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West Africa
Rice Development Association

The West Africa Rice Development Association (WARDA) was formed in
September, 1970 by 11 countries with the assistance of the United Nations
Development Program (UNDP), the United Nations Food and Agriculture
Organization (FAQ), and the Economic Commission for Africa (ECA). Itisa
bilingual, inter-governmental organization presently consisting of 16 West
Alfrican countries: Benin, Burkina Faso, Chad, The Gambia. Ghana, Guinea,
Guinea-Bissau, Cote d’lvoire, Liberia, Mali, Mauritania, Niger, Nigeria,
Senegal, Sierra Leone, and Togo.

In December, 1986, WARDA became a full-fledged member of the Consult-
ative Group on International Agriculture (CGIAR), a network of 13 interna-
tional agricultural rescarch centers. The mandate of WARDA is Lo assist its
member countries in becoming self-sufficient in rice, a staple food of West
Africa.

The Association received funds and assistance in kind from the following
countries in 1988:

* CGIAR funds from the following countries: Belgium, Canada, the Federal
Republic of Germany, France, Japan, The Netherlands, and Sweden; the
World Bank, and the International Fund for Agricultural Development
(IFAD). '

* International and regional organizations and private foundations, namely, the
African Development Bank (ADB), the LEuropean Economic Community
(EEQC), Organization of Petroleum Exporting Countries (OPEC), United
Nations Food and Agriculture Organization (FAQ), the United Nations
Development Program (UNDP), and the World Bank.

o Member states, and

o lternational aid agencies of governments of the following countries: Belgium,
the Federal Republic of Germany, France, | taly, Japan, The Netherlands;
Switzerland, the United Kingdom, and the United States of America.
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The Sahel

Introduction

The Sahel environment in which rice is
grown under irrigation is found in parts of
Senegal, Mali, Mauritania, Chad, Niger,
Nigeria and Burkina Faso. Although there
are currently only about 135,000 hectares
underirrigated rice cultivation, the technical
potential is much greater. It is estimated that
there are two million hectares of irrigable
land along the Sahel’s major rivers and in the
Lake Chad Basin. Before development of
these lands can be considered economic,
however, many of the formidable con-
straints to high and stablerice yields must be
overcome.

The Sahel environment is complex and dif-
ficult. The climate is characterized by wide
extremes and can be highly crratic even over
short periods. There are three seasons in the
Sahel region: a rainy season, a cold dry
season and a hot dry season. Temperature
extremes range from over 43° C during
March-May to lows of 10" C in December
and January. These temperatures, when they
occur at critical times, can cause seedling loss
as well as sterility in mature rice plants.
Winds that can reach 70 km per hour drive
hot sands which further threaten the sur-
vival of seedlings. Humidity varies from 80-
90 percent in the rainy scason to below 10
percent in the dry season and
evapotranspiration rates can reach as high as
16 mm per day during the hot dry season.

Annual rainfall is also unreliable, w,*™ a
coefficient of variation of approximately 40
percent. In areas not served by major dams,
this creates high variation in the availability
of irrigation water drawn frorm rivers. Final-

ly, the light soils of the area are not only
nutrient poor but generally permeable, lead-
ing to substantial water loss through deep
percolation.

In addition to these technical constraints,
farmers in this sub-region do not have a
tradition of farming under irrigated condi-
tions. This creates major problems at the
farmer level as entirely new water manage-
ment practices have to be learned. The lack
of tradition can also lead to conflict at the
group level when social institutions neces-
sary for cooperative irrigated farming do not
yet exist.

All of these factors help explain why large
increases in productivity have not yet been
achieved, and why resulls for both farmers
and rescarchers tend to be erratic from one
year to the next.

During 1988 WARDA scientists addressed
many of these problems through several
major research thrusts in the areas of water
management, soil fertility and varictal im-
provement.

Water Management

Water management in the Sahel region in-
volves interaction between the natural and
socio-cconomic environments, and the
physical construction and design factors
built into irrigation systems. These do not
always agree. When they conflict, new in-
stitutions, new management systems, and
new designs must be developed. This is
where the rescarch conducted by WARDA
scientists during 1988 and previous years
has played a major role.



In a collaborative effort with Wageningen
University of The Netherlands, WARDA
scientists have analyzed these competing
factors and developed design and manage-
ment concepts to improve the success of
small-scale and medium-scale irrigation
schemes.

SMALL-SCALE IRRIGATION SCHEMES

Farmers in the Senegal River Valley of the
Sahel region suffered from successive years
of drought throughout the 1970°s and carly
1980’s. Many turned to irrigation to stabilize
food production. When introduced to tech-
niques used elsewhere in the world, farmers
began constructing small-scale irrigation
schemes, commonly referred to as village
schemes.: Designed to assure food security
regardless of rainfall, donors and govern-
ment agencies supported their construction
through both financial and technical assis-
tance,

Subsequent experience has shown that some
of the construction methods and criteria
used todesigntheschemes have not been the
most effective. As a result, rice farmers have
moditied their svstems over time to resolve
structural problems and to adapt individual
schemes to meet their own particular needs.
Beginning in 1982, WARDA scientists have
carried out research to identify the principal
design and management problems which
plagued villaged schemes and to develope
more productive and sustainable ap-
proaches. During 1988, scientists con-
centrated their efforts on consolidating
much of the information gathered over the
vears into a coneeptual format that can be
applied more generally throughout the
Sahel.

Scientists made particular effort to integrate
the lessons learned from studving the social-
cultural reality of farmers with the more
technical organizational and design aspects.
Previous rescarch had generally neglected
such socio-cultural dimensions to the detri-
ment of the entire system.
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Field studies were conducted since 1982 in
three zones of the Senegal River Valley: the
Middleand Upper Valleys in Senegal, and in
the Rosso zone on the Mauritanian side of
the river.

From these studies scientists were able to:

« determine the criteria and means
used to identify sites,

+ gather information on the history of
the schemes,

+ getan insight into the political
network of the village schemes,

+ isolate some of the lechnical and
organizational aspects that
influence water management and
Mmanagement of infrastructures,

» determine labor sources and labor
requirements,

+ obtain information relating to the
competition between irrigation and
farmers’ olther economic aclivities,

Canal construction for
irrigated rice is a project
that often involves whole
villages.



Floating irrigation pumps
enable farmers in the
Sahel region to be more
flexible in the timing of
irrigation and movement
of water to needed
locations.
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* characterize and identify
constraints to women'’s activities in
rice production,
* identify land tenure rights of the
groups involved, and
» document some of the criteria used
to attribute fields within the
irrigation systems.
By studying the daily irrigation practices of
farmers in the rice growing village schemes,
scientists were also able to calculate: crop
water requireinents for schemes sampled;
field water requirements; system water re-
quirements; field water and system water
usage; and conveyance efficiency of each
sampled irrigation scheme.

Water Requirements

The Societe Amenagement et Exploitation
de Delta in Senegal (SAED) has establishea
seasonal water requirements for the Senegal
River valley as a whole, using three common
soil types found in the region. These are
referred to as "norms" for specific sites.
WARDA scientists compared these norms to
the actual amounts of field water required
within sample plots in six village schemes.

They found that actual field water require-
ments are on average 20 percent higher than
the norms established by SAED. Field meas-
urementsalso revealed major differences be-
tween plots. Variations between plots in the
same schemes often covered ranges in which
observed maximum values were double
minimum values.

These findings stress the need to verify
theoretically derived parameters with sys-
tematic field observations and to implement
broader safety margins when canal layouts
arebeing planned. Of mostimportance s the
need to adapt the operational aspects of the
water management systems to the needs of
individual plots.

Irrigation Water Usage

Indetcrminingirrigation water usage, scien-
tists tocused primarily on the coverage rate
and convevance efficiency of the schemes.
The coverage rates were fairly high, but they
failed to reflect the great variability of water
distribution among plots. Layout quality
often plays havoc within many of the
schemes. On the basis of topographic sur-
veys, verification of canal-dimensions and
monitoring of system operations, it was
found that low uniformity of water coverage
was due primarily to insufficient canal
capacities, low canal beds and/or excessive
percolation within the plots.

Although social factors are sometimes cited
as contributing to unequal water distribu-
tion, survey results showed that the social
rules that govern access to water had a con-
sistently positive effect on the uniformity of
water distribution among the schemes
studied.

The conveyance efficiency of each system
was measured by recording the pumping
hours and/or diesel consumption and relat-
ing this to the field water use.

The irrigation practices used in the schemes
studied were found to be generally efficient
and effective. The study pointed out that on
average farmers do not waste irrigation
water. In spite of some of the constraints
imposed on farmers, such as poor design or
construction, most were able to distribute
available water to meet crop water require-
ments through recourse to labor intensive
supplemental activities.



Physical Characteristics

Because of hasle, efforts to economize, or
poor follow-up on the part of designers and
construction contractors, a number of faults
were found in many of the schemes visited.
Some of the physical defects noted and
problems associated with them include:

(I Low canal capacity. Insufficient capacity
retards the rotation cvele, increases water
losses and leads to unequal water distribu-
tion.

(2} Low canal beds. These reduce water
depth tor adjacent plots, increase the time
needed to conduct field irrigation, and
retard the irrigation cvele.

(3) Long canals and high canal densities.
Long canals encourage inefficient fuel con-
sumption and high maintenance, and dense
canals decrease the net irrigable area while
rendering the irrigation practices much less
survevable,

Structural Defects

With regard to structural defects, the most
commonly observed problems were:

(1) Insufficient and/or misplaced irrigation
structures. These include drop structures,
division boxes, and stilling basins. These
problems were due to a number of factors,
including: farmers economizing on cement;
lack of supervision and follow-up during
construction; and lack of information given
to farmers concerning the purpose of such
structures.

(2) Field inlets constructed with improper
materials or methods. These factors con-

tribute to weak canal bunds and degradation
of the transverse profile.

Field Leveling and Layout

Improper field leveling and unequal or ir-
regular field dimensions were the most com-
mon field design problems identified.
Improper field leveling leads to:

* higher water usage,

+ higher bund-rupture,
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« difficulties for mechanization,
+ volatilization of nitrogen,
» higher weed infestation,
+ laborious farm construction and
maintenance work,
+ drainage problems, and
+ complicated and time-consuming
irrigation.
Unequal and irregular field dimensions do
not directly affect water distribution, but
they do place higher operating costs on some
rice farmers.

Farmer Reactions

The technical constraints observed reduce
production, increase labor requirements,
pose organizational dilemmas, and escalate
the cost of producing rice in the region.

Farmers in the village schemes studied have
reacted to these problems in one or more of
the following ways:

(1) Adaptation to the water management
system. In most of the schemes farmers ir-
rigated from drains or from their neighbors’
upstream plots. Ina more imaginative varia-
tion, the president of the Doue scheme intro-
duced siphon irrigation by means of garden
hoses for all farmers with plots adjacent to
the main canal. By redivision of the plots,
they succeeded in increasing the number of
farmers using siphons and improved the
water distribution for all participants.

(2) Improvement of the lavout by com-

plementary works. Medina farmers tried to
cut erosion in their feeder canals by lining

Siphon irrigation is used
by farmers in the Sahel to
overcome some of the
structural limitations of
many small and medium
scale schemes.
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them with concrete. At Donaye 111 farmers
were faced with low capacity due to counter-
sloping terrain. Without external assistance
they constructed a 300 meter main canal to
connect this layout to an adjacent scheme.

(3) Partial rehabilitation. In Medina Gaia I a
group of farmers with problem plots
diverted their field canal to a higher ridge in
order to increase the water depth to their
fields. The same problem at Donaye I
forced farmers to construct two new field
canals.

(4) Abandonment of all or part of the system.
In the Pete region 140 of the 600 irrigable
hectares were abandoned. Insurmountable
technical problems created a downward
spiral of usable land.

Each of these farmer responses represents a
compromise with optimal system design
and operation. These responses could be
avoided or lessened if planners and builders
consider more closely past experiences and
the realities of individual village situations.

MEDIUM SCALE SCHEMZES

Experience throughoutSahelian West Africa
has demonstrated the lack of success for
most large scale irrigation schemes. High
investment and operating costs, and disap-
pointing yields have led to the conclusion
that most such schemes represent major
financial and economic losses. Many of the
performance problems are closely related to
poor water management and maintenance.
These in turn are due in part to inappropriate
institutional and organizational structures,
and inadequate producer incentives.

In contrast, small scale village irrigation
schemes are generally judged successful ac-
cording to conventional performauce
criteria. Morcover, their success is in large
part due to the basis on which they are or-
ganized. Closesocial solidarity between par-
ticipating members of the village facilitates
communication and problem-solving, two
aspects of vital importance in irrigated
agriculture. The major fault of the small scale
village schemes is the tendency for produc-

tion to be subsistence oriented with little
surplus production directed to national
markets.

Intermediate schemes have been conceived
as a partial solution to these problems. They
combinesome of the better structural quality
aspects of large scale schemes with the
management flexibility, participant
solidarity, and producer incentives of the
village schemes.

Intermediate schemes tend to be about 50
hectares in arca with roughly one hectare
plots allocated to individual farmers. Tech-
nically such schemes are well designed and
constructed, but at a lower cost than large
scale schemes. Although the major portion
of farmers’ plots are sown to rice, sub-plots
aresetaside for subsistence oriented cultiva-
tion to reflect farm families’ consumption
goals.

WARDA rescarchers swidied these avetems
to develop clearer concepts of their ad-
vantages and disadvantages, and toarrive at
recommendations for improvement.

Major advantages with respect to water
management efficiency include:

+ low labor requirements for
irrigation,

+ high water allocation flexibility due
to designing the canal system to
simultaneously serve reservoir and
delivery functions,

+ good water distribution with use of
movable siphons, a system that
avoids water theft.

Despite these advantages, production
remains well below economic potential, and
is often inefficiently distributed across plots.
WARDA researchers have shown that these
are often caused by problems of social or-
ganization, especially:
+ land tenure problems,
+ absentee ownership of irrigated
land,
+ sub-division of plots by farmers to
meet intra-household production
objectives, and



+ inadequate integration of irrigation
activities into the entire farming
system.

Although generally successful, certain inter-
mediate schemes were identified that per-
formed better than others. Comparative
enalyses of several such schemes identified
factors that contribute to their relative suc-
cess or failure. These include:

+ high construction qualitv,

* casy access to technical support,
extension services and inputs,

* integrating the production of crops
other than rice,

+ selection of farmers with previous
experience inirrigation or more
progressive farmers, and

+ assured markets for surplus
production.

Planners and extension personnel should
emphasize these points to ensure the
viability of future intermediate schemes.

Azolla

Azolla. a nitrogen producing fresh water
fern, has been the subject of study in the
Sahelregion fora number of years. WARDA
scientists, working in collaboration with the
universite Catholique de Louvain in Bel-
gium, have shown that including azolla in
rice cropping systems can meet a major
share of the nitrogen requirements of rice
and thereby contribute significantly to rice
growth and vield.
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METHOD OF INCORPORATION

Earlier results have shown that to maximize
the availability of fixed nitrogen to the rice
plant, the azolla should be incorporated into
the soil before rice seedlings are established.
However, duce to inadequate power incor-
poration of azolla is difficult for most

tarmers.

In 1985, WARDA scientists at Saint Louis
madeacomparisonof three methods ofazol-
la incorporation to determine the labor re-
quirements, impact on rice vield, and
economic implications of cach method.

Experiments were conducted at two sites,
one at Fanave, Senegal, and a second at
Kogoni, Mali. In the Fanave site, two azolla
incorpm'nlion treatments were tested: tram-
pling by foot and mechanical incorporation
by means of a rotary conoweeder. A third
treatment left an azolla monocrop unincor-
porated on the soil surface after drainage
and into which rice seedlings were

Azolla biomass Mo. tillers Grain yield Dry weight Time

Treatment (t ha~1) per plant (t ha'1) of weeds requirement
1 WAT 40 DAT @m?®  (hoursha’

Trampling 04 16.3 5.72 30.7 318
Conoweeder 0.4 16.0 5.56 30.9 64
W/QO incorporation 2.0 14.3 6.19 3.2 0
CV. %) 29.7 7.9 134 58.0
S.E. 2.43 .61 .39 6.26

WAT = Weeks after transplanting

DAT = Days after transplanting

The conoweeder can be
used to incorporate azolla
five times faster than by
human tramnoling.

Table 1. Comparison of
two azolla incorporation
methods with
non-incorporation and
their respective ettects
on rice yield and weed
intestation, Fanaye,
Senegal, 1988



Nitrogen producing azolla
offers farmers in the West
Africa region an
alternative source of
fertitization for rice
cultivation.

Table 2. Eftect of Azolla
microphyilaincorporation
and time of
complementary N
application on rice yield,
Fanaye, Senegal, 1988.
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transplanted. Sri Malaysia rice was
transplanted two days after each treatment
was completed. All treatments received 10
kg P20s (triple superphosphate) ha'! at the
time of azolla inoculation; 10 kg of P20s ha™
four davs following inoculation; 4() kg P2Os
(TSP ha™' and 60 kg K20 (KCI) ha™' as a base
treatment; and 30 Lg N ha' at tillering and
panicle initiation.

At the Kogoni, Mali, trial site azolla was
incorporated by trampling or by usc of oxen
drawn plows. BG 90-2 rice was transplanted
2-4 dnvs later. Each treatment received 23 kg
Nhatat panicle initiation and basal applica-
tions of 23 kg 205 ha’ Las blnblt‘ superphos-
phate and 25 kg KO hal as potassium
sulfate.

At the Fanaye site it was observed that high
azolla density one week after transplanting
in the unincorporated plots significantly
reduced tillering, but also significantly
reduced weed infestation. There were nosig-
nificant yield differences between incor-
poration treatments . This may have been
due to the offsetting yield effect of improved
weed suppression on the unincorporated
treatment, and due to the high split dose of
N applied across all treatments which at
least partially masked the azolla impact.

Results showed that use of the conoweeder
for incorporation was five times faster than
incorporation by foot trampling and re-
quired orily half the number of people than
foot trampling,.

The study concluded that incorporation by
foot was too labor intensive to be recom-
mended for large production arcas. In large
scale production areas, such as in Mali
where preplanting tillage is performed
when the soil is moist, the use of animal
traction for land preparation and simul-
taneous incorporation of a preceding azolla
crop may be the most appropriate technique.
In Senegal, where land is prepared during
the off-season before irrigating, full incor-
poration of an azolla monocrop is not yet
feasible. Under these conditions the direct
transplanting of rice seedlings into an unin-
corporated azolla monocrop following
drainage shows considerable potential. Fur-
ther technical and economic evaluation of
this method needs to be carried out under a
wider range of conditions before final
recommendations can be developed.

DATE OF N APPLICATION

Previous studies by WARDA researchers
found that incorporating azolla prior to

Dry season Wet season
Treatment Azolla biomass Grain yleld Azolla biomass Grain yield
(kg ha (tha’) (tha ) (tha ) (tha )
Azclla monocrop + 60 N
(172 2 WAT 1/2 6 WAT) 253 6.75 10.0 5.24
Azolla monocrop + 60 N 1 WAT 25.2 5.57 9.8 4.57
Azolla monocrop + 60 N 2 WAT 24.9 5.81 9.9 4.63
Azolla monocrop + 60 N 3 WAT 249 6.48 9.6 5.16
Azolla monocrop + 60 N 4 WAT 26.6 7.44 9.9 5.65
Azolla monocrop + 60 N 5 WAT 25.2 6.25 10.0 4.99
Azolla monocrop + 60 N 6 WAT 27.8 7.31 10.3 5.96
C.V. (%) 8.2 8.3
S.E. 247 204

WAT = Weeks after transplanting

10



transplanting rice produces a higher yield
response than applying azolla after
transplanting, especially if complemented
with a later application of urea.

Studices in other locations have shown that
uptake patterns of nitrogen from urea and
azolla are different. In order to optimize the
efticiency of both nitrogen sources when
used together, WARDA scientists undertook
a study to determine the optimum time that
complementary urca should be applied with
respect to the development of the rice plant.

Azolla microphylla as a monocrop incor-
porated two days before transplanting
together with a split application of 60 kg N
ha™ application of urca (at 2 and 6 weeks
after transplanting) was compared to six dif-
ferent treatments in which a single applica-
tion of 66 kg N ha™ was madeat1,2,3, 4,5,
or 6 weceks after transplanting.

Results showed that providing a com-
plementary dose of urea to an incorporated
azolla monocrop gives the highest yields
when the urea is cither applied as a split
application betweenttillering and panicle in-
itiation or when N is applied in a single
application at least 4-6 weeks after
transplanting.

YIELD RESPONSES FROM
PHOSPHORUS SOURCES

Phosphorus is an essential element both for
azolla production and for generating higher
rice yieids. However, farmers in West Africa
cannot afford the continual application of
phosphorus from chemical fertilizers, espe-
cially with increasing costs associated with
recent reductions of government subsidices.
Thus, WARDA scientists are examining the
efficiency of lower cost natural rock phos-
phates as an alternative P source.

Replicated experiments were set up at
WARDA's Rokupr, Sierra Leone site, using
single superphosphate, Moroeco rock phos-
phate and Tunisia rock phosphate with 12
treatments. Each of these sources of phos-
phorus were used in three separate treat-
ments: with the azolla strain ADUL 137 Pj,
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with 60 kg ha™! of urea applied two weeks
after transplanting, or with neither azolla
nor urea. The phosphorus sources were ap-
plied eitheras a base treatment or splitintwo
with equalapplication to the azolla crop. The
rice variety ROK 11 was used in all treat-
ments,

Results showed that azolla growth was
highest with single superphosphate and
Morocco rock phosphate. Graiui yields did
not respond significantly to any of the phos-
phorus sources when applied either in the
absence of azolla or together with urea.
However, single superphosphate applied to
the azolla monocrop increased rice vields
significantly. Subsequent trials will be con-
ducted to confirm these results and to
monitor residual effects.

Varietal Development

An important component of the ongoing
work oi WARDA scientists operating in the
Sahel region is to identify high yielding and
stress resistant varieties. Blast, stem borers,
spidermites and white flies are the most sig-
nificant pests and discases. WARDA scien-
tists face an extremely difficult set of climatic
and soil constraints as well. Wide diurnal
temperature fluctuations, with low tempera-

tures at scedling stage, and high tempera-
tures at vegetative and reproductive stages
pose major constraints to seedling survival
and subsequent fertility.

These stresses are believed to explain the
inconsistent performance observed for most

11

The incidence of white
heads in rice destroys the
grain and is an indication
of stem borer activity.



ITA 306 has shown some
promise in trials
conducted in the Sahel
for the past two years,
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improved lines in past trials. Wide inter-an-
nual performance variability of most elite
lines underlines the need to strengthen
WARDA'’s complementary research in the
area of stress physiology and the need for
more detailed characterization of the Sahel
environment.

WET SEASON TRIALS FOR STEM
BORER RESISTANCE

Preliminary screening trials conducted at
Fanaye, Senegal, tested short and medium
cycle cultivars from three sources for their
yield potential and resistance to stem borers
under wet season cultivation.

The trial included 150 entries from the
Africanlrrigated Rice Preliminary Screening
Set (AIRPSS); 100 entries from the African
Irrigated Rice Observational Nursery
(AIRON); and 180 entries from the Interna-
tional Rice Observational Nursery (IRON).
Twenty-one day old seedlings from cach of
the nurseries were transplanted in 3- 10w
plots. A basal application of (1() kg P ha'!, 60
kg N ha band 60 kg K ha! was used. At
maximum tillering another 30 kg N hal was
appllcd followed by a final dose 0f 30 kg N
ha at panicle initiation,

No pesticides were used, but the plots were
Keptweed-free through the application of 10
liters of propanil ha™ at seven days after
transplanting and through two hand weed-
ings. Screening for insect resistance was con-
ducted under conditions of natural
infestation.

Out of the 430 entries, only 35 were sclected
for further evaluation on the basis of grain
yield, plant type, phenotypic acceptability
and reaction to borer attack. Forty entries
were completely free frorcborer damage.
These cultivars will be re-tested to confirm
borer resistance. Sixty-four of the cultivars
had a duration of 100 days or less. These will
be evaluated again in the hot, dry season to
evaluate their suitability as of(-season cul-
tivars and for possible use in hybridization,

The seven highest vielding entries were
XIANG ZHON 5, IR 13168-143-1, B 3894-

12

22C-78-5, P’ 2180F4-7-5-1B, IR 28128-45-3-3-
2,FARO36(ITA222)and IR32429-115-3-2-6.

WET SEASON OBSERVATIONAL
YIELD NURSERY

Evaluations were made on 50 entries for
yield performance, agronomic charac-
teristics and tolerance to stem borers. The
entries were selected from the previous
season’s initial screening.

Although vields were very high and several
entries showed promise, none sls_,mflcantly
out vielded the check, Jaya (745 t ha . The
hm,hosl VIC]dlll“ entry was IR 9884-34-1E-11
(7.80 t ha™l), followed by Jaya. Seventeen
other entries gave vields ranging from 6.63-
7.35tha™". Two of the entries, IR 28125-3-3-2
and P 4034-F3-3-3, had no borer incidence.
All of the better performing entries will be
examined again in 1989.

SHORT AND MEDIUM DURATION
WET SEASON VARIETY TRIALS

The 1987 trials which had beer conducted in
five countries, isolated several entries with
high yields in both the Sahelian and humid
environments. These were further tested in
1988.

For the short duration entries, seven trials,
cach composed of 24 entries, were con-
ducted. Two sites in Sencgal, two in
Mauritania and one cach in Guinea-Bissau,
Niger and Liberia were used.

The Senegal trials of short duration lines

gave very encouraging results. Eight of the
entries significantly out vwldcd the check 1
KONG PAQO (IKP) (3. 22 tha). len vields
ranged from 4.24 t ha'- 442 tha™', With the
exception of TOS 103, these cultivars have
shorter growth duration than IKP, though
only two were significantly shorter. Four of
the entries (ITA 230, IR 39357-133-3-2-2-2,
SKL17-69-11 and TOS 103) had significantly
less borer incidence than IKP. Flowever, it is
important to note that among the varieties
that performed relatively well in this year’s
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Yield Duration Height Borer infestation
Entries (kg ha°1) (days) (cm) % Hills affected % Incidence
IR 39422-75-3-3-3-2 4 42 99 84 21.6 5.3
IR 50 4.5 104 95 24.8 7.3
ITA 230 4.28 115 99 10.9 3.1
IR 39357-133-3-2-2-2 4.28 100 105 12.3 3.1
IR 32419-44-2-3-2 4.28 104 102 19.8 5.3
SKL 17-69-11 4.24 102 97 1141 2.7
TOS 103 4.24 109 86 9.8 2.7
IR 31785-58-1-2-3-3 4.24 96 89 19.9 4.9
| KONG PAO (check) 3.22 105 99 20.6 6.1
C.V. (%) 13.0 2.6 3.5 247 31.6
S.E. .294 1.5 1.9 244 0.85

trial, only ITA 230 was also among the best
performers in 1987.

Al Suakoko, Liberia only two entries out
vicided the check, Suakoko 8 (3.1 tha™). IR
13240-108-2-2-3 vielded 445 t ha™' and
TNAU 7893 produced +.20 t ha™. Although
screening was conducted under natural con-
ditions, a number of varieties showed few
discase svimptoms suggesling a degree of
resistance. Thirteen of the entries had negli-
gible symptoms of sheath blight. All the
entries except SKL17-69-11 had less damage
due to glume discoloration, and all exceptIR

42015-83-3-2-2 had potential possible resis-
tance to leaf blast.

Nineteen of the medium duration varieties
tested at Fanaye yielded significantlly higher
than the local check, Jaya (1.42 tha™). How-
ever, Jaya’s iow yield can be attributed to the
fact that it matured much earlier than the
other varieties and suffered from severe bird
damage. Also, the vields for the entire trial
were lower than expected partially because
the rice was transplanted three weeks earlier
than other trials. The most promising
varicties included ITA 306, BW 293-2, ITA

Yield Height Brown Sheath Iron GLD Leaf
Entries (t ha'1) (cm) spot blight toxicity blast
BW 293-2 6.29 105 1.0° 1.0 2.3 1.0 2.3
ITA 234 5.52 100 2.0 1.0 2.0 2.3 1.3
ITA 306 5.48 99 2.0 1.0 2.0 1.0 2.3
ITA 222 5.41 98 2.0 1.0 2.7 1.7 1.3
IR 4422-98-3-6-1 5.41 110 1.0 1.0 2.0 1.7 1.7
BG 400-1 5.26 112 1.0 1.0 2.0 1.7 1.7
S 499-B-28 5.04 98 2.0 2.3 3.0 1.0 1.7
UPR 254-85-1-TCA3 493 94 1.7 1.0 2.7 1.7 1.0
IR 2042-178-1 4.79 98 1.3 1.7 2.3 2.3 2.3
SUAKOKO 8 (check) 3.55 127 1.3 1.0 1.0 1.0 1.3
CV. (%) 13.8 3.7 491 39.7 448 48.9 409
S.E. .359 21 .53 .55 .62 .61 45

* Raling were on a scale of 0-5; 0 = resistant, 1 = high tolerance, 5 = highly susceptible.
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Table 3. Performance of

selected entries in the
short duration variety trial,
main wet season, Fanaye,
Senegal, 1988.

Table 4. Performance of
entiies in the medium
duration variety (rial, main
wet season, Suakoko,
Liberia, 1988.



Spider mites are one of
the three major insects
that attack rice grown in
the Sahel region.
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222, ITA 212, IR 13540-56-3-2-1 and S 499B-
28. Only CHIANUNG SEN YU 30 had a
higher incidence of stem borers than the
check variety from among the top yielders.

It should be noted that in this trial as well
none of the top yielding varieties were
among the best identified in the 1987 trials.
Wide interannual inconsistency in the rela-
tive performance of lines included in both
the short and medium duration trials adds
considerably to the difficulty of selecting
new varieties for release.

In Suakoko, Liberia, 10 of the entries sig-
nificantly out yielded Suakoko 8, the check
variety. All the entries showed possible
resistance to brown spot and 15 of the entries
had significantly lower occurrence of sheath
blight than Suakoko 8. Twenty of the
varieties also showed some tolerance to iron
toxicity at the level of the check variety. For
glume discoloration, 21 of those tested had
very low symptom expression. Low indica-
tions of susceptibility to leaf blast were ob-
served for 22 of the entries, and six of the
varieties rated high for phenotypic accept-
ability (BW 293-2, BG 400-1,ITA 212, S 499B-
28, UPR 254-85-1-TCA3 and IR
13429-299-2-1). These materials will be
evaluated further in 1989.

COLD DRY SEASON
VARIETAL DEVELOPMENT

In selecting for dry season rice varieties in
the Sahel region, WARDA scientists are
looking for cold tolerance at the seedling
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The hot, dry winds of the
Sahel cause a number of
problems that
sometimes destroy an
entire crop.

stage, heat tolerance at the reproductive
stage, and resistance to the principal insect
pests (spider mites, white flies and stem
borers).

Two trials were conducted in 1988 to iden-
tify materials well adapted to this harsh en-
vironment. WARDA scientists screened 97
elite and 50 traditional rice cultivars in the
first trial. The entries were planted in 5-row
plots, each three meters long with no
replication. The second set of entries (151
from two ecogeographical races, Indica and
Japonica) were planted in 4 rows of 3 meters
each with no replication.

Among the first set of entries, 14 showed
adequate adaptability. IR 39357-45-3-2-3 in
particular combined good tolerance to cold
at the seedling stage with Leat tolerance at
the reproductive stage and will be further
evaluated for direct release or for use as a
parent in subsequent hybridization.

In the second set of entries, seven appeared
to be well adapled and have been selected
for further evaluation. These include:
KALARIS F1, BARKAT (K 78-13), IR 18043-
3-1-1, IR 27877-8145-3-1-3, IR 4-11, IR 30359-
B-90-1-2, HPU 74 and TATSUMI-MOCHI.



HOT DRY SEASON VARIETAL
DEVELOPMENT

WARDA breeders also conducted two trials
to evaluate the performance of elite varieties
under hot dry season conditions. Results
were generally disappointing, however, as
few materials showed higher yield potential
compared to the check varieties.

Observational Nursery Variety Trials

Twenty four cultivars were compared with
the check, IKP, irn a randomized complete
block design with three replications. Most of
the 24 varieties were obtained from the In-
ternational Rice Research Institute (IRRI).
Entries were planted in 10 row plots, 5
meters long using 21 day-old seedlings for
transplants.

Allbutoneoftheentries had yields that were
not significantly different from IKP. Yields
ranged from 3.07 - 4.87 t ha™!. Four good
vielding entries were significantly shorter in
duration (112-116 days) than [KP. IR 31787-
122-1-2-2-3 had the lowest incidence of white
head damage of the four entries. And three
entries were significantly superior to the
check for low percent sterility caused by
temperature extremes: IR 28128-45-2, IR
32429-68-3-3-3 and IR 39422-19-3-3-3-3.
There was no significant difference in the
occurrence of deadhearts for any of the
entries tested. IR 32419-81-2-3-3 had the least
incidence of spider mite damage.

Advanced Yield Trial

Twenty-four entries, again mostly from
IRRI, »-ere included in the 1988 advanced
yield .rials conducted at Fanaye, Senegal.
IKP was again used as a check variety. A
randomized complete block design with 10-
row plots and three replications was used.
Twenty-one day old seedlings were
transplanted into the plots.

None of the entries yielded more than IKP
(4.39 tlm'l) and 19 had yields which were not
significantly different than IKP. However,
15 of the varieties had significantly shorter
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maturity cycles than IKP, and will be further
evaluated.

There were no significant differences in
white head incidence, mainly due to low
stem berer population pressures, though
RAU 2004 had no whiteheads present. Three
entries, IR 25898-60-2-3, IR 29692-117-1-2-2
and RAU 2004-6-69-2-13, were superior to
the check for stem borer deadheart in-
cidence.

Hybridization and Progeny Selection

Hybridization work began in the Sahel only
in 1987. For this reason, the most advanced
generations are still in the early segregating
stages.

To develop varieties tolerant to the major
dry scason constraints (cold at the seedling
stage, heat at the reproductive stage and
high infestations of spider mites and white
flies), evaluations of ¥2 progenies from nine
crosses were carried out in 1988. Segregants
that combined these traits were selected for
advancement to the F3 generation trials for
further evaluation and selection.
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Table 5. Response of
selected rice varieties to
soil nutrient deficiencies at
Bouake, Man and Odienne,
Cote d’lvoire according to
the Chaminade Index.*
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Upland-Inland Swamp Continuum

Introduction

WARDA'’s upland-inland swamp con-
tinuum program based in Bouaké, Cote d’-
Ivoire focuses on the development of new
cultural practices, pest control methods and
improved rice varieties. The new tech-
nologies are designed to meet the needs of
small farmers in the forest and forest-savan-
na zones of West Africa who cultivate riccon
swamp, hydromorphic and upland soils.
This environment represents not only the
largest rice growing arca in West Africa but
it is also an area with substantial potential
for increases in rice vields. WARDA's re-
scarch during 1988 produced promising
results in the arcas of weed control, in-
tegrated pest management, alleviation of
soil constraints, and varietal improvement.

Soils

NUTRIENT DEFICIENCIES

Much work has been done in West Africa to
characterize soil nutrient deficiencies on
various parts of the continuum using maize
as an indicator crop. However, since plant
nutrient requirements vary from one crop to
another, there was a need to investigate
nutrient deficiencies as reflected in rice cul-
tivationdirectly. A study was focused on the
upland ecosystem in order Lo assess the cur-
rent state of soil nutrient reserves and to
determine the balance necessary to maintain
soil fertility for upland rice cultivation.

The trial was conducled at three locations
(Man, Odicenne and Bouaké) in Cote d'Ivoire
using two short duration varieties (IAC 164

BOUAKE MAN ODIENNE
IDSA 6 WABZI IAC 164 WABZI WABC 165 IDSA 6
CP-N 84 83 84 80 29 108
CP-P 64 74 94 42 42 48
CP-K 109 104 115 97 104 95
CP-Ca 123 109 125 122 147 111
CP-Mg 105 99 118 141 134 85
CP-Mg&cCa 107 108 124 146 117 76
CP-2Zn 117 118 116 96 104 87

* 80+ = No de*ciency; 60-80 = low deficiency; 40-60 = medium deficiency
CP = A fertilizer containing all the recommended levels of necessary nutrients.
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P205 Doses Simple Tricalcic Aluminum Table 6. Effect of three
(kg ha'1) superphosphate phosphate phosphate phosphorus sources on
average yield of two
0 1.71 1.61 1.51 medium duration upland
15 2.23 2.02 207 rice varieties {t ha-1),
30 2.24 2.07 2.23 Man, Cote d'lvoire, 1988,
45 2.29 2.08 2.49
60 2.37 2.18 2.45
75 2.44 2.39 2.14
90 2.68 2.23 2.46
105 2.39 2.55
C.V. (%) 17.5 20.4 16.8
S.E. 140 153 133

and WABC 165) and two medium duration
varieties (IDSA 6 and WABZD).

The effect of various nutrients was estimated
by comparing the vield obtained using a
complete fertilizer with that obtained with a
fertilizer deficient in one of the essential
nutrients for rice. Nine treatments were
emploved: zero fertilizer; a complete com-
pound fertilizer containing recommended
levels of N, P, K, Ca, Mg and Zn; six Lreat-
ments cach consisting of the complete fer-
tilizer minus one of the nutrient clements;
and the complete fertilizer less both calcium
and magnesium.

The Chaminade index was calculated to
quantify the level of nutrient deficiency. The
results from the 1988 season show that phos-
phorus, followed by nitrogen, deficiencies
were the most important. Deficiencies for
these two elements were greatest at the Man
site in the higher rainfall forest zone, where
indexes ranged from 29-42. These results
confirm trial data collected during the 1987
cropping scason.

EFFECTS OF ROCK PHOSPHATE
ON UPLAND RICE

Although chemical sources of phosphorus
can be used to alleviate PP deficiency, most
chemical fertilizers are prohibitively expen-
sive for the majority of farmers in the region,
There is a need for cheaper and more effi-
cient sources of P>. Because natural rock
phosphate is a commonly occurring source
for P in the region, WARDA scientists tosted

two rock phosphates to determine their ef-
ficiency in upland rice systens.

Both rock phosphates, Taiba (tricalcic phos-
phate) and Thies (aluminum phosphate), are
from Senegal. These were compared to the
use of simple superphosphate. The Taiba
rock phosphate used contained 34 percent
phosphorus, the Thies rock phosphate con-
tained 35 percent phosphorus, and the
simple superphosphate had 18 percent
phosphorus.

Seven doses of P20s, increasing in 15 kg ha™
increments, starting from 0 and going to 105
kg ha'], were applied for each source. Other
nutrients (N,K, Ca and Mg) were applied at
a rate of 100 kg ha™' in order to meet plant
requirements. The trial was conducted in
Man, Cote d’Ivoire, in the forest zone.
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Soll nutrient deficiencies
retard growth and lead to
greatly reduced yields.
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The largest yield responses were observed
from applications of aluminum phosphate
fertilizer. Significant yield mcrcaqcs oc-
curred for doses as low as 30 kg ha™ and
continued through the highest dose ranges.
Forsimplcs‘uperphosohate,signiﬁcantvield
increases were registered at the 60 through
90 kg ha levels. Tricalcic phosphate
produced significant yicld mcrcases only
with applications of 75 and 105 kg ha™

The highly significant effect of aluminum
phosphate, compared to the other two phos-
phorus sources, may be due to its very fine
granulomeltry (160 microns) which increases
its solubility in the soil. In contrast, simple
superphosphate and tricalcic phosphate are
less soluble and release phosphorus into the
soil more slowly thus reducing first vear
effects. This study is being continued in 1989
to measure residual effects on the second
year rice crop.

EFFECTS OF CALCIUM AND
MAGNESIUM ON UPLAND RICE

Various studies have indicated that in many
acid soils of West Africa, micro-nutrient
toxicity (Al+++, Fe+++ and Mn ++) can con-
stitute a major constraint to rice cultivation
in upland are.s. Others have noted that the
use of dolomite increases the soil pH sig-
nificantly. WARDA scientists studied the
use nf dolomite in improving rice cultivation
in upland arcas during 1988.

The trial was carried out at Man, Cote d’-
Ivoire, on a highly acid soil (pH = 4.1, ex-
changeable aluminum = 2 meq/100).
Dolomite with 28.3 percent CaO and 20 per-
cent MgO was applied at six different levels.
In addition, NPK was applied at the rate of
100 kg ha™!, along with simple superphos-
phate (18 percent P20s) and potassium
chloride (60 percent K20). Two medium
duration rice varicties (IDSA 6 and WABZI)
were used in the trial.

Trial results showed a significant positive
effect of dolomite on rice yield. However, as
the response was not linear there were no
significant differences among the positive
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dosages applied. The trial is being con-
ducted again in 1989 to verify this year’s
findings.

IRON TOXICITY SCREENING

Rice production in many inland valley
swamps of West Africa is constrained by
levels of ferrous iron that can be highly toxic
to rice. Iron toxicily is usually associated
with poor drainage and the presence of iron
in the swamp’s parent material or in the soils
of adjacent slopes through which ground
waler flows laterally into the swamp. Be-
cause of the high costs of soil and water
management approaches to relieve this
problem, WARDA has made a major cffort
to develop improved rice varieties with high
Jevels of tolerance to iron toxicity. Research
on this problem is centered at Suakoko,
Liberia, and is conducted in collaboration
with the Central Agricultural Research In-
stitute (CARID).

During 1988, a range of malerials were
screened in several trials to identify
tolerance to iron toxicity. Malerials in these
trials included entries from the International
Rice Testing Program (IRTP), promising
fixed lines and segregating populations
received from the International Institute of
Tropical Agriculture (IITA), and promising
varieties from WARDA breeders in other
countries. Depending on the particular trial,
screening for iron toxicity tolerance was car-
ried out cither in concrete beds in which
uniformly high levels of ferrous iron had
been created or in swamps on the CARI
station where intense iron toxicitly pressure
was present.

Encouraging trial results have identified a
number of cultivars that arc as tolerant as the
tolerant checks, Suakoko 8 and Gissi 27.
These will be reconfirmed in subsequent tri-
als and their agronomic traits will also be
evaluated. Some of the more promising
sources of tolerance have come from
WARDA's international accessions. For ex-
ample, the BW series from Sri Lanka, the
variely Mat Candu from Malaysia, and
CIAT 21528 from the Centro Internacional



de Agricultura Tropical (CIAT) in Columbia,
a well as several cultivars from IRRI and
IITA.

Screening for iron toxicity
tolerance at Suakoko,
Liberia, is often conducted
in concrete beds to
maintain uniformly high
levels of ferrous iron.

WARDA scientists are also studying how
iron toxicity tolerance is inherited in order to
accelerate and systematize their breeding of -
forts. Genelicstudies were continued in 1988
to identify the number of genes responsible
fortolerance, to identifv new genes, to deter-
mine the mode of inheritance for different
tolerant cultivars, and to understand the
linkages between genes related to tolerance
and other cultivar traits. Preliminary results
show that tolerance in Suakoko 8 is control-
led by a domunant gene, whereas the respon-
sibie gene in Gissi 27 is recessive. Both genes
are non-allelic. Genetic studies on other cul-
tivars will continue.

Weeds

IDENTIFICATION OF WEEDS

The identification of weed species and their
distribution began in Cote d’Ivoire many
vears ago and several inventories now exist.
However, these cover only limited parts of
the country and are least comprehensive for
the upland rice ccosvstem. Past studies also
made little effort to analvze and classify the
weed species to determine the major charac-
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teristics of the weed flora. Thus further
studies were needed.

A systematic field weed collection was
started in 1986 and continued in 1988. Weed
specimens having local names were
brought to Bouaké for identification. Posi-
tive identification of some of the more dif-
ficult species was confirmed by the
Botanical Garden of the University of Abid-

jan.
WARDA's study collected and identified
424 weed species from 76 plant families.
These include all categories of weed vegeta-
tion except tree regrowth.
The largest number of weeds are broadleaf
types (dicotyledons) that make up 77 per-
cent of the collection. Grassy weeds
(monocotyledons) account for another 21
percent. Ferns (pteridophvtes) amount to
ouly two percent of the weeds collected.
The most important weeds of upland rice in
Cote d’Ivoire include:

« Chlomolaena odorata L.

* Luphorbia heterophylla L.

» Amperata cylindrica var africana

(Anrderss.)

* Striga species

«  Digitaria orizontalis

* Rottboellin cochinchinensis (Lour.)

+ Cyperus rotundus L.

 Eleusine indica

s« Pennisetum polystachion L.

o Ageratum conyzoides L.
The distribution of weed species followed
ecological conditions closely. Generally,
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Euphorbia heterophylla is
quickly becoming a very
serious weed for rice
farmers in West Africa.
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Clilomolacig odoratq s concentrated in fhe
more humid forest Zone with more [imjted
infestation in the Baule Savanna, Striga
Species are restricted to the sub-humig
Savanna zone jn the northern part of Céte
d’lvoire. The remaining species oceur to
somedegree throy ghoutmost en vironments
inCote d’Ivojro, Further surveys will be con-
ducted in 1989 to complete thig study in the
forest zone 1y th an emphasis on perennial
weeds, and in e savanna emphasizing
Striga species,

CONTROL OF EUPHORBA
HETEROPpY YLLA

Euphorbig /1('14'1'0;7/1}/1la is bccoming one cf the
Most persistent and cconomically damaging
weedsinupland rice iy West Africa, Without
effective controls, the weed cap destroy the
entire crop, WARDA scientists conducted
number of experiments o find Wavs of con-
trolling this weed.

Detormining Optimal Wecding Times

In the firgy experiment on [ /luh’rnp/ly/lﬂ,
scientists tried (o identify critjcq] periods of
competition betveen rice and the weed to
determine the most appropriale period and
l'rcqucnc_\' of weeding,

Treatment plots were established ang kept
weed free for |, o, Sodand 5 weeks while
control plots ywere left unweedeg lor the
SAMe perjogds, Recommended lertilization
Practices were followed.

The plots were dominated bv I, //('l('m/)//}/llu.
Keeping the Plots free of weeds only for the
first two weeks barely saved the rice crop ay
subsequent weed infestation was high
cnough to depress vields below 5 t hal,
Rice vields rose g 75 tha ™ when plotswere
keptweed frec for the first three weeks and
o 2ot ha'l \vhen Rept weed free lor -5
weeks, ('nn\'('r.\('l}', Plots that wre weeded
only after the iy two \\'uck.\ul'pldnling had
Yields of 2.3 ¢ po! Grain vields dropped
dmnmtim“_\' when the Crop was Jeft un-
weeded for longer periods, falling (o almost

Zero when ofg for five woeeks unweceded.
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Thus, manyg] weeding earlier iy three
weeks may be ysefy) only if a fo“ow-up
weeding is cond ucted. Weedin & lour weeks
after rice emergence may be (g late,

Influence of Cultura] Practices

The effects of double cropping and mowing
on £ heterophyila sy PPression were studied
in the second experiment. Ty main treat-
ments were tested op an area heavily jy-
fested wi th £, /lvh'/v/)/u///n: (Crn Cowpea was
grown during April-June followed by the
rice crop during Jul_\f'-Octobcr; (CP2) three
mowings at three week intervals conducted
from April to June lollowed bv rice in July-
October. Botp treatments werg compared (o
the control (CP3) which consisted of no Lrop
Ormowing untj] July when the rice crop was
planted l’o“o\\'ing hormal lang Preparation,
The rice CIrop was further SPLitinto weeded
and non-weeded subplots for oy, treat-
ments and the congro), A short duratjon rice
(UTA 657) and 4 short duration Cowpea (]T-
84-1-108) were used in the CAperiment, No
lertilizor vwas applied to the firg SCAsOn coyy-
beacrop, but 10:18: 18 NPKat 150 kghalvwas
applied to the second season rice crop at
seeding,

There was g significant offocy ol the culturg)
Practices on weed biomass at harvest ag vl
a5 on the number of weedings required.
Cowpea followed by rice broduced the
lowest weed biomass, Morcover, double
Cropping treatmeny only required one hand
weeding; the treatment wity three mowings
required two hang weedings; and, the un-
treated: control Plots required three hand
weedings, Yield results folloywed the same
paltern.

Lffects of Repeated Herbicide Application

WARDA researchers also evaluated the
choice bepween repeated herbicide applica-
tions compared (o improving (he cfficiency
of herbicide on £, leterophyti, several her-
bicides, cach applied once, were compared
to treatments i which the firg application
was followe by another application of hey-
bicide several davs later,
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Mean density of E. Number of Mean biomass of E. heterophylla Mean Table 7. Influence of
heterophyllabefore weedings at harvest (t ha'1) grain yield double cropping and
Treatment treatnient (plants m ) affccted Weeding Cultural (t ha-1) repeated mowing on the
treatment practice Rice biomass of Euphorbia
means means heterophylla and grain
ylelds of rice (ITA 657),
CP1 weeded 219 3 5.13 19.03 1.05 Bouake, Cote d'lvoire,
CP1 unweedea 228 0 32.93 19.03 0.76 1988
CP2 weeded 208 2 1.53 8.45 1.67
CP2 unweeded 213 0 15.38 8.45 0.80
CP3 weeded 234 1 0.48 4.99 2.98
CP3 unweeded 217 0 9.50 4.99 1.44
C.V. (%) 19.2 19.1 15.8
S.E. 1.04 .73 114

There were 12 herbicide treatments in total,
eachrepeated four times. WABC 165 was the
rice variety used. The fertilizer treatment
was [0:08:18 NPK at 150 kg ha™! for all the
plots followed up with 75 kg ha™ of urca at
tillering. Phytotoxicity effects and weed den-
sity were assessed one week after cach her-
bicide treatment.

The Appllmtmn of trichlopyr-propanil (Garil
at 3 liters ha’ ) or oxadiazon (Ronstar 25 EC
at 4 liters ha™' ) tollowed bv picloram-2,4-D
(Tordon 101 at 1.0 liters ha™") gave excellent
weed control. Other effective combinations
can be noted in Table 8.

Repeated herbicide application did not
cause tonicity problems bevond those of a
single application.

Results showed the financial advantages of
herbicide use. Without herbicide the cost of
labor required for four hand weedings to
maintain weed free mu plots was ap-
proximately US 5430 ha!. This compares
with the cost of a single dppllmtmn of her-
bicide which varied betw.en UsS 90-180 ha”
Land with two apphications at a cost of
LS5160-225 ha'!, Grain viclds were lm,hcst
and net significantly different (3.7-3.9 { ha'!

for the hand weeded plots and for two of thv
double dose herbicide treatments. The in-
vestment in a second herbicide application
was turther justified economically since the
risk of seed contamination was reduced such

that weeds could eventually be entirely
eliminated from treated fields.

Integrated Control of
Euphorbialiecterophylla

A final experiment measured the combined
effects of tillage methods, herbicide applica-
tion and supplementary hand weeding on
control of E. heterophylla.

The tillage treatments were: (1) plowing fol-
lowed by discing followed by harrowing
and rice seeding (traditional method); (2)
chiselling followed by two soil tilling opera-
tions followed by harrowing and rice seed-
ing; and, (3) chiselling followed by one soil
tilage followed by harrowing and rice seed-
ing. To cach of these soil preparation treat-
ments, plots were divided into three
sections. One section received no herbicide
application, the scecond plot IL‘LCI\ ed
onadiazon at the rate of |} kg a.t ha’ ,and the
third plot received oxadiazon followed b\'
picloram-2,4-D at the rate of 1.0 litre ha!
Each of the plots were further divided into
sections receiving handweeding and no
weeding, F or tilizer was applied at the rate of
200 kg, hd of 10: lh 18 NPK at seeding fol-
lowed by 50 kg ha™ of urca at tillering.

k. lieterophylla heavily infested the test plots.
As the various tillage treatments stimulated
weed germination, the population of  E.
steterophylla rose from an average of 40 plants
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Table 8, Effect of repeated
herbicide application on
the control of Euphorbia
heterophylia.

An Iintegrated approach to
control of Euphorbia
heterophyliahas proven to
be the most effective way to
control this prolific weed.
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Date of- Herbicide Mean phytotoxi- Meanweed  Mean Rice

Treatment application rate city rating density grain yield
(DAE) @maha’)  (0-100) (plants m™2) (tha'y

Oxadiazon 0-1 1000 22.4 44.1 2.3
trichlopyr-propanil 21 2200 40.5 6.4 3.1
Thiobencarb-prapanil
+ picloram- 2,4-D 21 2700 + 300 30.2 8.5 3.0
Pretilachlor-dimethametryn 0-1 2000 18.1 90.5 1.2
Pretitachlor-dimethametryn 21 2000 40.7 10.9 2.8
Trichlopyr-propanil
fb picloram-2,4-D 21 fb 42 2200 fb 300 41.8 1.5 3.8
Oxadiazon fb picloram-2,4-D 1 b 28 1000 fb 300 16.6 1.8 3.7
Pentazon-propanil fb
picloram 2,4-D 21tb 42 4000 fb 300 20.2 38 34
Thiobencarb-propanit
fb picloram-2,4-D 211b 42 2700 fb 300 26.0 4.2 3.5
Weed free every
(4 hand weedings) 21 days 0 0 1.3 3.9
No weeding none 0 0 184.6 0.2
C.V. (%) 6.0 7.2
S.E. 0.808  0.085

DAE = Days aiter rice and weed emergance except for herbicides marked {*).

fb = followed by

m™ before tillage to 200 plants m’™ at final
harrowing. Nonce of the tillage methods had
an cffect on the required frequency of hand
weeding. Each required two hand weedings
to raise vields above 2.0t ha™.

Best results were obtained for the herbicide
oxidiazon. A tirst application oxadiazon fol-
lowed by picloram-2,4-D required only one
hand weeding. When oxadiazon alone was
used in combination with the tillage prac-
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tices manual weeding labor was reduced by
50 percent. And the application of oxidiazon
followed by picloram-2 4-D reduced manual
weeding labor by 90 percent.

By applving oxadiazon alone, weed biomass
was reduced by between 30 and 75 percent
forthe various tillage treatments. Oxadiazon
used in combination with picloram-2,4-D
reduced weed biomass by between40and 98
percent.

Grain yields were greatly influenced by til-
lage method and the herbicide treatment
used. The third tillage treatment was by far
superior. The combination of oxadiazon
with cach of the respective tillage methods
increased grain yields 30, 40-and 70 pereent,
respectively. Using tillage practices in com-
bination with both ¢xadiazon and picloram-
2,4-Draised yields by 70, 80 and 100 percent,
respectively.



Financial analyses showed that it was
profitable to use oxadiazon in combination
with the third tillage treatment. It was also
economical to apply oxadizaon in combina-
tion with picloram-2,4-D for all three tillage
practices, with the highest returns achieved
when these were used in combination with
the third tillage practice.

WEED POPULATIONS IN
BUSH-FALLOW FARMING

Upland ricein West Africa is often cultivated
in shifting cultivation cropping systems. As
land shortages emerge and cultivation is in-
tensified, farmers will have to move towards
shorter bush- and grass-fallow rotations
within which weed infestation generally in-
creases. WARDA is developing improved
weed control practices for farmers to use in
intensitied land use svstems.

Work in 1988 examined the effects of tillage
and weeding methods. WARDA scientists
tested hand hocing versus power tillage,
cach conducted at three frequencies before
planting (1, 2and 3 cultivations spaced three
weeks apart). Also tested were two weeding
methods (no weeding and hand weeding at
three week intervals throughout the season).

Awidespectrumoof weeds were found in the
original plots. During the first two months
after rice seeding, Pennisetuni polystachyon, E.
leterophylla, Digitaria hovizontalis, Sctaria pal-
lide-fusca and Celosia trivyna dominated.
Gradually P. polystacliyor covered the plots
from the rice booting stage to harvest. In the
weeded plots, weeding removed all of the
dominant species, but this created a
favorable environment for short statured
weeds, Thus, asecond weeding was needed.

There was nosignificant difference between
hand or power tillage, nor among the tillage
frequencies with respect toweed flora, weed
biomass at the time of harvest, or grain vield.
Lach of the tillage methods and [requencies
required two hand weedings in order to ob-
tain over 2t ha™t of grain. One w eding was
insufficient and three weedings found to be
unnecessary.
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Insects

DYNAMICS OF INSECT PESTS

The incidence of pest species and in par-
ticular their occurrence relative to crop
phenology influence the magnitude of crop
losses and thus their economic importance.

Information on insect pests in upland rice
ccosystems of Cote d'Ivoire has been
gathered during the past three vears. Be-
cause of the dvnamic nature of insect pusls,
mportant temporal and spatial variations
have been identified. During 1988 the dis-
tribution and occurrence of kev insect pests
was closely monitored, the ecology of the
major species studied, and their natural
enemies (parasites and predators) identified.

WARDA scientists worked in two Cote d’-
Ivoire sites, Bouaké in the forest-savanna
zone and Toumbokro in the forest zone.
Plots were established using planting dates
staggered at two week intervals and treat-
ments were replicated four times. Insects
were sampled using sweep nets beginning
30 days after sowing and at 10 day intervals
thercatter until harvest. Rice stems were dis-
sected at -0, 70 and 100 days alter sowing
and obscervations taken on deadheart
symploms.

As observed in previous years, insect pest
pressureswere higher indiversity and abun-
danceat Toumbokro than at the Bouakeé site.
Only stalk-eved flies (Diopsis spp.) and
lepidopterous stem borers were consistently
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Upland rice farmers often
employ a slash and burn
technique to develop land
used in thelr shifting
cuitivation practices.



Spiders may play a
significant role in
controlling rice pest
populations in West
Africa.
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present in the Bouaké trial while other pests
occurred only erratically at that site.

At Bouaké¢, two major insect population
peaks occurred at 40 and 60 days after
sowing, irrespective of sowing date. Peaks
were most pronounced for D. apicalis. There
was a gradual and steady increase in the
incidence of deadhearts with the age of the
crop, but stem borer attack was low in all
planting dates. The stem borers identified
through dissections included the following
distribution: Maliarpha separatella (59 per-
cent), Seswmia calamistis (28 percent) and
Chilo zacconins (13 percent).

Al Toumbokro, there was only one popula-
tion peak which occurred at 50 davs after
sowing. Stem borer infestation was low at
thatsite with Maliarpha separatelln making up
83 percent of the species collected. The leaf-
feeding ladybird becetles (Chnootriba similis)
and Nephotettiv spp. occurred in large
populations. These were present at the early
vegetative stage and their population level
was influenced by planting date.

Predators of rice insect pests identified in the
study included spiders, praying mantis,
dragon flies and assassin bugs. Among

« R
these, however, only the spiders appear to

have a potential role in the management of
pest populations. Because they co-exist with
the pests, unlike other predators, migration
outof thecropis very limited. They occurred
throughout the growing scason with their
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population levels peaking at the vegetative
stage of plant growth, which coincides with
the period of greatest diversity of pest
species.

Parasites of rice stem borers were also col-
lected. At Toumbokro parasitized larvae oc-
curred as the crop developed towards
maturity. This was the general trend ob-
served in previcus years as well. Parasitiza-
tion in the Bouaké site began as early as 70
days after sowing, with the following
parasitoides identified:

o Apanteles sesamia (Braconidue),

«  Rhaconotis concolor,

» Bracon sp.,

4 species of Ichmeumonidae,

» Doryctes sp. (Braconidae), and

» 1species of Tachinidae.

VARIETAL EVALUATION
FOR INSECT RESISTANCE

Screening for varietal resistance to insect
pests has been carried out for some time by
anumber of rescarch organizations working
in West Africa. Several varieties have been
reported as resistant to various insects.
However, the exercise has stopped usually
at the screening level. Because of the variable
conditions under which varieties are
screened, it is necessary to consolidate the
available information to establish a better
base for the development of new and im-
proved resistant varieties.

To work toward this eoal, a mass screening
program was established in 1988 following
an agreement between HTA and WARDA.
Facilities located at 1ITA were used to screen
for stalk-eyed flies (Diopsis longicornis) and
the pink borer (Sesamia calamistis).

Stalk-Eyed Flies

A set of 163 rainfed lowland sclections from
ITA’s advanced yield trials, preliminary
vield trials, and observational nursery were
screened in the stalk-eyed fly program. They
were grown in screenhouses on one row
plots consisting of 10 hills per entry. A large



population of insects were released in the
screenhouse, and observations on dead-
hearts were made 45 days after transplant-
ing.

WARDA researchers also began working
with a second set of clite variceties and lines
trom the HTA rice program that had already
passed through several sereenings and were
ready foradvancement. The 28 varieties and
hnes weresown inside the IITA screenhouse
containing a high insect population in one
row plots containing 10 hills per entrv. This
trial was replicated four times. Deadheart
counts were taken at 45 and 65 davs after
transplanting. These entries were allowed to
mature in order to determine tolerance.

In the first mass screening, the level of infes-
tation ranged from 20-75 percent. Fifty-nine
entries were more susceptible than the sus-
ceptible cheek variety, Suakoko 8. Only one
entry, TON 3052-4o-12-1-5, could be clas-
sified as highly tolerant. Because resistance
toinsect pestsis very rare, it was not surpris-
ing that so few of the entries showed an
acceptable Tevel of resistance. Sin additional
lines showing some resistance were chosen
for more intensive evaluation.

Anmong the 28 elite lines tested, the rate of
attack by the stalk-eved flv at 45 and o3 davs
atter transplanting ranged from 33-34 per-
cent and 20-62 percent, respectively. Five
lines showed some resistance: A 21387-2, A
2H03-2 TONSI102-27, A 21389-2and H 1042,

Thestalk-eved tlv attacks the crop inthe field
usuallv at the mll\ vegetalive stage. Some
lines react by producing compensatory
tillers, a trait which is geneticallv deter-
mined, and which mav contribute to in-
creased grain vield under insect pressure.
The number of productive tillers was also
measured, and five lines showed consider-
able promise: TOX 3102-27, A 21387-2, A
204032, A 215358-3 and A 213671,

Pink Borers

WARDA entomologists also sereened 30
plant varictics for resistance to pink borers
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in the HTA upland rice screenhouse. A sus-
ceptible variety, OS5 6, was grownaround the
perimeter of test varieties and at 45 days
after sowing thev were infested with pink
stem borer eggs at the blackhead stage. Sup-
plementary infestations were made later.
Test materials were planted inside the
screenhouse in order to synchronize the ap-
pearance of adult moths with the test
malerialsreaching 10-45 days of age. Upland
varieties were planted insingle rows consist-
ing of 10 hills cach and replicated three
times. Observations were made on the num-
berof deadhearts thatappeared. Inaddition,
five hills per variety were infested with egg
masses containing 50 eggs and the stems
from these were dissected 21 days later to
recover the larvae.

Percentage deadhearts ranged from 4-43
percent. This was lower than expected and
suggests there may have been problems of
escape which need to be reduced through
further improvement in screening techni-
quus. Four varicties, TOS 8YK80, TOS 9769, OB
677 and W 1203, had deadheart pereentages
oftess than 10 percent. Considering tillering
abilit: and the number of productive tillers
120 d.l}'.\ after sowing, TOG 60632, TOG 6343
and TOG o186 also appear promising. Per-
centage larvalrecovery renged from a low of
28 pereent for TOS 8883 to a high of 58 per-
cent.

These studies will be continued using
maodified controlled conditions as well as in
field tests in order to reappraise the 1988
results.

YIELD LOSS FROM INSECT DAMAGE

Several insect species are associated with
rice, but within a particular location only a
few may be regarded as major pests. Since
grain yield is the ultimate measure of crop
performance, it is important to determine to
what extent insect damage reduces produc-
tion.

WARDA scientists have conducted trials on
upland rice in Cote d’Ivoire for the past three
years to measure the economic importance
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The stalk-eyed fly usually
attacks the rice plant
during the early
vegetative stage of
growth.



Table 9. Effects of stem
borer damage following
insecticidal applications of
fenitrothion at different
periods of crop growth,
Toumbokro, Cote d'lvoire,
1988.
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Fenitrothion® Leafdamage*® Deadhearls Bored stems Borers/ Yield %Yield

treatment 45 DAS 70 DAS 100DAS Atmaluity 5 hills ha ™y loss
A 0.5 3.0 15.9 23.3 8.0 1.62 0.0
B 25 1.6 12.6 7.0 1.0 1.47 9.6
o] 1.5 2.7 27.9 17.3 7.0 1.20 26.3
D 2.7 25 14.8 211 7.0 1.56 4.0
E 5.2 34 9.6 13.0 4.0 1.38 15.2
F 5.8 2.1 13.2 18.6 5.0 1.34 17.2
G 7.0 52 16.8 6.4 3.0 0.94 422

C.V. (%) 324 54.8 57.1 59.0 27.6

S.E. .48 4.35 4,36 1.44 187

* A = Applications at 25, 45 and 65 DAS
B = Applications at 35, 55 and 75 DAS
C = Applications at 25 and 45 DAS
D = Applications at 35 and 55 DAS
E = Applications at 45 and 65 DAS
F = Applications at 55 and 75 DAS
G = Untreated check

** Leaf damage by Chnootriba and Chaetocriema with 0-9 rating.; DAS = Days after sowing.

of several insect pests and to determine the
most critical stage of growth for plant
protection. A summary trial was conducted
at Bouaké in 1988 to confirm carlier results.

WABC 165 was planted into plots and
treated with insecticidal applications of
Fenitrothion 60 EC at the rate of one liter
ha!. Six different treatment schedules were
used to protect the crop at different stages of
growth. Observations were made on leaf
damage at 15 days after sowing, deadhearts
at 70 days after sowing, bored stems at 100
days after sowing, and the number of borer
larvae during dissection.

Plots that were sprayed as early as 25 days
after sowing had less damage by leaf feeding
insects suchasladybird beetles and flea beet-
les. Application of insecticide significantly
increased vield, with the time of application
determining the magnitude of the increase.
Plots sprayed at 25, 35 and 45 days after
sowing had the highest grain vields, sur-
passing the untreated check by a maximum
of 42 percent. This indicates that insecticid .l
applications for protection against
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defoliators during early growth stages are
necessary for maximum yields. Later ap-
plication, though increasing yields, gave less
advantage.

There was no correlation between bored
stems, measured either at 100 DAS or at
maturity, and grain yield. Thus, the larger
part of the yield reduction was attributable
to early infestations by defoliators rather
than the lepidopterous stem borers.

Varietal Development

Rice varietal improvement activities in 1988
included germplasm evaluation, evaluation
of introduced varieties, varietal develop-
ment through hybridization and selection,
multilocational testing, and the production
and supply of breeder seed to national
agricultural rescarch programs.

Crosses

A wellfocused crossing program is essential
to any rice improvement effort. The rice
breeder must clearly understand the traits



and priorities that are most crucial at this
stage in order to develop the varieties best
suited for the farm. Ninety crosses were
madein 19388. The parents used in the crosses
came from 28 varieties and only single cros-
ses were made.

£1 Plants

Within six weeks of harvest, F| seed were
germinated in petri dishes, planted into pots
and then transplanted into beds in the
screenhouse. Optimum conditions were
maintained to produce maximum tillering.
Plants were further ratooned to increase
sced production. Forty-six crosses were
retained and data was collected on new
parents and the Fis retained for advance-
ment.

I2 Plants

The F2 generation is the most critical in rice
breeding because manv traits are fixed
during this generation. In Bouake, 33 crosses

Many of the traditional upiand
varieties grown in West
Africa are tall, susceptible to
lodging but easy to harvest,
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were grown under upland conditions and
selections were made for superior progeny.
Eight of the tested crosses were advanced to
F3 pedigree lines.

F3 Pedigree Lines

A pedigree nursery is where promising
varicties are first assessed with any certain-
ty. A total of 4601 F3 upland rice pedigree
lines were tested from 93 ditierent crosses.
Plant and bulk selections were made. From
these, 59 crosses were discarded. ITA 257
was observed to combine well with most of
the traditional upland rice varieties utilized
and produced good carly maturing progeny.

A total of 484 plants were selected for ad van-
cement and 41 lines were bulked for their
superiority and homogeneity.

F1 Upland Pedigree Lines

From 18 individual crosses 3662 pedigree
lines were planted. Selections were made
from only three crosses that produced dis-
tinctly superior progeny. Again ITA 257
showed superior combining ability. There
were 567 plants selected for advancement
and 66 superior lines were bulked for further
observation.

E4 Hydromorphic Pedigree Lines

Two hundred forty-two Fy pedigree lines
from eight crosses were grown under
hydromorphic conditions in 1988. Out of
these lines, 82 superior plants were selected
from three crosses and only one line was
bulked.

F4 Upland Bulk Lines

One hundred forty-one Fy bulk progenies
from 10 crosses were planted under upland
conditions. Selections were made on the
basis of uniformity, yield potential, plant
type, grain type, adaptability and discase
resistance. Thirteen lines were selected from
two crosses with ITA 257 for further evalua-
tion.
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F4 Hydromorphic Bulk Lines

Nine entries were selected from two crosses
in the hydromorphic Fy bulk line trials. A
total of 141 lines from 10 crosses were
evaluated.

Variety Trial

An exploratory Irial was conducted al
Bouaké to determine the performance of
selected upland varicties in hydromorphic
soil conditions where the water table ranged
from 35 to 85 cm from the sml surface. An
NPK fertilizer at 65:36:36 kg ha” \\asappllcd
uniformly. IR 5931- 11() 1 produced the
highest yield (2.24 t ha™ )tollow od closely by
Bouakc 189 (2.20 t ha™) and B 3623 (214 t
hal).In comparison, twvo varieties identified
earlier as promising, [D‘%A 6and WABC 16*)
yielded only 1.30 t ha™' and 0.79 t ha',
respochvcly.

Parental Selection

Twenty-three varicties were selected for
later use in the hybridization program
during 1989. The selections were made from
germplasm, popular traditional varietices,
improved vaiicties, trial plots and from the
International I'ice Tesling Program (IRTP).

INTERNATIONAL COLLABORATION

WARDA took part in the advanced variety
trials, observational nursery trials and
preliminary screening rials of IRTP-Africa
during 1988. Entries in these tests come from
introductions from various parts of the
world as well as from WARDA’s own
upland materials.

Advanced Variety Trials

Fourteen upland varieties were tested but
none showed superior yield pertormance
compared to previously identified varieties.

Observational Trials

Among 100 entries tested, nine were
retained for preliminary yield trials in 1989,
These included ITA 118, ITA 130, ITA 162,
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ITA 183, ITA 187, ITA 225, TOX 1012-12-28,
TOX 1857-3-2-201-1 and TOX 936-81-3-3-
101.

Preliminary Screening Trials

Among 150 entries tested in the IRTP trials,
eight were judged promising enough for ad-
vancement based on their plant type and
reaction to discases. These were IRAT 209,
IRAT 222, IRAT 240, IRAT 288, IRAT 291,
TOX 1879-8-101-1 and TOX 1889-8-14-1-2.

COLLABORATION WITH NARS

In 1988 a collaborative breeding program
that aimed at developing improved upland
varieties well adapted to specific West
African environments was begun with plant
breeders in Nigeria, Cote d'Ivoire, Sierra
Leone, Liberia and Senegal.

One set of 141 Fp elite lines was sent to
Senegal for in placc selection by national
bleedem in the Casamance. Une sel cach of
500 Fs pedigree lines irom 31 crosses were
sent to Cote d’lvoire, Liberia, and Sierra
Leone, and two sets of these lines were sent
to Nigeria.

Breeders from these respective programs
also visited WARDA's varietal improve-
ment trials in Bouaké, Man and Odienne in
August, 1988. This provided a valuable op-
portunity for WARDA and national pro-
gram breeders to jointly evaluate the
breeding materials and to exchange notes,
ideas and experiences.

DEVELOPMENT OF DROUGHT
SCREENING METHODS

Testing for drought tolerance in the field is
not only time consuming, but tesls often
yield unreliable information. It is known
that a deep and intensive root system is a
major contributing factor for upland adap-
tability and drought tolerance. Consequent-
ly, WARDA scientists have begun to
develop a method of screening for root
depth whereby shoot characteristics could
be correlated to rooting behavior. Once



Drought is always a threat to
rice production in the West

African region.

developed and verified, this procedure
could greatly facilitate screening for drought
tolerance.

Twenty-four varieties were used in the 1988
experiment. Each variety was grown in a
black plastic tube 110 cm long and 21 cm
diameter which was buried in the soil.
Varicties were replicated three times.  Fol-
lowing the tillering stage, only one plant was
retained in cach tube. At the emergence of
the main panicles, tubes were removed from
the soil, cut open and the root numbers
counted and related measurements taken.

Root Length and Number

Root lengths were greater than expected.
Moroberekan had the longest roots, averag-
ing 123 cm in length. ROK 61 and IR 5931-
110-Thad 117 cmroots and ID5A 6 produced
roots 116 cminlength. A positive correlation
was observed between root length and the
number of roots at 50, 75 and 100 cm depths.

ROK 16 had the largest number of roots (22)
at 50 em depth, followed by Moroberekan
(18) and LAC 23 (16).
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ROK16 had the highest number (15) at 75 cm
depth, followed by IR 10068-11-1,
Moroberekan, IR5931-110-1,IDSA 6, WABIS
675 and LAC 23.

Atadepthof 100cmWAB1-217,IDSA 6, and
IR 10068-11-1 had the highest numbers of
roots in that order.

Culm Diameter

Culm diameter was measured at 20 cm from
the soil surface and three culms were
measured for each entry. Moroberekan had
the tnickest culm (7.7 mm) which was sig-
nificantly greater than the other entries. It
was also observed that culm diameter is
positively correlated with maximum root
length, number of roots, and root intensity at
different depths. Because cach of these char-
acteristics is directly related to drought
tolerance, culm diameter appears to be the
most important single character for assess-
ing rooting behavior.

On-Farm Research

Some of WARDA's research directions have
continued over an extended number of
years, and 1988 served to conclude some of
these efforts. One of the most inportant of
these has been the Technology Assessment
and Transfer program (TAT) which began in
1983 and which has since expanded to in-
volve farmers from four countries. Alihough
future WARDA programs will include on-
farmresearch as an intes. -al component, the
purposes and methods will be modified to
improve feedback to our station-based ac-
tivities.

TECHNOLOGY ASSESSMENT
AND TRANSFER

On-farm evaluation of improved varieties
began in Cote d’Ivoire in 1984, and has sub-
sequently expanded to cover Ghana, Liberia
and Sierra Leone. In this program new
upland rice varieties were assessed and
farmers’ acceptability of each variety was
measured. During 1988, 56 on-farm trials of
.
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WARDA's on-tarm trials
for improved upland rice
varieties have been
going on in Cote d'lvoire
since 1983.
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both short and medium duration varictios
were conducted in the four major agro-
climatic zones of Cote d’Ivoire. In cach trial
three varieties were compared to a widely
used check. Ten similar trials of two short
duration and three medium duration
varieties were conducted in Liberia, 15 trials
in Sierra Leone and 20 in Ghana.

At cach site varieties were tested for grain
yield performance with and without ap-
plication of fertilizers. The fertilized plots all
received the dosages recommended in their
respective countries.

In addition to these field tests, participating
farmers were asked to give their opinions of
cach test variety and to indicate how they
planned to dispose of the harvested seed. It
was felt that the amount saved for seed
would give a good indication as to how
highly the farmers rated the variety.

Cote d’Ivoire

Among the short duration varieties tested in
Cote d’lvoire, IRAT 144 has been evaluated
for three consecutive years;and [IDSA T0and
WABC 165 for two years. The vield perfor-
mance of these varieties in 1988 was similar
to earlier test results, averaging 2.0 ha
with or without fertilizer in all parts of the
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country, but did not exceed the check
variety, IAC 164. Moreover, farmers did not
indicate greater preference for one variety
over another. In order to maintain a wide
choice of short duration varieties, these
varieties will continue to be tested as the
search for superior varieties continucs.

Among the medium duration varieties,
IDSA 6 has been evaluated for four years,
WABZI for two years, and WABIS 675 for
one year. During 1988, IDSA 6 significantly
out yielded both the check variety, Iguape
Catele, and all other varicties tested at the
Bongouanou and Gagnoa sites. At the other
siles, no variety showed vield superiority
withorwithout fertilization. Despite its high
vield potential, farmers expressed strong
reservations about adopting IDSA 6 because
of their dislike for its short stature.

Liberia

Each of the short duration varieties tested in
the Liberia TAT trials was in its second year
of tests. Yicelds were poor in the 1988 tests,
averaging below 1.0 ha'. This was partly
duce to the fact that the short duration
varicties tested, IAC 164 and WADBC 165,
matured 20 to 30 days carlier than farmers’
traditional varicties and as a result suffered
substantial bird and rodent damage before
harvest. Due to the large field losses, these
varieties did not perform significantly better
than the local checks, erther with or without
fertilizer. Farmers were nonetheless im-
pressed with the carly maturity ot both
varicties because the carliest maturing
variety presently grown in Liberia is LAC 23
(130-140 days).

WABZI, WABIS 675 and IDSA 6 were the
medium duration varieties tested. [DSA 6
significantly out viclded all other varieties
with or without fertilization and had an 80
percent vield response to the use of fertilizer.
As observed elsewhere, however, Liberian
farmers complained about the short stature
and related harvesting problems associated
with [DSA 6.



Sierra Leone

The same varieties were tested in Sierra
Leone as in Liberia. Yields here were similar
to those in Liberia and fertilizer response
was low as well. Yields of short duration
varieties varied from 1.2-1.4 t ha'l, and for
mc?ﬁum duration varieties between 0.9-1.2 t
ha™.

Despite the low vields, farmers in Sierra
Leone remarked that the short duration
varieties reduced the number of weedings
necessary from two to one. This has greatly
increased farmers’ interest in both 1AC 164
and WABC 165. In Bo-Pujehun District, the
farmers were so impressed with these two
varieties that thev initiated dry season mul-
tiplication in order to increase the number of
trials for 1989 from 10 to 3(0.

Ghana

In Ghana, testing the same varieties as in
Sierra Leoneand Liberia, yields ranged from
[4-2.7 t ha'!. The test varieties out vielded
the checks in every trial with or without
ferilizer.

CROPPING SYSTEMS
INCOTE d'IVOIRE

Rice in West Africa is often grown in relay
cropping or in mixture with other crops. In
1988 an initial characterization of the major
rice cropping svstems was undertaken. The
study was conducted in two broad zones of
Coted’Ivoire through farm visits and discus-
sions with farmers during the cropping
Season.

Inthe forest zone, it was observed that mixed
cropping is the most common system in both
the monomodal rainfalland bimodal rainfall
arcas. Rice is usually grown intercropped
with other crops such as maize, cassava,
banana, or vegetables. Mixed cropping is
practiced more in the plateau portion of the
continuum than on hvdromorphic land
tvpes, and not at all in the swamp arcas.
Mixed cropping is limited in the hydromor-
phic zone to the upslope margins. There was
no apparent mixing of cash crops. Coffee
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and cocoa are grown as single crops on the
plateau and middle slopes. Sometimes cocoa
Is grown in association with plantain or
banana in the hydromorphic areas where
flooding does not occur. And during the
early planting and pruning of coffee and
cocoatrees, riceis often grownin association
with the young shoots.

Crop rotation and mixed cropping were
practiced cqually in the savanna zone. Crop
rotation is very common in the upland arcas
but less so in the hydromorphic areas. The
following were the most common rotations
in the upland ecosystem:

» cotton - cereals (rice, maize and

sorghum)
+ cotton - cereals - groundnut
+ groundnut - cereals.

In hydromorphic areas, rice followed by
vegetables was the most common rotation.

A practice commonly observed in the savan-
na zone is rice as a base crop in a range of
mixtures. There are also crop combinations
that do not involve rice, such as cassava +
yam and yam + maize. The most commonly
grown rice tvpes in the upland/hydromor-
phic area are short to medium duration
varieties, whereas in the swamps, medium
tolong duration varieties are more common.

Following descriplion of the major cropping
svstems, the survey data already collected
will be analyzed further with the goal of
defining more appropriate research objec-
tives aimed at the development of improved
varieties and resource management prac-
tices that fit into such local systems.
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Crabs aie one of the most
damaging pests of rice
grown in the mangrove
swamps of West Africa.
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Mangrove Swamp

Introduction

The mangrove swamps of West Africa create
a unique rice production environment, with
asctof biological and soil related constraints
quite different from those present in inland
swamps and Sahelsystems. Aninterdiscipli-
nary team of WARDA scientists have char-
acterized, in a preliminary set of studies, this
environment and are working loward the
development of improved technologies well
adapled to farmers’ needs. Past work has

already achieved notable success, par-
ticularly in the development of cultivars
well adapted to mangrove swamp condi-
tions,

Work in 1988 continued these efforts in
several areas. Varietal improvement re-
search aimed at developing a new genera-
tion of high yielding varieties tolerant toacid
sulphate and saline condilions and tolerant
to crabs and stem borer. Crop and resource
management rescarch continues o inves-
tigate new praclices o ameliorate these soil
conditions, and to manage the pest and
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pathogen complex to minimize damage to
the rice plant.

Improving Mangrove
Swamp Soils

EVALUATING ALTERWNATIVE
PHOSPHORUS SOURCES

Phosphorus is a major limiting nutrient for
rice grown on areas of limited flooding in
mangrove swamps. Much of the response to
phosphorus has been altributed to immobi-
lization by iron and aluminum, particularly
at carly growth stages. Although regular
applications of phosphorus in the form of
superphosphate have been recommended
to improve these soil conditions, the con-
tinued use of superphosphale is prohibi-
tively expensive for most mangrove rice
farmers.

WARDA scientists have been working to
identify phosphorus fertilizers which give
high first year response and good residual
effectiveness for use in P deficient
mangrove swampsoils. As alternative sour-
ces with low soluble phosphorus, rock phos-
phate fertilizers are less susceptible Lo P fixa-
tion and could have higher residual
cetfectiveness than soluble phosphate fer-
tilizers on highlv weathered soils in
mangrove swamps.

In 1988 a randomized complete block trial
with three replications was conducted using
two phosphate rock malterials obtained from
Senegal, Matam and Taiba rock phosphale.
These were compared to single superphos-
phate applications at the 40, 80 and 120 kg



P20s ha'! regimes. The treatments included
a mnlxol without phosphorus and 80 kg N
ha apphcd as urea in two applications; one
al Lwo weeks after transplanting and a
second fourweeks later. Four week old ROK
5rice seedlings were transplanted at a spac-
ing of 20 x 20 cm. These treatments had been
used for the same plots for the previous two
vears.

Phosphate rock fertilizers have performed
inconsistently over the past three seasons,
with carlier results shov-ing that single su-
perphosphate was more effective inincreas-
ing rice grain vields on I deficient soils.
Fowever, results in 1988 indicated that both
rock phosphate sources were cqually effec-
tive as superphosphate.

Morcover, while past results have shown
thatintensive use of phosphorus in excess of
A0 kg 205 has not significantly improved
rice vields, TYSS results showed that dose
increments as high as 120 kg 1205 ha™! con-
tinued to give significant vield response.
Response at these levels mav reflect more
intense soil leaching under high rainfall
(2560 mn) experienced at Rokupr in 1988
relativie to 1980 (2090) and 1987 (2380).

Further rescarch is now required to evaluate
the partially acidulated rock phosphate fer-
tilizers in relation to more soluble 2 sources
and the effect of incorporating crop residues
onavailability of phosphorus from ditferent
phosphate materials. Financial analvses will
also be conducted to determine profit maxi-
mizing rates ol application.
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IMPROVING NURSERY FERTILITY
AND MANAGEMENT

Seedling vigor is an important delerminant
in the survival of rice transplanted into
mangrove swamps. Seedlings of low vigor
are susceptible to destruction by crabs and
tidal wash Mangrove swamp rice farmers
traditionally respond to the need for sturdy
scedlings by growing them in nurseries for
10-12 weeks and transplanting 15 or more
seedlings per stand. While assuring stand
establishment, the vield potential of the crop
is also reduced. The practice also requires
high sceding rates, usually 100 kg ha'! or
more.

WARDA scientists in Rokupr established an
experiment to test the effects of seedbed
preparation method, seeding method, and
nursery site fertility on seedling vigor. The
nursery fertility regime consisted of: unl'cr-
tilized plots; application of 25 g m™ Lot

15:15:05 fertilizer at sowing; and WUUL,I'I] of

rice husk (including bran) applied two
weeks prior tu.sm\mg. Nursery tillage prac-
tices included: plowing and harrowing or
construction of raised beds, Seeds were
broadcast or drilled in rows 15 em apart.
Treatments were placed in o randomized
complete block designwith four replications
on both upland (freely drained) and
hvdromorphic sites. In all treatments see-
dlings were allowed to grow for six weeks.
Plants were sampled weekly starting at two
weeks after sowing to determine height,
stem thickness and dry matter production,

-1

Phosphorus fertilizers P20s5 applied (kg ha ')

40 80 120 S.E. Mean
Taiba rock phosr 1ate 1.94 2.24 224 2,14
Matam rock pt ssphate 1.99 1.99 2.7 2.23
Single super’ nosphate 2.25 2.58 2.85 2.56
Mean 2.06 2.27 2.60 134
Control without P 1.69
C.V. (%) 17.7
S.E 231 134
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Table10 Yield response
(tha )of ROK 5 to
superphosphate and rock
phosphate materials in
acid sulphate soils,
Rokupr, Sierra Leone,
1988.



Poor nursery manageinent
on the part of mangrove
swamp rice farmers leads
to situations like this,
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At the end of six weeks, seedlings from each
nursery were transplanted into the tidal
mangrove swamp in a split plot design with
three replications. No fertilizer was applied
to the transplants.

Chemical fertilizer applications consistently
improved seedling vigor and growth com-
pared to both unfertilized and rice husk
treatments.

Seedling growth was gcncrally higher in
nursery stock raised on the hydromorphic
site. On the other hand, seedlings in upland
nurseries were more responsive to cultural
practices. Sowing onraised beds gave hisher
vegetative growth on both upland and
hydromorphic nurseries. This may be the
result of betler rooting and nutrient uptake.
Broadcasted seed also produced better sized
seedlings in comparison to drilled seed. This
resuit is believed to be due to the more even
spacing ol broadcast seed, which reduced
seedling competition, as compared to the
clustering of seedlings tvpical of line drill-
ing.

The source of scedlings (nursery sites) had
little effect on the growth and vield of rice.
However, raising seedlings on beds, and
either fertilization or manuring of nurseries
(fertilization being superior) did significant-
ly improve grain yields of the mature rice
plants.
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Managing Mangrove
Swamp Pests

The mangrove swamp environment sup-
ports a unique combination of pests which
reduce rice giain yields. Principal among
theseare therice stem borerand crabs. Either
pest can drastically reduce yields, and in
some cases completely destroy a crop.

RICE STEM BORER HABITS

Previous work has shown that yield losses
due to the stem borer Maliarpha separatella
frequently exceed 40 percent. When stem
borers attack, they cause the crop to lodge
more ecasily which makes the plant more
susceptible to many rice discases.

Information on the population dynamics of
stem borer is essential to the development of
efficient control measures. Previous re-
search by WARDA, and collaborative work
with the Overseas De.clopment Natural
Resources Institute (ODNRI), has resulted in
the development of a female sex pheromone
that can be used to attract and monitor the
habits of this insect. It has been shown that
in Sierra Leone Maliarpha moths appear in a
low peak in May at the beginning of the
rainy season and reach their highest peak in
Novemberat theend of the season. The early
peak coincides with the normal date of es-
tablishment of rice nurseries by most
farmers. Thus, many rice farmers bring in-
fested transplants to their fields when estab-
lishing their crop.

WARDA scienlists set up experiments in
1988 to determine the level of crop infesta-
tion as related to date of nursery estab-
lishment and to the intensity of Maliarpha
male moths at the nursery site. Starting June
I, six planting dates were used, cach
separated by two week intervals. On each
sampling date, four random samples were
taken and examined for eggs. After inspec-
tion for eggs, each rice stem was dissected
and infestation of Maliurpha larvae was
Levels of infestation were
4, 6 and 8 weeks after sowing

recorded.
measured at 2,



in the nurserv. Additionally, daily catches
of the male Maliarpha moths were recorded
throughout the trial period.

The male moth population in the nurseries
was highest in mid-June and declined to
zero by mid-Aagust. Eggs of Maliarphawere
found in the nurseries as carly as two weeks
after seeding. Although the incidence of
Malwrpha larvae varied systematically with
nursery planting date, differences among,
dates were not significant. However, there
was a significant increase in the level of lar-
val infestation the longer the seedlings
staved in the nursery.

Itmay be that the first brood of moths in the
transplanted rice field originated from the
nursery, however the current vear’s results
are inconclusive. Further work is now re-
quired to establish with more precision the
occurrence of infestation in the nursery to
more accurately determine the appropriate
time tor uprooting seedlings inorder to min-
imize  Maliarpha - carrvover into  the
transplanted rice crop.

CULTURAL PRACTICES FOR STEM
BORER CONTROL

WARDA-Rokupr scientists established tri-
als in the associated mangrove swamp,
using long and short duration varieties to
assess the ceffects of planting date, fertilizer
application, and crop density on stem borer
infestation. Two fertilizer rates, three dates
of transplanting and three crop densitics
were used. The level of infestation was
determined by randomly selecting 40 rice
hills from cach plot and dissecting the plants
for estimation of stem borer infestation.
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Irrespective of varietal duration, the July and
August transplanted crops were significant-
ly less infested with stem borers (7 and 11
percent, respectively) than the crop
transplanted in September (20 percent). In-
festation was more than double for long
duration varieties at all transplanting dates.
Average grain vield losses due to stem
borers was 30 percent for ROK 10, the long
duration variety, compared to 9 percent for
the short duration variety, ROK 5.

Fertilization significantly increased stem
borer infestation in ROK 10, but less so in
ROK 5.

Crop density did not have an cffect on infes-
tation levels for the short duration variety.
However, in ROK 10 infestation was sig-
nificant]ly lower at the highest density, 33
hills m'z, compared to rice planted at 15 and
25 hills m™. Nevertheless, because grain
vields were not significantly affected by
plant density in either variety, these results
suggest that low density transplanting may
still be preferable to economize on rice seed.

CONTROL OF CRABS

The crab species Sesarma huzardi is the most
prevalent and voracious species in
mangrove swamp arcas. These crabs live in
burrows within the rice fields or along
creeks and bunds where they feed on young
rice seedlings and other plant debris.

To combat this pest, WARDA-Roku prscien-
tists studied the effects of two tillage prac-
tices (plowing alone and plowing followed
by puddling) and four transplanting dates
on minimizing crab damage to rice.

Table 11. Impact of date of

Transplanting Stem infestation

date at harvest (%) Grain yield loss (%) transplanting on
infestation by stem borers

ROK 5 ROK 10 ROK 5 ROK 10 and rice grain yield,

Rokupr, Sierra Leone,

Mid-July 2.2 1.3 1988.

Mid-August 6.1 15.1 0.0 27.9

Mid-September 12.2 28.6 171 31.7

Stem borers may inflict
losses of up to 40 percent
in rice grown in mangrove
swamp areas.




WARDA-Rokupr scientists
have found that
mid-August is the best
transplanting date for rice
in order to escape major
crab damage such as this.
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Crab damage was evaluated at 4, 8 and 12
days after transplanting. Damage was as-
sessed by counting the number of rice stems
destroyed as a percentage of the total num-
ber of rice stems in a 1 meter x 1 meter
quadrant.

WARDA scientists observed that where no
weeds were present, tillage practice had no
signiticant effect on infestation. However, at
the site where a dense mat of salt tolerant
Paspalum vaginatunr weeds were present

providing potential hiding places for crabs,
crab infestation was significantly lower in
plots that were plowed and puddled. Crab
infestation levels at the dense weed site
decreased with the delay in transplanting,
At the site with no weeds, crab infestation
remained generally high at all test dates.

These patterns may  reflect habitat
preference by crabs in tidal swamps as the
scason progresses. At the tidal mangrove
site with no weed infestation, crab popula-
tions seemed to increase with time and near-
ly the entire trial crop was devastated by the
end of the season. This suggests that the
weed situation must be considered for effec-
tive control of crabs through cultural prac-
tices. Future research will focus on the
manipulation of other cultural practices
alone and in combination to check their sup-
pressive effects on crab infestation.
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SCREENING FOR CRAB TOLERANCE

Another means of fighting crab damage is by
introducing varieties with resistance to
crabs. Preliminary studies have indicated
that the majority of mangrove swamp rices
are susceptible to tidal swamp crabs. In car-
lier screening work, WARDA scientists
found that out of more than 500 varicties
tested only two percent, were highly
tolerant. WARDA researchers also learned
that the degree of heritability for tolerance
was moderate (W7 = 0 percent} giving some
hope for improving tolerance through
breeding,

To continue this studv in 1988, WARDA-
Rokupr scientists tested 104 rice varicties
from the breeding program at two siies
under two levels of crab intensity. At cach
site 42 day old transplants were used with a
spacing of 20 x 15 em. The advanced line,
WAR 72-2-1-1, was used as the resistant
check. No fertilizers were applied in the
nursery or the field. Crab damage was
recorded at 4, 8, 12 and 16 days after
transplanting,.

Only six varieties, WAR 77-3-2-2, Raden
Jawa, RD 15, RADEN MAS, Rohyb T and
ROK 10, survived the erab attack at the high
intensity site. The rest were completely
destroyed by the middle of the scason. If
confirmed in subscqueni rials these resic
tant varicties will be used as parents in
WARDA's mangrove swamp hybridization
program.

Management of Soil
Salinity, Soil Acidity
and Weed Levels

Depending on their distance from the ocean,
mangrove swamps experience varying in-
tensities of salinity, acidity and weed infes-
tation. All of these factors contribute to
current low levels of productivity in this rice
growing environment. Recent periods of
low rainfall have further increased soil
salinity and acidity problems by reducing
the volume and duration of fresh water



flooding. Under these conditions soil
toxicities, especially for iron and aluminum
increase. Phosphorus also becomes more
deficient. These constraints, coupled with
ineffective weed control, necessitate the
development of new management techni-
ques to improve rice productivity in this
environment.

AMELIORATION OF ACID SULPHATE
SOIL CONDITIONS

Acid sulphate conditions are prevalent on
soils inmangrove swamps that are subject to
scasonal drving and aeration. Trials con-
ducted over the last three cropping scasons
haveshown that incorporation of 5 to 10 tons
hat of rice husks (plus bran) helped to over-
come these nutritional disorders. Incorpora-
tion of organic matter in acid soil reduces
aluminun activity through the formation of
complexes, creating a more suitable medium
for crop growth. The high silica and potas-
sium content of rice husk and straw also
serve Lo increase oxidizing power of rice
roots and minimize uptake of iron.

The trial was contirued in 1988 using rice
husk and straw to verity carlier findings and
to determine the nature of interactions with
chemical nitrogen and phosphorus. Ap-
plications of both crop residues were tested
in combination with two fertilizer treat-
ments, 60 kg N ha and 60 kg N hat plus 40
kg 205 ha'l.
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Incorporation of five tons of rice husk or
straw resulted in grainyieldsof 3.2 tha Tand
31 thal, respectively, compared to yields
of 2.7 t ha'l without the application of

residues. The combined application of
nitrogen with rice husks out vielded the cor-

responding nitrogen treatment with straw
by 400 kg ha™!. However, with the addition
of phosphorus rice straw was cqually as ef-
fective as using rice husks which suggests
that rice husk application mav be more
beneficial and desirable as asoil amendment
in conditions where phosphorus is limiting,.
Because of abnormally high flooding that
partially alleviated acidity at the trial site in
1988, this experiment will be repeated under
more intensive acid sulphate conditions,
and to determine the residual effectiveness
of these measures in sustaining productivity
over time.

Soil fertility Soil Amendments
treatments Untreated Rice husk Rice straw

51 ha'1 51 ha'1 S.E. Mean
Without N or P 217 2.76 2.80 2.58
60 kg N ha'1 2.95 3.51 3.14 3.20
60kgNha ' +
40 kg P205 ha'1 3.10 3.33 3.34 3.25
Mean 2.74 3.20 3.09 .056
C.V. (%) 9.1
S.E. .097 .056

7

Use of rice husks as a
soil amendment helps
create a more favorable
growing environment for
rice in acid sulphate soils.

Table 12. Mean rice yield
response (1 ha'1) from
application of crop
residues under different
fertility regimes in acid
sulphate solls, Rokupr,
Sierra Leone, 1988,



Table 13. Effect of plant
spacing on weed growth
and grain yield of ROK 5
in a non-tidal mangrove
swamp, Rokupr, Sierra
Leone, 1988.

Use of closer crop
spacing than traditionally
practiced by tarmers in
West Africa helps to
reduce the level of weed
intestation in rice grown
in mangrove swamps.
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Distance of Dry weight (g m'2) Grain yield {t ha'1)

planting (cm) Weeded Unweeded | S.E. Weeded Unweeded | S.E | %Reduction
20x15 71 31.2 1.83 1.44 21.6

20x 20 7.4 21.0 2.01 1.87 6.9

25x 25 7.9 34.7 1.67 1.41 15.8

30x 30 11.2 42.9 1.91 1.32 31.0
Mean 8.4 325 2.03 151 .094

S.E. 4.06 . 188

C.V. (%) 35.0% for dry weight; and 22.3 for grain yield.

CROP DENSITY AND WEED GROWTH

Weeds severely limit rice production in as-
sociated mangrove swamps. Previous re-
search at Rokupr has shown that timely and
thorough land preparation, followed by two
hand weedings within 40 days after
transplanting can suppress weed growth
and increasc rice yields substantially.

Experiments carried out in 1988 showed that
by varying crop density, farmers can also
influence weed infestation levels. Most
farmers grow varieties with poor tillering
ability and tlransplant at wide spacings, both
factors favoring weed growth as well as
reducing yield potential. WARDA scientists
hypothesized that planting materials with
high tillering ability at closer spacing would
serve to suppress weed growth.

To test this scientists employed four crop
densities (20 x 15 ¢m, 25 x 25 cm, 20 x 20 em
and 30 x 30 cm) to observe the effect on weed
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growth. Weeding treatments included hand
weeding once at 30 days after transplanting
and a treatment with no weed control.
Uniform fertilizer treatments were applied
to all plots. Trealments were replicated four
times. Dry weed weight was taken at 50 da)/?s
after transplanting. Plant height, tillers m™,
and grain yield were noted at harvest.

Best results were obtained for the 20 x 20 cm
crop density, both with respect to yields and
weed suppression. Compared to the lowest
crop dengity (30 x 30 cm) weed dry matter in
the optimum density was reduced by 34 and
51 percent, respectively, under weeded and
unweeded conditions.

This trial is being continued in 1989 to
evaluate the density effect of other promis-
ing varietics. Results will be used to develop
alternative integrated weed control pack-
ages.

HERBICIDE CONTROL

Herbicides are costly and not casily avail-
able to farmers in the mangrove swamp rice
region. However, as rice production inten-
sifies and more herbicides become available,
it is necessary that practices are not only
effective butsafe to protect both the rice crop
and the environment. Mangrove swamps
are used not only for rice production, but
also for drinking waler, washing, bathing
and fishing.

Several herbicides were screened in trials
conducted at Rokuprin 1988. The herbicides
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Application** Weed weight Yield

Treatment* Rate Time (@ m'2) t ha'1)
(haly (AT

Tamariz 9.0 201 1 hw at 35 1.9 3.01
Arozin D 2.5 10fb1 hwat 30 2.2 1.88
Ronstar 25 EC 3.0 6 24.1 2.93
Ronstar 25 EC 5.0 6 23.8 2.74
Basagran PL 2 8.0 20 30.6 2.58
Stam F34T 9.0 21 18.0 2.61
Stam F34T7 9.0 211b1 hwat35 1.7 3.7
Stam 7221 13.0 21 20.6 2.73
Machete EC 33 10 28.7 2.67
Machete EC 3.3 10fb 1 hwat 30 1.7 2.85
Handweeding Twice 21 +35 1.3 3.34
Untreated check 54.8 2.22
CV.% 53.4 12.6
S.E. 4.65 A72

* All herbicides were liquid formulation; EC = emulsifiable concentrate.
** DAT = Days after transplanting; fb = Followed by; and 1 hw = One handweeding.

were applied at low concentrations to deter-
mine their weed control effectiveness.

All the herbicides tested controlled weeds
signiticantly better than the untreated check.
Use of Machete EC followed by one hand
weeding at 30 days after transplanting;
Tamariz; Arozin D; and Stam F347 {ollowed
by one hand weeding 30 davs after
transplanting provided as effective weed
control as two hand weedings. Although
Arozin D provided good weed control, it
was verv toxic to rice and reduced the num-
ber of tillers m™ even more than the un-
treated check. The other herbicides tested
were not toxic to rice.

The results indicate that herbicides could be
effectively used for weed control and that
thev are not toxic to rice in mest instances,
However, one timely hand weeding may be
necessary to prevent build-up of herbicide
resistant weed species and to maximize rice
vields. Further work is needed to develop
optimum combinations of manual and
chemical control practices.

Varietal Improvement

One of the major on-going activities carried
out at WARDA-Rokupr is the varietal test-
ing program. WARDA breeders’ objectives
are to improve the levels of genetic resis-
tance to discases and insects, tolerance for
adverse soil conditions, and higher yield
potential. Effortis concentrated on develop-
ing materials in three maturity ranges to fit
areas with varving salt-free periods caused
by seasonal tidal movements.

Improved varieties developed so farare only
suited for cultivation in medium duration
(160-170 days) arcas. Suitable carly maturing
varieties (100 -120 days) with intermediate
stature (90 - 125 em) for cultivation in short
scason swamps are slill lacking,.

To identify more promising varieties,
several observational vield trials (OYTS) and
replicated vield trials (RYTS) were con-
ducted. Inecach of the trials, seeds were sown
in early June in upland nurseries and fertil-
ized with 15:15:15 chemical fertilizer at the
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Table 14. Effects of
herbicides on weed
control and yield of ROK
5 in an assoclated
mangrove swamp,
Rokupr, Sierra Leone,
1988.



Future varieties grown
in Guniea-Bissau must
allow for mechanical
harvesting.
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rateof 25 gm™ %, Six-week old seedlings were
transplanted at 15 x 20 cm spacing with 2-3
seedlings/hill into plowed and puddled
plots. At two weeks after transplanting, 60
kg N ha! was applied. At panicle initiation
an additional 20 kg N ha ivas applied. On
the associated mangrove swamp sites, a
basal dp[])]ltd[lm] of 60 kg N ha™ and 40 kg
P>Os ha™ was given. Weeds were controlled
by hand weeding at three and sixwecks after
transplanting. Weight and grain yield were
recorded at harvest. Scedling vigor in the
nursery, time to 50 percent flowering, time
to maturity and plant height were also
recorded for cach entryv.

OBSERVATIONAL YIELD TRIALS

Three OYTS were conducted in 1988, One
tested short duration varicties in the as-
sociated mangrove sswvamp and two others
tested medium and long duration varicties
in the tidal swamps. Results were encourag-
ing and confirmed carlier indications of
progress.

In the short duration trials cight Rokupr
bred lines and 30 promising varieties were
tested against IR 10781-143-2-3. The plots
were located on low fertility soil with mild
iron toxicity problems. Thirteen varieties, in-
cluding all cight Rokupr bred varicties, out-
yielded the check. WAR 115-1-2-11-1 (447 t
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ha™'), WAR 115-1-2-11-2, WAR 115-1-2-10-5
and IR 25912-63-2-2 were the top ranking
materials with respect to yield performance.
The latter three varieties were also among,
the top yielding varieties in the 1987 trials.
The growth duration and plant height of the
selected lines ranged from 120-135 days and
70-90 cm, respectively. These selections have
considerable potential for use in tidal limits
in short rainy scason parts of Guineca-Bissau
and Southern Senegal.

The medium duration trial tested 43 promis-
ing varicties and five Rokupr bred advanced
lines. ROK 5 was used as tho check variety.
Only BW 70\ 5(3.15 t ha™') and BW 293-2
(2.46 t ha™ out vielded the adjocent check
plot. BW 295-5 has been the top vielder in
this trial for the past two seasons. Both
varieties are of intermediate stature (110 and
90 emy, respectively) and resist lodging,.

The long duration trial had 18 varieties that
out vlcldcd the check, Kuatik Kundur (1.61
tha™). The very low check variety vield may
have been duce to severe acid sulphate soil
conditions affecting the site. Four of the
varicties: BR 111-140-1-1, SPR 7419-1-2, BR
20-3B-17 and WAR 73-1-M-4-2 out vielded
the best Kuatik Kundur plot by margins of
37-107 percent.

REPLICATED YIELD TRIALS

In the short duration associated tidal swamp
trials, seven varieties significantly out
vielded the check variety. Three, WAR 115-
1-2-10-3, IR 21855-53-2-1-2-2-1 and WAR
T15-1-2-11-2, gave vields in excess of 4.0t
ha’

For the medium duration RYTS, 18 varieties
were tested against ROK 5. Only WAR 1
significantly out vielded the cheek with 5.72
t hat, However, cach of the lnp seven

varictices had yields over 5.0t ha!

The long duration RYTS performed poorly
due to very poor soil conditions and crab
attack. The check variety, l\uat]k Kundur,
gave average vields of 2.1 tha™'. Even at this
level, only three varieties out vielded the
check significantly.



Collaboration
with NARS

WARDA-Rokupr has cstablished a wide
network of contacts and collaboralors in the
national programs to aid in ils research ef-
forts. In 1988, scientists from Sierro Leone,
The Gambia, Guinea and Guinea-Bissau
took part in these aclivities.

Previous studies have shown that new tech-
nologies acveloped at Rokupr have been
adopted throughout the region, particularly
in Sierra Leone, Guinea, Guinea-Bissau and
The Gambia. In northwest Sierra Leone
along the Great Scarcies River and in south-
west Sierra Leone along the Bumpeh River,
53 percent of the farmers raising short dura-
tion varieties are now growing WARDA-
Rokupr bred or introduced varielies. WAR
I, ROK 5 and Rohyb 6 are the most common-
ly adopted ones.

WARDA's collaboration
with the national program
in Slerra Leone has
produced beneficial
results for several
countries within West
Africa.
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On-farm trials continued to be conducted
during 1988 to test new technologies under
realistic conditions, but which also helped to
gain the confidence of farmers in the region
and expose them to some newly improved
rice varieties.  WARDA-Rokupr staff also
continued to help farmers in the region
through the production and multiplication
of seed to national programs.

Sierra Leone

In Sierra Leone, in collaboralion with the
Northwestern Integrated Agricultural
Development Project (NWIADP) and the
FAO Inland Valley Swamp Rice Develop-
ment Project, 147 mangrove swamp rice
farmers took part in on-farm trials. They
evaluated the yield potential and quality of
WARDA-bred varieties.

During crop growth and after harvest, ques-
tionnaires were administered to sample
farmers in order to get their feedback.

In the southern area, results from 30 farmers
showed that WARDA-Rokupr varicties
yielded more than the traditional varieties in
57 percent of the cases. Fifty-two percent of
the farmers rated the new varieties equally
or better than the traditional varieties in
terms of shattering, threshing, milling, keep-
ing ability and tast. Many of the farmers
sampled were alieady growing earlier
WARDA-Rokupr released varieties. Thus,
the average vield difference was only 20 kg
ha™! in favor of the WARDA rices.

In the northwestern area, 23 farmers were
interviewed. Sixty percent of the farmers
here rated the new WARDA-Rokupr
varieties higher in terms of shattering,
threshing, milling, keeping ability and laste.
However, only 20 percent of those tested had
yields higher than the traditional rice grown.
Part of the reason for this was that the area
had unprecedented floods in 1988 that
devastated rice ficlds and caused severe
damage to newly transplanted rice.

Also, WARDA conlinued its cooperalive ar-

rangement with the national Rice Research
Station (RRS) in Rokupr. Occasional joint
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seminars were held and WARDA scientists
took part in planning and research reviews
of the Sierra Leone program. On the research
side, WARDA and RRS continued their ef-
forts at identifying controls for the Rice Yel-
low Mottle Virus (RYMV). Finally, WARDA
scientists helped to set up exhibits and dis-
plays for the annual field day organize: by
RRS.

The Gambia

In The Gambia three sets of varieties (ROK
5, Rohyb 6 and Kuatik Kundur) were tested
on-farm through the cooperation of the Min-
istry of Agriculture. Two zones were used.
The first zone was along the south bank of
the Gambia River and the second was on the
north bank of the river.

Results from farms on the northern side in-
dicated that average yields were 3.13 t/ha’!
for Rohyb 6; 3.01 for Kuatik Kundur; and
271 t ha™! for ROK 5. Locally grown rice
averaged 2.61 t ha.

Farmers preferred Rohyb 6 and Kuatik Kun-
dur to ROK 5 because of their lateness in
maturity and thus they fit more comfortably
into their normal farming patterns. The ear-
lier maturing ROK 5 was damaged by birds
and bird scaring is not normally practiced by
farmers in this area.

On the southern bank, vields for all varieties
were low at all three sites because of high
acid sulphate soil problems and extensive
fish damage to new transplants at one site.
Yields were only 0.4 - 2.1 t ha™, However,
Rohyb 6 yielded over 4.0 t ha™! at one site.

Guinea

WARDA'’s collaboration in 1988 with the
Ministry of Agriculture involved several
review and planning meetings and the con-
duct of advanced yield trials on Kaback Is-
land, just west of the mainland. Five of the
varieties tested yielded more than 4.0t /ha™.

Guinea-Bissau

Collaborative activities with scientists in
Guinea-Bissau have extended fora period of
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years. These efforts have resulted in the
release of several WARDA-Rokupr bred
varieties. In 1988, foundation seed were
made available to the Ministry of Agricul-
ture for BG 400-1 and RD 15.

Trials were established using 15 promising
varieties and tested at the Caboxanque Re-
search Station. Scientists there also took part
in testing the synthetic pheromone used to
attract male Maliarpha moths and testing of
other controls for the rice stemborer.

Seed Production

WARDA-Rokupr has been multiplying and
purifying seed for distribution to national
researchers, extension agencies and farmers
since 1985. In 1988, four hectares were
devoted to the production of seed from 57
rice varieties. These seed are maintained in a
cold room and distributed upon request to
the groups mentioned above. ROK 5, WAR
1, Rohyb 6, ADNY 301, CP 4, ROK 10 and
Kuatik Kundur are the most widely re-
quested varieties.
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Training and Communications

Training
GROUP TRAINING

WARDA's group training program remains
productive by enhancing therice knowledge
in the region. In 1988 there were five group
training programs conducted for member
states as awhole at WARDA's Training Cen-
terlocated in Fendall, Liberia. There were 92
participants trom 15 of the member states of
West Africa involved in the five courses.

In addition to the region-wide group train-
ing courses, a special lwo-week, intensive
rice production course was given for 13
members of the Liberian agricultural re-
scarch prograny; and a tivo-week orientation
course on mangrove swamp rice research for
three field assistants cach from Guinca-Bis-
sau and Sierra Leone,

INDIVIDUAL TRAINING

Staff at WARDA-Rokupr also assisted and
supervised one student from Njala Univer-
sity College in Sierra Leone obtain his B.Sc.
by allowing him to work with the staff in
completing his dissertation on "Factors af-
fecting the adoption/diffusion of WARDA-
Rokupr recommended technologies among
farmers in the mangrove swamp rice areas
along the Greal Scarcies River of Northwest
Sierra Leone.”

Since 1975 there have been a total of 34 stu-
dents and scientists who have conducted
their research at the WARDA-Rokupr sta-
tion.

TRAINEE FOLLOW-UP

A follow-up study of former trainces was
completed in 1988 in which over 400 former

Farm Post harvest Rice Production Audio visual Seed
Country machinery technology research & extension production
management & extension communication
Benin 2 1 1 1 1
Burkina-Faso 1 2 2
Cote d'lvoire 1
The Gambia 1 2 1
Ghana 1 2 1 2
Guinea 3 2 2 2 1
Guinea-Bissau 1 2 2 1
Liberia 1 4 1 1
Mali 1 4 2 3
Niger 1 2 1 1 1
Nigeria 3 2 1
Senegal 2 1 2 1
Sierra Leone 2 1 2 2
Tchad 2 1
Togo 1 2 2 3 1
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Table 15. Member state
participation in WARDA
group training courses,
1948.
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trainees from 14 member states evaluated
WARDA's group training efforts and gave
feedback on ways to improve the program
and also Lo identify the posilive aspects of
the program. Of the respondents, 76 percent
said they were satisfied with the topics,
methods and content of WARDA’s group
training courses; 53 percenl were satisfied
with the schedules, organization and social
aspects of the courses; and more than 70
percent felt that the training they had
received was relevant to their work. Some of
the major points the formier trainces indi-
cated needed strengthening included: more
extensive contact between trainees and
scientists during and after the training
period; further provision of opportunitics
for continued post-training learning; and
continued collaboration with WARDA in its
programs. The study also pointed out the
limited emphasis in WARDA's rescarch-re-
lated training in the past. This input helped
WARDA frame the training component of
its Medium-Terin Plan for the next five-year
period.

FUTURE DIRECTION

The training staff was heavily involved in
preparing the Medium-Term Plan during
1988. Several aclivities were undertaken to
provide a basis for future activities. With
funding from UNDP, a manpower assess-
mentand training needs study was begun to
provide benchmark data on manpower
supply and nceds, training and research in-
stitutions, national plans, capabilities and
priorities. Further input is planned for 1989
when a training conference of NARS repre-
sentalives will be held to crystalize data con-
cerning future directions and resource
allocations.

A review began of all earlier WARDA train-
ing materials with a view to the carly
production of training manuals for regional
use. Topics for short courses, seminars and
conferences were identified and planning

44

initiated for university linkages for an en-
hanced program of degree-related training,

PHYSICALIMPROVEMENT

On the physical side, the Training Center
acquired new simultaneous interpretation
equipment that will allow the Training Cen-
ter to host two bilingual courses simul-
taneously. Also, the recreational area for
students was expanded and the offices of
staff rearranged to more economically serve
WARDA'’s course participants.

Communications

COMMUNICATIONS CENTER

With the help of consultants and the hiring
of some new staflf, WARDA took a number
of steps Lo upgrade its communication ef-
forts to donors and the scientific community
in West £ frica.

During 1988 WARDA established an effec-
tive communications center that links it with
many other research cenlers and outside
agencies. WARDA joined the CGNET in
1988. This provides better and more cost
efficient communications with respondents.
The internai telephone system for the tem-
porary headquarters in Bouake was stream-
lined and radio and telex facilities were put
in place for the outstations in Monroviz,
Liberia; Saint Louis, Senegal; and Rokupr,
Sierra Leone. Additionally a fax machine
was installed at the Bouake headquarters.

A consultant from HTA reviewed the short
and long-term computer needs of WARDA
and made major recommendations for in-
stalling an effective and efficient computer
network. Computers were ordered and in-
stalled in all the WARDA locations during
1988. A standardized word processing pro-
gram has been agreed upon and will reduce
many of the problems of internal com-
munications.



PUBLICATIONS

A number of documents, including the
Highlights, Annual Report, Strategic Plan,
Medivm-Term Implementation Plan, the
Director General’s Newsletter, and a
Mangrove Rice publication were produced
in [988. The Mangrove Rice publication was
selected as the "Outstanding Professional
Skill Award ™ winner from among 82 publi-
cations entered in the competition held an-
nually by the Agricultural Communicators
in Education, an international professional
agricultural journalism organization.

A publications specialist was hired toinitiate
WARDA's desk-top publishing cfforts and
to develop more effective communications
procedures. A set of publications policies
were drafted, new desk-top publishing
equipment ordered and partially installed,
and the review of backlogged publications
was started. I is anticipated that many of
WARDA'S publications will be produced in-
house in the future, including: rescarch
reports,  conference  proceedings,
monographs, newsletters, brochures, and
internal forms. The installation of the new
publishing cquipment will facilitate the ex-
pansion of WARDA's copublishing ac-
tivities withthe NARS inthe region and with
other CG centers.

TRANSLATION AND
INTERPRETATION

A new translator was hired (o increase
WARDA's ability to meet its bilingual man-
date for publishing in both French and
English. New translation and interpretation
equipment was also purchased for
WARDA's headquarters in 1988 and will be
used forsniall group meetings, seminars and
short courses. WARDA's interpreter has
begun compilation of a glossary of rice re-
lated terms to aid other interpreters in
making the necessary interpretation of
English into French and vice versa.
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DOCUMENTATION

The WARDA documentation unit had a
major job in just setting up shop in the new
location in Bouake. The work for the tem-
porary library has been completed and addi-
tions have already been made to the original
temporary facilities to expand the reading
roomand provide more space for books and
periodicals.

The WARDA librarian has expanded the
holdings of the library and is adding further
options to its holdings by the use of CD-
ROM disks that allow WARDA to link up
with databases such as AGRICOLA.
WARDA’s documentalist has also begun is-
suing a monthly update of new acquisitions
and a bibliographic listing of WARDA hold-
ings by subject matter,

With funding from the Canadian research
organization, IDRC, a consultant completed
astudy for the establishment at WARDA of
a West Africa Rice Information Service. 1t is
anticipated that funding of this project will
help WARDA to make a major impact on the
provision of much needed rice information
to WARDA scientists and NARS scientists
within West Africa. ‘
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‘“OUNCIL OF MINISTERS

Minister of Rural Development
Dakar, Republic of Senegal

Minister of Rural Development
and Cooperatives
BP 03/2900
Cotonou, Peaple’s Republic of Benin

Minister of Agriculture and Livestock
B’ 7130
Ouagadougou, Burkina Faso

Minister of Agriculture and
Rural Development

08 BP V 183

Abijan, Cole d'voire

Minister of Agriculture
Central Bank Building
Banjul, The Gambia

PNDC Secretary of Agriculture
PO Box M 37
Accra, Ghana

Secretary of State for Water
Resources & Forestry
BI* 370

Conakry, Guinea

Minister of Rural Development
and Rescarch

C.P. 71

Bissau, Guineca-Bissau

Minister of Agriculture
Monrovia, Liberia

Minister of Agriculture
Bamako, Mali

Minister of Rural Development
Nouakchott, Islamic Republic
of Mauritania

Minister of Agriculture
Nsamey, Repubhic of Niger

Minister of Agniculture, Water
Resources and Rural Development

INLB. 126013

Lagos, Federal Republic of Nigeria

Minister of Agricultare, Natural
Resources and Forestry

Youyi Butlding, Brooktields

Freetown, Republic of Sierra Leane

Secretary of State to: Agriculture and
Rural Development
Ndjamena, Republic o Tohad

Minister of Rural Development

B.P. 341
Lome, Republic of Togo
5
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BOARD OF TRUSTEES

R. Audet

International Development Research Centre IDRC
IO Boy /042 8500

250 Albert Strect

Ottawa, CANADA KIG 3y

M. Henri Carsalade

Direction Scientifique du CIRAD
42 Rue Scheffer

75016 Paris, France

Dr. W. Ronnie Coffman
Professor, Plant Breeding and
International Agriculture

Cornell University
252 Emerson Hall
Ithaca, NY 14383, USA

Dr. Louise O. Fresco

Department of Tropical Crop Science
P.O. Box 341

6700 AH Wageningen, Netherlands

Dr. Sizi Z. Morris

Head, Crop Science Department
CARI

P.ALB. 3929

Suakoko, Liberia

M ALS. Sompo-Ceesay

Assistant Director of Agriculture
in charge of Rescarch

Department of Agriculture

Cape St Mary, The Gambia

Dr. Daya Nand Srivastava

Ex. Deputy Director General (Crops)

/o Dro (N s ) D Srivastava

Head, Division of Agricultural
LEconomics

TARI

New Dehli 110012, India

Mr. Bakarv Traore

Directenr General de la Banque
Natwmale del Yeveloppement Agricole
(BNDA)

B’ 2424

Bamako, Mali

Dr. Moctar Toure (Chairman)*
Directeur General

ISRA

BI*3120

Dakar, Senegal

Prof. Dr. Heinrich Carl Weltzien

(Chatrman*

Institut fuer Pilanzenkrankheiten
der Rheinischen
Friedrich-Wilhelms-Universitact

Nussallee 9

5300 Bonn 1, Federal Republic of

Germany

Dr. Bwarama Burashika Wudiri

Director

National Cereals Research
Institute, Badeggi

P.MLB. 8 Bida, Niger State

Nigeria

* Completed term April, 1988
** Assumed chairmanship April, 1988
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PERSONNEL

Office of the Director General

Lugene R Terry, PhD,, director general

R. L Avling, ThD, acting dircctor of

training and communications/special assistant
to the director general®*-

5. Camara, NS, internal auditor

Adminstration and Finance

G. MacNuil, MBA, director of administration
and finance

D. Sindiren, PhD., interim director of
administration and finance*™**

K. Akuffo-AKoto, BSc., FCCA, chicl accountant
D. Amanu, FCCA,, financial controller*

B. Andrews, MA, administrative officer

U. Konan, ML., CFB., personnel otficer

Communications

L. Faye, Doctorate, chief of communications*
T. Asongwed, MA, DEA,, translator/inter-
preter

A. Diallo, MS, assistant documentalist

D. Hill, MSc., head of publications

C. Soulflet, MA, translator

Internation Cooperation

D. Sanni, Eng. Gr., dircector of international
coopyration

Rescarch

. Matlon, PhD., director of rescarch
L. Annat, DESS, cconomist* +

V. Nvanteny, PhD., senior cconomist
G. Paku, 'h1D., agro-statistician

PPost-Harvest Technology

Fendadl Liberia
A Adewusi, MS, processing engineer
M. Takeda, agricultural eneineer*-

Seed and Germplasm Laboratory

Fendall, Liberia

S. Botchey, PRI, semior agronomist*

AL Abifarin, PLD., senior breeder, HTA laison
assistant/ Director general’s representative
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Regional Upland Rice
Research Station

Bouake, Cote d' voire

K. Miczan, PhD., geneticist, station director

E. Akinsola, PhD., senior entomologist
N Briat, agronomist (mechanization)* +
M. Thoudhury, PhD., scnior breeder

J. Dallard, breeder+

R. Diallo, MS, extension agronomist

5. Diatta, DEA., agronomist

G. Nyoka, PhD., weed scientist

Regional Mangrove Swamp Rice
Rescarch Station

Rokupr, Sierra Leone

M. Agyen-sampong, PhD., entomologist, sta-
tion director

H. Bernard, BS, veecd scientisi+

W. Cole, MS, extension agronomist+

C. Dixon, MS, soil scientist+

S. Fannah, MS, entomaologist+

S. Fomba, MS, pathologist4

M. Jones, PhD,, brecder+*

Regional Irrigated Rice Rese-irch
Station

St Lowuis, Senegal

A. Coly, ’'hD,, physiologist, station director
H. Diara, biologist

M. Diop, PhD,, associate weed scientist

T. Diop, associate entomologist

B. Fall, sociologist

J. Faucher, agronomist™*+

F. Huibers, PhI), water management
specialist*

J. Olutowote, MS, breeder

Training Conter

Fendall, Liberia

K. Conteh, M5, MA, head, training center
A Akintavo, PhD., trainer

A Maiga, PhD., trainer

*left during the vear

** French cooperants

*** Dutch cooperants

**** Dicd during the vear
**- USAID

*- Japanese cooperant

+ National program staff based al WARDA
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BALANCE SHEET AT 31 DECEMBER 1988

CURRENT ASSETS

Inventory

Accounts Receivable - Donors
Accounts Receivable - Others
Fixed Deposits

Cash and Bank Balances

Total Current Assets

CURRENT LIABILITIES
Bank Overdraft

Accounts Payable
Provisions and Accruals
Contributions in Advance
Project Fund Balance

Total Current Liabilities

Net Current Asscts

Property, Plant and Equipment
NET ASSETS

REPRESENTLED BY:

Capital [Fund

Training Fund

Working Capital

Operating Fund

IFund Balances

1988 1987

USSH Uss
58 341 32763
925342 1429 600
348 871 115 833
1 262 664 255 594
731570 360 803
3326788 2194 593

2797 e

84 843 128 813
1112 440 725255
1426 491 64 234
86 849 179 660
2713420 1097 962
613 368 1096 631
3200 684 2 880 568
3814052 3977199
3200684 2880568
92 801 85 883
400 000 400 000
120 567 610748
3814 052 3977 199




