant selections were made.
Uniform advanced tines were bulked for
yield testing.

Breeding for rainfed lowlands in
drought-prone arcas
B.N. Singh

Three trials to select for drought tolerance
in rainfed lowlands were conducted in
1992, The first, comprising upland and
lowland rice varieties, was conducted
Moussourou, Benin. The ground water
table was below 50 ¢m for the nagor part of
the crop growth and thus most upland

materials yielded better than lowland
materials. However, four lowland varicties
(TOX 3100-44-1-2-3-3, FARO 34, TOX
3217-69-3-tand ITA 315) had low panicle
sterility and their vields were comparable
the best upland lines.

An advanced vield trial of 28 cotries in
three replications was transplanted to a
hydromorphic plotat Ibadan. Nigeria. The
trial was transplanted late, due to the
delayed onset of rain. The water table
fluctuated from surface to 70 e depth.
Table 21 summarizes the performance of
the best entries. Late maturing entries
generally vielded betier than early maturing
entries. The correlation between grain vield
and flowering was (142, and between grain
yield and plant height 0.59. These are
important seieetion criteria for breeding
drought-tolerant rainted lines under
transplanted conditions in a sub-humid
ccology with a bimodul rainfall pattern.
such as that found at Ibadan.

In an observational vield wrial. 100 entries
were eviluated under transplanted



Table 21 Grain yield and other traits oi entries tested in the rainted lowland tested inan augumented design. with three
drought-tolerance advanced yield trial, Ibadan, Nigeria, 1932 checks atter every 10 entries. The entries
included 54 Tines from WARDA'S
Grainyield  50% flowering  Plant height Panicles/ % bakanae mangrove swamp rescarch program a
Entry {tha) (days) {cm) hill infestation Rokpur. Sierra Leone. The water level was
maintained at 20-30 cm or 43 days.
TOX 3084-136-1-3-1-2 36 125 98 8 04 Twenty -one lines had an aceeptability score
TOX3154.17-1-3-2:2 35 122 99 7 0.0 of 12536 hines scored 3. These lines will be
18))2 32222013323 gg :gi 12; 2 1:2 evaluated inareplicated yield trial in 1993,
ITA 328 3:2 129 54 9 0:4 Most mangrove lines were carly maturing
TOX 3118-47-1-1-2-3.2 30 124 100 7 02 and tall, with a lodging plant type: some,
TOX 3580-45-2.2-3 3.0 128 91 8 14 however, were promising (including WAR
TOX 3118-3-E1-1-4 29 129 90 7 0.0 S2-384-3-2 WAR 100-0-2-1 and WAR
TOX 3967-17-1-1 28 127 98 9 04 102-1-3-1). During the 1992 wet season,
TOX 3580-12-2-2-1 28 126 94 9 7.6 2940 pedigree lines were tested for
IR 46 (check) 1.8 14 88 9 06 tolerance to waterlogged conditions at
Mean 26 120 923 75 _ Ibadar and individual selections were
LSD (5% 0.8 40 56 14 - made.
18.1 20 37 115 -

cv

conditions in u flat hydromorphic plot w
Ibadan. The water table tlucivated from
50 to 90 cm depth for 3 weeks in
Scptember, 2 weeks after transplanting.
The vields of the check varieties, ITA 233,
OS 6and IR 20, were 2.4 vha, 1.9 t/ha and
1.6 t/ha. respectivelys 1o Towland lines
yiclded more than ITA 235, The highest
vields were prodeced by TOX 3552-39-1-2
(4.5 t/hy. TOX 3580-47-1-1-2 (3.7 t/h
and TOX 3S80-11-1-3-2¢3 X /ha),
Promising lines were tested for drought
olerance in the vegertive stage at Kano,
northern Nigeria and at Ihadan in upland
conditions. Total rainfall at Kano was

SO8 mm, with the rain stopping in mid-
September. Drought scores (hased on the
IRRT standard evaluation system) were
taken at Kanoe during the first week of
October. IR 20 scored 7: 28 entries scored
Jand were comparable to OS 6. the upland
tolerant check. Drought scores were taken
at thadan 25 days into the rainless period,
IR 20 scored 9 (permanent wilting): 11
lines scored 1. while 15 seored 3. During
the 1992 wet season, 39 F bulks and 1712
F, lines were sereened for drought
tolerance and individual plant selections
were made: 149 new crosses were made
involving upland drought-tolerant donors
and chite lowland lines.,

Breeding for medium-deep waterlogged
conditions in the rainfed lowlgnds
BN, Singh

A regional trial for medium-deep
(20-50 e waterlogged conditions in
rainfed lowlands, consisting of 20 elite

lines selected from the 1991 yield trial, was
grown at nine sites in West Africa. With
the exception of the site at Thadan, Nigeria,
the water depth at all sites was less than

25 cm but moisture was adequate until
maturity. Late maturing, non-lodging plant
types with a height of about 140 ¢m are
needed for these conditions. Several lines
performed well across the regien (see

Table 22).

In the observational yield trial for
waterlogged conditions, 212 entries were

Breeding lowland rice varieties for
disease resistance
BN SNingh

Rescarch continued in 1992 on the
development of improved lowland lines
with resistance io leal and panicle blast (the
major discase risk in drought-prone rainted
low land ccologies), rice yellow motte virus
and leal scald.

A regional leal and panicle blast screening
nursery of 66 clite lowland lines,
previously sereened at Ihadan, Nigeria for

Table 22 Top-ranking entries in the regional yield trial for tolerance to medium-deep
waterlogged conditions in rainfed lowlands, 1992
Location Entry {yield)

Banfora. Burkina Faso

Nyankpala, Ghana

Badeggi, Nigeria

Rirnin Kebbi, Nigena

lbadan ({ITA), Nigeria

Rokupr (WARDA).
Sierra Leone

Sutu Sinjang, The Gambia

TOX 3440-164-3-3-2 (7 5 L ha), TOX 3081-36-1-4-3 (7.0 tha),
TOX 3055-10-1-1-3-3-2A {6.7 t'ha), TOX 3162-11-1-3-1-1-1 (6.5 t'ha),
TOX 3809-53-3 (5.9 tha)

TOX 3052-41-E1-2-1-2 (B.3 tha).GR 21 (6.5 tha)" . TOX 3440-164-3-3-2
(5.8 tha). TOX 3399-64-2-2-1 (5.6 tha). 70X 3716:5-3-1-2 (5.5 'ha)

TOX 3118-47-1-1-2-3-2 (4.4 t ha), TOX 3440-164-3-3-2 (3.0 L'ha),
TOX 3399-64-2-2-1 (2.6 thaj. TOX 3552-109-2-1-3-2 (2.2 tha).
TOX 3162-11-1-3-1-1-1 (1 3t ha)

TOX 33-99-64-2-21 (5.0 thay. TOX 3399-84-2-1-3 (4.3 tha). TOX 3226-5-2-2-1
(4.0 Uha), TOX 3118-47-1-1-2-3-2 2.9 L ha), TOX 3440-164-3-3-2 (2.5 L ha)

TOX 3100-12-1-3-1-2 {1.7 t ha), TOX 3716-5-3-1-2 (1.6 tha).
TOX 3399-64-2-2 (1.5 tha).TOX 3399-84-2-1-3 {1 5t ha.
TOX 3052-41-E1-2-1-2 (1.4 tha)

TOX 3553-65-3-3-1 (4.8 Lha). TOX 3100-12-1-3-1-2 (4.5 t ha). TOX 3399-84-2-1-3
(4.2 tha). TOX 3081-36-1-4-3 (4.2 L ha). TOX 3440-164-3-3-2 (4.1 tha)

TOX 3553 65-3-3-1 (9.5 tha). TOX 3399-84-2-1-3 (8 8 tha). TOX 3716-5-3-1-2
(8.1 tha). TOX 3399-64-2-2-1 (7.8 t ha). TOX 3055-10-1-1-3-3-2 (7.8 tha)

Note: a Local check

RESEARCH SUMMARIES


http:cespccti.cl

LIdOddd TVANNY vAdvm -

c661

resistance to field isolates of blast, was
distributed to 16 sites in West Africa.
Discase pressure was high at the Cameroon
stte and at two Nigerian sites (Ikenne and
Onne) isee Table 23). During the year,
25-50 F, segreganing bulk:, aere distributed
ta e collaborators for in sitn selection off
nlast-resistant plants. Bulks showing
promising performance included TOX
148, TOX 4149, TOX 418K, TOX 4192
and TOX 4222 (at Mbo, Cameroon) and
TOX 4063, TOX 4113, TOX 4115, TOX
4123 and TOX 56 @ Rokupr, Sierra
Leone.

A total of 250 lines selected for blast
resistance at Ibadan were grown at [kenne,
Onae and Ibadan. Discase pressure was
Bigh at Onne under natural infestation. For
leaf blast, 14 lines showing stable
resistance were selected and will be further
tested in 1993, For panicle blast, 49 lines
had no infection and 42 were resistant or
moderately resistant. In an observational
nursery, 456 lines from different yield trials
were sereened tor blast resistance: 105
were resistunt or moderately resistant and
will be further tested at Onne. Ikenne and
Ibadan in 1993, From the first cyvele of the
male-sterile facilitated recurrent selection,
38 uniform lines with blast resistance were
tested for yield potential in an observational
trial: individual fertile plants were selected
for blast resistance from the male-sterile
population. In the second cyele of the
selection. which began in 1992, crosses
were made with six new semi-dwarf blast-
resistant donors.

Rice yelow mottle virus resistance from
upland lines has been incorporated into
lowland backgrounds, and 20 elite lines
were tested in 1992 in a regional yield trial
at six sites. The trial at M'bé had natural
infestation but at Ibadan there was no
infestation. The most promising varicties
are listed in Table 24: the yields of some of
these varieties are included in the 1able. In
addition, 450 lines were screened in a
pedigree nursery and 125 uniform lines
were bulked for seed increase and yield
evaluation in the following season. A new
program on mule-sterile facilitated
recurrent selection for the virus was started
in 1992, In a male-uterile population, 6182
plants were inoculated and only 20 tolerant
plants were isolated for recurrent selection.
Crosses were made with five improved
lowland dono,s

Using IRAT 144 (resistant) and ITA 335
(susceptible) as the checeks, 200 lines were

Table 23

Eniries selected for leaf and panicle blast resictaric~ in a regional trial, 1992

Location Entry (yield)

Mbo plains, Cameroon

TOX 3118-6-E2-3-2. TOX 3118-2-E*-1-4, TUX 3034-136-1-3-1-2,

TOX 3368-157-5-1-3. TOX 3052-41-E1-2-1-2

Contuboel, Guinea-Bissau

TOX 3050-6-E2-3-4 TOX 3257-86-2-1-3-2, TOX 3220-1-2-4-2-1,

TOX 3053-40-2-5, TOX 3233-31-6-2-3 2

Killisi, Guinea Conakry
TOX3118-3-E1-1-4

Badeggi, Nigeria
TOX 3073-17-1-3-3-3

Ibadan, lkenne and Onne,

TOX 3519-45-1-2-1, TOX 3084-136-1-3-1-2, TOX 2718-27-2-1-3, TOX 3544-8-1-1,

TOX 3226-7-4-1-3-3, TOX 3249-49-5-1, TOX 3114-10-1-2-3-3, ITA 410,

TOX 3100-37-3-3-3-2, TOX 3107-56-1-3-2, TOX 3114 10-1-2-3-3,

Nigeria TOX 3118-3-E1-i-4, TOX 3118-2-E2-2-1-1
Table 24 Top-ranking entries in a regional yield trial for rice yellow mottie virus, 1992
Location Entry (yield)

Karfiguela, Burkina Faso

ITA 306 (4.1 tha), TOX 3440-176-1-2-1 (3.5 tha), TOX 3233-31-6-2-1-2 (3.1 t'ha).

TOX 3226-5-2-2-2 (3.1 tha), TOX 3058-41-1-1 (3.1 tha)

Mbé (WARDA),
Céte d'lvoire

TOX 3233-31-6-2-1-2 (6.9 t'ha), TOX 3058-28-1-1 (5.6 t'ha).
TOX 3440-171-1-1-1-1 (5.4 tha), TOX 3049-13-1-2-3-1 (5.2 tha),

TOX 3440-176-1-2-1 (4.9 tha)

Ibadan, Nigeria

TOX 3440-171-1-1-1-1 (4.5 t'ha), TOX 3058-28-1-1 (4.4 tha),

TOX 3049-13-1-2-3-1 (4.4 t ha). TOX 3217-69-3 (4.2 tha),
TOX 3211-14-1-2-1-2 (4.1 tha)

Rokupr, Sierra Leone

TOX 3058-28-1. TOX 3055-10-1-1-1, TOX 3058-41-1-1, TOX 3211-14-1-2-1-2

screened for leaf scald at Uyo and [kenne,
Nigeria. Discase pressure was high at both
sites. Based on the IRRUstandard
evaluation system for rice, ct Uyo three
lines scored 3. and 32 scored 5; at [kenne,
one line scored 3, and 10 scored 5. The
most tolerant lines were TOX 3050-6-F2-3-
4. TOX 3109-73-4-5-4-1, ITA 256. ITA
326 and ITA 32K, Leaf scald screening was
also conducted at Man. Cate d'Ivoire. our
lines (TOX 3058-28-1-1, ITA 326. ITA 346
and ITA 133) scored 0-1. During 1992, 3t
new crosses were made with moderately
resistant donors. In 1993, the segregating
generations will be grown at Nyankpala in
Ghana and at [kenne and Uyo to select for
leaf scald tolerance.

Breeding lowland rice varieties for insect
pest resistance
B.N. Singh

Good progress was made during 1992 in
identifying lines showing resistance

or tolerance to African rice gall midge
(Orseolia oryzivora), stalk-eyed fly
(Diopsis spp.). white stem borer

(Moliarpha separatella) and white tly
(Alewroevbotus indicus)

A regional trial for gall midge was
conducted at seven West African sites.
Infestation was severe at Contuboel,
Guinea-Bissau, moderate at Karfiguela,
Burkina Faso and at Ndiokpoto and Ibadan,
Nigeria, and absent at Mbiabet, Nigeria
and at M'bé, Cote d'Ivoire. Promising
lines will be grown in on-farm trials in
1993, These lines, together with some of
the yield figures, are listed in Table 25,
During 1991, I8 lines with resistance to the
Asian rice gall midge were sereened for
resistance to the African rice gatl midge

at Gadza, Nigeria. Tiller infestation was
2.0-27.1% at S5 days after planting.

T 1477 scored 3 and ARC 6605, Phalguna,
Heera, Velluthacheera and PTB 10
scored 50 1TA 212 had the highest
infestation. In collaboration with NCRI,
Nigeria, 200 O. glaberrima lines were
screened under artificial pressure in a
sereenhouse for resistance to gall

midge. Infestation reached 88.9% : 20 lines
were highly resistant, showing no
intestation,

|
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Table 25

Top-ranking entries in a regional yield trial tor Atrican rice gall midge, 1992

Location

Entry (yield)

Karfiguela, Burkina Faso
Bouake (IDESSA)

Cote d'lvoire

Mté. Cote d'lvoire
Contuboe!, Guinea-Bissau
Ibadan, Nigeria

Mbiabet, Nigeria

iNdiokpoto, Nigeria

Cisadane («.7 tha), ITA 212 (4.5 tha), BW 248-1 (4.5 tha),
TOX 3967-17-1-3 (4.2 tha), TOX 3073-17-1-3-3 (4.1 vha)

TOX 3073-17-1-3-3-3 (8.2 t'ha). TOX 3093 35-2-3-3 (7.4 tha), Cisadane (7.1 tha),

Bouake 189 (7.0 tha), TOX 3876-56-1-4 (6.9 tha)

RP 1045-25-2-1 (4.6 tha), BW 348-1 (4.2 t'ha), TOX 3967-17-1-3,
TOX 3876-58-1-2 (3.9 t'ha), Cisadane (3.8 tha)

RP 1045-25-2-1 (1.2 tha), Senquere ' (1.2 tha). BW 348-1 (1.1 tha),
ITA 306. Cisadane

TOX 3093-35-2-3-3 (4.9 t'ha), ITA 212 (4.6 'ha), IR 46 (4.4 vha),
TOX 3118-47-1-1 (4.3 'ha), Cisadane (3.9 tha)

Cisadane (1.0 tha), TOX 3118-47-1-1 (1.0 thaj, TOX 3233-46-3-3-4-2-2 (1.0 tha),

'TA 312 (1.0 tha), RP1045-25-2-1 (1.0 tha)

TOX 3441-96-1-1-3 (1.0 tha), ITA 306 (1.0 tha), ITA 312 (1.0 Vha),
TOX 2073-17-1-3-3-3 (1.0 vha), TOX 3053-40-2-5 (1.0 tha)

Note: a Localf check

For stalk-eyed fly resistance, 132 individual
selections from various lines were screened
in two replications under screenhouse
conditions. Flies were collected regularly
from the field and released in the
sereenhouse, Infestation varied from 2 to
62%. Based on the average tillet
infestations from three scorings dates, nine
tines showed good resistance (TOX 3337-
30-1-2-1-2-3, TOX 3107-39-1-2-2-4, TOX

infestation varied from 3.8 to 93%. Based
on tiller infestation, two lines were highly
resistant (< 10% infestation) and 21 were
moderately resistant (11-209% ).
Oviposition was monitored in all lines
being screned; 42 moderate to highly
susceptible lines were not preferred for egg
laying, while ITA 212 was highly favored
for epg laying. TOX 3559-6-2-1-! was
least infested with white fly.

32H1-51-1-3-1-2, TOX 3226-10-2-3-1-1,

Brecding lowland rice varicties for
iron toxicity tolerance
B.N. Singh

From the 1991 evaluation for iron toxicity
tolerance, 20 lines were selected for
regional yield wials at 14 sites in West
Africa. Leal bronzing symptoms were
severe at sites in Nigeria (Anfani and
Edozhigi). Cote d'Ivoire (Korhogo),
Guinea Conakry (Kilissi) and Sierra Leone
(Rokupr). The trial at Ttoikin, Nigeria was
severely affected by African rice gall midge
as well as iron toxicity. The best entries,
with some vield data, are listed in Tuble 26;
upland tines included in the trial periormed
very poorly, with low tillering and carly
maturity. A regional trial 1o evaluate 12
selected lines will be conducted n 1993,

Seed of 24 F3 bulk populations involving
donors for iron toxicity tolerance were
distributed to three collaborators for in situ
sclection of 1olerant plants. Promising bulks
included TOX 4128, TOX 4140, TOX
4150, TOX 4160 and TOX 4305 (at
Rokupr, Sierra Leone), TOX 4320, TOX
4118, TOX 4108, TOX 4107 and TOX
4248 (at Ikot Obong, Nigeria) and TOX
131 TOX 4183, TOX 4172, TOX 4184
and TOX 4248 (at Edozhigi, Nigeria).

An observational yield trial of 135 fines
wis conducted at two sites in Nigeria. At
ltoikin, the trial was severely affected by
gall midge and iron toxicity. Severe

TOX 3264-78-3-1-1-3-2, TOX 3337-30-1-
2-1-2, TOX 3399-131-1-1, TOX 3440-90-
1-3-2 and TOX 3440-133-2.3-2-1) were
selected for further siady in 1993,

FFor stem borer resistance, 36 lines selected
from the 1991 sereening trials were
evaluated in three replications under field
intestation. Dissections were made at
maturity and data on tiller infestation and
larval and pupal populations were recorded.
Most of the damage was caused by the
white stem borer rather than the pink stem
borer. White stem borer infestation varied
from 67 10 Y9% ., and larval and pupal
pepulations from 36 to 86% in different
lines.

White fly is an important rice pest in the
Sahel. Early infestation damages the whole
plant and can lead to wilting and plant
death. Of the 415 lines screened in 1991,
ITA 212 was found to be highly susceptible
and 120 lines underwent further screening
in the screenhouse in 1992, Tiller

Table 26 Top-ranking entries in a regional yield trial for iron toxicity, 1992
Location Entry (yield)
Mbe, Cote d'lvaire™ TOX 3050-46-E3-3-3-3 (6.5 Uha), ITA 408 (6.5 tha), TOX 3118-47-1-1 (6.4 Uha),

Korhogo, Cote d'ivoire
Killisi, Guinea Conakry
Badaggi {NCRI), Nigeria
Edozhigi, Nigeria

Rokupr, Sierra Leone

Bakendik, The Gambia”

TOX 3100-32-2-1-3-5 (6.4 tha), TOX 3052-46-3-3-1 (6.0 Vha)

TOX3107-39-1-2-1-3(5.0tha), TOX 3100-32-2-1-3-5 (5.0 tha), Suakoko 8 (4.9 Vha),

ITA 408 (4.4 tha), ITA 247 (4.4 tha)

TOX 4004-4-3-3-2 (4.7 ha), L 26-6-9-1-1 (4.2 vha), CK 73 (2.2 tha)',
Suakoko 8 (2.0 tha), TOX 3098-4-5-1-1-1 (2.2 tha)

ITA 408, ITA 326, TOX 3050-46-E3-3-3-3. TOX 3052-46-3-3-1, TOX 4179-16-1-1,
Suakoko 8

TOX 3118-4-1-1 (3.7 tha), TOX 3107-39-1-2-1-3 (3.5 tha}, Suakoko 8 (3.4 Vha),
ITA 247 (3.4 tha). TOX 3081-36-2-3-1 (3.3 tha)

ITA 326, TOX 85C-C1-10-WAS 8, FARO 8, Suakoko 8, 35214

ROK 5(5.7 tha)*, ITA 326 (3.3 tha). ITA 234 (3.3 Uha), [TA 257 (2.4 Vha),
{TA 408 (2.1 tha)

Note: a

This site had little or no toxicity problem

b This site had soil salinity and iron toxicity problems
¢ Local check
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bronzing occurred in 41 lines: 11 lines were
promising, with less gall midge festation,
At Edozhigi. 28 lines scoring 1, and 41
scoring 3 were selected. Major selection
criteria were non-bronzing of leaves and
non-stunting. In 1993, 50 selected lines will
be tested ina regional observational yield
trial. Of the 3163 F3 pedigree lines from 27
crosses grown at ltoikin, only 120 could be
selected because of combined gall midge
and iron toxicity damage. A total of 42 new
crosses were made in 1992, involving iron
toxicity-tolerant donors.

Sahel Irrigated Rice Program

Substantial government investment in
large-scale rice irrigation schemes in the
West African Sahel in the 1980s, relying
mainly on inappropriate techno,ogies
imported tfrom Asia, led to a fall in yield
levels, an erosion of the germplasm base
and the need for intensified research
meet the rapidly increasing demand for rice
in the Sahel. While the extreme climatic
conditions of this zone provide very high
yicld potential, they also expose the crop to
severe environmental stresses,

To address these problems. WARDA has
implemented an agro-ccological
characterization project, using i systems
approach (combining crop physiology.
agro-meteorology, agronomic
experimentation, varietal characterization at
Key sites, and economic analysis) and has
initiated o germplasm selection program to
improve and diversity the region’s
germplasm base. Progress made in 1992
included the characterization of varietal
responses to combined salinity and climatic
stresses, the development of crop duration
and spikelet sterility models. a preliminary
economic regional study of irrigated rice
production it the Sahel and the
identification of varieties with superior
vield and yield stabilty.

PROJECT I: CHARACTERIZATION OF
IRRIGATED RICE ECOSYSTEMS

The irrigated rice ecosystem of the Sahel is
characterized by considerable disparity
between production potential, in terms of
yield and irrigable arca, and the poor results
from carlier investmients in rice production.
The objectives of the characterization

Farmer irrigating rice fields in the Sahel

project are to quantify this yield gap.,
identify its causes by sub-region and type
of production system, and set priorities for
future research aimed at improving
productivity and sustainability.

The research approach in 1992 was based
on simulation-aided, multidisciplinary
analysis. Emphasis was given to model
development and adaptation, involving
surveys and experimental field research to
calibrate and validate model components.
To ensure regional coverage. a research
network with NARS was initiated. based on
five Key sites (N"Diaye delta and Made
valley in Senegal, Niono in Mali. Valley du
Ku and Valley du Sourou in Burkina Faso,
and Scberi in Niger). A related study
examined the cconomic competitiveness o
current rice production systems and the role
of government policies in rice production,
Systems research in 1992 generated model
compaonents that will be of practical use in
rice reeding and the improvement of
cropping systems. In 1993, work will
continue on applied aspects of system
characterization, while maintaining the
focus on yield gap analysis.

Yicld constraints in a Sahelian
irrigation scheme
M. Dingkuhn

Rice grain yields in the Sencgal delta vary
between () and 9 t/ha taverage 4.5 thay,
Studies in 1991 and 1992 indicated that the

major causes of low vields were weed
infestation, salinity, nitrogen deficiency:,
temperature stress and bird damage.
However, research was needed 1o
determine the individual comribution of
these constraints to low yield.

In 1992, 4 study was conducted on 29
farmers” ficlds in a 156-ha irrigation
scheme at Cuvette de Melle in the Senegal
delta: the soil is a heavy, moderately saline
Vertisol tmean pH ot 5.7 in the top 30 cm).
The study included surveys of cultural
pratices and yields, and in sit
measurements of floodwater electric
conductivity (EC). leaf area index (LA of
weed types and rice at heading., and losses
to grain-cating birds. The varieties used
were Jaya, on 27 farms. and [ Kong Pao
(KP), on two farms, Pre-germinated seed
was broadeast (mean 140 kg/hay in the late
hot-dry searon on pre-ploughed and
irrigated soils. Nand P was applied at
varying rates umean 38 kg N/ha) and split
ratios; most farmers used & combination of
manual weed control and herbicides.

Yields ranged from (1.7 10 7.2 t/ha (average
+.7 thay and th > mean LAT at heading was
3.7, with 4-36% contributed by weeds.
Multiple linear regression analysis
(r=0.76: P <0.001y identified four causes
of yield loss (in decreasing level of
significance): partial LATL of sedges., water
salinity as EC.N fertitizer split by rate, and
LAT of non-sedge weeds. Yield was not
significantly affected by seed rate. water
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<hortage or bird damage. The association
between vield and N split indicates the
potential of improved fertilizer
management. Poor field preparation and
water management probably contributed to
the weed infestation. The effect of even
moderate salinity (mean EC 1.25 mS/em)
confirms on-station tindings thit a hot-dry
climate reduces the salt tolerance of rice;
IKP. o moderately saft-tolerant cultivar,
vielded above average despite high EC.
These results highlight the need for an
integrated research approach to soil, water,
weed and crop management in eflorts to
develop high yielding., moderately salt-
tolerant rice varieties.

Temperature-induced spikelet sterility
M. Dingkuhn

Spikelet sterility is one of the main causes
of rice yield variability (0-9 t/haty in the

Sahel. Although potential yields for
irrigated rice in this zone are high due 10
abundant solar radiation and low night
temperatures, the plant’s abihty to convert
growth into grain is often reduced by
spikelet sterility caused by cold or heat
stress, compounded by atmaospheric
drought and wind. In continuous-cropping
‘rice garden” trials at N'Diave and Fanaye,
Sencgal. spikelet sterility followed a
distingt season pattern; in most cases it was
caused by cold nights (see Figure 14). For
rice sown Lt in the wet season (September
or Getober), spikelet sterility reached
100% . The recommended planting date is
July but many farmers in the Senegal delta
plant kate due 1o lack of water, machinery
or credit. or the long duration of the
previous, hot-dry scason crop.

Comparisons between temperature and
sterility patterns across 13 planting dates
showed that booting was the most cold-

sensitive growth stage and fowering the
most heat-sensitive. A minimum
temperature of 18°C at booting was
associated with 304 sterility, and 16°C
with 100% sterility. Sterility was also
associated with a minimum temperature of
22°C at flowering, probably due to the
heat-sensitivty of pollination which oceurs
in the morning. Maximum temperature was
not correlated with sterility.

Models were developed to simulate
spikelet sterility. Best predictions were
obtained on the basis of the mean
minimum temperature for 10-day periods
centered around the booting or the
flowering stages. The models wre sensitive
1o stresses which are specific 1o arid,
irngated environments, provide a better
understanding of rice vield gaps and offer
powerlul risk-assessment and decision-
support tools for the improvement of rice-
hased cropping systems in the Sahel.

Figure 14 Thermal effects on spikelet sterility for six varieties in rice garden experiments at two sites in Senegal, 1991-92
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Figure 15 Simulated total crop duration (a) and spikeiet sterility (b) for direct-seeded
Jaya rice at Niono, Mali (means based on 1972-81 climatic data) and N'Diaye,
Senegal (1984-91)
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Figure 15 provides an example of
variability in crop duration and
temperature-induced sterility for 24
planting dates at two sites. These sites
have a similar climate: the difference
between them in the crop duration and
sterility patterns has direct implications for
cropping calendars and varietal
recommendations.

Using computer modelling to predict
crop duration
M. Dingkulmn

Rice-rice double cropping and diversified
rice-based cropping systems in the Sahel

are constrained by variable crop duration
(from 30 to 70 days, depending on the

season, site, cultivar and planting method).
Studies were therefore initiated to develop
a model to predict crop duration,

Six rice cultivars were grown in a
replicated, monthly-planting scheme wt
N'Diaye and Fanaye. Sencgal, in 1991 and
1992; in a separate trial conducted at
N'Diaye. 44 varicties were planted
monthly. Plant ontogeny and growth were
analyzed against weather and micro-
meteorological data. Sowing-to-flowering
duration depended mainly on water
temperatures. while flowering-to-maturity
duration depended mainly on air
temperatures. Transplanting increased
duration by 10 days. All varieties hehaved
as short-day plants but. in most cases,
photoperiod sensitivity was minor.

A computer program was developed to
determine the varictal constants governing
crop duration and a model was generated 1o
predict duration for any site with a known
climate. It was assumed that there were
lower and upper temperature limits to
development rate (Thyge and Tupl-
respectively) and a cumulative number of
heat units (Tgym) required for flowering.
Teum ditfers for transplanted and direct-
seeded rice because of transplanting shock:
it is also modified by a function of a
photoperiod constant (CPP) and the day-
length at the end of the basic vegetative
phase (BVP). In the model-generation
mode, the inputs reqiired were sowing and
flowering dates, site Tatitude and daily
minimum and maximum temperatures.
Water temperatures were estimated and
summations performed for the
physiologically effective daly
temperatures. The varietal constants
(Thase: Tsum. BSV and CPP) were
determined through regression analyses. In
the simulation mode, the progrium can be
used to validate the varictal constants to
predict crop duration.

Figure 16 shows the observed and
simulated durations for [R 31785-58-2-2
and IR 4630-22-2. The regression for
simulated against observed crop duration

Figure 16 Effect of sowing date on
sowing-to-flowering duraticn
for two rice cultivars,
simulated on the basis of
temperature only and of
temperature and photoperiod
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for the same year and site was similar to
that for most of the 50 materials tested.
Model validation using data from

different seasons rarely gave simulation
errors exceeding S days. After further
validation in various environments, the
model will be made avaitable to NARS and
other rescach institutions working on
irrigated rice.

Developing decision-support tools for
rice-rice double cropping systems
M. Dingkiuhn

Rice-rice double cropping is common in the
Sahelian zones of Niger and Burkina Faso
but ditticult to maintain elsewhere in the
Sahel because of inadequate knowledge of
how to combine crop. soil and water
management. choice of variety and
cropping calendar to obtain economically
sustainable vields. In 1991, a research
project involving WARDA, ISRA, CIRAD,
ORSTOM and the Catholic University of
Leuven, Belgium was initiated to
characterize the physical constraints to rice-
rice double cropping systems and to
develop simulation-based decision-support
tools for these systems,

Research in 1992 focused on water
management at post-flowering stage, a
system component that determines time off
harvesting and soil preparation for the
following scazon. In the Senegal river deha
these operations are usually mechanized
and thus require dry soil: they must be
performed early because of the short time
between the hot-dry and wet seasons, and
the early drainage requirement.

A model is being developed on the basis of
plant growth characteristics. Ontogenctic
models simulate Hlowering date, spikelet
fertility and crop canopy properties. Soil
drying and crop maturation are
interactively simulated as they depend on
drainage, climate. crop and soil properties.
The model quantifies the risk implications
of time constraints. soil trafticability and
vield losses associated with any
combination of variety, site and calendar of
operations. For model calibrarion, two field
experiments were conducted in the hot-dry
and wet scasons at N'diaye, Senegal 1o
determine drainage effects on maturity,
yvield, grain quality and soil drying,
Drainage 3-4 days after flowering reduced
grain yield by 50-60% relative to potential
yield (see Figure 17a): vield reduction was
due mainly to untilled or partly filled

Figure 17

Yield reduction for | Kong Pao rice drained at different dates after flowering (a),

and relationship between assimilate used for grain filling and net assimilate
production during grain filling, as observed across treatments (b)
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spikelets. Early drainage advanced maturity
by 2 weeks. Sequential sampling gave an
insight into assimilate (dry matter)
partitioning, With late drainage. assimilate
wats abundant and vield was limited

hy the storage capacity of grains: early
drainage inhibited assimilation and
mobilized stem reserves up to 4 tha (see
Figure 17b). The kineties of root-zone soil
moisture were closely linked 1o the green
leat area and aftected the rate of feaf
death.

The calibrated model will be validated in
1993, In collaboration with scientists at
CIRAD and ORSTOM, it will be linked to
the production-scheme level decision-
support system OTELO (INRA) which is
being adapted to irrigated rice production
systems.,

Economies of Sahelian irrigated rice
1. Randolph

To improve irrigated rice production in the
Sahel, a better understanding is needed of
existing production systems. Information is
being collected in five Sahelian countries
(Burkina Faso, Mali, Mauritania, Niger and
Senegal) to characterize these systems and
the policy environment in which they
operate. A Policy Analysis Matrix

framework is being used to assess their
relative competitiveness.

Most of the growth in rice production in the
Sahel between 1979-81 and 1989-91
occurred in irrigated systems (see Table 27
overleaf). Trrigated production tripled
during this period, mainly because of an
expansion of the area under cultivation, and
productivity increased by an average of
45, with the result that irrigated sysems
now provide 604 of the total rice
production in the five countries studied.
Production increases have been particularly
spectacular in Senegal and Mauritania,
where structural adjustment programs in
the late 1980s reduced the influence of
parastatads in irrigated rice production and
encouraged private investment through
land tenure reforms and credit instruments,
Growth is unlikely to be sustained,
however, because of contracting credit
availability and declining producer
profitability as subsidies are removed

and prices are adjusted to liberalized
markets.

In 1993, rescarch will continue on
quantifying the relative competiveness of
Sahelian irrigated rice production systems
and identifying the implications of the
research results for biological, agronomic
and soil research,

RESEARCH SUMMARIES
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Table 27 Annual rice paddy production in the Sahel, 1979-81 and 1989-91
Irrigated production systems

All Share of total

Catchment systems  Production Area Yield production
(country) Period {'060 t) (‘000 t) {'000 ha) (tha) (%)
Senegal river valley 1979-81 107 44 13 34 42
1989-91 255 195 44 44 76
Mauritania 1979-81 11 1 3 35 100
1989-91 51 51 15 34 100
Senegal 1979-81 96 33 10 33 34
1989-91 204 144 29 50 71
Niger river basin 1979-81 201 97 44 22 48
1989-91 425 208 60 35 49
Mali 1979-81 169 80 40 20 47
1989-91 35 148 48 31 42
Niger 1979-81 32 17 4 39 53
1989-91 70 60 12 49 85
Volta basin 1989-91 41 26 7 36 63
Burkina Faso 1979-81 44 16 4 4.0 36

Rice consumption in the Sahel
T Randolph

During the 1970s and 1980s rice
consutuption in the Sahel increased rapidly.
leading to arise in rice imports. In response
1o what they pereeived as a threat to selt-
reliance, governments in the region
promoted rice cultivation through
substantial investments in irrigation. To
acquire 2 better understanding of past and
current trends 1n rice consumption and to
predict demand growth to the year 2000, all
available data tor five Sahelian countries
(Burkina Faso. Mali, Mauritania, Niger and
Senegal) were reviewed,

Figure 18
the year 2000

As shown in Figure [8. rice consumption
almost quadrupled between 1961 and 1989,
with population growth accounting for
about 40¢¢ of this increase. In the same
period. annual consumption per capita rose
trom 17 to 31 kg, accounting for the
remaining 604 . Regression analysis
showed that structural factors, particularly
urbanization. rather than changing prices or
income levels underlie the increased
importance of rice in the region’s food
consumption patterns. Although rice is
penerally more expensive than traditional
grains, it requires no further processing and
cooks fast, saving preparation costs and
time: the time saving is particularly

Demand for rice in five Sahelian countries, 1961-89, and demand projections to
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important for urban women whuose labor
time typically has ahigher opportunity cost
than for raral women.

The projected rise in regional consumption
to over 2 000 000t annually (scenario 2 in
the figurey is based onan average
population grow th rate of 3.0¢¢ per vear
and the increasing per capita consumption
rates predicted by an cconometric modce!
developed by the Sahel Progriom,
Projections based on other assumptions
Gseenarios 1 and 3y indicate other possible
trends. Increased rice consumption wilt
enhance dependency on rice imports and
generare greater demand for improved
productivity in the irrigated svstems, which
are the main source of rice in the Sahel,

PROJECT 2: GERMPLASM
IMPROVEMENT

Irrigated rice 1echnology was introduced
into the Sahel as a package which included
Asian rice varieties, river regulation and
diversion for irrigation. and partial
mechanization. Traditional cultivars are
therefore unknown in the region. Despite
the relatively good performance of existing
varictics, farmers” vields are stitl well
below potential levels: in addition, the
narrow genetic base of current cultivars
constitutes i threat to yield sustainability.
Germplasm is now needed which has high
yield potential, resistance to the biotic and
abiotic stresses prevalent in the Sahel, crop
duration that suits Yocal conditions and
grain quality which matches consumer
preferences.

Asa continuation of 1991 activities, three
types of nurseries were grown in 1992,
based on the two main cropping scasons of
the Sahel (the hot-dry season tfrom
February 10 June, and the wet season from
July to November). Varietal selection and
characterization is based on materials
obtained from rescarch institutions and
INGER. U'pon completion of on-going
physiological and genetic studies on the
component traits needed tor better-adapted
varicties, a long-term breeding strategy will
be implemented in 1994,

Observational yvield nurseries for the
wet season
K. Miézan

Asia remains the main source of germplasm
for irrigated rice. through IRR1 and
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INGER. Over 300 entries are introduced
annually in the Sahel Program and tested
tor adaptability in terms of duration, plant
type and stress tolerance; well-adapted
entries are then selected for observational
NUIsCrics.

In the 1992 wet season two trials were
planted in unreplicated plots at N'Diay e
and Fanaye in Senegal. One consisted of 84
short-duration (100-120 days) entries, with
I Kong Pao (IKP) as the cheek: the other
consisted of 60 medium-duration ¢125-140
days) entries, with Java as the check.
Among the short-duration entries. only six
URATYRS-111-3-2-2 [R 50358-102-2-3.3,
IR 50363-61-1-2-2, IR 57301-30-3-2,

IR 57301-115-3-1 and IR 59625-68-1-3)
outyielded the cheel., with vields ranging
from 4.0 10 5.7 t/ha ar Fanaye and 5.5 10
7.6 t/ha at N'Diaye. The poorer
performance at Fanayve was because of a
water supply futlure during the cropping
season. Among the medium-duration
entries, over 304 outvielded the chees by
at least L5 t/ha, with vields of 3.5-5.7 1/ha
at Fanaye and 5.5-6.7 t/ha at N'Diaye. Ten
of these entries outyielded the cheek at both
locations (IR 48566-147-3-13, IR 72.

IR 5645(0-28-2-2 IR S8100-11-2-2/ IR
SRI00-28-2-3 1R S8100-48-2-2 IR 52373-
76-3-1-2 IR 53356-64-1-3-2, IR 53964-39-
1-2-3-3 and IR 53604-37.2.2.2),

The comparative yield levels of shori- and
medium-duration entries indicate the
possibility of deveioping several alternative
rice-based cropping svstems tor Sahelian
rice farmers. Forty-five short-duration and
35 medium-duration entries were selected
for evaluation in preliminary vield
nurseries in 1993,

Preliminary yield nurseries for the wet
season
K. Miézan

The 1991 abservational vield trials showed
a number of varieties to be well adapted in
terms of duration, plant type and reaction to
major discases, insects and other stresses,
These varieties were advanced to
preliminary yvield nurseries for evaluation
in 1992 Three trials were conducted, one
short-duration set (23 entries) with I Kong
Pao (IKP) as the check, and two medium-
duration sets (20 and 23 entries) with Jaya
as the check. All the trials were conducted
at N'Diaye and Fanaye in Senegal, in a
randomized complete block design with
four replications.

Two of WARDA's best-performing
shont-duration selections for the Sahel,

IR 13420 and 32 XUAN-5C. in a salinity lriaf
at N'Diaye. Senegal, 1992

Among the short-duration entries at
N'Daiye. the average vield of IR 31851-96-
2-3-1.C 1322-280 1R 32307-107-3-2-2,
IET 9702 and B 522-PN-LMS-1-KP-1 was
7.4 t/ha compared with 5.4 vha for IKP. At
Fanaye. where there were mid-season
irrigation problems, there was no
significant difference between the entries
and the check (overall average vield

3.2 vha). Panicle sterility at Fanaye was
high (14-34¢ ) compared with N'Diaye
(8-19%). Among the medium-duration
entries, several showed good potential in
terms of plant type and yield @ IR 8192-
166-2-2-3 ECIA [56-84-1 and ITA 252
(7.0 t/hay: IR 13540-56-3-2-1 (7.1 t/ha);
TOX B94-28-201-1-5 (7.2 1/ha); IR 24632-
34-207.3 t/hay, IR 28118-138-2-3,

IR 28128-45-3-3-2 IR 2042-178-1 and
UPR 254-B5-1-TCA3 (7.4 thay, B 4140C-
PM-186-KP2 (7.6 t/hin: IR 21851-96-2-3-
1-2-1 (7.8 t/hay: and B 5322-BPN-19-MS§-
27-KDPN (8.0 t/ha). The average vield for
Jaya was 6.2 t/ha,

It is worth noting that the short-duration
entries IR 32307, IET 9702 and

IR 3I851-96-2-3-2-1 and the medium-
duration entries IR 2812%-.15-3-3.2,

IR 28TI8-138-2-3 and UPR 254-85-1-
TCA3 were among the highest vielding
varieties inthe 1991 preliminary trials a
N'Diaye and Fanaye,

Each preliminary yield nursery will be
tested for at least 3 years betore selections
are made for advanced yield nurseries. The
trials will therefore be repeated in 1993,

Advaneed yield trials for the wet season
K. Miézun

Short- and medium-duration varicties
selected from preliminary and
abservational trials have to perforn at least
as well inadvanced yield trials as 1 Kong
Pao (IKPy and Jaya. respectively, and have
better prain quality. In 1992, ¢ight short-
duration and seven medium-duration lines
were evaluated at Fanaye and N'Diaye,
Senegal, with IKT e Jaya as the checks,
respectively:a randomized complete block
design was used.

Among the short-duration materials, [R
13240-108-2-2-3 contirmed its high vield
potential, particularly at N Diave (9.1 t/ha).
High yiclds were also obtained at N'Diave
for TNAU 7893, TOS 103 and ITA 230
(8.1 than, compared with IKP (7.0 t/ha).
Yields were generally low at Fanaye
(3.8-5.5 t/hay dae o aowater supply failure
near booting stage. which induced high

spikelet sterility 4340y, The lower vields of

IR 31785-58-1-2-3-3 at N'Diaye resulted
from susceptiblily to soil salinity, and at

RESEARCH SUMMARIES
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Fanaye from high spikelet sterility (439,
IR 50 continued 1o perform well; its
duration was 10 days shorter than IKP but
its yield15%% higher. Yields from the
medium-duration materials were generally
low at N'Diaye (due to salinity in a newly
acquired ploty and Fanave (water supply
problems). However. BG 293-201TA 306
and BG 400- 1. which had performed well
in 1991 remained the best three entries
Gaverage yield 5.5 tha in 1991 and 7.3 t/ha
in 1992),

This tnial will be conducted for at least

I more year and grain quality analysis will
he performed prior to final selections for
multilocational trials.

Advanced yield trials for the hot dry
season
K. Miézan

While some progress has been made in
wdentifying varicties that perform
consistently well in the wet season,
progress has been tar slower for the hot-dry
season. To offset high production costs,
there is now increasing demand from
farmers 1o0r such varieties, These varicties
should have relatively short duration
(maximum 130 days, despite low night
temperatures) and high yield potential. in
1992, cight varieties selected from
preliminary vield nurseries were planted at
N'Binve and Fanaye, Senegal. in a
randomized complete block design, with
four replications: the short-duration
cultivar I Kong Pao (IKPy was used as the
checek.

Five varieties at N'Diaye and seven at
Fanaye yielded as well or better than IKP.
Among these. the most promiising were [R
29725-30-3-2-3, IR 22107-14-2-1, IR 50
and [R 31785-58-1-2-3-3. The latter two
had shorter duration than IKP; it is worth
noting that they were also among the most
promising varicties tor the wet season,
although IR 318785-58-1-2-3-3 has shown
sensitivity to salinity.

In most Sahelian environments, medium-
duration varieties selected for the wet
season are not suitable for the hot-dry
season because of their long-cycle and high
cumulative water consumption. The 1992
results show, however, that in some cases
short-duration varieties selected for the
hot-dry season perform well in the wet
season. The trial will be repeated for at
least 3 years.

Mangrove Swamp Rice
Network

WARDA'S mangrove swamp rice reseirch
program made a significant contribution to
the development of improved varieties for
smallholder farmers in mangrove swamp
environments. To consolidate these gains
and enhance the capacity of the region’s
NARS to meet the need tor a sustainable
increase in mangrove swamp rice
production. a network funded by USAID
wits established in 1990).

Network activities include environmental
characterization 1o tacilitate more effective
targeting of improved rice technologies,
and the development of well-adapted high
vielding cultivars {rom segregating
progenies. Seeds of promising varieties and
breeder seeds are purified and multiplied by
WARDA for distribution to NARS,
extension agencies. NGOs and farmers, and
varictal trials are conducted by the six
countries in the network. The following
summaries highlight the progress made by
the network in 1992,

Farmers® assessment of improved
varieties
M. Agven-Sampong and R. Guei

I the mid-1980s WARDA developed a
number of superior varicties adapted to
different mangrove ecosystems but the rate

of adoption of these materials has been
slow. mainly because of weak technology
transler capacities of national programs. To
aceelerate adoption, the network initiated
regional on-farm trials in 1991,

In 1992 farmer-managed on-farm trials
were conducted in five network countries
by national programs and rural
development agencies to assess the
adaptability, vield potential and consumer
acceptability of 28 varieties bred or
selected by WARDA, as well as 10 local
varieties. The number of sites involved was
34,0 42% increase over 1991, Avall sites
the WARDA muterials outvielded the best
local varicties (see Table 28). As in
previous years, WAR 1. WAR 77-3.2.2
and ROHYB 6 performed well in most
countries under saline and acid sulfate soil
conditions. ROHYB 6 and WAR 73-1-M1-
4 were preferred by farmers for their high
yielding ability and good plant type, ROK
5. WAR 1, WAR 77-3-2-2, BG 400-1 and
RD 15 were widely accepted by farmers in
Guinea-Bissau. The excellent performance
ol most varieties tested led to many farmers
who had not been involved in the trials
asking to participate in future triads.

Breeding rice varieties for mangrove
swamp environments
R. Guei and M. Agyven-Sampong

During the 1980s WARDA made neanly
150 single crosses using over 200 parents

Table 28 Average yield gain (%) of the best-performing WARDA mangrove swamp rice
varieties over check varieties in on-farm trials, 1992
Entry Guinea Guinea-Bissau Nigeria SierraLeone  The Gambia
ROK 5 — 28 4 33 41
Kumba Ndingo - - - - 36
WAR 1 — — 31 23 48
WAR 77-3-2-2 - 53 33 24 58
DJ 684D — — — — 43
RORYB 6 26 53 12 13 —
WAR 73-1-M1-4 37 — — — —
WAR 100-6-2-1 27 - — - —
Balanta K}l — - — -
RD 15 - K] - - -
ROHYB 4 —_ 54 — —- —
BG 400-1 - 20 — - -
BG 380-2 - 56 — - —
WAR 100-2-15-1 - - - - —
B 41-40-CPN — - - —
Kuatik Kundur - - 17 16 -
cP4 — — — 24 -
ROK 10 - — - - —
ROK 23 — - — 22 —




selected tor their stress tolerance and good
agronomic traits. The scelections were made
using pedigice and modified bulk methods.,
and advanced to F -1, penerations. Within
the framework of the network, WARDA
continued this selection to develop high
vielding, stress-tolerant and stable varieties
for in siti evaluation by the national
programs. Sclection criteria included: plant
stature: Gllering capacity: leal erectness;
discase, crab and lodging resistance:
panicle size: and reaction to iron toxicity,
acidity and salinity. The work was
conducted in three salt-free zones
representing short-. medium- and long-
SCASON CVIFORAMents.

Of the 450 lines selected, 350 were
nominated in 1991 for inclusion in the
African Mangrove Swamp Rice
Observational Nursery (AMSRON), The
remaining 100 lines were used in regional
observational trials: of these. WAR 133-9-
B-B-1. WAR 90-1-6-2-B-B3, WAR 120-1-
5-7-2-B-B-B and WAR 118-1-12-1-4-B-B-
B were identified as salt tolerant. In 1992,
seven short-duration, 42 medium-duration
and five long-duration lines were selected,
Five varieties from the short-duration WAR
115 series were found to be discase tree
and high yielding. with good late
senescence triits: seven varieties rom the
mediom-duration WAR 90 series showed
high tillering capacity. large panicle size
and creet fTag leaves. These selections will
be multiplied and made available to
national programs through the 1994
AMSRON.

Regional observational trials
R. Guei and M. Agyen-Sampong

Biotic and abiotic stresses vary in nature
and intensity aeross the mangrove swamps
of West Africa. There is therefore a need
for improved stress-tolernt varieties to suit
the range of mangrove ecosystems in the
region. As most NARS working in this
environment lack the capacity to develop
new varieties, observational nurseries of
promising materials bred or selected by
WARDA are composed for the NARS for
further in site evaluation of stress tolerance
and agronomic traits.

Table 29 Number of improved mangrove swamp rice entries selected by national
programs in observational trials, 1991-92
Growth duration Guinea Guinea-Bissau Nigeria Sierra Leone  The Gambia
Short - 20 15 12
Medium 7 1 12 1
Long — 23 30 -
Table 30 Best-performing mangrove swamp rice entries in advanced yield trials
conducted in four network countries, 1992
Growth duration (country) Entry (yield)
Short:
Senegal WAR 115-1-2-10 (2.2 tha). IR 21855-53-2 (2.1 t:ha). WAR 81-2-1-3-2 (2.1 tha)
Sierra Leone IR 10781-143-2 (3.1 tha). WAR 115-1-2-11 (2.9 tha). IR 25912-63-2 (3.0 tha)
The Gambia IR 25912-63-2-2 (1.8 t'ha). BR 50-120-2 (1.7 tha). BG 400-1 (1.6 tha)
Medium:
Guinea WAR 39-17-2-2 (2.6 tha). WAR 100-6-2-1 (2.3 tha), WAR 42-132 (2.3 tha)

Guinea-Bissau
Sierra Leone
The Gambia

Long:
Sierra Leone

BW 248-1 (4.2 tha), WAR 115-1-1-8-1 (4.1 tha), WAR 115-1-2.5-2 (3.7 tiha)
WAR 77-3-2-2 (3.0 tha), RORYB 4 (2.9 tha). WAR 52-38A-3-2 (2.9 tha)
RORYB 4 (2.1 tha). ROHYB 1 (1.3 tha). IR 31836-42-1-3 (1.1 t'ha)

WAR 74-1-M6-7 (2.6 tha). WAR 74-15-1-3 (2.7 'ha), WAR 73-1-M1-4 (2.7 tha)

In 1991-92 over 200 varicties/lines were
evaluated in cach of the six network
countries. Data were collected on:
phenotypic aceeptability: plant height:
responses to salinity, acidity and iron
loxicity: resistance to erab damage: and
lodging. discase and insect reactions. Each
NARS selected 20-25% of the varieties/
lines, based on their performance in 1991
and 1992 (see Table 29). Amaong the
varieties selected for outstanding
performance in Guinea-Bissau and Sierra
Leone were Pa Kolma, WAR 165-3, IR
JI8T7-11-2-2-1-2, Tamba Wousson, Diaman
and WAR 89-8-A5-11. For superior salt
tolerance. UPR 79-115 and BR 50-120-2
were selected in The Gambia; WAR 90-1-
6-2, WAR 120-1-5-7-2, WAR 118-1-12-1-
4 ad Pa Kolma were selected in Guinea-
Bissau: and WAR 100-3-4-2, WAR 133-10
and WAR [33-9-b-b-1 were selected in
Guinea. In Sierra Leone. WAR 89-11-5 and
WAR [15-1-2-2-1-3 were among the
varieties selected for acidity tolerance.
Selected varieties will be further evaluated
in advanced yield trials,

Regional advanced multilocational
yield trials
M. Agven-Sampong and R. Guei

Advanced yield trials were initiated in 1991
in collaboration with NARS to assess the
adaptability. yield potentiad and yield
stability ol improved mangrove swamp
rice varieties. In 1992, sets of short- |
medium- and long-duration varicties were
distributed for testing according to the
requirements of individual NARS. The
results in 1992 confirmed the tindings in
1991 that a new generation of improved
varieties was now available for distribution
to farmers in the various mangrove
cecosystems of the region. The yield
performance of the top three varieties in
cach participating country is given in Table
30: with high yield potential and lerance
to acid sulfate conditions, these varicties
showed excellent adaptation to the
mangrove swamp environments. To
confirm this adaptability. they will be
intensively and extensively tested in
farmer-managed on-tarm trials in 1993,

RESEARCH SUMMARIES



TRAINING

OVERVIEW

Anthony Youdeowei

Following the preparatory work undertaken in 1991 on
developing group training course curricula and organizing
itinerant training courses, the focus in 1992 was on
implementing these activities. The implementation of the
group training program wis based on: consolidating itinerant
group training in partnership with national programs ot
WARDA member states: greater involvement of rice
scientists in WARDA's research Task Forees and Working
Groups in designing and implementing training courses in
order to ensure that the orientation of these courses addressed
the needs of NARS; and establishing a framework for
developing and producing training manuals from course notes
prepared by resource persons.

Significant progress was made in individual research-related
training during the year, The program involved research
scholars. post-doctoral scientists and visiting NARS
scientists, as well as research assistants and technicians on
short-term non-degree-related training. Individual research
training is coordinated by the Rescarch Division.

A WARDA/NARS training seminar was organized to
coincide with the biannual meeting of the Training Werking
Group. Seminar participants reviewed the concept and
implementation of WARDA'S training program and exploied
ways of strengthening WARDA/NARS collaboration in
organizing and managing individual and group technical
training for rice science.

The installation of desk-top publishing facilities in mid-1992,
accompanied by staff training in the use of these facilities,

greatly improved WARDA's in-house capacity to originate
and produce publications.,

The Library and Documentation Center is now established
as the major source of literature for rice and rice-based
farming systems rescarch in sub-Saharan Africa. During 1992,
there was significant expansion in the Center’s document
detivery and literature search services provided for
national programs. The agriculural databases on CP-ROM
were updated and there was a considerable inerease in the
number of reguests for information received from rice
scientists and other agricultural rescarchers in the West
African region. Training in information retrieval from
agricultural databases was also provided for several NARS
scientists,

During the year, particular emphasis was placed on
consolidating collaboration in training and communications
activities between WARDA and NARS in member states.,
both with regional organizations and with other
international agricultural research centers operating in West
Africa. These collaborative efforts enabled WARDA 1o
increase its operating critical mass by fully utilizing the
Jpertise and resources which are available within
the region.

WARDAs training and communications activities continued
1o be strongly supported by the UNDP (project RAF/89/055),
Funds were also received tfrom CTA., a Lomé Convention
institution based in The Netherlands, and from the IDRC,
based in Canada,

TRAINING AND COMMUNICATIONS
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SUMMARIES OF TRAINING ACTIVITIES

Group technical training

Six group trining courses were organized
in 1992 five of them with UNDP support
and the sixth with funds from other sources.
Table 31 pives the themes, location,
language of instruction and numbers of
trainees tor these courses, while Table 32
presents the country distribution of training
participants.

Computer Applications and Statistical
Analysis in Agricultural Research

This J-week couse was organized in
January in coll=boration with the ICRISAT
Sahelian Center. Emphasis was placed on
practical hands-on exercises in the analysis
and interpretation of rice rescarch data.
Participants were introduced to the use of
computers and statistical software pachages
for managing rescarch daticand to word
processing pachages tor writing rescarch
reports.

The participants in the course were drawn
from seven WARDA member states
(Cameroon, Cote d'Ivoire, Ghana, Guinea,
Nigerin. Sierra Leone and The Gambia) and

Table 31 WARDA group training courses, 1992

Number of trainees
Title Location Language M F
Computer applications and
statistical analysis in
agricultural research ICRISAT, Niamey, Niger English 13 3
Water and imgation management EIER-IMI. Ouagadougou,
for rice production Burkina Faso French 21 0
Training of agricultural trainers IITA. Cotonou, Benin English/French 15 4
Crop protection in rice WARDA. Bouake, Céte d'lvaire English/French 18 1
Upland rice production WARDA. Bouake, Céte d'lvoire English/French 15 1
Scientific writing for agricuttural INSET. Yamoussoukro,
research scientists Cote d'lvorre English:French 26 4

included three women. The "CRISAT
Sahelian Center and Ahmadu Bello
University in Nigeria provided the resource
persons,

Water and Irrigation Management for
Rice Production

This courwe was held in March at the EIER
in Ouagoudougou, Burkina Faso.

WARDA and ICRISAT scientists particicating as
resource persons in the training course
on computer applications

Organized in collaboration with the West
African station ef HMIL, the J-week course
was altencded by 21 participants, The
participants were drawn from 12 WARDA
member states (Benin, Burkina Faso,
Cameroon, Chad, Cote d'lvoire, Guinea,
Guinea-Bissau, Mali, Mauritania, Senegal
and Togo).

A special feature of the course was a
10-day field practical on techniques for
managing rural irrigation schemes for
rice production. The resource persons for
this course came from international
agricultural rescarch centers and West
Alrican NARS.

Training of Agricultural Trainers

In collaboration with the NARS in Benin
and the HTA Biological Control Center for
Alrica in Cotonou, Benin, WARDA
organized a bilingual Training of
Agricultural Trainers (TOT) course in
June: simultancous translation was used.
Among the 19 participants were four
women. The participants were drawn
from cight WARDA member States
(Benin, Chad. Cote d"voire, Guinea,
Guinea-Bissau, Mali, Niger and

Togo).

The resource persons included two former
WARDA trainees, Wilhelmini Colley and
Mohammed Jammeh, who had attended the
Enghishi-linguage TOT course held in
Liberia in 1990,




Table 32 Country distribution oi participants in WARDA group training courses, 1992
Country cA? wi T0T cp up SW Total
Benin - 1 5 1 1 2 10
Burkina Faso - 2 2 - 1 2 7
Cameroon 1 2 — 1 1 5 10
Chad — 2 1 - — 2 5
Congo Brazzaville® — — — - — 1 1
Cote d'lvoire 1 2 2 6 5 4 20
Ghana 2 - — 1 1 1 5
Guinea 1 2 2 1 1 1 8
Guinea-Bissau - 2 2 1 - 1 6
Libena - — - - — - —
Mali — 2 —_ 1 — 3 6
Mauritania — 1 - - - — 1
Niger — 2 2 - — 1 5
Nigena 5 —_ - 3 4 3 15
Senegal — 1 - - — — 1
Sierra Leone 4 — — 1 - 2 7
The Gambia 2 — - 1 1 1 5
Togo - 2 3 2 2 1 10
Total number of

participants 16 21 19 19 17 30 122

Note: a

CA = Computer applications and statistical analysis in agricultural research; Wi = Water and irgation

management for rice production; TOT = Training of agricuitural trainers; CP = Crop protection in rice;
UP = Upland rice production: SW = Scientific writing for agricultural research sciertis's

b Not a WARDA member state

Crop Protection in Rice

Using simultancous translation, this
bilingual course was conducted at
WARDA’s temporary training center in
Bouakd in July. The course focused on
madern principles of integrated
management of rice pests,

The 19 participants included one woman,
The participants were drawn from 10
WARDA member states (Benin, Burkina
Faso, Cameroon, Cote d'Ivoire, Ghana,
Guinea, Guinea-Bissau, Niger, Nigeria
and Sierra Leone). The resource persons
were drawn from WARDA and the
national programs of Céte d’Ivoire and
Nigeria.

Upland Rice Production

Held in September at WARDAs temporary
training center, this bilingual course was
attended by 16 participants, including one
woman, drawn from cight WARDA
member states (Benin, Burkina Faso, Cote
d*voire, Ghana. Guinea, Nigeria, The
Gombia and Togo). The course was aimed
specifically at young research scientists,
personnel in rice development projects,
and agricultural extension agents with
responsibility for rice production.

Scientific Writing for Agricultural
Rescarch Scientists

Following the successtul organization of
the first group training course on this theme

Upland Rice Production course,
involving scientists from WARDA member
states as resource persons

in 1991, a second course was organized in
1992 in collaboration with CTA.
SAFGRAD and the AASE. Funding was
provided by CTA. the Swedish-based 1FS
and two French-based organizations,
CIRAD and ACCT. There were 30
participants. including tour women. from
Westand Central Africa. The participants
wore divided into English and French
language groups and the course was
conducted simultancously in both
languages. Course content focused on the
principles of good scientific
conmunication and on improving
participants” skills in the writing.
publication and oral presentation of their
rescarch results, The resource persons were
drawn from WARDA, CIRAD,
CODESRIA, IBPGR and the Ethiopian
Institute of Agricultural Research.

Trainee follow-up

Trainee follow-up is an essential part of
WARDA'S group training aciivities. The
strategy adopted for trainee follow-up
includes involving former WARDA
trainees in itinerant courses as training
coordinators or associate trainers; this gives
them the opportunity to organize and
manage group tridning courses and thus
strengthens the training capabilities of

_——
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NARS. During the TOT course in Benin,
for example, three former WARDA
trainees were mvited to participate, two as
trainers and one as the training co-
ordinator: in the Upland Rice Production
course held in Cote d'Ivoire. a former
WARDA truinee served as an associate
training co-ordinator.

Staff from WARDA'S Training and
Communications Division visit tormer
trainees at training locations in the national
progrinas in order 1o assess the impact of

WARDA trainmg on their job performance.

Al former trainees visited in 1992 in
Benin, Burkina Faso, Cote d'Ivaire and
Niger confirmed that the knowledge and
skills acquired from WARDA ™ training
courses have had a signtficant influence on

their professional competence.

Work has begun on compiling data for a
Directory of WARDA Group Training
Participanes. 1972-92.This publication
shouald serve as a useful reference source as
well as a means of establishing and
reinforeing links between former WARDA
trainees.

Individual research-related
training

WARDA offers various training
opportunitics for voung West African
scientists. as well as for scientists from
outside the region, to develop additional
specialized skills through working with
senior WARDA scientists.

Kescarch scholars

With support from the ATDB and USAID,
WARDA provides technical and financial
assistance to students conducting field
research related to their MSc or PhD
courses. WARDA scientists work closely
with the students” university advisers in
designing the field research and direct all
aspects this rescarch. Siv West African
rescarch scholars benefited from this
progrim in 1992:

» Mabeye Syllia (Senegaly is working for
his PhD in soil science at the
Agricultural University of Wageningen
in The Netherlands under the direction
of Dr N. van Breemen. His rescarch
focuses on the characterization ol
NENZTOVE SWRMP FICe CCosysiems in

One of the research scholars who benefited
from WARDA's research-related
training program in 1992

Guinea-Bissau, Senegal, Sierra Leone
and The Gambia. His field work is
being directed by Dr M. Agyen-
Sampong. an entomologist and the
coordinator of the Mangrove Swamp
Rice Network, and Dy K. Sabrawat, soil
scientist in WARDAs Continuum
Program,

Andre Ouattara (Cote d Ivoire) is
preparing for his Doctorat de troisicme
eycle at CIRES, Tiniversity of Abidjan
under the direction of Dr K. Yao. His
rescarch involves the ex anre analysis
of new rice production technologies in
the Guinea savanna zone of Cote
d'Ivoire. Dr AL Adesina, economist in
WARDAs Continuum Progran, is
directing the fickd work.

Alhassan Tswiko Maji i Nigeria)
worked for his MSc degree in crop
breeding i the Department off
Agronomy, University of Ihadan
under the direction of Professor

M.E. Aken’Ova. He evaluated a wide
range of Atrican Orvza ¢laberrima

varieties for drought tolerance and other

agronomic traits. The work was
conducted at the IITA station in Ibadan
under the direetion of Dr B.N. Siagh,
WARDA'S lowland rice breeder.

Soulevmane Nacro tBurkino Faso) is
working for a doctorate in agronomy at

the University of Rennes 1L France
under the direction of Professor

5. PUNenon The subject of his work is
the contogy and biology of the

African rice gall midge. an insect which
has recently become amajor pest of
rice in Burkina Faso and Nigeria.

The work is being conducted mainly

in Burkina Faso, with scientific
direction from Dr E. Heinrichs,
entometogist in WARDA™S Continuum
Program.

Victorin Houndehon (Bening is
studying for a Doctorat de troisieme
cycle ineconomies at CIRES
University of Abidjan: his thesis
adviser is Dr ). Pegaticnan-Hiey. The
rescarch is being conducted in northern
Benin to quantify the costs of
production in the major rice production
systems in that region. The field work
is being supervised by Dr AL Adesina,

Kouakou Kra Djato (Cote d'lvoire) is
working towards his Doctorat de
troisieme cycle at CIRES. University of
Abidjan under the direction of

Dr ). Pegaticnan-Hiey, He is
conducting a comparative analysis ot
irrigated production units in ceniral and
northern Cote d'lvoire 1o determine the
effect of size on technical and
cconomic efficieney. Dr AL Adesina is
supervising the field work,




»  Fabunmi Simeon Oladele (Nigeria)
worked for his MSc degree in the
Department of Agronomy, University
of Ibadan under the general direction of
Professor MLE. Aken'Ova. His fickd
work was carried out at IITA ander l.ﬂ‘;‘
supervision of WARDA'S l()\\‘l;lll(le’[i_}~§g‘}.’
breeder, Dr B.N. Singh. The foces (»WI\»
the research was i comparative analy sis
of vegerative and reproductive traits for
selected ipland and towland rice

varieties.

Post-doctoral scientists

Two-year assipnments in WARDAs
rescarch programs are offered to scientists
who have recently been awarded a PhD,
giving them the opportunity 1o gain
additional practical experience in various
arcas ol rice sciencee. Although preference
is given to young West African scientists,
researchers from outside the region are also
considered. Two post-doctoral scientists
participated in this program in 1992:

* DrRobert Guei (Cote d'Tvotre)
completed his PhD in plant breeding in
1991 at Kansas State University, USA,
Since then he his worked in WARDA'S
Mangrove Swamp Rice Network,
making selections from segregating
Fopulations resulting from WARDA
crosses: planning and directing regional
network trials of advanced rice
varieties; developing training materials;
and participating in individual and
2TOUP training courses.

*  DrThomas Randolph (USA) received
his PhD in agricultural cconomics from
Cornell University, USA in 1992 and
won a Rockefelier Foundation post-
doctoral fellowship to WARDA's Sahel
Program as the team economist. His
rescarch is on the competitiveness of
trrigated rice production in the Sahel.
Using secondary information, he is
analyzing rice production and
marketing costs in Burkina Faso,
Moauritania. Mali, Niger and Senegal to
identify systems of irrigation and
technologies, and the policy contexts
within which rice production enjoys a
comparative advantage.

Research assistants

WARDA ofters practical training to young
African rescarchers through fixed-term

contracts. during which they work with
WARDA scientists as rescirch assistants,
In 1992 two Sicrra Leonian rescarch
assistants completed their final year ot a
2-year attachment with WARDA'S
Mangrove Swamp Rice INetwork. Charles
Dinon played a major role in characterizing
mangrove soils and Robert Chakandra
worked under the direction of Dr R, Guei in
the selection of materials from segregating
populations.

Visiting scientists

National rice scientists who require
individual training in particular arcas of
rice scienee or who wish to conduct short-
term rescarch with WARDA scientists are
offered the opportunity to work at WARDA
as visiting scientists. Two national
scientists took advantage of these
opportunities in 1992:

»  Dr Peter Okocha (Nigeria) was attached
10 WARDAS lowland breeding vait for
I year. at the request of the NCLi.
Working under the direction of Dr B.N.
Singh. he made a number of crosses tor
his program at NCRI, and learned the
screening methods for blast, stalk-eyed
Iy and rice yellow mottle virus,

*  Dr Charles Mulbah (Liberiay, a rescarch
felow i the soils department of
Louisiana State University, USA,
worked with WARDA s soil cheimist,
Dr K. Sabrawat, for 4 weeks in July and
August 1992, characterizing iron toxic
lowland sols, with the empiasis on
redox potential.

WARDA also provides support tor national
scientists to work with scientists in national
programs where there is expertise in
particular arcas. Three national scientists
benefited fror this support in 1992:

*  Maleom Jusu (Sierra Leone), arice
breeder at the : Lional Rice Rescarch
Station in Rokupr, visited ISRA'S
Djibelor station for 2 weeks in October
1992, The objective of his visit was to
familiarize himselt with breeding
activities in savanna mangrove
ccologies and to observe on-larm
research methods,

* Ousmane Kona Balde (Guinea), an
entomologist in the Guinean rice
researcin program, worked with
Senegalese scieru-ts at ISRA's

Djibelor station for 2 weeks in
November 1992, He studied methods of
identifying and classifving rice insect
pests, techniques for preserving insect
samples, and insect control practices.

»  Aliou Sow (Guinea), an agronomist in
the Guinean rice research program,
visited ISRA and WARDAS Sahel
Program to learn methods of
conducting on-farm trials and socio-
CCONONMIC SUIveys.

Other short-term practical training

WARDA provides short-term non-degree-
related training opportunities for West
African students and technicians who wish
to obtain practical experience working
within one of WARDA'S rescarch arcas.
The beneficiaries ol this program in 1992
were:

+  Emmanuel Tia (Cote d'Ivoire), a
rescarch assistant from the Centre
d’entomologie medicale et veterinaire
in Bouaké, worked with Dr E.A.
Heinrichs, WARDA's Continaum
Program entomologist, in June, July
and August 1992, He Iearned varions
techniques for conducting field studics
inrice entomology.,

»  Abdoul Traore (Burkina Fuso) worked
with Dr. E.A. Heinrichs trom July to
December 1992, studying yvield losses
due to rice insect pests, interactions
between rice vellow mottle virus and
inseet vectors, and methods tor
screening tor this virus and rice blast.
He is working towards his MSc degree
in plant protection at the State
University of Karkov, Ukraine, Russia.

»  Four students (N'Dri Konan, Loukou
Konan, Papeu Julien Ouanglo and
Ahouasso Anoh) from the Ecole
national supericur des travaux public
(ENSTPy in Cote d'Ivoire received
practical training in WARDA's Farm
Development Office under the guidance
of the farm manager, C.B. Buyvala.
The students were a1t WARDA from
July to December 1992 A et of
projects was prepared tor cach student
according to his speciality: these
included surveving. road constructoon,
preparation of cost estimates., design
of a sprinkler irrigation system,
and construction of rescarch farm
facilities.

49|
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WARDA/NARS training
seminar

To consolidate collaboration with the
NARS. WARDA has developed a
partnership model which operates through
Working Groups and Task Forces. The
Training Working Group, established in
1990 1o advise WARDA on training
activities, provides a channel through
which NARS personnel can voice their
opinions on issues relating to the strategy
and content of WARDA s training
program. Within the context of the
activities of the Training Working Group a
WARDA/NARS t.aining seminir on
“Human resources development for rice
science in West Africa” was organized in
May to review training at WARDA and to
formulate a plan of action for more
effective colluboration in training between
WARDA and the national programs of
member states.

The seminar was held at WARDAs Main
Research Center and Headguatiers, M'hé,
It was attended by 21 scientists and trainers
from NARS and from international
agricultural research centers based in sub-
Saharan Africi. The major issues discussed
included: the rice scienee training needs of
national programs in West Africa; the
scope of WARDAS training programs; the
problems associated with organizing and

The Director General, Dr Eugene Terry, closing the WARDA/NARS seminar on human
resources, with Dr Joseph George (center), WARDA/IvRS Training Working Group
chairman, and Dr Anthony Youdeowei {left), Director of Training and Communications

managing in-country group training
courses; and a plan of action for WARDA/
NARS collaboration in individual and
group training to improve the professionat
competence of rice researchers, technicians
and extension personnel in the region. The
seminar proceedings are scheduled for
publication in 1993,

In-house training

In-house language training in French and
English was started in 1992 in order 1o
improve the tanguage competence of
WARDA staff. Classes are given in cach
language twice a week and all staft are
encouraged to attend.


http:languia.ge

SUMMARIES OF COMMUNICATIONS ACTIVITIES

Publications Unit

With few staft and modest facilities,
WARDA's publications program
developed steadily but stowly in 1992, The
output of publications was limited to some
extent by the need 1o produce the numerous
documents prepared for the EPMR.

With the completion of the capital
aevelopment project. the publication of the
special newsletter, WARDA Development
Update. was concluded with number 7.

The major books and booklets published
during the vear were:

o WARDA Annual Report 1991
tEnglish and French)

o Program of Work and Budeer 1993
(Englisin

» Group Technical Training at WARDA
1993
(English and French)

o Girowing Rice in West Africa: A
Farmer's Primer
(Englishy

= Accounting Procedures Manual
(English)

o Trainerlink
(English)

o Current Contents at WARDA
(English and French; monthly)

AD

Considerable progress was made on

the preparation of a number of manuscripts,
Among those which are scheduled

for publication in 1993-94 are the
following:

o Catalogue of Rice Literature Searches
19971-1992
(English and French)

o Trvaining in Rice Production : Course
Instructor's Manual
(English edition 1993: French edition
1994)

o Mluman Resources Development for
Rice Science in West Africa:
Proceedings of a WARDAINARS
Training Seminar
(English and Frenchy

o WARDA Training Guide 1. Sampling
and Preservation of Rice Insects
(English and French)

o WARDA Training Guide 2. The Rice
Plant and its Environment
(Enghish and Frenchy

s Bibliography on Oryza glaberyima
(English and Frenchy

o Resources and Services of
WARDAs Library and Documentation
Center
(English and French)

o AVARDA s Publications Lixt
1974-1992
(English and French)

RAO

KAPPORT ANNUEL 1999

Translation and Conferences
Services Unit

WARDA’s in-house capacity for
translating from English to French was

maintained. Freelancers were contracted for

Freneh to English translation work,

In-house translations
undertaken at WARDA, 1992

Figure 19
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BB Adminis' ive documents
M Rice researcii documents

[ Traning notes, manuals and
communications papers

(] Miscellaneous documents

Figure 19 summarizes the range and
volume of documents translated in-house
during the year: the figures represent an
increase of over 1500 pages in the volume
ol in-house translations compared to 1991,

Public awareness activities

Efforts to promote the activities of
WARDA and the contribution of the
CGIAR to agricultural development in sub-
Suharan Africa were intensified through
various means. An interview with
WARDAS Director Griera? was broadeast
on the BBC Africa Sert ¢ and Radio
France International. There were frequent
reports on WARDA s activities in regional
magazines such as Wesr Africa and Jeune
Afrigue. as well as in Jocal newspapers.,

COMMUNICATIONS SUMMARIES
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Library and Documentation
Center

Special efforts were made in 199210
strengthen the resources of WARDA'S
Library and Documentation Center and
improve information dissemination services
to WARDA and NARS scientists, In
collaboration with CAB International,
WARDA mitiated the CAB International/
WARDA Project to Strengthen the
Information Base for Rice Research. aimed
at upgrading WARDA'S capacity to serve
as the primary rice-based farming systems
information center for sub-Saharan Atrica.

WARDA played a major role in i study
commissioned by CTA and ECOWAS 10
assess the agricultural information needs in
ECOWAS countrie and formulate a
regional program on ST! for West Africa,
Ateam of seven information and
agricultural science experts visited regional
and national mstitutions and prepared a
monograph on cach country. WARDA'S
Director of Training and Communications
and the Documentalist participated in the
survess of Benin, Cote d'voire, Guinea
and Togo,and as members of the Sreering
Comnuttee which met in Senegal in
October. WARDA was given the
reponsibility of monitoring and
coordinating the preparation, editing,

WARDA library acquisitions
during 1992

Figure 20
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WARDA's Library and Documentation Center,
a major source of rice science literature in
sub-Saharan Africa

translation, production and distribution of
the national monographs in 1992 and the
regional synthesis report in 1993, 1t is
expected that WARDA will play a leading
role in implementing the STI program.

Construction began at M'bé of a new
building to house the Library and
Documentation Center.

Library acquisitions

The acquisition of materials on rice
rescarch and production and refated
subjects was intensitied, with particular
emphasis on publications in French and
publications relevant to environmental and
sustainability issues (see Figure 20y, The
acquisition of grey literature from WARDA
member countries was also intensified. The
library subscribed to over 150 journals and
received several journals under exchange
arrangements with other institutions.

Database management

The Center’s three main in-house databases
-— WARBI PERIO and the WARDA
mailing hist database — were expanded.
WARBI and PERIO now contain 13 461
and 1226 records, respectively, The
distribution of addresses on the mailing list
dataabase is shown in Table 33,

52

In May. WARDAs Documentalist
attended a seminar, at the invitation ol the
ACCT. on the use of CD-ROM in
documentation, held at the Ecole
internationale de Bordeaux (EIB) in France.
As part of WARDA's etforts to strengthen
NARS. training on Mini-Micro CDS/ISIS
software and bibliographic database
defmition, impicmentation and
management was given 1o IDESSA's chief
librarian. WARDA s Documentalist visited
the Sahel Program in June and October to

Table 33 Distribution of addresses
on WARDA mailing list
database

Number of

Region/country addresses

Africa 2424

WARDA member countries 2180
America 226

USA 166

Canada 17

Latin America 43

Europe 202

Asia 169

Oceania 9

Total 3030
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improve the library facilities there,
introducing more etficient procedures
based on scientists” needs, designing a
database tor the management of library
resources and training the library stalf. One
member of staft at the Sahel Program
library. Aida Diop. came 10 WARDA'S
Library and Docunmientation Center for
Further training in library and database
nanagement. Two scientists working on
PhD theses, Youssout Dembele (INERA)
and Selome Dogbe (INCV), were trained at
the Center on how to retrieve information
required for their work and conducted
in-depth literature searches.

WARDA reeeives regular updates from
several external agricultural databases,
Financial and technicul support for this
activity is provided by CTA, through
its CD-ROM Project, and by the IDRC,
The external databases careently being
used are:

*  on CD-ROM

—  AGRICOLA (Agricultural On-
Line Access), 1970 to present,
updated quarterly

—  AGRIS (International
Information System tor the
Agricultural Sciences and
Technology), 1986 1o
present, updated quarterly

—  BRIO (Banque de ressources sur
les technologies de Pintormation
en langue francaise/Dutabase of
resourees on information
technology. in French)

—  CAB ABSTRACTS. 1984 10
present, updated annually

—  CABPESTCD. 1973 10 1991,
updated annually

—  CSISACAR (Current Scarch
Information System of the United

States Department of Agriculure,

and Inventory of Canadian
Agri-Food Research of the
Canadian Agriceltural Research
Council)

—  KIT ABSTRACTS/TROPAG &
RURAL, abstracts on tropical
agriculture and abstracts on rural
development in the tropics, 1975
to present, updated quarterly

—  SESAME. French language
literature on tropical agricultural
rescarch and rural development
from several organizations,
including CIRAD, INRA,
ORSTOM, BDPA/SCETAGRI,
Faculté des Sciences
Agronomiyues de Gembloux and
ISRA

» ondiskette

— AGROSTAT.PC (FAO time
series statisties ), 1960 to present.
updated annually

—  CURRENT CONTENTS ON
DISKETTE. agriculture, biology
and environmental sciences.,
abstracts which give immediate
aceess to current bibliographic
data from thousands of journals
and books: cach week. anew
diskette is detivered to WARDA,
ready to be loaded and read on
the computer

—  RICE ABSTRACTS, prepared by
CAB International and issuced
quarterly

Table 34 Number of respondents in
the WARIS survey and
number of requests received
from rice scientists for
documents from WARDA,
1992

Country Respondents Requests

Benin 3 9

Burkina Faso 4 23

Chad 1 2

Cameroon 5 1

Cote d'lvoire 22 147

Ghana 8 34

Guinea 7 6

Guinea-Bissau 1 —

Liberia — —

Mali - —

Mauritania — —

Niger 3 1

Nigeria 8 25

Senegal 5 17

Sierra Leone 9 32

The Gambia 2 -

Togo - 8

Based on requests from WARDA and
NARS rice scientists, bibliographic
information is retrieved from in-house and
external databases and printed out or
downloaded on io diskettes. An increasing
number of requests for literature scarches
were submitted in 1992, and over 70
searches were made. A catalogue of the
literature searches conducted during the
year will be available in 1993,

Other activities

The production of a Directory of Rice
Scientists in West Africa is an activity
within the WARIS project funded by the
IDRC. A questionnaire was prepared and
sent 1o rice seientists in order to gather
intormation to compile their rescarch

profiles. The nunmiber of responses received,

by country, are given in Table 34,

The WARDA mailing list was used to
distribute over 3000 copies of the 199/
Annual Report. Other publications
distibuted during the year included the
WARDA Brief. one issue ol WARDA
Development Update, two issues of
WARDA News and 12 issues of Current
Contents at WARDA.

In addition to library book loan service:,
over 375 publications and 43 000
photocopied pages of jourmnal artictes and
book chapters were sent in response 1o
requests reeeived in 1992, Over 500
requests for documents were received
during the year (see Table 34).
Organizations that were particularly helpful
in providing materials not available at
WARDA included CTA, IRRI and the
Agricultural University ol Wageningen.

The Library and Documentation Center
staff regularly visit institutions and
information services in Cote d’Ivoire to

establish and strengthen collaborative links.

In 1992 they participated in the activites of
the Ivorian agricultural information
network, REDACIL and helped design @
guestionnaire aimed at gathering data on
information and documentation centers lor
publication in a national directory.
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West Africa Rice Development Association

Statement of Financial Position as at 31 December 1992
(expressed in US dollars)

1992 1991
CURRENT ASSETS
Inventory 195418 154 881
Accounts Receivable — Donors 2100687 2291547
Accounts Receivable — Other 713837 596 920
Cash and Bank Balances 874 742 401707
3884684 3 445 055
CURRENT LIABILITIES
Bank Overdrafts 1623 685 880 258
Accounts Payable 2384373 989 472
Provisions and Accruals 1109 091 2671650
Contributions in Advance 1 356 496 283777
Project Fund Balances 192 733 192733
6 666 378 5017 890
Net Current (Liabilities) Assets (2781 694) (1572 835)
Property, Plant and Equipment 12 455 494 10 112 085
NET ASSETS 9673800 8539 250
Represented by:
Capital Invested in Fixed Assets 12 455 494 10112085
Restricted Funds
Capital Fund (3951 380) (2984 326)
Unrestricted Funds
Operating Fund 1169 686 1411 491

FUND BALANCES 9673 800 8539 250

The financial statements were approved by the Board of Trustees on 13 May 1993 and were signed on their

behalf by:
Director General #
Acting Director of Administration and Finance M
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DONORS

World Bank
Sweden
Canada (CIDA)
Canada {IDRC)
AfDB
The Netherlands
Germany (BMZ/GTZ)
France
Japan
Belgium
EEC
UNDP/FAOQ
USAID
Haly
UK (ODA)
Rockefeller Foundation

Subtotal

MEMBER STATES

Burkina Faso
Cote d'lvoire
Nigeria
Sierra Leone
Togo

Subtotal

SUNDRY INCOME

West Africa Rice Development Association
Grants and Contributions for the Year ended 31 December 1992

UNRESTRICTED

Core

1500 000
633 817
670 860

134 738
191 718
277 058
883 309

59 679

105 263
189 904

4 646 346

63 683
167 254

230 937

113 255

(expressed in US dollars)

RESTRICTED
CoRre

33 956
621 932
293 498

1463

270 436
543 917
512 506

3 000

2280708

COMPLEMENTARY
PRoJecTs

50635
101 180
1156

54 076

54 093

CapitaL
DevELOPMENT

125786

1653779

623 540

2403105

TotaL
1992

1500 000
633817
796 646

84 591
723112
135 894

2138995
278 521

1560 925

59 679
324 529
543917
512 506
105 263
189904

3000

9591299

63 683
167 254

230937

113255

TotaL
1991

1785000
595 803
832 275

39 975
724 065
634 562

1594 101

1490012

1309 436

60 155
530 314
70 570
525 688
120 299
180 416
5000

10 497 671

13142
50000
6011
18 500

87 653

34 286
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West Africa Rice Development Association
Statement of Activity by Funding Source for the Year ended 31 December 1992

(expressed in US dollars)

UNRESTRICTED RESTRICTED ~ COMPLEMENTARY TotaL CapiTaL TotaL TotaL
Core Core ProdyecTs OPERATING DEVELOPMENT 1992 1991
REVENUE
Grants and Contributions
Donors 4 646 346 2280 708 261 140 7188194 2403105 9591299 10497671
Member States 230937 - — 230937 — 230937 87 653
Other Revenue 113 255 — — 113 255 — 113 255 34 286
4990 538 2280708 261 140 7532 386 2403 105 9935491 10619610
EXPENDITURE
Research Program 2282913 1675508 256 627 4215048 — 4215048 3319740
Training and Communications 749 340 564 915 — 1314 255 - 1314 255 790 649
General Administration 2017 114 —_ — 2017 114 — 2017114 1766097
Capital Development - - - — 734 242 734 242 563 211
5049 367 2240 423 256 627 7 546 417 734 242 8280659 6439697
ADD
Depreciation of Fixed Assets 168 404 40 285 4513 213202 276 775 489 977 258 831
5217771 2280 708 261 140 7759619 1011017 8770636 6698 528
EXCESS OF (EXPENDITURE
OVER REVENUE) REVENUE
OVER EXPENDITURE (227 233) — —_ (227 233) 1392 088 1164855 3921082
Extraordinary ltems - - - - — - 80 804
Prior Year Adjustments (14 573) — — (14 573) - (14 573) (55 882)
RESULTS FOR YEAR (241 806) — - (241 806) 1392 088 1150282 3946 004
FUND BALANCES AT
BEGINNING OF YEAR 1411 491 —_ — 1411 491 - 1411 491 827 598
Bad Debts Written Off — — - — - — 57974
Transter to Capital Fund — — — - (1392088) (1392088) (3420 085)
FUND BALANCES AT
END OF YEAR 1 169 586 — — 1169 686 — 1169686 1411491




Principal Personnel

OFFICE OF THE DIRECTOR GENERAL

Eugene R. Terry, PhD
Augustine Owusu-Sarpong

ADMINISTRATION AND FINANCE DIVISION

Gordon MacNeil, MBA'
Kwame Akuffo-Akoto, BSc, FCCA
Honore Bobo, MS, MBA
Bola Andrews, MA
Ursule Konan, ML, CFB
Boniface Ouedraogo
Zakrizou Bredou, DUT
Mark Etsibah

Casimir Grouto, Ing. Bat.
Helen Nevell, BA

Odette Amani, BTS/S

RESEARCH DIVISION

Research coordination

Peter Matlon, PhD

Edgar W. Richardson, PhD

Chitti Babu Buyyala, BSc

Michel Briat, 1A 2

Volker Hell, MCC

Vincent Elegbo, Ing. Genie. MEC 3
Maxwell Adjei-Fah, Dip GiL

Upland/inland Swamp Continuum Program

Bouaké, Cote d'lvoire

Elvis Heinrichs, PhD
Abdoul Aziz Sy, DI., D.E.Es-Sc.
Monty P. Jones, PhD
Akinwumi Adesina, PhD
Kanwar Sahrawat, PhD
Laurence Becker, PhD ¢
Thomas Remington, PhD 3
David Johnson, PhD &
Michio Takeda, BSc
Roger Diallo, 1A

Sitapha Diatta, DEA

Koffi Akator, MSc
Moustapha Gaye, MSc
Semon Mandé. MSc
Mobio Sika, MSc

Teslim lbrahim, NDAM
Bila Belemgoabga, MA

Director General
Executive Secretary

Director of Administration and Finance
Financial Controller

Chief Accountant

Administrative Officer

Personnel Officer

Adminisicative Assistant
Accountant

Accountant

Physical Plant Services Manager
International Purchasing Assistant
Executive Secretary

Director of Research

Biometrician

Farm Manager

Assistant Farm Manager (Operations)

Assistant Farm Manager (Mechnical Maintenance)
Assistant Farm Manager

Executive Secretary

Program Leader (until 29 November) and Entomologist
Pathologist (Acting Program Leader, 30 November to 1 March 1993)
Upland Breeder

Production Economist

Soil Scientist

Geographer

Cropping Systems Agronomist

Weed Scientist

Grain Quality Analyst

Research Associate, On-Farm Research

Research Associate, Soils

Res::arch Assistant, Pathology

Research Assistant, Economics

Research Assistant, Upland Breeding

Research Assistant, Soils

Post-Harvest Assistant

Administrative Assistant
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Ibadan, Nigeria

Baij Singh, PhD
Oyin Oladimeji, MSc

Sahel Irrigated Rice Program
St Louis, Senegal

Kouamé Miézan, PhD
Michael Dingkuhn, PhD
Thomas Randolph, PhD 7
Aissatou Samb, DUT
Alioune Nidaye, DSC

Mangrove Swamp Rice Network

Rokupr, Sierra Leone

Martin Agyen-Sampong, PhD

Robert Guei, PhD
Robert Chakanda, BSc
Charles Dixon, MSc
Scrie Kamara, BA 8
Lamin Kargbo, CIS

TRAINING AND COMMUNICATIONS DIVISION
Anthony Youdeowei, PhD, FAAS

Madeleine Yesso, BTS/S

Training

Zainabou Cole, BSc

Communications

Alassane Diallo, MSc
Christiane Soufflet, MA

Solange Bembatoum, DESS ¢

Messan Dossekou, MSc

CAPITAL DEVELOPMENT
Peter Mather, ARIBA

Notes;

1 Leftin September 1992

2 Leftin August 1992

3 Joined in November 1992
4 Leftin April 1992

5  Leftin July 1992

Lowland Breeder
Research Assistant, Lowland Breeding

Program Leader and Breeder
Physiologist

Economist

Research Assistant, Physiology
Administrative Officer

Network Coordinator and Entomologst
Breeder

Researct; Assistant, Breeding
Research Assistant, Soils
Administrative Assistant
Administrative Assistant

Director of Training and Communications
Executive Secretary

Trainer

Documentalist
Translator/Reviser

Translator

Desk-Top Publishing Assistant

Development Officer

6  Joined in April 1992

7 Joined in February 1992
8  LeftinMay 1992

9  Leftin September 1992




Short-Term Consultants

Research
Mr Follard Asch

Dr J.C. Griesbach

Training and Communications

Dr Osebekwin Asiribo

Ms Wilhelmina Colley
Mr Emmanue! Edu

Mr Albert Gogan

Mr Barry Hall

Mr Mohammed Jammeh
Mr Anguette Kouame

Dr Joseph Kwarteng

Mr Ludovic N'Cho

Mrs Kay Sayce

Dr Edwara D. &piff

Dr Roger Stern

Ms Joanna Traynor

Dr Bansh Tripathi

Dr Valentine Yapi

Dr Rainer Zachmann

Research project on the physiology of salt tolerance in rice plants in the Sahel

Soil erosion and conservation at M'bé research farm

Coordination of group training course in Computer Applications and Statistical
Analysis in Agricultural Research

Trainer (WARDA alumnus)

Copy editing of training manual

Training coordinator (WARDA alumnus)

Technical photography

Trainer (WARDA alumnus)

Assocate training coordinater (WARDA alumnus)

Preparation of training materials

Technical coordination of Upland Rice Production training course

Writing and editing

Technical coordination of group training course on Crop Protection in Rica

Organization of group training course in Computer Applications and Statistical
Analysis in Agricultural Research

Installation of desk-top publishing facilities and staff training

Preparation of curriculum for group training course on the Development
of Training Materials

Preparation of database on WARDA's group training participants

Preparation of curriculum for group training course on the Development
of Training Materials
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Publications by WARDA Staff in 1992

Journal articles

Adesina, A.A. 1992. Oxen cultivation in semi-arid West Africa: Profitahility analysis in Mali. Agricultural Systems
38:131-47

Heinrichs, E.A. 1992 Rice insects: The role of host plant resistance in management systems. Korean Society App!.
Entomol. 31: 256-75

Jones, M.P., Leutong, F. and Tchatchoua, J. 1992. A survey of rice diseases in Cameroon. Plant Disease 77: 133-36

Sahrawat, K.L. 1992. Transformations of surface-applied urea in three soils of varying pH. J. Indian Society of Soil
Science 40: 368-70

Dingkuhn, M., Schnier, H.F., Javellana, R., Pamplona, R. and De Datta, S.K. 1992. Effect of late season nitrogen application
on canopy photosynthesis and yield of transplanted and direct-seeded tropical lowland rice. I. Growth patterns and yield
components. Field Crops Res. 28: 223-34

Dingkuhn, M., Schnier, H.F., Javellana, R., Pamplona, R. and De Datta, S.K. 1992. Effect of late season nitrogen application
on canopy photosynthesis and yield of transplanted and direct-seeded tropical lowland rice. Il. Canopy stratification at
flowering stage. Field Crops Res. 28: 235-49

Book chapters

Adesina, A.A. 1992. Village-level studies and sorghum technology development in West Africa: Case study in Mali.
in Moock, J.L. and Rhoades, R.E. (eds) Diversity of Farmer Knowledge and Sustainability. New York, USA: Cornell
University Press.

Agyen-Sampong, M., Jones, M.P. and Fomba, S. 1992. Rice improvement in the mangrove swamps of West Africa.
The state of the art at WARDA Rokupr, Sierra Leone. In Developing World Agricuilture.

Proceedings

Adesina, A.A. and Zinnah, M.M. 1992. Adoption, diffusion and impacts of modern mangrove swamp rice varieties in
West Africa: Results from Guinea and Sierra Leone. In Towards a New Paradigm for Farming Systems Research
and Extension. Michigan, USA: Association for Farming Systems Research and Extension/Michigan State
University.

Heinrichs, E.A. 1992. Rice insects: The role of plant resistance in integrated pest management systems. In Proceedings of the
International Symposium on Entomology, Suweon, Korea, October 1992.

Heinrichs, E.A. 1992 Multiple pest resistance in crop cultivars. In Proceedings of the R.H Nelson Symposium Annual
Meeting of the Entomological Society of America, Baltimore, Maryland, December 1292,

Remington, T.R. and Sahrawat, K.L. 1992. Chomolaena odorata: A troublesome weed in upland rice or a multipurpose
shrub? In Agronomy Abstracts. American Society of Agronomy annual meetings, Minneapolis, Minnestoa,
November 1992.



Acronyms

AiDB

AICAF

ATSAF

AVRDC
BDPA/SCETAGRI

BMZ
BNDA
CD-ROM
CGIAR
CIAY
CiDA
CirAD

CIRES
CNRST
CODESRIA
CTA
ECA
ECOWAS
EEC
EIER
ENSA
ENSTP
FAO
GTZ
IARI
IBPGR
ICRAF
ICRISAT
IDESSA
IDRC
IFDC
IFS

1M
{IRSDA
IITA
ILCA
INERA
INGER
INRA
INSET
IPM
IRRI
ISRA
KIT
MRC & HQ
NARS
NCRI
NRI

African Development Bank
Association for International Cooperation in Agriculture and Forestry (Japan)
Arbeitsgemeinschaft Tropische urid Subtropische Agrarforschung (Germany)
Asian Vegelable Research and Development Genter (Taiwan)

Sociéte d'études et de conseil pour faménagement rural, linventaire et la gestion des
ressources (France)

Bunderministerium fir Wirtschaftliche Zusammenarbeit (Germany)

Banque national de développement agricole (Mali)

Compact Disc-Read Only Memory

Consultative Group on International Agricultural Research

Centro Internacional de Agricultura Tropical

Canadian International Development Agency

Centre de cooperation internatinnale en recherche agronomique pour le
developpement (France)

Centre ivoirien de recherches sociales et economiques

Centre national de recherche scientifique et de technologie (Burkina Faso)
Council for the Development of Economics and Social Research in Africa (Senegal)
Technical Centre for Agricultural and Rural Cooperation (Netherlands)
Economic Commission for Africa

Economic Commussion of West African States

European Economic Community

Ecole inter-etats d'ingenieurs de I'equipement rural (Burkina Faso)

Ecole national supérieure agronomique (Céte d'lvoire)

Ecole national supérieur des travaux public

Food and Agriculture Organization of the United Nations

Deutsche Gesellschaft fiir Technisct Zusammenarbeit (Germany)

Indian Agricultural Researzh Institute

international Board of Plant Genetic Resources

International Center for Agroforestry Research

International Crops Research Institute for the Semi-Arid Tropics

Institut des savanes (Cote d'lvoire)

International Development Research Centre {Canada)

international Fertilizer Development Corporation
International Foundation for Science (Sweden)

International Irrigation Management Institute

Institut international de recherche scientifique pour le développement en Afrique
International Institute of Tropical Agriculture

International Livestock Centre for Africa

Institut de recherches et d'etudes agricoles (Burkina Faso)

International Network for Genetic Evaluation of Rice

Institut national de la recherche agronomigue (France)

Institut national superieur de I'enseignement technique (Cote d'lvoire)
integrated pest management

International Rice Research Institute

Institut senegalais de recherche agronomique

Koninklijk Instituut voor de Tropen (The Netherlands)

Main Research Center and Headquarters (WARDA)

national agricultural research systems

National Cereals Research Institute (Nigeria)

Natural Resources Institute (UK)
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0OCCGE

ODA
ORSTOM
PERIO
SAFGRAD
Sol
SPAAR
TAC

TOT
UNDP
USAID
WARBI
WARIS

Organization de coordination et de coopération pour Ia lutte contre les grandes endémies
en Afrique de I'Quest

Overseas Development Agency (UK}

Institut franvais de recherche scientifique pour de développment en cooperation (France)
Periodicals databas,e (WARDA)

Semi-Arid Food Grain Research and Development

selective dissemination of information

Special Program for African Agriculturai Resaarch

Technical Advisory Committee (CGIAR)

Training of Agricultural Trainers

United Nations Development Programmme

United States Agency for International Development

West Africa Rice Bibliographic database

West Africa Rice Information Systems
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