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¢, On behalt ot the

Board of Trustees, the
tranagement, and stait of
thie West Alrica Rice

I have great pleasure in
presenting our center’s
Annual Report for 1994,

-5'(( \-,/[
ExaGn
Sigaabieant proxreoss has boen made

St doevelopment of iterspecihie
rce crosaes The progenies of those
Wl Crosises show some of the best
Coacionstics of both the Asan ar !
Afiean nee species

Fhe vear 1994 was the
first vear of
implementation ot
WARDAS second
Meditam-Term Plan. That
plan was developed
during a period i which worldwide resources tor
agricultural research were dedining, and the CGIAR
itselt was engaged in g program of renewal. The renewal
program was designed to clarity the visions of the CGEAR,
retocus ity resedarch agenda, retormeits governance and
aperations, and secure commitment tor current and

additional finandial support torits international mission.

During that tirst vear of our plan implementation, we
were engaged in detining a long-ternn institutional
vidion for strengthening regional agricultural science
capability. This vision called tor the development of
partnerships and institutional mechanisms for the most
cost-cliective means ol generating and transterring new
rice technologies within the region,

Ihree major tood secarity chaltenges taced West Africa
at the time the second Medium-Term Plan was
developed. The tirst was the growing imbalance
between supply and demand tor rice, and the second
was the increasing degradation of the agricultural
resource base as agricuitural production shitts from
extensive o intensive land-use svstems to meet the
increasing demand tor food. The third challenge was
to reverse the threat to the future swell-being of
women, who constitute an important component of
rice producers in West Atrica, and who depend on rice
not onlyvas a subsistence crop tor their tamilies, but as
d4omajor source ol income as well

Development Association,
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Our response to these challenges was to develop research
programs designed to generate new technology to
increase the sustiinable productivity of intensitied rice-
hased cropping svstems,

As torits institutional challenges, \WARDA had
projected that the gains trom its Task Force approach
to regional collaboration would be most evident by
1994 Furthernmore, the prospects tor increased
benetits trom the Open Center structure were already
manifestin 1994

Weare pleased to summiarize here the results of our
rescarch, training, and communications activities,
which clearly demonstrate signiticant progress towards
resolving some of the region’s tood security challenges.,
Weabso present tangible evidencee that our
institutional innovations are addressing some of the
instituttonal challenges that contronted us at the time
we initiated the implementation of our own second
Medivn-Term Plan,

We report hiere signiticant progress in the development
of new rice plant types through interspecitic crosses that
hold tremenidous hope tor resource-poor tarmers. The
progenies of these wide crosses combine the high vield
potential ot Orvza sativa with the multiple stress
resistance of the Mrican rice species O, glabenrina,

WARDA recognized how urgenthy we needed to address
the resource base degradation that has resulted from
tarmers” use of inappropriate practices as farming has
become more and more intensive. Qur cropping
svatems research, theretore, is designed to determine the
critical balance between productivity gains and
sustainability in the farming svstems of the region.
Capsule summuaries in this report contain results from
preliminary studies ona range ol sustainability topics.
They include computer modelling studhes to determine
trade-ofts between income and risk for rice cropping in
the savanna sone, and studies on the management of
nitrogen use cicieney in lowland rice ecosystens.

We present in this report important scientitic
achievements through the use of physiological
simulation models that improve the prospects of rice
double-cropping in the Sahel. ‘This pathbreaking
physiological approach is now being used to predict
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growth duradion, percentage sterility, and the vield
potential ot a large number of promising rice varicties
that can be grown in the Sahel,

Women farnters” Hmited access to exteinnsion services,
capital markets, and new technologies continue to
muarginaghize them, thireatening their well-being and that
ot their children, The argument otten used to justity
this marginalization s that temale tarners are less
ciiicient than male tarmers I this annual report we
proesent pretiminary resadts from studies to test this
vpotiesis. Ourdata Cearly show that the efticiency of
womcen approsimates that of men farmers. tsupnorts
the argument that the so-called “etlicienov-based™ bias
against women larners chould be eliminated.

With regard to training activities, \WARDAS task m 1994
wiis to comsolidate and tullv exploit the very effective
WARDA/NARS training links that had been developed in
the tirst Mediumi-Term Plan. Signiticant eftort was
devoted to assisting the NARN inassuming the lead
responsibility tor production-oriented courses.

I 1994 we were inarcasingly involved in collaboration
with our sister COLAR conters in sub-Saharan Atrica, to
optimize the venetits trom an integrated CGEAR training
program for sub-Saharan Atrica. [n this connedtion, in
TO94H WARDA co-hosted and/or co-sponsored a series ot
joint training activities with sister CGoeenters: TCRAL,
ICRISNTIRRL and TN and with non-CGinstitutions:
CEASAFGRAD IS, and 1DR2RC,

Weare highly indebted to UNDP for previding the
major portion of the funding for training in 1994,

WARDAN Library and Documentation Unit provided a
wide range el rice science itormation o rce soientists
in the region in 1994 The West Adrica Rice Intormation
Systen AVARES, which was established with tunding
from the CGIAR DR and ¢ FAGdraws upon the
resourees ol the WARDA Library and Docimentation
Uit at Mheo WARIS provides access toa comprehiensive
Hibrary of intormation on rice, atd toavaricty of
COMPULCT-hased CHITen Tt awareness services.,

I many wavs, 1994 marked the beginning of an exciting
period tor WARD A as a tuldl partner within the network of
COIAR centers operating in sub-Saharan Mrica, WARDA'S
board, mianagement, and statt took deliberate steps to
establishrits presence andd to execute its progranms in
support of the CGEARS cttorts in the region,

WARDS role as anefiective technology delivery
mechanism tor the € GEAR was undernscored when the
Technical Advisory Committee ¢iAC) of the CGIAR held
i sintv-fourthy mecting at WARDA headqguarters in June
1994 That mecting served as the st occasion for the
Tull TAC 1o hold consultations with directors ol
agricultural rescarch and rescarch scientists trom the
region,  The consultation was sponsored by WARD A,
ISNAR, and SPAAR,

Fhe CGIAR chairman, D lsmael Serageldin, paid an
otficial visit to WARDA in Julyv 1994, as part of his
familiarization tour of all Africa-based CG centers, The
visit was o muorale booster for staft and spouses, siice
the chairman in his address to the WARDA tamily
seized the opportunity to assure evervone ot his
refentless search tor continued tinancial and moral
support for the CGEAR.

As voureview the contents ot this annual report, which
covers a wide range of WARDAS activities in 1994, 1 hope
vou wil sense the vitality ot our programs, We are
contident that the results of our work presented here,
whether nreliminary or definitive, will contribute to the
worldwide ettorls ot the CGIAK to alleviate poverty,
hunger, and malnutrition.

—

-~

Eugene R. Terry, Ph.D. (Hiinois)
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Aeral view of WARDA's main research center and headquarters at M'be, Cote d'lvoire.

Fhe West Atrica Rice Development Association
(WARDA)Y i anintergovernmental research association
with a mandate to conduct rice research, training, and
communications activities for the benetit ot the West
Mtrican region, Formed in 1971 by 1] countries, with
the assistance of the UNDE, FAO, and ECA WARDA
now consists of 17 member countries. Fhe Association
is 0 member of the network of To international
agricadtural research centers supported by funds trom
donors of the COGLAR.

DONORS IN 1994

African Development Bank

Burkina Faso

Canada (CIDA)

Furopean Eeconomic Community

France

The Gambia

Germany (BNMZ/GTZ)

International Developmet Research Centre
lapan

WARDAS goal is to strengthen West Africa’s capability
in rice production sciencee, technology, and socio-
cconomics. Through these eftorts, it hopes to improve
the livelihood of small farming families, increase the
opportunitices for rural employment, and enhance the
prospects tor food security.

The headauariers of WARDA are in M'be, Cote d'lvoire.
WARDA maintains regional research sites near St. Louis
in Senegal and at (I'TA, Ibadan in Nigeria.

Korea

Nigeria

Rockefeller Foundation

Sweden

The Netherlands

United Kingdom (ODA)

United Nations Development Programme
United States of America

World Bank
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Minister of Agriculture, Bamako, Mali

Minister of Rural Development, Nouakchott,
Islamic Republic of Mauritania

Minister of Agriculture and Animal Resources,
Niamey, Republic of Niger

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

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

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

Minister of Rural Development, Lomg,
Republic of Togo
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OVERVIEW

Peter ] Matlon
Dircctor of Researcli

Ihv fitth and tinal year of the new WARDA' tirst Medium-Term Plan, approved by TAC in 1989, was to have been
1994 We step back and evaluate what the research division has achieved in 1994, against the larger perspective of
changes since 19900 che changes have been many and protound.

New Members of the WARDA Scientitic Team
At the end of 1990, when worldwide recraitment of new scientific teams was initiated, our human resources stood at

only Tosenior scientists, By 1094 our overall scientitic strength had grown to 21, with 11 core scientists, seven
researchers attachied to WARDA trom collaborating centers, one postdoctoral scientist, and two doctoral-fevel associate

scientists recruited romwithin West Atrica Ten new scientists joined WARDA in 1994 alone. AWARDA has now finally

attained the critical mass necessary for addressing the most important rice-production constraints in the region.
Iwo senior researchers have been added to our core statt, and one core scientist has taken on a significant new role,

e During 1994 Dr. Marco Wopereis became our cropping systems agronomist in the Sahel frrigated Rice Program. His
rescarch focuses on understanding and reversing the processes of salinization and alkalinization which threaten the
sustainability of intensive rice production in the Sahel. The addition of Dr Wopereis represents a significant
broadening ot our research agenda in the Sahel to place greater emphasis on resource management issues,

o After nearly lour vears of joint planning with PEEN{ZAWHO, our Tuman Health Project commenced in fte 1994
when Dr Thomas Teuscher, aophysician and public health researcher, became project coordinator. The project
involves a consortium of national and international institutions in Mali, Cote d'Ivoire, and Europe working
together to reduce the malaria and schistosomiasis risks associated with lowland rice cultivation,

e D Michael Dingkuhn has moved from the Sahel Program to program leader of the Continuum Program, Serving
alsoas systems analyvst within the program, heis working toward achieving a more complementary and rigorous
integration of scientists” efforts in the program’s interdisciplinary team projects.

Our rapid growth in scientitic strength also represeris the successtul implementation of WARDA'S “open center”
concept. We visualize WARDA as o West African center of excellence which can attract, tocus, and facilitate the efforts
of other advanced research institutes to help us solve the problems facing the region's rice tarmers. Through the open
center construct, tive new saentists joined WARDA in 1994, Selecting the new rescarchers and planning for their
scienttic activities were thoughtfully negotiated between WARDA and our partners to ensure that the focus of the new
research thrusts was an integral part of WARDA'S core research agenda.

!
|
!
|
!
!
{
i
|
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* D ALin Audebert joined us as plant physiologist on attachment from CIRAD, through assistance of the French
government. Do Auadebert is collaborating closely with \WWARDA breeders and other WARDA scientists on the
stresses caused by drought and excess water. His rescarch will attempt to open the black box of plant responses to
these stresses by identifving the underlying mechanisms at play. This work will help \WARDA ptant breeders
develop new varieties better adapted to cultivation in unfavorable environments.

¢ WARDA Launched its fint concentrated efort on rice nematodes with the arrival of Mr. Danny Coyne, who comes
tous from the International Institute of Parasitology, with tinancial support of the Overscas bevelopment
Administration of the United Kingdom. He has initiated a seties of studies to characterize the species distribution,
infestation rates, and vield losses caused by rice nematodes. The goal of his work is o develop low-cost integrated
nematode contral practices.,

e Dy Jean-yves Jamin has taken up the post of coordinator of the infand Vatley Consortium. A crapping systems
agronomist, he is on attachment trom CIRAD, with finandal support from the Freneh government. He is charged
with overall approval of activities of erght national research svstems in West Atrica and five international research
centers collaborating in the consortiam tsee box page 24).

o Mr Pieter Windmetjer joined the Infand Valley Consortium in 1994 as agro-ccologist and scientitic animator, On
attachment from the Winand Staring Centre (Wageningen) and with support from government ot The Netherlands,
he is responsible for ensuring ciose coordination among consortium partiners in regiorial research on te
characterization and intensification of inland valleys,

o Following a two-vear Rockefeller Fellow appointment in WARDA'S Sahel Progran, Dr. Tom Randolph has moved to
the Continuum Program, where he has become WARDA'S first policy cconomiist. Team leader for a project being
executed by Development Alternatives incorporated (USA), and with support from the Mrican Development Bank,
he is examining how the ccononiic comparative advantage of rice production in seven West African countries may
be influenced by chimges in technology and policy.

WARDA alsointroduced a new category ol scientific staffing in 1994 with the initiation of an associate scientist
program.  The program tocuses on the recruitment of doctoral-level rescarchers from within West Africa and young
postdoctoral scientists from within or outside the region.

* D Abdoulaye Adam took up his new assignment as WARDA biometrician in 1994, based at our main research
center. He came to WARDA from INRAN, the national agricultural research institute in Niger, where he had served
as statistreian and scientific director,

o WARDAS germplasm exchange activities were greatly strengthened in 1994 with the recruitment of Dr. Robert
Gued, arice breeder. D Gued is supporting regionad trials conducted by Breeding Task Force members, through
overalb coordination of seed maltiplication, composition and dispatch of nurseries, and anatysis of trial results,
He bs also working to ensure the closest possible complementarity between Task Foree activities and those of
INGER i1 West Africa.

* Amajor disciplinary gap in WARD:AS continuum program was tilled in 1994 with the recruitment of Dr. Nick van
de Giesen as a postdoctoral hvdrologist. He is working within the Infand Valley Consortium and in several
continuum program team projects to characterize the very complex hydrological dynamics of continuum
toposequences. His workaims at guiding the development of low-cost water-control methods to help stabilize and
improve productivity in valley bottoms,

With this rapid growth in staff numbers comes the challenge to manage the new activities in a way that will maintain
the cohierence and focus of our core research agenda. We are confident that our selection of partners and jointly
defined collaborative research themes will ensure that this indeed will be the case. Our confidence was reinforced
throughout 1994 as the new scientists took up their assignments with a sense of excitement and team spirit.
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Collaboration with National Partners

A major challenge faced by WARDA when developing its Medium-Term Plan in 1990 was to develop a new
vision and new more participative mechanisms for collaboration with national research programs. Certainly one of
WARDAS most important achievements during the last five years has been to design and implement the Task-Foree
approach to partnership (see box on page 37). Experience has demonstrated the utility of the Task Forees:

¢ National scientists value theiy participation in planning and decision-making, and they have already cited
significant impacts on their own programs.

s The Report of WARDAS Externai Progranm and Management Review, conducted in 1992793, praised the Task Foree
initiatives as representing o sound new approacly” for NARS/IARC collaboration.

¢ Ajoint meeting of SPAAR, CORAE, and USAID-supported networks held in Banjul in April 1994 examined six
research networks in Atrica supported by USAID. The proceedings of that mecting “brocdly cndorsed” the WARDA
Task Forces as an “exaniple of the succesful application” of past lessons learmed in regional cooperation. No other
network was so endorsed.

¢ Moise Mensah, ina paper presented at the International Consultation on the NARS Vision of International
Agricultural Research (IFAD, Rome, 12-14 December 19943, states:

Over two decades of experience in collaboration: betweenr IARCS and NARSS have shiown that the refationshiip has not
ahways been casye Howvever, despite some understanduable fristrations on botlt sides, IARCS arid NARSs luve nunaged, in
some cases, Lo overcomne problenes and build collaboration on a mutually accepted basis. One striking example of such a
patterii of collaboration was establishied i the West Miica Rice Development Assaciation ((WARDA) with a group of
National Agricaltural Rescarchy Systems.... Ve WARDA experience offers a good aiswer to the issie of possible conflict
Detweent IARC travisnational inandates and the sieed 1o address national priorities by offering o meclanisim for National
Research Systens to shaie priority progranimes on agreed issies,

Weare gratitied that the Task Forees are gaining this Kind of recognition, both within and outside of Africa.

Toremain relevant and eitective, however, the Task Forees must be dyvnamic and responsive to changing needs and
opportunitics. A new Cropping Systems Task Foree was launched during the vear, with the participation of
agronomists trom 1 national rice rescarch programs. The Task Foree is focusing on the diversification of cultivation
through legume-based improved fallows and the introduction of other crops in pre- and post-rice niches which will
contribute soil nitrogen and organic matter and interrupt the build-up of rice pests as systems intensity.

A major institutional experiment was launched in 1994 with the devolution of responsibility for technology-
generation rescarch to the national rice research program of Sierra Leone. With research activities designed in close
consultation with members of the Mangrove Swamp Rice Task Foree, and with financial support from USAID, the Rice
Rescarch Station in Rokupr, Sierra Leone, 1ook the baton from WARDA to continue a regional progrant of varietal
mmprovement focused on the unique mangrove swamp environment. The scope and quality of work conducted this
Vear is verv encouraging.

Development of Technologies

Growth in statting and institutional innovation are only means to an end. The bottom line for WARDA must be
whether we are delivering solid scientific results that increase our knowledge and get new technologies to national
researchers and farmers, Over the last five years we have seen an exponential improvement on this criterion alone,
This vear's annual report presents an overview of our achievements in 1994 and sets out the directions for work in
1995 and thereafter. To place this work in perspective, we highlight just four areas in which significant, exciting gains
have been made,
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¢ Rapid progress has been made by WARDA breeders in the development. selection, and transter of improved rice
variceties to nationai research and development agencies: seven high-viclding upland rice varicetios with multiple
stress tolerances are being multiplied by national agencies for on-farm demonstrations and release in Cote d'lvoire,
Nigeria, The Gambia, Guinea Bissau, Camieroon, and Zaire; two rainted lowland varictios and two irrigated varictios
are in the pipeline tor release ir Nigeria, The Gambia, and Cote d'tvoire; three high -vielding varietios with superior
performance in the acid sultate and saline soils of mangrove swamps are being multiplied for demonstrations and
release in Sierra Leone, Guinea Bissau, Nigeria, Senegal, and The Gambia; and three high-vielding and more stable
varieties have been released i Senegal tor production in the Sahel.

o WARDA saientists have recently achieved a major breakthrough by develaping new plant types suited tor use by
resource-poor farmers through interspecitic crosses between Orvza sativa (of Asian origing and O, ylaberrinn (the
traditional Atrican rice species). Combining anther culture and embryvo rescue techniques with conventional
backcrossing, we have developed new plant tepes that combine the high vield potential of O, sativa with the
multiple stress vesistance of O, glaberrina, These revolutionary new varieties will meet the particular needs of
resource-poor farmers who have too often been bypassed by modern agricultural rescarch,

WARDA scientists have achieved
a major breakthrough by
developing new plant types
through interspecific crosses
between Oryza sativa and

O. glaberrima. The fertile progeny
combine many of the most
desirable characteristics of both
species.

e Iixeellent progress has been made toward characterizing the climatic stresses that contribute to yield instability and
limit double-cropping in the Sahel. Physiological simulation models have heen developed which predict growth
duration, percentage of sterility, and yield for more than 50 of the most promising varicties in the Sahel. The
maodels provide development officials an invaluable management tool and help breeders to understand the
phvsiological bases of rice plant response to extreme temperatures.

¢ Very substantial progress has also been made to identify the major pests and pathogens of rice and to understand
their biology. Sources of genetic resistance to blast, rice vellow mottle virus, and stem borers have been identified
and ina le available to national programs. This knowledge is now leading 1o the development of integrated pest-
control packages that minimize the use of chemicals,

In reviewing this vear's annual report, we hope vou share with us a sense of accomplishment for what has been
achieved in the last tive years. We also hope you shaze our sense of excitement for the work that is now under way and
our confidence in future directions and impact.
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GENDER AND RELATIVE FARM EFFICIENCY:
ARE WOMEN LESS EFFICIENT THAN MEN IN RICE
FARMING IN COTE D’IVOIRE?

AKimwomi AL Adesina aind Kouakow K. Djato

rI‘hv importance ot women farmers in the
agriculture ot developing countries is widely
recognized. Women provide a signiticant share of
the labor thoth familv and hiredy for farny activities,
and they are important as primary producers of food
crops. Studies have shown that women also play
major roles in tarm-level decision-making, as farm
managers managing their own ficlds and as “effective
decision-makers” even in houscholds in which the
houschold head is a male, cither because of their
spuecitic skills or when the

husbands are absent during S
employvment in urban areas, oa

Diespite their importance,
women farmers face
daunting constraints to their
productivity, arising out ot
limited access to extension,
to capital markets, and to
new technologies. The
argument otten used against
female farmers is that they
are less efficient than male
farmers. Efficiency has three
components: technical,
allocative, and economic.
Technical efficiency can be
detined as the ability to achieve a higher level of output,
given a similar level of production inputs. Allocative
cfficiency has to do with the extent to which farmers
make cfficient decisions by usmg inputs wp to the level it
which their marginal contribution to produaction value is
vqual to the factor cost. Economic efficiency combines
technical and allocative efficiency. Technical and
allocative efficiency are necessary, and when they oceur
together, they are sufticient conditions for achieving
ceononiic efticiency.

FAIN

A

male counterparts

Whether men are more efficient than women is
pastionately debated. A few studies have examined this
issue in Africa, generally with variable results, Using
Cobb-Douglas production functions with dummy
variables to represent the sex of either the field owner or
the head of the household, carlier studies found that the

WARDA stucties have shown that women farmers are as efficient as their

coefficient of the gender variable was insignificant in
Kenva and Burkina Faso. Studies in Nigeria had mixed
results, with the gender variable not significant when the
data for total farm output at the nouschold level was
used, but was signiticantly higher for men when the total
value of production at the plot level was used.

Critics of these studies have pointed out that the reliance
on production function methods to test tor allocative
and cconomic efficiencey sufters from problems of
simultaneity nias because
RS . input levels are
; ' endogenousty determined.
No previous reseaich has
uscdd the profit function
method to test for whether
technical, allocative, and
cconomic efficieney
differences betiveen mea
and women farmers exist
n African agriculture,
This partly retlects the lack
ot appropriate gender-
disaggregated field data.
Given that rice in West
Africa is often referred to
as a “woman's crop”’——
because of the importance
of women as primary producers and decision-makers on
the rice fields—it ofiers itsel a an interesting crop with
which to examine this question. The objective of our
work, then, was to examine whether female rice farmers
ary "¢ efficient than male rice farmers in Cote d'Ivoire,
Hing the restricted normalized profit function method.

Data

The gender-disaggregated data used for the analysis were
collected in 1993-1994 from a random sample of 347
men and 63 women rice farmers in three districts of
northern Cote d'lvoire. The data covered fertilizer
applications, labor use (family and hired), aceess te
extension and credit, farm size, paddy prices, wages,
fertilizer prices, capital assets, input use, and the farmer’s



http:illix.ll

RESEARCH

TABLE . Average characteristics of female and
male rice farmers in the sample. Cote d’Ivoire, 1993,
Mcen Women
N=347 N=63

Age (vears) 41 45
Years of experience in rice farming 15 1
Contact with extension

{percent of farmers) 98 91
Access to credit (percent of farmers) 86 59
Access to ecucation

(percent of farmers) 21 2
Cultivated rice arca thin 23 1.1
Number of labor person-davs worked

on the owner's field 94 10y
Wage rate for labor tCEA/dav) 540 555
I'rice of seeds 124 235
NPK use per farm (kg 334 159
NPK (kg hah 148 126
Urea use per farm (k) 117 67
rea (kg ha'ly 70 73
Price of NPK(CEFA kgt 111 100)
Price of urca (CEA kg 108 104
Value of paddy (CFA kg 71 62

Source: survey results, 1993,

education level (Table 1. \We found no significant
difference in women's access to extension services; 98%,
of the men have aceess to extension compared to 96% of
the women farmers. Signiticant ditferences were found
in the access to education and credit, however, Only two
percent of the female tarmers are educated (ie., have ever
attended school) compared to 21% of the male farmers.
The issue of whether farmer education significantly
enhances eficiencey in rice production in Cote d'Ivoire is
nevertheless still debatable (see Adesina and Djato, page
30in this Annual Repor.

Women are also at a disadvantage in their access to credit
services. Fighty-six percent of men farmers have access
to credit compared to only 58% of the women. Women
also appear to receive less for their output than men: the
average price received for paddy by men was 71 CFA/Rg,
compared to a mean tarm-gate price of 61 CEA/kg tor
women. The higher prices obtained by men may retlect
the tact that men are better organized into farmer
cooperatives than women, differences in the timing of
sales, or the type of market outlets used.
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We found no significant differences in the use of
chemical fertilizer. Men applied 149 kg NPK Ha !
compared to 126 kg ha'! for women, whereas the
application of urca was 70 kg ha'! for the men and 73 kg
ha'' for women. Average expenditure on the use of other
inputs (nsecticides and herbicidesy was similar for both
men and women farmers. [Indeed, women spent an
average of 15,000 CIA ha ' on these inpults compared to
11,200 CFA ha ' for men. Women in the sample also
have access to the use of mechanized equipment (oxen or
tractors) mainky through an equipment rental market
that is active in the region of the study. The average vield
obtained by female tarmers was 1.5 tons ha'! compared
t0 2.0 tons ha'! for the male farmers. These mean values
show substantial inter-farm variability Lo vields, resource
endowments, and factor-use proportions across fields, of
female and male farmers. As such, when used alone they
are not appropriate measures of relative farm efficiency.
More appropriate comparisons are possible througn
profit function analyses.

Empirical Models and Hypotheses

We estimated a system of equations consisting of a
normalized (restricted) profit tunction and factor share
cquations for the two major tactors of production: labor
and fertilizer. The dependent variable in the profit
function equation was nurmalized profit, defined as
revenue of the farm minus variable costs, divided by the
price of paddy. The explanatory variables were the price
of fertilizer divided by the price of paddy, wage rate
divided by the price of paddy, value of all capital inputs
{i.c., costs of seeds, insecticides, and animal and
mechanical power), cultivated land area, and a dummy
variable for the sex of the field owner. The tactor share
equations were estimated simultancously with the
normalized restricted profit function, using the
Seemingly Unrelated Regression (SURYy method in order
to obtain asymptotically efficient regression estimates.
We imposed appropriate theoretical restrictions on the
system of equations.

The results of the estimated equations are presented in
Table 2. The coefficients all have the expected theoretical
signs, and 10 of the 11 variables are significant at
between the five and one percent levels. Thus, as the
prices for tertilizer and labor increase, profits will decline
as expected. Capital and land are highly significant in
the profit function.

Hypothesis number one was whether or not there exists
any difference in economic efficiency (i.ce., both technical
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TABLE 2. Estimated simultancous regressions (SUR) of systems of normalized restricted profit function and
factor share equations for male and female rice farmers. Cote d'Ivoire, 1993,
Model 111

Modecl 1 Model 11

Unrestricted 2 restrictions 4 restrictions
Normalized Profit Function
Wage rate -(0.455 -0.454 -1.380
(-1.65) (1.65) (-7.89"
Fertilizer price -2.016 -2.019 -().880)
(-3.92)" (-3.93)" (-8.67)"
Capital 0.123 0.123 136
(2307 2317 (2.67)"
[and 0.682 0.682 ().655
(8.52)" (8.52)" (8300
Sex of farmer (1=male, O=tfemale) 0.173 0.142 0.159
(1.32) (1.46) (1.54)
Constant 7.263 7.292 8.739
(8.96)"" (9.02)" (11.19)""
Factor Share Equations
Labor share equation
Factor share parameter for men -2.593 -2.504 -1.386
-7.14)" (-7.49)"" (-7.8%)"
Factor share paranieter for women -2.017 -2.504 -1.386
-2.36)"" (-7.49)"" (-7.83)""
Fertilizer share equation
Factor share parameter for men -1.220 -1.262 -(.880
(7.67)" (-8.63)"" (-8.67)"
lFactor share parameter for women -1.496 -1.262 -0.880
(-4.01)"" (-8.63)"" (-8.67)"

Note: Values in parentheses are the respective t-values of the associated parameters.

*

* = significant at 3%, 7 = significant at 1'%,

and allocative efficiency) between male and female
farmers in the sample. This implies that the coetticient
of the gender dummy in the normalized restricted protit
function is equal to zero. The test results show that men
and woner, tarmers have equal relative econiiic
clficiency.

The second hyvpothesis tests tor equal relative allocative

cefficiency between male and temale farmers d.e., are they

cqual in the degree to which they equate the values of
marginal products of labor and fertilizer to the wage rate
and fertilizer price?y. This involved examining if there
are signiticant ditterences in the parameters ot the labor
and fertilizer share equations (i.e., wage and fertilizer
prices) and comparing these parameters with the
corresponding marginal-value products for labor and

fertilizer in the profit function. The test results showed
that the hypothesis of equal relative allocative efficiency
ef men and women rice farmers is accepted at the five
percent level. This implies that women equate the values
of marginal products for labor and fertilizer to the factor
prices to the same degree as men.

Hypothesis number three tests for swhether male farmers
have absolute aliocative efficiency (i.e., that they equate
the value of their marginal products to factor prices). The
test results show that the hypothesis is rejected at the five
pereent level, indicating that men in the sample do not
have absolute allocative efficiency.
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TABLE 3.
factors used by rice fanmiers imen and women),
Indirect production clasticity estimates from the dual
profit function. Cote d'Ivoire, 1993,

Relative productivity effects of production

Elasticity

Production Factor Production
Labor 042
Fertilizer 0.27
Land 0.20
Capital 0.04

I ne fourth hypothesis tests whether women rice farmers
have absolute allocative efficiency. As with the previous
test, this hypaothesis was rejected, implving that women
also do not have absolute etficiency in the degree to
which they use inputs.

Todetermine the etfects of individual production factors
on paddy output for the sample farmers, we used
identities that Hink the self-dual profit function with the
primal production tunction. Using the pooled samiple of
farmers tmale and temaler we estimated indirect
procuction clasticities. Our estimates Clable 3) show that
the elasticity of paddy output is lnghest with respect to
labor (0.42y, tollowed by fertilizer 10.27), land .20y, and
capital (004 Anincrease ot labor use by 1070 will
increase paddy outpat by 20 Similarly, o 1O 0 increase
intertitizer, land, and capital is expected to lead to 2,79,
200, and 04" increase in paddy output. The highty
inclastic response to tand and capital may reflect the
prosence of other technological and infrastructural
constraints that limit rice productivity, These results also
show that Tabor is the most liniting factor in rice
produciion, suggesting that the technologies that
enhance the productivity of labor are likely to achieve
stgniticant positive effects on rice production.
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Conclusions and Imiplications

The findings trom this study have several implications for
strategies to improve rice production in Cote d'voire.
First, the relative degree of efficiency of women is simifar
to that of men farmers. One ot the major reasons for the
neglect ot women in rice development projects is the
erroneous, vet pervasive, asstmption that temale termers
are less etficient than male tarmers, Thus, even in
regions where womes are the traditional rice growers and
rice is considered te beawoman's crop, rice development
projects choose to tocus on men and not swomen. Our
results suggest that there is no technical, managerial, or
cconomic rationale for biasing techinologies towards male
farmers, because female tarmers, when they have aceess
tosimilar inputs, have equal levels of etticiency.

Second, we observed that tor both men and women
farmers there exists some degree of ecconomic
inetticieney. Fconomic inefficieney may arise from
mistakes inomaximization d.e, allocative decisions),
impertect markets, or differences in managerial inertia,
to reduce such inetticiencies, it would be important to
invest in the provision of better farm management
mtormation to farmers.

Third, results trom the analvsis show that for both female
and male tarmers, the clasticity of rice output to labor
was the highest ot all the production factors. To
significantly increase labor productivity in rice
production (for both women and meny, improved labor-
saving technnlogies are essential.

This work provides emipirical evidence that supports the
need to elimmate the so-called “efficiency-based” bias
against women farmers. WARDA believes that female rice
tarmers have a major role to play in improving rice
production in West Africa and must be given the same
opportunity as males.
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SPATIAL AND TEMPORAL VARIABILITY OF POTENTIAL
YIELDS FOR IRRIGATED RICE IN THE SAHEL

Michaet Dinghulm, Marco Wopercis, and Abdoadaie Sow

Irrignlcd rice in the Sahel is known to have a high
physical potential for increased cultivated area and
vield. At the same time, it is arguably West Africa’s
most controversial rice production svstem. The high
vield potential tor rice in the Sahel derives trom high
solar radiation and tull water control. These tormed
the rationale tor massive public investiments in
irrigation schemes, beginning in NMali in the 1920y,
and across the whole region in the 19705 and 'Sos,
Chen severe droughts devastated rainted crops and
livestock.

In many cases, results tell short ol expectations: mean
grain vields of 3.3 tha bwere below anticipated levels;
and in some cases, scheme designs were inadequate tor
water resourees, or they contributed to soil degradation
due to lack of drainage. One of the main discrepancices
between projected and actuat productivitics, however,
is in cropping intensity, which was planned to be
between 1S and 20 In fact, intensities rarely exceeded
one in the large irrigation schemes of Senegal,
Mauritania, and Nali.

WARDA'S research during the past tour vears has
identitied o complex of climatic and management
problems which render the establishment,
management, and harvesting of two successive rice
crops in one vear extremely ditficult (Annual Reports
for 1991, '92, and "93). The risk assessment and
planning model RIDEV was developed to simulate the
duration and tosses to temperature-induced sterility for
any combination of rice genotype, site, planting date,
and planting method scenario in the Sahel. Utilizing
an analvsis of the spatial and temporal climatic
diversity of the Sahel and using RIDEY, we identitied
variety types for cropping in the wet or dry season, or
both, and to which agronomically appropriate site-
specific crop and crop management calendars it can be
fitted (Annual Report tor 1993). These tools, however,
provided no information on potential rice grain vields.

Acomplementary simulation-based study was
conducted in 1994 to determine thie potential grain
vicld of irrigated rice as a function of planting date and
site in the Sahel Yield potential of irrigated rice in the

tropics depends mainty on solar radiation, nitrogen
nutrition, and rice variety grown. It is generally
believed that in favorable envirorsments and under
good management, the dry tsunny) season enables
much higher vields than the wet season. The vield
ceiling tor todav's improved rices under favorable
tropical dry-season conditions is about 10 ¢ ha's This
commonly aceepted view, however, is based on
observations in the monsoonal humid tropics of Asia.

In the Sahel, in contrast to monsoonal Asia, actual rice
grain viclds are frequently lower in the dry season than
in the wet, and vield stability is generally poor in the
dry season. Although this seemingly inverted situation
might be duein part to management problems in the
ott-scason, what the biological potential for rice
production actually is in the Sahcelian dry season, is an
obvious question.

The present study sought to determine spatial,
seasonal, and vear-to-vear variability of potential rice
arain vield in the Sahel using crop growth simulation.

We applied the classical approach of selecting an
existing rice model that suited the required level ot
detail, moditving it on the basis of phvsiological
observations in the target environment, validating it
with crop observations at kev sites and, finally, using it
for spatial and temporal extrapolative analyses.

The empirical basis for model development

To develop a rice growth and vield model for the
Sahelian environment, on the basis of existing models,
we needed the following sets of information.

(1y “The fit of existing models to the Sahelian
cnvironment; or conversely, their respective gaps
and inaccuracices.

(2) Inorder to adapt and calibrate the model,
quantitative coetficients expressing relationships
between critical environmental parameters and
crop responses. ‘These included the relative
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growth rate during exponential growth relative to
temperature: leaf nitrogen concentration at
various developmental stages under given input
o s the number of spikelets tormed during
pani celopment.

(3) Inorder to vatidate the nodel, detailed field
observations on growth dvnamics and vield for
Key varicties across the spectrum of climatic
conditions encountered in the Sahel.

(4 Real-time daily weather records as background
data tor ¢ through (3.

The main source of our empirical observations was rice
garden trials conducted at WARDA'S experimental
stations at Ndiave tarid-coastah) and Fanave (arid-
continentaly in Senegal, based on a continuous
monthly planting schedule for key varieties under
optimal management (Annual Reports 1991-93).
Routine crop observations provided growth curves for
bulk Teat blade, stem and panicle dryv-matter fractions;
the dvnamics of leaf nitrogen content, based on
measurements of leal chlorophivil content and specitic
leat arca; titler number; and vield and vield
components. The moded was developed using 21
planting dates in 1991 and 1992,

Among the genotypes planted in the rice garden trials,
we selected the cultivars Java (a medium-duration local
cheek widely grown in Senegal and Mauritania) and
IR64 (a short-duration international check) for model
development and parameterization. Dailv minimum
and maximum air and water temperatures, air
humidity, wind speed, and solar radiation were
recorded at both experimental sites.

Characteristics of the improved model Oryza$

We developed the rice model Orvza$ ¢S’ for Sahel)
from two existing models: the growth-and-yield model
Orvzal developed at IRRIL and the microclimate-driven
rice phenology and spikelet sterility model RIDEV
{Annual Report tor 1993). Orvzas is a deterministic
dynamic model which simulates the growth of plant
organs at daily increments, taking leaf canopy
architecture into account. Emphasis is on the energy,
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FIGURE 1:  Relationship between the reiative
growth rate of [IR64 and Jaya rice and the minimum
air temperature (Fmin) during exponential growth
across 21 sowing dates in 1991 and 1992 at Ndiavye.

temperature, and nitrogen sependency of growth
processes. Because the model simulates energv-limited
and temperature-limited potential vield, no stresses
such as drought or toxocitics are considered.

Model inputs are solar radiation, minimum and
maximum temperatures, geographical latitude (to
calculate photoperiod), some properties of the initial
plant (seedling) population, and a number of genotypic
constants. Since the uptake of nitrogen is not simulated,
the model operates with torced-time courses of leaf
nitrogen content, based on empirical observations.

We introduced a number of new functions to improve
the model’s sensitivity to the variable temperatures in
the Sahel. Major modifications, as compared to
Oryzal and RIDEV, include the following factors.

Transplanting shock

Transplanting causes a physiological shock which
temporarily affects growth and development. ‘To
account for this, we simulated a reduction in the
maximal photosynthetic rate and the rae of
phenological development during a temperature-
dependent period. An additional reduction in growth
resulted from the low nitrogen content of leaves
during the shock period.
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Direct temperature effects on leaf arca development

Exponential growth during the carly development
stages is limited by the feat area index (LALL Teal area
growth, in turn, is generally driven by temperature and
only to a lesser extent by carbon assimilation, Orvzal
inits original version simulates carly texponentialy
growth of LAFas a tixed tunction ot temperature, and
switches to photosynthesis-driven leat expansion once
mutual shading of leaves (DAL 1T becomies a limiting
factor to carbon assimilation,

to avoird such a radical tand physiologically
improbabler decoupling ot leaf weight and arca
growth, we assumed LA to be generally driven by
assimilation and partitioning, but forced a
temperature-dependent upper limit to the relative
dailyiincrease of LAL The torcing mechanism mainty
takes eftect during exponential growth because the
relative daily changes in EALand dryv matter are
generally highest during this period. Very lew night
temperatures fege 137 Cand belowy still affect LA
directhyat all stages. A major effect of the forcing
mechanismeis that leaves not only expand, but they
abso et thicker during cold periods, and they gradually
return to their normal, stage-dependent thickness as
temperatures increase.

I'his additional physiological function of the model is
crucial in the Sahelian environment because existing
models were tound to substantially overestimate
relative growth rates (RGR) of rice at low
temperatures. Figure 1 shows the non-lincar
relationship between RGR and minimum
temperatures observed in the Sahel, which cannot be
explained by etfects on assimilation alone, hecause
midday temperatures were usually in the optimum
range tor photosynthesis (207 to 30° C).

Temperature effects on assimilate partitioning

Ihe Orvzal model computes assimilate partitioning
ratios among roots, stems, teaves, and the panicle as
fixed functions of the developmental stage, thereby
providing for no plasticity. Our observations, however,
showed that the fraction of assimilate used for leaf
growth is significantly (I' < 0.0 D) positively correlated
with mean air temperatare. Leal growth, therefore,
decreases over-proportionately, compared to other
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organs, it temperature is low. We incorporated this
refatively weak eftect into the model hecause
temiperature variations are very high in the Sahel,
Independent studies showed that partitioning wand,
theretore, the morphologic.. plant tvpey is also
atfected by N nutrition and other environmental
factors, necessitating a greater plasticity of partitioning
phenomena in tuture rice modcels,

Alsountike Orvzal, partitioning to the panicle (storage
organ) at pre-flowering was determined by the number
of spikelets initiated between the panicle initiation and
flowering stages. Fhe number ot spikelets initiated and
the weight of the developing panicle was considered
proportional to the crop growth rate during this
period. Temperature aftected spikelet number
indirectlv through assimilation rawes.

Temperature effects on grain filling
and yield components

For the arid Sahelian environment, the simulation of a
single weight fraction for panicles does not adequately
describe vield, because a large fraction of the panicle
can consist of unfilled spikelets. The two main causes
of high numbers of untilled spikelets are heat- or cold-
induced sterility, or severe source limitations, Three
weight tfractions of the panicle were simulated: filled
fertile spikelets, fertile but unfilled spikelets, and
sterite spikelets. Fertile spikelets were supposed to be
filled sequentially, resulting in a decrease of unfilled
and an increase of filled spikelet number. Spikelet
sterility was simulated as a function of temperature at
critical stages, using the phenological model
component RIDEV,

Sink capacity of the panicle was determined by the
number of fertile spikelets, multiplied by the potential
grain weight, a genotypic constant. Potential kernel
weight was gradually adjusted after the flowering stage,
to account for observed temperature effects on grain
weight distribution.

Retnvigorated vegetative growth under
sink limitation

The original model Orvzal terminates the simulation
once all grains are filled or the source is exhausted. In
the Sahel, however, sink size can be severely restricted
by spikelet sterility which is accompanied by
reinvigorated vegetative growth during the later stages
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FIGURE 2: Top: Changes in crop duration for
transplanted IR64 rice sown on 21 dates in 1991
and 1992, Ficeld observations are compared with
simulations using the phenological model RIDEV,
the growth model Oryzal, and the combined model
OryzaS. Bottom: Changes in grain yiceld for the
planting dates. WGHE, dry weight of filled grains;
WSO, weight of the storage organ (whole panicle).
Ndiaye, Senegal.

of ripening. We simulated this phenomenon, which
aftects the harvest index, by redirecting unused
assimilates to shoot growth.

Approach to extrapolative crop simulation

We used Oryzal to simulate potential yields under
transplanted conditions for the local cheek variety
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FIGURE 3:  Top: Fraction (%) of unfilled spikelets
for IR64 rice sown on 21 planting dates as observed
in the ficld (dots) and simulated with the model
OryzaS. Shaded zones represent spikelets that were
not filled because of source limitations; the
remaining fractions are the result of temperature-
induced sterility. Bottom: Observed (dots) and
simulated total number of spikelets per ground
arca. Ndiaye, Senegal.

Jaya, on the basis of 10 years of historical weather
records (1970-79). Simulations were conductea for
more than 30 sites in the Sahel and 12 monthly
sowing dates.

The present study focuses on four key sites in the
Senegal River delta and vallev (St. Louis, Rosso, Podor,
and Bakely, and four Key sites in the Niger valley (Niono,
Tombouctou, Gao, and Niamey). The phenological time
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courses of leat N content, as observed in Senegal, were
thereby projected cnto the other sites because N uptake
was nol known for these sites,

Validation of OryzaS: Comparison of the models
Orvzas and Orvzal at Ndiave

Figure 2a shows that the model modifications were
crucial. Crop duration for IRo4 at Ndiave was
underestimated by 10 davs in the wet season (planting
in Julvi and by 30 davs in the cold-dry season
ENovemben it the original model Orvzal was used.
[he phenological model developed by WAREEA 1or the
Sabhiel, REDEN, came much closer to the observations,
targely because of the indusion ot Hloodwater
temperature as a determinant ot crop duration. The
adapted vield model OryvzaS, which includes
components ot RIDEY also pertormed satistactorily,

Yield simulations ol Orvzal were close to observations
for sowing dates between February and August, but
they lailed to predict the extreme vield reductions
observed between September and January (Figure 2b).
Oryzas accurately simulated the seasonal variations in
grain vield but showed a general tendencey to
overestimate vield, Because these overestimations were
partly caused by crop management problems that were
notsimulated tthe objective was to simulate potential,
not actual, viclds), we made no efforts to turther
approximate the observations,

Simulation of vield components

Fhe distinction made in OrvzaS between the weight of
the tilled grain (WGEY and the panide (storage organ,
WSO was of little importance for dates associated with
high viclds, However, tor sowing dates in September to
November, when vields were reduced by cold-induced
spikelet sterility, the untilled spikelets accounted for up
to one thal of panicle weight (Figure 2b),

Simulations generally matched the observed
percentage ot untilled spikelets (Figure 3a). The
simulated number of unfilled spikelets consisted of two
components, one caused by sterility and one by
assimilate source imitations. The two components are
ditficult to distinguish in the field, but they show very
different seasonal patterns (shaded and unshaded
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FIGURE 4: Harvest index of IR64 rice as observed
for 21 sowing dates in 1991 and 1992 (dots), and as
simulated with the models Oryzal (broken line) and
Oryza$ (solid line).

zones in Figare 3a). The corresponding seasonal
patterns of total numbers ot spikelets per unit ground
area are shown in Figure 3b,

The most important agronomic indicator ol crop
performance, apart from vield itself, is probably the
harvestindex (HIL The observed HEwas around 0.5
for most planting dates hut dropped to values close to
zero for planting dates in September and October
(Figure 4). Oryvzas simulated these patterns accurately,
whereas the original model Orvzal predicted a HI of
about 0.4, with little seasonal variation.

Validation of yield predictions for Ndiaye, Fanaye,
and a site in the Philippines

Model tests simulating vields for two sites (Ndiaye and
Fanave in Senegal) and for two varieties (IRe4 and local
cheek Jayay are presented in Figure S0 Observed vields
were between six and nine t ha ' at both sites, except
for sowing dates that were associated with cold-
induced sterility (September to November),

Simulations were generally accurate for Java in 1991 and
1992 at Fanave, and tor IR64 in 1991 at Fanaye. 1R64
yields in 1992 at Fanave, however, showed inconsistent
patterns because of management problems, including
irrigation pump failures in the hot-dry season and
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Grain yield as observed (solid squares) and simulated with Oryza$ (lines) for IR64 and Jaya rice

grown at monthly intervals in rice garden trials at Ndiaye and Fanaye in Senegal. Open squares indicate

yiclds observed in an adjacent trial under birdnets.

inundation in the wet scason. The local check Java was
also to some extent affected, but performed better,
probably because of better general adaptation to the
cnvironment. Spider mite attacks were observed in the
hot-dry season (February to May)y in both vears and were
controlled with acaricides, but growth reductions were
still seen, because the fine webs on the leaf surface
accumulated dust. At Ndiaye, observed vields for Jaya

were generally below simulated vields. This may be
attributable to soil salinity at the experimental site. Java
is highly salinity susceptible and IR64 is moderately
tolerant (Annual Report for 1993).

The model was atso validated with a data set for IR64
in the Philippines, based on a N rate of 150 kg ha!
and the leaf N contents actually observed (1988 dry
season in Maligava, Nueva Ecija; authors” data). The
model slightly under-estimated grain vield (8.3 vs, 8.8
t ha'hy and biological vield (16.1 vs. 16.4 t ha't dry
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weight) and, more signiticantly, under-estimated the
LATat the heading stage (8.3 vs. 9.9). Considering that
Orvzas was specitically developed tor arid conditions,
however, this vield prediction for asite in the humid
tropics was considered satisfactory.

The validation of the model under Sahelian conditions
was confounded by a number of stresses that could not
he simulated because they are difficult to measure (e.g.,
dust accumulated on the leaf surtace). Furthermore,
the dry climate aggravated any crop and water
management errors. In environments prone to
multiple stresses, it is generally difficult to
experimentally vi'idate potential vield models. The
extrapolative exercises using OryvzaS as described in the
following scection should theretfore be interpreted with
appropriate caution,

Thermal characteristics of the test sites

Annual patterns of dailv maximum (Tmax) and
minimum CFmin) temperatures are shown for key sites
in the Sahel and compared with a humid-tropical site,
Los Banos in the Philippines (Figure 61, Two typically
“Sahetian” environments in which irrigated rice is
grown are represented by Tombouctou (Mali, 167 497
N, at the fringe of the Sahara desert, and Niono (Mali,
47187 N, located at the center of a large irrigation
scheme (Figure 6a). These sites are characterized by
annual patterns of Tmin that follow symmetric bell-
shaped curves, roughly reflecting (with a one-month

ey TSN
r/ . A

RESEARCH

FIGURE 6:  Annual
minimum and maximum
air temperature profiles tor
1950 to 1983 in Niono,
Tombouctou, and Sikasso in

SN Mali, and for St. Louis in

> "\ .
VAR
Los Barios, 1991

Senegal. The shaded zone
indicates temperatures in
Los Banos, Philippines, for
1991, as a comparison.

St Louis

Sikasso
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lag) changes in day length. Annual Tmin extremes are
less than 15° Cin January and about 26° C in June.
Patterns for Tmax constantly exceed those of Tmin by
more than 157 ¢, except for the short rainy season
centered in August, during which the diurnal variation
in temperature is much less.

Three different types of annual thermal patterns oceur
in the Sahel (Figure ob). First, the coastal climate (e.g.,
St. Louis in the Senegal River delta, 16° 1° Ny iy
characterized by a long cool season and moderate
Tmax between 287 and 337 C throughout the vear.
Second, the great tloodplains of the Sahel ranging from
139 to 177 N have extremely high diurnal temperature
fluctuations and Tmax up to 457 C except during a
short wet season. Third, the slightly more elevated
plateau at the southern fringe of the Sahel has a much
cooler and fonger wet season between fune and
September (e.g., Sikasso in Mali, 119 18" N).

These patterns stand in marked contrast to the climate
of the monsoonal tropics (c.g., Los Banos in the
Philippines; superimposed in Figure 6), particularly if
compared with the critical temperatures for tropical
rice. The critical Tmin for spikelet sterility of 18° C
(Annual Report for 1993y is virtually never experienced
in Los Banos, whereas in the Sahel, Tmin is below 18° C
during three to tour months of the vear. Ninimum
temperatures below 187 Calso limit teaf arca growth
and potential kernel weight if they coincide with
critical growth phases.
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weather data; individual years are represented by points). Enhanced months indicate common planting

dates for the respective sites.

Potential yields in the Senegal River system

Simulated potential grain vields for the locally grown
variety Jaya showed strong seasonal and spatial
variations in the Senegal River valley (Figure 7). Al
sites between the delta (St. Louis) and the upper valley
(Bakel retlected a dramatic vield depression tor
September sowing dates due to cold-induced spikelet
sterility. The planting period associated with this
prohibitive vield depression, however, was longer in
St. Louis, located on the Atantic coast, than in the
upper valley, which has a more continental climate.

Potential yields for the wet scason (WS; sowing in July)
averaged nine t hatt in the Senegal delta and eight

t ha't in the middle and upper valley. They fluctuated
within a relatively narrow range of about two tons
among the 10 annual scenarios (1970-79),

Currently reccommended rice double-cropping
schedules for the Senegal River delta and middle valley
call for the second crop to be sown in February (hot-
dry season (11DS). Potential vields in the HDS were
10t ha'lin St. Louis, nine in Rosso, cight in Podor, and
tive in Bakel, indicating that the HDS crop is most
productive in the coastal zone and lteast productive in
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HGURE B: Relationship between grain yield (solid
line) and sowing date, as simulated with Oryza$

for trunsplanted Jaya rice in Los Banos, Philippines,
in 1991. The broken tine indicates the respective
crop durations.

the continental climate of the upper valley. This
phenomenon wis caused by two physiological effects
of high temperatures: a short duration of the main
tlincarn growth phase as it fell into extremely hot
periods in the upper valley: and heat-induced spikelet
sterility. Within the climate sequence of the river
valley, theretore, rice double cropping would have the
highest annual vield potential in the delta qip to

17t ha b in Rossor. Actuad farmers” vields in this
cnvironment, however, average about nine t ha ' in
double-cropping schemes and five t hat where only
one webseason rice crop s grown, indicating a gap
between potential and actual vields of 40 to 30%.

Wesimulated an annual cyele of sowing dates using
the same varictal parameters for 1991 in Los Banos,
Philippines (Figure 81 Yield potential was highest at
about nine t ha 'in the dry season (sowing dates in
January), and lowest at 5.5 tha'in the wet scason
tsowing in Junce or Julvy. These results tully asree with
results obtained under high inputs for a medium-
duration variety at IRRI's Towland farm. In contrast to
the Sahelian sites, where annual temiperature patterns
shaped the patterns of vield, potential rice vields in Los
Banos were driven by solar radiation,

RESEARCH

Potential yiclds in the Niger River system

The Niger River, along which irrigated rice is grown, is
characterized by a continental climate. Rice is usually
sown in June, the beginning of the wet scason. Rice-
rice double cropping on a larger scale is practiced only
in Niger, represented in this study by Niamey

(137327 Ny Figare 9. In Niger the second, cold-dry-
season, cropis commonly sown in November or
December. Although large public ivrigation schemes
are found around Niono in Nali (147 18 N), rice
double cropping is relatively uncommon. Between
these two important rice-producing arcas, the “knee”
ot the Niger River reaches as tar northeas 177, harboring
small village-based rice irrigation schemes exposed to a
desert climate. These locations are represented by Gao
and Tombouctou in the present analvsis,

At the two sites with more moderate climate, Niamey
and Niono, the highest potential vields were simulated
for sowing dates in Mav. Mean potential vields for
that month were between nine and 10 Cha b Yields
are only slightly lower for sowing in June and July,
followed by a sharp decline caused by cold-induced
sterility for sowing in August and September.

Sowing dates in the cold-dry season (October to
December) were associated with high but variable
vields. Yield variability during the cold-dry seasoin was
caused by low temperatures which permitted high
biomass production due to the long duration, but poor
sink capacity due to sterility and reduced potential
grain size. Yield variability in the cold-dry season in
Niono renders rice production extremely risky,
suggesting a delay in sowing until fanuary, Both
predictions tully agree with observed cropping
calendars at the respective sites,

At the near-desert sites Gao and Tombouctou, thermal
constraints to potential rice vields were further
accentuated. At Tombouctou, the long and intense
cold season appears to prohibit rice planting between
August and December, whereas a single wet-season
crop sown in June may potentiatly vield about cight

t ha'. At Gao, one of the hottest sites in the Sahel,
the period during which low temperatures strongly
reduce vield potential is comparatively short (sowing
dates in September). But potential vields for the other
scasons were generally low, such as 4t ha'' in the hot-
dry season and less than seven t ha'tin the wet
scason. Low yields were caused by heat-induced
sterility and short crop duration.
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FIGURE 9:  Simulated potential grain yields (solid lines), and crop duration (broken lines) as dependent
upon sowing date for transplanted Jaya rice at four sites along the Niger River (means for 1970-1979
weather data; individual years are represented by points). Enhanced months indicate common planting
dates for the respective sites.

North-South yield gradients were not the same for the different seasons. In the wet
main scason at lower latitudes, such as in Sikasso, a
Simulations for the Niger River valley indicated lower slightly longer crop duration (ca. 140 d), comparatively
potential vields for the northern locations of Gao and cool nights (about 217 C minimum temperature)
Tombouctou (> 167 N), as compared to Niono and which reduce respiration losses, and the absence of
Niamev (Figure 9. To further characterize this N-S sterility caused by extremely high or low temperatures,
gradient, we compared 11 sites tocated in the same permit high potential vields of around 10 t ha''. The
river system between 11 to 179N (Figure 10). lower vields at higher latitudes were due to higher
minimum temperatures, which caused a shorter
We found that potential vields for the main cropping duration and higher respiration rates.

seasons (thot-dry, wet, and cold-dryy consistently
decrease as latitude increases, ranging from 4 to 10t
per hectare, The causes for this gradient, however,
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FIGURL 10:  Relationship between simulated
potential grain vield of transplanted Jaya rice and
geographical latitude in the continental Sahel,
separately for the hot-dry season (HDS), wet season
(WS), and cold-dry scason (CDS).

I'he hot-dryand cold-dry seasons were found to be
potentially fess productive than thewet season by 1.5
(EE Npio 25 that (177 N), breause of more severe
thermal constraints. I the hot-dry season, high
maximum temperatures that tall into the reproductive
phase (April to Mavy reduce the duration of the linear
growth period and induce sterility, particutarly in the
north ce.g., Gaor, Solar radiation, in such cases, does
not fimit vields because of intensity, but through a
shorter period during which radiation can be
intercepted.

In the cold-dry scason, the duration of the exponential
srowth phase is extended by low temperatures in
December to February, causing slow leat-arca growth
and low light interception. Fhis is foltowed by
hastened development during the main growth phase,
catsed by heat in March and April.

Fhe Sencgal River deltaccas oo N, represented in this
study by St Louis and Rosso (Figure 79, deviates
markediy from the N-S gradient shown in Figure 10,
Fhe Bot-dry season is highly productive because the
proximity of the sea moderates air temperatures, even
in March to June. At these sites, however, rice double
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cropping based on a single medium-duration variety is
ditficult because of extended crop duration in the hot-
dry season. In practice, therefore, some of the
extremely high vield potential in the hot-dry scason is
lost because short-duration varieties are required.

Synopsis of simulation results

Atall typically continental-Sahelian test sites (Niamey,
Gao, Tombouctou, and Niono on the Niger River;
Bakel on the Senegal Riven, potential grain vields are
lower in the hot-dry season than in the wet season. A
timely planted wet-season crop is potentiallv more
productive because spikelet tertility is not threatened
by extreme temperatures, and grain tilling talls into a
favorable period atter the cessation of rains, associated
with high solar radiation, moderate dav temperatures
and cool nights in October and November, o fully
utilize the superior vield potential in the wet season,
late planting must be avoided because low
temperatures at the booting and heading stages can
cause total crop failure. The cobd-dry scason offers a
superior vield potential in many vears, but inter-vear
variation can be high.

We note that these results ditfer from the generally
higher productivity of dry-season crops in monsoonal
Asia, and even to the roughly equal observed
performance of the wet- and drv-season rice crops in
Niger. Our results are plausible, however, it we take
into account that the svet-season crop in monsoonal
Asia generally sutters from low solar radiation, which is
not the case in the Sahel, and that the wet-season rice
crop in Niger and Mali is much more affected by
discases than the drv-season crop.

The situation is again markedly difterent for the coastal
climate in the Senegal River delta, where the cold-dry
season is not suited to rice cultivation, and where the
highest potential vields are observed in the hot-dry
season (which, as compared to the continental Sahel, is
not very oty Here the main constraint is not vield
potential but a long crop duration in the dry season,
which renders rice double cropping extremely difficult.

Where rice double cropping is possible, combined
annual potential vields vary between 11t ha! (fringe
of the Sahara desert, ca. 167 Ny and 18 t ha'!
{transition to the subhumid zone, ca. 119 N). An
cconomically important exception with very high
potential yiclds in both dryv and wet seasons is the
Senegal River delta,
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Ouitlook for future rescarch

Our results suggest that in ard enviromments such as
the Sahel, a high vield potential for rice under irrigated
conditions should not be taken for granted — despite
the abundance of water and solar radiation. The
abilitv ot the plant te actually utilize the radiation is
limited by several mechanisms, The most important
constraints are sink limitations theat- or cold-induced
sterilitvy, a poor cumulative light harvest at midseason
due to hastened development under hot conditions,
and long growth fags and poor feat arca development
at the seedting stage under cool conditions,

Ihis study, in combination with previous cconomic
studies and analvses ot the biophvsical teasibility of
rice double-cropping calendars in different zones of the
Sahel cAnnual Reports tor 1992 and '93), will guide
WARDN'S applied research for irrigated rice in the
future. The results suggest tour foci.

(1 The development of sustainable technology
packages that would exploit the superior vield
potential of rice doubte cropping in the
climaticallv: moderate southern portions of the
Sahel, wherever irrigation watcr is available during
both scasons.,

This objective requires placing greater emphasis on
the biotic conatraints to vield, particularly in the
wet season, through integrated pest management
and enhanced varictal resistance to diseases, such
as blast and rice vellow mottle virus, Constraints
in the wet season resemble those in the humid
zone, but the dry season requires varieties that are
also cotd tolerant at the seedling stage. ‘The same
medium-duration variety can be grown in both
seasons if it combines the necessary adaptations,

(2) The development of sustainable technology
packages that would exploit the superior vield
potential of rice double cropping in zones where
the climate is moderated by the sea and irrigation
water is not limiting,

This objective requires a continued foeus on the
photothermal iphenological) responses ef
genotypes to climate, in order to develop options
for either a bivarietal system (one short- and one
medium-duration crop) or a monovaricetal system
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(one intermediate variety with stable duration),
depending on the sociocconomic context.
Substantial progress has been made at WARDA in
recent vears towards achieving this objective.

3) The development of cropping svstems based ona
single, highly productive vice crop per vear for
zones in the Sahel that have extremely high and
low temperatures in the dry season.

This objective requires more conceptual
refinement because of little past attention. A
number of planting-time calendrical options and
varietal duration (or photothermaly types can be
considered which might be combined with a
different crop grown in the cool season.
Simulation can provide valuable assistance for
sereening options ey ante.

- The development of cropping svstems based on a
single, highly productive rice crop per year where
not the climate, but water availability and/or
sociocconomic considerations, stand against rice
double cropping.

This objective has been pursued by WARDA'S
lowland breeding prograny in Ibadan, and it will be
expanded to the Sahel as appropriate. Vegetable or
wheat crops might be considered for before or
after the rice crop.

We are aware that these preliminary conclusions have
been derived from research tools that do not take into
account all relevant parameters. Complementary
studies on the management of the natural resource
base have been initiated (soil conservation and the
rehabilitation of degraded soils). But crop simulation
will continue to guide us in further refining the
applied concepts and in achieving full research
coverage of the Sahel environment’s diversity.
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THE CONSORTIUM FOR SUSTAINABLE USE
OF INLAND VALLEYS IN SUB-SAHARAN AFRICA

Consortiton Coordinating Unit

SEMIDETAILED AGROECOLOGICAL CHARACTERIZATION
OF INLAND VALLEYS IN COTE D’'IVOIRE

PN Windimeijer (SC-DEO), Noovan Duivenbooden (AUW), and Y. Jamin (CIRAD)

Agricultur;ll research and development of improved
technologies in West Africa is challenged by high spatial
and temporat variability across agrocecosystems. That s,
many research results and improved technologies tend to
be location specific, and unlikely to transter to other
areas within the broad agroccological zones.
Characterization researchis designed to describe key
parameters within such spatial diversitv and to classity
agroccosystem similarities at various scales. Spatial
classification, in turn, permits the extrapolation of
rescarch results to known areas and the more efficient
targeting of new technologies.

The Consortium for Sustainable Use of Inland Valleys
conducted several characterization activities in 1994,
These included reconnaissance characterization in
Ghana, Mali, and Benin, semidetailed characterization in
Sierra Leone, and detailed characterization in Burkina
Faso. Semidetailed characterization in two key areas in
Cote d'Ivoire was completed in 1994, One of the major
objectives of this project was to test the methodology
developed for this level of characterization.

Methodology of the multiscale agroecological
chiaracterization

Fhe objective of our agroccological characterization is
the comprehensive description of physical (climate,
lithology, landform, soils, and hydrology) and biotic
tegetation and land use) parameters of agroecosystems.
Land use (primary and secondary production) is
described, including its socioeconomic identifiers (labor,
capital input, and management), ‘The degree of detail
depends on the scale of characterization, A multiscale
approach has been developed because data collection,
interpretation and, later on, planning, always take place
at various levels,

The multiscale agroecological characterization consists of
four levels: macro (scales between 1:1,000,000 and
1:5,000,000), reconnaissance (1:100,000-1:250,000),
semidetailed (scales 1:25,000-1:50,000), and detailed
(1:5,000-10,000). Each level has its specitic inethod of
data collection and its own minimum data set.

Semidetailed characterization

The semidetailed characterization uses field surveys by
transects and farmer interviews to describe the physical
environment and land cover/use. We conducted surveys
in four inland valley systems per key area, selected on
the basis of the macro-civaracterization, reconnaissance
characterization, and site selection missions. The
inventory began with the interpretation of recent aerial
photographs. In cach of the identified valley svstems
four to five transects were selected tor field description.
The transects cut across different vallev seginents, from
crest to crest. Along with the various land subelements
occurring in the transect, several physical characteristics
were described or measured, and soils were sampled.
Land cover and use were described for a strip of fand 200
to 400 m wide along the transect line. Farmer interviews
provided additional intormation on physical and land-
use parameters.

We quantified key valley characteristics to facilitate the
comparison of different valleys or different land
subelements within valleys. The Valley Bottom Ratio
(VBR) is the ratio of the arca occupied by the higher parts
of the valley (crests, slopes, and fringes) over the area of
the valley bottom. 1t is a possible measure for the
potential amount of water, related to the total rainfall,
that may flow as runoff or as groundwater from the
higher parts of the valley into the valtey bottom,
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We also calculated land-use class ratios to express the
relative area of the individual land-use classes over the
total arca of the land subelement. From these
individual Fand-use class ratios, the Land Use Ratio
(LUR, in ") was caleulated as the sum of cropped arca,
prepared land, grazing land, and voung fallow (< 10
years), divided by the total area of the land
subelement. By excluding the grazing and young
fallow components from ihe LUR, the rate of actual
crop cultivation is expressed in the Actual Production
Ratio (APR, in %), The Fallow Index (FI) expresses the
importance of fallow in the cropping systeni. The Flis

zero in the absence of fallow, and 0.5 when T How and
cropped land cover the same area. Finally, the Soil
Preparation Intensity (SPL %), expressed as the arca
plowed or ridged, or where mounds and soil beds were
constructed, is a measure of land-use intensity.

Results of the semidetailed characterization
in Cote d'lvoire

We implemented surveys in two key arcas. The first
area is located near Boundiali in the Guinea savanna
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TABLE 4:
and Gagnoa key arcas, Cote d’Ivoire.
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Sclected physical and land-use characteristics of valley systems in the Boundiali

Boundiali Gagnoa
Schist Granite Schist Migmatite
Physical characteristics
Average width am:
total vallev 1646 (£ 477) 1383 (£ 354) 842 (£ 104) 980 (£ 249)
crests and slopes 704 (£ 189) 571 (£ 238) 309 (2124 390 (+ 189)
fringes 32 (£37) 33 (£33 46 (£ 42) 54 (£ 54)
valley bottom 42 (£ 27) 31 (£39 157 (+58) 105 (£ 60)
Valley bottom ratio (VBR, -) 64 (£51) 81 (£3535) S (£3) 3 (£15)
slope gradient (o) 1-4 2-7 4-10 4-12
Land-use characteristics
Land Use Ratio (LUR, %)
total valley 28 33 76 61 :
crests 17 24 75 44 "
slopes 30 32 82 63
fringes 11 42 83 71 !
valley bottoms 28 46 51 50
Actual Production Ratio (APR, %) |
total valley 11 11 53 33
crests 4 2 24 25 f
slopes 11 11 65 35 ;
fringes 9 8 63 34
valley bottoms 20 28 21 30
Fallow Index (Fl, -) ;
total valley 0.75 0.71 0.31 0.5
Crests 0.89 0.96 0.68 0.46 |
slopes 0.74 0.71 0.21 0.51 ‘
fringes 0.53 0.85 0.25 0.55
valley bottoms 0.32 0.4 0.59 0.4
Soit Preparation Intensity (SPI, %)
total valley 75 62 0 5
crests 62 100 0 1
slopes 79 74 0 4
tringes 19 76 0 9
valley bottoms 50 13 0 9

t+ 477 standard deviation

zone (growing period of 165-270 days). The second
area is situated in the equatorial forest zone (growing
period > 270 davs), near Gagnoa. Both areas have the
same total annual precipitation, about 1400 mm/ycar
in Boundiali (@ monomodal rainfall regime) and 1500
mm/yvear in Gagnoa (a bimodal rainfall regime).
Population density in the Gagnoa key site (26-35
persons/kmAis higher than near Boundiali (< 16
persons/kmy, Using the reconnaissance
characterization, we subdivided the key areas into

agroecological subunits: schist and granite in
Boundiali, and schist and migmatite in Gagnoa.
Information from the individual transects was
processed into agroecosystem diagrams. These
diagrams show a cross-section with a number of
physical parameters, and a map showing the actual
land use. An example is shown in Figure 11.
Information on individual transects was then
aggregated to the level of the key arca.
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THE INLAND VALLEY CONSORTIUM

The Infand Valley Consortium (1VC) was officially established on the first of April 1994, Preceded by two years
of intensive discussions between national and international agricultural research institutes, several workshops,
and a pre-project phase, funded by The Netherlands. The present members of the Consortium are the national
rescarch institutions of Benin, Burkina Faso, Cote d'Ivoire, Ghana, Mali, Nigeria, and Sierra leone, and five
international research institutions, the West Africa Rice Development Association (WARDA), the International
Institute for Tropical Agriculture (1ITA), the DLO Winand Staring Center (SC-DLO), the Wageningen
Agricultural University (WAU), and the Centre de Coopération Internationale Recherche Agronomique pour le
Développement (CIRAD). Because the Consortium is an open structure for cooperation, new members are
expected in the near future.

Consortium oversight is provided by the Steering Committee, which obtains its executive mandate from the
Annual Workshop. Daily management is carried out by the Consortium Coordinating Unit (CCU). The CCU
has direct links with National Coordinating Units, through National Coordinators, representing the involved
national institutions. The CCU is responsible for fund raising, while the Steering Committee allocates budgets
to Consortium activities. The CCU is hosted by WARDA, in M’be, Cote d’Ivoire.

The immediate objectives of the IVC program are: (1) to develop a structure for cooperation between NARS,
ICAR, and other institutions; (2) to develop common methodologies for research, data storage and
interpretation, and the exploration and transfer of results; (3) to implement complementary multidisciplinary
agroccological characterization; (4) to develop and test improved low-cost water management technologies;
and (5) to transfer and test at ficld level improved agronomic technologies in inland valleys,

In 1994, the Consortium was financially supported by the Government of the Netherlands (DGIS). DGIS has
committed to support the Inland Valley Consortium during the first five-year program. In 1995 French
Cooperation will also begin funding the Consortium. Also for 1993, the Technical Advisory Commiittee of the
CGIAR approved the Consortium program as one component of an ecoregional initiative for the humid and
sub-humid tropics in sub-Saharan Africa for which ITA is the convening center.

MAJOR CONSORTIUM PUBLICATIONS AND REPORTS
UP TO THE END OF 1994

|
Publications ;
|
|

Windmcijer, PN. and Andriesse, W. (Eds). 1993. Inland valleys in West Africa. An agroecological
characterization of rice-growing environments, Publication 52. International Institute for Land Reclamation
and Improvement, Wageningen, The Netherlands, 160 pp.

Andriesse, W., Van Duivenbooden, N., Iresco, 1L.0., Windmeijer, PN. 1994. A multi-scale approach to
characterize inland valleys agro-ccosystems in West Africa. Netherlands Journal of Agricultural Science 42: 159-179.

Reports

Windmecijer, I'N., Van Duivenbooden, N., Andriesse, W. 1994, Semi-detailed characterization of inland valleys
in Cote d’lvoire. Characterization of rice-growing agro-ccosystems in West africa. ‘Technical Report 3, Volume 1:
Main Report; Volume 2: Basic Data. SC-DLO, Wageningen, The Netherlands.

Van Duivenbooden, N, and Windmeijer, PN, 1994, Manual for semidetailed characterization of inland valleys.
Characterization of rice-growing agro-ecosystems in West Africa. Technical Report 4. WARDA/IITA/SC-
DLO/WAU. SC-DLO, Wageningen, The Netherlands.

Van Duivenbooden, N. and Windmeijer, PN. 1994. Final report on project activities by SC-DLO and WAU.,
Characterization of rice-growing agro-ccosystems in West Africa. SC-DLO, Wageningen, The Netherlands,
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The figures in Table 4 show average values and
variability ot valley system characteristics at the key
area level, In the Boundiali key area, the valleys are
much wider than in Gagnoa, in accordance with the
various drainage densities observed in the two key
arcas. The valley bottoms, however, are much wider in
Gagnoa: the VBR in Gagnoa ranges from 5 to 13,
whereas in Boundiali the VBR varies between 64 and
83. Morcover, villey slopes are steeper in Gagnoa (4-
12%0) than in Boundiali (1-7%).

Fable 4 does not show all ditterences found in the field.
Forinstance, valley bottoms in the Boundiali key area
have a stepped longitudinal profile. In parts of the
valley svstems relatively deep incised streams were
found, resutting in a short flooding period, it flooded at
all. In Gagnoa, all the valley systems have a smooth
longitudinal profite. Soils near Boundiaii all have a
compact topsoil, whereas near Gagnoa, the micro soil
structure is much stronger, resulting in low compaction
of the topsoil, after clearing the vegetation,

Differences in physical characteristics between
agroccological subunits are much less pronounced than
between units, but they do occur. In the Boundiali key
area, for instance, valley bottoms in the granite subunit
have a longer humid period than those in the schist
area, because of the greater lithologically induced
intertlow from the uplands. Because of their finer
texture, the soils formed in schist show higher organic
matter contents compared with soils found on granite,

A number of land-use differences between the key areas
were also observed. For example, land use in the Gagnoa
kevarea is much more intensive (average LUR: 62-73%)
than in Boundiali (LUR: 28% to 33%,). The LUR values
for the ditferent land subelements show that slopes and
fringes are more intensively used in Gagnoa (LUR range:
03-83%) than in Boundiali (11-42%). Farmers in
Boundiali appear to prefer cultivating valley bottoms.
This is particularly apparent from the APRs. These also
show low values for the crests, most clearly in the
Boundiali arca (APR: 2-495).

Because of the higher land pressure in Gagnoa, less land
remains under fallow than in Boundiali. FIs vary
between 0.31-0.50 in Gagnoa and (.7 1-0.75 in Boundiali.

Astriking difference was found in the soil preparation
index. Probably because of the more compact soil
structure, between 62% and 75% of the area under
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cultivation in Boundiali was plowed or ridged, or
mounds and beds had been constructed. In Gagnoa
only five percent of the fields showed this kind of land
preparation,

Conclusions

The semidetailed characterization is used as a relatively
rapid appraisal for collecting information on variable
inland valley agroecosvstems. ‘The results of our
characterization activities in the two key arecas of Cote
d’'Ivoire show that the method can be an effective tool
for describing and analyzing differences between
inland vallev agroecosvstems, and between and within
agroecological subunits. The tested methodology will
be applied in the national programs of the seven
consortium member countries.

Although this level of detail is far from comprehensive,
particularly with respect to dynamic processes, enough
information was collected to guide the selection of one
infand valley system for subsequent more detailed
characterization. The detailed characterization will
produce information on variability and dynamic
components. It will also show whether describing
only four to five transects will be sufficient for optimal
coping with the variability at the semidetailed level.

In 1995, detailed agroecological characterization will
be carried out in one inland valley system in cach key
arca: a schist valley near Boundiali and a migmatite
valley near Gagnoa. These valleys have been selected
for their representativeness and their potential for
increased sustainable agricultural production,

The characterization of inland valley agroecosystems is
not an objective in itself. The knowledge gained from
these activities will form the scientific basis for
implementing rescarch on water management
technology development and for testing existing
improved agronomic technologies. Information
collected by characterization will be used to describe
the agroecosystems. A number of key parameters,
however, will be used for developing a generalized
typology of inland valleys. This tvpology will
subsequently serve as a tool for guiding the
development and testing of new technologics.
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SUMMARIES OF RESEARCH ACTIVITIES
UPLAND/INLAND SWAMP CONTINUUM PROGRAM

M()st ot the rice grown in the

humid and subhumid zones of West
Africa is cultivated on small fields
with low management inputs. Such
fields occupy narrow, hvdrologically
variable, transitory segnments of
toposequences, thereby depending
on rainfall and the water movement
within small watessheds. This
complex and highly diverse
environment stands in marked
contrast to the more homogenceous
floodplains associated with major
rivers and their delta regions in
Arica and Asia. It can only be
understood through an integrated
multidisciplinary approach that
carcfully considers the scale
specificity of biophvsical
phenomena on the one hand, and
the divernsity and intertwinedness of
farmers” objectives on the other
hand. This was the basic rationale
tor WARDN'S decision in 1989 to
address the rainted lowland,
seasonally hvdromorphic, and free-
draining upland ccosystems
through one combined research
effort, the “Continuum Program”,
which encompasses about 829 of
ricclands and 75" of rice
production in West Africa.

Fach of the program’s five main
projects cuts across the different
ccosystems found in the
continuum: the agroccological and
socioeconomic characterization
project, the cropping systems
project, the soil tertility
management project, the integrated
pest management (IPND project,

and the varictal improvement
project. Lach project involves a
range of disciplines and includes
problemi-oriented subprojects with
explicit timeframes and output
projections.

The vear 1994 saw a considerable
expansion of the disciplines
involved in the Continuum
Program’s rescarch; the invigoration
of WARDNS agroccological
characterizition project through the
ctfective establishment of the cross-
institutional Inland Yalley
Consortium (IVC); and the
activation of rescarch in a number
ol crucial subprojects which will
increasingly define WARDA'S
rescarch in the medium term.

Al of the Continuum Program’s
projects benefited from the
secondment of a physiologist from
CIRAD, although his main research
focus will be on varietal drought
resistance and the characterization
of drought-prone environments,
An EC-funded hydrologist joined
the program to provide crucial
research links between the crop and
the dynamics ol water resources
along toposequences and within
watersheds. An ODA-funded
nematologist will fill an important
gap in our knowledge on the
interaction of soil-borne nematodes
with above-ground biotic stresses
and their edaphic and cultural
determinants, A systems analyst
was recruited and made program
leader to help in integrating
discipline- and scale-specific
components of research, thereby
introducing systems research tools
such as crop and resource

modelling, geographical
information systems (GIS), and
remote sensing. Systems research
will also provide important links
between WARDA'S detailed research
foci and the IVC, whose objective is
to develop a masterplan for the
devetopment of inland valleyvs
based on the extensive regional
characterization of watersheds.

Probably the most significant
hightlight of 1994 research in the
Continuum Program, WARDA
scientists litted the lid off a largely
ignored black box, the
unexpectedly rich genepool of the
African indigenous rice species
Orvza ghiberrima. For the first time,
this species is now being fully and
systematically characterized for its
cultural, physical, and biological
adaptations. Remarkable
adaptation to biotic stresses has
been revealed, such as to rice vellow
mottle viras (RYNMVY), blast discase,
the African rice gall midge (ARGM),
and weed competition; and to
abiotic stresses such as drought,
acid oxisols, and iron toxicity.
Morcover, improved methods of
interspecitic hybridization with 0.
sativa adopted by WARDA scientists
now seem to make possible the
selective elimination of traits that in
the past have prevented the
improvement of (. gluberrin: its
characteristic branching panicle,
which severely limits yicld
potential; and grain shattering,
dormancy, and lodging.

Significant progress was also made
in the characterization of a well-
developed but potentially
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vulnerable equilibrium of natural
pest-contral mechanisms in the
upland; the development of a
network of kev sites representing
important agroecological and
socioeconomic rice environments at
which vield gaps are studied and
technologies tested on farmers’
fields in collaboration with NARS;
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and the generally increasing
interaction between WARDA'S
station research and Task Foree-
based research at NARS sites
throughout the region,

In 1995 we will further sharpen our
focus on Key research tasks, and we
will strengthen our collaboration

PROJECT 1: CHARACTERIZATION PROJECT

Ihe rice-growing ecosystems of the
upland-inland swamp continuum
are highly diverse. Their potential
for production is determined by the
interplay of many tactors, including
aeology, climate, soil tvpes and
hvdrology, vegetation, and a range
ol sociocconomic tactors. Within
these ceosvstems, farmers have
developed a variety of rice-based
cropping svstems that typically cut
across toposequences in the inland
vallevs, The development of
technologies tor these farmers
requires o thorough understanding
of the socioeconomic and
biophysical conditions under which
they operate, and of how they
perccive risks and employ resources
to achieve their multiple objectives.

To appropriately prioritize and
aggregate research objectives, in
1990 WARD.A initiated a
multidisciplinary characterization
project that addresses rice
production environments, at the
detailed micro (key site) and macro
tsubregionaty scales, and on the
socioecononmic and biophysical
levels. Bevond the initial phase
which included literature and
survev-based inventories, this project
moved towards detailed analvses of
farmers” objectives and perceptions
of production constraints from

1992 through 1994, and towards
onfarm vield-gap studies at
representative key sites in 1994, The

socioeconomic analyses during 1994
focused on the technical fitand
relative profitability of rice svstems
within existing farming svstems; on
gender roles in difterent rice-
production systems; and on farmers’
perception of biotic constraints to
rice production and the control
options they know. Biophysical
characterization studies in 1994
included the integration of
researchers” plots into tarmers' fields
having different cultivation histories,
in arder to provide a time dimension
to the observed vield gaps.

From 1995 onwards, the
characterization project will work in
close collaboration with the Inland
Valley Consortium (IV(), a multi-
institutional ecoregional initiative,
in order to systematically raise key-
site-based knowledge to the regional
level. In this activity we will
spatially project and overlay
cenvironment typologies in order to
identify environments with
common features, for which land-
use scenarios are then evaluated by
simulation and experimentation.
This program, which involves the
NARS of cight West African
countries, IITA, CIRAD, and research
institutes at Wageningen, aims at
developing a master plan for the
sustainable utilization of inland
valleys in the region.
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with advanced research centers
abroad, particularly in the fields of
biotechnology, systems rescarch,
and the management of soil
fertility.

Effect of cropping intensification
on constraints in upland rice
M. Becker, E. Heinrichs, and D, Jolinson

Traditional upland rice-based
cropping systems in West Africa rely
on extended periods of bush fallow
to restore soil fertility and prevent
the buildup of pests. Population
growth and land shortage are
forcing many farmers to reduce
these periods as they intensify their
rice production systems. Among
surveyed farmers in the torest zone
of Cote d'lvoire, fallow length
decreased from about 12 years in
the mid-1980s (extensive system), to
typically six vears at present
(intensive svstem). In the savanna
zone, the number of successive
crops grown before leaving the land
to fallow has increased from three
to five in the same period. We
hypothesize that intensified
cropping will tead to higher weed
infestation, lower organic matter
content and nitrogen supply
capacity, and may influence insect
pests and their natural enemies. To
test these hypotheses, we conducted
diagnostic studies during 1994 in
three agroecological zones in Cote
d'Ivoire thumid forest, forest-
savanna transition, and moist
savanna). A total of 116 farmers’
fields were included in the study,
representing various fallow lengths
(1-35 years) and a range of
preceding crops.
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To determine the response of rice to
the application of mineral nitrogen
(30 kg N hah ar d o improved weed
control thand weeding at 28, 36, and
84 davs), rescarcher-managed
subplots were superimposed on
tarmers’ ticlds. Rice growth and
vield parameters were recorded, and
weed growth (species composition
and biomass) was described at
monthly intervals. Insect pests in
the rice canopy were studied by the
use of sweep nets, and the species
composition and abundance of stem
borers were determined by plant
dissection and the incidence of dead
hearts. Leaf feeding was recorded by
assessing percentage of defoliation,
and termite damage was assessed
visually. Predaceous arthropods were
caught in pitfall traps and counted.

FIGURE 12:
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Comparing fields tollowing long and
short fallows, we observed that weed
biomass in the forest zone and forest
savanna signiticantly increased with
cropping intensification. Short-
fallow ticlds in the forest zone were
dominated by broadleat species (e.g.,
Chromolaena odoratin, whereas
grasses (e.g., lmperata, Diitaria,
Audropogorny dominated in the
savanna. Adult populations of the
insect pests Diopsis spp. were greater
in the forest than in the forest
savanna zone and, along with
certain predaceous arthropods, were
positively correlated with fallow
length. Intensification of upland
rice-bush fallow rotation systems

{< 5 vears fallow or > 3 consecutive
Crops) across agroecological zones
and environments was associated
with a significant decline in grain
yield, compared to traditional long-
fallow systems (> 6 vears fallow or

Rice yield reduction and yield gaps in intensively

cultivated upland and hydromorphic ecosystems, as compared to
extensive cultivation. Means across sites in three agro-climatic zones

in Cote d’lvoire, wet scason 1994,

Upland

2000

1800

1600

1400

1200

1000

kg/ha

800

600

400

200

Yield gap

Hydromorphic

() 672
100

80

60

40

Weed

20

s
H
v

Burning of the vegetation after a short fallow
and before sowing of rice in the humid forest
area near Gagnoa, Cote d'lvoire

< 2 consecutive crops). Across the
three zones, nitrogen application
and additional weed control both
gave significant increases in vield
above farmers” tevels. Rice in the
hydromorphic zone tended to be
More responsive o management
interventions. Grain vields were
increased by additional weeding
(explaining about 60% of the vield
gap between short- and long-fallow
ficlds) and by the addition of
nitrogen (explaining about 30% of
the yield gap between short- and
long-fallow ticlds).

Combining N application and
additional weed control in intensive
systems resulted in vields simitar to
those in extensive long-fatlow
systems with farmer management.
We conclude that future strategies to
allow the sustainable intensification
of the tallow systems should aim at
suppressing weeds and improving
soil fertility, particularly by raising its
organic matter and nitrogen
content. This might be achieved
through the improvement of fallow
quality by introducing fast-growing
cover legumes.




Modelling income and risk trade-
ofts in cropping svstems of the
savanna zone of Cote d’lvoire
A Adesing and AL Ouattasa

Risk and uncertainty are pervasive
characteristics of agricultural
production. Farmers tace a number
of threatening biophvsical factors,
such as severe or unusual weather,
diseases, pest infestations, changing
ceonomic environment,
introduction of new crop
technologies, uncertainties
surrounding public institutions and
their policy implementation, and
changes in factor and product
prices, In West Africa, the lack of
institutional innovations, like crop
insurance, disaster payments, and
emergency loans to shift part of the
risk to the public sector, makes risk
management a critical part of
farmers” decision-making. Farmers
in the savanna zonv face high
rainfall risks, vet very few studies
have Tooked at the relative income-
risk trade-otts of crops cultivated in
this zone of West Africa.

‘To better understand the effects of
rainfall, yield, and price risks on
the optimal cropping patterns in
the savanna zone of Cote d’Ivoire,
we used risk-programming whole-
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Sowing rice
shortly after the
fallow vegetation
has been
burned in the
humid forest
zone near
Gagnoa, Cote
d'lvorre

farm models in 1994, The models
incorporate farmers’ risk aversion
indices and farme-resource use and
cropping patterns. Data for
developing the models were
collected trom a cost-route survey
of a representative sample of 85
farm houscholds in three villages.
Three villages with different
characteristics were considered:
Mbengue village is located in the
drier Sudanian zone, while Napie
and Sirasso villages are located in
the Guinea savanna zone. Napie is
a village with very high population
density (51 pers km). Sirasso and
Mbengue have low population
pressure, with 14 pers km= and 12
pers ke, respectively. In addition,
Sirasso and Napie have access to
irrigation, although the irrigation
capacity is higher in Sirasso. The
dam in Napie is small, and farmers
often face high risks for the second-
season irrigated rice crop.

We developed representative farm
maodels for three types of farnis
found in the savanna zone: hand-
tillage, oxen-tillage, and tractor
farms. Time series data on yields
and prices for all crops were used to
derive the income distributions of
various crop enterprises. Based on
the distribution of both prices and
yiclds, the coetficient of variation of
incomes to each enterprise—which
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gives the relative risks of crops in
cach village—was determined. We
found that maize has the highest
income risks across all the villages,
followed by the second-season
irrigated rice crop in Napie.

Validation of model results showed
that the calibrated base model
closely predicts observed cropping
patterns. Risk-efficient cropping
patterns were then derived, based
on farmers’ risk aversion: risk
neutral, moderatelv risk averse, and
risk averse. The results showed, in
general, that risk attitudes atfect the
choice of optimal risk-cfficient
cropping patterns and that
significant reduction in income risks
(and increased income gains) can be
made by re-allocation of the
existing crop mix to the risk-
cefficient portfolios. Risk-averse
farmers sharply reduce cultivation
of maize in the risk-efficient optimal
solutions and re-allocate to crop
porttolios that give lower income
risks for the farm. In general,
expected incomes and incone risks
follow an inverse pattern as the
level of risk aversion increases.

For risk-cfticient solutions for both
manual and oxen farms in Napie, it
was found that the cultivated area
in the second-season irrigated rice
crop declined for highly risk-averse
farmers, reflecting the higher risks
of the second-season crop in this
village. This result suggests that
farmers who are currently
cultivating irrigated rice in Napie
are most likely to have low levels of
risk aversion or to be risk neutral,
When the results of Napie and
Sirasso are taken together, they
imply that given the monomodal
rainfall patterns in the savanna
zone, farmers who live in areas with
good irrigation will cultivate the
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second-season rice crop; but in areas
with timited water capacity, double
cropping rice in the second scason
becomes a highly risky decision,
and risk-averse farmers will reduce
cultivated area or abandon the
second-season rice crop attogether.

Farmers may be unable to adjust
their cropping patterns to the risk-
efficient portfolio mix due to
impertect information on the
distribution of refative income risks
of various crops, inadeqguate ability
to predict market shocks that alter
the structure of product and input
prices, and/or culturally
determined traditional food habits
that mav override the need for
crop-mix realfocation based solely
on market factors,

We conducted simulations on the
effects of changes in paddy price
incentives for rice production on
the three farm types in the study
villages, Using simufated model
results, we computed normative
market supply and acreage response
clasticities. The results show that
optimizing farmers would respond
to price incentives by bringing
significantly mose upland areas into
cultivation. The inelastic supply of
lowlands and the perfectly inclastic
land supply tor irrigated lands limits
expansion possibilities in these
ceosystems. When averages of the
two villages in thie Guinea sovanna
are used, results showed that farms
in this zone have higher acreage
response elasticity than those in the
lower-potential Sudanian zones.,
The market supply clasticities for
oxen tarms are higher than for
hand-tillage farms in all the viltages.
In both Mbengue and Sirasso
villages, the estimates of the market
supply clasticities are lower than the
acreage response clasticities. This
indicates that although the elastic
land supply situation tfor uplands)
in these villages allows rice
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production expansion—by bringing
more upland areas into
cultivation—the output effect of
such a process on market supply is
likely to be mitigated by low vields
in the uplands.

The results have three implications
for technology development
strategies in the savanna zone. First,
in evaluating technology options in
the cropping svstems, it is
important to consider not only the
vield of alternative crops, but also
the vield-, price-, and income-risk
that tarmers are likelv to face in
changing their cropping patterns.
Second, to reduce risks faced by
tarmers, especially in rainfed
svstems, emphasis should be placed
on vicld stability of technology
interventions. Third, since farmers
are likely to respond to rice
production incentives by expanding
areas cultivated in the less fertile
upland rice ceosystem, it would be
increasingly important to develop
appropriate upland rice
technologies that can ensure
sustainable productivity increases in
this ccosvstem.

Does rice farmers’ education
influence the economic
efficiency of rice production?
A0V Adesing and KUK, Djato

Policymakers in Cote d’lvoire are
currently debating institutional
reforms for directing technical
assistance to tarmers. This has led
to the recent creation of the
Agence Nationale d"Appui au
Developpement Rurale (ANADER),
a governmental institution that
develops strategies for agricultural
extension, as well as educational
and institutional support for
farmers. This preoccupation with
farmers’ general education is
common to most countries in sub-
Saharan Africa and is often based

on the assumption that “educated”
farmers are more efficient than
“non-cducated” farmers. The
underlying assumption is that
investment in farmer education is
likely to Tead to substantial gains in
cconomic efficiency under existing
technology sets.

1o test this assumption, and thereby
provide the current debate on this
issue in Cote d’'Ivoire with some
cmpirical information, we examined
the relative differences in technical,
allocative, and economic efficiency
between educated and non-educated
rice farmers. Our analysis was based
on duality methods, using the
normalized restricted profit tunction
approach with factor share
cquations. Series of hypotheses on
technical, allocative, and economic
efficiency were tested using systems
of simultancous models.

Data used in the analysis had been
collected from August 1992 to April
1993 from a sample of 410 rice
farmers in several villages in the
northern region of Cote d'Ivoire
where extension agencies are quite
active. Because the rice production
technologies available in northern
Cote d'lvoire consist of modern rice
varieties, chemical tertilizers,
herbicides, insecticides and
mechanization, one would expect
modern education, especially
literacy, to intluence the levels and
etficiency ot use of such inputs. The
use of external inputs was common
across farms of both the educated
and non-cducated farmers, The
mean levei of use of urea ha'! was
similar for both educated and non-
educated farmers (i.c., 53 kg ha'! for
the non-educated farmers and 51 kg
ha'! for educated farmers). However,
the mean use of NI'K hat was
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slightly higher for the educated
farmers (i.e., 175 kg ha'! compared
to 134 kg hah, although there exists
wide variability in use intensities
across farms. On average, there does
not exist much difference m vield
hal, with mean vields tor the
cducated farms being 18t ha'l, and
2.2 0 hatt Tor educated tarmers. As
with tertilizers, this mean vield
masks high variability across farms,

I the initial model rans we detined
cducated tarmers as those who had
at least one vear of formal schooling.
On this basis, we tound no
differences in cither relative
technical, allocative, or economic
efficiencies between educated and
non-cducated farmers. To evaluate
the sensitivity of our results to the
vducation threshold, we repeated the
analysis for an education threshold
of six vears of formal schooling,
which is commonly considered the
minimum {or titeracy in Cote
d’'Ivoire and enables obtaining the
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“Certificat d’Frudes Primaires”. The
different threshold did not alter the
outcome, however, indicating that
our results were robust.

Three factors may explain these
resutts. First, non-educated tarmers
may have an empirical knowledge
obtained from cumulative farming
expericnee, and may therefore weli
understand their farm settings and
how to adjust factor use.
Consequently, farming experience
may play a greater role than format
school education in influencing
farmers” allocative decisions,
Second, there mav be very limited
scarch and learning costs foi
obtaining information on new
technologies if they are available.
Farmiers learn about new crop
varieties or alternative agronomic
practices mostly from other farmers,
Third, most of the technologics
recommended to farmers are
provided by rural extension workers
in “ready-to-use” or “decoded”

PROJECT 2: CROPPING SYSTEMS

Most rice in West Africa is
produced by small farm holders
who use few or no external
resources and who have a varving
balance between subsistence and
commercial objectives. Due to
demographic growth and land
shortage, farmers’ production
objectives are increasingly short-
term, with inadequate concern for
maintaining the natural resource
basce. Particularly in traditional
rainfed rice production svsteins,
farmers increasingly move from
extensive to more intensive
cultivation without adapting their
traditional practices to the new
objectives. As a result, the natural
vegetation is receding rapidly, soils

are eroded and mined for organic
matter and nutrients, and the weed
pressure is increasing.

To meet the region’s food needs
and to ensure the long-term
productivity of rice-based
production systems, nutrient
inputs and outputs in the system
need to be balanced, and resources
must be used more efficiently. The
biophysical and socioeconomic
interdependence of upland and
lowiand ccosystems within inland

vallevs calls for the development of

integrated crop, nutrient, water,
and weed management strategies
that stabili.e the fragile uplands
and increase productivity of the
more robust lowland ecosystems,
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forms. In most cases, farmers
accumulate knowledge of these
practices through learning-by-doing,
Thus, there mav be dittle or no
premium to education in terms of
increased economic etficiency of rice
production systems.

The results frony our study do not
support the conventionally held
opinion in policy circles in Cote
d'Tvoire that educated farmers are
more efticient than non-educated
farmers. Our analvsis suggests that
rural development etforts should not
be biased towards “educated”
farmers, as “un-educated” farmers are
just as etticient. This does not mean,
however, that education is wasted on
farmers. It may just not be a limiting
factor in rice production.

Lffects of crop and fertilizer
management on the
sustainability of intensified rice
cultivation in the continuum
M. Becker and D. Johmnison

To ensure that the ongoing shift
from extensive to intensified rice-
based cropping systems in virtually
all West African vice ecosystems is
sustainable, improved crop and
resource management practices are
urgently required. The improved
management practices must be
socially and economically
acceptable and must enable a stable
performance of the cropping
systemis over extended periods of
time. An equally important goal is
to improve the use efficiency of
resources, particularly that of
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TABLE 5:
fertilizers on rice fields: effects of sex, ecosystem, type of cultivation,
and distance of fields to village. Cole d’lvoire, 1993, Sce page 33.

Predicted conditional probability of adoption of chemical

LOWLAND ECOSYSTEM
Distance of Field to the Village (kilometers)
0.5 1.5 3.0 4.0 5.0 10

Type of cultivation and sex of plot owner

Muanual

Male 047 0.36 0.22 0.16 0.11 0.01
Female 0.10 0.07 0.04 0.02 0.02 0.00
Mechanized

Male 0.94 091 (.84 0.77 0.69 0.20
Female 0.66 0.56 0.40 0.30 0.21 0.03

UPLAND LECOSYSTEM
Distance of Field to the Village (kilometers)
0.5 1.5 3.0 4.0 5.0 10

Type of cultivation and sex of plot owner

Manual

Male 0.01 0.01 0.005  0.004  0.002  0.00
Female 0.002  0.001 0.00 0.00 0.00 0.00
Mechanized

Male .22 0.15 0.09 0.06 0.04 0.00
Female 0.04 0.02 0.01 0.01 (.01 0.00

Note: The analysis was conducted for farmiers who use fertilizers on cotton,
have individual tields, and who assess the soil fertility of their fields as cither
“good” or “average”.

In the 1994 wet season, WARDA
scientists initiated a
multidisciplinary, multifactorial

applied N, Diagnostic surveys on
farmers’ fields conducted during
1994 at different localities in Cote

d’Ivoire indicated that the average

use efticiency of applicd mineral N

is tess than five kg of rice grain for

cach kg of N applied in upland rice,
and about 10 in lowland rice.

experiment at M’b¢ to examine the
interactive etfects of management
factors on rice vields along the
continuum toposequence. The
experiment comprises different
levels of the following factors:

variety (traditional vs. improved),
plant spacing, weed control, N
fertilizer rate, and N fertilizer split
and timing. [n the lowland, level
of water control was introduced as
an additional factor. All treatment
combinations arc implemented
with three replications at cach of
three positions of the
toposequence tirrigated lowland,
rainfed hydromorphic, and rainfed
upland). The site had a history of
protonged bush fallow. Treatments
will be repeated on the same plots
for at least three vears in order to
observe changes in soil fertility, N-
use efficiency (NULE), weed
pressure, and vield.

Results from the first vear of
experimentation indicate that
toposequence position is the most
determining factor for grain yield
(4.4, 2.9, and 1.1 t ha' in lowland,
hydromorphic, and upland
cnvironments, respectively) and
NUE (11, 6, and 2 kg grain/kg N
respectively, across treatments and
varieties). In the lowland
ccosystem, only the improved
variety responded to improved
management (N rate, N timing,
spacing) which gave the highest
yield (6.6 t ha'y and NUE (21 kg
kg'h. Also in the lowland, the
traditional variety responded to
applied N only at dense spacing.
In the upland, no significant yield
ditferences were observed among
varieties and management levels.
‘The hydromorphic zone
represented an intermediate
situation, with the grain yield and
NUE of only the improved variety
responding to N, and only at close
spacing. Weed control levels had
no effect on vield in any
combination of factors across all
cecosystems, although close spacing
of rice did reduce weed biomass,



We conclude that in the first vear
of cropping after prolonged bush
fallow, only the crop in the
irrigated lowtand, and to a lesser
extent that in the hvdromorphic
cenvironment, responded to the
different management regimes,
whereas the upland rice crop was
not signiticantly aftected. This
result is consistent with
independent observations on
farmers” ticlds. Because of the
prolonged tallow period, weed
pressure was Jow and soil fertility
probably-high. (The latter is
currently being analyvzed). Both
factors are likelv to change in
subsequent seasons. We expect
management effects to become
more pronounced in 1995 and
1996, particularly in the upland
and hvdromorphic environments.
Detailed analvses of the evolution
of soil propertics, weed pressure,
and vields will then provide key
information on the varyving
carryving capacities of the upland-
hydromorphic-lowland ccosystems
tor intensitied rice cropping under
different management.

Iarm-level determinants
of chemical tertilizer use in
rice production systems

in Cote d’'lvoire

A desina

Even though several nutrient
deficiencies limit rice production in
Wost Atrica, the use of fertilizer on
food crops is generally very low. It
is important to identify the factors
that affect tarm-level use of
fertitizers in rice systems in

order to better target soil fertility
management research
interventions.
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In 1994 we examined the factors
that affect farmers’ use of chemical
fertilizer in rice production systems
in Cote d’Ivore, using detailed plot-
level data, The data for the study
were collected from a random
sample of 120 rice tarm housceholds
located near towns (Gagnoa,
Touba, and Boundialiy in the
humid-torest, torest-savanna, and
savanna agroecological zones of
the country. The study villages
form key sites at which detailed
biophysical characterization
rescarch (e.g., agronomic,
hvdrologic, cropping systems,
weeds, diseases, insects) is being
conducted by WARDA scientists,

We used a Logit regression model to
examine tarmers” decisions to adopt
tertitizers, whereas a Tobit model
was used to model the determinants
of fertilizer use intensity (as opposed
to initial adoption decision), Our
results showed that cultivated rice

TABLE 6:
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area, lowlind tversus upland) tields,
and mechanization are all positively
related to adoption and use
intensity ot chemical tertilizers. In
contrast, distance of the field to the
homestead, fertitizer use on cotton,
communal (rather than individualy
ficld status, and temale plot
management were found to be
negatively related to adoption and
use intensity. Thus, those farmers
cultivating larger farms, occupying
lowlands, using cither oxen or
tractors, and having fields closer to
the village, are more likelv to adopt
and use chemical tertilizers on their
rice fietds. The negative sign on
female-managed farms may retlect
capital constraints faced by women.
The positive sign on communal
ficlds may be linked with a desire
for ensuring household food
security from these fields.

In order to guide soil fertility
management research, we derived
conditional probabilities of

Predicted conditional probability of adoption of chemical

fertilizers on rice ficlds: effects of cultivated farm size, type of
cultivation, and type of ficld ownership for a lowland rice ccosystem.

Cote d’lvoire, 1993.

Cultivated area (hectares)

0.5 1.5

Manual

Communal (male) 0.17 0.32
Individual (male) 0.14 0.27
Individual (female) 0.02 0.04
Mechanized

Communal (male) .78 ().89
Individual (male) 0.74 0.87
Individual (female) 0.26 0.45

3.0 5.0 10 30
0.62 0.90 0.99 1.0
0.57 0.87 0.99 1.0
0.14 0.47 0.98 1.0
0.96 0.99 0.99 1.0
0.95 0.99 0.99 1.0
0.74 0.94 0.99 1.0

Note: This analysis was conducted at a mean distance of fields of 3.1 km from the

village, for farmers who judged the soil fertility of their fields as cither “good” or

“average”, and who also used chiemical fertilizers on cotton .
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adoption of chemical fertilizers for
a number of scenarios. The results
of these analvses are summarized
in ‘lable o.

Our results have three important
implications for the targeting of
improved soil fertility management
practices. First, the uplands are
subject to the high risk of soil
fertility degradation, because the
likelihood of farmers using
chemical fertilizer inputs on such
ficlds is extremely low. As
population pressure increases and
fallow periods on upland tields
shorten, degradation may become
increasingly severe, given that
farmer investment in chemical
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fertilizers is precariously low. New
improved tertility management
practices which don’t rely on
purchased inputs are most needed
in this ccosvstem,

Sccond, fields that are farthest from
the village form a second distingt
sroup o) high-risk fields. Fields
thatare very far from the village
are also otten located on marginal
lands with higher risks of soil
degradation.

Third, new soil fertility
management strategies need to be
designed with an understanding of
how intra-houschold field tenure
influences chiemical fertilizer use.

PROJECT 3: SOIL FERTILITY MANAGEMENT

Most soils used for rice cultivation
in \West Africa are low in organic
matter and available I" and N,
Because farmers rarely apply
sutficient fertilizer to replace the
nutrients removed form the soil by
the crop, soil tertility tends to
decrease rapidlyv under intensified
rice cropping. In the highly
weathered and frequently acid
upland soils, P and N deficiencies
are generally severe, although at
times the deficiencies are masked by
drought, which temporarily reduces
the crop’s demand for nutrients,
Crop responses to N application on
such soils, therefore, depend
strongly upon raintall and I" inputs.

The lowland and hvdromorphic
soils in the inland valley bottoms
are more resilient and less prone to
crosion than the upland soils. In
contrast to floodplains and delta
regions, which make up the bulk
of the fertile lowlands in tropical
Asia, the fertility of the inland
vatley bottoms in West Africa

depends much on the
phvsicochemical properties of
adjacent slopes. For example,
seepage of iron-rich water from the
crests during the wet season
frequently causes iron toxicity and
secondary nutrient imbalances in
the lowland crops, such as K, P, Ca,
Mg, and Zn deficiencies.

Varieties vary widely in their
capacity to tolerate or avoid such
stresses, and the development of
adapted germplasmeis a key
clement in WARDA'S eftforts to
render rice production more
sustainable on acid upland and
iron-toxic lowland soils. This
approach is complemented by
research on improved soil and
nutrient management methods,
both onstation and in
collaboration with NARS partners
in the Problem Soils Task Toree.

In 1994, WARDA'S soil fertility
rescarch focused on the diagnosis of
nutrient disorders in different key

Lxtension agents have always
favored communal tields under the
control of the male-headed
houscholds, because men are more
likelv to use chemical fertitizers.
But neglecting individual-female
ficlds keeps the likelihood ot using
chemical fertitizers low, and a bias
is created against women’s aceess to
both chemical and non-chemical-
based sources for maintaining soil
fertility. Women's fields deserve
greater attention in on-farm testing
of alternative technologies for soil
fertility maintenance.

localities and positions along the
continuum toposequence, and the
interactions between variety and
management interventions, This
research resulted in the
identitication of clear varictal
differences in tolerance to iron
toxicity and acid upland soils, and
of marked etfects of a range of
nutrients on the expression of these
tolerances. During 1995, we intend
to complement these ongoing
activities with in-depth
experimental and rodelling studies
on key processes that underlie the
observed interactions among,
chemical stresses, genotype, and
nutrient applications.

Nutrient management and season
affect soil iron toxicity
K.L. Suluawat and S. Diatta

Iron toxicity, a common snil-
chemical stress in West African
inland valley bottoms, is caused by
excess amounts of ferrous iron in
the soil solution. It is essentially a
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These preliminary results will be
complemented in 1995 with
detaited soil chiemical and physical
analyses and plant tissue analvses

TABLE 7: Effects of applied plant nutrients on the yield of Bouaké
189 in an iron-toxic soil at Korhogo, Cote d’Ivoire, 1994

Treatment Dry scason Rainy scason o ) o
- - to determine plant uptake of iron
Grain [ron Grain Iron ) ) . P
. L . . and the applied elements, We will
yield toxicity yield toxicity oo L - -
o . ol . then initiate phvsiologica! studics
t ha score t ha score . . .
on the traits responsible for
nutrient ctfects on the iron toxicity
Check (nofertlizer) 3.69 5 5.03 3 tolerance of rice, and agronomic
N 3.43 4 5.50 3 studics on the possible translation
NP 4.59 4 5.60 2 of this knowledge to improved
NK 4.08 4 5.74 2 cultural practices,
NZn 3.93 4 6.39 2
NI'K 4.86 +4 6.29 1 M&N: The varietios tested were Suakoko
NIPZn 3.90 4 5.29 3 8 (tolerant) and Bouake 189
NKZn 3.71 4 6.99 I {susceptibley. The eftects of nine plant
NPRZn +4.86 3 6.00 1 nutrient treatments Clable 7y were tested
LS (0.05) 1.304 0.729 in a randomized complete block design,
CV (%) 22 9 with four replications, The plot size was

condition caused by soil reduction
under tlooded conditions which
transtorms insoluble Fett* into
soluble Fe . Tron toxicityis a
complex nutrient disorder
involving physiological deficiencies
of other nutrients such as P K, Ca,
Mg, or Zn which, under certain
conditions, can cause adverse
symptoms. This phenomenon,
although poorly understood at
present, may provide opportunities
for etfective integrated management
of iron toxicity through a
combination ol tolerant cultivars
and nutrient and water
management techniques.

During the 1994 dryv and wet
seasons we tested the individual
and combined effects of applied N,
I K, and Zn on the response of
Bouake 189, a high-vielding but
suscentible locat cheek variety, to
iron-toxic lowland conditions at
Korhogo in Cote d'Ivoire. A second
variety tested, the traditional
tolerant check Suakoko 8, provided
no tangible results because of severe

lodging when fertilized. Table 7
summarizes the performance of
Bouake 189 under nine nutrient
treatments for the two seasons,
Leat-based scoring at the vegetative
stage indicated that iron-toxicity
stress was more severe in the dry
season than in the wet, Scores
varied between 3 and 5an the dry
season, and between 1 and 3in the
wet season. Leaf scores were
significantly correlated with grain
vield across both seasons (r = -0.92;
P < 0.0 and within the wet season
(r=-0.82; I’ < 0.05). The combined
application of NPK increased the
vield of Bouake 189 over the check
and N treatments in the dry scason.
In the wet scason, iron-toxicity
pressure was generaltly lower and
vields higher by about 2 t ha'l,
Various combinations of NPKZn
significantty increased vields
refative to the zero check. In both
seasons, however, Napplication
alone did not aftect grain vields.
Lowest iron-toxicity scores were
observed, in both scasons, when the
full range of nutrients, N, I’ K, and
Zn, was applied.

24 m~. Nitrogen was applicd as urea at a
rate of TO0 kg N hah 17as ISP at a rate
of 30 kg P hal; Kas KCLat a rate of 80
kg K ha's and Zn as Znoat a rate of 10
ke Zn hale Al nutrients except N were
added as basal applications.

Varictal response to residual
P in an ultisol in the humid
forest zone

K.L. Saliraswat, M.P Jones,

and S, Diatta

Phosphorus deficiency is one of the
most significant nutrient disorders
in the acid uplands of West Africa’s
humid forest zone. Availability of
Pin these soils to the rice plant is
reduced by reactions of soluble P
with Al and Fe oxides. WARDA'S
approach to sustainably improving
the productivity of rice-based
cropping svstems on ultisols is
based on the integration of two
components. First, we seek to
increase the P-use efficiency of
upland rice cultivars through
breeding and improved crop
maicgement. Second, we are
exploring managem.nt options to
improve the availability to the
plant of soil-borne and applied I;
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FIGURE 13:  Response of four upland rice varieties to fresh (1993) and residual (1994) P

ultisols frequently require P
applications that exceed the plant’s
needs, but some of the excess I’ can
be recovered in subsequent seasons
due to slow sorption-desorption
reactions of the mineral complex.
The test cultivars included three
improved upland rices bred at

for example, by means of
leguminous fallow species that
shift more ' to the organic-matter
fraction of the soil.

and 180 kg P ha'lin an ultisol low
in extractable P near Man, Cote
d'Ivoire. During 1994 the
experiment was repeated at the
same site, but without any fresh
application of fertilizer I, to study
the response of the four cultivars to
the residues of the initial P
application. Crops grown on

In 1993 we reported on the
response of four upland rice
cultivars to triple super phosphate
applicd at five rates between zero
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FIGURE 14:
and wet scasons,

WARDA (WAB 56-125, WAB 56-104,
and WAB 56-50) and the local
improved upland check IDSA 6.

Al test varieties showed a
significant (P < 0.05) response of
grain vield to P application during
the first vear, with \WAR 50-125
responding most and IDSA 6 least
(Figure 13). The response th
residual I during the second vear
was much weaker but was also
significant for all cultivars. Residual
etfects on vield for the three WAB
cultivars were in the order of 0.2 t
ha'twith an initial application of
45 kg P ha'!, increased to 0.6 to 0.8
t ha! when 90 kg P ha! had been
applied, and did not further
respond to higher I inputs. More
than 2 t ha'! grain were gained with
an application of 90 kg I ha'!,
about one-third of which was
obtained from P fertilizer residues in
the second season. The resulting
agronomic P-usc cfficiency (PUE)
was extremely high in the WARB
cultivars, ranging from about 10 kg
of grain per ke I"applied (180 kg P
hatapplied) to 30 kg of grain per
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Response of four rice varieties to N during the dry

kg I (45 kg P ha''y in WAB 56-125.
The PUE of the local check IDSA 6
was only half that of WAB 56-125.
The cumulative PUE of WABS6-104
and WAB 56-50 was similar to that
of WAB 56-125, but there was a
greater contribution of residual I in
the second vear.

We conclude from this study that
considerable potential exists to
increase the varietal response to
fresh and residual P fertilizer in
upland ultisols, particularly for
IDSA 6, the most commonly grown
improved upland rice cultivar in
Cote d'lvoire. The trial will be
continued until residual etfects of
the initial P application have
completely subsided, in order to
analyze temporal changes in
available and totat P content, and
in other soil fertility parameters.
Follow-up rescarch in 1995 and
beyond will show to what extent
varictal differences in agronomic
PUE are due to access to soil I for
example, through mycorrhizal
symbiosis; and to the physiological
efficiency of I absorbed by the
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plant. Similar studies will be
conducted or. fallow species in
order to improve the cropping
systems” use efficiency for I' and
other nutrients, not only during,
but also between, rice crops.

M&M: The trial was conducted near
Man thumid forest zone in Cote
d'lvoire) during the 1993 and 1994 wet
seasons. It had a 2-factorial RCB
design with 4 replications. Factor |
was I application during the first year
(0, 45, 90, 135, 180 kg I’ ha'! basal as
triple superphosphate). Factor 2 was
variety (WAR 56-125, WAB 56-104,
WAB 56-50, IDSA 6). The soil was an
ultisol (pHE4.9; organic € 1.35%,; 2.7
ppnt Bray-1 extractable Py All plots
received 100 kg N hatas urea in 3
splits during hoth years.

Nitrogen responsiveness of
irrigated tlowland varieties in the
dry and wet seasons

K.L. Salirawat and 8. Diatta

With assured soil moisture and a
low risk of crosion, irrigated
lowlands provide a more conducive
environment for high, stable rice
yields than the uplands. Rice
varieties cultivated in this
ccosystem are generally of the
improved semidwarf indica type,
which are responsive to fertilizer
inputs, especially N. Despite the
systematic testing of high-yielding
introductions from Asia during the
past 20 years, however, the most
successful Asian varieties (such as
IR36, IR64, and IR72) were not
adopted by West African farmers
because of their poor adaptation to
the local biotic and management-
related constraints. Instead, better-
suited but lower-vielding lines of
Asian origin were selected and
widely adopted by farmers
cultivating the favorable parts of
valley bottoms, such as Bouak¢ 189
from Indonesia. More recently,
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TABLE 8:
toxicity (Korhogo) and low iron toxicity (M’bé), Cote d’lvoire, 1994,
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Performance of 12 rice cultivars at sites with high iron

Cultivar Iron-toxicity Grain yield

score (t ha'ly

Korhogo Korhogo  M’bé
TOX 3118-6-F2-3-2 1 6.66 7.57
TOX 3052-41-E1-2-1-2 1 6.30 8.12
TOX 3081-36-2-3-1 1 6.17 6.02
CK4 1 6.05 8.33
TON 3050-46-£3-3-3-3 1 5.99 6.24
TOX 3()27-43-] 3-1-1-1 2 5.48 7.51
CK73 2 +4.85 4.20¢
TOX 3093-35-2-3-3(WITA2) 2 4.77 7.62
Bouak¢ 189" 3 +4.69 6.50
TOX 3100-32-2-1-3-5 (WITA3) 3 4.30 7.75
TOX 3069-66-2-1-6 5 4.17 7.70
Suakoko 84 2 3.73 5.31¢
LSD (0.05) 1.10 0.77
CV (%) 15 13
Note: a = tolerant check

b = local check
¢ = hird damage

|()C£lll)’ ildil[)lt‘d and vcry-high- N ha'l. The agronomic N-use

vielding varieties were bred in Africa
at A, and since the carly 1990s, at
WARDA. These varieties, designated
IEA, WITA and now WADB, are
becoming increasingly popular in
the region,

During the 1994 dry and wet
seasons we studied the response to
N inputs of some of the most
popular lowland rice varicties bred
in Atrica, compared with the local
check Bouake 189, The test
varieties were I'TA 212, ITA 306, and
ITA 402, The grain viclds were
higher in the dry season than in the
wet season by one to two t ha'!
(Figure 1. The highest vields were
obtained with 90 kg N hatin the
dry season, whereas in the wet
season, yields tevelled off at 60 kg

efficiencies (NUL) were generally
high and varied between 28 and 41
in the dry scason, and between 34
and 39 in the rainy scason.
Varieties did not differ in NUL,

The African-bred varicties generally,
and in most cases significantly (P

< 0.05), out-yielded Bouake 189 in the
dry scason but not in the wet. The
higher vield potential of the ITA
varicties was not expressed under

the lower solar radiation conditions.

Yield differences among the ITA
varieties were not signiticant, but
ITA 306 was 1he tap yielder in six
out of ¢izhic treatment x season
combinatinns, iredicatitiz that this
variety has a particularty hi; n vield
potential. Its high vicld stabiliy is
shown by the faci tha tidds variets
also has given consistently superior
vields in the Sahel dusing the wet

season, on both farmers’ and
researchers’ plots, resulting in its
release in Senegal during 1994,

We conclude that ITA 212, 306, and
402 have superior vield potential as
compared to the local improved
check Bouake 189, The higher
yields appear to have been caused
by better utilization of solar
radiation, rather than a stronger
response to N During 1995 we will
study in detail the N uptake and
distribution within the plant, and
the growth patterns of key varieties,
such as those tested here. Crop
simulation models calibrated with
these data will then help to identify
traits responsible for the seasonal
and N-input-depencdent
performance of clite varietics.

ME&M: Four levels of N applied as urea
(0, 30, 60, and 90 kg N ha'!) were
applied on plots measuring 15 m<. All
plots received a uniform basat
application of P (50 kg PP hah and K (80
kg K harhy. The experiment had a
randomized complete block design with
tour replications.

Promising rice cultivars identified
for iron toxicity in lowland soils
K.L. Sahrawat, B.N. Singh,

and S, Diatta

Iron toxicity is a major stress and
vield-reducing factor in irrigated
and rainfed lowlands in West Africa,
particularly where lowlands are
bordered by iron-rich upland soils.
WARDA is addressing this problem
in a two-pronged approach by
exploring soil/water management
options to reduce plant exposure to
the stress, and by improving varietal
tolerance to iron toxicity. At
present, however, varietal tolerance
is still the most practical and cost-
cffective means of increasing rice
yields in iron-toxic soils. WARDA'S
key sites for iron toxicity studies are
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Promising rice cultivars are identified, cataloged, and harvested for further studies.

M’be dow-stress control sitey and
Korhogo (severe stress) in Cote
d'Ivoire and Badeggi in Nigeria
(severe). The Problem Soils Task
lorce is using a broader range of
sites in collaboration with NARS.

From our evaluation in 1992 and
1993 of 32 cultivars at M’'b¢ and
Korhogo, 12 clite selections were
further tested at these sites in 1994,
The cultivars tested are among the
best available in the region, and this
was reflected in their performance
at the Korhogo site (Table 8). Three
TOX lines and CK 4 achieved grain
yields in excess of 6 t ha! at
Korhogo, where iron toxicity is

generally severe. CK 4 was the top
yielder (8.33 t ha'!y at the more
moderate M’bé site. The results
demaonstrate that varietal tolerance
to iron toxicity is physiologically
compatible with high yield
potential.

Across all entries, except for the
tolerant check Suakoko 8, which
had low yields because of its
traditional tall ptant type, grain
yields at Korhogo were significantly
correlated to the leaf-based iron
toxicity score at the vegetative stage
(r=-0.87; ' <0.01). This strong
correlation between stress
symptoms and vield, however, has
not always been observed in
preceding years; so for 1995 we are
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planning some indepth studies on
the micro-variability of iron toxicity
and the reproducibility of plant
responses to this stress.

On the basis of the results of the
planned study, and those of the
1994 study, we will select a new set
of check varieties that are more
representative of the desired high-
vielding plant type for the irrigated
lowland, and we will develop an
improved screening method for
better reproducibility of screening
results. These studies will also take
into account our observations from
independent studies that iron
toxicity is strongly influenced by
the availability of a range of
nutrients, and therefore might
show different varietal response
patterns under different inputs. At
thie same time, the most promising
variceties will be made available to
national breeders in 1995 for
broader regional testing under iron-
toxic conditions.

MEN: Al plots (12 m? at M’bé; 24 m? at
Korhogo) received a basal application of
20-36-36 kg ha”! of NPK. Both
experiments had a randomized complete
block design with four replications.

PROJECT 4: INTEGRATED PEST MANAGEMENT METHODS
FOR RICE IN WEST AFRICA

The incidence of rice pests and
diseases depends on an intricate
interaction among the crop, the
biological and physical
cnvironment, and the tarmer’s
management interventions. The
transition from extensive
production systems, which still
dominate rice production in the
subhumid and humid tropics in
West Africa, towards intensified
systems, is inevitable in the face of

demographic growth and land
shortage. Intensification, however,
generally reduces biodiversity and is
likely to increase the pest and
discase pressure. An integrated
approach combining productivity
objectives with environmental
resilience is imperative, particularly
for environments in which farmers
traditionally rely on natural
biological control mechanisms, and
they have neither the experience

nor the means to invest in
interventions that provide no
immediate cconomic returns.

WARDA's approach to pest and
disease management is strictly
interdisciplinary. It addresses
production environments as
agroecological systems. lor
example, we examine weeds not
only as competitors for resources,
but also as alternative hosts for
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parasitic nematodes, hosts for
diseases such as rice vellow mottle
virus (RYNMV), hosts tfor insect pests
like the African rice gall midge
(ARGND, or as habitats for useful
predators. The goal of WARDA'S
IPN project is to integrate cultivar
selection and management
interventions in a way that sustains
improved cconomic returns and
maximizes favorable ecological
trade-otts,

During 1994, our [PM rescarch
focused on six main themes. First
we continued to study the genetic
diversity and environment
dependency of rice disease
resistance, particularly to blast and
RYMV. Second, our study of the
genetic diversity and spatial
distribution of the pathogens
continued to be a major research
tocus and will in the near future be
complemented by molecular genetic
studies. The third rescarch focus in
1994 was on the interactions among
weeds, arthropods, and pathogens,
with the objective to evaluate the
intrinsic biological resilience of
extensive and intensified rice
agroecosystems, Beyond the
diagnostic objective, some of these

PEST ECOLOGY

Phenological and seasonal
occurrence of rice insects and
discases at M'bé

EA Heinrichs and ALAL Sy

Effectively evaluating rice
germplasm for resistance to insects
and discases in the field requires
knowing the time of year and the
growth stage of the crop at which
inscct pest and discase pressures are
greatest. To obtain this information
for pests on the M'be farm we have
followed a rice garden approach,
with monthly plantings of the rice
variety Bouake 189 under lowland
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studies explicitly aim at the future
development of interventions that
would strengthen biocontrol
mechanisms. For example, an
ongoing collaborative project with
NRI on the ecology of ARGM, a
major rice pest in West African
lowlands, will now focus on
parasitoids that may help control
ARGM.

The fifth IPM research focus during
1994 was the analysis of scasonal
and cultural effects on pest and
disease incidence at WARDA'S
research farm at N'bé along
continuum toposequences,
including the irrigated towland.
Sixth, we studied the weed
competitiveness of rice as atfected
by position on the continuum
toposequence, management factors,
and rice genotype. The six 1PM foci

were complemented with surveys of

farmers’ perceptions of biotic
constraints and the pest-control
methods known to them.

Results generated during 1994 gave
crucial guidance to WARDA's
cropping systems research and
breeding activities. We found that
across rice ccosystems in the humid

irrigated conditions. The rice
garden was established in May 1993
and will continue for several years,
Regular sampling for insect pests,
natural enemies, stem borer
damage, and rice yellow mottle
virus (RYMV) infection provides
information on both the scasonal
and phenological occurrence of
biotic constraints,

Grain yields varied significantly as a
function of planting date (Figure 15).
Highest yields were obtained for the
September and December through
February planting dates. Leaf

zone, and particularly in the upland
ccosystenm, naturally existing
predators and parasitoids keep pest
and disease pressure at a relatively
low level. An important objective
of future technology development
rescarch must therefore be to keep
the existing natural mechanisms
intact. IPM research is particularly
urgent for the peri-urban lowland
rice-based cropping systems, which
are rapidly expanding and
intensitying. IFrom 1995 onwards, a
multidisciplinary rescarch thrust,
including IPM, will address this
crucial environment,

Control of pests, discases, and their
vectors is [east costly to the
cnvironment if it is achieved
through varietal resistance. In 1995
we will intensify our efforts to breed
for weed competitiveness, RYMV
and blast resistance, and resource-
usce cfticiency. Particular emphasis
will be on RYMV epidemiology and
varietal resistance, because no
technologices, cither cultural or
varietal, are currently available to
lowland rice farmers for control of
this dangerous discase.

feeding damage by the beetle
Trichispa sericea and the incidence
of RYMV-infected plants were both
severe for the July and August
planting dates. 1. sericea has been
reported to transmit RYMV and,
under the experimental conditions,
was probably the main vector.
Deadhearts caused by stem borers
were most frequent for the May
(60%) and least frequent in the
August to October (about 10%)
planting dates. Diopsids, Diopsis
macrophitialnig and D, apicalis, were
distinctly most abundant in the
December to March plantings;
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The phenological and seasonal occurrence of rice insects and rice yellow mottle virus are monitored
through monthly plantings of rice variety Bouake 189 in a lowland irrigated “rice garden”. Information
generated 1s used to time plantings of experiments in respect to pest populations. Nearly all stages of
cultivation can be seen h.re—from fallow to recent harvest.

lcathoppers, Cofana spectra and (.
unimactlata, in the November
planting; Locris spp. in the
September to December plantings;
and the grain-sucking bug, Aspavia
armigerd, in December and April
plantings. Predaceous spiders were
abundant throughout the vear, but
populations were lowest in the
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December to February plantings.
Most of the insect species and
spiders also showed distinct peaks
of abundance according to crop
growth stage.

The first year of this study has

indicated that pest species
abundance varies significantly

Bouaké 189

il )

Nov Dec Jan Feb Mar Apr
'94
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within a year and within a crop
season. If continued studies show
the trends to be consistent from
vear to year, the data will be used
as a guide tor selecting planting
dates and crop growth stages that
give maximum pest pressure in the
field-screening of rice cultivars for
pest resistance.

M&M: Seedlings planted at a 23¢m x
25em spacing. Fertilizer applied as NI'K
(10-18-10) at 150 kg ha at transplanting,
and urea as 75 Kg ha 30 and 60 days
after transplanting. Plots hand weeded.
Noinsecticide applied. Sweep-net
sampling for insect pests and natural
enemies and estimations of percentage
of stem-borer-caused deadhearts made at
two-week intervals throughout crop
growth. Stem dissections to determine
the percentage of stem-borer infestation
and stem-borer species composition
done at 30, 50, and 70 DAT. RYMV
readings taken at 60 DAT, Yields were
measured at harvest.

FIGURE 15:  Grain yields of the
rice variety Bouaké 189 under
lowland irrigated conditions at
M’Dé, as affected by month of
transplanting, May 1993 to April
1994. Bars with a common letter
are not significantly different at
the 0.05 level by Duncan’s
muttiple range test.
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Year-round monitoring of African
rice gall midge in Nigerian
outbreak arcas

.o Willins (HIBC), EAL Heinrichs,

K. Harris (IBC), O. Okhidievbie

Efforts to develop IPM systems to
control the African rice gall midge
(ARGND (Orseolia ory zivona) have
been intensified following serious
outbreaks in Nigeria and Burkina

Faso, and increasing infestation
throughout the region. In 1993 a
collaborative WARDA/CABI project,
based at IITA Ibadan, was
established to address this objective,

During 1994 we monitored ARGM
populations in farmers’ fields in
central and southeastern Nigeria, in
collaboration with the National
Cereal Research Institute of Nigeria
(NCRI) and extension staff, to
obtain a better understanding of
ARGM ecology and information
crucial to the development of 1PM
options. Objectives were: to
determine host plants and habitats
important for the dry-season
survival and carly wet-season build-
up of ARGAL; to assess the
importance of parasites in
controlling ARGM; and to identify
environmental determinants of
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high infestation. Twelve sites,
grouped in three localities—the
Guinea savanna, humid forest, and
forest/savanna transition zones—
were sampled from February to
December 1994,

We found no evidence that ARGM
could use any grasses other than
Oryza species as alternative hosts.,
Although galls were common on

Gall midge damage in a
Nigerian rice field. The
damage is evident as light
green slender galls, which
form due to the presence
of a gall midge larva.

the weed Paspalim scrobiculatunt,
they were of a different, as yet
undescribed, Orseolia species.
Screenhouse tests on ARGM host
range support these findings. The
presence of the Orseolin on
Puaspalum may be beneticial, because
it appears to be an alternative host
for Platygaster diplosisae, the main
parasite of ARGM.

Host plant species important for the
dry-season survival of ARGM varied
according to locality and cropping
pattern. In the torest zone, ARGM
survived on . sativa ratoons, but in
the savanna zone, wild perennial
rice (Orvza longistuminata) was the
key dry-scason host, with O. sativa
ratoons and volunteers providing
bridges between it and the rice crop.
At the only double-cropped site, in
the forest zone, ARGM and its
parasites persisted at low levels on
the dry-season rice crop.

Our results confirmed that the key
habitat for ARGM dry-scason
survival was rice ficlds left fallow
through the dry season. Dry-season
cropping with cassava appeared to
reduce survival, Orvza species were
rare, and ARGM galls were generally
absent on old fallow fields (not
cropped with rice in the last wet
season), permanent ditches and
bunds, and adjacent upland arcas.

Late and staggered plantings were
associated with high infestation,
particularly at the forest/savanna
transition locality. Here, low ARGM
populations carly in the wet season
did not preclude heavy subsequent
infestations: very low gall densities
up to july were commonly followed
by an explosive increase, associated
with low parasitism levels. Results
from the dirrigated site show that
double-cropping does not
necessarily result in higher
infestation, probably due to carry-
over of parasites from dry- to wet-
season rice crops.

Results of this monitoring suggest
several possibilities for improving
cultural and biological controls, and
they will aid in predicting the
consequences of changing
agronomic practices. Potential
control measures include carlier and
more synchronized planting, control
of wild rices that serve as alternative
hosts for ARGM, and the use of
ARGM parasites. These options, in
combination with ongoing breeding
for ARGM-resistant rices, will be
pursued in 1995,

M&M: Sampling in Feb., May, Jul., Oct.,
bDec. Quadrats (25 con x 25 enny at 10-20
pace intervals along parallel transects
were sampled to estimate density of galls
on all Gramineae species and all main
habitats, and abundance of Gramineae
species. Additional quadrats were
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FIGURE 16:

Month

Scasonal changes in ARGM population densities and parasitism by Aprostocetus procerae and

Platygaster diplosisae at four contrasting Nigerian sites. Gall densities are site averages, including all main
habitats. Heavy lines under x-axes indicate periods when rice crops were available. Percentages show

average tiller infestation levels for sampled rice crops. Host plants, other than rice crops, on which galls were
found, are indicated: OL = Oryza longistaminata, OSR = O. sativa ratoons, OSV = O. sativa volunteers.

searched tor likely alternative hosts,
Galls were dissected to assess percent
parasitism. Orscolia spp. and parasites
were identified by Ko Harris ana CABHIE
taxonomists. During the cropping
season, percentages of tiller infestation
on rice fields were recorded, along with
ticld parameters possibly influencing
infestation.

Stem horer species composition in
rice-maize cropping systems in
Cote d’lvoire

EA Heinrichs and

F. Scludthess (1FFA)

Rice and maize are often grown as
a mixed crop in the rainforest zone
of Cote d’lvoire, with rice being
the predominant component,

making up more than 90% of the
biomass. Stem borers are known
to be important pests of both rice
and maize, but little is known of
the interactions between stem
borer species in rice-maize
cropping systems.
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A mixed crop of rice and maize 11 Cdte d'lvoire.

80
Maize monocrop
70 o " Maize in mixed crop
Rice in mixed crop

i

Eldana Malarpha Diopsis Sesamia Busseola Chilo

FIGURE 17:  Percentage of species (Eldana saccharina, Maliarpha
separatella, Diopsis spp., Sesamia calamistis, Busseola fusca, and Chilo
spp.) composition of stem borers dissected from stems of rice and
maize plants grown in rice-maize mixed cropping, and in maize plants
when grown as a monocrop. The survey was conducted in farmers’
ficlds in the rainforest region of Cote d’'Ivoire, November 25 to
December 3, 1994,

In 1994 we conducted two surveys
in collaboration with 11TA to
determine the species composition
of the stem borer complexes and
the abundance of stem borer
species in rice and maize in rice-
maize mixed cropping and in
maize as a sole crop. The first
survey was conducted June 29 to

July 27 in the wet season, and the

second survey from November 26
to December 3 in the dry season.
The surveys were conducted on
farmers' ficlds in the arcas around
Yamoussoukro, Bouafle, Gagnoa,
Deuckue, Daloa, Man, and Danane
in Cote d'Ivoire. In the first survey
39 rice/maize tields and 39 maize
monocrop fields, and in the second
survey, 13 rice/maize and 65 maijze
monocrop fields were sampled. In
cach field, 10 maize and 10 rice
plants were dissected and stem
borer species determined.

Stem borer populations were
generally lower in the wet season.
The borer species restricted to rice
were Diopsis spp. and Maliarpha
separatella , whereas Busscola fusca,
Chilo spp., Eldan saccharing, and
Sesamia calamistis occurred on both
rice and meize. No M. separatelha
were collected in rice in the wet-
season survey, but it was the
predominant species (52%) in the
dry-scason survey, followed by
Diopsis spp. (199), S. calamistis
(18U, . saccharing (81%), and B.
fusca (3% (Figure 17). Although we
observed no differences in the
relative abundance of borer species
in maizce when grown with rice or
as a sole crop, the percentage of
maize stems attacked by borers was
significantly less in the rice-maize
system than in the monocrop maize
system. Stepwise linear muldtiple
regressions yielded significantly
negative relationships (P < 0.05)



between the incidence of stem borer
infestation in maize and the
abundance of wild plant hosts
and/or rice.

Our results indicate that rice may
act as trap plants, thereby
decreasing the amount of stem
borer attack in maize. In 1995 we
will conduct experiments at M’be
to verify the present results and to
determine the degree of stem borer
attack in rice as atfected by
different densities of intercropped
maize populations.

Response of parasitic nematodes
to mineral fertilization in
upland rice

D. Covne (NRI and K. Sahrawat

Rice root intestation with
nematodes depends on both the
rice variety and the environment,
including soil tertility and fertilizer
application. In 1994 we studied the
cffect of long-term ditferential N, I,
K, Ca, Mg, and Zn treatments on
root nematode frequency in the
focally cultivated nematode-
susceptible variety IDSA6. The
experiment was a long-term upland
soil nutrient deficiency field trial at
N’be, Cote d'lvoire, inits sixth
consecutive vear.

Four species of parasitic nematodes
were naturally present in the trial:
Meloidogyie incognita, Pratvienchus
eede, Helicotylencis psuedorobustas,
and Criconemella tescortm, The first
two species are known pests of
upland rice, but the ccology of the
last two is less well understood,  All
nematodes were found in high
densities (Table 9y which, at least
for I’ zedae and M. incognita, would
translate into significant economic
losses.
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TABLE 9:
different nutrient applications
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Numbers of nematodes recovered from plots treated with

Nematode species **

Treatment *

M. incognita P zeae H. pseudo- C. tescormm Total

robustus

Zero-check -+.02 3.40 2.10 1.39 10.96 ns
compl. fertilizer 4.15 3.41 1.65 1.48 10.69-
N 4.27 3.47 1.90 1.50 11,14 ns
I 3.63 3.20 1.18 ().82 8.82*
K 3.56 2.95 1.86 1.19 9.56 ns
Ca 4.16 348 1.60 1.48 10.71 ns
Mg 4.13 3.03 1.84 1.05 10.04 ns
/n 3.82 2.56 1.35 1.16 8.88*
LSD (0.05) 0.98 0.93 0.77 .82 1.66
CV (%) 17 20 31 44 23
* = zero cheek = no fertilizer
= transformed mean ot 4 replications; nematode numbers recovered from

100 ml soil + 2g roots (fresh weight)
* = significantly (1 < 0.05) ditferent from completely fertilized control

ns

No ditferences in total nematode
infestation (all four species) were
observed between the treatments
fertilized with cither none of or the
complete range of elements.
Infestation was significantly (P <
0.05) lower, however, if cither P or
Zn was withheld. These ditferences
were only evident for the
combined populations of the four
nematode species, whereas for any
given species, no treatment effects
were tound.

Our results permit two preliminary
conclusions. First, soil nutrition
may affect the nematode infestation
of upland rice roots. However, such
effects seem not to be related to the
overall fertilization level (full range
vs. no elements applied). Instead,
an imbalanced fertilizer application
{deficiency in I or Zny may lead to
reduced nematode populations,
Second, increased nematode

not significantly different from completely fertilized control

infestation might neutralize the
potential yield increases brought
about by " or Zn application,
thereby masking actual deficiencies
inPandZn.

In 1995 we will study in more detail
the response of rice root nematode
infestation to soil properties and
fertilization, particularly in the
highly acid and P-deficient upland
soils that characterize many upland
rice environments in West Africa,

M&M: The long-term nutrient
deficiency trial at M'bé/upland follows
an RCB design with 4 replications and 8
treatments, including a non-tertilized
control and a fully fertilized control (100
kg ha-1 N, 1001 TOO K, 50 Mg, 10 Zn).
For the remaining o treatments, one of
the elements was omitted (e.g., N, I3 etc.).
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BIOLOGICAL PEST CONTROL

White leathopper parasitism
in Cote d’'lvoire
E. Heinrichs

The dominant low-input rice
production systems in West Africa
rarcly use insecticides. They
depend highly on natural
mechanisms tor the control of
insect pests, stch as insect
pathogens, predators, and parasites.
Ina 1993 study we found internal
strepsipteran parasites of the genus
Hedictophagus to be abundant on
white leathopper species at
WARDA'S experimental farm at
Abe. Specimens of Cofara spectia
and Corrimaculata collected from
lowland rice tields showed 21% to
31 and 8% to 19% parasitism,
respectively. This study was
expanded to seven kev locations in
Cote d'lvoire in 1994, including
AM'be, inorder to determine the
importance ol strepsipteran
parasitism over a wider subregion in
the main wet season. Leathoppers
were collected from sites in the
rainforest, torest savanna, and
savanna agroecological zones; and
from upland, hydromorphic, and
lowland ccosystems.

Strepsipteran parasitism over the
seven sites was generally higher for
Cospectra, with an average of 21%)
frange of 8% to 2940, and only
10% (range of 4% 1o 21%) for ¢,
unimactlata. Parasitism of both
species was highest in Korhogo and
M’be, which are both located in the
savanna zone (Figure 18).

Our results indicate that the level of
strepsipteran parasitism of the two
Cofana species on farmers” ficlds in
diverse regions of Cote d’Ivoire is
similar to that on the WARDA M'be

30
— Il Cofana unimaculata
| Mean = 12%
o
25 |
P
E R

Parasitism (%o)
o

o

Serhio Quaninou

FIGURE 18:

Gagnoa-|

.| Cofana spectra
Mean = 21%

Gagnoa-F Touba Korhogo

Percentage of Cofana unimacualata and C. spectra

parasitized by the strepsipteran Halictophagus sp. in a 1994 wet-scason
survey conducted at several locations in the rainforest and forest-

savanna regions of Cote d'lvoire.

Mbe = WARDA towland fields; Serihio (near Gagnoa) = tarmers” upland,
hydromorphic, and lowland ficlds; Ouaninou (near Touba) = farmers” upland fields;
Gagnoa-l = lowland fields at the [DESSA Research Station; Gagnoa-F = farmers” lowland
fields; Touba = farmers” towland fields; and Korhogo = tanmers” lowland fields.

research farm. These parasites,
which provide a high level of
natural control, must be maintained
as cropping svstems and must be
intensified. More research is
required and will be conducted by
WARDA to determine the effects of
crop intensitication on pest
parasitism, and to determine
possible alternative cultural
practices that might help sustain
natural control mechanisms for
insect pests.

Note: Adults of white leathoppers were
collected with sweep nets during the wet
season. For the sevensites ieferred toin
Figure 18 sweeping was done at M'be on
12 days at 3- to J-day intervals during
the reproductive stage of rice. Samples

were taken on six dates at Serihio and
Ouaninou, and on one date at other
locations. Insects were placed in atcahol
and returned to the laboratory for study.

The influence of weeds on the
natural control of insect pests

J. Afun, AL Russcll-Smith (NR1),

D, Jolmson (NRD), and . Heinrichs

Farmers in traditional upland rice
systems rarely maintain a weed-
free crop throughout the season,
Although weeds compete with the
crop, they also provide habitats for
predatory arthropods which
regulate insect pest populations.
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Our field survevs showed that
broad-leat weeds were predominant
in the forest zone, particalarhy
Clomolacna odorata, whereas
grasses such as linperata cvlindrica,
Pennisctunn polvstachion, and
Hackelocdhoa yramidaris dominated
in the savanna zone. Spiders and
ants were generallv the most
abundant predators, as determined
by sweep-net and quadrat
sampling. In the forest zone,
spider and ant activities, as
determined by passive (pitfally
traps, were positively correlated
with the proportion of grass weeds
in the crop. In the savanna zone,
spider activity varied between fields
but was not correlated with
weed/crop biomass ratio,

Weeding of rice field planted after a short fallow period. Rice plants damaged due to competition with

weeds are evident in the weeded area in the foreground. . o S
I the weeding regime study, spider

populations were significantly

In 1994, we conducted a range of
experimentat and diagnostic
activities to clucidate the balance
between beneficial and
detrimental etfects of weed
populations, and to identify weed
and weed residue management
practices that would increase the
abundance of predators.,

FIGURL 19:  Effect of weed residue
management on spider populations
and activity in upland rice. M'b¢,
wet scason, 1994,

Scattered = residue randomly distributed;
Piles = 1 pile/ 1O M Strips = 1 strip every §
rows of rice; and No residue = ali trash
removed trom plot. Spider populations are
based onten 0.25 me quadrat counts per
treatment at 30, 63, and 86 DAL, Spider
activity is hased on 10 pittall traps per
treatment at 4o, 67, 88, and 120 DAL,

To determine associations among
weeds, insect pests, and predators,
we conducted surveys in farmery’
fields in the forest and savanna
zones of Cote d’'Ivoire. We also
conducted experiments at M'bé on
the effects ot seven ditferent
weeding regimes and four weed
residue management practices on
predators and pests.

40
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LSD: Activity = 0.7
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Scattered Piles

higher in unweeded plots compared
toweeded plots. Their activity was
higher in manually weeded plots
than in chemically weeded plots,
and activity was higher it manual
weeding took place at midseason
(28 to o3 davs after emergence), as
compared to carly or late weeding,
Manual weeding ot midseason did
not reduce vield relative to the

[ ] Population
© Activity

Activity (No./trap)

Strips No residue
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herbicide-treated plots, but it
maintained a much higher
population of spiders, which are
useful predators. In the weed
residue management study, spider
activity was higher when residue
was placed instrips or scattered in
the plot than when it was piled or
removed from the plot. The lowest
populations and the least activity
were recorded on residue-tree plots
(Figure 195, Insect pest populations
and damage, however, were not
atfected by residue placement, and
this finding needs to be veritied or
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explained in subsequent studies. In
contrast to spiders, ant populations
were not affected by weeding
regime or residue management.

The observed intluence of weeds
and weed residues on natural
cnemies of insect pests suggests that
the weed/predator complex helps to
maintain a natural balance in the
population of insect pests. There
seems to be scope, however, for
controlling weeds while sustaining
usetul predator populations. In
1995 we will confirm these results
and relate them to the crop damage

VARIETAL RESISTANCE TO BIOTIC STRESSES

Determining traits that
¢nhance weed competitiveness
in upland rice

NP Jones, D). Jolmison, B. Fofana,
ared T Koupeur

Weed infestation is a maior cause of
low rice vields in upland ar-d
hydromorphic ecosystems in West

Africa. Weeding is generally manual,

but in many cases etfective weed

control is impaossible due to shortage

of, or competing demands for, labor.
One way of reducing costly weed
control inputs imanual weeding or
use of herbicidesy is 1o use weed-
competitive cultivars. Two

experiments were conducted in 1994
to identify variceties that can compete

with or tolerate weeds.

In the first experiment, sixteen
promising genotypes selected in
1993 for their weed
competitiveness were evaluated
under high-, medium-, and low-
input management at \WARDA
headquarters.

0. sativa x O. glaberrima /ines about 18 days
alter sowing. Rapid vegetative growth and early
tiller development are traits that enhance
competition with weeds.

actually caused by insect pests.
Based on this, we will then explore
technical options for a more
integrated control of both weeds
and insect pests in farmers’ fields.

Note: Treatments: not weeded, weeded 0
to 21 davs after emergence (DAL, 14 to
A5 DAE, 28 to 49 DAL, 42 to 63 DAL, 0
to 100 DAE; herbicide treatment—
Ronstar applied at planting and Garil at
25 DAL, Design—RCB. Wet season, June
- November, 1994, Plot size, 7m x 5 m.

Two O, glaberrima varieties—CG 14
and CG 20—gave the highest
number of tillers and leaf area
under all levels of management.
Rapid vegetative growth, which
was the main competitive
advantage in these cultivars,
helped keep weed biomass very
low at 40 davs atter sowing (Figure
204, The comparatively low-
tillering but tall-statured O. sativa
genotvpes WAB Yo-1-1 and SP4
also suppressed weed growth.
Neither of the two groups had
high yields, however. This was the
case for the O glaberritma cultivars
because of their inherently low
spikelet number per panicle and
for the tall O, sativa cultivars
because of tow panicle number. A
third group, represented by WAB
181-18, WARB 56-50, and WARB 56-
125, were high tillering. had high
leat arca and intermediate stature.
These materials were selected for
detaited characterization in 1998
because of their tolerance to weeds
during reproductive and ripening
stages, resulting in superior yields
under weed competition.
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FIGURE 20 A-C:
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I a second experiment, twelve O
sativa and O, glaberrinna lines
covering a wide range ot ditterent
plant tvpes—height, tillermg
capadity, and feat canopy
architecture——were grown under
dittering Tevels ob weed control, The
objective was to identity traits
associated with competitiveness with
weeas. Interactions between variety
and weeding regime were highly
stgniticant (< 0.01). Regression
analvsis across variceties and
replicates showed that grain vield on
plots with poor weed control,
expressed as afraction ot vield on
plots with good weed control, was
negatively correlated with weed
weightat rice maturity (r = -0.02,

n =300 and, likewise, positively
correlated with rice root length at 49
DAS .79, tiller number (0.75y and
leat area (073 at 36 DAS, These
results are further evidence or the
association between crop
development during the vegetative
phase and competitiveness with
weeds. s in the tiest experiment,
the most weed-competitive materials
were O, ylaberrira caltivars,

During 1995 we will conduct more-
detailed analvses of the component
traits that contribute to the weed
competitiveness of rice genotvpes,
We will also seet: to introgress the
higer-vielditg O, sativa potential into
O. glaberrinna genotybes with
superior weed competitivencess.
Pretiminary results are encouraging,
and stable intermediate progeny will
be ready tor evaluation in 1995,

M&M: Phe tirsttriad had a split-plot
design with three replications and
management levels as the main plot
and varictios as subplots. The low-
input treatment induded one evele of
manual weeding and the application of
40-0-0 hg k! NPKR, the medium-input
treatment bvo cyeles of manual
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Field screeming for rice resistance to Striga spp. in Céte d'lvoire. Three rows of a susceptible variety
(center) are bordered on each side by moderately resistant varieties

weeding and o0-20-0 NPK, and the
high-input treatment one chemical
post-emergence weeding followed by
continuous clean weeding and 80-36-36
NPK tertilizer inputs.

The second experiment had a factorial
RCB design with 12 varictios, twa levels
ot manual weed control aveeding at 10-
daviintervals or only at s0 days atter
cinergence), three replications and plot
sizcotdmy 25me Tertilizer inputs swere
33-40-0 K ha bR,

Rice cultivars resist the parasitic
weed, Striga.

DLE. Jolmison (NRD, NP, Jones,

R. Didllo, and CC.R. Riches (NRD.

Upland rice can be severely
damaged by several species of the
root parasite Striga, weeds
commonly associated with
sorghum, maize, and millet, As a
rice parasite, Striga occurs mainly

in the savanna environments,
particularly on poorer soils, where
severe intfestation is localized
rather than widespread.
Populations build up rapidly
through high seed production, and
seeds remain viable in the soil for
many vears. \While four species of
MStriva have been noted on rice in
the region, only two, S, aspera and
S, hermontlnica, are important, with
S, hermonthica being more
common.

In an effort to identify sources of
resistance, we screened a wide range
of rice germplasm, including 0.
sativa and O. glaberrima, in
glasshouse trials at Long Ashton
Research Station, UK, using Striga
seed collected in Cote d'lvoire and
clsewhere in Africa. In 1994 we
evaluated in the field those varieties
that had shown good resistance in
the glasshouse experiments. ‘Two
ficld sites in northern Cote d'lvoire


http:itvvtits.lc

were selected because ol their high
natural infestation with Striva: Kouto
(8. aspera; poor hydromorphic soib)
and Korhogo (. Trenmonthica; poor
upland soil).

M OL glaberrima lines tested
showed good resistance to S, aspera,
but of these ondy M27 and 12 were
resistant to S, friermonthica.

Fhe OO sativa lines IR47233-B-B-5-4
and TR4YZ55-B-B-3-2, previously
found to be resistant to s,
hermonthica in Kenva by 1CIPE,
were resistant to both species in
our experiments. The susceptible
check TAC Tos was devastated.

Our results suggest that genetic
sources of rice resistance to Striva
exist. It they were incorporated into
improved varicties, they could
sighificantly reduce losses ininfested
areas. Field screening will continue
in 1995 in order to enlarge the
SOUTCes for resistance.

MENE RCOB design: S O, ¢labertima and
H O sariva test varietios. check variety
(LA Tod adjacent to cach test plot.
Fight replications persite, plot size
Sma 075 m. Notertilizer applied.
Wet season 1994,

Accelerated screening to detect
sources of leal blast resistance
Ab .\',\’ and K. AKator

Blast is believed to be the most
significant rice disease in West

Africa, with vield losses particalarly

severe in rainfed ecosvstems, A
consensus has developed among
WARDA and its national and
international partners to
cmiphasize gencetic resistance in
blast-related research, and to
pursue this goal in an integrated
approach. This approach includes
the accelerated search for sources
ot durable resistance,
characterization of the genetic
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diversity and spatial distribution of
the pathogen, and the systematic
testing of resistant germplasm at
hotspot sites across the region.,

During 1994, we tested a screening
svstem for feaf blast, designed to
accelerate the identitication and
characterization of rice germplasm
with ditferent tvpes of resistance.
I'wo nurseries totalling 435 entries
were planted in two staggered
tasvnchronous) but temporally
overtapping trials in June and
Septemiber at M'be. Except for tie
checks, the entries in the two
nurseries were difterent. The
experiment design was similar to
the [RRIE standard model, with the
ditference that instead of one row,
four rows cach of the 435 entries
were planted. For every 50 entries,
five susceptible checks (€O 39,
Maratelli, OB 677, OS o, B 40) and
five resistant checks (CG20, TOG
06387, IR36, TOG 3810, WAB 56-
S, which had previoush been
characterized tor their ditferential
profiles, were planted at random,
The management practices
followed WARDA'S internal
standard, and the evaluation scale
was based on [RRI's standard.

In the first trial planted in
September, 63% of the entries rated
highly resistant (score 0 to 1),
whereas in the second trial planted
in September, only one percent of
the entries rated resistant.

Sequential observation showed that
the discase pressure increased
throughout the wet scason, resulting
inavery strong pressuie for the late
planting date of September. In
comparison, farmers usually plant in

June, the beginning of the imain wet

scason. To illustrate this temporal
gradient, the rmost resistant sativa
check (IR 36) had a severity score of
0 for the carly trial but 5.5 for the
late trial. Conversely, the most
susceptible Maratelli had a score of

RESEARTH

1.5 during the carly trial and 8.0
during the late trial. Amony the
most resistant entries in the late trial
were TON 3095-35-2-3-3 and TON
S162-1-1-1-3-1-1-t (score O to ), and
WAB H88-121-1, TON 85C-(:3-B-35,
TON 3084-136-1-3-1-2, TON 3108-
17-2-1-2-2, and WAB 488-170-14
(score 2 to 3).

e most resistant entries (0 to 3
severity scores) were pooled to form
a confirmation nursery, which will
be planted during the late wet
seasontin 1995, The best varicties
identitied in this confirmation trial
will be proposed to the INGER-Atrica
coordinator tor nomination in the
Africa blast-resistance screening
nursery, inorder to assess their blast
tolerance across a broad spectrum of
cnvironments and to make them
broadly available to breeders.,

African rice blast screening
nursery

A Sy Reishuia Alluri (174,
aid K. AKator

The objective of this continenral
nursery is to evaluate the stability
across diverse environments of
highty biast-resistant materials
nominated by the countries and
institutions that participate in the
INGER-Africa network. This
arrangement enables a rapid and
extensive exchange of germplasm
within Atrica in the context ol a
precise breeding objective, WARDA,
as a member of this network,
provides M'beé as one of the kev sites
where the nurserv is grown.

During the 1994 wet season we
planted an augmented version of
the continental nursery at M'be,
including 160 entries provided by
INGER-Africa and 40 entries added
from WARDA'S blast resistance
selection program. The trial
followed the experimental design,
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management practices, and
evaluation methods recommended
by INGER. The entries were
evaluated at 30, 37, 44, 51, and 58
davs after sowing (DAS) for leaf
blast, and at 116 DAS for the
incidence and severity of neck
blast. Panicle blast was evaluated
at the S0% flowering stage, using
the IRRIT seale.

ALSE DAS, 33% of the entries
showed a good level of resistance
(severity score (0 to 1) to feat blast.
Two-thirds of the entries were not
at all affected by panicle blast
(score ). Consequently, there was
a strong pressure for feaf blast, but
the pressure for panicle blast was
low, with neck blast being
intermediate. Among the entries
showing no blast symptoms of anv
type were TOX 3093-10-2-3-2, TOX
3118-12-1-3-1, TOX 981-10-3-2,
TOX 3217-69-3-1, and TOX 3211-
14-1-2-1-2. The entries IMBO, TON
3098-12-1-11, TON 3145-TOC-15-
2-1, and TOXN 3248-76-3-1-2 did
show blast symptoms, but these
did not exceed score one tor any of
the three tvpes of blast disease.
Twenty-nine pereent of the entrics
were rated resistant, rating a score
of zero for neck blast avt 2 score of
one tor leat blast.

In 1995 we will conduct a region-
wide temporal and spatial analysis
of the results so far generated by
the African blast nursery, in
collaboration with INGER-Africa
and the IPN Task Force. On the
basis of regional distribution of
blast strains and the general
pressure of the disease,
reconimendations will be
formulated for the selective
diffusion of resistant materials,
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Selecting representative sites for
screening blast-resistant cultivars
A Sy DK Al SN Formbat¥
E. Imolehin'®, Y. Sere'™,

. Tchatchoua'™!

Rice blast discase is characterized by
substantial genetic diversity of the
pathogen, a tungus, and its
manifestation is markedly
influenced by the environment
{e.g., humidity and temperature)
and cultural conditions (e.g.,
fertilizer inputs). Consequently, the
disease, although cutting across all
rice ccosystems, is extremely
variable in space and time. The
development of blast-resistant rice
cultivars for West Africa must take
this diversity into account.

WARDA scientists, INGER-Africa,
and their NARS partners have
developed a network of key sites,
which permits exposing blast
resistant materials to a range of
diverse environments in which
blast discase pressure is high. For
efficiency, we keep the number of
Kev sites as low as possible, but as
high as necessary to cover the
diversity of environments. The final
selection of sites must also take into
account possible shifts in discase
pressure over time.

During the 1992, 1993, and 1994
wet seasons, we analyzed the
incidence and severity of blast
infection of advanced varietal
selections with diverse agronomic
and resistance properties at six
blast-prone sites in West Africa. The

HOWARDA/ADRAO, Bouake,
Cote d'lvoire
" INGER-Africa, Ibadan, Nigeria
3 RRS, Rokupr, Sierra Leone
NCRI, Badeggi, Nigeria
INERA, Bobo Diouiasso, Burkina Faso
0 IRA, Dschang, Cameroon

a -

experiment had four replications
and was conducted at Ibadan and
Onne (Nigeria), Man and M'h¢
(Cote d'Ivoire), Farako-bha (Burkina
Faso), and Rokupr (Sierra Leone). A
common set of 23 varieties was
maintained across sites and vears.
In addition, a local susceptible
check was included at cach specitic
location. This enabled vear-to-year
analyses of discase pressure. Means
were compared with Dunnett’s test.

A two-way analysis of variance of
the 1994 data established significant
differences (' < 0.01) among the
environments (intrinsic disease
pressure) and among the genotypes
(intrinsic resistance potential of
hosts), and revealed significant
genotype X environment
interactions. WARDA'S recently
developed improved upland tropical
japonica variety WABS6-50 showed
the best resistance across sites (Table
10y, confirming results observed in
1993. Among the irrigated lowland
materials, SIP1692033, an improved
indica variety, showed superior
resistance to blast.

Ranking of sites according to
environment indexes (E1) based on
severity of blast disease symptoms
revealed significant shifts in disease
pressure during the past three years
thigh Elindicated high pressure):

Rank 1992 1993 1994
I Farako-Bi Onne Ibadan
(-8.6) (-30.8) (-12.9)
2 Onne Ibadan Man
(-1.0) -13.9) -11.3)
3 Man larako-Bad Onne
(-1.4) -0.7) {-6.1)
4 Ibadan Man M’be
(-2.0) (-15.2) (-8.6)
5 M'beé M'beé Farako-Ba
(-+.2) (-27.8) (-20.2)

*The Rokupr site had an El of -1.4 in
1994, Data for 1992/93 are not available.
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TABLE 10:
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The most blast-resistant entries, as observed at six different

sites and across sites in West Africa (Dunnett 5% level of confidence).

Sites Entries

Ibadan WAB 56-50

Man Faro 29, Faro 37
Onne SIPI 692033, Faro 29

Farako-ba

Faro 37, WABC 165, WAB(99-14; 96-13-1; 56-50; 56-39;

56-125; 56-104; 181-11), Faro 29, IDSA 13, ITA 257,
Moroberekan, SIPI 692033; IRAT 112

M’bé

Rokupr

WAB 56-50, I'TA 257, WAB 56-104, WAB 56-1235, Faro 37

WAB 56-50, ITA 257, WAB (56-59; 56-125; 181-11; 99-14;

56-104), IRAT 112, IDSA 13, FKR 33, FKR 27

Multisites WAB 56-30

The disease pressure was generally
Jow at M’b¢, consistently high at
Onne, and extremely variable in
Farako-Ba. This observation shows
that it may be necessary to
maintain all six sites for a thorough
analvsis of genotype x

environment interactions. During
1995 we will conduct indepth
statistical analyses across vears in
order to identity the optimal sets of
sites for different objectives, such
as initial screening of new entries,
characterization of the adaptability
to diverse environments of
advanced sclections, and the
characterization of the spatial and
temporal variability of blast discase
in the region.

M&M: All trials bad 4 replications and
were conducted under upland
conditions. Fertilizer application was 74
kg N ha'! as urea (triple split), S0 kg P
ha't as superphosphate, and 50 kg N ha'!
as KCI.

Rice yield loss caused Dy early and
late inoculation with RYMV
A Sy and K. Akator

Rice yellow mottle virus (RYMV) was
first detected in East Africa about 30
years ago and has since spread across
rice environments in sub-Saharan
Africa. The virus preferentially
attacks ramfed and irrigated lowland
rice, but little is known of its
epidemiology. Surveys conducted
by WARDA in collaboration with
NARS from 1992 through 1994
indicated that the number of
infested sites and the yield losses at
such sites are rapidly increasing.

‘The disease cuts across
agroecological zones and, in 1994,
has caused an estimated 50% yield
loss in the Office du Niger irrigation
schemes (Sahel zone) and 68% yield
loss at the Sclingue scheme (Sudan
savanna zone) in Mali. All popular
lowland rice cultivars in West Africa
are susceptible to the discase,
including BGY0-Z grown throughout
Mali, Jaya in Senegal and
Mauritania, and Bouaké 189 in
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Cote d'Ivoire. Resistant cultivars,
which to date are restricted to the
tropical japonica tvpe, are only
available for the upland ecosvstem,
where RYMV pressure is low. In
contrast to some other virus
diseases, RYMV can be transmitted
by a wide but not completely known
range of vectors, and the mere
contact of a leat with a RYMYV
suspension can cause infection,

WARDA is addressing the RYMV
challenge at three levels. First, we
have intensified the search for
sources of resistance and are
conducting conventional and wide
crosses to generate resistant cultivars.
Second, we are exploring
collaborative options to create and
transfer synthetic transgenic
resistance. Third, we are studving
the epidemiology of the discase in
order to develop IPM strategies that
may in the future include both
genetic resistance and vector control.
The present epidemiological study
sought to quantity for the resistant
upland check Moroberckan and the
susceptible lowland check Bouaké
189 the yield losses and components
as a function of the phenological
stage of infection, based on artificial
inoculation at M'bé (savanna zone)
and Gagnoa (forest zone) under
irrigated conditions. Plants were
inoculated at seven days (carly
treatment, scedling stage) or 41 days
after transplanting (late treatment,
panicle initiation stage).

At Gagnoa, average vields of the
non-infected controls were 4300 kg
ha! for Bouak¢ 189, and 2060 kg
ha! for Moroberekan. At M'b¢,
control yields were 2800 kg ha! for
Bouake 189 and 2020 kg ha'! for
Moroberekan. Infection resulted in
severe leaf chlorosis, poor panicle
exsertion, spikelet sterility, and
reduced 1000-grain weight in
Bouaké 189 at both sites (Table 11).
Plant height at maturity was
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Screening lor res.sianee Lo rice yellow mottle virus at Gagnoa, a hot-spol in central Céle d'lvoire. This
15 the only known nice virus disease in Africa. It can cause total crop loss

reduced by about 40% after early
inoculation, but by less than 104
after Late inoculation. Morobercekan
showed the same symptoms but
with much less severity, indicating
that it contracted the disease but
resisted it The resulting yvield
reductions were non-significant tor
Moroberekan, In Bouake 189, vield
reductions were generally over S0%
tor the early inoculation and more
than 90%0 tor the late, indicating
that infection at the panicle
initiation stage depressed vield imore
than the carly inocutation did.

The main conclusion from this
studyv is that intection of a
susceptible variety with RYMV s
likety to cause severe vield loss,
regardless of the time of infection,
with the greatest loss oceuring with
late infection. Consequently,

infection must cither be prevented
throughout crop development (e.g.,
by controlling vectors and/or
alternative hosts), or resistant
cultivars must be found. In 1995
we will characterize the cultural
determinants ot varietal tolerance
to RYMV, determine current
ceonomic losses tor different
production systems, environments,
and climatic zones, and initiate a
comprehensive study on alternative
hosts and the role of soil, air, and
seed-borne vectors, We will use this
information to develop strategies
for the integrated management of
the disease.

ME&M: RCH design with 4 replications,
vield taken from a 6.24 sqm area per plot;
irrigated lowland culture conditions
based on transplanting,

African rice yellow mottle virus
evaluation and screening set
AL Sy Krishma Alluri (1),

and K. AKator

Rice yellow mottle virus (RYMV), so
far the only known viras discase
alfecting rice in Africa, causes severe
cconomic damage to lowland rice
production throughout sub-Saharan
Africa, including Madagascar.
Within West Africa, RYMV is present
in Burkina FFaso, Cote d'voire,
Ghana, Guinea, Liberia, Mali, Niger,
Nigeria, Senegal, and Sierra Leone.,
No resistant lowland-adapted
cultivars are so far available to
tarmers, and breeders know of no
established donor materials tor
resistance within the indica group of
O, sativa, which is generally preferred
by consumers and producers of
lowland rice. Rice germplasm
carrying reliable resistance to RYMV
is frequent in the O. sativa japonica
group and in the African indigenous
rice species O. glaberrima, but sterility
barriers make it difticult to transter
to indica rices.

Although WARDA has given high
priority to the development of
lowland indica varieties through
wide crosses, the rapid spread of the
discase demands that existing
germplasm with some degree of
resistance be identified immediately
and made widely available to NARS.
The objective of the present activity
is to identify, in collaboration with
INGLER and NARS, sources of genetic
resistance to RYMV within the
region, and to test thent in a broad
range of environments in sub-
Saharan Africa. The underlying
mechanism of this long-term activity
is that INGLER composes annual
nurseries consisting of promising
materials nominated by NARS and
WARDA, and subjects these nurseries
to both natural and artificial
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TABLE 11:  Effect of rice yellow mottle virus on the vegetative and reproductive organs of resistant
Moroberekan and susceptible Bouaké 189 rice (Gagnoa, M'bé, 1994),

Inoculation  Leafl Percent Panicle  Percent  Percent 1000 Grain
(DAT, days chlorosis  reduction in - exsertion  unfilled vield grain weight
Site Variety after score plant height score grains  reduction  weight reduc-
trans- (06 DAT) (66 DAT) L) tion (Vo)
planting)
none 1 - 1 - - 26.7 -
Bouakeé 189 7 7.3 42 7 69.1 81.2 21.8 15.3
42 6.9 8 9 96.2 92.6 19.3 18.9
Gagnoa - -
none 1 - 1 - - 27 -
Moroberekan 7 1.1 8 1 3.3 4.6 26.6 2.3
42 1 -1.2 3 0.5 3.9 26.7 2.7
none 1 - 1 - - 24
Bouaké 189 7 6.7 41.5 ) 80.1 57.2 20.7 18.2
42 7 3 9 100 95.3 17.7 27.7
M’'bé -
none ! - 1 - 25.7 -
Moroberckan 7 1.3 9 1 3.5 5.5 25.6 1.5
42 1.1 3 3 2.4 5.2 25 1

inoculation with RYMV across
different environments, WARDA's
trial in Gagnoa, in Cote d'lvoire
follows the common design but is
augmented by additional entries.

During the wet season 1994 we
tested 131 entries, including 100
lines from INGER and 31
supplementary entries from
WARDA. Forty materials were
adapted to the irrigated lowland
(mostly indica tvpes) and 50 to
upland ccosystems (generally
japonica and O. glaberrima types).
Ten check entries represented
materials with known, extremely
high or low, resistance to RYMV.
The tropicat japonica upland
variety Moroberekan served as the
resistant check, the indica lowland
variety BG90-2 as the susceptible

check, and the susceptible indica
lowland variety Bouaké 189 as the
local check. Discase symptoms
were scored at 14-day intervals
during the vegetative and
reproductive growth stages.

Throughout the trial, the number
of entries severely affected by
RYMV increased, with the increase
much more rapid under artificial
than under natural infection
(Figure 21). Under natural discase
pressure, 57 entries (43.5%0)
showed an average severity score
of one (highly resistant) during the
reproductive stage (69 davs alter
transplanting), against only 29
entries (22.14%) for the inoculated
population. The 29 entries
resistant under artiticial
inoculation included 27 entries
adapted to the upland and were
generally of the japonica or

traditional O. glaberrinna types
(TOG 5672, TOG 81, Moroberekan,
Lac 23, Faro 300, IDSA 10, IDSA
16, IRAT 156, IRAT 161, IRAT 208,
IRAT 284, IRAT 314, I'TA 257, I'TA
305, TOX 1010-6-9-3-201, Wabis
18, WAB 99-1-1, IR47686-15-1-1,
and Bogudi). Only two resistant
entries were adapted toirrigated
lowland conditions, Maratcelli (a
temperate japonica trom [taly) and
Fofifa 62 (not classitied).

The disappointing absence of
lowland indica types in the RYMV-
resistant selections warrants an
intensified search within the
indica group. WARDA, NARS, and
INGER arc aware of this problem,
and large numbers of indica lines
are now undergoing initial
evaluation for RYMV resistance.
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Resistant selections will then be
tested regionwide for further 100
characterization.

;? Class of severity
In 1995 a new regional nursery will

. ‘ Class 1
be L()mpuscq, anq all r(lssults? from 80 ' Class 3
the 1994 regionwide trial will be : Class 5
pooled and analvzed. Results ’ B Class 7
indicate that some of the O.
slaberrima entries show no disease 60 - .. Non - -
inoculated inoculated

svymptoms at all, even under artiticial
inoculation and across
environments, and can be rated
immune. Some indica lowland rices
with moderate resistance were also
identified in other more preliminary
trials. If the 1995 results confirm
this observation, prospects tor 20
obtaining RYMV-resistant lowland i 1
rice rapidly through conventional ¥ :
breeding will greatly increase. At the 3 ‘
sanie time, however, we will H : Ei :
continue to utilize the superior 27 41 55 69 27 41 55 69
sources of resistance in japonica and Number of days after sceding (DAS)

0. glaberrinua tices to achieve high

and durable levels of resistance.

40

Frequency/category (%)

FIGURE 21:  Modified African screening nursery for the selection of
cultivars resistant to RYMV: distribution of entries according to their
level of resistance/susceptibility.

A Task Force
multidisciplinary team
on a monitoring tour
to Guinea in 1994,
The farmer who owns
this upland field is in
the white suit.




WARDA ANNUAL REPORT 1994
RESEARCH

COOPERATIVE RESEARCH THROUGH TASK FORCES

From 1989 through 1992, two research working groups composed of national scientists guided WARDA
management in developing new ways to enhance collaboration between WARDA and NARS. ‘The working
groups developed the concept of research “Task Forces”. From the establishment of the first Task Force in
1991 until the present, they have been the central component of WARDA's collaboration with its
constituent NARS. The Task Forces are composed of rice scientists in the 17 WARDA member countries who

are working on closcly related problems. Eight Task Forces were active in 1994:

* Mangrove Swamp Rice Improvement
¢ Sahel Irrigated Rice

* Upland Rice Breeding

¢ Lowland Rice Breeding

¢ Integrated Pest Management

* Cropping Systems

¢ Problem Soils

* Rice Economics

The Task Forces are self-managing, with steering committees composed of, and chaired by, national
scientists. Lach Task Force has developed a regional master plan and, following consultation, specific
tasks have been allocated to various national programs and to WARDA, based on their institutional
comparative advantage.

Accomplishments of the Task Force concept have been significant in a brief span of time. National scientists
are now aware of relevant research being conducted by colleagues in other national programs and have
immediate access to their results. In 1994, 107 collaborative research projects were developed and
conducted by African scientists in 16 countries. More than 600 rice varieties or breeding lines have been
exchanged, of which 17 have been released or are about to be released.

Task Force studies in pest management have led to identifying the areas in which the very destructive rice
gall midge is a serious problem and have begun to unravel its complex ecology. Seventeen cultivars with
various levels of resistance to gall midge have been identified and evaluated. The two most promising of
these are being retested for possible use in national breeding programs. In disease control, five varieties
highly resistant to blast disease have been identified.

In 1994 five Task Force monitoring tours were carried out. Thirty-five national scientists and 12 WARDA
scientists visited Cameroon, Guinea, Sierra Leone, Mauritania, Senegal, Mali, and Guinea Bissau to observe
farmers’ problems, to evaluate the performance of improved technologies, and to assess the research
capacities of the national programs.

Through the Task lorces, three visiting scientist fellowships were awarded to African scientists in 1994, Two
came from Togo and one from Ghana. All three sharpened their skills in genetics and plant breeding.

Task Force funds were also used to strengthen the capacity of the Rice Research Station in Rokupr, Sierra
Leone. With the closure of WARDA's mangrove swamp rice research program in 1993, this station now
plays the lead role in generating new technologies for this environment,

Financial support for the Task Forces in 1994 came from the African Development Bank, the European
Economic Conmununity, the International Development Research Centre of Canada, and the U.S. Agency for
International Development.




RESEARCH

WARDA ANNUAL REPORT 1994

PROJECT 5: GERMPLASM IMPROVEMENT FOR THE
UPLAND-LOWLAND SWAMP CONTINUUM

Improved rice germplasm is a central
clement in the development of
sustainable rice-based cropping
svstems. Ideally, productive varieties
resistant to kev environmental
stresses should reduce dependence
upon purchased inputs as well as the
resources removed from the svstem
by the crop. To move towards this
goal, WARDNS breeding activities for
the continuum prioritize vield
stability on the basis of broad and
durable resistance to stresses, This
principle is applied to extensive
production svstems, in which
tarmers have limited scope for
controlling stresses, as well as to
intensified systems, in which certain
biotic constraints are likely to
increase because of disturbed
ccological equilibria.

Distinct rice ecosystems in inland
valleys require different
morphological plant types,
physiological adaptations, and
resistances to pests and diseasces.
WARDA'S varietal improvement
program for the continuum is
separately targeting the Jowland
and upland ccosvstems and, within
these, different levels of
management and environmental
adversity. Separate but interactive
breeding itineraries are tollowed for
irrigated, favorable and untavorable
lowlands; and for high-, mediume-,
and low-input production systems
in the upland. WARDA breeders
conduct specific breeding activities
in collaboration with the respective
in-house disciplinary experts, for key
biotic stresses, such as blast in all
ceosystems, and for rice yellow
mottle virus (RYNV) and African rice
gall midge GARGND in the lowlands.
Specific breeding activities also
target Kev abiotic stresses like
drought upland and lowland), weed

competition (uplandy, acid ultisols
(upland), and iron-toxic soils
towland). Resistances to some
other stresses with local or minor
importance, as well as grain-
quality-refated objectives, are
pursued through secondary varictal
screening in the context of the main
breeding itineraries.

The different breeding activities are
interconnected through
collaboration with the in-house crop
and resource managenient projects,
namely the cropping svstems, soil
fertility, and integrated pest
managenment projects, all ot which
cut across ccosystems within the
continuum. The characterization
project provides crucial guidance in
setting breeding objectives.,

WARDA'S continuum varictal
improvement activities are
integrated into national research
systems through the Upland and
Lowland Rice Breeding Task Forces
and INGER-Africa. Breeding
objectives are discussed and
adjusted during the annual ‘Task
Force meetings and monitoring
tours. Advanced varietal selections
from NARS and WARDA are
systematically tested in nurseries at
Key sites across the region, This
high level of regional integration
provides WARDA'S breeders access to
different target environments, and
gives national breeders immediate
access to the latest breeding
products available in the region.

Rice breeding in West Africa can
build on rich indigenous genetic
resources, while at the same time
exploiting the germplasm
introduced from other continents,
directly or through INGER. A major
problem, however, is that some of

the most valuable adaptive traits are
restricted to specific genetic groups
within O. sativa (japonica or indica)
or to other species within the
genus. For example, resistance to
RYMV is apparently restricted to the
japonica group within O. sativa, and
full immunity to the virus has so far
been found only in the African rice,
O glaberrinma. Some O, glaberrima
cultivars also show superior weed
competitiveness and resistance toa
large number of other important
stresses. But the genetic distance
between these groups reduces the
transferability of those traits,
particularly to the indica group,
which is widely preferred by
lowland rice farmers because of its
vield potential, and by consumers
because of its grain type.

WARDA has initiated a major
rescarch focus on wide crosses
among sativa and glaberrima rices.
During 1994, WARDA breeders
achieved a breakthrough in the
improvement of upland rice by
successfully combining desirable
traits from both species and
stabilizing interspecific progeny.
For the lowland ecosystem, similar
efforts are also under way. During
1995, WARDA's internal expertise in
anther culture and other tools
needed in wide hybridization will
be complemented by collaborative
projects with outside molecular
biologists in order to map
interspecific gene transfer and
explore the potential of transgenes.
Our vision for the medium term is
to improve O. sativa with traits from
O. glaberrinta, and to explore the
development of a new category of
broadly stress-resistant ().
slaberrima-based rice types that
derive their input responsiveness
from key traits of ). sutiva.
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UPLAND AND HYDROMORPHIC ECOSYSTEMS

Targeting upland rice varieties for
high-input and low-input systems
M Jones, BN Singh, and 1 Koupear

More than 80% of rice farmers
cultivating the upland and lowland
ceosvstems in West Africa use
traditional Tow-input cultivation
svstems, Despite significant
intensification of rice production in
the more densely populated areas
twhich are frequently but not
alwavs associated with higher
inputsy, low-input farmers are
expected to contribute most of the
regional rice production in the
foreseeable future, WARDA'S
breeding objectives recognize the
demand for rice germplasm adapted
Lo low management and low
tertilizer inputs, while at the same
time ensuring input responsiveness
asan incentive to farmers for
greater input use so as to avoid
mining depletable resources.

WARDYAS Breeding program for
upland rice is based on two separate
but interactive selection itinerarices,
one under low levels and the other
under high levels of management
and inputs. The management levels
differ in fertilizer inputs, weeding
regime, and soil preparation.
During the carly stages ot selection,
subsets of segregating or newly
fixed lines are systematically shitted
back and forth in subsequent
generations between the two
itineraries in order to select for
materials that perform well under
all input levels. Al materials that
advance to the observational vield
trials (OYT) and replicated vield
trials (RY'T) are tested under high-
input conditions at Man (high
rainfall, acid ultisols, high blast

RESEARCH

Progeny of a promising O. satva x O. glaberrima cross with 100 fertility at the Fs
generation. The breeders are adiniring the grain characleristics of this line—/long. slender,

transiucent. Tlering is also high.

discase pressurey and at Korhogo
{drought prone, blast) in Cote
d'Ivoire, Inaddition, we test all
materials intrials with low and
high inputs at NI'Dé. Elite selections
that turther advance to the
advanced vield trial (AYT) level are
grown simultancously at M’bé in
replicated experiments with low-,
medium-, and high-input
treatments in order to characterize
response to management and
inputs. Out of this group we
nominate entries for regional
multilocation trials managed by the
Upland Rice Breeding Task Foree,
where they are compared with
materials nominated by national
breeders. WARDA also provides

NARS breeders, upon request,
materials from any carlier stage of
varietal selection.

During 1994, 538 entries were
screened in OYT and RYT under
high-input management at M’bg,
Man, and Korhogo. Yields at Man
were reduced by soil acidity and leaf
and neck blast, and by drought
stress and leat and neck blast at
Korhogo. The highest-yielding
entries across locations in the RYT
were WAB 368-B-3-H1-H1IB, WARB
272-B-B-1-H 1, WARB 365-B8-2-H 1-HB,
and WAB 272-B-B-1-H11. In the
OYT, WAB 488-100-1, WAB 506-
126-1, WAB 488-144-2, and WAB
488-125-1 had the highest mean
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VIGURE 22:

Response of two 0. glaberrima and 14 O, sativa upland rice genotypes to input levels.

Figure 21a, leaf arca index at 60 days after sowing (DAS); Figure 21b, panicle number per m?; Figure 2lc,
spikelet number per panicle; and Figure 21d, grain yield (t ha''). M'b¢é, Cote d’Ivoire, 1994 wet scason.

Varietal codes:
O. glaberrinma:
0. sativi:

CG20 (), CGT42);

WAR S0-56 (3), WAB I81-18 (), WAB 56-104 (5), WARB 50-125 (0), WAB Y6-1-1 (7),

IRAT (8, WABC 165 (9, SP4 (10), WAB 99-1-1 ¢11), IDSA 10O (12), ITA 257 (13),
IAC TO4 01, IRVT 112 015), CNA 136 (10)

grain vields. Alsoin 1994, we
evaluated 154 entries ina low-input
OYT at M'bé. The best vielders were
WARB 375-B-7-L1-B, WAB 377-B-17-
1.2-B, WAB 377-B-5-1.2-1.B, and \WaB
165, WARDA'S elite selections WAB
56-50 and WAB 181-18, which also
perform well under high-input
conditions, continued to rank
among the top entries.

Sixteen advanced entries were
evaluated in replicated vield trials at
M'be under high-, medium-, and
low-input conditions at M'b¢. The
entries included two O. glaberrinu
cultivars, CG 14 and CG20; the
traditional O. sativa cultivar SP4;
and 13 improved lines (Figure 22).

The O. ghaberritna entries gave the
highest leat area index and panicle
number, but the lowest spikelet
number per panicle among the
entries. Their vields were
intermediate, ranging trom 1.5to 2
t ha''. The improved O, sativa
varieties WAB 50-50 and WAB 181-
18, developed at WARDA, were the
top vielders, with grain vields
ranging from 2.2 to 2.8 t ha'l,

O. glaberrima cultivars responded to
improved inputs by increasing their
panicle numbers, whereas the
spikelet number per panicle was
constant, The leaf area of these
types also responded strongly to
inputs. By contrast, the yield
response to inputs of improved ().
sativa materials, such as WAB 56-50,

came mainly from the spikelet
number per panicle. In 1995 we will
for the first time characterize the
vield responses to inputs of stable
interspecific progeny that combine
the panicle type of ). sativa with the
growth vigor and tiliering ability of
O. gluberrima cultivars.

M&NM: The different input/management
levels are as follows, Low: 40 kg N ha't
applied as 2 splits after manual weeding
at two dates; soil preparation by hoe.
Medium: 60 kg N ha tas 2 splits atter
manual weeding at two dates; 15 kg I?
ha'! basal application as triple
superphosphate; harrowing by tractor.
High: 20-36-36 kg N-I'-K ha'! basal
application and two additional split
applications, cach of 40 kg N ha'l;
chemical weeding with Ronstar pre-



This control piot at 55 days atter seedirg has received continuous

watenng

TOG 5538. a drought-resistant O. glabernma cultivar after 41 days of water
stiass. It has continued to produce tilers and has grown shightly taller.

cmergence herbidide and manual clean
weeding throughout the scason;
harrowing by tractor. Al variety plots
have a vield area ot 10 m = and are
replicated three mes,

Improving drought tolerance in
upland rice
NP Jones and K. ko

Highly variable rainfall in the forest
and savanna zones of West Atrica
can introduce water stress to upland
rice at any stage of crop
development. WARDA'S varietal
screening and characterization
program tor drought tolerance
makes use ot the natural
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for the last 40 days

L

<l

distribution of rainfall in the wet
season at two sites in Cote d'Ivoire
(M'b¢ and Korhogoy; and
differential sprinkler irrigation in
the dry scason (M'b¢ onlvy. Entries
selected from initial screenings
undergo drought screening in the
dry season with stage-specific
drought treatments (withholding
irrigation at cither the vegetative
stage or reproductive stage,
compared to continuous
irrigation). Selections from this
trial are then further characterized
in wet-season observational (non-
replicated) or replicated,
exclusively rainfed, vield trials,

S o

SV T »

- 4 e

WAB 326-8-B-14-H1. a arought-resistant Q. sativa varety. Under water
stress it grows taller but produces few tillers
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Plots at §5 days after seeding, but they have receved no water
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In the 1994 dry season we evaluated
76 O. sativa and 48 O, glaberrinma
lines and varieties, selected in 1993
for their drought resistance, for
development-stage-specific drought
responses under controlled
conditions. We observed
considerable variatinn for scedling
vigor, tillering, leaf tip burn, and
leaf rolling and unrolling ability
among the accessions, During
vegetative stage drought (15 to 56
days after emergence [DAE], with
observations taken at 35 Dalkand
expressed relative to well-watered
controls), O. yiviberrinmg mmatenals
generally had a reduction in
seedling vigor (20 44, seedling
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height (28%0) and tiller number
(18", as compared to O sativa
materials (40, 45, and 50%
respectively; means across
accessionsy. Visual drought scores
were correlated with Teaf tip burn
during the vegetative stage
(r=-0.74P<0.0D,

During the reproductive stage, 10%
ot the O, gaberrima and 2% of the
O. sativa materials were visuatly
rated as resistant after three weeks
of drought stress (45 to 66 DAE).
The visual drought score was
positively correlated with the
tillering score (r = .57 < 0.01),
and negatively correlated with Teat
tip burn score (r =-0.74; P < 0.01),
obscerved before the onset of
drought. Consequently, plants with
high tiller numbers and low tip
burn better resisted a subsequent
drought. Among the entries
showing good drought tolerance at
both vegetative and reproductive
stages were WAL 160-24-HB, \WAB
I8 1-43, WaAR 326-B-B-14-1, and IR
47680-B1-1-1 dmproved O sativa);
and TOG 534588, TOG 3480, and
TOG 983 (0. Wlaberrina).

Advanced materials selected for
drought tolerance in 1993 were
tested in rainfed vield trials during
the 1994 wet scason. Drought was
severe at Korhogo during the crop’s
late vegetative and grain-ripening
stages, resulting in grain vields
between 145 and 2130 kg ha'!,
Manyv new lines cat-pertormed the
local drought-toterant check,
Moroberekan, and the improved
check, WAB 56-50. The best lines
with more than 2000 kg ha ! grain
vield were WARB 370-B-15-115, WAB
95-B-B-B-B-112, WAB 93-B-h-13-B-12-
H2, and WAB 99-47. Drou it was
milder at M'be, and grain viclds
ranged from 300 1o 3180 kg ha'l,
The top tour vielders at M'be that
gave vields in excess of 2500 kg ha!
were ditferent from those at
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Kodhogo, namely IR 47680-13-2-2,
WAB 346-B-B-4-171, \WAB 305-B-2-
FI-HB, and WAB 340-B-B-1-H2. Since
all accessions had short duration, the
range of performance under drought
was not attributable to temporal
escape, but rather to tolerance,

In 1995 we will continue to search
tor new sources of tolerance. In
addition, we will attempt to utilize
the superior drought tolerance of O,

slaberrinma by introgressing genes to

high-viclding O. safiva materials
through our wide-crossing progran,

/arictal tolerance to upland soil
acidity
M Jones, KL Sahrawat, K. Aliko,
and S, Mandy

More than 70% of the arca under
unland rice cultivation in \Vest
Africa is in the humid torest zone,
where annual rainfalt is 200 cm or
more. Upland rice in this zone is
often grown on acid oxisols, which
are extremely low in P and
frequently incar Al and Mn toxicity.
In 1992, WARDA initiated an upland
rice breeding program with the
objective to develop agronomically
improved varieties with high grain
vield and vield response to I inputs
on acid upland soils.

During the 1994 wet season we
screenced 200 cultivars on an acidic
{pH 4.3 and P-deficient sotl (ca. 3
mg P kgt at Man in western Cote
d’'Ivoire for their general adaptation
and response to P fertilization, I
tertilization tailed to increase grain
yield (I < (0.001) in only 15 varicties.
Mean vields in the untertilized plots
ranged from 016 3.2 tha!, while
those in the tertilized plots were
between 0.6 and 5.4 t ha'!'s Four
varieties with mean yields higher
than 3.0t ha ' in unamended soils
were TOX 3380-8-2-2-3, NDRP7Z,
DR79-21, and WAB 56-50. In the

fertilized plots, the highest-yielding
varieties were 1IDSA 64 (4.5), IR4770-
1-6-3-1 (5.3), and DR79-21 (5.4

t ha'h. Eight accessions did not grow
or vield at all under non-fertilized
conditions, but they vielded between
one and three t ha ' when 1" was
applied, indicating that P application
dramaticallv improved the tolerance
of these genotvpes to acid oxisols.

We evaluated ancther set of 127 lines
in an observational vield trial at Man
during the 1994 wet season, but
without anv I" applicd. Considerable
variability was oblained in several
important traits. For example, grain
vields ranged from 0 10 3.9 tha'!,
duration varied from 10510 139
davs, culm lenygth ranged from 70 to
128 cm, and acidity scores from 1 to
7 (with 1 = highlv tolerant and

9 = highlv susceptible or dying
plants). The correlation between
grain vield and duration (r=0.243, 1
<0.001) was signiticant but weak,
indicating that a number of short-
duration materials achieved high
vields. Grain vield had a much
higher correlation with the acidity
tolerance score (r = -0.538, PP < (.00 ),
indicating that the acidity stress was
the main determinant of vield,
despite substantial varictal diversity
in morphology and duration,

Several short-duration accessions
with superior tolerance to acid
oxisols and high vield potential were
selected for more detailed
characterization in 1995,

M&M: Both experiments were
conducted near Man, WARDA'S key acid
oxisol site. The first trial had a split-plot
desiga with two ceplications, with 17 as
the main plot (0 and 40 kg P ha 'y and
varieties as subplots. The second trial
had an unreplicated augmented design
with recurrent plots tor the susceptible
check 1DSAG and the tolerant check
WABCT65. No fertilizer was applied.
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Using anther culture to generate
fertile doubled-haploid
interspecific progeny

ML Jones, S, Mawdé, AL Daleba,
and H.Selii

The culture of tissue derived from
anthers, from which new plants can
be regenerated canther culturey,
provides the means for rapid
genetic tiation of progeny from
crosses. Inthe contest of wide
CTOSSES (e, interspecitic crosses
between O sativa and ).
slaberrinun, or within O sativa,
between indica and japonica types,
anther calture can provide fertile
doubled-haploid progeny with fixed
introgressions that might otherwise
disappear in the course of an
extended series of backcerosses.
WARDN is using anther culture and
embryo rescue techniques to
accelerate and render more efficient
its O sativa x O, ylaberriima
hybridization program. Beginning
in 1994, WARDA'S anther culture
program received a three-vear
commitiment of financial support
from the Rocketeller Foundation.
The program was expanded to

FIGURE. 23
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Antner cultures showing a high rate of
regeneration from O. cryza japonica x O
glabernma and japonica x indica crosses
following a regeneration subculture

classify representative japonica,
indica, and O. gluberrin genotypes,
as well as their I and |, progeny,
for suitability to anther culture,

During 1994, we submitted to
anther culture 10 parental lines and
the progeny of 55 japonica x

Induction of anther-derived rice calli as a function of

parent material and duration of in-vitro incubation.
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Mature H, anther-denived progeny of O. sativa
and O. glaberrima crosses. The doubled-haploid
Iines are 100° fertile.

japonica, japonica x indica and 0.
sativa x O, glaberrinua crosses.
Response to callus induction and
green plantlet regeneration
depended on the genetic origin of
the crosses, with japonica x O,
Sladerrima hybrids responding best,
followed by pure japonica varieties
and intra-japonica hybrids; japonica
x indica hybrids; pure indica and
intra-indica hybrids; and, pure O,
Slaberrima and intra-ylaberrinma
hybrids responding least (Figure
23). Callus production generally
peaked at four to five weeks after
induction, and tissue produced
during this period gave the highest
prabability of vicelding green
plantlets.

Among the regenerated plants, we
found a 5:-:1 ratio for haploids,
doubled haploids, and polyploids,
regardless of the genetic origin of
the crosses. The spontancous
doubled haploid lines frequently
displayed partial fertility,
particularly when derived from
crosses of O. sativa x O. glaberrima
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Close-up view of regenerated plantiets. Note the high proportion of green plantlets and fewer albinos.

crosses, and to a lesser extent when
derived from japonica x indica
crosses. High sterility levels might
have been caused by aneuploidy of
the regenerated plants or fixation of
sterifity genes.

In 1995, more than SO0 progenies
of spontancous doubled haploid
fertile lines of O sativa x O,
glaberrinma and 500 japonica x
indica fines will be evaluated in the
ficld in order to study therr fertility,
genetic stability, and agronomic
traits. On the basis of the seed
recovered trom these trials, we will
conduct specitic screening trials for
resistance to the major biotic and
abijotic stresses in the region.

M&M: For anther culture, main stem
hoots of plants were collected when the
auricle distance ot the tlae leaf to the
next leat is about 4 to 8 cm exserted.
Panicles were disintected and cold
pretreated at 87 C tor 10-20 days
depending on the varietal type. Anthers
were incubated in the dark at 25 £ 1° €

in modified No medium, and calli
obtained were ress nerated in Murashige
and Skoog (MS dium with 16 hours
phatoperiod at 23 ¢ Plantlet
regeneration was induced with the base
MS salts and 3 ppm thiamine-HCL )
ppm IAA, 4 ppm GAZ, and 2% sucrose
increased green plantlet regeneration.,

[nierspecific O. sativa x 0.
glaberrima crosses yield stable and
blast-resistant progeny

MDD Jones, S, Mandé, K. Aluko,

D. Hilaire, and K.E. Bron

Orvza glaberrima, a cultivated rice
species indigenous to Africa, has
been almost completely displaced by
0. sativa, or Asian rice, which
generally gives higher vields. A
substantial sterility barrier between
the two species has in the past
prevented utilization of the many
usetul adaptations of O. gluberrima
genotypes. These include superior
resistance or tolerance to drought,
weed competition, iron toxicity,

blast discase, rice vellow mottle virus
(RYMV), and African rice gall midge.

In 1992, WARDA initiated a wide
hvbridization program aided by
anther culture and embryo rescue
techniques in order to introgress
useful raits from O. glaberriima into
improved O. sativa japonica
genotypes. This program yietded
segregating intermediates in 1993
and the first genetically stable and
fully fertite interspecific hybrids in
1994, On the basis of seven
successful crosses using weed-
competitive and blast-resistant and
drought-tolerant parents, 1300 F, to
F, populations were produced and
evaluated for seedling vigor, plant
height, titler number, teat width
and color, presence of awn, epiculus
color, and more.

Although true intermediates
between O, glaberritna and O. sativa
were generally rare, their occurrence
in some populations was as high as
30%. The intermediates had a
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O. glaberrima has
many desirabie
qualities, including
blast resistance and
drought toierance, but it
lodges easily and has
low number of spikelets
per panicle.

O. sativa (left} and O.
glaberrima x O. sativa
progeny (right). Note the
high tllering and fertile
panicles of the hybrids.

Interspecific F butk
populations after two
backcrossings. Note the
wide vanation in
morphological traits
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ligule length of 15-25 mun,
compared to about 6 mm in O,
Slaberrina and 45 mm in O, sativa,
Various degrees of awning and
shades of purple epicutus were
observed in the intermediates.
Mostimportant, the intermediates
combine the high vicld potential of
O, sativa G result of high spikelet
number caused by secondary
branches on the panicley with traits
from O, glaberrime for rapid
vegetative growth, high tillering,
short dueration, and superior grain
quality. Many of the stable F;
populations are also highly resistant
to seedling blast.

Anther culture was used to generate
191 doubled haploid ptants from
pencetically stable Frand I,
populations and, in 30% of the
cases, they had 92% to 100%
fertility. By contrast, genetic
stabilization by conventional
methods, requiring several cyeles of
back-crossing and sclfing, is
impeded by sterility and Teads to
the likely elimination of desired
introgressions.

In 1995 we will increase the range
of interspecitic crosses in order to
further broaden the available rice
gene pool and to develop
introgressed materials tor specific
stress environments. The
interspecitic progeny will be
characterized on the basis of
isozyme patterns and molecular

%&) AT AT Yy ; LA . markers in order to better

ey, 1 AR R RAL A, 3 448 understand the mechanisms of

! introgressions. Finally, given the
wealth of usetul traits found in ().
slaberrinna, which include many
morphological traits needed in
improved cultivars, such as high
tillering and erect stature, we will
also work for varictal improvement
within O. glaberrin, with only
specific essential traits taken from
O. sativa, such as secondary
branching of panicles.
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Numbers of nematodes recovered from 20 rice cultivars inoculated

TABLE 12:
with root-knot nematodes.

Entry ‘arietal type nematodes mean %
recovered* of check
CG20 O. glaberrima 0 * 0
CGi4 O. glaberrima 0.70 *
CG17 O. glaberrima - - -
WABIBI-18 improved O. sutiva 040 * 3
WABSG-104 improved O. sativa 0.85 ns 7
WABYG-1-1] improved O. saliva 0.87 ns 8
WAB-56-50 improved O. sativa 0.90 ns 11
WABS6-125 improved O. sativa 0.92 ns 12
086 traditional O. sativa 0.61 * 4
WAB450-25-1-14 O. glaberrina X O, sativa 047 * 12
(CG T4 X WABS6-104)
WAB450-24-1-1 O. glaberritna X O, sativa 0.52 * 1
(CGT4 X WABS6-104)
WAB450-14-6-2 O. glaberrina x Q. sativa 053 * 1
{CG T4 X WABS6-104)
WAB450-25-1-10 O, glaberrina X Q. sativa 0.56 * 1
(CGH X WABS6-104)
WAB450-2-2-10) O. glaberrina x Q. sativa 0.62 * 4
(CGT4 X WABS6H-104) ‘
WARB450-28-1-7 O. glaberrina x Q. sativa 0.63 * 7 Rice plan (ief) Showm typical symptoms of
(CGTH X WABS6-104) yellowing and stunting iollowing severe
WABHSO-10-5-9 Q. glaberrina x O sativa 065 * 7 nematode infesaton. compared with heairy
(CGT4 X WABS6-104)
WAB450-18-2-5 Q. glaberriima x Q. sativa 0.75 ns 9
(CG X WABSO-104)
WABAS0-11-1-16 O, glaberrima x O, sativa 097 ns 32 The African rice Oryza gluberrima
(CG T4 X WABS6-104) !)r()vidcs Vn"‘cmi,lt()dc rcs?‘istuncc for
WABH50-11-2-17 Q. glaberrima x O, sativa 1.10 ns 93 ;l;t(tf:l,);‘(l}‘\:lteljl?{t ;:I?I)lt)tjll(\llsll (Hpr)
{CG T X WARBS6-104) Y S : '
dand M. Jones,
IDSA6 (check) O. sativa improved Ll - 100 Past field surveys have shown that
root-knot nematodes (Meloidogyne
LSD (P=0.03) 041 - Spp.) are important rcgmints to rice
CV (%) 164 - ])r()quclion i.n West Africa,
particularly in upland ccosystems.
Nematode-resistant rice cultivars
* = numbers of nematodes per plant; log transformed mean of 4 replications would be a low-cost means of
o= missing plants nematode control, but improved
* = significantly (P < 0.03) different from check cultivars currently grown have

ns = not significantly different from check

proved to be highly susceptible to
these pests. Because resistance is



Stunted and patchy growth of rice plants as a
result of plant-parasitic nematode damage in a
trial at M'be, Cote d'lvoire

known to occur in O. glaberrina, we
undertook the present study to
assess nematode resistance among
the stable progeny of O. sativa x O.
Lluberrina crosses made at WARDA
since 1992,
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Seven O. sativa japonica-type
upland rice cultivars, three (),
slaberrinig cultivars, and 10 stable
progeny from a CG 14 x WAB56-104
interspecific cross (Table 12) were
screened under glasshouse
conditions in the UK for resistance
to M. incogiita Race 2. IDSA6, an
improved variety commonly
cultivated in Cote d'Ivoire, was used
as the susceptible check.

Among the O, sativa materials, only
the traditional variety OS6 and
WARDA's improved line WABIB1-18
were resistant (showed significantly
lower root infestation compared to
check; Table 12). Among the three
O. glaberrima materials, one was
resistant, one was immune (no
nematodes tound in the root), and
one failed to grow for unknown
reasons. Among the interspecific
progeny that resulted froma CG14
(resistant) x WABS6-104

IRRIGATED AND RAINFED LOWLAND ECOSYSTEMS

Breeding for irrigated lowlands
BN Singh

Most lowland rice production
svstems in West Africa are rainted,
based on a wet-season rice crop,
followed by a ditferent crop or fallow
vegetation, using residual moisture,
Irrigated rice is grown in large
irrigation schemes, which frequently
permit growing two rice crops per
vear, and inan increasing number of
improved valley-based lowland
systems. The main environmental
constraints to high rice yields are
biological, such as leaf and panicle
blast, rice vellow mottle virus
(RYMV), African rice gall midge
tARGM), and some pests and discases
ol local significance. Iron toxicity is
a severe problem at specific sites,
particularly in the inland valleys.

[ L
AT R TI
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WARDA's irrigated lowland rice
breeding activity targets rice
varieties with high vield potential,
medium or short duration, slender
grains with good quality, and stable
resistance to the biotic and abiotic
stresses mentioned. Because of the
prevalence of blast disease, all new
introductions and recombinants

RESEARCH

(susceptibley cross, seven out of 10
were resistant, indicating that
resistance to root-knot nematodes is
a transterable trait.

Our results are encouraging in the
development of new resistant
cultivars, However, the possibility of
a recurrence of susceptibility requires
that progeny testing tor nematode
resistance should be continued
throughout cultivar development.

In 1995 we will validate the
greenhouse observations in the field.
The field trials will encompass
broader ranges of nematode species
and test varieties,

M&M: Single plants in pots were
inoculated at 12 days after sowing with
200 hatched M. incognita juveniles ina
RCB design with four replicates. Root
nematode populations were assessed two
months after inoculation.

CRET trials for irrigated
lowlands being € ‘aluated
in Nigeria by a joint team
from WARDA., the Nigerian
NARS, and INGER.

undergo initial blast screening.
Resistant entries move on to
onstation observational yield trials
(OYT), regional OYT, and regional
replicated yield trials (RYT)
coordinated by the Lowland Rice
Breeding Task Force. Selected lines
from RY'I"in any given country are
evaluated in elite varietal trials
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TABLE 13:
lowland yield trial, short duration, 1994,

l.ocation

Ibadan, Nigeria

Rokupr, Sierra Leone

Midekhine, Chad

N'Diaye, Senegal

Kaedi, Mauritania

Nyankpala, Ghana

= Regional check

(EVT) or coordinated rice evaluation
trials (CRET), followed finally by
trials in farmers’ fields.

In the 1994 onstation OYT at

Ibadan, we screened 300 fixed lines
selected from pedigree nurseries in
1993, Entries were evaluated in an
augmented design with five checks
(IR72, ITA 3006, IR46, M

fahsuri, and

Entry

FAROX 308-1-2

TOX 3049-13-1-2-3-1
TOX 3090-135-1-3-2-2
TOX 3058-28-1-1
FARO 44¢

Skt

([G\Y (')

TOX 3090-135-1-3-2-2
TON 3049-13-11-2-3-1

ITA 123
Guinea Yakab
FARQO 444

SE ¢

CV (')

TOX 3440-16-1-2-2-1
TOX 3090-135-1-3-2-2
IR 64

FARO 444

TOX 728-1Y

SE

CV (%)

FFARO 444

TOX 3058-28-1-1

ITA 416

TOX 3440-16-1-2-2-1
TOX 3049-1-3-1-2-3-1
SE ¢

CV t)

TOX 3049-13-1-2-3-1
ITA 416

TOX 3080-135-1-3-2-2
FAROX 303-0-7-2

TN b

SE

CV (%)

TOX 3090-135-
TOX 3058-28-1-
TOX 3049-13-1-
IR 72

GR IR

SE +

CY (%)

1-3-2.2

1
2-3-1

b = Local check
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Top-ranking entries in the second regional irrigated

Yield (t ha'!)

5.21

6.97
6.83
6.17
6.13
+4.03

16,4

RN
jeRd o R o 5]

FARO 15). Based on grain yield and
plant type, 80 lines were selected for

irrigated lowland conditions.
Another 63 lines were shifted to

rainfed lowland nursceries, based on
morphological criteria. Regional
OYT had 50 entries, and RYT had
12 entries in 1994,
and RYMV pressure at some of the
regional sites enabled the

High ARGM

climination of highly susceptible
entries. Only one line, TOX 3370-
54-3-1-2, was moderately resistant
to ARGM. Twenty-four lines
showing better general performance
than the local check TTA 306 were
selected for further characterization
during 1095,

A set of advanced short-duration
selections was tested at six sites in
six countries. FARO 44 (SIP]
692033) served as the regional
check, complemented with site-
specific local checks (Table 13).
Two entries, TOX 3049-13-1-2-3-1
and TOX 3090-135-1-3-2-2, showed
superior performance across diverse
cnvironments. TOX 3090-135-1-3-
2-2 had high yiclds even at sites
with severe ARG pressure,

A set of 12 advanced medium-
duration selections was evaluated at
cight sites in six countries (Table
14). IR46 was used as the regional
check. Among several outstanding
lines, TOX 3233-46-3-3-4-2-2
deserves particular attention
because of its superior performance
across a wide range of
environments, including sites in the
Sahel and the humid tropics.

The substantial progress made
during 1994 in breeding and
selecting high-vielding and broadly
adapted cultivars for irrigated rice
results from effective region-wide
collaboration, involving NARS at an
carly stage of selection. In 1995 we
will continue refining our
decentralized approach. Additional
emphasis will be given to resistance
to RYMV and ARGM, whereas the
high level of vield potential already
attained allows less emphasis on
this objective.
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TABLE 14:  Top-ranking entries in the second regional irrigated
lowland and elite varietal yield trial, medium duration, 1994,

Location

Ihadan, Nigeria

N'Diaye, St. Louis, Senegal

Tove, Togo

Nyanpkpala, Ghana

IDESSA, Camp pénal,

Cote d'lvoire

Kaedi, Mauritania

Manga, Ghana

Mbé, Cote d'lvoire
(EVT)

4 = Regional check

Entry

TOX 3052-46-3-3-1
TOX 3233-46-3-3-4-2-2
TOX 3107-39-1-2-1-1
ITA 306b

IR 464

SE &

CV (%

TOX 3233-46-3-3-4-2-2
ITA 414

IR 46!

TOX 3100-73-4-4
FARQO 50

SEt

CV (%)

TOX 3255-82-1-3-2
TOX 3107-39-1-2-1-1
TOX 3233-46-3-3-4-2-2
ITA 230

TGR 1P

SE &

CV (%)

ITA 230

TOX 3255-82-1-3-2
ITA 414

GR 18"

I'FA 3060

LSD (.05)

Bouak¢ 1890

Cisadane

TOX 3052-41-F1-1-2-1-2
TOX 3233-46-3-3-4-2-2
TOX 3084-136-1-3-1-2
SE %

CV (")

TOX 3107-39-1-2-
TOX 3233-46-3-3-
1A 230

Jaya®

I'TA 3064

SE

CV (%)

-1
)

r'4

TOX 3100-37-3-3-2-9

RP 2107-14-12

IR 51463-BP3-160-2-2-3-1-2
ITA 320

GR 19"

LSD (.05)

Cisadane

TOX 3050-6-E2-3-4
WITA 2

TOX 3084-136-1-3-1-2
Bouak¢ 189"

LSD (.05)

SE ¢

CV (%)

b = Local check

Yield t ha'!

5.23
5.01
4.85
4.55
4.12
0.29
11.3

5.79
5.69
5.66
5.30
5.08
0.44
146

3.90
3.83
3.52
3.35
3.20
0.89
17.2

3.40
3.20
3.00
2.80
2.80
NS

5.51
5.29
5.27
4.83
+4.73

6.07
5.85
549
5.39
4.81

27.6

3.93
3.89
3.69
3.66
2.59

x
S
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Breeding for rainfed lowland
environments
B.N. Singh

The rainfed lowland rice ecosystem
in West Africa has a vast potential
for increased rice production
through area expansion and
intensification. Cultivated
lowlands, which are cither located
in valley bottoms or swamp plains,
are resilient, but they are prone to
variable periods of ecither drought or
excess water. Water stress reduces
crop growth and vield directly, and
it renders the plant more vulnerable
to diseases and weed competition.

Crop improvement for rainfed
lowlands generally requires a high
priority to vield stability, even at
the expense of some vield potential.
Consequently, WARDA'S rainfed
lowland breeding activities
concentrate on materials resistant
to blast, rice vellow mottle virus
(RYMV), and African rice gall midge
(ARGM), with intermediate height
to tolerate fluctuating water depth
and to suppress weeds. In addition,
materials must resist drought at
both the vegetative and
reproductive stages, and they must
avoid late-scason drought through
short duration. As in WARDA’s
irrigated lowland breeding program,
selection for rainfed lowland
adapted rice systematically involves
the Lowland Rice Breeding ‘Task
Force in order to diversify screening
environments and enable national
breeders to participate in the
selection process. Separate sets of
nurseries are composed for drought-
prone and favorable rainfed
lowland conditions, which
sequentially pass through
elimination processes in initial blast
screening, onstation observational
trials (OY'T), regional QYT regional
replicated yield trials (RY'T), and
farmers’ field trials.
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TABLE 15: ‘fop-Ranking entries in the second regional rainfed
lowland drought-prone yield trial, 1994.

l.ocation

AM'be, Cote d'voire

Ihadan, Nigeria

NCRI, Badeggi,
Nigeria

Gassi, Chad

Bokle, Cameroon

Dasilame, Gambia

Nyankpala, Ghana

1= Regional check

Lntry

BG 90-24

TOX 3084-136-1-3-1-2
I'TA 368

TOX 3118-47-1-2-3
Bouak¢ 1890

SE ¢

CV ()

FOX 3100-44-1-2-3-3
TOX 3084-136-1-3-1-2
TOX 3184-17-1-3-2-2
ITA 306°

BG 90-2¢

SE

CV (%)

TOX 3154-17-1-3-2-2
IR 54

IRAT 216

FARO 440

BG 90-2¢

SE ¢

L.SD (.05)

CV (%

B 90-2¢

TOX 3084-136-1-3-1-2
TOX 3562-15-3-

TOX 3100-44-1-
IR 46"

SE +

CV (%)

2-1
2-33

TOX 3118-47-1-1-2-3
IR 54

ITA 308

TOX 3100-44-1-2-3-3
BG 90-2¢

1S (.05)

CV (%)

TOX 3399-108-3-2-2
IR 54

TOX 315 2-2

4-17-1-3-
TOX 3562-15-3-2-1
B(G 90-2¢
(A% (')

TOXN 3154-17-1-3-2-2
IR 54

ITA 308

BG 90-24

GR 19"

SE £

CV (%)

b= Local check

Yield t ha'!

4.91
4.90
4.76
4.74
4.74
0.96
26.1

1.37
1.24
1.20
1.16
0.54
0.32

1.26

During 1994, entries selected from
1993 regional OY'T and RYT were
evaluated for a second year in
drought-prone regional OYT and
RYT. In the RYT, 12 entries were
evaluated at seven sites in six
countries (Table 15). Drought was
severe at the vegetative and
reproductive stages at Ibadan
(Nigeria) and Dasilame (Gambia),
wherceas no drought was observed at
M’BE (Cote d'lvoire) and Gassi
(Chad). Wherever drought stress
was absent, the regional check
B3GY90-2 outyielded all test entries,
but it had inferior vields at drought-
prone sites. Among the test
materials, TOX 3084-136-1-3-1-2
stood out by having high yields in
favorable environments, while also
ranking high under drought-stressed
conditions. TON 3100-44-1-2-3-3
also showed broad adaptability,
particularly under drought stress.
Based on its short duration, plant
height, and agronomic
performance, TOX 3100-44-1-2-3-3
was selected for farmer field testing
in 1995 and was designated ‘WITA
4. A parallel set of nurseries
composed of more recently received
accessions was tested during 1994 in
regional OYT for drought-prone
environments. The best-performing
entries have been selected for the
1995 regional RY'T.

Initial screening during 1994 for
blast and drought resistance in the
seedbed included 78 F) bulk
populations. Only resistant plants
were transplanted to main plots,
and 18,321 F, individual plants
were selected. We will evaluate
thenm during 1995, using the
pedigree method. For hybridization,
a new method based on genetic
male-sterile progeny was introduced
to more cfficiently incorporate
drought resistance into germplasm
with good agronomic performance.

|



On-farm testing with farmers: joint selection of an elite Inia, WITA4, for drought-prone rainfed lowlands.
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TABLE 16:  Top-ranking entries in the cegional rainfed lowland
tavorable yield trial, 1994,

l.ocation

M'be, Cote d'Ivoire

Ibadan, Nigeria

Bokle, Cameroon

Kaedi, Mauritania

&= Regional check

Lntry

ITA 306¢

TOX 3440-132-3-3-1
Cisadane

TOXN 3100-44-1-2-3-3
Bouak¢ 189"

SE ¢

CV (%)

LSD (.05)

FARO 150

TOX 3963-8-1-3

ITA 324

TOXN 3162-11-1-2-1-1
ITA 306°

SE £

CV ("%

TOX 3967-17-1-1
TOX 3100-44-1-2-3-3
ITA 30060

TOX 3095-52-3-2-3
IRAT 112P

1S (.05)

CV (%)

I'TA 306°
TOX 3967-17-1-1

Jaya®

Cisadane

TOX 3069-66-2-1-6
SE +

CV (%)

b = Local check

Yicld t ha!

6.44
6.23
6.17
5.96
5.30
0.41
8.8

0.71

3.06
2.53
2.48
2.43
1.92
0.16
13.1

7.36
5.84
5.64
4.82
3.24
1.24
15.6

7.15
6.72
6.70)
6.64
6.64

17.3
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A separate breeding activity was
conducted for the more favorable,
less drought-prone lowlands.
Twelve lines from the 1993 regional
and onstation trials were selected
for the regional favorable rainfed
lowland trial in 1994, Four sets of
accessions were evaluated at four
sites in four countries (lable 16). At
Bokle in Cameroon, the regional
check TEA 306, which has an
extremely high vield potential, was
susceptible to deaf blast and was
significantly outvielded by blast-
resistant TON 3967-17-1-1. At
M'be, where ARGM pressure was
high, the resistant aceessions TOX
3440-132-3-3-1 and Cisadane had
significantly higher vields than the
local check Bouake 189, These
materials will be further
characterized in 1995 in order to
compose onfarm trials. From the
1994 regional OYT, 18 lines have
been selected in Sierra Leone, 21 in
Nigeria, and 13 in Cote d'lvoire.
They will form the 1995 regional
RY'T for favorable rainfed lowlands.

Observations during 1994 showed
that under favorable rainfed
lowland conditions, the yield
potential of regional check ITA 306
will be ditficult to beat. There is
scope, however, for further
improvement of blast and ARGM
resistance, and the 1994 results are
encouraging in this respect. For the
drought-prone lowlands, significant
progress was made in the selection
of materials with broad adaptability.
The relatively new discase RYMYV,
however, remains a major challenge
in breeding for both environments,
The natural pressure is too variable
to permit reliable field screening,
and no lowland-adapted indica
materials resistant to RYMV are as
yet available. This will be a major
focus of WARDA's rescarch in 1995
and beyond.
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TABLE 17:
trial, 1994.
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Top-ranking entries in first regional low-input-yield

Location Entry Yield t ha'!
Dasilame, Gambia TON 3055-10-1-1-3-3-1 2.35
TOX 3050-46-£2-3-3-3 2.17
TOX 3561-56-2-3-2 1.96
Mahsuri 1.51
D] 12-519b (.85
CV (M) 27.0
1S (.05) 1.02
Seme, Togo TOX 3055-10-1-3-2-2 1.08
TOXN 3053-46-12-3-3-3 1.00
Suakoko 8 .93
TGR 1Y 0.83
Mahsuri* 0.51
SE 0.73
CV (%) 17.1
Rokupr, Sierra Leone TOXN 3499-84-2-1-3 4.27
Mahsurit 3.24
IR 48028-B-B-126-3 3.48
TOX 3561-56-2-3.2 3.06
Bojou 130021b 3.06
(ISR 0.19
[0Y 3.97
Badeggi, Nigeria TON 3100-44-1-2-3-3 4.51
7106-2-3-3-1 4.13
TOX 3499-84-2-1-3 4.13
FARO 35P 3.56
Mahsuri* 1.16
LSDY {0.05) 0.72
CV (%) 15.5
Contuboel, TCA 80-4 1.95
Guinea Bissau IR 48028-B-B-126-3 1.66
SPT 7106-2-3-3-1 1.61
Senquere” 1.45
Mahsuri .98
Sk + —

(\/ ()

+ = Regional check

Selecting rainfed lowland lines
for low-input conditions
B.N. Singh

Most resource-poor farmers in West
Africa cultivate rainfed lowland rice
in inland valley swamps with very
low fertilizer and management
inputs. In such environments,
many of the widely used semidwarf
varieties perform nao better than the
traditional tall variceties because they
compete poorly with weeds, and

P = Local check

they achieve their yield potential
only if resources are abundant. A
specific breeding activity was
initiated in 1994 to develop lowland
rice materials with intermediate
plant type, multiple biotic and abiotic
stress resistance, and high seedling
vigor that will vield a crop even
under substantial weed pressure.

During 1994, 12 lines selected from
the 1993 observational yield trial
were evaluated by the Lowland Rice
Breeding Task Foree in a regional
replicated yield trial (RYT) in five

countries (lable 17). Mahsuri, a
variety released as ROK 24 in Sierra
Leone, was used as the regional
check. Twenty kg N hat were
broadcast as a single dose after
manual weeding, 25-30 davs after
planting.

Yields were highest at Rokupr in
Sierra Leone and at Badeggi in
Nigeria, at which sites TOX 3499-84-
2-1-2 gave the highest vields of more
than four t ha''. At Seme in Togo
and Dasilame in Gambia, vields were
much fower and the best-performing
variety at both sites was TOX 3055-
10-1-1-3-3-1. In Contuboel, Guinea
Bissau, vields were also very low, but
the spectrum of best-performing
lines was entirely different from that
of the other sites. Significant yield
ditferences between WARDA
selections and cither the local or
regional checks were found only in
the three sites having the highest
yields, Dasilame, Rokupr, and
Badeggi.

These results, once confirmed in
1995 and analyzed for the site-
specific constraints encountered in
1994, will enable us to target low-
input-adapted varieties to specific
stress environments. Also in
1995, we will test in regional RY'T
the best selections from last year’s
observational yield trial of 50
entries, from which 10 were
nominated at Ibadan in Nigeria and
17 at Contuboel in Guinca-Bissau.

Advances in breeding for iron
toxicity tolerance
B.N. Singh

Iron toxicity is a major problem in
many lowlands in the humid and
subhumid zones of West Africa,
particularly in the bottoms of
intand valleys. High concentrations
of reduced iron in the soil severely
affect the nutrition and growth of



TABLL 18:

tolerance and clite variety trial, 1994,

Location

Fdhovigi, NCRI
Nigeria

Kabala, Sierra Leone

Sikasso, Mali

Bordo, Guinea

Menchum, Cameroon

Korhogo,
Cote d'lvoire

Djibelor,
Senegal

Anfani
WARDA, Nigeria

4 = Regional check

LEntry

(K73

TOX 3052-4-F1-2-1-2
TOXN 3069-60-2-1-0
Suakoko B

FARO 8P

LSIY (.05)

CV (M)

CK4

TOX 3050-40-13-3-2-3
Suakoko 8¢

TOX 3100-32-2-1-3-5
Grissi 27"

LSD (.05)

CV (V)

Suakoko 8*

TOX 3050-40-F3-3-3-3-3
BR4®

TOX 3052-41-F1-
TON 3100-32-2-1
CV (")

2-1-2
-3-5

DR 33-PDS-PD2-PDA-1'D]
TOX 3093-10-2-3-2

V(Y

(K73

TOX 3069-66-2-1-6
TON 3100-32-2-1-3-5
TON 3052-41-E1-2-1-2
Suakoko 8+

LSD (.05)

CV (%)

TON 3118-06-1:2-3-2
TOX 3052-41-111-2-1-2
TOX 3081-36-2-3-1
Bouake 1890

Suakoko 8¢

LS (0.05)

CV (%)

Suakoko 8¢

D] 6R4-DY

WITA 2

TON 3081-36-2-3-1
TOX 3027-43-1-E3-1-1-1
SE £

CV (%)

TOX 3118-6-£2-3-2
(K73

WITA 3

CK4

Suakoko 8

LSD (.05)

SE +

CV (")

b = Local check
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Top-ranking entries in the second regional iron-toxicity

Yicld t ha'!

3.20
2.38
2.16

XY SYNTNYTRRIT
LT XXX
AT

ZESRNNNW
Frouuxxio—~
—to kXN

RESEARCH

rice. Varietal tolerance to this stress
is generally the most cost-ctfective
means to improve rice production
on iron-toxic soils. [n our work to
develop new varieties with
cnhanced iron toxicity tolerance,
we concentrate on regional
hotspots. These include Edozhigi
and [kot Obong in Nigeria (severe
toxicity), Badeggi in Nigeria and
Korhogo in Cote d’Ivoire (moderate
to severe), and at Djibelor in Senegal
{a combination ot stresses associated
with acid sulphate soils). Regional
varictal testing at these hotspots is
coordinated by the Lowland Rice
Breeding Task Foree.

During 1994 we selected from
segregating generations,
observational nursceries, and
nonreplicated vietd trials at
Edozhigi, Nigeria, Observational
(OYT) and replicated vield trials
(RY'D) tor advanced selections were
conducted at several locations with
various NARS collaborators. The
Lowland Rice Breeding Task Foree
conducted two regional replicated
vield trials for elite selections, Ail
trials used Suakoko 8 as the regional
tolerant check, and one or more
local checks.

In the 1994 observational nursery,
300 fixed lines were evaluated at
Ldozhigi, using an augmented
nonreplicated design. Forty-five
lines were resistant and another 55
were moderately resistant. These
lines will be evaluated in WARDA'S
OYT during 1995, In the 1994 OY,
270 lines were evaluated with
Suakoko 8, IR46, Mahsuri, and TOX
30069-66-2-1-6 as checks. Selected
lines will be tested in the regional
OYT during 1995, In the 1994
regional OYT, 50 lines were
evaluated at four sites in Nigeria
(Edozhigi and kot Obong), Sierra
Leone (Kabala), and Senegal
(Djibelor). At Edozhigi, where iron
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toxicity was severe, we found that
14 lines were resistant and only
cight lines outyielded the regional
check. At [kot Obong, iron toxicity
was also severe, and only 20 lines
survived, out of which we selected
cight lines. At Kabala, 18 lines were
selected, with WAR 100-2-12-1
giving an outstanding vield of 3.85
tha''s At Djibetor, representing a
Mangrove rice ccosysten, iron
toxicity was coupled with
aluminum and hydrogen sulphide
toxicities. In this environment,
none of the entries exceeded the
vield of Suakoko 8. The best-
performing lines from cach site will
form the 1993 regional RY'T,

Also during 1994, the Lowland Rice
Breeding Task Force evaluated 12
clite lines in a regional RY'T
comprising cight sites in seven
countries (Table 18). In five of the
seven sites (Edozhigi, Kabala, Bordo,
Menchum, and Korhogo) various
entries signiticantly outyvielded both
local and regional checks.
Particularly promising are CK73 and
TOX 3050-46-£3-3-2-3, which
outyiclded checks at two sites and
CR4and TOX 3100-32-2-1-3-5 (at
one site). The CK lines are from the
Guincan national program and
were recently identified by the
Lowland Rice Breeding Task Force.

Our hybridization activities in 1994
made use of genetic male sterility to
more efficiently transfer iron-
toxicity tolerance to progeny with
improved plant type. Bulk
sclections were made from 27 F,
populations grown at Edozhigi and
25 F, populations at thadan.
During the 1994/95 dry scason, the
genetic male-sterile population,
WATMSPT, was subjected to a
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Screening for rice yellow mottle virus in a screenhouse at Ibadan, Nigeria. All but the center variety

are affected by the virus.

second outcrossing cycle with 10
improved iron-toxicity lines as
“male parents”. ‘Tolerant lines will
be y parents selected from male-
tertile plants using the pedigree
method, and evaluated during the
1995 wet scason at Edozhigi.

Also in 1994, we continued our
scarch for better introduced and
local genetic sources of iron-toxicity
tolerance. Fifteen cultivars popular
among farmers in the Bida area in
Nigeria were evaluated for their
iron-toxicity tolerance, and all of
them were resistant to moderately
resistant. They will be further
tested at kot Obong and Edozhigi
in 1995,

It is now clear that our research to
improve iron-toxicity tolerance
since 1990 has yielded a large
number of materials that show
stable performance across some, but
not all, of the diverse test
environments in the region. Many
of these significantly outyield the
check varicties. To make even more
rapid progress, we need more
information on the spatial and
temporal (e.g., scasonal) variability

of iron toxicity and on the trade-
offs between yield potential and
physiological tolerance. Intensitied
rescarch in these arcas during the
next few years will enable us to
improve our screening
methodologies and target specific
stress intensities and combinations
through breeding.

Breeding lowland rice for
resistance to RYMV
B.N. Singh

Rice yellow mottle virus (RYMV),
leat and panicle blasts, leaf scald,
and bakanae are the major diseases
of lowland rice in Wesl Africa.
Hybridization and selection from
segregating populations and fixed
lines continued during 1994 to
develop stable resistance. A fungal
discase not described before in the
region, udbatta, was identified at
Ibadan, Nigeria. Although the
discase had been present in a mild
form during past years, it became
severe in some trials and varieties
during the 1994 wet season.,
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TABLE 19:  Top-ranking entries in the second regional Task Force
trial for RYMV resistance, 1994,

Location Entry Yield t ha!
ITTA, Ibadan TOX 3440-170-1-2-1 513
ITA 212" 5.03
TON 3440-171-1-1-1-1 +4.87
TON 35333-36-2-2-2 +.83
FTA 3060 +4.62
Sk = 0.27
CN (Y 10.1
M'beé, Bouaké Bouak¢ 1890 4.80
TON 3440-10-3-3-2-2.3 +4.55
TON 3217-69-3-1 +.47
TON 3553-36-2.2.2 +4.31
ITA 306+ 3.90
SE £ 0.74
CV i 319
Rokupr, Sierra Leone TON 3553-36-2-2-2 +4.23
TON 3211- HIZ!Z +4.18
TON 3058-28-1-1 3.86
TON 3052- 4() 1.2-2-2-4-3 3.84
ITA 306! 3.60
Sk ¢ 0.15
CV o) 9.2
Niono, Mali TOXN 303K8-28-1-1 9.03
ITA 3064 8.54
TON 3440-176-1-2-1 8.49
BG vo-2" 8.12
TON 3440-171-1-1-1-1 7.77
Skt —
CV () -—
= Regional cheek b = Local check
RYMV discase has become a major areas under irrigated rice have
constraint to rice production in become atfected since 1992, During
Mali and Cote d'Ivoire, where large three vears of onstation and onfarm

Udbatta disease, as seen at lbadan, Nigeria, observed for the tirst ime in the 1994 wet season.

RESEARCH

testing in Cote d'lvoire, the two
lines showing apparent RYMV
resistance under natural disease
pressure, TOX 3440-171-1-1-1-1 and
TOX 3440-176-1-2-1, were
designated as WIHTA 7 and WITA S,
respectively, for large-scale testing
in farmers’ tields. No advanced
lowland materials resisting artificial
inoculation are available to date,
however; so we have intensified our
search tor indica-type donors of
stable resistance.,

In a parallel approach, we are also
trving to utilize the rich sources for
RYNV resistance present in the
upland-adapted tropical japonica
group and in the African rice species
Oryea glaberrima. Vhiese groups are
genetically and agroecologically
distant from the indica rice types
preferred in lowland rice
cultivation, but encouraging
progress was made by WARDA
breeders during 1994 towards the
realization of wide crosses and the
retention of desirable traits from
both parents.

A biotechnological approach to
generating RYMVeresistant lowland
rice progeny is also being initiated
in collaboration with research
institutes in the UK and France.
Projects will begin during 19935 to
map and mark RYMV resistance loci
in different rice groups and specics,
and to transfer cither natural or
svithetic transgenes for RYMV
resistance.

In order to provide farmers in the
shortest passibie time with cultivars
that are at least moderately resi-tant
to RYMV, WARDA's conventional
breeding and varietal <clection
program has also been iniensified,
in cotlaboration with the Lowland
Rice Breeding Task Foree. During
1994, the third regionai - MV
observational vield trial (OYT) was
conducted at four sites in Cote
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d'Ivoire, Sierra Feone, and Nigeria,
composed of 40 entries selected
from the 1993 onstation OY [
Moderate RYNY pressure was
observed at M'he in Cote d'voire
and Rokupr in Sicrra Leone, but was
absent at Ibadan in Nigeria and
Camp Penal in Cote d'voire. The
12 highest-vielding entries having
appropriate plant tvpe, no RYMY
and fow blast svmptoms, were
nominated tor the 1995 regional
replicated viekd trial (RY'T. i the
1994 regional RY'T conducted by
the Lowland Rice Breeding Task
Force, RYNMY pressure was also low
at most sites, and varictal selection
was mainly based on vield and
resistance to stresses like blast and
African rice gall midge (ARGN D,

We made several crosses during
1994 in order to study the genetics
of RYMV resistance and to generate
pedigree lines tor selection.
Preliminary results wilt be available
in 1995, A general problem in
breeding for RYNMN resistance is the
high temporal variability of the
natural disease pressure, which
prevents reliable sereening for
resistance in the field. This may
change soon because RYNV
pressure across the region is
generally rising, but in order to pre-
empt such a development, breeding
for RYNV resistanice must now be
accelerated using controlled
infection in protected
environments. WARDA is currently
expanding its screenhouse facilities
to realize this objective.

WARDA ANNUAL REPORT 1994

Breeding lowland rice for
resistance to blast
BN Singh

Leaf ard panicle blast represent
major and consistent constraints to
rice production in all West African
rice ecosvstems except the Sahel.
Because blast resistance is generally
aonecessary prerequisite for stable
varietal performance in rainted and
irrigated lowlands, WARDA
scientists systematically sereen all
new introductions and segregating
populations to eliminate highly
susceptible materials.

During 1994, in ordaer to develop
varieties with stable and durable
resistance, lines were screened

under both naturat and artificial

disease pressue using infector rows,

In the regional leat and panicle
blast screening nursery conducted
jointiy by the Lowland Rice
Rreeding Task Force and WARDA
scientists, 100 lines were evaluated
for resistance to leat blast in the
Mbo plains and at Karewa in
Cameroon, tbadan in Nigeria, and
Rokupr in Sierra Leone. Panicle
blast was screened only at Ibadan,
where incidence was very high.
Disease incidence was low at
Karewa and high at Rokupr,
Varietal patte.ns of leat blast
response varicd among the four
sites. During 1995, 35 lines that
showed stable resistance across
several sites will be tested in
observational vield trials (OYT) in
the Mbo plains.

In an effort to select high-vielding
lowland lines with stable blast
resistance and resistant donors for
our hybridization program, we
evaluated 112 improved breeding
lines for feaf blast response in
replicated screenhouse yield trials
(RYT). Infector rows seeded two
weeks carlier than the test entries

were inoculated with field isolates
of leaf blast at Ibadan. Discase
development based on lesion size
and leaf arca infestation was
eeasured at weeklv intervals during
tae vegetative growth phase. We
identified four lines, A 324, IRAT
216, TON 3118-47-1-1-2-3, and
FOX 3220-5-2-2-2, that were
immune. Another 23 lines were
resistant to moderately resistant.
[hese dines will be used as parents
in subsequent crosses, Using the
Same sereening svstem, we
evaluated 567 selections from a
genetic imale sterile-tacilitated
recurrent selection program and
found excellent results. Thirty
percent of the lines were immune
and another 2 1% were resistant to
moderately resistant to leat blast.
Most of the lines are of a plant type
suited to rainfed lowland ccosystems.
Once fixed, we will test the selected
lines in an onstation OY'T,

Breeding lowland rice for
resistance to leaf scald
B.N. Singh

Only moderate progress was ni.de
in 1994 towards achieving
resistance to leaf scald, a fungus
disease. Leaf scald is a major
problem in drought-prone rainfed
lowland environments, for example
at Nyankpala in Ghana and in the
Mbo plains in Cameroon. o select
resistant lowland adapted lines as
donors for hybridization, v ¢
screened 925 tines for leaf scald
resistance in regional and onstation
trials, in collaboration with the
NCRI reseireh station at Amakama
in Nigeria. Forty-three percent of
the lines were rated susceptible or
highly susceptible. Omy 10 lines
(1) were rated resistant and 60
lines (6%) as moderately resistant.
All except the susceptible and
highly susceptible lines will be
furthier screened during 1995, From
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TABLE 20:  ‘Top-ranking entries in the regional replicated Task Force

trial for ARGM resistance.

L.ocation

Mbe, Cote d'lvoire

Ibadan, Nigeria

Mhe, Cote d'lvoire

Gadza, Nigeria

Gassi, Chad

Badeggi, Nigeria

Karfiguela, Burkina Faso

* = Regional cheek

LEntry

BG 90-24

TOX 3084-136-1-3-1-2
I'TA 308

TOX 3118-47-1-2-3

TOX 3223-46-3-3-4-2-2
BW 348-1

ITA 306¢

Suakoko 8

Cisadane

Skt

CV %

Cisadane

I'TA 306
Surasksha

TOX 3967-17-1-3
Bouak¢ 189¢
LSD (.05)

(\ Y

TOX 3967-17-1-3
TOX 3876-56-1-4
Cisadane
Suraksha

ITA 306

SEx

CV (%)

BW 348-1

TOX 3876-56-1-4
Suraksha

TOX 3967-17-1-3
ITA 3064

skt

CV (W)

TOX 3093-35-2-3-3
TOX 3255-82-1-3-
TOX 3233-46-3-3-
FARO 29b

ITA 306¢

LSD (.05)

CV (%)

2
4-2-2

Suraksha

Cisadane

TOX 3255-82-1-3-2
BW 348-1

ITA 3068

1LSD

CV (%)

b = Local check
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‘ield t ha!

4.91
4.90
4.76
4.74

4,10
4.0
4.00
3.70
0.31

1,50

3.76
3.75
3.74
3.67
2.80
0.45
7.64

+4.56
3.70
3.57
3.56
2.90
0.35
18.5

wc

e e e
4Ny e

— N

2,40
2.40
2.23
1.97
1.78
ns
2.2

4.88
4,65
4.38
4.24
1.52
0.85

13.1
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African rice gall midge incidence at Rokupr,
Sierra Leone, seen for the first ime in 1994.

a previous hybridization activity, 15
F, populations were also grown at
Amakama during 1994, and bulk
and individual pltants were selected
for further evatuation in 1995,

Breeding for resistance to insect
pests in lowland rice
B.N. Singht

Insect pests in West African lowland
rice ecosystems are particularly
abundant where production
systems have been intensified.
Varietal resistance is a major and
cost-cffective method of controlling
inscct pests, particularly if
employed as one of several
components of an integrated pest
management (IPND approach.

The mmost important insect pests in
West African lowland ccosystems
are the African rice gall midge
Orseola orvzivora (ARGM), the stalk-
eyed fly Diopsis spp., and the white
stemborer Maoliarpha sepanatella,
WARDA entertains specific breeding
programs to develop genetic
resistance to these pests, whereas
other insects with more local or
minor signiiicance are addressed
only through routine elimination of
susceptible rice lines.
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TABLE 21:
yiceld trial, 1994.

Location Entry

Niaris 85-12
Kilombero
Eguazampa
IR 841

ITA 222¢

SE &

CV (")

Ibadan, Nigeria

DR2
Basmati 217
ITA 222¢
Niaris 85-12
Kilombero
SE +

CV (%)

NCRI, Badeggi

Niaris 85-12
IR 841

DR2
Basmati 219
ITA 2220
CV ()

Ambedane, Chad

IR 841-85-1-1
RDIS

IR841

Niaris 85-12
ITA 222¢

CV (%)

Sikasso, Mali

RD 15

Pusa Basmati
SiK 3

DR2

ITA 2220

SE

CV (%)

Contubocl,
Guinea Bissau

* = Regional check b = Local cheek

ARGM: ARGM is probably the
most significant rice insect pest in
West Africa. We complement our
breeding activities for varietal
resistance genetic studies,
characterization of the ccology of
ARGM conducted in collaboration
with NRI in U.K,, and germplasm
exchange with the NARS in India.
The aim of the latter is to test
whether Asian rice gall midge
resistant materials from India may
be resistant to ARGM.

During 1994, 110 Lnes were tested
in a regional observational yield
trial (OY'T) at Rokupr in Sierra
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Top-ranking entries in the second regional quality rice-

Yield t ha'!

445
4.16
4.10
4.09
3.83
0.29
13.3

1.15
1.09
1.06
0.97
0.91
0.17
349

9.88
9.70
9.24
8.48
8.48
12.2

3.94
3.91
3.79
3.69
3.06
22.0

1.80
1.35
1.26
1.22
1.07

Leone and at Gadza, Afani, ltoikin,
and Ibadan in Nigeria. Severe
ARGM incidence was observed for
the first time in Rokupr. We rated
25 lines (23%) as moderately
resistant and the remaining lines as
moderately to highly susceptible.
Incidence was also severe at Gadza,
Afani, and Ibadan, but it was low at
ltoikin. ARGM infestation was as
high as 36" of tillers in an
independent upland blast
screening trial at Ibadan with 100
entries, from which 21 resistant
lines were selected and shifted to
the 1995 ARGM on-station OYT.

In the 1994 regional replicated
yield trial (RYT) for ARGM
conducted by the Lowland Rice
Breeding ‘lTask Force, 12 lines
selected from the 1993 vegional
OYT were evaluated at o sites (Table
20). Low incidence was observed
at Ibadan and Badegygi in Nigeria,
at M’be in Cote d’Ivoire, and at
Gassi in Chad. High incidence was
observed at Kartiguela in Burkina
Faso and Gadza in Nigeria, At
Karfiguela, tour entries (Suraksha,
Cisadane, TOX 3255-82-1-3-2, and
BW34B-1) significantly out-yielded
the regional check TTA 306, At
Gadza, Cisadane and Suraksha also
achieved high yields, but only TOX
3967-17-1-3 gave signiticantly
higher yields than the check. The
trial will be repeated in 1995 using
a subscet of the entries.

Although a number of high-
yielding varietal selections rated
resistant to ARGM during 1994
under significant natural pressure
in the field, our screening trials
under controlled conditions
showed that no truly resistant
materials are so far available. The
main mechanism of resistance to
ARGM as observed in local cultivars
like Cisadane appears to be based on
compensatory tillering in
combination with a relatively long
duration. In 1995, we will intensify
our search for ARGM-resistant
germplasm, particularly for donors
of additional traits of resistance.

Stalk-eyed fly: For resistance to
stalk-eyed tly, we evaluated in the
field 20 lines selected during 1993
in replicated screepaouse trials.
The resistance to stalk-eyed fly was
confirmed for all entries. Four lines
significantly out-yielded the
susceptible check Suwkoko 8, but
none had higher yields than ITA
306, the regional high-yiclding



cheek. The best-performing resistant
entries were TOX 3440-1706-1-3-2-2
and TOX 3440-133-2- 3-2-3, both of
which vielded 4.0t ha't,

White stem borer: [n 1994 we
evaluated under Towland tield
conditions 1o lines selected for
resistance to white stem borer
during 1993 in screenhouse trials.
fen hills were randomly collected
tor stem dissection at 30, 60, and
a0 davs atter transplanting (D7),
Ihe average infestation increased
trom 4% at 30 DT to 287 at 60
DT and 32% at 90 1T, At grain
maturity, only Cisadane (34%) and
ITA 382 (40%) had low intestation
compared to the regional check TTA
3006 (63%0). In 1993, we will further
test the best selections from this
trial and determine relationships
between infestation and vield loss.

Breeding rice varieties for
medium-deepwater environments
BN Singh

Flooding is associated with a
significant risk of crop
submergence in two lowland rice
sub-ccosystems in \West Africa.
First, traditional and extensive
deepwater rice systems exist in the
seasonally inundated floodplains of
large rivers. These production
svstems, which mainly use
clongating ¥ wlaberrima rices, have
been marg :alized by the general
trend towards intensification and
are not any more addressed by
WARDA'S research programs.,
Second, medium deep flooding also
occurs in rainted lowland rice
cnvironments in inland valleys and
floodplains with poor water
control. Water depth frequently
exceeds SO cm there, and rice
vields are limited by poor plant
survival and lodging. Farmers use
several methods to avoid plant
submergence; for example,
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planting tall upland varicties
and/or transplanting older, and
theretore taller, seedlings; or
planting on artificial ridges to
avoid ptant submergence. During
the past thiee vears, \WARDA has
conducted a small-scale breeding
program for medium deepwater
ccologies in collaboration with the
Lowland Rice Breeding Task Foree.

During 1994, a regional
observational vield trial (OYT) with
90 entries was conducted at [hadan
in Nigeria and Madina Gambiel in
Guinea Bissau. The entries had
been selected tfrom an onstation
replicated vield trial (RY'T) during
1993, Water depth did not exceed
S0 cmat Ihadan, whereas it was
150 cm for extended periods at
Madina Gambiel. Fifteen lines
showed high survival rates and
vielded at teast as much grain as
the local cheek Sepunet. At Ibadan
we identified 20 promising lines,
These lines will be tested in the
1995 regional RY'T. The 1994
regional RYT was conducted at
three sites, but early submergence
devastated the trial at one site,
Birni Kebbi in Nigeria. Yields were
highest for TOX-3440-164-3-3-2
and TOX 3399-64-2-2-1 in The
CGambia and for iI'TA 236 at Ibadan.
But no significant differences
among entries were observed due
to high variability.

Also in 1994, we conducted in
collaboration with national
scientists in Gambia an onfarm
trial with tive elite lines selected
during 1993, The lines were
planted on farmers’ fields near the
villages of Dasilame, Sutusinjang,
Ndemban, and Somita. TOX 3399-
04-2- 2-1 gave consistently high
yields and was appreciated by
farmers for its sturdy plant type
and its long and crect tlag leaves
which help control bird damage.
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During 1995, varictal selection and
transter to NARS will continue.
However, we decided to suspend
the hybridization component ol
this activity in order to provide
tmore focus to the lowland rice
breeding program as a whole. This
decision will be reviewed on the
hasis of the hvdrological
characterization of \West African
inland valleys which is presently
being conducted by the Infand
Vallev Consortium.

Sclecting lowland rices with
superior grain quality for
cmerging markets

B.N. Singh

Consumer preferences for grain
type and quality vary among
countries and ethnic groups in West
Africa. Until the Jate 1980,
however, the regulated rice markets
and (particularly in the irrigated
sector) production and
transformation svstems provided
growers littie incentive to produce
rice with superior grain quality or
specific grain characteristics. With
the implementation of structural
adjustment and market
liberalization, profitable market
segments for high-quality rices are
now likely to develop, which will
compete more effectively than at
present with quality imported rice.
Itis also likely that milling recovery
might also become an additional
factor determining paddy prices.

Most urban rice consumers in \vest
Africa prefer long, slender,
translucent grain types. Aromatic
rices are also popular in some areas,
but they are scarce and expensive.
‘o provide consumers and rice
growers with high-quality rice
varieties having acceptable vield
potential, in 1994 WARDA initiated
a spuecific varietal selection program
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TABLL 22:

Grain quality traits of entries in second quality-rice-yield trial, 1994,

Designation Origin Paddy Brown rice Milled rice
1000 grain Milling llead
weight, Length Width L/W yield yield
ingm (mm) (mm) ratio (%) (Vo)

Basmati 217 India 23.6 7.41 2.04 3.6 60.4 57.4

DR2 Cote d'Ivoire 25.1 6.72 2.32 2.9 60.9 §7.0

Eguazampa Nigeria 30.7 8.03 2.31 3.5 57.7 53.5

IR841 IRRI 27.4 7.01 2.35 3.0 63.9 75.0

IR841-67-1-1 IRRI 28.0 7.06 2.40 29 04.7 81.9

IR841-85-1-1 IRRI 24.4 697 2.17 3.2 66.4 90.4

Kilombero Tanzania 34.3 7.86 2.50 3.1 63.2 72.6

Niaris 85-12 Benin 30.6 7.62 2.36 3.2 71.0 35.3

Pusa Basmati India 23.9 8.16 1.85 3.4 62.2 59.4

RIS Thailand 29.5 8.04 2.55 3.2 606.6 79.3

Khao Dawk Mali 105 Thailand 23.0 643 2.45 2.6 68.7 90.5

I'TA 222 (check) Nig.ria 29.1 6.79 2.50 2.7 65.7 71.6

for the irrigated and tavorable in four countries (lable 21). Among Ambedane in Chad, exceeding cight

rainfed lowland ccosystems.

During 1993 a first set of entrics,
including long-slender and extra-
long-slender grain types, such as the
Basmati varicties, was characterized
in observational vield trials. In
1994, 12 selections from this trial
were tested in regional replicated
yield trials in collaboration with the
Lowland Rice Task Force at five sites

the quality criteria were extra-long-
slender or leng-slender grain shape
and high niilling and head rice
recovery. Details of variety origin
and grain properties are presented
in Table 22,

Grain vields varied more among
sites than amony varieties. Yields
were generally extremely high at

Rice vanieties from other rice-growing regions of the world that have siperior grain qualities are
tested under West Alrican conditions and carefily stored foi further study.

t ha'!, even for the traditional
aromatic variety Basmati 219, By
contrast, vields were generally only
around one t ha'! at the iron-toxic
Badeggi site in Nigeria, Niaris 85-
12, & lowland rice from Benin with
extra-long-slender grain and good
milling recovery, gave the highest
yields under favorable irrigated
conditions in Ambedane and
Ibadan, Nigeria.

During 1995 we will evaluate these
same 12 materials in different
lewland evironments in which,
because ot their morphological
plant type, they might show
specific adaptation. We will also
characterize in more detail the
chemical properties and cating
quality of these rices, and we will
test a subset of the materials in
farmers’ fields.
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SAHEL IRRIGATED RICE PROGRAM

Yicld potential (grain vield
obtained under ideal conditionsy in
the Sahel is particularly high
because of high solar radiation and
the widesp cad adoption of high-
vielding varicties. To explott this
potential, huge investments in
large-scale irrigation schemes were
made in the TOR0s, using mainly
technologies imported from Asia,
Results have often been
disappointing, however, because of
inappropriate cultural practices,
poor soil and water management,
resulting in soil degradation, and
varicties whose duration contlicted
with the objective of double
cropping. ‘These trends have drawn
into question the sustainability of
irrigated rice production in the
Sahel.

Since 1990, WARDA has addressed
this complex of problems through
its Sahel Irrigated Rice Program, via
three major research projects: o)
characterization of the Sahelian
environment for irrigated rice
production; (2) development of
suitable germplasm; (3)
development of sustainable
cropping systens. From 1990 to
1994, cmiphasis was on the first two
projects, to gain a hetter
understanding of the Sahclian
cnvironment, to quantify vield

potential as a function of genolype
X environment interactions, and to
continue an existing varietal
sclection project that has in the past
provided most of the varieties that
are now grown by farmers,

Our agroecological characterization
studies have highlighted the
complexity of the Sahelian
cenvironment, and showed the
importance of spatial and temporal
variability of temperature for
cropping calendars and yield. They
have found thit the most promising
mechanism for sustaining high
vields is to develop appropriate site-
specific combinations of cultural
practices, cropping calendars, and
genetic materials. Powertul
simulation tools to match varicties
with cropping calendars were
developed. Many varieties were
characterized tor their photothermal
responses and their performance
under adverse soil salinity and
alkalinity conditions,

At the same time, our germplasm
improvement program focused on
the selection of high-vielding
varicties with difterent growth
durations to tully exploit the
Sahelian climatic conditions, This
approach has already achieved
some early success, as in 1994, three

PROJECT 1: SAHEL CHARACTERIZATION

The use of systems analvsis and
simulation modeling at WARDA has
facilitated the agroecological
characterization of the Sahel in
terms of climatic constraints to
cropping calendars and yield.

During the last three years, two
powerful simulfation tools were
developed to match varieties with
cropping calendars and to predict
climatic risks associated with any
climate x variety x calendar scenario:

RESEARCH

varieties from the germplasm
development project were released
by the Senegal Ministry of
Agriculture,

Research on the development of
sustainable cropping svstems was
initiated in 1994, with field
experiments at WARDA'S research
farms at Ndiaye and Fanaye and on
farmer’s fields to determine the
effect of surtace drainage and
double/single cropping on soil
salinization. Research on crop
establishment practices initiated
in 1992, such as wet direct seeding
and transplanting, was continued
in 1994,

Collaboration with national
programs through the Sahel Task
Force and WARDA-sponsored
studies at benchmark sites in
Senegal, Mali, and Burkina Faso also
continued. These mechanisms of
collaboration greatly increased the
exchange of germplasm and
information within the region,
helped initiate a new regional
research focus on crop and resource
management, and provided
valuable information on
interactions between the genotype
and the climatic and edaphic
environments,

e RIDEV: a model simulating
growth duration and spikelet
sterility of 50 varieties as a
function of planting date and
method, and climatic conditions
in the Sahel;
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TABLE 223:

I'roduced with access
to land in:

Public scheme only

1) Base model

(2) With rotations: short run®
t3) With rotations: longer run®

Private scheme only

(13 Base maodel

(2) With rotations: short run
t3) With rotations: longer run

Both public and
private schemes
(1) Base model
(2) With rotations: short run
(.3 With rotations: longer run

ar R=rice; S = sorghum; C = cowpeas
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LP model results for representative farims for two areas in the Niger River valley.

Tillaberi
Rainy Dry
Season Season
R S R C

Percent of irrigated land cultivated in crop

Say

Rainy Dry
Season _ Season
R* S R (O
10 -+ 100 -
100 0 100 0
100 0 32 68
100 - 100 -
73 27 0 100
73 27 0 100
100 - 100 -
100 0 100 0
61 39 0 100

100 - 100 -
1000 100 0
73 27 0 100
100 - 100 -
S8 42 0 100
S8 42 0 100
100 - 100 -
1000 96 4

0 100 61 39

b: Irrigated sorghum and irrigated cowpeas are not included in the base model, since they are not currently practiced.
¢l the short-run scenario, only vartable costs are considered. The longer-run scenario takes into consideration

tined costs as well,

* Orvzas: a crop growth
simulation model for irrigated
rice production, originally
developed for Asia, but adapted
to Sahelian climatic conditions.

RIDEV and Orvzas require basic
climatic data, inchuding daily solar
radiation tonly Oryza$), minimum
and maximum temperature. A

climatic database for a large number

of sites in the Sahel is already
availablie at WARDA-Sahel.
Micrometeorological stations have
also been installed at five
benchmark sites in three countries
to obtain real-tinwe weather and
micrometeorological information:

Ndiayve and Fanaye (WARDA stations
in Sénégal), Niono (Mali), Sourou
and Kou valleys (Burkina laso).

Crop parameters for key varieties
needed as inputs for Orvzas and
RIDEV were obtained from
continuous cropping, rice-garden,
and mini-rice-garden trials with
monthly plantings. These
experiments were used to develop
a varictal catalogue of genotypic
constants describing variety-
specific spikelet sterility and
growth-duration responses to
photoperiod and temperature.
Fitty varieties, including the ones
most commonly cultivated in the
Sahel, have already been
characterized and were completely
docamented in 1994, 111 1995,

a user-friendly version of RIDEV,
along with a manual, will be
transterred to NARS and other
collaborating institutions.

The mini-rice-garden trials will be
continued and used to expand the
varictal catalog in 1995, The rice-
garden experiments at Ndiaye and
Fanaye, however, will be replaced
by a trial focusing on nitrogen (N)
use efficiency of irrigated rice as a
function of variety, crop
establishment method, and timing
and dose of N fertilizer. Results will
be used to optimize fertilizer
application and to develop a
simple N uptake routine for the
vield model Orvzas.



Liconomic constraints to irrigated
rice-based cropping systems in
Niger

A Tourd and T2 Randolph

Continuous rice double-cropping,
such as is practiced on irrigation
schemes in Niger, incurs a number
of potential agronomic and
cconomic risks. This study
evaluates the cconomic feasibility
of introducing alternative crop
rotations to minimize such risk.
(See Table 230

To assess current practices and
technical parameters for irrigated
rice production in Niger, a two-
stage survey was conducted during
the 1993/94 cropping scason
consisting ot a village-level census
of rice production in 22 villages
along the Niger River valley,
followed by series of farmer
interviews among, a sample of 70
rice producers from four of the
villages. Based on data from the
survey, multi-period farm-level
Lincar Programming models were
developed for a single crop year
cyele for producers on both public
and private schemes. The cconomic
impact of crop diversitication was
then simulated by introducing
alternative cropping patterns into
the base maodels.

The simulation indicates that
producers on private schemes are
likely tointegrate sorghume-rice and
rice-cowpea rotations into their
irrigated croppiing patterns, but not
producers on public schemes, at
least in the short run. When fixed
costs are taken into account,
diversification in cropping patterns
becomes economically teasible for
all producers. The results suggest
that subsidized irrigation services
and inputs on the public schemes
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discourage the introduction of rice-
based rotations, since savings related
to lower water requirements are not
expressed in terms of lower producer
costs and improved returns.

Genotype and climate effects on
rice grain weight distribution in
the Sahel

M. DingKudur aind M. Cisse

Adverse temperatures during grain
ripening can severely reduce rice
grain quality and milling recovery
under Sahetlian conditions. During
1993 and 1994 we studied one
component ol grain quality, the
variability of filled grain weight, as
a function of scason and genotype.

Locally cultivated Java and the
advanced selections 1TA306,
IR13240-108-2-2-3, IR31785-58-1-

N W
a O =

n
o

—_
o

Frequency (%5 of cases)
>

s o= an ST A
5 75 10 125 15175 20 225 25 275 30 32.5 35 375 40
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dates with the minimum air
temperature (Fming observed during
the first 1S days after flowering,
Grain weight was constant and
maximal at Tmin > 207 ¢, but
decreased sharply as Tmin dropped
below this limit. Grain weight was
not directly correlated width solar
radiation (Rs), but the correlation
between grain weight and Tmin
improved further if observations
associated with Jow Rs were
disregarded. Consequently, grain
filling mainly depended on
temperature and to a much fesser
extent on Rs.

Analysis of variance for mean grain
weight using four replications (both
sites pooled) showed signiticant
interactions between genotype and
planting date. IR13240 had the
most stable and I'TA306 the most
variable grain weight. 1TA306 had

* » Feb
+ May
* Aug
» Oct

- ¥—u

Kernel weight classes (mg)

FIGURL 24:

Grain weight distribution of I'TA306 rice for four

planting dates in 1993/94 at Ndiaye, Senegal.

2-3-3, and IR64 were planted in
1993 and 94 at manthly intervals
in rice-garden trials with two
replications, at Ndiave and Fanaye,

In all test varieties, mean grain
weight was significantly positively
correlated (I < 0.05) across planting

heen specifically selected for the
thermally stable wet scason, and
IR13240 for good adaptation to
hoth the wet and hot-dry scasons.
Figure 24 shows the grain weight
distribution for I'TA306 planted on
four key dates at Ndiave. The
highest grain weight was observed
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tor May (inter-season, the season
having the lowest sotar radiation but
the highest Tmin during ripening),
followed by August cwet season),
IFebruary thot-dry season), and
October (a planting time associated
with low Tmin). Low Tmin induced
a general shift of the bell-shaped
distribution towards lower grain
weight by up to 10 mg per kernel,
400 of the maximal weight.
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We conclude that among weather
parameters, ‘Tmin limited rice grain
filling the most. Genotypes
differed strongly, and their
response to Tmin reflected the
seasonal environment for which
they were selected. More rescarch
is needed on the implications for
grain quality, milling losses, and
breakage. Preliminary results
showed that IRT3240 not oniy has
the most constant grain weight,

PROJECT 2: GERMPLASM IMPROVEMENT

During the last severat decades, rice
farmers in the Sahel have operated
within a rigid framework set by
parastatals. Germplasm made
available to them was selected
mainly on the basis of high vield
potential and constituted a
relatively narrow genetic base.

A broader spectrum of variceties
considering duration
tphotothermal response) and
adaptation to ditferent planting
methods would provide Sahelian
rice farmers with more options for
ditferent crop calendars and
management svstems. Varieties

should be high vieldmy, tolerant or
resistant to major biotic and abiotic

stresses, and have a crop duration
suited to the local cropping
calendars. The demand to hroaden
cultural options has increased
substantially since structural
adjustment and market
liberalization were implemented in
most countries in the Sahel
beginning in the mid-1980s,

In 1994, more than 300 new
entries received from INGER and
IRRT were evaluated in initial
evaluation trials, and previously
received entries were tested in

season-specific initial evaluation,
observational. preliminary yield,
and advanced yield nurseries,
Advanced selections were also
included in WARDAS continuous
salinity trial to determine their
response to soil salinity, and in
WARD'S mini-rice-garden trial to
determine the photothermal
constants that govern the
variability of crop duration.

Varietal selection trials were
conducted at WARDN'S research
farms at Ndiaye (an arid site
influenced by the ocean, with
moderate temperatures and a long
cool season), and Fanaye in Senegal
(an arid inland site with high
temperature fluctuations). Plants
were generaly transplanted from a
seedbed at 25 DAS at 20 x 20 ¢m
spacing. Fach plot received 120kg
N ha't applied as urea in a triple
split, 60kg P ha't as single
superphosphate and oty kg K ha'! as
KCIL Weeds were controlled with
propanyl (10 liters ha ), followed
by hand weeding at midscason.
Insect pests and diseases were not
controlled. The trials at Ndiaye
were covered with tishnets to
protect them from bird damage.

but also has the lowest breakage
among the five test genotypes.

MEM: Planting method: transplanting,
at 200 X 20 ¢my; tertilizaton: 130/60/60
K N/P/K ha U 3-split tor Ny; kernel
weight determination: oven-drying at
707 C ot S-gram subsamples from yickd
component samples, tollowed by
individual weighing of kernels
tresolution of balance: 0.0001 g).

One short-duration selection
(IR13240-108-2-2-3 from the
Philippines) and two medium-
duration selections (ITA306 from
Nigeria and BW293 from Sri Lanka)
were released to farmers in Senegal
in 1994, IR13240 is particularly
suited to rice double-cropping,
whereas the two other selections
show a very stable and high yield
potential in the wet season, The
varieties are expected to be widely
adopted because of their good
grain quality, climatic adaptation,
and crop durations suited to local
cropping systems.

Identification of stable high-
yielding varicties for the wet
season

K. Miczan and S, Gaye

We evaluated eight medium-
duration and seven short-duration
entries selected in 1994 from
preliminary vield nurseries after
three vears of testing (1991-1993),
for the first time in two advanced
yield nurseries at Fanave and
Ndiave. Java and BW293-2
(medium duration) and 1 Kong Pao
and IR13240-108-2-2-3 (short
duration) were used as checks.
IRT3240 was released in 1994 1o
farmers in Senegal because of its
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SENEGAL RELEASES THREE NEW VARIETIES SELECTED BY WARDA

K. Miczan and S. Diack

The Senegal Ministry of Agriculture released three rice varieties in 1994 that were specifically selected by
WARDA forirrigated rice environments in the Sahel.

Two varieties dominated rice cultivation in the Senegal River valley and delta during the last fifteen years:
Jaya, a medium-duration indica variety, and I Kong Pao (IKP), a short-duration variety with short bold grain.
Rice double-cropping, wherever it was practiced, was mostly based on the alternating use of the two
cultivars, with Jaya grown in the wet season. Where time constraints or the difficulty of maintaining a pure
seed base called for it, short-duration IKP was grown in both scasons.

IKP and Aiwuy, both selections from WARDA-coordinated trials, owed their adoption largely to short-
duration and agronomic robustness, but they were generally considered a sccond-best choice because of
unpopular grain type and quality. The full liberalization of rice markets and prices in 1994 in Sencegal,
however, is expected to further increase the demand for varieties that combine slender grains with high
yield potential, cold tolerance, and short duration. In Mauritania, where structural adjustment was
implemented carlier than in Senegal, IKP has already been replaced by [R28, a variety with superior grain
quality but with suboptimal agroccological adaptation,

After a series of onstation trials and onfarm tests conducted from 1990 to 1994, 1R132-40-108-2-2-3 (short
duration), and ITA306 and BW293-2 (medium duration) were sclected for their high and stable yields and
good grain quality. These cultivars were selected from INGER nurseries through ongoing collaboration with
IRRL Following consistently superior performance in trials on farmers’ fields jointly conducted with SAED
and ISRA, the cultivars were released in 1994 by the Sencgal Ministry of Agriculture under the names Sahel
108 (IR13240-108-2-2-3), Sahel 201 (BW293-2), and Sahel 202 (ITA306).

Sahel 108 matures in less than 105 days under direct-seeded culture in the wet season and, as compared to
other genotypes cultivated in the region or selected by WARDA, it has the most stable crop duration across
scasons. Its droopy panicles and erect, dark-green flag leaves hide the grains from the view of birds and
permit high photosynthetic rates during grain filling. The cultivar out-yielded the local check IKP in all
environments where it was tested, except under severe salinity, to which IKP is better adapted. Sahel 108 is
expected to be widely adopted by farmers in Senegal for both double and single rice-cropping systems,
because its vield potential is similar to that of the local medium-duration cultivar Jaya, despite two to three
weeks carlier maturation.

Sahel 201 and 202 resemble the local check Jaya in duration and yield potential. Sahel 201 (BW293-2),
however, is more salt tolerant, and Sahel 202 (ITA306) can significantly outyield Jaya under favorable
conditions. Both cultivars are adapted to the wet season and were selected to broaden the genetie spectrum
available to Sahelian farmers, thereby rendering it less valnerable to pests and discases.

We expect the new varieties, particularly Sahel 108, to contribute significantly to the adoption of rice-rice
and other rice-based double-cropping systems in the Senegal River valley and delta.
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superior vield potential and
stability in both the wet and hot-
dry seasons. BW293-2 which was
released at the same time, s
particularhv well adapted to the
wel season,

At Fanave, the highest vields in the
medium-duration group were
obitained with BGASO-2(8.5 tha ),
ITA234 (7.8 t ha h, UPR2342547
(7.7 thah, and TEA232 (7.0 t ha'ly,
as compared to 7.0 tha "and 7.5
tha ! tor Bw293-2 and Java. The
LSD),, s was L3 tha !,

Alsoat Fanave, two entries in the
short-duration group, 1R32307-107-
3-2-2(7.9 t ha Yy and [R31851-96-2-
3-2-1(7.2 Chah, performed at teast
as well as IRT3240-108-2-2-3 (7.0
tha b, The average vield for the
local short-duration check T Kong
Paowas 6.7 Lha's The LSD,,, was
0.5 tha'. Results at Ndiave
showed similar trends, but
ditterences amony niaterials were
not signiticant,

Our results indicate that the best-
pertorming short-duration
selections (1T0-112 days, under
transplanted conditionsy gave
about the same vield as the
medium-duration checks (120-130
davs), which are also modern,
high-vielding materials, Through
their short duration, such varieties
will help save irrigation water and
reduce the time constraints in rice
double-cropping svstems, without
sacrificing vield potential,
Multilocation tests to be initiated
in 1995, however, will have to
show whether these materials also
share the superior vield stability of
the three recently released varieties
IRT3240-108-2-2-3, ITA306, and
BW2403-2.
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ldentification of new high-
yielding stable varietices for the
hot-dry scason

Ko Micren amd S, Gaye

For the third consecutive year we
tested a set of cight short-duration
entrives selected for the hot-dry
season in advanced-vield nurseries
at Fanaye and Ndiave, Because of
low night temperatures, the crop
duration is 20 to 35 days longer in
the hot-dey scason than in the wet
season. | Kong Pao (IKPy was used
as the check.

Our results confirmed the superior
performance of IR22107-14-2-1,
identified as a hot-dry-season
variety with an average vield of 5.0
t ha'l, compared to 5.1 t ha ! for
the local check IKP IR0, IR13240-
108-2-2-3, IR3VS7-133-3-2-2-2, and
IR31785-58-1-2-3-3 also
significantly out-yiclded IKDP at
Fanaye (I < 0.05), but differences
were not significant at Ndiave, The
main advantage of these selections
over [KP however, was their
significantly shorter duration. For

example, IR39357-133-3-2-2-2 and
IR39422-75-3-3-3-2 matured in 119
days and had at least as much vield
as IKE, which matured in 134 davs,

By identitying varicties with a
much shorter duration and vields
similar to the local hot-dryv-season
check, we will soon be able 1o
provide farmers with new options
for rice double-cropping. The
relatively low yields in the hot-dry
season remain problematic,
however. Thev are due to a number
of environmental constraints, some
of which have been studied (e.g.,
chilling resulting in poor crop
establishment, poor leal arca
growth, and stunting), and some of
which call for further research (e.g.,
atmospheric drought). New
cultivars with more promising vield
potential, which were tested in
preliminary yield nurseries in 1994,
have now been selected for
advanced vield nurseries in 19935,
‘The hest of the presently descrilied
materials will be tested in
multilocational and onfarm trials.

Rice species, cultivars. and breeding lines are carelully packaged for storage or shipment to
national partners. who use them in their breeding programs or test them for performance under
their conditions.




A varietal catalogue for irrigated
rice in the sahel
FoAsch, M. Dingkohn, and K. Miczan

The 1994 annual meeting of the
Sahel frrigated Rice Task Foree
identified the lack of a regional
data pool on varietal performance
in difterent Sahelian environments
as i major constraint to varietal
improvement in the Sahel. They
decided toinstall a germplasm
database and a seed pool at
WARDA/Sahel, open to all NARS
and partoer institutes, to avoid

FIGURE 25:
rice in the Sahel.
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duplicate testing of genotypes in
the region,

Following the recommendation of
the Sahel Task Foree, we developed
a varietal catalogue consisting of a
svstem of interlinked databases
(Figure 25). The heart of this
system is data on all entries and
their history in WARDN's varictal
improvement project. Another
database contains information on
varietal performance at NARS sites,
The main database consists of
detailed information on a subset of

Varietal catalogue and sceedpool for irrigated
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entries that are either already
cultivated in the region or have
proven adaptation to one or more
cnvironments in the Sahel. This
catalogue of advanced accessions
includes ccophvsiological and
agronomic varictal profiles,
consisting of detailed information
on agronomic traits; grain
properties; tolerance to climatic,
soil-related, and some biotic
stresses; adaptation to
transplanting and/or direct-
seeding; release to and adoption by
farmers; and more. The catalogue
will be continuously updated and
can draw on supplementary
information databases Tand H. The
three databases allow multicriteria
varictal searches, or queries that
can be compiled into a variety
characterization sheet.

We have also interfaced the varietal
catalogue with WARDA's seed-base
inventory system which is used to
manage onstation seed
multiplication and stock-keeping,.
The seed base serves the
experimental seed requirements of
WARDA and our NARS partners.

This database system permits close
monitoring of varietal performance
in the Sahel and also provides
information on the distribution
and adoption of new varieties in
the region. The program will be
fully operational in 1998,




Effects of scason on varietal
responses to soil salinity
FoAsch and N Dinghalin

As early as 1992 we reported trial
results indicating that varietal
responses to salinity differed
markedly between the Asian-
monsoonal and the Sahelian
environments, [n 1994 we
intensificd our study of how
season affects varietal patterns of
salt tolerance in the Sahel,

We tested 41 cultivars in WARDAS
continuous salinity trial at Ndiave
in at least one dry and one wet
season. Varicties were classified
according vield reduction (YR)
refative to freshwater controls.

In the hot-dry season the
minimum vield reduction was
3%, whereas in the wet season

ATABLLE 24
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it was 0 (tolerant cheek
IR4630-22-2). Maximum YR was
similar in both seasons, 853%0 and
8% for the susceptible check
IR31783-38-1-2-3-3.

Varieties were classitied as

susceptible (YR = 604, moderately

susceptible (ST-o00t), moderately
tolerant (41-50"01, or tolerant (60-
40%). Varieties were further
grouped according to the scason-
specificity of YR, Group [ (13
entries) showing no scason cftect
on YR, Group [T (15 entries)
showing a slightlv stronger YR in
the dry season, Group HIE (nine
entries) showing a moderatety
stronger YR in the dryv season, and
Group 1V (4 entries) being more

than twice as susceptible in the dry

season as in the wet season (details
of magnitude limits in Table 24,

Varictal responses to salinity by scason.

Group | genotypes ranged from
highly susceptible to tolerant types
but showed little interaction with
the seasonal climate. This group
includes the butk of short-duration
varicties grown in or selected for
the hot-dry season, including |
Kong Pao, SIPI6Y20-33, Aiwu, and
KEHY98 (locally cultivated);
IRT3240-108-2-2-3 (releesed in
1994); and 1IR30, [R31785-58-1-2-3-
3and IR29725-40-3-2-3 (currently
undergoing onfarm tests). By
contrast, none ot the Group Hl
and IV entries have so far quatified
for onfarm testing, and only one
entry (IR28) is grown on a smail
scale by farmers, for its particular
grain characteristics.

Scason cffects expressed as decrease of yield reduction from hot-dry scason to wet season

YROWS) > 0.8 YR(HDS)
tolerance class

Variety group | HDS WS
IR 31785-58-1-2-3-4 S S

IR 30 MS NS
BG 00-1 MS NS
ITA 230 MS NS
KH 998 MS NS
AWV 2932 MS NS
AWu M ONMT
IR 29725-40-3-2-3 MU MT
S 0820-33 MT O MT
IRS2718-2B-6-28-1-1 MTONMT
IR F3240-108-2-2-3 MT NS
I Kong o T T

CSROT T T

0.6 YR(HDS) < YR(WS) < 0.8 YR(HDS)
tolerance class

‘ariety group 11 HDS WS
ITA 306 S NS
S-419-13-28 5 MS
FAYA S MS
IR O884-34-3-[E- S M
IR 68 S N1
IR 3941-80-2-2-1 S M
IR 31851-90-2-3-2-1 NS OMT
32 Nuan A¢ MS T
IR 29692-117-1-2 MS [
IR22107-14-2-1 NS
IR 29725-76-3-3-2 NS
IR -HO58-81—3-13 NSOt
B 8322-PN-LM S-1-K1-1 Ms T
TOS 103 hY &
IR 04 I |

0.4 YR(HDS) < YR(WS) < 0.6 YR(HDS)
tolerance class

fariety group I HDS WS
IR 4422-98-3-0-1 S MT
IR 9764-40-2-2 S MT
RAL 2004-6-09-2-1-3 S MT
IR 28 S T
IR 55237-3B-3-2 S T
TNAU-78-923 S i
IR 32420-47-3.2-2 MT T
CS.RO10 Mt T
IR46330-PNMI-2-2-1-3 T 1

YR(WS < 0.4 YR(HDS)

faricty group IV HDS WS
1A 222 S T
16279 S T
IR42 S T
IR 4630-22-2 M T

YR = yield reduction; HDS = hot-dry scasor; WS = wet season; § = susceptible (YR > 60%0);
MS = moderate susceptible (YR = S1%-6040); M = moderate tolerant ¢YR = 4196-50%0); 1 = tolerant (YR < 40%))
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We conclude that rice salt tolerance
can be highly seasonsspecitic, and
that varicetios ditter markedly in
this respect. This result has 'wo
Mjor consequences for our rature
wark i tive Sahels Fiesto it is now
Clear that screening tor tolerance to
abrotic stresses miist be conducted
i the chinmatie sceasonal
crvironment torwhich the
aermplasm is targeted. Seeond, the
mteractions between dimatic and
otheor stresses are tar trom being
fullv understood and warrant
turther research,

Preliminary evidence points at
crucial varictal ditterences in jeat
area eapansion and root growth
under conditions ot Tow humidity
and high temperature
Huctuations, probablv involving
regulatoryamechanists of leaf gas
exchange. This hvpothesis will be
tested in JO9S,

NMNN FPhe salimity Held trial at Ndiave
s 2 treatmients dloodwater eledtric

conductivity mamtamed at A3 and 0.3

my am oanag replications, N-P-K
Iputs e 120-60-00 ky ha !

Field-testing of rice plants
regencerated from salt-stressed
callus cultures

LoSove 1oAsch and Mo Dinghalin

Salt tolerance inrice has many
physiological components, ranging
trom avoidance mechanisms (e.g,,
selective uptake of salt by the root
to tissue-level tolerance. Our past
work on seledtive uptake and
transport ot inorganic cations was
presented in earlier annual reports
(1992493,

Callus culture, selection, and
regeneration of I kong Pao (IKP) rice
were conducted at the Catholic
Liniversity of Louvain La Neuve in
Belgium. To assess genetic variation
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Highly skihied technicians can qrowv the undifferentiated callus tissue shown here into mature rice
plants, or they can vse the tissue 1o test for tolerance to adverse conditions hke salmity.

FIGURE 26: iield performance of four lines selected from IKP callus
tissue that had been stressed with salt (NaCl).
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r: IR 463014r = 081
Group 1 NaCl at alf stages
& (TSY below-average yield perforinance under satinity
@ (TS1) above-average yeld perfformance under salintty
Group 2 NaCl only at callogenesis
(TS 13} below-average yield performance under salinity
(TS15) above-average yield performance under salinity
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in tissue-tevel salt tolerance, we
refated teat chlorophvll content
(CHIL, acommon indicator of salt
stress, to leat Na and K-
refationships, Tn ligure 26 we
present results tor four lines selected
from IKP calli, induding two that
had been stressed with Nac T only at
caltogenesis, and tat were stressed
during all phases ot in-vitro culture,
In addition, the IKP source muatertal,
WARDAS tolerant chieck TR4630-22-
2and the susceptible chedk
FRATTRS-AS-1-2-3-3, were tosted.

Genotvpes dittered sttonglyvin the
K/Na ratio (higure 2o0.0 Within
genotvpes, CHE content was in
MOost cases positivelv 1 < 0.05)
correlated with the KeNa ratio. In
contrast to theory, however, the
tolerant check did not have higher
CHE content at given K/Na ratios
than the susceptible chieck. TRP ancd
its in-vitro derivatives had
intermediate Ky Na ratios, the
derivatives being closer to the
susceptible chedks Moreover, salt-
treated plants were gencerally
areener than controls, but plants
were smaller and less vigorous,

We hyvpothestze that under the high
solar radiation in the Sahel, leaf
CHIL content is a tunction of
srowth-induced dilution of
absorbed Noand not of salt stress,
even under salinity fevels that
would substantially reduce vield.
Salt stress reduced growth more
than X uptake, and thereby masked
any stress-induced chlorophy
acgradation,

Our results suggest two conclusions,
First, relationships between leat
CHI content and Na concentration

(or Na/K ratio), although commonly

used as an indicator Tor tissue salt
tolerance, should probably only he
used under controded low-light and
high-N conditions. Sccond, in-vitro
caltus-based selections tor salt
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tolerance ditlered fron the original
IRP genotype. These selections,
however, shoved a distinet shitt
towards the characteristios ot the
susceptible chech which is the
opposite of what was intended.
Consequentdy, varictal selection tor
salt tolerance should not be based
ontissue properties alone, but must
dlso take into account the
morphological organization of the
plant and its interactions with the
covironmment. In 1995 we will test
and implement new sereening tools
for salt tolerance that are based on
this principie.

MNM: Plants were grown in AWARDAS
salinity trial at Ndave with 4
replications and cither irrigation with
treshwater or a constant clectric

N '

conductivitv at 35 mSam in the
Hoodwater. Terhilizer application was
120-60-00 kg N-P-K ha '

second tullv expanded teaves, the

For tirst dand

chiloraphvIl content swas mueasured at
booting stage i the tield, the feaves
were grouped in chilorophyl classes, aid
were analvzed tor Naand K contents,
No diseases were observed that might
have attected chlorophs Il content.

Varictal responses to soil
alkalinity in Mali
FoAseh, NOMall, aind M. Dicko

soil atkalinization is an
increasingly important constraint
to rice production at the Office du
Niger irrigation schemes in NMali,
In order to evaluate potentially
tolerant germplasm under sodic-
alkaline conditions, we conducted
a varietal trial in the wet season of
1994 in o Haboration with [ER at
Niono in Mali.

We tested fourteen varieties at two
sites. One site was non-saline and
moderately alkaline, and the second
was slightly saline and strongly
alkaline., The test varicties included

the Tocal chiedks BGY0-2 and China
988, focally bred Kogoni 91-1, and
WARD NS salt-tolerant and
susceptible chiecks, The remaining
entries were selected from AWARDA'S
advanced sermplasm in Senegal on
the basis of their salt tolerance and
vivld stability.

Athoth the moderatehy and
stronghv allaline sites, BW293.2
had the highest vields, with 3.0
and b ha ! respectively,
BW204-20y a high-vielding
mediume-duration WARDA
selection which is moderately salt
tolerant and was released in 1994
to tarmers in Senegal. Compared
to BW293-2 the local check BGYO-
2 had interior vields under
moderate atkatinity -1 tha b P e
0.01 and high alkalinity (1.8 tha ',
not signiticant and, in tact, ranked
Fth tlasty in the varietal spectrum
at the twosites, A good
pertormatcee in both environments
was observed for WARDAS
advanced selection TOST03 and the
locally cultivated variceties Kogoni
Vl-1and [ Kong Pao,

No correlation between varicetal
tolerance to salinity (AWARDA s site
at Ndiave) and alkalinity (present
studyy was observed. WARDAS
salt-tolerant cheek 1R4630-22-2
ranked Lith under severe alkalinity
(2.1 thah, whereas the suseeptible
chieek [IR3T785-58-1-2-3-3 ranked
tourth €3.8 t ha . The validity of
WARDAS varietal classification for
salt tolerance, however, was fully
contirmed tor saline acid-sulphate
soils in Dijibelor, Casamance, in an
independent study by Dr, Mbeye
Syl of ISR,

Our results suggest that breeding
for salt tolerance as currently
performed at \WARDA is applicable
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Grain vield of selected rice varieties in various problem soils in the Sahel. B non-saline,

moderately alkaline (Niono, Mali); I saline, highly alkaline (Niono); HI: non-saline, neutral (Ndiaye,
Senegal): IV: highly saline, neutral (Ndiave), Al data given in g m—.

Genotype duration

BV 2032 medium
Ching U8SS short
fry222 medium
Sipi 6920-43 short
IR3IT8S-38-1-2 short
Kogoni 91-1 medium
PN 123 short
Java mediom
[OST03 short
IRo4 short
I Kong Pao short
1902 medium
IR28 short
1R4630-22-2 medium

1S 0.05)

to saline environments, including
neutral and acid-sulphate soils, but
not to the degiraded, sodic-alkaline
soils in Malic The good
pertormance under both salinity
and alkalinity ot By\wW293.2,
however, shiows that high-vielding
Laricties with broad adaptation to
problem soils can be developed.

S04
543
341
518
513
487
475
436
421
4109
417
414
4009
4006

[ Hi AY

414 700 355
284 — —

334 612 456
256 626 325
338 631 114
405 — —_—

245 — —

337 700 346
407 69 237
313 600 445
393 744 487
130 678 107
253 571 304
205 390 375
— 177 245

In 1995 we will intensity
comparative varietal testing at
saline and atkaline sites in the
Sabiel. This research will be closely
coordinated with complementary
studics on soil tertility
mandgement.

MEN Fourteen varicties were tested in
two trials with tour replications using a

(salt-susc.check)

tintl. check)
(local check, Mali)

(salt-tol.check)

randomized complete block design
during the 1994 wet season at Niono,
Malic The tirst site had a “Dian” soil (soil
clectric conductivity, 1 [1:2.5] =001 to
03 mScm i pH TS HLOP TS o o
and the second, o highty degraded
“Danga” soil at Nionoin Mali (hC 0.3 to
.0 ms e pH 95 to 10300 Plots were
fertilized with 120/46/60 kg ha ' NPK.

PROJECT 3 : DEVELOPMENT OF SUSTAINABLE CROPPING SYSTEMS

Fice cropping svstems in the Sahel
ditter in cropping inrensity, degree of
mechanization, association with
upland cereals or irrigated vegetable
crops, and the degree to which the
individual producer depends on tor
is participating in) the management
ot the irrigation scheme. Structural
adjustment and muarket liberalization
during the past few vears ave
created new opportunities for the
diversitication of rice-based cropping
svstems, but have also raised

cnvironmental concerns, Farmers
require technology options that meet
their means and economic
objectives, and at the same time help
sustain the natural-resouree base

the v depend on.

Duting the past four vears WARDA
has establishied a regional breeding
and ccophvsiological rescarch
program with emphasis on climatic
constraints in the Sahel. In 1995
and bevond, we plan to

complement this research with an
additional focus on sustainable crop
and resource management, and to
fully integrate it with the germplasm
improvement and agroccological
characterization projects.

Research will focus on developing
and testing technology packages for
sustainable irrigated rice production
in the Sahel at ditterent scales (plot,
irrigation scheme, and regional
levels). Packages will consist of
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HEALTH IMPLICATIONS OF INCREASING
RICE CULTIVATION IN WEST AFRICA

Rice consumption in West Africa is expected toincrease by at least
St per vear tor the foresecable tuture. Increased consumption
requires inereased production and, for lowland rice, this also means
larger arcas of standing water. Standing water, in turn, can lead to
higher incidence of water-related diseases like malaria and
schistosomiasis.

Concern over the potential health implications of increased rice
production led WARDA to seek the assistance of the Pancl of Experts
on Environmental Management for Vector Control of the World
Health Organization to develop a major research project on the
human health risks associated with lowland rice cultivation, The
objectives of theinitial three-yvear rescarch phase are to characterize
lowland rice ccosvstems as they relate to human health risks, and to
identity how agricultural practices might be moditicd to reduce the
build-up of harmtul vedtors.

Ihe research is being conducted inselected villages in Cote d'Tvoire
and Mali. Institutions participating in this phase are the Institut
Picrre Richet and the Centre Universitaire de Formation en
Entomologie et Veterinaire in Cote d'Ivoire, and the Feole Nationale
de Medicine et de Pharmacie, the Institut National de Recherche en
Sante Publique, and the Institut d’Economie Rurale in Mali.

I December 1994, the first meeting of the project’s advisory
committee was held to review progress in project planning and
implementation. The committee is composed of public-health
experts from the United Kingdom, Denmark, Belgium, and France,
This meeting was shortly followed by the appointment of a Swiss-
born physician with public-health expertise as coordinator, based at
WARDA headquarters.

The International Development Research Centre of Canada, the
Danish Agency for International Development Assistance, and the
government of Norway have pledged US$1.5 million for the project.

varieties adapted to the targeted
cropping calendars, climatic and
cdaphic environments, and
consumer preferences; water and soil
management practices that help
control weeds and prevent soil
salinization and alkalinization; and
fertilizer management practices that
provide higher return to investment.

Package development will be guided
by problem-oriented applicd
research, explanatory and
extrapolative modelling, and onfarm
validation studies. NModelling witl
also provide simple simulation tools
that help NARS scientists, extension
agents, and irrigation scheme
managers to identify technology
options to improve svstem
sustainability and efticiency.

Dynamics of soil salinity at two
sites in the Sahel
MACS Wopercis and R. Samba

Poor plot-level water management,
for example, inadequate surface
drainage, is ¢ major cause ot soil
salinization in irrigated rice tields
in the Sahiel. Particularlv in private
and village-based irrigation
schemes, which are spreading sinee
the recent hiberalization of markets,
poor plotdevelling and drainage
give rise to rapid soil degradation,

We examined the dynamics of
Hoodwater and soil salinity ina
long-term study initiated in 1994
in collaboration with ORSTOM,
Fhe experiment has a factorial
design with two drainage regimes
oveekly surtace drainige vs.
drainage only once at 28 davs after
sowing), two cropping inte: sities
(O1e Or tWo Ccrops per veard, and
two sttes OWARDYAS tarm at Fanave
and the salinity-prone tarm at
Ndiave)r. Components of the water
batance tor cach plot are
monitored dailv. Modelling
approaches will be used to
understand climatic and cultural
cttects on water and salt
movements in the crop-soit system.

Groundwater was safine ¢Fto 10 mS
e electric conductivity) and close
to the surface (0.2 10 0.8 my at the
Ndiave site, whereas in Fanave, the
soil was tree-draining, with a
sroundwater table constantly at
more than 2 m depth. No
treatment etfects on grain viceld were
observed during the first scason.

Asimple spreadsheet model was
written to simulate daily changes
in the electric conductivity of the
floodwater. Daily measured
components of the water balance
of cach ficld (evapotranspiration,



seepage and percolation, rainfall,
trrigation) and the electric
conductivity ot the irrigation water
were tsed as inputs.

Resalts are shown tor one field
Ndiave that was drained only once
during the growing scason (biguare
D70 Sihmulations underestimated
meastreents at the beginning of
tre cropp g seasonr. The
dhiscrepanoy was due to salt coming
from the soib accumualated by
capillry rise from the saline
cronndwater table during the
proviots dnseason, Some of this
saltwas removed daring sartace
dramage conducted carlviin the
sedsor Salttevets i Fanave were
about 1O percent of those at Ndiave,

[he experintent will be continued
e 199 to tollow camulative eftects
ot drainage onctopsoil salinity and
ptl Trom this we plan to developa
immodetling tool that can be
crnploved to predict the effect ol
existing and improved water
nunagement practices on salingty,
Ihis modelwill then be combined
with WARDNS enisting crop
catendar planning and climatic risk
assesstient tool, RIDEY,

NMENE The expernment had 3 factors
e, cropping ntensity, drainager with
2levels cachvand Sreplications. Plot
sizewas 1oy T m, esdluding a 10-m
fallow bopder TRE3240-108-2-2- 4 e
was broadoast seeded and tertilized with
1200 6060 ke NoP K ha

seepage and percolation rate was

Combined

medsured with a sfoping vauge,

I vapotranspiration was determined with
dosed-Dottom Ivsimeters. Groundwater
table depth was measuied using
piczometers. Heatrie conductivity (b0
was converted into Nat T concentrations
1SC) by the equation |SC tppn = 040 x
FCamSem by,
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FIGURE 27: Simulation of clectric conductivity (as an indicator of
salinity) of a field at Ndiaye, compared with actual measurements

taken in the same field.

Lvolution of soil tertility under
continuous double-cropping
M. Ding kol and S, Duclhievine

Rice double-cropping is one of the
major objectives ot most national
agricultural development agencies
in the Sahel, Among the numerous
sociocconomic and biophvsical
constraints to rice double-cropping,
however, is an apparent decrease in
soil tertility reported by NARS
scientists tor a range of irrigation
schemes,

In 1991, WARDA initiated
continuous fertility trials atits
farms at Ndiave and Fanave in
sencegal, inorder to evaluate the
ctfects of arange ot N, P and K
fertilizer regimues on coil lertility
parameters. In 1994, after five
conseacutive rice crops, aninterim
assessment of soil chemical
properties was made for the Ndiaye
experiment in collaboration with
the Catholic University of Leuven
in Belgium,

Highest vields were generally
obtained at 120/60/60 kg NI'K ha !,
the officially recommended rate, in
the wet season (WS) (Figure 28). In
the hot-drv season (HHDS), the
highest vields were observed at

180/00/00 kg NPK ha ' Yields were
higher in the WS than in the DS,
probably because the short-
duration variety grown in the HDS
had a fower vield potential than
the medivme-duration variety
grown in the WS, The slight but
consistent decline in vields during
the five seasons was not
statistically signiticant.

Two signiticant changes in soil
properties were observed. First, the
soil plHid O increased from 5.4 to
6.00in a gradual and spatiatly
homogencous wav, bertilizer
treaments had no ettect on phi.
scecond, the available (Ofsen) P
content of the topsoil significantly
(P < 0.0 decreased from 2.5 to 0.3
myg kg 'in the untertilized (0/0/0
NPRy treatment, and from 2.3 to
0.4 myg kg Vin the treatment
tertitized onlyv with nitrogen
(120/0/0 NPK). This decrease by
almost once order of magnitude
indicates that the soil P reserves of
this heavy, slightly saline clay soil
are casilv depleted. The available P
did not change in plots fertilized
with 120 kg P ha Pas single
superphosphate.

NPK treatments had no etfect on
the C/N ratio, which varied
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FIGURL. 28:

Season

Effeci of six different fertilizer regimes on grain yield at

WARDA’s Ndiaye farm. Highest vicelds were generally obtained at 12,
the officially recommended rate, in the wet season,

between cight and 10 and
remained constant throughout the
tive cropping scasons. The mean
total N content of the topsoil was
008" and was stable,

Ihe results show that the site at
Ndiave, which is representative of
large irrigation schemes in the
Senegal River delta, is prone to

rapid depletion of available P under

intensive cultivation. In 19935 4

similar analvsis will be conducted
for the Fanave site in the Senegal
middle vallev. Both experiments

will be continued in order to follow

soil tfertility parameters through a
longer period.

M&ANE The continuous tertility trial at
Ndiaye was conducted onan acid (pH-
HLO S 4 clay soil with 307 clay, 390
silt, and 2200 sand in the topsoil (0-20
ek Water table swas at e, 80 o
Short-duration IR0 and medium-
daration Java were transplanted in the
hot-dry season (kebruaryy and the wet
season Julvie The trial had .
randomized complete block design with
4 replications and NPK treatiments (/0/0,
1207070, 120/60/00, 12071207120,
60760/60, and 180760760 kg ha !,
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TRAINING AND COMMUNICATIONS

OVERVIEW

Anthony Youdeowed
Dircctor of Training and Connmunications

Imining activities in 1994 concentrated on organizing the fast set of five group training courses specified in the
UNDP-supported Communications and Training Project. In addition, three complementary courses were
organized with funds from other sources, thus making a total of eight courses run during the vear.

Collaboration with other CGLIAR centers in sub-Saharan Africa was intensiticd, in support of CGEAR efforts to
optimize the use ot tands and facilities within internationdgl centers, and to minimize duplication of training
cttorts in the svstem. Highly successtul collaborative training activities wore established with TCRAEF in Nairobi,
[CRISAT Sahelian Center, Niamey, HMIin Niamey, and IRKEin the Philippines.

Selection of training participants tor courses in 1994 was intentionally extended to sub-Saharan countries outside
tive WARD N member states, enabling training participants frons Gabon, Ethiopia, Madagascar, and Lesotho to
attend training courses at WARDA.

Fhe scecond in the series of WARDA/NARS training seminars was organized in Mav 1994, 1t brought together
NARS directors and training specialists from national programs, as well as from other CGIAR centers and
international agendies, to discuss training and job performance in rice science in \West Africa,

Ahighlight of the division's activities was the signing of a Memorandum of Understanding with C1TA during the
visit of the Director of CEA D Assoumou Mba, in early 19940 In the context of this memorandum, collaborative
training and conumunications activities between WARDA and CTA were intensitied during the vear.

The Director of Training and Communications attended the meeting of the Inter-Center Fraining Group in
Liongwe, Malawi, where WARDA plaved a leading role in the identification of the elements of a mechanism for
the establishment of aninter-center training program. Decisions were made at this meeting to prepare a project
document foran inter-center training program for CGIAR centers insub-Saharan Africa.

WARDA'S training and communications activities continued to be supported with tunds from UNDP, IDRC, CTA,
and {ES.
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SUMMARIES OF TRAINING ACTIVITIES

Anthony Yowdeowed, Massane Diallo, CHeikl Diop

TRAINING ACTIVITIES
Group technical training

Fhe group training courses
organized with tunds trom UNDP
weres Computer Applications and
Statistical Analvsis in Agricultural
Rescarch, Development ot Training
Materialbs, Rice Agronomy,
Integrated Crop Protection, and
Water and Irrigation Management
tor Rice Production.

Conplenmentary courses run were
Genetic tvaluation and Utilization
of Rice. i coltaboration with [RRI;
Use of CD-ROM tor the
Management ot Agricultural
Intormuation, in collaboration with
CLA and Saientitic Writing tor
Agricultural Rescarch Scientists, in
collaboration with ¢ 1.\, TCRAL,
and SAFGRAD. Briet descriptions
ot these training activities follow,
and the country distribution ot
training participants is provided in
lable 20.

Computer applications and
statistical analysis in agricultural
research

In collaboration with ITCRISAT
Sahelian Center Niamey, the
training course in computer
applications and statistical analvsis
in agricuftural researciy was
organized in French for 14 NARS
scientists from 1O WARDA member
countries. In addition, 3 WARDA
research assistants were admitted
into this course. Based on the
experience and feedback of

Mr Seth Ohemeng-Dapaah. from the Crop Research Institute. Kumasi, Ghana, was a reqular
resource person at WARDA's group traiming courses in computer apphications and statistical analysis
n agricultural research. Here Mr. Ohemeng-Dapaah (pomnting at the screen) instructs in the use of
GENSTAT software i the management of research data

traincees who took this course in
1992, the course content was
redesigned with the addition of
GENSTAT to the statistical sottware
handled during the course.

Trainees spent considerable time
on hands-on practical training in
the management of their research
data which they hrought to the
course. The resource persons for

Mr. J. Beniest, from
ICRAF, was a resource
person on the
development of the
traiming materials course.
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TABLE 26:  Country distribution of training participants at WARDA’s this course inctuded D Roger
group training courses in 1994, Stern from JCRISAT and M. Seth
Ohemeng-Dapaah trom the €Crops

. i Rescarch Institute, Kumasi, Ghana,
Country Iraining courses

CAppl T™at RAgr C.Prt Wihrg. Mgt GLEU CDROM SWig

Development of
training materials

Benin 2 2 2 - - - 1 4

toelieys B ) o] 2 3 . . .
Burkina Faso 2 I ! - = ! 2 ? Based on the expericncee gained in
Cameroon ] - 1 - - 1 2 4 1903, when this course was tirst

organized in Foglish, the course

Chad ! 2 - 1 1 1 2 - : : .
curriculunm was redesigned with the
cote d'voire 3 3 4 3 - 1 1 3 assistance of a training materials
Fthiopia . - - - - R - 1 development spedialist, Dr |
: Kwarteng, whao joined the division
Gabon - - - - - - 1 - . e
for one vear. The new carriculum
Gambia - - - 2 - 1 - - emphasized the planning and lew-
Ghand R 3 . 2 . 1 . 2 cost production of selected training,
o materials. My Jan Beniest, training,
Guinea 1 1 - - - - - 1 At TINY VAL
materials specialist trom 1€ RAE, also
Guinea Bissan ] 2 2 2 2 - - - assisted as a resource person for this
[ esotho 3 ) : ; ! . ) 1 four-week course, which was
o organized at the Ghana Momic
Liberia - - - - - - - - Fnergy Agenay Conmmission at
Madagascar - - - - - - 1 - Rwabenva, near Aceras Howas
. successtully run as a bilingual
Mali ! 2 - 1 1 . 2 3 - s
course in French and Fnglish, with
Mauritania - 2 - - - - 1 very etficient simultancous
Niger ] 1 1 1 4 - . 1 interpretation. The Department of
. Agricultural Extension ot Ghana's
Nigeria - - 3 2 6 1 - 5 5 NN . R
: Ministry of Agriculture provided
Senegal 1 - 3 4 - - - 2 considerable logistic support tor
Sierra 1 eone . . - 2 2 1 . 1 this course. The training
| . 2 2 ] . participants were T men and nine
1 - - . .
R0 women, which is the largest temale
participation ever recorded in
WARDA 3 . . . . . . . WARDA'S group training courses.

At the end ot the training course

participants evaluated the course as
Totals 17 20 19 24 21 9 13 35 highly successful; one woman
TOTAL = 158 remarked that the course I}ud
enabled her to maore effectivenys plan
for the production of simple and

Key culturally relevant training

CAppl = Computer Applications and Statistical Analysis in Agricultural Research materials for women rice farmers in
I'Mat = Levelopment of Training Materials her country. The text ot a training
RAgr = Rice Agronomy manual was also successtully field
C.rt = Integrated Crop Pratection in Rice tested during this course. This
Wirg. Mgt = Water and Trrigation Management tor Rice Production manual will be published in 1995,
Gl = Genetic bvaluation and Utilization of Rice

CDROM = Use ot CD-RON in the Management of Agricultural Information
SWig = Scientitic Writing for Agricultural Research Scientists




Rice agronomy

A rice agronomy group-training
course was st organized in
collaboration with the Institute ot
Agronomic Rescarch (IR V) at
Garowd, Cameroon in 1993, when
itwas taught in Foglish, The same
course, but with minor changes,
was organized in P99 gt WARDAS
training center in Bouake, tor
trancophone scientists. Nincteen
participants from nine countrices
attended the course from July - to
August 12, 1994,

Integrated crop
protection in rice

Lhis bilingual French and English
Sroup-training course was
organized at WARDA'S training
center from August 1510
September 9, 19940 There were 24
participants trom 12 WARDA
member countries, During this
course, some practical aspects of
integrated pest management
practice received special attention.
These included sampling of rice
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pests and estimation of damage in
the tields the identitication ot
major rice pests and diseases and
their causative agents;
augmentation ot the natural
cnemies of imajor rice pests:
sampling and evaluation of weeds
in rice; biological control in
integrated pest management; and
Larmers” perceptions of rice pests
and their control. Participants
prresented case studies of larmers’
perceptions of rice pests and their
control in their own countries in a
fively open discussion session, The
dratt ot a tarmer-oriented tield
training manual on integrated
management ot rice pests wis
tested during this course, with a
view to publishing it in 1993,

Water and irrigation
management tor rice production

Following successtul collaboration
with TINI, Burkina Faso, in
organizing this course in
Ouagadougou in 1992, it was
restructured and designed to be
more relevant to the target

Dr Jacob Kyne, Duector of Research at AL S
Lanka, was a resource person at the weater and
nrigation management course i Niamey:

audience. The [994 course was
organized in collaboration with
1IN, Colombo, Sri Lanka, and
with the [N field station in
NMimmey, Niger, as wetlas the
national program, INRAN. For this
course WARDA was pleased to
obtain the expert inputs of Dr.
Jacob Kijne, HINUS Director of
Research, and Dr. Charles
Abernathy, Technical Adviser to
IINL who assisted with course
design and as recource persons
during the training course in
Niamey. This further consolidated
the AWARDA/HNID inter-center
collaboration in training initiated
in 1992,

Dr. M. Becker,

a WARDA research
scientist, conducts

a field practical in the
design of rice
agronomy trials.




COMPLEMENTARY GROUP
TRAINING COURSES

Genetic evaluation and
utilization of rice

[his was a sivaweek WARDA/IRRE
collaborative group training
course. The detailed carriculum
was designed by D fe Navarro,
frome IRRE and WARDA scientists,
durimg carly TOO4 Fhe course was
detivered tor NARS vice breeders in
September 19940 Trainees tor this
caourse were voung NARS rice
brecders who are actively engaged
in varictalb improvement rescarch.
Nine participants from nime
anglophone and trancophone
countries were given extensive
ficld practical training in methods
o evaluating the performance of
rice varieties to different
environmental stresses.

Use of CD-ROM for the
management ol agricultural
information

In the context of the WARDA/CTA
Memaorandum ot Understanding,
the tirsein a series of group
training courses in the use of CD-
ROM for management ot
agricuitural intormation was
organized at WARDA'S Library and
Documentation Center in October
1994, This course was designed to
upgrade the knowledge and skitls
ol practicing documentalists in the
management ot agricultural
information, using state-ot-the-art
technologies. Documentalists who
have received this training can
provide superior technical support
to agricultural rescarchers in sub-
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Dr. Kottt Goli (left). Director of IDESSA of Cote d'ivoue, chaired a session at the WARDA NARS
traumng senunar on the topic. "Traming dand Job Performance in Rice Scrence ™

Saharan Mrica. The 13 trainees
who attended this course were
specially selected trom nine
French-speaking countries in sub-
Saharan Africa.

Scientific writing for
agricultural research scientists

The third in the series of group
training courses in scientific writing
foragricultural rescarch scientists
was organized at s Biological
Control Center for Africa at
Cotonou, Benin in November, This
course was i collaborative effort
between WARDA, CTA, SAFGRAD,
and [CRAFE The course curriculum
was basicalhv the same as used in
previous courses, but impaortant
changes were introduced from the
feedback obtained trom trainecs
attending previous courses. For
example, some emphasis was given
to using posters to present scientific
research results, as well as
procedures for writing scientific
research project proposals and
reports. There were 35 trainies in

twa groups anglophone and
francophoney drawn from 15
countries in sub-Saharan Africo.
Major financial support for this
course was provided by IS Sweden,
CTA Holland, and [CRAE Kenva.

Follow-up study of trainces

In 1993, Dr. LA Kwarteng was
commissioned to undertake a
trainee follow-up study, which
was completed in 1994, and the
results were analvzed. The major
objectives of this study were to
determine how well the
Knowledge and sKills acquired
during training courses had been
utilized, and to assess the
contribution of training to job
performance.

Atrainee follow-up study
questionnaire was developed,
validated, and used tor data
collection. Part [ of the
questionnaire sought to gather
current background information
on former trainees, part Il elicited




WWARIDA

n Rice Science.”

information on current
cmployment, and part I
gathered data on courses attended
and general comments on them.
The questionnaire was distributed
to 270 trainees in T4 AWARDA
member countries, and HS were
returned completed, giving a
response of 4% The data were
summarized and analvzed using
an SPSS. P package, and
measures of central tendency were
computed to deseribe the
responses toa selected series of
variables. Quantitative
sumnuaries of open questions were
also made. Conclusions from this
study were summarijzed:

“WARDN'S training courses have
had a positive impact on trainees
through contributing to
increasing the protessional
confidence of trainees, improving
self refiance, increasing
cooperation with professional
colleagues, high utilization of the
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knowledge and skitls acquired
during training, strengthening
trainees’ rescarch competency,
and strengthening their ability to

write and publish rescarch papers.

Ina few cases, recognition,
promotion, and professional
advancement were directly linked
to improved performance due to
WARDA training. A strong desire
wias expressed for greater
correspondence between WARDA
and former trainees and for
attendance at more of WARDA'S
training courses. Critical arcas of
training needs for national
programs were recommended;
these include computer
applications in agricultural
research, integrated crop
protection, witer management in
rice production, postharvest
handling, scientific writing, and
agricultural information
management.”

Ihe conclusions and
recommendations trom this study
are being used to guide WARDA'S
future training activities.

WARDA/NARS training seminar

In Mav the sccond in the series of
AWARDA/NARS training seminars
was held at WARDA headquarters,
M'be, Cate d'Ivoire. NMore than 30
participants from 15 WARDA
member countries; trom other
COIAR centers, regional, and
international organizations; and
from NGOs, attended the seminar,
Fhe theme for the seminar was
“Training and Job Performance in
Rice Sciencee”, and the topics
discussed were WARDAN training
programs; impact of WARDA
training on job performance; and
national policies for rice science
training. A\ mecting of the
WARDA/NARS Training Working
Group (VW) was held on the last
day of the seminar, when the
WARDA Alumini Association was
also launched.

The proceedings of the seminar
containing full texts of the papers
presented, briefs on the discussions
of presentations, the seminar
recommendations, and the report
of the TWG meeting will be
published in 1995,
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TABLE 27:

Name

JV.K. Afun

M. Ahonsi

R.N.AAhoyo

F Asch

D. Birmingham

A.O. Daleba

A. Diallo

H. Diandue

S. Diatta

K.K. Djato

Country

Ghana

Nigeria

Benin

Germany

US.A.

Cote d’lvoire

Senegal

Cote d’lvoire

Senegal

Cote d'lvoire
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Research scholars at WARDA, 1994,

Degree and
University

Ph.D., \Wye
College, Univ. of
[.ondon, UK.

M.Sc., ABU,
Nigeria

Ph.D., Univ. of
Hohenheim,
Germany

Ph.D., Univ. of
Hamburg,
Germany

Ph.D., Univ. of
Wisconsin,
U.S.A

Doc. 3e cvcle,
Univ. of
Abidjan,
Cote d’lvoire

Doc., Univ.
CAD, Dakar,
Senegal

D.E.A., Univ. of
Abidjan,
Cote d'Ivoire

Doc., Univ. of
Nancy, France

Doc. 3¢ cycle,
CIRES, Univ. of
Abidjan,

Cote d'lvoire

Topic

The roll of weeds in the natural
control of upland rice insect pests
in Cote d’lIvoire

Studies of talse smut of rice induced
by Ustilayinoidea virens

Cost and profitability of rice
production svstems in southern
Benin

Salt tolerance of irrigated rice in the
Sahel

Indigenous soils classification and
management by farmers in three
regions of Cote d'lvoire

Developing drought-resistant rice
varieties using biotechnology
techniques

Access of women to irrigation
resources in rice production: a case
study of the Goye zone of the upper
valley of the Senegal River

Screening interspecific rice crosses
for resistance to blast and drought

Interactions of pedologic and
hydrologic processes on the growth
of rice along a toposequence in
central Cote d'Ivoire

Comparative analysis of small-scale
and large-scale rice production
systems in Cote d'lvoire

Supervising
WARDA
scientist and
discipline

D. Johnson
(weeds)

E. Heinrichs
{entomology)

AUSy
(pathology)

AL Adesina
(agricultural
CCONONIICS)

M. Dingkuhn
{physiology)

A, Adesina
(agricultural
CCONOMICS)
K. Sahrawat
(soil science)

M. jones
(breeding)

T. Randolph
(agricultural
¢conomics)

M. Jones
(breeding)

K. Sahrawat
(soil science)

A, Adesina
(agricultural
¢Conomics)




TABLE 27

Name

M. Dobo

b. Fofana

N. Fofana

AV, Houndékon

AO. Joda

E.B. Kouassi

AL Maiji

S. Nacro

LT, Narteh

P N'guessan

J.0. Nipah
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(cont'd)

Country

Cote d'lIvoire

Togo

Cote d’tvoire

Benin

Nigeria

Cote d'lvoire

Nigeria

Burkina Faso

Ghana

Coéte d’lvoire

Ghana

Degree and
University

Doc. 3o evele,
Univ. of
Abidjan,
Cote d’Ivoire

I’h.D., Univ. ot
Giessen,
Germany

Doc. 3e eyele,
CIRES, Univ. of
Abidjan,

Cote d’Ivoire

Doc. 3¢ cycele,
CIRLS, Univ. of
Abidjan,

Cote d’lvoire

Ph.D., Univ. of
Ibadan, Nigeria

D.EAL, Univ. of

Abidjan,
Cote d’'Ivoire

M.Sc., Univ. of
Ibadan, Nigeria

Ph.D., Univ. of
Rennes, France

Ph.D., Univ, of
Ghana, Legon

Doc., Univ. of
Montpeliier,
France

M.Phil., UST,
Kumasi, Ghana

Topic

Determining the ecosvstems that
promote anther culturability in
various rice varieties

Etfect of morphological traits on the
competitiveness of upland rice
cultivars with weeds

Women in rice production systems:
acomparative study of extensive
svstems in Gagnoa, southwest Cote
d'Ivoire, and intensive systems in
Korhogo, northern Cote d'tvoire

Lconoraic analvsis of rice
production systems in northern
Benin

The bio-ecology and control of
Aspavia anmiyera on rice in Nigeria

Study of interspecific rice crosses for
weed supression or tolerance

Evaluation of drought tolerance and
other agronomic traits in Arican
rice varieties (O, glaberring

Ecotogy, biology, and parasites of
African rice gall midge

lron toxicity in West African soils:
the roll of other nutrients

Epidemiology and variability of the
marbrure virus on rice

Varictal screening and genetic
analysis for iron toxicity tolerance
in rice

Supervising
WARDA
scientist and
discipline

M. Jones
(breeding)

D. Johnson
(weeds)

AL Adesina
(agricultural
ceconomics)

A Adesina
(agricultural
CCONoMIcs)

B. Singh
(breeding)

M. Jones
(breeding)

B. Singh
(breeding)

L. Heinrichs
(entomology)

K. Sahrawat
(soils)

AL Sy
(pathology)

M. Jones (up-

land breeding)
B. Singh (Iow-
land breeding)
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TABLL 27 (cont’'d)
Supervising
WARDA
Degree and scientist and
Name Country University Topic discipline
ALOL Olaleye Nigeria ’h.D)., Univ. of Suitability evaluation, B. Singh

A Omoloye

A. Ouattara

R. Samba

M. Sié
N.T. Sow

K. Tari.ondé

AA. Tourd

Nigeria

Céte d’Ivoire

Senegal

Burkina Faso

Senegal

Tchad

Nigeria

Ibadan, Nigeria

Ph.D., Univ. of
Ibadan, Nigceria

Doc. 3e cycle,
CIRES, Univ. of
Abidjan,

Cote d'lvoire

Ph.D., Univ.
CAD, Dakar,
Sencegal

Doc., Univ. of
Montpellier,
France

Ph.D., Cath.
Univ. of Louvain,
Belgium

Doc. 3e cvele,
Univ. of
Abidjan,
Cote d’lvoire

M.Sc¢., Purdue
Univ., U.S.A.

characterization, and rice vields in
selected iron-toxic soils in Nigeria

Mechanisms of resistance in rice
cultivars to the African rice gall
midge, Orscolia orvzivora

Ex-ante analysis of the financial
profitability aid constraints to
adoption of new rice production
technologies in the Korhogo region
of Cote d’Ivoire

Effect of rice cropping svstems and
drainage on salinization and
alkalinization of soils in the Sencegal
River valley and delta

The use of thermal constants as
selection criteria tor rice varieties
adapted to irrigated rice cultivation
in the Sahel

Improving rice tolerance to salinity
through ~meaclonal variation

Determining characteristics that
give rice varieties the ability to
surpress or tolerate weeds

Lconomic constraints to rice-based
rotations in Niger

threeding)
K. Sahrawat
{(50ils)

B. Singh
{breeding)

C. Williams
(entomology)
E. Heinrichss
(entomology)

A Adesina
(agricultural
CCONoMIcs)

M. Woperetis
(agronomy)

K. Miczan
(breeding)
M. Wopereis
(agronomy)
M. Dingkuhn
{(physiology)

K. Miczan
(breeding)
M. Dingkuhn
(physiology)

M. Jones
(breeding)

T. Randolph
(agricultural
CCONOMICS)




TABLE 27 (cont'd)
Name Country
C.O. Traor¢ Mali

1.0 Tré

TABLE 28:
Name

G Coquais

C. Dankers
S. Masselot
LB, Onivogui
N. Ritzenthaler

Y. Sylla

Cote d'lvoire

Country
France
Netherlands
Irance
Guinea/Con
France

Cote d’'Ivoire

Degree and
University

Doc. 3e cycle,

CIRES, Univ. of

Abidjan,
Ccote d'lvoire

AMLse, Purdue
Univ., U.S.A.

Short-term WARDA trainces in 1994,

Institution

ISTOM

Agricultural Univ. of Wageningen

ISTOM

SOGUIPAH

ISTOM

[INSA
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Supervising
WARDA
scientist and

Topic discipline

AL Adesina
(agricultural
CCconomics)

Lconomic constraints to irrigated
rice production in the Selingue rice
scheme in southwestern Mali

2oAdesina
(agricultural
CConomics)

aRates of return to mangrove rice
research in Sierra Leone

Discipline
Pathology (RYMV)
Entomology
Pathology (Blast)
Multidisciplinary
Agronomy

Pathology (RYMV)

WARDA's dinirg hall is a
friendly gathering place for
lunches and meetings cf the
entire WARDA stalf.
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SUMMARIES OF COMMUNICATIONS ACTIVITIES

Anthony Youdeowed, AMlassane Diallo, Cheikir Diop

PUBLICATIONS

‘The publication effort initiated in
1993 was continued in 1994 with
the production of a series of
publications with assistance of
frechance editors and book
designers. Research papers
published by AWARDA scientists in
various journals were reissued ina
WARDA Reprints Series for more
targeted distribution.

Publications issued in 1994:

e WARDA Annual Report 1993
tkFrench and English)

o Current Contents at \WWARDA
(monthly)

o \WARIS Brochure (Irench and
English)

e AVARIS Poster (French and
English)

o Dircctory of Rice Scientists in
Woest Africa (English)

s Training in Mangrove Rice
Production — Instructor’s
Manual (English)

o \WARDA Reprints Series
Numbers 1t 14

TABLL 29:
Year

Research

Director General's Office
Training & Coms.
Administration
Miscellancous

TOTAL

GRANTY TOTAL

Translation and
interpretation services

The staffing situation in the
Translation and Interpretation
Services Unit stabilized very
quickly, and work progressed
rapidly and satistactorily during
the vear. Because the volume of
translations requested continued
to rise, we were compelled to

5000

4000

1000

Breakdown of translation volume from 1991 to 1994,

1991 1992 1993 1994

277 2000 750 620
389 500 1212 1520
785 1000 1100 1274
404 210 302
253 250 14 210

2108 3750 3286 4026

13 170

depend on freelance translators to
cope with the workload for both
English-to-French and French-to-
English translations.

For interpretation services, the staff
interpreter continued to work with
freelance interpreters to service the
Board of Trustees imeeting, the
Research Task Force meetings, and
group training courses. Table 29

FIGURE 29:
Translation
volume trend for
1991 to 1994,

1991 1992 1993 1994
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summarizes the numbers and tvpes Scientists of the WARDA Sahel by WARDA staff, and through
of documents transiated in 1991- Program. ISRA, and SAED now WARDA'S Task Forees and working
1994, while Figure 29 presents data have access to o well-stocked and groups. Emphasis is placed on
showing the trends in translation well-managed librarv, The library collecting theses and research
volume for 1991 to [904, is adequately housed, and it is reports throughout WARDA
cquipped with a powerful member countries.
computer, a CD-RONM drive,
LIBRARY AND SESAME, NGRICOLA, and CIARL
DOCUMENTATION CENTER BRS CD-ROM databases. Two Database management
databases, SAHEL for monographs,
Formulated in 1989, and approved and NDIAY for periodicals, are in-house databases—West African
in June 1990 by the International used for managing the library Rice Bibliographic Database
Development Research Centre holdings. (\WARBD, periodicals database
(IDRCY of Canada, the West Africa (PERIO), WARDA muailing list
Rice Intormation Svstem (WARIS) database, the West African rice
Project came to an end in Library collections scientists (RSCWA), and reprints
December 1994, database {RPRIN)—were
Library acquisitions between continuously updated and
Ihe overall objective of the project 1990 and 1994 were as shown in improved.
was to strengthen and upgrade Table 30.
WARDA'S Library and With tinancial and technical
Documentation Center services The dibrary subscribed 10 170 support from the Technicat Centre
and putin place the infrastracture journals, in addition to several for Agricultural and Rural
aecessary tor the development of journals received free of charge Cooperation (CTA), The
ctfective information services in and on an exchange basis. Books Netherlands, through its CD-ROM
rice rescarch and production in the  relevant to rice were purchased. project, from the International
region. vhe implementation of Development Research Centre
the WARIS project has resulted in “Grey” literature was actively (IDRC), Canada, and from core
upgraded rice library and collected during missions funds, WARDA received regular
documentation collections and undertaken by WARDA'S updates of the following,
improved and expanded documentalist and junior librarian,  agricultural databases:

information services tor the
benefit of WARDA and its NARS
scientists,

A view in WARDA's Library and Documentatior: Center, widely used by staff, trainees, and visitors.

The documentalist andertook a
aire-week mission to the \WARDA
Sahet Prograim in November 1994
to evaluate progress made and
implement necessary changes to
improve library facilities and
services. The Sahel Program’s
searetary in charge of the library
was oftered a second training
session at WARDA headquarters in
December 1994, in library and
database management,




on CD-ROM:

e Agronomy Journal

o AGRICOLA

e AGRIS

CAB ABSTRACTS
CRIS/TCAR

o KITABSTRACTS/TROPAG &
RURAL

SESAML

on diskette:

* ADI {African Development
Indicators data on diskette) of
the World Bank

o CURRENT CONTENTS ON
DISKETTE tagriculture, biology,
environmental sciencesy WIHTH
ABSTRACTS

o RICE ABSTRACTS
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Rice science
information services

An increasing number of requests
for exhaustive searches was
received from both WARDA and
NARS rice scientists. An average
of 15 requests were received
monthly.

The number of literature searches
increased by threefold between
1990 and 1994 (Table 31).

“Current Contents at WARDA”

The monthly publication “Current
Contents at WARDA” was
published regularly and
distributed every month to NARS

Publcations and posters produced in 1994

rice scientists and institutions.
Rapidly increasing interest
expressed by rice rescarchers in
WARDA member states has caused
the number of copies distributed
to increase from 4o in February
1991 1o 200 in March 1994, as
illustrated by the data in Table 32.

A new cover was designed to
improve on the presentation of
this publication.

Document delivery

WARIS provides a book- and other
document-lending service,
including free delivery. In
addition, photocopies of journal
articles and book chapters are




being provided tree of charge on
request. Beneficiarios of WARIS
literature searchesand recipients
of Shlana 1 Contents at
WARDA, are . vsassisted in
obtaining hard copies of relevant
references.

Documents provided to rice
scientists from 1991 to 1994 are
indicated in Table 33.

Directory of Rice Scientists
in West Africa

The English edition ot the Directory
of Rice Scientists in Avest Africa was
released in 19940 The French
cdition is being printed and should
be available in Mav 19950 Both
editions will be circulated to rice
scientists and relevant institutions,
along with a torm tor amendments,
This first edition is expected to
attract more scientists and data,
and it will lead to the publication,
in 1996, of a second more
comprehensive edition,

The purpose of the directory is to
facilitate contacts and exchange ol
information among rescarchers. The
directory is also expected to serve as
a medium for enhancing exchange
of researchers, as well as tor
promoting utilization of expertise
available in the WARDA region,

This directory, with intormation on
216 scientists, contains a black-and-
white identity-card-format
photograph and personal
biographical data of scientists
working with rice at WARDA and its
member countries, arranged
according to the fields of
specialization, as well as scientists’
names, subject matter, institutions,
and countries.
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TABLE 30:  Library acquisitions.

Year 1990 1991 1992 1993 1994
Books 762 504 415 453 769
Periodicals o824 2009 1161 1275 2961
Annual reports 302 106 249 255 340
Catalogs/Pamphlets 238 195 454 457 576
Reprints/Photocopics 2208 3650 3075 3715 3995
Miscellaneous 159 84 Jo4 402 1249
Totals 10613 0608 0348 6557 9890
TABLE 31:  Number of main literature scarches performed

for rice scientists.

Year 1990 1991 1992 1993 1994
Number of

main Scarches 40 S0 70 110 135

TABLE 32:  Number of copies of “Current Contents of WARDA”.,

Year 1991 1992 1993 1994
Number of copics 46 150 195 200
TABLE 33:  Number of documents provided to rice scientists.
Year 1991 1992 1993 1994
Publications 350 375 450 530
Photocopied pages

of articles and

book chapters 33 356 43 000 49000 52 358

The directory will be widely WARIS brochure
distributed in WARDA member
countries and to the international

rice community.

Attractive and colorful English and
French editions of the WARIS
brochure were designed ond
produced in two formats. The
brochure gives an int'oduction to
WARIS and the services it provides.
It also invites all potential users of
WARIS to make maximum use of the
various services oftered.

WARIS poster

Both English and French versions of
the WARIS poster were published
and distributed in 1994,
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MAIN LITERATURE SEARCHES CONDUCTED BY WARDA IN 1994

Agricultural and rice research in WARDA meinber countries dor DL Randolph, AWARDA headquarters)

Agricultural svstems and technical change tfor Dro P Natlon, WARDA headquarters)

Alternative host plants of inseat pests and parasitoids (for Miss Cobblah, Department of Zoology, University of
Ghana-Tegon, Ghana

Bi-chreftect dor Mo DL Birmingham, WARDA headquarters

Breeding rice tor soil acidity resistance ttor NMr S Y Dogbe, INCY, Lome, Togo)

Burning and ash in tallow svstems tor Mrs DL Birmingham, WARDA headquarters)

Chemicalweed control in rice and application methods tfor Mr. | K. Kehinde, NCRY, Badegi, Nigeria)

Cropping svstems and parasitoids (tor NMiss Mo A Cobblahy, Department of Zoology, University of Ghana-
Legon, Ghan

Development and growth ot the rice leat ¢tor Do Moussa Sie, WARDA, Senegal)

Exchange rate policy in WARDA member L‘nunlric\ ttor Dr. T Randolnh, AWARDA headquarters)

Fertitizers and weed development tfor NS Traore, TDESS:A, Cote d'hvoire)

Genetic N environment interaction ((..\l.) tor rice, maize, sorghum, and wheat (for Dr. R, Guei, WARDA
headquarters)

Intleence of Leguminosae in the nitrogen uptake of upland rice and weed control (for Mr. Segda Zacharie,
INLRA, FaraKo-Ba, Burkina Faso)

Host-plant resistance acreage (for Dr. E. Heinrichs, WARDA headquarters)

Irrigated rice, women, and productivity in the Sanel tfor M AL Diallo, SAED, Bake, Senegaly

Land-clearing in tallow svstems (for Mrs. DL Birmingham, \WWARDA headquarters)

Maintenance of Rhizobium strains (for My K. Kouame, IDESSA, Bouake, Cote d’lvoire)

Morphological and physiological traits of cereals related to the response to low temperature (for Dr. Moussa
Sie, WARDA, Senegal)

Parasitoids and vegetable pests (for Miss M. AL Cobblah, Department of Zoology, University of Ghana-Legon,
Ghana)

Parasitoids of rice insects (for Miss M. AL Cobblah, Department of Zoology, University of Ghana-Legon, Ghana)

Mangrove rice in Africa (for Mr. ] P Tre ¢/o Dr. Adesina, WARDA headquarters)

'reservation and utilization of germplasm (for Dr. R. Guet, WARDA headquarters)

Rice grain discoloration (for NMr. D. R, Taylor, RRS, Sierra Leone)

Rice production and policy of WARDA member countries (for Dr. T Randolph. WARDA headquarters)

Rice production in Nigeria (for Prof. V. Awoderu, Ogun State University, Ago-lwove, Nigeria)

Rice Yellow Mottle Virus: update (for Mr DL R Tavlor, RRS, Sierra Leone; Dr. E. Imolehin and Mr. M. E, Abo,
NCRI, Nigerig, Dro ACACSy, WARDA headquarters; Mr M. M. Coulibaly, Programme Riz Irrigué, Niono, Mali)

Seed classification (for Mr. M'Cho, IDESSA, Cote d'Ivoire)

Species coneepts of insects (for Miss M. A, Cobblah, Dep. rtment of Zoology, University of Ghana-Legon, Ghana)

Stalk-eved flies (Diopsis) (for Dr. B. N Singh, \WARDA, Nig ria)

Taxonomy of parasitic Hymenoptera (for Miss M. A Cobblah, Department of Zoology, University of Ghana-
Legon, Ghana)

Transportation costs in West Africa (for Dr. T. Randolph, WARDA headquarters)

Utilization of Leguminosae in upland rice (for Mr. Segda Zacharie, INERA, Farako-Ba, Burkina Faso)

Weed control inirrigated rice in the Sahel (for Dr. D. Johnson, WARDA headquarters)

World fertilizer markets (for Dr. T. Randolph, WARDA headquarters)

World rice markets (for Dr. 1. Randolph, WARDA headquarters)

Zoogeography of insects (for Miss M. A. Cobblah, Department of Zoology, University of Ghana-Legon, Ghana)
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vhe WARIS brochure, together with
the WARIS poster, are bemng widely
distributed to WARDA member
countries” rice scientists, to research,
development, and educational
institutions, and to libraries and
information services, in arder to
publicize WARIS services.

Improvement of
national capacities

Ihe rice rescarch information
svstemns of WARDA member states
are provided access to all WARIS
services at no charge. In addition,
links are torged and maintained
with the stalt ol NARS libraries, so
that they are kept abreast of new
information technologies and
training opportunitices. More
spectiically, WARIS provides them
with expertise and advisory missions
to assist in the use of new
technologics and to upgrade
procedures, management, and
services, On-the-job training
progranis are organized upon
request. Regular formal group
training courses are expected to
commence in 1995,

Training

Since WARIS became operational in
carly 1991, demand for information
services has expanded well bevond

projected expectations in:

¢ the number of scientists
requesting intorimation services;

¢ the divensity of information
demands, covering all aspects of
agricultural rescarch;
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* inucreasing requests tor training
ol NARS librarians and
documentalists at WARDN on
agricultural intormation
management and use of new
information management
technologics,

With the developnient of modern
agricultural intormation facilities at
WARDAYS Library and
Documentation Center, considerable
potential exists for WARDA to
design, organize, and manage
individual and regional group
training in agricultural information
management and use of new
information management
technologies,

WARDA has in the past organized
such regional training courses and is
offering an increasing number of
short-term on-the-job training
programs to upgrade the skills of
NARS information statl.

The objectives of the training
|
pProgram are:

e to enlarge national capacities in
procedures for the organization
and management of agricultural
information;

s to tacilitate access to, and
dissemination of, agricultural
information;

¢ to develop the “computer and
new technologies culture” of
NARS agricultural intormation
personnel;

¢ to promote the dissemination of
agricultural information in
WARDA member countries
through the organization of
group training courses focusing
on the use of new information
technologies.

On-the-job training

Following requests received from
member countries” national
programs, 10 staff tfive men and five
women) in charge of agricultural
information services were trained in
library and database management
between 1990 and January 1995,

Training in librar -
and database man. yement
in 1994

Mr Falankoi M.S, Janneh, in charge
of the Gambia Library of
Agricultural Research (GLAR) of the
National Agricultural Research
Institute (NARD, Yundum, The
Gambia, 14-28 February 1994,

Mr Celestin Kode Dadie, student at
the Département Intormation-
Communication of Universite
Pierre Mendes France Grenoble T,
Institut Universitaire de
Technologie IE, Grenoble, France, 6

June to 5 September 1994, for on-

the-job training and wridng of a
dissertation on the establishment of
a database on rice research
institutions of WARDA member
countries.

Mr. Mamadou Cisse, in charge of
tne Documentation Center of
Centre de Formation et de
Recherche en Animation Rurale
(CEFRAR), Abidjan, Cote d'lvoire, 18
April to 18 June 1994,

Mrs Aida Ndiaye, in charge of the
library of the WARDA Sahel hrrigated
Rice Program, Ndiaye/Saint-Louis,
Senegal, 22 November to 4
December 1992, and 26 December
1994 to 6 January 1995,

Miss Marie Mbengue, in charge of
the Documentation Center of



Socicte d'Amanagemnent et de Mise
en Valeur du Delta du Fleuve
Sencgal (SAED), Ndiaye/Saint-Lowds,
Senegal, 23 December 1994 to 6
January 1995,

[raining focused on the design of
hibliographical databases and
improved library operational
procedures to be used by the
trainees to more efticiently
manage their libraries and
documentation centers, buring
the training, WARDA Library and
Documentation Center staft visited
with the Ivorian trainees at their
respective services and held
mecetings with the administrators
ot their institutions.,

Iraining in information
retrieval for scientists

Numerous scientists and statf from
Opportunities Industrialization
Centers International, Inc. (O1C),
an NGO in Bouake, have been
trained in the use of word-
processing and database
management software, and
information retrieval from in-
house and CD-RON databases.

GROUP TRAINING
Participation in group training

The WARDA Library and
Documentation Center organized
and hosted the CTA/WARDA
collaborative group training course
on the “Utilization of CD-ROM for
Agriculturat Information
Management”, This course, held
from 10 to 21 October 1994 at the
WARDA Training Center at
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headquarters, was attendued by
thirteen participants trom nine
African francophone countries:
Benin, Burkina Faso, Cameroon,
Central African Repultlic, Chad,
Cote d'ivoire, Madagascar, Mali,
and Mauritania.

The objective of this training
course was to upgrade the skills of
staft in charge of CTA-tunded CD-
ROM stations in the tollowing
areas:

¢ basic functions of information
retrieval tools used to search
CD-RON databases;

o NS-DOS;

e downloading oi data from CD-
ROM databases to WordPerfect
and CD-ISIS software;

o installation of CH-ROM
hardware and software;

s products and services developed
using CD-ROM databasces.

The WARDA documentalist
delivered lectures at these courses:

e WARDA Training Course on
Computer Applications and
Statistical Analysis in Agricultural
Rescarch, M'bé/Bouake, Cote
d’lvoire, January 1994,

* WARDA Training Course on
Scientific Writing for
Agricultural Rescarch Scientists,
IITA Biological Control Center
for Africa, Cotonou, Benin, 14-
24 November 1994,

Assistance to national programs
through follow-up missions

Responding to requests from
national programs, and as follow-

AV
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up missions o training progranis,
working visits were undertaken in
WARDA member countries and
other countries:

¢ The Gambia Library of
Agricultural Research (GLAR) of
the National Agricultural
Research Institute (NARD,
Yundum, The Gambia, 22-28
May 1904,

o Centre de Formation et de
Recherche en Animation Rurale
(CFRAR), Abidjan, Cote J'Ivoire,
8-10 September 1994,

* Documentation Center,
National Agricultural Research
[nstitute of Benin (INRAR),
Cotonou, Benin, 21-25
November 1994,

The purpose of the tollow-up
missions to the institutions of staft
trained at WARDA headquarters
was to help in solving problems
encountered after the training
program has taken place; design,
adopt, or adapt more efficient
library management and
organization procedures; install
hardware and software for database
management.

REGIONAL AND
INTERNATIONAL COOPERATION

CTA/ECOWAS Project: a Study of
Agricultural Information Needs
for the Countries of West Africa,
and an Integrated Information
Program for Agricultural
Development in West Africa

WARDA is still plaving a major
role in this very important
undertaking through its director
of training and communications
and its documentalist.




WARDA organized the First
Meeting ot the Regional Action
Committee for Lvaluation,
Planning, and Monitoring of
Agricaltural Information
Activities in Woest Africa (CREPS)
held from 5 to 8 April 1994 in
Abidjan, Cote d'lvoire and
participated in the CIA/ECOWAS
CREPS mecting on the finalization
ot the project document
“Integrated Intormation Program
for Mgricultural Development in
West Africa”, from 20 to 21
December 1994 at FCOWAS
headquarters, in Lagos, Nigeria,

WARDA has already been
identiticd as the lead institution,
CTA will collaborate to implement
is regional scientitic and technical
intormation program for West
Atrica, and LCOWAS will be retied
upon to coordinate and implement
the Integrated Information
Program tor Agricultural
Development in West Africa.

WARDA sees this as a major
contribution to WARIS for better
dissemination of agricultural
information within \West Africa,
and in sub-Saharan Africa.
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REDACI, Cote d'ivorre

WARDA library and
documentation stati regularly visit
relevant institutions and
information services in the Bouake
and Abidjan areas in order to
establish and strengthen
coopurative links. WARDA staft
also participate activelyin the
activities of the Ivorian
Agricultural Information Network
(REDACH, and its quarterty
mectings held 19 January, 13 April,
13 Julv, and 12 October 1994 in
Abidjan were attended by the
WARDA junior librarian,
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WEST AFRICA RICE DEVELOPMENT ASSOCIATION

Statement of Financial Position as of December 31, 1994
(kxpressed in ULS. dollars)

ASSETS 1994 1993
Current Asscts
Cash and Cash Equivalents 1073 994 286 742
Accounts Receivable:
Donors 1774 569 1525 151
Emplovees 279 490 179 297
Others 728 030 380 341
Inventories 684 391 468 443
Prepaid Expenses 216 418 306 239
Total Current Assets 4 756 892 3146 213
Fixed Assets
Property, Plant and Equipment 14 509 084 13 832 232
Less: Accumulated Depreciation (2 283 224) (1 750 827)
Total Fixed Assets - Net 12 225 860 12 081 405
FOTAL ASSETS 16 982 752 15227 618
LIABILITIES
Current Liabilities
Bank Overdraft 276 309
Accounts Payable:
Donors 2516744 1933 822
Employees 66 243 63 332
Others 2034 827 1550 765
Accruals and Provisions 462 967 772 818
Total Current Liabilities 5 080 781 4 597 046
Long-Term Liabilities 0 0
TOTAL FIABILITIES 5080 781 4 597 046
NET ASSETS
Capital Invested in Fixed Assets:
Center Owned In Custody 12 225 860 12 081 405
Capital Fund (1 636 637) (2796 734)
Operating Funds 1312748 1 345 901
TOTAL NET ASSETS 11901 971 10 630 572
Total Liabilities & Net Assets 16 982 752 15 227 618
The financial statements were approved by the Board of Trustees o 26 April 1995 and were signed on their helalf by:

Mr. Kwame Akuffo-Akoto
Head of Finance & Support Services

/0 Dr. Eugene R. Terry,
Director General
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WEST AFRICA RICE DEVELOPMENT ASSOCIATION

Grants and Contributions for the Year ended 31 December 1994
(Expressed in ULS. dolfars)

CORE UNRESTRICTED 1994 1993
Canada (C]DA) 507 246 547 707
France 195 960) 141 379
Germany (BMZ/GTZ) 367 102 301929
Japan 1416328 1 280 277
Korea 50 000 50 000
The Netherlands 270 438 137 715
Sweden 467 221 490 732
United Kingdom (ODA) 172 057 165 506
United States (USAID) S0 000

World Bank 1 400 000
SUBTOTAL 3496 353 4 515 245

CORE RESTRICTED

ADB - Institutional Support 838 072 782 976
AIDB - Integrated Pest Management 126 051 379 997
Canada - (JDRC)Y Small Grants Project 44 850 81 441
Canada - (dDRC) West African [nfo. System Project 112 313 12 470
FEC - Crop and Resource Management 562 001 748 973
France - Agro-Physiology Project 12 134 1463
Germany (BNZ/GTZ) - Temperature Stress Project 282 655 228 574
Germany (BNZ/GTZ) - Salinity Project 73 323

Japan - Grain Quality Studies 36178 43 041
Rockefeller Foundation - Post-doc Fellowship 3 000
Rockefetler Foundation - Anther Culture Project 31 980

UNDP - Training and Communications 445 204 630 876
United Kingdom (ODA/NRD - Weeds Project 35 108

United Kingdom (ODA) - INGER Project 55197

United States (USATD) - Rice Network Project 366 315 189 432
SUBTOTAL 3021 381 3102 243
TOTAL CORE GRANTS 6517 734 7 617 488
COMPLEMENTARY

Canada (IDRC) - Vector Borne Diseases Project 22129

The Netherlands - Inland Valley Consortium Project 173 556 49 863
United Kingdom (ODA/NRID - Nematology Project 7 807

United Kingdom (ODA/NRI) - Weed/Insect Inter. P'ro. 17 667

United Kingdom (ODA/NRD - Gall Midge Project 21 347

TOTAL COMPLEMENTARY GRANTS 242506 49 863
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WEST AFRICA RICE DEVELOPMENT ASSOCIATION

Statement of Activity by Funding Source for the Year ended December 31, 1994
(Expressed in U.S. dollars)

UNRESTRICTED  RESTRICTED COMPLEMENTARY  TOTAL 1993
CORL CORE

REVENUE
Grants 3496 353 3021 381 242 506 6 760 240 7 667 351
Member States Contributions 64 045 64 045 74 520
Other Revenue 36 541 36 541 85 459
Total Revenue 3596939 3021 381 242 506 6 860 826 7 827 330
OPERATING EXPENSES
Research Programs 1 811 840 2 463 863 242 506 4518 209 4 230 189
Iraining and Communications 490 005 557 518 1047 523 1 136873
Admin. Expenses &

General Operations 1972 788 1972 788 2175255
Gross Operating Expenses 4274 633 3021 381 242 506 7 538 520 7 542 317
Recovery of Indirect Charges (205 847) - (205 847) (139 755)
Net Operating Expenses 4 068 786 3021 381 242 506 7 332673 7 402 562
Excess/(Deficity of Revenue

Over Expenses (471 847) 0 0 (471 847) 424 768
Extraordinary ltems 0 0 0 0 (385 233)
Excess/ibeficit) of Revenue

Over Expenses (471 847) - 0 0 - (471 847) 39 535
ALLOCATED AS FOLLOWS
Operating Fund (471 847) 0 0 (471 847) 39535

(471 847) 7 0 0 (471 847) 35 535

MEMO ITEM

Operating Expenses by Natural Classification

Personnel Costs 2 197 885 1 154 860 19792 3372537 3915698
Supplies and Services 1403 107 1691 446 213 957 3308510 2726 111
Travel 219 152 97 522 5619 322 293 378 841
Depreciation 454 489 77 553 3138 535 180 521667

TOTAL 4274633 3021 381 242 506 7538520 7542317
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WARDA STAFF

As of December 31, 1994

OFFICE OF THE DIRECTOR GENERAL

Fugene R, Terry, Ph.D, Director General

Robert Catheart Lemp, MA. Special Assistant to the DG
Marie-Therese Gohou, BULS. Executive Secretary

Simplice Kotfi Kra, Lic.Ks. Personnel & Liaison Services Manager
Casimir Grouto, Ing. Bat. Physical & Plants Services Manager

Support personnel

Karim Abdoul Sylla Kifoulih Souly Bakary Leopold Amon

Focouan Kouakou Badot Anatole Tehe Djedea Bah Amade Belem

Bonitace Lokou Bligui Thomas Bregue Bogui Thierry N'Cho Boka

Kassinibeh Coutibaly Christal Jean Dali Idrissa Diomande

Keita Djedy Pascal Kakou Edi Bourcima Gansane

Sylvain Gnazale Francois Haba Soumaila Kabore

Coulibaly Karamoko Siriki Kone Celestin Kouassi Kouakou

Iheodore N'Guessan RKouassi Georges Brou Kra N'Dri Krah

Joseph Essoh Lasme Veronique Moquet Adama Nombre

Svivin Tokougna Okou Kanakoba Ouattara Kroha Ouattara

Sie Sou Eby Tanoh Claude Lida Tiebi

Jean de Dicu Toni Boureima Zerbo Thomas Sanou Zini

Sekou Conde Josephine Pannah Freeman Ouattara Moussa
FINANCE AND SUPPORT SERVICES DIVISION

Kwame Akuffo-Akoto B.Sc., FC.CA. Head of Finance & Support Services

Honore Bobo, M.S., M.UB.A. Financial Services Manager

Zakrizou Bredou, DU Accountant

Mark Etsibah, LCS.A (pt D Senior Accountant

Andrews Bota, MUA. Support Services Manager

Charlotte Kossonou Administrative Assistant

Boniface Ouedraogo Administrative Assistant

Support personnel

Bertin Assi Amon Pierre-Marie Bavala Mariam Dieng Ep Abhe
Serge Kouadio Gbamele Lai Jean Gondo Dorcas Aba Koffai Kodjo
Kangah Konan Camara Yapi Lucie Appia Ep Opare
Madijara Coulibaly Ep Kone Soumaila Coulibaly Hassin Mamadou Diaby
Leon Bahi Didehi Abdoulaye Fanny Issiaka Kane

Nahokan Malan Boniface Achi N'Ke James Ossey
Thomas-Daquin Tichy Marguerite Chadon Aye Martin Krihoa Tebily
Emmanuel Koti Asarte Soumaoro Bangalee Lacine Binate

Diarrassouba Brahima Katia Kone ‘aya Saganogo




RESEARCH DIVISION

Research Coordination

I'eter Matlon, Ph.D.

Chitti Babu Buyyala, B.Sc.
Abdoutayve Adam, Ph.D.
Maxwell Adjei-Fah, Dip.GIL
Dougou Kerta, MUS¢.

Vincent Flegbo, Ing.Genie MUE.C.

Support personnel

Michel Temomane Taha

Kone Brahima

Coulibalv Inza

Celestin Konan Kouadio
Robert Amani foukou
Dicadonne Kouwame N'Guessan
Bertin Toneu Ounguin

Rene Yao Theoule

Bomisso Trika

WARDA ANNUAL REPORT 1994

Director of Research
Farm Manager
Biometrician

Executive Secretary
Research Assistant
Assistant Farm Manager

Lebene Yoni

Serge Kouadio Essui
Harouna Irmea Kindo
N'Dri Kouakou
Bazomboe N'Do
Kignimma Ouattara
Diabate Sevdou
Ernest Sangare Togha

UPLAND/INLAND SWAMP CONTINUUM PROGRAM

M'be, Cote d’Ivoire

Michael Dingkuhin, Ph.D.
AKinwuni AL Adesina, 'h.D.
Abdin Yvan Elie Audebert, Ph.D.
Mathias Becker, Ph.D,

Danny Covne, N.Sc.

Elvis AL Heinrichs, Ph.D.

David johnson, Ph.D.

Monty Patrick Jones, Ph.D.,
Nick Van de Giesen, Ph.D,
Kanwar [. Sahrawat, Ph.D.
Abdoud Aziz Sy, DU, DUEES.-Sc,

'etrus Nicolaas Windmeijer, M.Sc.

Kotti Senvo Akator, M.Sc.
Gabriel Kavode Aluko, M.Sc.
Amadou Toure, M.Sc.

Bila Amadou Belempoabga, MUA,
Roger Diallo, 1A

Sitapha Diatta, DUEA
Gouantoucu Robert Gueid, Ph.D.
Sika Mobio, M.Sc.

Gave Moustapha, M.Sc.

Isaac Olatundji Ovediran, M.Sc.
Mande Semon, M.Sc.

Support personnel

Ndongidila Asidi
Adama Bamba

Continuum Program Leader

Agricultural Economist
Physiologist
Agronomist
Nematologist
LEntomologist

Weed Scientist

Breeder

Hydrologist (Post-Daoc)
Soil Scientist
Phytopathologist
Agro-Lcologist
Research Assistant
Research Assistant
Research Assistant
Administrative Assistant
Agronomist

Extension Rescarch Associate

PERSCRNNEL

Jean-Baptiste Sako Bambara
Maurice Kouame Goli
Konan Konan

Seraphin Yao Kouame
Amoin N'Guessan
Mamoudou Oucdraogo
Traore Siriki

Kouassi Tounghin

Germplasm Exchange Coordinator

Research Assistant
Research Assistant
Research Assistant
Research Assistant

Kouadio Gilbert Attoumgbre
Siaka Berte

Rita nee Coly Badii
Marie Aya Bian




Simplice Addom Boa
Mamadou Salioud Diallo
Madoussou Fotana

Fernand Tape Guina

Sorif Ladji

Kotfi Arsene Kanga

Apnini Kofti

Rachel Kotti

Kouakou IFrancois Konan
Brou Benoit Kouadio

Brou Kouakou

AKisst Kouame

Kouadio Kouame

Kouadio Antoine Kouassi
I"aul Kouassi

Adjoa Assandoi Menzzan
Kouadio Ferdinand N'Guessan
Lbi N'Zi

Fia Paul Numin

Ponteh Abdon Sadia
Gamane Sevdou

Adeboyve Benjamin Sobambo
Kassoum Abdoul Traore
Seriba Sanogo

N'Da Kouakou Honore Yao
Francois Konan [ean Zouzou

Ibadan, Nigeria

Baijnath Singh, 'h.D.
Charles Williams, Ph.D.

Q. Fashola

Ovin Oladimeiji, M.Sc.
Segun Okhidievievbe, B.Sc.

Support personnel

David Adebavo Adeleke
1. Gl Adelowo
AUSCAKRiInola

Qji D. Lasisi

SO Giwa

Friday Momoh

[dowu Olowookere
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Hortense I Compaore Ep. Schi
Kouassi Pascal Fhoussou

Pierre Ze Gonkado

Ban Houan

Jean-Baptiste Zadi Lekpa

Mamadou Karamoko
Kouame Kotti

Yao Faustin Kotfi
Kouassi Norbert Konan
Kouame Benoit Kouadio
Gregoire Kouakot
Konan Auguste Kouame
Kouassi Kouame
Kouassi Jeremic Kouassi
Kourouma Mamadou
Doumbia Moriba

Jean Kouame N'Guessan

Quattara Nambahoro
Abdoulave Ouattara
Sele San

Sere Sevdou

fhrahim Teslim

Ali Nikounzon Tuo
Lassina Namogo Silue
Kamelan Zai

Breeder
Entomologist

Snr. Res. Supervisor
Snr. Res. Supervisor
Rescarch Associate

S. Adegoke

AL Ajai Ajagbe
Adewale Amidu Adelu
Remi David Afolabi
Godwin ibeabuchi

E. A Ogunleye
Christopher Osigwe

SAHEL IRRIGATED RICE PROGRAM

St Louis, Senegal

Kouame Miczan, Ph.D.
Thomas Randolph, Ph.D.

Marcos C. S, Woperies, Ph.D,

Soulevmane Gaye, L'T.A.

Alioune Badara Ndiave, D.S.C.

Aissatou Samb, D.UT.
Jean Baptiste N, Sene, L'TA.

Sahel Program Leader
LEconomist
Agronomist

Research Assistant

Finance & Adminis. Officer

Rescarch Assistant
Research Assistant

Drissa Coulibaly

Dessich Etienne

Olga Gueyes

Kouame [pou

Daviri Mvlene Kemara
Adjehi Edouard . aenan
Kouame Charly Fofti
Kofti Francois Konan
Kouassi Raumial Konan
N’'Da Kouadio

Kan Kouakou

Kouadio Kouame

Kofti Theodule Kouassi
N'Dri Martin Kouassi
Mariame Mariko

Konan V. I' N'Guessan
Thierry Niamien N'Guessan
Ahoutou Noman

Jean-Claude Kouadio Oussou

Edouard Koue Seah

Gbhe Siaba

Benjamin Toulou

Pierre Kouakou Sahoule
Therese Aya Yao Ep Orsot
Michel Zan

Mojeed Adeleke Alabi
O. Akanmu

James B, Ogundeii

Amole E. Adedokun

Jonathan Kollo

Bola Oladipo
Kayode Owa
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Support personnel

Samat Abdou Bove
Salif Bave Diack

Alda Diop nee Ndiave
Godwin Xavier Dosseh

Samaldou Amadou Ba Ndieme Ba nee Sady
Arona Coly Khalifa Coly

Mame Bocar Diack Yava Diedhiou

Ibrahima Diop Nafissatou Diop nee Fall

Ndiack Mall Djibril Mbodj Alphonse Niendy
Moussa Ndiave Djibril Sagna Babacar Salil

Yava Sane Malick Sarr Abdoulaye Sow
Madieve Top Sadikh Ababacar Wade

TRAINING AND COMMUNICATIONS DIVISION

Anthony Youdeowei, Ph.D), EAAS. Director of Training & Communications

Madeleine Yesso, BUTSLS.
Training

Lola Maria Goly, D.ESS.
Blanche Lucie Kiniffu, D.U.T.

Communications

Alassane Diallo, M.Sc.
Cheikh Ould Madiaw Diop, ML.A.
Memouna Lami Sidi-Toure, M.A.

Executive secretary

Trainer-Intern
Bilingual Secretary

Documentatlist

Translator/Interpreter

Translator

Support personnel

Catherine Bahieto Ouattara Issouf
Charles Nomand Popo Assoa Tanoh

Bernard J. GnanKoury Aka
Marie C. Kobea Ep. Atesuku
Novcl Magloire Tie Bava

Far left: Mr. Zongo Dramane is
seen here receiving the Director
General's Ebony Daba (Farmer's
rice) Award for best male WARDA
freld worker in 1994.

Left: Mme. Boni N'Dri Frangoise is
seen here recewving the Director
General's Ebony Daba (Farmer's
Hoe) Award for best female
WARDA field worker in 1994.
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CONSULTANTS

SHORT-TERM CONSULTANTS

Mr. Seth Ohemeng-Dapaah Technical coordination of group training course in computer applications and
statistical analysis in agricultural rescarch

Mr. N'Cho Achiaye Ludovic Technical coordination of group training course in rice agronomy
i L. ARinsola Technical coordination ot group training course in integrated crop protection in rice
Mr. Chetima Moussa Technical coordination of group training course in water and irrigation management

for rice production

Dr. fke Navarro ‘Technical coordination of group training course in genetic evaluation and
utilization of rice

Ms. Marie-Jose Gehl Coordination of group training course in use of CD-ROM for management of
agricultural information

Mr. Garston Kokode Coordination of group training course in scientific writing tor agricultural
research scientists

Mrs. Kay Sayce Writing, editing, and publishing

Dr. Valentine Yapi Preparation of databases of training participants and WARDA photo-library

Mr. Barry Hall Photography

Mr. Jan Beniest Trainer for group training course in development of training materials

Mr. Baboucar Manneh Trainer for group training course in development of training materials

Ms. Christine Le Loudec Trainer for group training course in scientific writing for agricultural rescarch scientists

{Frenchy

Mrs. Claudine Tahiri Trainer for group treining course in scientific writing for agricultural research scientists
(I'renchy

Mr. Abdoul Aziz Ly Trainer for group training course in scientific writing for agricultural rescarch scientists
éﬁ
(French)

Ms. Helen van Houten Trainer for group training course in scientific writing for agricultural research scientists
(English)
Mr. Paul Stapleton ‘Trainer for group training course in scientific writing for agricultural research scientists

(English)

Miss Inge Vissers Coordinator for group training course in scientific writing for agricultural rescarch
scientists

Miss Fatoumata Sidib¢ Development of database of rice scientists in West Africa.
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PUBLICATIONS BY WARDA STAFF IN 1994

Adesing, ALAL, Johnson, D.E, and Heinrichs, E.A. 1994, Rice pests in the Ivory Coast, West Africa: farmers’
perceptions and management strategies. International journal of Pest Managenmient. 40(4); 293-299

Adesing, A AL Djato, KK, and Pegatienan, J. 1994, Relative etficiency of rice tarms in Northern Cote d'Ivoire:
Profit function analvsis. Abstract in: Proceedings of the 1995 Nvinual Mecting of the Aierican Agricultural Econonists
Association, Aunerican Journal of Ayricaltural Economics. Vol 76 (50), (December) (in press).

Adesina, AL 19940 Pesticide use and policy in West Atrica: An overview. In: Agne, S, Fleisher, G, end Waibel, H.
teds.). Proceedings of Gattingen Worksiop on Pesticide Policies., 28 February - 4 March 1994, Gottingen, Germany.
pp. 27-42.

Andriesse, W, Van Duivenbooden, N, Fresco, L.O., Windmeijer, I'N. 19940 A multi-scale approach to characterize
intand vallev agro-ccosystems in West Africa. Netherlands fournal of Agricultural Science. 42: 159-179.

Audebert, AL, and Siband, I 1994, Cotton crop on granitic gneiss bedrock in Togo. In: Proc, 3nd ES:A Congress,
Abano-Padova 19-22/09/1994,

Becker, M., Ladha, LK., and Ati, M. 1995, Green manure technology: potential, usage, and limitations. A case
study for lowland rice. Tz Proc, 13th World Congress of Soil Sci. 199401888, Acapuleo, Mexico.

Becker, M., Ladha, J.K., Simpson, LC., and Ottow, J.C.G. 1994, Parameters affecting residue nitrogen
mineralization in tlooded soils. Soil Sci. Soc. Am. [, S8:1666-1671.

Becker, M., Ladha, ).K., and Ottow, ).C.G. 1994, Nitrogen losses and lowland rice yield as affected by residue
nitrogen retease, Soil Sci. Soc. im0 S8:1660-1665.

Bouman, B.ANM., Wopereis, M.C.S., Kropff, M.]., ten Berge, HLEM., and Tuong, T.1. 1994, Understanding the water
use efficiency of tlooded rice tields. H. Validation and seepage losses. Agricidtural Water Munagenent, 26:291-304,

Diatta, S., and Sahrawat, K.L. 1994, Performance of rice cultivars along the upland/infand swamp continuuni in
the M'be valley, Cote d'Ivoire. In: Transactions of 15t World Congress of Soil Science. Vol. 7b (commiission VI): 190-
191. Acapulco, Mexico, July 10-16, 1994,

Dingkuhn, M. 1994, Systems research at WARDA, In: Opportunities, Use, and Transfer of Systems Research Methods in
Agriculture to Developing Countries. Edited by Peter Goldsworthy and Frits Penning de Vries. Kluwer Academic
Publishers, in cooperation with ISNAR and [CASA. pp. 341-349.

Dingkuhn M., Sow, A, Samb, A, Diack, S., and Asch, F 1994, Climatic determinants of irrigated rice performance
in the Sahel. I Photothermal and micro-climatic responses of flowering. Agricaltural systems. 48 (1994) 385-410.

Dingkuhn, M., and Miczan, K.NL 1994, Climatic determinants of irrigated rice performance in the Sahel. 1L
Validation of photothermal constants and characterization of genotypes. Agricultural Svstems. 48 (1994) 411-434.

Dingkuhn, M. 1994, Climatic determinants of irrigated rice performance in the Sahel. 1. Characterizing
environments by simulating crop phenology. Agricultural Systems. 48 (1994) 435-456.
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Gitbert, E, Matlon, DL, and Evzaguirre, P 1994, New perspectives of valnerable institutions: Agricultural research
svstems in the small countries of West Africa. ISNAR Bricfing Paper No. 14, International Service for National
Agricultural Research (1ISNAR). The Hague, The Netherlands.

Heinrichs, F.AL 1994, Development of multiple pest-resistant crop cultivars. J. Agric, Entomol, 11: 223-253,

Heinrichs, ELAC 19940 Rice. Ins Heinrichs, EAL teda, Biology ad Management of Rice isects, Wiley Fastern, New
Delhi and the International Rice Research fnstitute, Manila, Philippines. pp. 3-11.

Heinrichs, E.ACT994 Host plant resistance. In: Heinrichs, AL tedoy, Biology and Management of Rice Insects. Wiley
Eastern, New Delhi and the International Rice Research Institute, Manil, Philippines. pp. 517-547.

Heinrichs, E.ALwed) 1994, Biology and Managenient of Rice Insects, \Wiley Eastern, New Delhi and the International
Rice Research Institute, Manila, Philippines. 779 p.

Heinrichs, E.AC 1994 Impact of insecticides on the resistance and resurgence of rice ptanthoppers. In: Denno, R.,
and Pertect, | tedso, Management of Leafhoppers and Planthoppers. Chapman and Hall, New York. pp. 571-598.

Jamin, LY, 1994, Normes and techniques et diversite sociale.: Lagriculture irreguee sahelienne peut-clle
s'intensitier en prenant en compte la diversite des exploitations? in: Proc, FSRE/CIRAD-INRA-ORS TROM Symiposiun
Recheches systene crayricultire et developpesient raral, Montpellier, France. novembre 1994,

Jones, NEPCTO94 WARDA'S work and progress in upland rice breeding for West Africa. n: Proc. International
Upland Rice Breeders” Workshop: Scientific Papers. Montpellier, France. September 6-10, 1993,

Joaes, MLP, Singh, BN and Meizan, K. 1994 WARDA'S varictal nomenclature svstem. In: Proc. International
Upland Rice Breeders” Workshop: Reconnnendations. Montpellier, France, September 6-10, 1993,

Jones, NLP 1994, Germplasm collection and conservation activities in West Africa: The role of the West Africa Rice
Development Association. In: Proc, Action Plan on Safeguarding and Preservation of the Biodiversity of the Rice
Genepool IRRE, Los Banos, Philippines. February 28 - March 3, 1994,

Jones, NLP 1994, Agroecological zones and rice production systems in sub-Saharan Africa. In: Training in Mangrove
Rice Production. Instructor's Mannal. West Alrica Rice Development Association. pp. 3-16.

Jones, NLP. Characteristics and breeding of mangrove rice varieties. In: Training in Mangrove Rice Production.
Instrictor’s Manual, West Atrica Rice Development Association. pp. 45-74,

Jones, M.I. 1994, Growth and development of the rice plant. In: Training in Mangrove Rice Production. Instructor’s
Mamuad, West Africa Rice Development Association. pp. 31-43,

Matlon, PJ. 1994, Indigenous land use systems and investments in soil fertility in Burkina Faso. In: Searching for
Land Temure Security in A frica. Brace, JAV. and Migot-Adholla, S, (eds.). Kendhall/Hunt Publishing Company,
Dubuque, lowa, US.AL pp. 41-09,

Matlon, L.J., and Adesina, A.AC 1994, Potential IARC contributions to building social science capacity in NARS. In:
Social Science in the CGIAR. Proceedings of a Meeting of CGLAR Social Scientists. Held at the International Service for
National Agricultural Research (ISNAR), The Hague, The Netherlands, August 1992. Collinson, M.P, and Platais,
KA. (eds)) CGIAR Study Paper No. 28. The World Bank, Washington, D.C., U.S.A.
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Matlon, PJ. 1994, Research needs for sustainable rice production in West Africa: WARDA'S assessment and
response. In: Proceedings of the 17th Session of the tnfernational Rice Commission. 4-9 February 1990}, Goiana, Goias,
Brazil. International Rice Commission Newsletter, 1994, Vol, 39, FAQ, Rome, Ttalv. pp. 231-239,

Reardon, T., Kelley, V., Delgado, €, NMatlon, IY, and Badiane, O. 1994, 1s income diversification agriculture-led in
the West African semi-arid tropics (WASAD? Nature, causes, effects, distribution, and production-linkages of off-
farm activities. n: Feconontic Policy Experience in Africa - What Have We Learned? Atsain, AL, Wangwe, S, and
Drabeck, NG, tedsay AMMrican Eeconomic Consortorium, Nairobi, Kenva. pp. 207-229,

Sahrawat, K.L. 1994, Flooding soil: A great equalizer of diverisity in soil chemical fertility. In: Progran aid Abstracts
of the Third Syeposivnm on Biogeochienmistiy of Wethands, June 26-29, 1994, University of Florida, Gainesville, Florida,
US.A p ol

Shailaja, S., and Sahrawat, K.1L. 1994, Phosphate buffering capacity and supply parameters atfecting phosphorus
availability in vertisols. Journal of the Idian Society of Soil Scnence, 42: 329-330.

Singh, B.NC and Fashola, O.0. 1994, Sustainable wetland rice production in northern Nigeria. In: Strateyies for the
sustainable wse of fadama lands in northern Nigeria, Kolawole, A, Scoones, 1., Awogbade, M.O., and Voh, ]I (eds.).
pp. 3342

SvoALAL Albertis L, and Moletti, M 1994, Biological control of rice leat blast. In: Rice Blust Discase. Zeigler. RS,
Leong, S.AL and Teng, PS,, tedsy, pp. 321-527.

Tuong, TP, Wopereis, M.CLS., Marquez, )., and Kroptf, M.} 1994, Mechanisms and control of percolation losses in
puddled rice fields. Soil Science Society of Amcerica Journal. 58:1794 1804,

van de Giesen, N.C., Parlange, 1LY, and Steenhuis, T.S. 1994, Transient flow to open drains: Comparison of
lincarized solutions with and without the Dupuit assumption. Water Resources Researcli, 30(11):3033-3039.

van de Giesen, N.C,, and Steenhuis, T.S. 1994, The smallholder farm as an appropriate water management unit in
wetltand development. In: Dambo Farming in Zimbabwe: Water Management, Cropping amd Soil Potential for
Smaltholder Farming in the Wetlands, Owen, RIS, et al. teds.). Tthoaca, NUY., U.S. AL CHEFAD-Univeristy of Zimbabwe,

van de Giesen, N.C,, and Andrieni, M.S. 1994, Legal quagmires: Wetland use and development in Rwanda and
Zimbabwe. Kechtsantitopologischies Jahrbuch. pp. 124-139.

van de Giesen, N.C 19940 Agricultural development of wet upland valleys (marais) in Rwanda, Atrica. Ph.D.
dissertation. Cornell University, Ithaca, N.Y., U.S.A,

van Duivenbooden, N., and Windmeijer, PN, 1994, Manual for semi-detailed characterization of inland valleys.
Characterization of rice-growing agro-ccosystems in West Africa. Techmical Report 4. WARDA/ITA/SC-DLO/WAU,
SC-DLO, Wageningen, The Netherlands.

van Duivenbooden, N, and Windmeijer, RN, 1994, Final report on project activities by SC-DLO and WAU.
Characterization of rice-growing agro-ccosvstems in West Africa. SC-DLO Wageningen, The Netherlands.

Windmeijer, NN, van Duivenbooden N., and Andriesse, W. 1994, Semi-detailed characterization of inland valleys
in Cote d’'lvoire. Characterization of rice-growing agro-ccosystems in West Africa. Teclmical Report 3. Volume 1:
Main Report; Volume 2, Basic Data. SC-DLO, Wageningen, The Netherlands.,
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Wopereis, M.C.S., Bouman, B.ANL, Kropff, ML, ten Berge, HLEM., and Maligaya, A.R. 1994, Understanding the
water-use etticiency of Hooded rice ticlds. [ Validation of the soil-water balance model SAWAH. Agricultural Water
Managernnent, 26:227-289.

Wopereis, M.C.S., Bouma, )., Kropff, NLJ., and Sanidad, W. 1994, Reducing bypass tlow through a dry, cracked and
previously puddled rice soil. Soil & Tillage Research. 29: 1-11.

Youssel ben Kada, M., Bendahmane, B.S., Sy, AL, Barrault, G, and Albertini, L. 1994, Effect of inoculation of
barley inflorescence with Dreschilera teres upon the location of seed-born inoculum and its transmission to
seedlings as moditied by temperature and soil moisture. Plant Pathology. 43. pp. 350-355.
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ACRONYMS
AfDB African Development Bank
AUW Agricultural University of Wageningen (The Netherlands)
BMZ Bunderministerium fiir Wirtschaftliche Zusammenarbeit (Germany)
BNDA Banque national de développement agricole (Mali)
CAD Cheikh Anta Diop (Senegal)
CD-ROM Compact disc, read-onlv memory
CENATEL Centre national de teledcétection et de surveiltance du couvert forestier (Benin)
CFA Communaute tinancicre atricaine (franc de la
CGIAR Consultative Group on International Agricultural Research (see map, inside

back cover)
CIDA Canadian International Development Agency
CIMA Centre ivoirien du machisme agricole
CIRAD Centre de coopération internationale en recherche agronomique pour le

developpement (France)
CIRES Centre ivoirien de recherches sociales et ecconomiques
CNRST Centre national de recherche scientifique et de technologie (Burkina Faso)
CORAF Conterence des responsables de la recherche agronomique atricaine
CRI Crops Research Institute (Ghana)
CTA Technical Center for Agricultural and Rural Cooperation (The Netherlands)
DRA Direction de la recherche agronomique (Benin)
ECA Economic Commission for Africa
FCOWAS Economic Community of West African States
LEC European Fconomic Community
FAQ Food and Agriculture Organization of the United Nations
FCEA Franc, CFA, West African currency unit
GIS Geographical information system
Gz Deutsche Gesellschaft fiir Technische Zusammenarbeit (Germany)
IARC International agricultural research center (a generic term) ;
IDESSA Institut des savanes (Cote d'Ivoire) |
IDRC International Development Research Centre (Canada)
IER Ecole inter-ctats d'ingenicurs de Pequipement rural (Mali) ;
IES International Foundation for Science (Sweden)
HE International Institute of Entomology i
INERA Institut de recherches et d'¢tudes agricoles (Burkina Faso)
INGER-Africa International Network for Genetic Evaluation of Rice (AFRICA branch)
INRA Institut national de la recherche agronomique (France)
INRAB Institut national des recherches agronomicoles du Bénin
INRAN Institut national des recherches agronomiques du Niger
IPM Integrated pest management
IRA Institut de recherche agronomique (Cameroon)
IRAT Institut de recherches agronomiques tropicales et des cultures vivrieres (France) ;
ISRA Institut sénégalais de recherche agronomique f
Ve Inland Valley Consortium
NARI National Agricultural Rescarch Institute (Gambia)
NARS National agricultural rescarch system (a generic term)
NCRI National Cereals Rescarch Institute (Nigeria)

NPK Nitrogen/phosphorus/potassium (fertilizer elemerts)
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0bA Qverseas Development Administration (United Kingdori)
OIC Opportunities Industrialization Centers International, Inc. ¢
ORSTOM Institut francais de recherche scientifique pour le développement en coopération (France)
PEEM Panel of Experts on Environmental Management for Vector Control
REDACI Réseau de documentation agricole de Cote d’lvoire
RRS Rokupr Rescarch Station (Sierra Leone)
RYMV Rice yellow mottle virus
SAED Société nationale d’aménagement et d'exploration des terres du delta du fleuve Sénégal
SAFGRAD Semi-Arid Food Grain Research and Development
SC-DLO Winand Staring Centre for Integrated Land, Soil and Water Resources (The Netherlands)
SPAAR Special Program for African Agricultural Research
TAC Technical Advisory Committee of the CGIAR
UNDP United Nations Development Programme
USAID United States Agency for International Development
WARBI West Africa Rice Bibliographic Database
WARIS West Africa Rice Information System
WHO World Health Organization

i WARDA Annual Report 1994 was edited by and produced
under the supervision of Alan Mark Fletcher, [thaca, New York, U.S.A.

Preprint production by CYM Corp., Auburn, New York, U.S.A,

Printing by Finger Lakes Press, Inc., Auburn, New York, U.S.A.
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INTERNATIONAL AGRICULTURAL RESEARCH CENTERS
SUPPORTED BY THE CONSULTATIVE GROUP ON
INTERNATIONAL AGRICULTURAL RESEARCH (CGIAR)

. CIAI Centro Internacionat de Agricultura Tropical, Cali, Colombia

2. CIFOR Center tor International Forestey Research, Bogor, Indonesia

30 CIMMYT  Centro Internacional de Mejoratiento de Maiz v Trigo, Bl Batan, Mexico
4. CIp Centro Internacional de la Papa, Hima, Peru

5. IPGRI International Plant Genetic Resources Institute, Rome, Ttaly

0. [CARDA International € enter for Agricultural Rescarch in the Dry Areas, Aleppo, Syria

7. ICLARM International Center for Living Aquatic Resources Management, Manila, Philippines

L.

8. ICRAF International Centre tor Research in Agrotorestry, Nairobi, Kenya

9. 1CRISAT International Crops Research Institute for the Semi-Arid Tropics, Patancheru, Andhra Pradesh, India
10, PRI International Food Policy Research Institute, Washington, DO TLSA

1. 1M International irrigation Management hnstitute, Colombo, Sri Lanka

12, 1A International fnstitute ot Tropical Agricutture, ihadan, Nigeria

13, HRI International Livestock Rescarch Institute, Nairobi, Kenya

14, IRRI international Rice Research Institute, Tos Banos, Philippines

15, ISNAR International Service tor National Agricultural Research, The Hague, The Netherlands

16, WARDA West Atrica Rice Development Association, Bouake, Cote d'lvoire




